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Foreword 
Since the Industrial Revolution, the world has witnessed incalculable technological 
achievements, population growth, and corresponding increases in resource use. As we 
enter a new century, we are recognizing the "side effects" of our activities: pollution, 
landfills at capacity, toxic waste, global warrning, resource and ozone depletion, and 
deforestation. These efforts are straining the lirnits of the Earth's "carrying capacity''-its 
ability to provide the resources required to sustain lite while retaining the capacity to 
regenerate and remain viable. 

As the world's population continues to expand, implementation of resource-efficient 
measures in all areas of human activity is imperative. Toe built environment is one dear 
example of the impact of human activity on resources. Buildings have a significant 
impact on the environment, accounting for one-sixth of the world's freshwater with
drawals, one-quarter of its wood harvest, and two-fifths of its material and energy flows. 
Structures also impact areas beyond their immediate location, affecting the watersheds, 
air quality, and transportation patterns of communities.1 

· Within the United States, buildings represent more than 50 percent of the nation's 
wealth. In 1993, new construction and renovation activity amounted to approximately 
$800 billion, representing 13 percent of the Gross Domestic Product (GDP), and 
employed ten million people.2 Toe resources required to create, operate, and replenish this 
level of infrastructure and income are enormous, and are dirninishing. To remain competi
tive and continue to expand and produce profits in the future, the building industry 
knows it must address the environmental and economic consequences of its actions. 

That recognition is leading to changes in the way the building industry and building 
owners approach the design, construction, and operation of structures. With the leader
ship of diverse groups in the public and private sectors, the building industry is moving 
toward a new value in its work: that of environmental performance. 

Author 

David A. Gottfried 
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ln!lll INTRODUCilON 

Toe industiy's growing sustainability ethic is based on the principies of resource efficien
cy, health, and productivity. Realization of these principies involves an integrated, multi
disciplinary approach-one in which a building project and its components are viewed 
on a full life-cyde basis. This "cradle-to-cradle" approach, known as "green" or "sustain
able" building, considers a building's total economic and environmental impact and per
formance, from material extraction and product manufacture to product transportation 
building design and construction, operations and maintenance, and building reuse or 
disposal. Ultimately, adoption of sustainable building practices will lead to a shift in the 
building industry, with sustainability thoroughly embedded in its practice, products, 
standards, codes, and regulations. 

Understanding the specifics of sustainable building and determining effective sustainable 
practices can be confusing. Local govemments and private industry often do not have 
the resources to perform the necessary research to assemble information on sustainable 
practices, assuming such information is readily available. 

The Sustainable Building Technical Manual was written to fill that void. In its pages, 
noted private practitioners and local government experts extract, consolidate, and pri
oritize-from their own experience and expertise-the scattered and growing volume of 
information pertaining to sustainable buildings. The manual's primary intent is to pro
vide public and private building industry professionals with suggested practices across 
the full cyde of a building project, from site planning to building design, construction, 
and operations. 

We hope that you will find this technical manual a useful and vital resource in advanc
ing your organization's adoption and daily practice of sustainable building principies
ª necessary and important step toward recognizing the Earth's finite carrying· capacity 
and addressing the depletion of its natural resources. 

•U•Olt 
1 David Rodman and Nicolas Lenssen, "A Building Revolution: How Ecology and Health Concems Are 

Transfonning Construction, • Worldwatch Paper 124 (Washington, D.C., March 1996). 

2 National Science and Technology Council, Subcommittee on Construction and Buildings, Preliminary Report 
(Washington, D.C., 1993). 

The Role of Local Governments 
Local govemments own and maintain a wide range of buildings and facilities, induding 
administrative and office buildings, park facilities, health dinics and hospitals, fue and 
pollee stations, convention centers, wastewater treatment plants, and airports. 

At their disposal are a variety of administrative, regulatory, and finandng tools that can 
help local govemments develop and operate these building resources in a sustainable 
manner. Local govemments can create policies for municipal procurement, contract sped
fications, building performance, and building codes regulating community standards; 
enact resolutions, training and education prograrns, and ordinances that focus attention 
on sustainable development; create community boards and commissions to study local 
sustainable issues; and provide economic incentives for sustainable development. 

Finally, many local govemments have the experience and capability to create model pro
grams and buildings, which set examples for resource-effident guidelines and support 
green building prograrns elsewhere in their communities. Green building programs can 
be a first step to helping local stakeholders-policymakers, businesses, citizens, 
finanders, homeowners, and building owners-understand the economic and environ-



mental wisdom of adopting sustainable princi.ples for their communities. 
Many successful green building initiatives are being developed and implemented at the 
local leve! across the United States. 

Toe ci.ty of Austin, Texas, has consistently demonstrated leadership and vision in this 
area. Over the last decade, the ci.ty of Austin developed its Green Builder Program to sup
port green practices in the residential sector. More recently, it passed a resolution encour
aging environmentally sound development within the residential, municipal, and 
commerci.al building sectors. Austin's ultimate goal is to be a model sustainable city. 

Toe city of Portland, Oregon, passed an ordinance requiring the recycling of construc
tion waste, along with a set of ci.ty-wide princi.ples that promote a sustainable future. 
Metro-Dade County, Florida, is working with Habitat for Humanity and other partners to 
plan and develop an energy-efficient and environmentally sound low-cost housing 
development. Sorne communities, such as San Francisco, California; Seattle, Washington; 
San Diego, California; Hennepin County, Minnesota; and New York, New York, are 
developing their own green building guidelines for municipal and private buildings, or 
launching demonstration projects that incorporate green building princi.ples. 

Communities may also address sustainability from an overall quality-of-life perspective, as 
Jacksonville, Florida, did. Jacksonville, which has tracked quality indicators since 1985, 
involves ci.tizens in setting targets and reports annually on progress in education, econo
my, public safety, health, natural environment, social environment, government, recre
ation, and mobility. Other communities, such as Chattanooga, Tennessee, have sought to 
address environmental damage in the process of redesigning their communities. In 
Chattanooga, more than 2,600 citizens participated in the ReVision 2000 planning 
process to identify specific environmental improvement goals and recommendations for 
future ci.ty development. Sorne of the ci.ties efforts to become a model sustainable ci.ty 
indude developing a network of greenways and eco-industrial parks, renovating and con
structing new public facilities to be model green buildings, and proposing an expansion of 
the ci.ty's trade center to indude a variety of green technologies. 

Green building initiatives, as well as sustainable development activities, offer many 
opportunities to local govemments and communities. Toe key to success for local gov
emments is to take the first step toward sustainability, working initially within areas that 
are most likely to succeed, such as a green building project. A few possible starting points 
indude the following: 

• Examine local government polio.es and procurement procedures for indusion of green 
building measures. 

• Develop a demonstration green building project or local sustainable building design 
competition. 

• Require that govemment building projects incorporate renewable energy and energy effi
ci.ent systems, indoor-air-quality guidelines, and waste and water-effidency measures. 

• Survey and review other dties with green building projects, programs, and standards. 

• Assemble a multidisciplinary team within the community to discuss the possibility of 
developing a green building program. 

• Develop a green building awards program; co-sponsor the program with the local utility 
and local chapters of design, engineering, and property-management sodeties. 

• Survey and publish the community's green building resources. 

• Initiate a conference or series of lectures on green building issues. 

• Assemble a green building resource library within an existing library or municipal office. 

• Initiate a green building computer-based bulletin board or Internet site. 

• Publish case studies of local green building projects or develop a green building 
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Overview 
Sustainable Building Technical Manual: Green Building Practices far Design, Ccmstruction, and 
Operaticms is intended to meet the building industry's need for a comprehensive manual 
of sustainable building practices. Its goal is to provide dear, easily applied guidelines and 
useful practices that can be readily introduced into new construction, renovation, and 
building operations. Toe manual is designed to synthesize the large volume of available 
information on green buildings and direct the reader to more detailed resources for fur
ther review and reference. 

Toe manual focuses on commercial-size building projects in both the public and private 
sectors. Building professionals who will find this manual a useful resource indude land
scape architects, planners, architects, interior designers, engineers, contractors, property 
managers, building owners _and developers, product manufacturers, utility companies, 
building tenants, maintenance staff, and code officials. 

Organization of the Manual 
Toe manual is organized in seven parts, along with an Introduction and Appendix. Part I 
discusses the economic and environmental significance of sustainable buildings. Parts II 
through VI describe the sequential design, construction, and operational process for a 
building project, and Part VII reviews sustainable building financing issues and opportu
nities for local governments, as well as future green building issues and trends .. 

lntroduction 
This section contains a foreword by managing editor David Gottfried, a discussion of the 
role of local governments in promoting green building practices, and the manual overview. 

Part 1: Economics and Environment 
Part I outlines the financial benefits and environmental ramifications of green building 
practices. It focuses on energy and water efficiency, waste reduction, construction costs, 
building maintenance and management savings, insurance and liability, employee 
health and productivity, and building value. It also reviews the local economic develop
ment potential of green building initiatives and presents a methodology for environmen
tal life-cyde assessment and its application to green buildings. 

Part 11: Pre-Design lssues 
This section reviews pre-design environmental issues such as design team selection, envi
ronmental guidelines, and "whole-building" design integration-the first and essential 
steps in aeating and implementing a successful green building project. 

Part 111: Site lssues · 
Site issues chapters provide detailed information on sustainable site design, water use, 
and site materials. Discussed are design issues such as assessment and selection of build
ing sites, development of landscaping that preserves natural vegetation and maintains 
watershed integrity, and consideration of green site materials. 

Part IV: Building Design 
Building design is divided into three subsections that provide information on passive 
solar design strategies; building systems, indoor environmental quality, and building 
commissioning; and building materials and specifications. 
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Part V: The Construction Process 
Environmentally sound construction ~ethods are outlined and the section discusses site 
management issues, indoor air quality, and resource effidency as they relate to construc
tion processes. 

Part VI: Operations and Maintenance 
This section reviews environmental operations and maintenance issues induding indoor 
environmental quality, energy efficiency, resource efficiency, and renovation. 
Housekeeping and custodia! practices that help maintain high environmental standards 
are also discussed. 

Part VII: lssues and Trends 
Toe fust chapter in this section discusses financing options and cost issues for local gov
ernments seeking to implement green building practices. Toe last chapter presents green 
building issues such as building standards, rating systems and product certification, and 
green business trends such as performance contracting and product «environmental" 
leasing. 

Appendices 
Toe Appendices contain a comprehensive listing of information resources for local gov
ernment; a glossary of terms, acronyms, and abbreviations used in this manual; and 
biographies of the manual's contributing writers. They also contain the PTI Advisory 
Committee of public and prívate experts, and other manual reviewers, induding mem
bers of the U.S. Green Building Council and American lnstitute of Architects, and repre
sentatives from the U.S. Department of Energy and the U.S. Environmental Protection 
Agency. 

Format of the Manual Chapters 
Sections of this manual that discuss green building practices-Parts II through VI-are 
organized according to the traditional project phases of building design, construction, 
and operations. Toe chapters in each section focus on sustainable issues and green prac
tices relevant to the specific processes that occur in each of these phases. Parts II through 
VI also include chapters on local government information, which provide the local gov
ernment perspective on implementation issues, give examples of action taken by jurisdic
tions, and include lists of local options. Readers may choose to add other relevant 
information and resources about local green building experts, products, or regulations to 
these local government chapters. 

Most of these chapters are organized in the following standard format: 

* SIGNIFICANCE 

This section summarizes the sustainability issues relevant to the chapter's tapie. It also 
provides background information on the subject. 

r..- SUGGESTED PRACTICES ANO CHECKLIST 

This section suggests action-oriented, environmentally based practices that design and 
construction professionals may apply directly to their projects. Brief discussions accom
pany the practices which are presented in a checklist format. 

INTRODUCTION ... 
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• RESOURCES 

Resource lists accompanying chapters direct the reader to publications with additional 
information on the subject. These lists are not exhaustive, and are intended generally as 
starting points. 

•a,,,,, 
Toe numbered citations at the end of each chapter are endnotes related to information 
cited in the text. 

Chapter Presentation and Approach 
Successful sustainable design requires an integrated approach; green building systems 
and operational practices are dependent on siting, solar access and light penetration, 
architectural design, and product specification. Green buildings must take all of these 
factors into consideration on a "whole-building," integrated basis. This approach is not 
linear; rather it is circular and multi-dimensional. 

Given this level of complexity and the interrelationships between different parts of the 
design process, chapters cross-reference pertinent information in other chapters. Each 
chapter, however, can stand on its own. As a result, sorne of the material in a given chap
ter may echo information provided elsewhere. For example, topics covered in the chapter 
on the design of heating, ventilating and air-conditioning (HV AC) systems may be repeat
ed, to sorne extent, in the chapter on operations and maintenance. The goal of this 
approach is to allow professionals from different fields--design, engineering, products, 
and operations-to use the relevant parts of this manual independently. To further this 
goal, we have published the manual in a notebook format, allowing easier concurrent use 
by severa! practitioners as well as additions and updates to the information contained 
therein. 
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PARTI 

lntroduction 
Sustainable development is the challenge of meeting growing human needs for natural 
resources, industrial products, energy, food, transportation, shelter, and effective waste 
management while conserving and protecting environmental quality and the natural 
resource base essential for future life and development. This concept recognizes that 
meeting long-term human needs will be impossible un!ess we also conserve the earth's 
natural physical, chemical, and biological systems.1 

< • 

Sustainable development concepts, applied to the design, construction, and operation of 
buildings, can enhance both the economic well-being and environmental health of com
munities in the United States and around the world. The Union Intemationale des 
Architects/American Institute of Architects (UIA/AIA) World Congress of Architects rec
ognized that in its 1993 Dedaration of Interdependence, which acknowledges that build
ings and the built environment play a major role in the human impact on · the natural 
environment and on the quality of life. If sustainable design principies are incorpor!lted 
into building projects, benefits can indude resource and energy efficiency, healthy build
ings and materials, ecologically and socially sensitive land use, transportation efficiency, 
and strengthened local economies and communities. 

In the United States, federal agencies and the building industry, under the leadership of 
the National Science and Technology Council, have undertaken the development of 
goals for improved construction 1practices. These National Construction Goals promise 
enormous benefits for the nation, in terms of both economic prosperity and general 
well-being. Embracing sustainability concepts, the goals aim to reduce energy, operation, 
and maintenance costs;- reduce building-related illnesses; increase the productivity and 
comfort of building occupants; reduce waste and pollution; and increase building and 
component durability and f!exibility. 2 · 

1 
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Locally, public and private leaders have realized the economic and environmental 
benefits of green building practices and are instituting policies, developing building 
guidelines, and manufacturing products and systems that will achieve sustainable 
development goals. 

This section of the manual examines the economic benefits and environmental ramifi
cations of green buildings, and outlines a life-cycle assessment process that building 
professionals can use to understand the environmental and economic impact of 
up-front building design decisions over the full life of a property. 

1 Sustainable development definition from the Civil Engineering Research Foundation, Washington, o.e. 
2 National Science and Technology Council, Committee on Ovillan Industrial Technology, Subcommittee on 

Construction and Building, Constnu:tion and Building: Federal Re.search and Development in Support of the U.S. 
Constnu:tion Industry (Washington, D.C.: National Science and Technology Council, 199S). 
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CHAPTERI 

The Economics of 
¡ 

Green Buildings 

Few realize that construction, including new construction and building renovation, 
constitutes the nation's largest manufacturing activity.1 Over 70 percent of this effort is 
focused on residential, commerdal, industrial, and institutional buildings; the remaining 
30 percent on public works. Constrilction contributes $800 billion to the economy, or 13 
percent of the Gross Domestic Prqduct (GDP), and provides nearly 10 million profession
al and trade jobs. More than SO percent of the nation's reproducible wealth is invested in 

1 

constructed facilities.' Because ?f the building industry's significant impact on the 
national economy, even modest changes that promete resource efficiency in building 
construction and operations can make majar contributions to economic prosperity and 
environmental improvement. ' 

Several parties-including owners, tenants, and the general public-bear the cost of 
building construction. Toe main direct cost expenditures fall within the categories of 
building construction, renovation, operation, and building-related infrastructure. 
lndirect cost expenditures stem from building-related occupant health and productivity 
problems as well as externa! costs such as air and water pollution, waste generation, and 
habitat destruction. 

A building's "life" spans its planning; its design, construction and operation; and its ulti
mate reuse or demolition. Often, the entity responsible for design, construction, and 
initial financing of a building is different from those operating the building, meeting its 
operational expenses, and paying employees' salaries and benefits. However, the deci
sions made at the first phase of building design and construction can significantly affect 
the costs and efficiencies of later phases. 

1 

Viewed over a 30-year period, initial building costs account for approximately just 
two percent of the total, while pperations and maintenance costs equal six percent, 
and personnel costs equal 92 percent.3 Recent studies have shown that green building 
measures taken during construction ar renovation can result in significant building 
operational savings, as well as increases in employee productivity. Therefore, building
related costs are best revealed ~nd understood when they are analyzed over the life 
span of a building. 1 · 

Author 

David A. Gottfried 

PART I: ECONOMICS AND ENVIRONMENT .:DI 



ENERGY RETROFIT 
San Diego, California 

Life-cyde cost analysis-an increasingly accepted analytical method that calculates costs 
over the "useful" or anticipated life of an asset-reveals that low up-front expenditures, 
though easier to finance at building inception, can result in much higher costs over the 
life of a building or system. Choosing space-conditioning systems with the lowest first 
cost, for example, may prove to be a poor life-cyde decision, when energy operations 
costs over the useful years of the systems are factored into the analysis. 

Because local govemments often own and operate their buildings, they are in a good 
position to maximize environmental and economic efficiencies across all building-relat
ed cost areas through integration of green building measures. To date, however, green 
building measures have not been widely adopted, with the exception of energy efficient 
systems. Sorne energy-saving measures have become almost commonplace, because their 
economics are relatively easy to calculate, and because the utility industry has provided 
financia! incentives and rebates that encourage their implementation. 

Obstades to adoption of other green measures indude general confusion as to what the 
measures entail, how to select high-environmental-performance products, and what 
overall economic and assodated benefits can result. A perception that green building 
measures cost more persists despite cost-effective examples. Even simple design changes 
that use daylighting and natural heating and cooling potential, and can be incorporated 
with minimal increased up-front costs, are often misunderstood and underutilized. Too 
few green building demonstration projects today provide the industry with needed 
"how-to" information that reduces the perceived risk of "pioneering." Moreover, build
ing owners and tenants are often aware of the connettion between building-related envi
ronmental improvements and increased building economics and value, as well as 
increased occupant productivity. 

This chapter reviews the economic opportunity and reduced liability for building 
projects that incorporate green building measures. Toe areas covered include energy 
efficiency, water efficiency, waste reduction, construction, building operations and 
maintenance, insurance and liability, occupant health and productivity, building value, 
and local economic development opportunities. 

Energy Efficiency 
Approximately SO percent of the energy use in buildings is devoted to produdng an arti
ficial indoor climate through heating, cooling, ventilation, and lighting.4 A typical build
ing's energy bill constitutes approximately 25 percent of the building's total operating 
costs. Estimates indicate that climate-sensitive design using available technologies could 
cut heating and cooling energy consumption .by 60 percent and lighting energy require
ments by at least SO percent in U.S. buildings.5 

In a 1995 building renovation project for the city of San Diego's Environmental Services Department, an extensivt energy-efficiency retrofrt package was pro
jected to yield a four-year payback on investment The local utility, San Diego Gas & Electric, offered incentives that comed most of the up-front cost of the 
energy-related improvements, thereby yielding an mn earlier payback. 

Thanks to effi.cient mechanical systems, lighting, appliances, and computer-control measures, the building is projected to achim energy savings of approxi
mately 60 percent over those required under Califomia's Trtle 24 Energy Code. The annual energy savings are estimated at $66,000 for the 73,000-square
foot building-a savings of $0.90 per square foot, compared to typical energy costs in a similar building. DOE-2 energy-modeling software projected the 
building's total electricity consumption at approximately 8.4 kilowatt-hours per square foot, placing the project in the lowest five percent of ali energy con
sumers among buildings in the city. 
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Retums on investment far energy-effidency measures can be 
higher than rates of retum on conventional and even high
yielding investments. Partidpants in the Green Lights pro
gram of the U.S. Environmental Protection Agency (EPA) 
have enjoyed annual rates of retum of over 30 percent for 
lighting retrofits. When partidpants complete all program
related improvements, Green Lights could .save over 65 mil
lion kilowatts of electridty, redudng the nation's electric bill 
by S16 billion annually.6 

If the United States continues to retroflt its existing building 
stock into energy-effident structures and upgrade building 
codes to require high energy effidency in new buildings, it 
will be able to greatly reduce the demand for energy resources. 
This reduction, in tum, will lessen air pollution, contributions 
to global warming, and dependency on fossil fuels. 

Water Efficiency 

WaterUsage 
Number of Building 0crupann 
Water Use per QCQJpant per Oay 
Toul Annual Building Water Use (gallons) 
Total Annual Building Water Use (HCf*) 

Water Cost 
Water Cost per HCF 
Sewer Cost per HCF 
Toul (water + sewer) Cost per HCf 
Total (water + sewer) Annual Cost 

Savings 
lnitial Cost of Water 11easum .. 
Annual Water Conmvation, ¡t 3Qf/4 Reduction (HCF) 
Annual Water + Sewer Savings (1,304 HCF at $3.37) 
Paybadc Period 

•one hundred cu ble feet (HCF) = 7 48 pllons 

650 
20 

3,250,000 
4,345 

$1.44 
$1.93 
$337 

$14,643 

$10,983 
1.304 

$4.394 
2.5 yem 

Water conservation and effidency programs have begun to 
lead to substantial decreases in the u.se of water within build
ings. Water-efficient appliances and fixtures, behavioral 
changes, and changes in irrtgation methods can reduce con
sumption by up to 30 percent or more.7 Investment in such 
measures can yield payback in one to three years. Sorne water 
utilities offer fixture rebates and other incentives, as well as 
compllmentary water surveys, which can lead to even higher 
retums. 

•• Musuru include eflicíent, low-flow a¡,pliancu and fixt.uru as 
well as control senson. 
Source: Fi¡ures basad on communíc.ations with Water Otpartment 
specialists in San DieSo, Phoenix, and Sacramento. 

As Figure 1 reveals, for a typical 100,000-square-foot office building, a 30 percent reduc
tion in water u.sage through the installation of effidency measures can result in annual 
savings of $4,393. Toe payback period is 2.5 years on the installed conservation and effi
ciency measures. In addition to providing a 40 percent retum on investment, the mea
sures result in annual conservation of 975,000 gallons of water. 

As demand on water increases with urban growth, the economic impact of water conser
vation and effidency will increase proportionately. Water efficiency not only can lead to 
substantial water savings, as shown in the above example, it also can reduce the require
ment for expansion of water treatment facilities. Non-residential water customers 
account for a small percentage of the total number of water customers, but use approxi
mately 35 percent or more of the total water.8 More information on water conservation 
prograrns and incentives can be obtained from your local water utility, or by calling 
WaterWiser, a national water-efficiency clearinghouse of the American Water Works 
Assodation and the U.S. Environmental Protection Agency, at 800/S59-9855. 

Waste Reduction 
Of the 20,000 landfills located within the United States, more than 15,000 have reached 
capadty and closed.9 Many more are following this pattem each year. Construction-relat
ed waste constitutes more than 25 percent of landfill content and equals total municipal 
garbage waste generated in the United States.10 As a result of this volume of waste, an 
increasing number of landfills will not permit, or are charging extra for, the dumping of 
construction-related waste. In response, recycling of such debris is increasing at the job 
site. Materials such as gypsum, glass, carpet, aluminum, steet, brick, and disassembled 
building components can be reused, or, if that is not feasible, recycled. 

Figure 1 
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In addition to construction-waste recycling, the building industry.is beginning to 
achieve significant waste reductions through more building reuse and adaptation, as 
opposed to demolition. In past decades, the trend has been to raze a building at the end 
of its first life (assumed to be the "useful" life) and replace it with a new building. With 
ingenuity, older structures can be successfully renovated into cost-effective and efficient 
"new" structures. Adaptive reuse of older stru~res can result in financia! savings to 
both sellers and purchasers. One example is the National Audubon Society headquarters 
building in New York, the product of a 1993 project that recyded a 100-year-old eight-

PORTLAND TRAILBLAZERS ROSE GARDEN ARENA11 

Portland, Oregon 
One of the best examples of the savings potential for recyding of construction-related demolition debñs is the Ponland Trailblazers Rose Garden Arena, a 
new 750,000-square-foot stadium built in Ponland, Oregon, in 1995. In demolishing the old stadium and an adjacent faálity, the project contractor, Tumer 
Construction Company, was able to divert successfully from the landfill the majoñty of the construction and demolition debñs--induding 1,300 tons of 
wood, 1,000 tons of metal, and 29 tons of cardboard-through reuse and recyding. In addition, the contractor diverted laJge quantities of gypsum wal~ 
board, site-deañng debñs, conaete, and asphalt For a recyding cost of only $19,000, the contractor avoided an estimated $166,000 in landfill cosn. 
Rebates totaling $39,000 were received from third party vendors for the metal and cardboard. The resulting net savings from the pruject for the full recy
ding effort was approximately $186,000. 

'q' 

story building. Conservation of the building's shell and floors saved approximately 300 
tons of steel, 9,000 tons of masonry, and 560 tons of concrete. Audubon estimates a sav
ings of approximately $8 million associated with restoration instead of demolition and 
new construction.'2 

Construction 
Application of green building concepts ca;n yield far savings during the construction 
process. Measures that are relatively easy to' implement can result in savings to the con
:tractor in the following areas: 

~ Lower energy costs, by monitoring usage, installing energy-efficient lamps and fix
i tures, and using occupancy sensors to control lighting fixtures; 

111 Lower water costs, by monitoring consumption and reusing stormwater and/or con
struction wastewater where possible; 

• Lower site-clearing costs, by minimizing site disruption and movement of earth and 
installation of artificial systems; 

• Lower landfill dumping fees and associated hauling charges, through reuse and recy-
cling of construction and demolition debris; 

• Lower materials costs, with more careful purchase and reuse of resources and materials; 

• Possible earnings from sales of reusable items removed during building demolition; and 

• Fewer employee health problems resulting from poor indoor air quality. 

This listing suggests sorne possible areas far cost savings; the project team can identify 
other possibilities through a cooperative and integrated team approach. Toe contractor 
can also improve relations with the community and building owner by viewing them as 
part of the team effort to implement environmentally sound construction measures. See 
Part V of this manual far ·more detailed information and discussion of environmental 
construction guidelines. 
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Building Operations and Maintenance 
Toe green building measures discussed in this manual can lead not only to lower build
ing operating expenses through reduced utility and waste disposal costs, but also to 
lower on-going building maintenance costs, ranging from salaries to supplies. For exam
ple, in many buildings, maintenance staff collect recycled materials on each floor--or 
even at every employee's desk-and carry the materials down to the basement for hand 
sorting. Recycling chutes, a viable green alternative, allow direct discarding of materials 
from any floor in the building to the basement. Toe chute system, which ideally is 
installed during initial construction or renovation, can sort materials automatically, sav
ing labor costs by eliminating the need to collect, transport, and sort recyclables. Other 
savings come in the form of lower waste hauling fees; reduced workers' compensation 
insurance prerniums due to lower claims for accidents from sharp glass and cans; reduced 
elevator maintenance; less frequent cleaning of spills on carpets and floors; and less need 
for pest control. · 

OPERATIONS AND MAINTENANCE SAVINGS 
One private waste handling company has estimated that a typical 20-floor building can realize estimated annual labor savings of $27,209 far handling recy
dables with a chute system, as opposed to floor-by-floor recyding. Toe potential annual saving¡ from reduced hauling is $4,800. Together, the reductions add 
up to a total annual saving¡ of $32,009. Toe savings are offset by the installation cost of the chute system, totaling $24,000, resulting in an initial increase 
in net cash flow far the building owner or manager of $8,000." 

Environmentally friendly housekeeping products can also have financia! advantages. For 
example, cleaning products that are purchased as concentrates and use minimal 
packaging not only promote waste reduction, but also can reduce product usage by 30 to 
60 percent with dispensers that more accurately measure and dilute the cleaning prod
ucts for optimum effectiveness.14 

Building owners need to view the building manager and staff as vital participants in 
environmentally sound and cost-effective operations. Building managers, charged with 
the efficient operation and maintenance of multi-million-dollar assets, have experience 
in all areas of operations and maintenance over the life of a building. Once a building is 
operational, training of management and maintenance staff-including education on 
effective green building measures such as building energy management systems, new 
cleaning products, and new building codes and standards--can help thern to maintain 
the building in a resource-effident and economically favorable manner. 

lnsurance and Liability 
Toe past decades' conventional office design, construction, and operational practices 
have decreased the quality of the indoor office environment, resulting in new health 
concerns and associated economic costs and liability. The introduction of a multitude of 
new contaminant pollution sources into the workplace, combined with tighter building 
construction, has intensified air-quality problems. For example, poor indoor air quality 
can result from such factors as faulty air-conditioning systems, occupant-related pollu
tants, construction materials that ernit high levels of volatile organic compounds, and 
poor maintenance practices. Toe U.S. EPA ranks indoor air pollution among the top five 
environmental risks to public health. Unhealthy indoor air is found in up to 30 percent 
of new and renovated buildings.15 

Sick Building Syndrome (SBS) and Building Related Illness (BRn have become more com
mon in the workplace, increasing building owner and einployer costs due to sickness, 
absenteeism, and increased liability claims. It has been estimated that SBS and BRI cost 
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CASE IN LIABILITY . 

roughly $60 billion each year in medica! expenses and lost worker productivity in the 
United States.16 

Legal actions related to Sick Building Syndrome and other building-related problems 
have increased. These actions against building designers, owners, or employers may be 
initiated by occupants who have short- or long-tenn problems, ranging from headaches 
and burning eyes to more serious ailments. Initial economic impact may come in the 
forms of higher health insurance premiums, increased workers' compensation daims, 
and decreased productivity. Expensive remediation projects and environmental deanups 
may follow, and building owners may try to recover losses from the original project con
tractors and architects through litigation. 

One liability caie, settled in 1995, involved a suit between Polk County, Floñda, and the insurance company of the builders ol the county's eight-year-old 
courthouse. The court awarded the county nearly $26 million to correct design and construction flaws that resulted in a high leve! of mold growth and 
caused occupant illnesm. 

In DuPage County, lllinois, the court found the county responsible for health-related complaints at its new courthouse due to improper operations and main
tenance procedures. At another courthouse complex, in llartin County, Floñda, a $1 O million renovation to mitigate the growth ol health-threatening fungi 
responsible for previous building evacuations has been unsuccessful.17 

By ensuring better indoor air quality, building owners, employers, and design profession
als can lower their risk of future litigation by building occupants. Professional liability 
insurance companies have indicated a willingness to offer design professionals. lower 
insurance premiums fór higher operating-procedure standards that lead to improved 

·'t 
' 

indoor air quality.18 Soi:ne national architectural firms are attempting to rate building --
products according to the levels of volatile organic compounds they emit after installa-
tion, and to educate building owners and managers about healthier product choices. 

Occupant H~alth and Productivity 
,, 

The purpose of a building is not only to provide shelter for its occupants, but also to. pro
vide an environment conducive to high performance of ali intended occupant activities. 
Recent studies have shown that buildings with good overall environmental quality, 

· including effective ventilation, natural or proper levels of lighting, indoor air quality, 
and good acoustics, can increase worker productivity by six to 16 percent.19 

An organization's most significant financia! commitment is usually to its employees. Many 
employers spend at least as much on salary-related expenditures as they do on constructing 
an entire company building. In many organizations, salaries and assodated benefits con
sume the majority of the annual operating budget.21> For example, based on the sample cal
culations in Figure 2, a typical employer could spend $233 per square foot annually for an 
employee. Building construction costs generally fall below this level, often by 50 percent. 
In addition, annual employee salary-related expenditures, using the numbers in Figure 2, 
are approximately 130 times greater than energy costs. A productivity increase of six per
cent equates to savings to the employer of $14 per square foot-eght times the cost of the 
building's annual energy bill. 

Given this information, an employer can decide to maximize the performance and. effi
ciency of personnel resources through assessment of, and improvement to, the indoor 
environmental quality of its building. The following account of a recent renovation pro
ject illustrates this approach. 
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RENO POST OFFICE 
Reno,Nevada 
In the rtnovation of a U.i Post Office in Reno, Nevada, the structurt, a modem warehouse with high ceilings. was rtdesigned with a new ceiling ~oped to 
enbance indirect lighting and improve mustia. The original, llmh direct downlighting was rtplactd with softer, more eflicient, and longer-lasting lamps. The 
total 11novation cost was $300,000. The usociated annual energy savings totaled $21,400, and the projected maintenance savings, $30,000, for a combined 
savings of $52,400, which equated to a six-yw paybadc. What the Post Office also disc.ovmd was that the 11novation measum, which multed in better 
lighting and acoustics, led to a productivity inaease of mort than six percent Productivity savings alone wm worth $400,000 annually, 11ruming the entirt 
11novation cost within the first year. 11 

Both building owners and building tenant/employers can ben
efit in other ways by improving indoor environmental quali
ty . For owners, these improvements can result in higher 
property values (see "Building Value" section below), longer 
tenant occupancy and lease renewals, reduced insurance and 
operating costs, reduced liability risks, extended equipment 
life, and good publicity. For tenants, benefits include reduced 
absenteeism and better employee morale, reduced insurance 
and operating costs, reduced liability risks, and community 
recognition.22 

If the building owner is also the employer, an organization can 
offset initial construction design and systems costs with the 
reduction of long-term organizational and operational expenses 
over the building' s life cyde. 

Building Value 
Green buildings' high effidency and performance can result in 
higher property values and potentially lower lenders' credit risk. 
Lower operating costs assodated with more effident systems can 
lead to higher building net income. 

Utility Costs 
Annual Utility Cost per Square Foot 
Total Annual Utility Cost 

Personnel Costs 

$1.80 
$180,000 

Average Em~oyu Salary + Btnefits $35,000 
Average Em~oyee Space per Square Foot 150 
Estimated Number of Building OcOJpants 667 
Annual Average Pmonnel Cost per Square Foot $233 
Total Annual Building Personnel Cost $23.~45,000 

Savings 
Value of 63/, Productivity lncmse per Square Foot $14 
Ratio of Productivity lncrease to Energy Cost 8 times 

Sourco: Eumplo from David Gottfrled, "Economics of 
Green Bulldin¡s," Pruentation to OGAE Electric Senicu, 
October 1995. 

Figure 2 

In Figure 3 the value of a 100,000-square-foot office building increases by over S 1 million 
through implementation of green building measures. These measures, associated with 
energy, water, waste, and labor, result in annual operating savings of SlOl,400. Toe 
increased building value is calculated by using a fairly conservative building market capi
talization rate--a formula used by building appraisers, brokers, and lenders to calculate a 
building's value-of 10 percent on the savings. As illustrated in Figure 3, a building's 
value is derived by dividing its net operating income, or savings, by the market capital
ization rate. 

In addition to increasing a building's net operating income or value, 
green building measures may allow building owners to charge higher 
rents or achieve higher rates of building occupancy, if tenants view 
green properties as more desirable. Currently, voluntary building rat
ing programs are under development for commerdal buildings in 
the United States (see Chapter 25, "Toe Future of Green Building''). 
As these prograrns are introduced into the marketplace and gain the 
acceptance of building owners and tenants, they could impact the 
value of properties. Prospective tenants will be able to rate buildings 
based on such measurable features as natural daylight, better indoor 
air quality, and lower energy, water, and waste costs. If enough 
buildings are rated for environmental performance, those that per
form better will start to realize market advantages. 

Figure 3 

~ ~ ~ 

· INCREASED YALUATION 
of ~ TJPial .100,000 ~;tt Oflict Building.; ;_, 

- ""' K .. ;z,......,..,l·->"'"' ~~ ~-'"''''"'""'""""'"-1 

I. Energy Retrofit Savings (50'/,) 
2. Water Savings (30'/,) 
3. Waste + ubor Savings (e.g~ chute system) 
4. Total Annual Operaring Savings 
5. Hari<et Capitaliz.ation Rate 
6. lnmase in Building Value (divide 4 by 5) 

$90,000 
$4,400 
$7,000 

$101,400 
10'/, 

$1,014,000 

Soun:o: lnformatlon basad on discussion with CB Commercial, 
a commerci.al rul estate brokerace firm. 
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MT. AIRY PUBLIC LIBRARY 
Mt. Airy, North Carolina 
Ml Airy, North Carolina, has incorporated extensive da~ighting into the passive solar design al its 13,000-square-foot public library, bllilt in 1982. This 
design strategy helps to meet the town commissioners' goal al a 70 percent reduction in annual electricity consumption. The da~ighting strategy admits 
glare-fru, diffuse light to ali comers ol the library without damaglng the books with direct illumination. lt is combined with efficient lighting systems, where 
needed, and other fearures that conserve energy used far heating and cooling. lighting energy use, usually a large portian of a libraiy's total energy con
sumption, is now only one-eighth of the entire building's total energy usage. Not surpñsingfy, utility bilis have been very low. The buílding's attractive design 
has drawn positive reactions from employees and visitors, and made the facility a town centerpiece. Yisitation rates at the library are more than twice what 
was oñglnally anticipated, and operating hours have been extended to accommodate users of this multipurpose mltural center. n 

Local Economic Development Opportunities 
Promotion and implementation of green building practices within a community can 
generate new economic development opportunities. These opportunities can take a 
variety of forms, including new business development to meet the demand for green 
products and services; resource-effidency improvement programs that enable existing 
businesses to lower operating costs; development of environmentally oriented business 
districts; and job training related to new green businesses and products. 

In Austin, Texas, the long-term existence of the dty's Green Builder Program has con
tributed to the growth of green building trades, including, for example, companies to 
meet the demand for rainwater-harvesting systerns and services. The dty has also begun 
working with a non-profit organization to offer at-risk youths an opportunity to leam 
job skills while they build affordable green homes. On a national level, the EPA cites the 
potential creation of over 200,000 jobs through aggressive implementation of its Green 
lights retrofit program. -

In other communities, entrepreneurs have developed 'businesses to recycle usable 
building components. In Baltimore, Maryland, for example, one non-pÍ:ofit company 
redistributes over $1 million worth of building supplies a year. These materials, 
diverted from landfills and received as donations from construction-related business
es, are provided to non-profit organizations and low-income clients at about one
third of their retail price. A Berkeley, California, for-profit business has salvaged 
furniture, household goods, office equipment, and building materials for resale for 
over a decade. These materials are retrieved from the waste stream or donated by local 
residents, businesses, and construction sites. The company handles about 5,000 tons 
of material each year. 

In Denver, Colorado, plans are underway to reuse Stapleton Intemational Airport as a 
center for environmentally oriented businesses, as well as a site for training opportunities 
in environmental fields. San Jose, California, through its Green Industry Program, has 
created two Green Industry Districts, which will provide incentives such as loans and tax 
benefits to attract more recycled-product manufacturers and green industries. And in 
Portland, Oregon, the dty's Businesses for an Environmentally Sustainable Tomorrow 
(BE.ST) program uses incentives and education to encourage businesses to realize the eco
nomic benefits of energy effidency, water conservation, waste reduction or recycling, 
and effident transportation practices. 

Local govemments fadng rising building and operational costs may find that adoption 
_of green building practices can slash public expenditures for energy, water, and waste 
processing. In Montgomery County, Maryland, for example, carefully crafted Energy 
Design Guidelines aim to reduce energy consumption in new government buildings by 
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40 to 50 percent, without increas~ in initial construction costs. These savings can help 
to balance budgets and offset b!fdgetary cuts in critica! areas such as education and 
public safety. 

These examples are only a snapshot of the growing appeal of sustainable development. 
Local gove=ents and businesses across the country are starting to find that green busi
ness practices, as well as the use o~ green building products, can result in short- and long
term economic and environmental advantages for their co=unities and the wider 
global marketplace. 

'ª'º'' 1 Civil Engineering Research Foundation. 'rnnuvatüm in the U.S. ConstmctiDn Industry: An Essential Component for 
American's Ei:onomic Prosperity and Well-being (Washington, D.C.: Civil Engineering Research Foundation, April 
28, 1994), 36. 

2 National Sctence and Technology Council, Civillan Industrial Technology Co=ittee, Subcommittee on 
Construction and Building, Rationale and Preliminary Plan for Federal Research for Construction and Building 

, (Washington, D.C.: National Sctence an~ Technology. Council, September 1994), l. 
3 JosephJ. Ro=, Lean and Clean Managen¡ent (Kodansha lnternational, 1994), 94. 

4 David Rodman and Nicholas Lenssen; • A Building Revolution: How Ecology and Health Concems Are 
Transfonning Construction," Worldwatch Paper 124 (March 1995), 41. 

5 !bid., 39. 

6 Green Lights Program literature (Washington, D.C.: U.S. EPA, December 1993). 

7 Based on conversations with Richard Bennett, East Bay SMUD; Jane Ploeser, city of Phoenix; and Louis 
Generoso, city of San Diego (November 3, 1995). 

8 American Water Works Assoctation, Conservation Incentive Levels and Two Pilot Programs (Denver, Colo.: A WWA, 
1995), 116 

9 Al Gore, Earth in the Balance (Boston, Mass.: Houghton Mifflin Co., 1992), 151. 

10 Rodman and Lenssen, 23. 

11 Tumer Construction Company case study. Jnformation provided by Ian Campbell, Sustainability Director, 
206/224-42.18. 

12 Audubon House, National Audubon Society·and Croxton Collaborative (John Wiley &; Sons, 1994), 134. 

13 lnformation provided by Hi-Rise Recyding Systems, Miami, Florida 305/624-9222. 
14 Rochester Midland, Product Jnformation Sheet, Form 550-A (August 1993), 2. 

15 Barbara Lippiatt and Gregory Norris,. "Selecting Environmentally and Economically Balanced Building 
Materials" National Institute of Standards and Technology Special Publication 888, Second Jntemational Green 
Building Conference and Exposition-1995 (Gaithersburg, Md.: NIST, 1995), 37. 
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19 Ro=, 102. 
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21 Ro=,92. 
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23 Nancy Reece, Savings from the Sun: Passive Solar Design for Institutional Bwldings (Boulder, Colo.: American Solar 
Energy Society, June 1990), 3-4. 
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CHAPTER2 

Selecting Environmentally 
and Economically Balanced 
Building Materials 
lntroduction 
Buildings significantly alter the environment. According to Worldwatch Institute1, 
building construction consumes 40 percent of the raw stone, grave!, and sand used 
globally each year, and 25 percent of the virgin wood. Buildings also account for 40 per
cent of the energy and 16 percent of the water used annually worldwide. In the United 
States, about as much construction and demolition waste is produced as municipal 
garbage. Finally, unhealthy indoor air is found in 30 percent of new and renovated 
buildings worldwide. 

Negative environmental impacts flow from these activities. For example, raw materials 
extraction can lead to resource depletion and biological diversity losses. Building materi
als manufacture and transport consumes energy, which generates emissions linked to 
global warming and acid rain. Landfill problems, such as leaching of heavy metals, may 
arise from waste generation. All these activities can lead to air and water pollution. 
Unhealthy indoor air may cause increased morbidity and mortality. 

Selecting environmentally preferable building materials is one way to improve a build
ing's environmental performance. To be practica!, however, environmental performance 
must be balanced against economic performance. Even the most environmentally con
scious building designer or building materials manufacturer will ultimately want to 
weigh environmental benefits against economic costs. They want to identify building 
materials that improve environmental performance with little or no increase in cost. 

The National lnstitute of Standards and Technology (NIST) is teamed with the U.S. 
Environmental Protection Agency's (EPA) National Risk Management Research 
Laboratory, Air Pollution Prevention Control Division, to develop by 1997 a standardized 
methodology and publidy available database for balancing the environmental and eco
nomic performance of building materials. EPA is developing a database of environmental 
performance data, and with EPA support, NIST is developing the methodology and 
implementing it in decision-support software for building designers and materials 
manufacturers. NIST is adding economic performance data to the database. The 
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decision-support software wil1 access the database of environmental and economic per
formance data. Toe combined software and database product will be known as BEES 
(Building for Environmental and Economic Sustainability). 

Measuring Environmental Performance 
Environmental performance is measured using an evolving, multidisciplinary tool 
known as life-cyde assessment (LCA). LCA is a "cradle-to-grave" systems approach for 
understanding the environmental consequences of technology choices. Toe concept is 
based on the belief that all stages in the life of a material generate environmental 
impacts and must therefore be analyzed, induding raw materials extraction and process
ing, intermediate materials manufacture, material manufacture, installation, operation 
and maintenance, and ultimately recycling and waste management. An analysis that 
excludes any of these stages is limited because it ignores the full range of upstream and 
downstream impacts of stage-specific processes. 

Toe general LCA methodology is as follows. LCA begins with goal identification and 
scoping (defining boundaries). What is the purpose of the LCA? What decision is the 
LCA meant to support? Where are environmental impact boundaries to be drawn-sec
ondary environmental impacts, tertiary impacts? Do we include all environmental 
impacts, or only a pre-defined subset of impacts? 

After goal identification and scoping, the four-step LCA analytic procedure begins. The 
inventory analysis step identifies and quantifies the environmental inputs and outputs 
associated with a material over its entire life cycle. Environmental inputs indude water, 
energy, land, and other resources; outputs indude releases to air, land, and water. Toe 
impact assessment step characterizes these inputs and outputs in relation to a compre
hensive set of environmental impacts. For example, the impact assessment step might 
relate carbon dioxide (CO2) emissions to global warming. 

Toe third step, impact valuation, synthesizes the environmental impacts by combining them 
with stakeholder values. Far example, assume there are only two environmental impacts, 
stratospheric ozone depletion and global warming. Toe impact valuation step might com
bine quantitative measures of ozone depletion and global warming into a single measure 
of overall environmental impact by normalizing the quantitative measures and weighting 
each impact by its relative importance. (Note that while LCA practitioners generally agree on 
the nature of impact valuation, not all treat it as a separate LCA step. Sorne indude it as 
part of impact assessment, while others include it as part of improvement assessment.) 

Toe improvement assessment step identifies and evaluates opportunities for making 
changes in the product life cyde which improve its cradle-to-grave environmental per
formance. Depending on the goal of the LCA, the improvement step may be omitted. Far 
example, if the goal of the LCA is to select the most environmentally preferable from 
among three building materials, the improvement step is unnecessary. 

NIST is applying the LCA methodology to building materials. In so doing, NIST is adding 
explicit guidance to the LCA impact assessment and valuation steps. Toe guidance con
sists of the following three principies: 

1) Avoid false precision. 
There is sorne uncertainty assodated with the data used at each LCA step, which 
influences the precision of the final results. It is important to document the predsion 
with which conclusions can be drawn about the environmental performance of build
ing materials. For example, if at the inventory analysis step, sulfur dioxide emissions 
are estimated within a range of plus ar minus five percent, then an overall environ
mental impact score cannot be derived with 100 percent certainty. Toe NIST method-
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ology avoids false precision by collecting uncertainty data at each LCA step and prop
agating (accounting for) uncertainty throughout the LCA. Toe final environmental 
impact score will thus be bounded by an uncertainty range. 

2)Addressscaleofimpact. 
Toe LCA impact assessment step characterizes the inventory items in relation to envi
ronmental impacts. This step will also relate the flows (to or from the environment) 
occuning during the life cyde of a building material to the total flows occurring at 
scales such as the U.S. as a whole. For example, the NIST methodology will relate the 
chlorofluorocarbon (CFC) emissions associated with vinyl siding's life cycle to the 
total CFC emissions from the U .S., and will use this information in deriving the final 
environmental performance score for vinyl siding. 

3) Minimize assumptions and uncertainty. 
Each LCA step introduces additional assumptions and uncertainty. Toe NIST method
ology minimizes these by checking data after each LCA step to see if one building 
material altemative shows dominance or near dominance. Dominance is shown when 
one alternative performs best on all criteria. 

These three principies are implemented in the NIST LCA methodology for measuring the 
environmental performance of building materials, depicted in Figure l. Toe goal is to 
assist material selection decisions by assigning relative environmental seores to a set of 
building material altematives. To the extent possible, all environmental impacts will be 
included. Toe first step is inventory analysis. Environmental input and output data will 
be gathered for all building material altematives on a per functional-unit basis, complete 
with uncertainty ranges. In the (unlikely) event that one altemative performs best or 
nearly best with respect to all inventory items, that altemative will be flagged as the . 
dominant or nearly dominant altemative. Note that large uncertainty ranges do not pre
dude dominance as long as there is no overlap among altematives. 

Toe next step is impact assessment. First, inventory iterns are classified by impact catego
ry. Then inventory items are characterized within impact categories. For many of the 
impact categories, published "equivalency factors" are available to normalize the inven
tory items in terms of strength of contribution2• For example, equivalency factors have 
been developed for each of the major "greenhouse gases." These factors indicate the rela
tive "global warming potential" of each greenhouse gas, taking into account the different 
strengths of radiative fordng as well as differences in atmospheric lifetimes3• Toe global 
warming potential equivalency factors will be used to convert all greenhouse gas inven
tory data (reported as tons of a given greenhouse gas ernitted per functional unit of a par
ticular building material-for example, tons ernitted per square meter (square yard) of 
carpet) into "CO2-equivalents" (reported as tons of CO2 per functional unit). Following 
this conversion, all inventory data in the "global warming" impact category can be 
summed to arrive at a scalar total (tons of CO2-equivalents) to allow direct numerical 
comparison among building materials. 

Equivalency factors are subject to sorne uncertainty based on the strength of the underly
ing sdence. Toe NIST methodology will attempt to reflect the literature's assessment of 
this uncertainty by using intervals (ranges) rather than scalar numbers for the equivalen
cy factors. Arithmetic operations on intervals are well-established' and will be used in the 
NIST methodology as a basic means for propagating uncertainty throughout the LCA. 

For sorne impact categories and inventory iterns, equivalency factors have not been pub
lished, so there is no dear basis for normalizing and summing the inventory data within 
an impact category. In such instances the NIST methodology will allow the user to check 
for dominance or near dominance of one material altemative over the others. A flexible 
heuristic method will be available for assigning a summary score to the dominant and 
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DATA COLLECTION AND ANAL YSIS 

Bulldlng 
Material• 

11 

UleCycfe 
lnventory 

lnpul1 
• Material• 
• Energy 
•Water 
• Land 

Outpu11 
• IJr emlHlonl 
•Water 
emlHlonl 

•SoHdwaate 
• Co-producta 

lnventory llatn• 

Poten11:r lmpact 
Category 

• Ecologlcal 
lmpacl1 

• Human health 
lmpacll 

• Natural 
reaource 
Impacta 

Asseaament of 
Polenllal 

tmpact1by 
Category 

• EqulvalenclH 
• Chemlcal or 

phyelcal 
propef11n 

ENVIRONMENTAL 
SCOAES 

OF 
ALTEANATIVES 

lnventory Analyal1 --------!• lmpactAHaument -----------------+ lmp~ Valuatlon ------• 

------------------ -----------------------
UNCERTAINTIES 

Aelallon1hlpll/Unkage1 of • lack ol Conseneu, on 
Data----------• lnventory ltema to Impacta---- Equlvalency Modela -------:~ Value Judgment1 

• Accufacy 
•Bias 
• Completenen 
• Preclalon 

-----------------------------------------
DECISION ·STRATEGIES 

Domlnant or Near-Domlnant Alternatlve Dominan! or Near-Domlnant Allernatlve Welghted Seores 
(Best on all lnventory !tema) ------------.. (Best on an lmpact categorlea) ----------1• 

Sourco: Tho Sclentlnc Con1ultln¡ Group, lnc. 

Figure 1 



~ CAMARA C,HILENA DE LA CONSTRUCCION 

l. 
' / 

í • 

-
r 

COMISION DE PROTECCION DEL MEDIO AMBIENTE 

TECNOLOGIAS LIMPIAS Y 

CONSTRUCCION SUSTENTABLE 

~ 
EDIC 
INGENIEI\OS LIMITADA 

~ Q112)~ -
CAMARA CHILENA DE 

LA CONSTRUCCION 
Centro Documentación 

INFORME FINAL 

JUNIO 1998 



.,, -

INDICE 

INTRODUCCION 

ANTECEDENTES 

ESTRUCTURA DEL INFORME 

l. INVENTARIO DE TECNOLOGIAS LIMPIAS Y CONSTRUCCION 
SUSTENTABLE 

1.1 GENERALIDADES 

1.2 POLITICA HOLANDESA DE CONSTRUCCION SUSTENTABLE 
1.2.1 Objetivos generales 
1.2.2 Grupos objetivo 
1.2.3 Estrategia, programas y proyectos 
1.2.4 Desarrollo de instrumentos 
1.2.5 Diseminación de información y educación ambiental 
1.2.6 Resultados esperados y conseguidos 
1.2.7 Transferencia de conocimientos y tecnología 

1.3 TECNOLOGIAS LIMPIAS 
1.3.1 Procesos básicos en la construcción 
1.3.2 Ciclo vital de los materiales de construcción 
1.3.3 Impacto ambiental por el proceso de construcción 
1.3.4 Gestión ambiental en la construcción 
1.3.5 Construcción sustentable en proyectos de ingeniería civil 
1.3.6 Control sustentable de inundaciones 
1.3.7 Tecnologías limpias en obras publicas 
1.3.8 Ampliación del ciclo de vida y utilización de los edificios 

1.4 INVENTARIO DE MATERIALES AMBIENTALMENTE SUSTENTABLES 
1.4.1 Materiales renovables 
1.4.2 Materiales energéticamente eficientes 
1.4.3 Materiales nocivos 
1.4.4 Impacto ambiental por materiales de construcción 
1.4.5 Guías para la selección de materiales de construcción 

2. METODOS, PROCESOS Y MATERIALES PARA UNA VIVIENDA 
SUSTENTABLE 

2.1 SITUACION ENERGETICA CHILENA EN EL SECTOR EDIFICIOS Y 
VIVIENDAS 

2.1.1 Introduccion 
2.1.2 El sector edificios 

Página 

iii 

1 

1 

2 
2 
4 
4 
5 
7 
8 
9 

13 
13 
13 
14 
17 
24 
27 
28 
29 

32 
32 
33 
33 
33 
35 

47 

47 
47 
49 



2.1.3 Balance energético de un edificio 51 
2.1.4 La aislación térmica de la envolvente 53 
2.1.5 Aislaciones mínimas en países desarrollados 55 
2.1.6 Situación chilena 56 
2.1.7 La mala aislación de los edificios y viviendas en Chile 57 
2.1.8 Aislación y gasto de energía 58 
2.1.9 Aislaciones óptimas 63 
2.1.10 El edificio del 2000 64 
2.1.11 Conclusiones 65 

2.2 EL RUIDO EN LOS EDIFICIOS 67 
2.2.1 Introducción 67 
2.2.2 El ruido de la ciudad 68 
2.2.3 El ruido propio del edificio 69 
2.2.4 La aislación acústica y el ruido propio del edificio 69 
2.2.5 La legislación acústica 70 
2.2.6 Ordenanzas municipales 71 
2.2.7 Conclusiones 72 

2.3 EL PROBLEMA DE LAS HUMEDADES EN LAS VIVIENDAS Y EDIFICIOS 73 
2.3.1 Introducción 73 
2.3.2 Tipos de humedades 74 
2.3.3 El agua y sus daños 75 

3. MECANISMOS DE FINANCIAMIENTO DE LA INNOVACIÓN 
TECNOLÓGICA 77 

3.1 TRANSFERENCIA E INNOVACION TECNOLOGICA NACIONAL 77 
3.1.1 Gasto y financiamiento de la investigación y desarrollo tecnológico en Chile -

Datos estructurales 77 
3.1.2 Los fondos de desarrollo tecnológico y productivo 78 
3.1.3 Experiencias y proyectos de transferencia tecnológica 82 
3.1.4 Mecanismos de financiamiento de la banca comercial 87 
3.1.5 Incentivos económicos: una experiencia de la Municipalidad de La Florida 88 

3.2 TRANSFERENCIA TECNOLÓGICA INTERNACIONAL 89 
3.2.1 Tendencias en la cooperación internacional 89 
3.2.2 Fondos y programas de instituciones multinacionales y organizaciones 

internacionales 91 
3.2.3 Programas de cooperación bilateral 96 

4. MECANISMOS DE FOMENTO TECNOLÓGICO PARA UNA 
CONSTRUCCIÓN Y VIVIENDA SUSTENTABLES 100 

4.1 DESARROLLO DE INSTRUMENTOS 100 
4.1.1 La política de fomento a la producción limpia 100 



''"~- \, 

·..r 

,· 
' 

• ::-";" !,, 

4.2 ESTUDIO, DESARROLLO E IMPLEMENTACIÓN DE NUEVOS 
INSTRUMENTOS 

4.2.1 El plan de acción de la política de.fomento a la producción limpia 
' . 

4.2.2 Fondo de capital de ri~sgo CHILETEC 

4.3 TENDENCIAS EN ESTADOS UNIDOS Y CANADÁ 
4.3.1 Estados Unidos 
4.3.2 Canadá 

5. PLAN DE ACCION PARA UNA CONSTRUCCION SUSTENTABLE 

5.1 NECESIDAD DEL PLAN DE ACCION 

5.2 FORMULACION DEL PLAN DE ACCION 

5.3 IDEAS PARA LA FORMULACION DEL PLAN DE ACCION 
5.3.1 Formular la política de construcción sustentable de la CCHC 
5.3.2 Permanente y creciente información y capacitación 
5.3.3 Acciones institucionales 
5.3.4 Metodologías 
5.3.5 Instrumentos y mecanismos de fomento 
5.3.6 Cooperación con instituciones nacionales relevantes 
5.3.7 Cooperación internacional 
5.3.8 Fomento a la ejecució~ de proyectos piloto 
5.3.9 Código de conducta de producción limpia 
5.3.10 Estudios y recomendaciones especificos sobre edificación sustentable 

ANEXOS 

l. SUSTAINABLE BUILDING TECHNICAL MANUAL. GREEN BUILDING 
DESIGN, CONSTRUCTION, AND OPERATIONS. 

2. OTROS ANEXOS 

102 
102 
105 

105 
105 
108 

111 

111 

111 

112 
112 
112 
113 
113 
114 
114 
115 
116 
116 
116 



.. 
INTRODUCCION 

En el presente informe se resumen los resultados de los trabajos de Consultoría Ambiental 
encargados por la Cámara Chilena de la Construcción (CCHC) a Edic Ingenieros Ltda., durante 
el mes de Abril de 1998. 

Esta Consultoría responde a una necesidad de la Comisión de Protección del Medio Ambiente 
de la CCHC en orden a disponer de un estudio que realizara un inventario de Tecnologías 
Limpias en los procesos de la construcción y aportara antecedentes sobre la vivienda 
ambientalmente sustentable, explorando a la vez los mecanismos disponibles para el 
financiamiento de la innovación tecnológica en estas materias. Se ha requerido, asimismo, la 
elaboración de un Plan de Acción para la Comisión de Medio Ambiente de la CCHC para ir 
concretando, en los próximos años, los objetivos asociados a una construcción ambientalmente 
sustentable en nuestro país. 

Para la realización del presente estudio el Consultor formó un grupo de trabajo que comprendió 
a profesionales de su planta permanente así como a profesionales asociados, e incluyó también a 
profesionales de la Universidad de Twente y del Centro de Tecnologías Limpias, ambos de 
Holanda, los cuales aportaron valiosos antecedentes y experiencias, existentes en su país y en 
Europa, sobre las materias propias de la Consultoría. 

Durante la realización de la Consultoría, que se extendió por 45 días, a partir de la firma del 
contrato el 17 de Abril de 1998, hubo una permanente comunicación vía fax y correo 
electrónico con el Grupo Consultor de Holanda, con vistas a obtener de tsos centros 
académicos y tecnológicos la información y la experiencia disponible en Europa sobre las 
materias de interés del estudio contratado. 

Asimismo, con ocasión de la misión a Europa del Presidente de la Comisión de Medio Ambiente 
de la CCHC, señor Andrés Varela G., se logró concertar una visita de éste a Holanda, en la cual 
pudo participar de actividades tendientes a conocer con mayor profundidad las políticas 
desarrolladas en ese país en orden a lograr una mayor sustentabilidad ambiental de los procesos 
de la construcción, así como experiencias concretas de implementación de tales políticas. En esa 
oportunidad el señor Varela visitó la Universidad de Twente, el Centro de Tecnologías Limpias 
de la misma Universidad, los municipios de Enschede y Leeuwarden, una obra en construcción 
y una industria de separación de escombros, ambas en la ciudad de Leeuwarden. 

ANTECEDENTES 

Para el desarrollo de la presente consultoría se recolectó y analizó una gran cantidad de 
antecedentes existentes sobre el tema en estudio, a nivel nacional e internacional, y se estableció 
contacto con una gran cantidad de personas, profesionales y técnicos, tanto en Chile como en 
Holanda, que aportaron información valiosa sobre construcción ambientalmente sustentable. 



A nivel internacional existe una amplia bibliografia y bases de datos sobre el tema del estudio. 
A través de la participación de nuestros Consultores de Holanda, fue posible obtener un amplio 
rango de ellos. 

Las actividades principales que el Consultor desarrolló en relación con el análisis de los 
antecedentes que pudo obtener fueron los siguientes: 

Revisión de bases de datos bibliográficos en Santiago y en Holanda pertinentes al estudio 
en desarrollo. 

Revisión de manuales, guías y documentos, nacionales e internaciones, en que se expresa el 
objetivo de la construcción ambientalmente sustentable. 

Entrevistas a representantes de la industria, de la banca privada, de institutos de 
investigación, de instituciones de gobierno, de ONG y de organismos internacionales 
vinculados al tema de tecnologías limpias y producción ambientalmente sustentable. 

Revisión de documentos en que se expresa la política del gobierno de Chile sobre estas 
materias. 

Revisión de documentos en que se expresa la política del gobierno de Holanda sobre estas 
materias. 

Investigación de bases de datos internacionales, via Internet, pertinente al tema en estudio. 

Consulta con expertos nacionales e internacionales. 

Cabe hacer especial mención de la existencia de diversos tipos de Manuales sobre Construcción 
Sustentable disponibles en diversos países del mundo, y en especial en Norteamérica y Europa. 

Al Consultor le ha parecido de especial interés adjuntar en Anexo la versión completa de uno de 
ellos, por tratarse de uno de los de mayor actualidad y por estar respaldado por instituciones de 
gran prestigio internacional, aportando así un valioso material que se constituye en una fuente 
de consulta permanente para los socios de la CCHC. 

Se trata de un Manual Técnico de Construcción Sustentable realizado en Estados Unidos en 
fecha reciente (1996), con el título de "SUSTAINABLE BUILDING TECHNICAL 
MANUAL. GREEN BUILDING DESIGN, CONSTRUCTION AND OPERATION", que 
cuenta con el patrocinio de las siguientes instituciones: Public Technology Inc., U.S. Green 
Building Council, U.S. Department of Energy y U.S. Environmental Protection Agency 
(EPA). 
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En este se abordan todos los temas de mayor relevancia de la construcción sustentable, y sirve 
como una guía para su estudio así como para formular lineamientos de acción práctica en 
relación a cada una de las etapas del proceso de construcción. 

Por otra parte, se adjuntan también en Anexos una serie de otros valiosos documentos e 
informes sobre las materias abordadas en esta consultoría, todos los cuales respaldan, detallan y 

' ' 

especifican en muchos casos los contenidos del informe presentado. 

Los diferentes capítulos han sido elaborados por diversos autores, de gran prestigio y 
experiencia en cada uno de los temas específicos que les correspondió abordar. 

ESTRUCTURA DEL INFORME 

El informe se ha estructurado privilegiando los objetivos principales de la Consultoría, cuales 
son la obtención de un Inventario sobre Tecnologías Limpias, la caracterización de una vivienda 
ambientalmente sustentable, el enunciado de los mecanismos de financiamiento y fomento 
posibles de implementar y la proposición de un plan de acción a seguir por la CCHC a través de 
su Comisión de Medio Ambiente. 

El presente Informe contiene un primer capítulo que se refiere a un Inventario de Tecnologías 
Limpias y Construcción Sustentables en obras de la construcción. Se ha privilegiado la 
información de base existente en Holanda y que ha sido aportada por los profesionales de la 
Universidad de Twente y de su Centro de Tecnologías Limpias y Políticas Ambientales ya 
mencionados. 

El segundo capítulo contiene información sobre Métodos, Procesos y Materiales para una 
Vivienda Sustentable. En él se enfatiza el análisis de los aspectos de eficiencia energética, 
control de la contaminación acústica y control de la humedad en edificios. En este capítulo se ha 
prestado especial atención a los aspectos teóricos del edificio ambientalmente sustentable y a la 
experiencia existente en Chile sobre la materia. 

El tercer capítulo presenta una exposición y análisis de los Mecanismos de Financiamiento de la 
Inversión Tecnológica, con especial referencia a aquella inversión que tenga como fin la 
introducción de tecnologías, métodos, procedimientos y materiales de construcción 
ambientalmente sustentables. El capítulo contiene una exhaustiva presentación de las fuentes de 
financiamiento para proyectos de esta naturaleza disponibles en Chile, y que tienen su origen en 
organismos públicos y privados, así como en instituciones internacionales y organizaciones 
multilaterales de apoyo y cooperación. 

El cuarto capítulo presenta una exposición y análisis de los Mecanismos de Fomento para una 
Construcción y Vivienda Sustentables, con especial referencia a las políticas chilenas que se 
desarrollan en la actualidad sobre el particular, y a algunas experiencias internacionales de 
especial relevancia. 
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El capítulo quinto presenta un conjunto de ideas para la formulación de un Plan de Acción de la 
Comisión de Medio Ambiente de la CCHC que conduzca a avanzar tras el objetivo de una 
construcción ambientalmente sustentable en el país. 

Finalmente se presenta en Anexos un conjunto de Documentos e Informes relevantes para una 
comprensión más profunda y detallada de las materias que han sido abordadas por esta 
Consultoría. 
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l. INVENTARIO DE TECNOLOGIAS LIMPIAS Y CONSTRUCCION 
SUSTENTABLE 

1.1 GENERALIDADES 

El grupo de trabajo formado por el Consultor incluyó entre sus participantes a profesionales de 
la Universidad de Twente en Holanda y de su Centro de Tecnologías Limpias y Política 
Ambiental. Mediante su participación se elaboró la información más significativa acerca de la 
política de construcción sustentable en Holanda y sus principales instrumentos, así como sus 
criterios y metodologías en práctica. 

En este capítulo se presenta esta información, que por provenir de un país de mayor desarrollo y 
una elevada conciencia ecológica, tiene por cierto una gran importancia para los esfuerzos que 
se hacen en Chile, por parte de distintos sectores públicos y privados, y en especial por la 
Cámara Chilena de la Construcción, en orden a introducir procesos que conduzcan a una 
construcción sustentable en nuestro país. 

El concepto de tecnologías limpias o ambientalmente sustentables se refiere en general a 
aquellas tecnologías de producción que minimizan los impactos ambientales de los procesos 
productivos, originados en la generación de elementos contaminantes de diversa naturaleza, 
como ser emisiones atmosféricas, residuos líquidos y sólidos, ruido y vibraciones. 

Por extensión se denominan también tecnologías limpias aquellas que reducen la extracción de 
recursos naturales, privilegian materias y recursos renovables, reaprovechan recursos ya 
utilizados, prologan la vida útil de insumos y productos, reciclan residuos y, en general, 
minimizan la extracción y agotamiento de recursos no renovables. 

Tecnologías limpias o tecnologías ambientalmente sustentables en la construcción, son por 
tanto, aquellas tecnologías que en la producción de edificios, viviendas, obras civiles e 
infraestructura, minimizan el impacto ambiental negativo, sea por que su uso significa reducir la 
presión de consumo sobre la existencias de materias y energía no renovables o porque 
minimizan las emisiones, efluentes y residuos, en relación a aquellos que ocasiona la producción 
tradicional de obras de la construcción. 

El inventario de tecnologías limpias o sustentables para la construcción contiene entonces la 
enumeración y descripción de tecnologías y procesos de producción alternativos a los utilizados 
tradicionalmente en la construcción y cuya introducción y masificación significarán obtener, 
para un mismo nivel de producción de obras de la construcción, menores niveles de emisiones, 
efluentes y residuos y menor presión de consumo sobre las fuentes de recursos y energía no 
renovables. 
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De acuerdo a las definiciones anteriores, todo procedimiento, metodología, tecnología o 
proceso que signifique. reducir el impacto ambiental negativo derivado de los procesos 
tradicionales de construcción de obras civiles y de infraestructura, viviendas y edificios, debe ser 
incluido en un inventario de tecnologías limpias para la construcción. 

De esta forma, las tecnologías y procedimientos empleados en las distintas etapas del proceso de 
la construcción, desde la extracción de recursos naturales hasta la demolición de las obras 
construidas al termino de su vida vital, como asimismo la elección de energía y materiales 
utilizados en ellas y el destino de los residuos generados durante todo el ciclo de vida, entran en 
el ámbito de aplicación de las tecnologías de producción limpias en obras de construcción. 

1.2 POLITICA HOLANDESA DE CONSTRUCCION SUSTENTABLE 

1.2.1 Objetivos generales 

El concepto de construcción sustentable esta basado en las conclusiones de la Comisión 
Bruntland sobre Desarrollo Sustentable (Comisión Mundial sobre Ambiente y Desarrollo 
WCED,1987), donde se define como: 

Desarrollo que satisface las necesidades de la generación presente, sin el riesgo de que 
las necesidades de las generaciones futuras no puedan ser satisfechas. 

En analogía con el concepto de desarrollo, construcción sustentable puede definirse como : 

Llevar a cabo estructuras e infraestructura de tal manera que las necesidades de la 
presente generación son satisfechas sin el riesgo que las necesidades de generaciones 
futuras no puedan ser satisfechas. 

De hecho, el concepto de construcción sustentable centra su atención en el ambiente y los 
ecosistemas durante cada etapa del proceso de construcción. Por lo tanto el concepto propone 
mejorar la calidad de los proyectos de la industria de la construcción y un medio para incorporar 
los aspectos ambientales en todas las etapas, comenzando por la fase de ingeniería civil y 
posteriormente la construcción. 

En resumen, integrando los métodos de construcción sustentable, se debería obtener un 
proyecto de construcción que: 

- será sustentable en términos de futuros desarrollos. 
- cumplirá altos estándares de calidad (adaptación mejorada en relación a las funciones 

existentes). 
- cumplirá altos estándares estéticos (diseño). 
- cumplirá altos estándares ambientales ( de materiales y métodos de trabajo). 

economizará en costos de inversión (por reciclamiento y ahorro de recursos naturales). 
tendrá un intervalo de vida extenso (por construcción flexible). 
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En el Plan Nacional de Política Ambiental, el gobierno holandés enfatiza que para alcanzar una 
construcción sustentable debe existir un desarrollo sustentable. En este aspecto los temas de 
mayor relevancia son : 

A. Cerrar los circuitos de recursos y materiales 

Esto implica el énfasis en el reuso y el reciclaje de los residuos de la construcción y de las 
demoliciones. La terminología general para referirse al cierre del ciclo de materiales es gestión 
en cadena integrada. La cadena de materiales comprende desde la explotación de los materiales 
(minería, etc.), a través del procesamiento, producción, construcción, ocupación, hasta la 
demolición y el reuso o reciclaje. Teóricamente, si se adopta un enfoque de ciclo cerrado de 
materiales, no habrá necesidad de explotación de recursos primarios naturales. 

B. Ahorrar en consumo de energía 

La construcción del tipo energía extensiva implica la aplicación de materiales que necesitan muy 
poca energía para su producción (la etapa de construcción), así como un diseño que reduzca el 
consumo de energía durante la ocupación de la estructura ( etapa de ocupación). 

C. Promover la calidad 

La calidad de la construcción se refiere a la extensión del ciclo de vida de las estructuras. Un 
plazo extendido de esta se logra con materiales de alta calidad y con la ampliación de métodos 
de construcción flexible, lo cual reduce la producción de residuos de la construcción. 

Es necesaria una aproximación integrada a los diversos aspectos de la calidad de vida : 

- economía y empleo. 
- ecología y ambiente. 
- condiciones sanitarias. 
- utilización del espacio. 
- tráfico y transporte. 

Los cuerpos de administración pública, de Holanda en estrecha cooperación con las empresas 
privadas, han alcanzado los siguientes acuerdos sobre política en el campo de la construcción 
sustentable : 

- reducción en la aplicación de recursos naturales primarios. 
- estímulo para la aplicación de recursos naturales secundarios. 
- reducción y recolección separada de residuos de la construcción y la demolición. 

estimulación de la aplicación de recursos naturales renovables. 
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- reducción de la aplicación de materiales ambientalmente riesgosos. 
- reducción del consumo de energía. 

1.2.2 Grupos objetivo 

La promoción de la construcción sustentable será realizada por todas las partes involucradas en 
actividades de construcción. Sin embargo, la aproximación a los variados grupos objetivo 
necesita ser diferente. 

Los grupos objetivo que se distinguen son : 

- cuerpos de gobierno municipal y regional. 
- consejos de administración de infraestructura. 
- asociaciones Guntas) de vecinos. 
- empresas que desarrollan proyectos. 
- empresas de arquitectos y consultores. 
- empresas contratistas. 
- clientes (inversionistas) . 
- consumidores (habitantes de edificaciones, usuarios de infraestructura). 

1.2.3 Estrategia, programas y proyectos 

La estrategia de gobierno sobre construcción sustentable en Holanda se enfatiza sobre algunos 
temas y vías. 

Los temas más importantes de acción son : 

- cooperación con las fuerzas del mercado . 
- desarrollo y realización de proyectos de demostración . 
- política gubernamental como como fuerza directriz . 
- desarrollo de vías de corto plazo . 

- Las vías de corto plazo seleccionadas son : 

- Armonización : igualdad de conocimiento, regulaciones, información, definiciones, 
acuerdos, preferencias y medidas en el campo de la construcción sustentable. 

- Realización-concientización : máxima aplicación del conocimiento e información en 
situaciones prácticas. 

- Consolidación : creación de condiciones que incorporan la construcción sustentable 
como un ingrediente normal de situaciones prácticas. 

- Preparación : promoción de nuevos desarrollos, compromisos, conocimiento e 
. . 
mnovac1ones. 
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Los proyectos de demostración han sido seleccionados y asignados, distribuyéndose 
equitativamente en el país. Esto íncluye proyectos de viviendas, edificios públicos y de oficinas e 
infraestructura. Un ejemplo de construcción sustentable en infraestructura es la descarga 
separada de aguas lluvia y residuos líquidos domésticos, o la infiltración de la precipitación en el 
suelo de los barrios. 

1.2.4 Desarrollo de instrumentos 

La construcción de casas, bloques de departamentos, edificios de oficinas e infraestructura 
puede ser sustentable solo si su realización es orientada por la demanda. En otras palabras, los 
proyectos que no responden a las demandas de los beneficiarios, esto es, al mercado, no son 
sustentables. 

Por otra parte, los costos de inversión para la construcción sustentable son generalmente más 
altos que los costos de inversión para la construcción tradicional. Los beneficios de corto plazo 
de la construcción sustentable son negativos y por lo tanto, las fuerzas del mercado tienden a 
evitar la construcción sustentable. Los beneficios de largo plazo, son sin embargo positivos en 
términos de la reducción del impacto ambiental. La política gubernamental acerca de la 
planificación regional, licencia de construcción, selección de material, demolición y renovación 
es por lo tanto un ingrediente esencial en el desarrollo del concepto de construcción sustentable. 

Los instrumentos gubernamentales están divididos en dos corrientes principales : 

- Regulaciones, las cuales íncluyen la planificación regional, las licencias, la selección y las 
facilidades. (asistencia, regulaciones de precios, arreglos fiscales). . ----

- Medidas financieras, dentro de las cuales se incluyen la regulación de precios, los 
subsidios y becas (grants ), y los acuerdos fiscales. \ 

'· 

A Planificación regional 

Por planificación regional, la administración pública puede indicar locaciones donde las 
actividades de construcción deben alcanzar ciertos estándares de calidad ambiental en términos 
de: 

- selección de material. 
- emisiones incluyendo contaminación acústica. 
- consumo de energía y agua. 
- administración del agua. 
- trabajos de excavación y movimiento de tierras. 
- perforación del suelo. 
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B. Licencias 

Emitiendo licencias de construcción, la administración pública puede requerir de propietarios y 
contratistas de la construcción que las actividades de construcción cumplan los estándares de 
calidad ambiental. Las licencias conciernen a: 

Licencias de construcción 
Licencias de gestión ambiental ( en relación a la ley de gestión ambiental) 

En general, una licencia de construcción está precedida por una licencia de gestión ambiental, la 
cual describe el tipo de actividades y el máximo uso de recursos, productos y residuos a ser 
procesados. ª 

C. Selección 

La selección y prohibición de ciertas actividades industriales es un instrumento importante para 
evitar molestias en áreas sensitivas, zonas de viviendas, reservas naturales, áreas agrícolas. 

a) Asistencia 

El gobierno asiste la certificación de materiales, tales como maderas duras tropicales producidas 
en plantaciones, donde la cosecha está equilibrada con el cultivo. 

b) Regulaciones de precio 

A través de regulaciones de precio, la administración pública puede agregar impuestos 
específicos a los materiales y tecnologías que presentan un impacto ambiental mayor que el 
promedio. Los materiales y tecnologías que tienen un impacto ambiental menor, pueden ser 
subsidiados. Este mecanismo de precio resulta en las siguientes situaciones y desarrollos : 

- Los mayores costos de materiales y tecnologías ambientalmente sustentables son 
parcialmente cubiertos por los impuestos de otros materiales y tecnologías. 

- El mecanismo causará una leve inclinación hacia la aplicación de materiales y 
tecnologías ambientalmente sustentables. Toda vez que la inclinación pueda 
aproximarse al reemplazo total por materiales y tecnologías sustentables, los 
impuestos de otros materiales y tecnologías podrían no ser suficientes para cubrir 
los subsidios. Para este momento, la política de precios necesitará ser evaluada. 
Se espera que un incremento de la producción y aplicación de materiales 
sustentables resulte en una reducción de la diferencia de precios con otros 
materiales. 
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e) Arreglos fiscales 

Las casas y departamentos construidos de acuerdo al concepto de construcción sustentable 
necesitan generalmente una mayor inversión que las estructuras tradicionales del mismo tipo, 
tamaño y uso. El gobierno de Holanda intenta reducir o eliminar este costo adicional en orden a 
estimular la construcción sustentable. De ahí que las estructuras realizadas de acuerdo al 
concepto de sustentabilidad ambiental pueden ser financiados por medio de los así llamados 
créditos verdes, los cuales son.más baratos que los corrientes. 

Los fondos para los créditos verdes provienen de los fondos verdes, los cuales invierten en 
proyectos ambientalmente sustentables. Las personas que reciben intereses sobre su inversión, 
están exentas del pago de impuesto. Así un banco que ofrece créditos verdes puede ofrecerlos a 
tasas de interés más bajas. La inversión adicional en construcción sustentable es así compensada 
sustancialmente por el bajo interés pagado. 

Ejemplos de proyectos que pueden acceder a estos créditos son la producción de energía solar o 
eólica, el cultivo de bosques y la agricultura biológica. 

El mecanismo de Regulación de Proyectos Verdes (RPV) define las condiciones para proyectos 
que aspiran a ser financiados con créditos verdes. La RPV incluye una lista con materiales, 
tecnologías, consumo energético, calidad de vida, orientación al transporte público y a la 
infraestructura de tráfico no motorizado. Basados en esta lista, un diseño de proyecto de 
construcción puede alcanzar cierto puntaje. Si este supera los 60 puntos, un proyecto de 
construcción se supone es ambientalmente sustentable. Para proyectos futuros elegibles para 
créditos verdes es recomendable que los arquitectos, consultores y contratistas refieran sus 
planes al RPV. 

Por otra parte, el interés pagado por los institutos de finanzas sobre reservas financieras están 
libres de impuesto si estas son apropiadas para la inversión en actividades ambientalmente 
sustentables. Por este mecanismo, el interés a ser pagado sobre deudas relacionadas con la 
inversión en actividades ambientalmente sustentables, es más bajo que el interés regular del 
mercado. 

1.2.5 Diseminación de información y educación ambiental 

El Comité Directriz sobre Vivienda Experimental (CDVE) organiza visitas para grupos objetivo 
a proyectos demostrativos de construcción sustentable, en las que la información, el cono
cimiento y la experiencia es diseminada geográficamente y entre los distintos grupos objetivo. 

El gobierno nacional, a través del CDVE, se aproxima a los grupos objetivo con folletos y 
reportes sobre nuevos desarrollos en construcción sustentable. 
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Asimismo, los centros de capacitación profesionales y vocacionales son estimulados a incluir el 
concepto de construcción sustentable en sus programas educacionales. 

1.2.6 Resultados esperados y conseguidos 

Para la evaluación de los resultados, los logros deben ser medidos y registrados, preferiblemente 
por métodos estandarizados. Los métodos de medición y registro son : 

- consumo de energia y agua. 
- cantidades de materiales riesgosos utilizados. 
- cantidades utilizadas de materiales no renovables. 
- consumo de energia durante la producción de materiales. 
- emisiones de substancias dañinas. 
- espacio utilizado por consumidor (ocupante). 
- residuos producidos durante la construcción, ocupación, renovación y demolición. 

A Aplicación de materiales 

En relación a la aplicación de materiales, los consultores y contratistas pueden medir el impacto 
ambiental de sus productos utilizando la metodología del Análisis del Ciclo de Vida (ACV). 
Esta mapea y calcula el impacto ambiental de los materiales en todas las etapas, desde la 
extracción hasta el residuo: 

- Extracción. 
- Producción. 
- Construcción. 
- Ocupación. 
- Demolición. 
- Residuo/reuso. 

B. Consumo de energía 

Basados en el rendimiento físico de los materiales y el diseño de las estructuras, el consumo 
energético para calefacción, refrigeración, ventilación e iluminación es calculado mediante un 
método estandarizado llamado Coeficiente de Rendimiento Energético (CRE). Comparando el 
CRE de varios métodos de diseño y construcción, el ingeniero está capacitado para evaluar la 
sustentabilidad ambiental de su obra desde el punto de vista del consumo energético. 
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1.2. 7 Transferencia de conocimientos y tecnología 

A Grupos objetivo 

Debe evitarse que varios institutos y empresas desarrollen conocimientos y experiencia en 
construcción sustentable sin comuncación y diseminación hacia los otros, perdiéndose así 
energía y tiempo. La transferencia de conocimientos es necesaria al interior de los grupos 
objetivo y entre ellos. Los grupos objetivo para transferencia de conocimiento son similares a 
aquellos mencionados más arriba, en los objetivos de la política de Holanda sobre construcción 
sustentable, son a saber: 

- cuerpos de gobierno municipal y regional . 
- consejos de administración de infraestructura . 
- asociaciones Guntas) de vecinos . 
- empresas que desarrollan proyectos . 
- empresas de arquitectos y consultores . 
- empresas contratistas. 
- clientes (inversionistas) . 
- consumidores (habitantes de edificaciones, usuarios de infraestructura). 

B. Metodologías e instrumentos 

Fue establecido a nivel nacional un centro coordinador llamado DUBO-CENTRUM (Centro 
Nacional para la Construcción Sustentable). El Centro tiene el apoyo del Ministerio de la 
Vivienda, Planificación Regional y Gestión Ambiental. Sus actividades principales son: 

- Diseminación de información técnica y legal hacia las empresas, universidades, 
personas y cuerpos gubernamentales. 

- Información sobre subsidios de gobierno y fondos de estímulo para construcción 
sustentable. 

- Información acerca de otras instituciones vinculadas a la construccióm sustentable. 

C. Experiencia con universidades en Holanda 

La Universidad de Twente, la Universidad Tecnológica de Delft y la Universidad Tecnológica 
de Eindhoven presentan programas de estudio y módulos en construcción sustentable. Las 
universidades y los centros de investigación diseminan conocimiento a través de los siguientes 
canales: 

- Relaciones públicas. 
- Lecturas. 
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- Intercambio de estudiantes. 
- Consultorías. 
- Cursos. 
- Proyectos demostrativos 
- Seminarios 
- Publicaciones 
- Apoyo a empresas para solicitar subsidios. 

Un aspecto de importancia en la transferencia de conocimientos es que ella debe estructurarse 
por el lado de la demanda. Además, la transferencia de conocimiento no se completa hasta la 
aceptación por parte del receptor. La aceptación incluye la garantía de que los recursos 
humanos y de capital están habilitados para recibir el nuevo conocimiento. 

La posición única de la Universidad de Twente es que ella provee educación a los alumnos y 
servicios de consultoría a cualquier organización pública o privada, combinando los aspectos 
teóricos de la educación y los aspectos prácticos de la tecnología en general, y de construcción 
sustentable en particular. 

D. Experiencias en Europa 

Se ha realizado un inventario en 24 países europeos acerca del progreso del concepto de 
construcción sustentable. La conclusión mayor es que junto a Holanda, los países escandinavos, 
en especial Dinamarca, han hecho notables progresos en su desarrollo. Este progreso en varios 
aspectos de la construcción sustentable es descrito en lo que sigue. 

a) Consumo energético 

Las medidas de ahorro de energía están recibiendo mayor atención en comparación con 
cualquier otro aspecto de construcción sustentable y son muy comunes en la mayoría de los 
países de Europa. Dinamarca y Suecia han hecho los mayores adelantos en este campo. Como 
era esperable debido a las condiciones climáticas, los países del sur están rezagados en esta 
dirección. El país más nórdico de Europa, Islandia, no hace esfuerzos en ahorro de energía 
debido a la amplia aplicación de energía geotérmica. 

b) Tráfico 

La política de limitación del tráfico de vehículos particulares es muy diferente en los distintos 
países investigados. Luxemburgo es un país pequeño con una alta tasa de uso de vehículos 
privados debido a un alto nivel de ingreso y un bajo costo del combustible. La mayoría de los 
otros países tienen alguna política para reducir el uso de vehículos privados en razón del control 
de la contaminación (CO, C02, Ozono) y/o reducción de la congestión del tráfico. La 
aceptación de la bicicleta como un medio serio de transporte, incluyendo el tráfico conmutativo, 
es muy diferente. En Polonia es cercano a cero, en tanto en Holanda y Finlandia es alto. 
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e) Agua 

El cuidado del agua está teniendo una creciente atención en la mayoria de las naciones 
investigadas. Sin embargo, falta la experiencia práctica en técnicas de ahorro de agua. El 
mecanismo del precio tiene un efecto débil, sin embargo la instalación de medidores de agua y 
tarifas en relación al consumo se está extendiendo y conduce a un patrón más racional de 
consumo de agua. La prohibición del riego es frecuente en varios países para períodos escasez 
de agua. Algunas opciones de ahorro de agua están prohibidas en algunos países, como la 
aplicación de agua de lluvia en el uso doméstico en Francia. 

d) Materiales 

En todos los países investigados, el impacto ambiental de los materiales de construcción tiene 
un alto interés. En todos ellos la aplicación de asbestos, revestimiento que contienen plomo, 
productos que afectan la capa de ozono y productos con una alta concentración de 
forrnaldehidos (pegamentos y productos para tratar maderas) está prohibida o minimizada a 
través de severas regulaciones. En muchos países las cañerías de PVC utilizadas en las 
descargas al alcantarillado son reemplazadas por las menos dañinas de PP (polipropileno) y PE 
(polietileno ). Algunos materiales son preferidos no por su imágen ambientalmente sustentable 
sino por su tradicionalmente amplia aplicación, como la madera europea. La aplicación de 
maderas duras tropicales es desincentivada en la mayoría de los países. En Dinamarca se 
desincentiva el uso de ladrillos de arcilla debido a que su producción demanda un alto uso de 
energía. 

e) Residuos sólidos 

La separación de los residuos sólidos, domésticos y de la construcción, es una práctica común 
en la mayoría de los países europeos. Hay una gran diferencia en la magnitud de las partes 
fraccionadas, desde la no separación hasta las 7 separaciones ideales. El papel y el vidrio son los 
materiales residuales más comunmente separados y reciclados. La reducción de pegamentos y 
espuma de caucho, en orden a facilitar la separación de los residuos o escombros durante la 
demolición recibe aún muy poca consideración. 

f) Salud 

La reducción de la contaminación acústica es el aspecto más común del cuidado de la salud en 
las actividades de la construcción, con la excepción de Italia, Polonia y Portugal, donde no se 
toman medidas para reducir el ruido. Las radiaciones de Radon (gas radiactivo) y la 
contaminación de los sistemas de calefacción a leña está recibiendo creciente atención, excepto 
en Portugal donde esta calefacción es cada vez más popular. El reemplazo de cañerías de plomo 
por otros materiales ha progresado mucho en Holanda. 
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g) Conservación del suelo y de la naturaleza 

Austria es el país donde la conservación de la naturaleza tiene el más alto interés. la escala de la 
conservación de la naturaleza y la protección del suelo es a nivel de barrios, no a nivel de casas 
individuales o a nivel estructural. Provisiones específicas como tuneles para que la vida silvestre 
cruce las autopistas o estanques para la promoción de la vida acuática no se ejecutan en amplia 
escala en ningún país. 

Resumiendo las mayores conclusiones del inventario son las siguientes: 

La práctica de la construcción sustentable está rezagada respecto de las políticas 
nacionales. 

Las diferencias mutuas entre países son amplias y los países pueden aprender de la 
experiencia de los otros. 

E. Experiencia interempresas 

En Holanda la mayoria de los institutos y empresas involucradas en construcción están unidas 
en agrupaciones gremiales o asociaciones profesionales. Las uniones mayores en esta área son 
las siguientes: 

BNA, Union ofDutch Architects 
NCIV, National Society ofHousing Associations 
Novem, National Enterprise for Energy and Environment 
NVB, Dutch Union of Construction Contractors 
NVOB, Dutch Union of Enterprises in Construction 
NVTB, Dutch Union of Construction Material Supplyers 
NWR, Nation Housing Council 
ONRl, Society of Dutch Consulting Engineers 
ROZ, Council Real Estate 
SEV, Steering Committee Experimental Housing 
VGBouw, Society of Construction Corporations 
VNG, Society ofDutch Municipalities 
VNI, Society of Dutch Installation Enterprises 
A VBB, General Union Construction Enterprises 
GIW, Warranty Institute Housing 
Neprom, Union ofDutch Project Developing Corporations 
SBR, F oundation Construction Research 

La mayoria de las asociaciones y uniones mencionadas se comunican interna y externamente 
mediante periódicos, encuentros, seminarios, congresos, publicaciones y contactos informales. 
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1.3 TECNOLOGIAS LIMPIAS 

Engloban los procesos básicos de la construcción, el ciclo de vida de los materiales utilizados, el 
impacto ambiental que genera la actividad constructiva en sus distintas fases y las medidas de 
gestión ambiental frente al problema. 

1.3.1 

1.3.1.1 

Procesos básicos en la construcción 

Excavación 

Por razones de minimización de la excavación y movimiento de suelo, en particular en terrenos 
con pendiente, el suelo excavado no debería ser conducido fuera del área, sino ser aplicado para 
suplementar depresiones en el sitio de construcción. Si el suelo suplementado necesita soportar 
estructuras, es de extrema importancia incrementar su densidad e investigar la capacidad de 
carga y estabilidad de taludes (derrumbe) producido por el peso 'a ser soportado. 

1.3.1.2 Fundación 

Si la fundación necesita ser implementada por columnas o pilotes de fundación profundas, como 
es el caso de grandes estructuras apoyadas en suelos de tipo blando tales como arcillas y. 
turberas, debe evitarse la perforación de horizontes de suelo que destruyan el confinamiento de 
acuíferos más profundos. Asimismo, este aspecto tiene especial importancia y requiere de 
atención en áreas donde el agua subterránea es extraída para consumo doméstico e industrial y 
donde pueda ocurrir contaminación desde la superficie. 

1.3.2 Ciclo vital de los materiales de construcción 

Cada tipo de material de construcción tiene un ciclo de vida, que consiste en varios pasos. Para 
el correcto entendimiento del impacto ambiental producido por materiales de construcción, es 
necesario establecer el impacto ambiental de los pasos subsequentes. Los pasos y su impacto 
ambiental se describen como sigue. 

1.3.2.1 Extracción (Minería) 

Los aspectos de mayor interés durante la extracción de recursos naturales son el agotamiento de 
recursos y el efecto sobre el paisaje natural. Se agrega, la contaminación que puede ocurrir en 
forma de derrames de materiales dañinos durante los procesos de minería. 
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1.3.2.2 Transporte 

Los aspectos de mayor interés son contaminación y afección. La contaminación del aire debido 
a los gases de emisiones de vehículos y buques son la fuente más común. Derrames de materias 
peligrosas debido a accidentes contaminan el suelo y los cuerpos de agua. 

1.3.2.3 Producción y composición de materiales de construcción 

El procesamiento de recursos naturales para la elaboración de materiales produce en muchos 
casos contaminación. Por ejemplo, durante la producción de PVC, se emite al aire substancias 
muy dañinas y el consumo de energía es muy alto. 

1.3.2.4 Construcción 

Ocurre contaminación en varias formas, como por ejemplo la emisión de polvo y la producción 
de residuos sólidos tales como envases, residuos de pinturas, pegamentos y solventes que se han 
utilizado durante los procesos constructivos. 

1.3.2.5 Ocupación, mantención y renovación 

Mientras las estructuras son utilizadas por residentes permanentes y trabajadores, la 
contaminación de interiores por los materiales es el mayor aspecto. Los aspectos durante la 
mantención y renovación son similares a aquellos durante la construcción, aunque la extensión 
es más pequeña. 

1.3.2.6 Demolición 

En Holanda, aproximadamente el 40 % de todos los materiales es reciclado. La parte remanente 
se retira como residuo. Debido a su volumen, ya que se trata de 6 millones de toneladas al año, 
esta parte se traslada a relleno sanitario, situación que está causando problemas de espacio, 
contaminación del suelo y agua y la afección de los paisajes naturales. La incineración causa 
contaminación del aire. 

1.3.3 

1.3.3.1 

Impacto ambiental por el proceso de construcción 

Emisión de partículas (polvo) 

Durante el proceso de construcción, son emitidas grandes cantidades de polvo las cuales 
permanecen parcialmente en el aire. El polvo es un riesgo grave para la salud de los trabajadores 
en los lugares de construcción. Es más un impacto sobre la salud que sobre el medio ambiente. 
En un amplio radio o región, sin embargo, la presencia de polvo aumenta el problema de la 
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contaminación atmosférica. La inhalación puede conducir a reacc10nes alérgicas y otros 
problemas en la salud. 

1.3.3.2 Ruido y vibraciones 

Las actividades de la construcción son generalmente asistidas con maquinaria y vehículos, cuyas 
emisiones de ruido y vibraciones producen: 

- Efectos nocivos sobre la salud de los trabajadores (efectos auditivos). 
- Molestias a los habitantes del vecindario. 
- Daño a las estructuras existentes. 

1.3.3.3 Emisiones atmosféricas 

Las actividades de la construcción afectan la atmósfera en todo los estados de desarrollo : 

- extracción de recursos naturales. 
- producción de materiales. 
- transporte de materiales. 

implementación de actividades de construcción (instalación de faenas). 
uso de estructuras. 

- demolición de estructuras. 
- materiales de construcción para desechar. 

El mayor impacto es causado por las siguientes emisiones : 

- emisiones de polvo durante la minería, proveniente de arena, piedras, carbonato de 
calcio, minerales metálicos. 

- polvos de emisión durante el procesamiento (corte) de piedras y minerales, 
transporte y trasvasije. 

- emisión de polvo durante la producción de cemento. 
- emisión de CO2 debido a todo tipo de transporte por vehículos y buques. 
- emisión de CO2 debido la aplicación de todo tipo de maquinaria para : 

• actividades forestales, tala de árboles, aserraderos, incineración de residuos. 
• producción de concreto : chancadoras y mezcladoras. 
• producción de hierro y acero, metalurgia. 
• producción de ladrillos . chancadoras, mezcladoras. 
• equipo de construcción : montacargas, perforación/corte, equipo de bombeo. 

- Compuestos orgánicos volátiles (COV) emisiones de cubiertas y pinturas. 
Cloro-fluoro-hidrocarburos (CFH) emisión de la manufactura de espumas. 
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Las erms1ones de polvo son generalmente de importancia local o regional solamente. Por 
ejemplo, la producción de cemento afecta a regiones dentro de un radio de 1 O km 
aproximadamente. La emisión de polvo debido a canteras (minería y corte de piedras) afecta un 
área más pequeña, generalmente no más que 1. 000 m. El hecho que las emisiones de polvo 
tengan incidencia local, hasta regionales no quiere decir que esta sean menos importantes; las 
condiciones físicas para la salud de la gente que vive en la vecindad pueden afectarla seriamente. 

La emisión de CO2 es un tema de interés global. Los gases de los escapes de vehículos, equipos 
y la combustión se esparce a través del globo, causando el efecto llamado de invernadero, 
responsable del calentamiento global. 

Similarmente, las emisiones de COV y CFH son aspectos globales, que contribuyen a afectar la 
capa de ozono. 

Las opciones para reducir las emisiones a la atmósfera son : 

- cubrir los sitios para la producción y transporte (transferencia) de piedras, áridos y cemento. 
- uso selectivo de equipo ( capacidad, partida/detención cuando sea necesario) . El reemplazo 

de equipo motorizado por trabajo manual no es una opción realista. 
- aplicación de pinturas y revestimientos basados en agua. 
- evitar pintar con métodos spray (presurizados). 
- reemplazo de los CFHs en la producción de espuma por otras substancias . 

1.3 .3.4 Emisiones al suelo y aguas subterráneas 

El origen mayor de emisiones al suelo y aguas subterráneas es el almacenaje incontrolado de 
materiales dañinos de construcción, substancias y productos residuales. Además, la aplicación 
de substancias dañinas sin medidas de precaución puede resultar en contaminación del suelo y 
aguas subterráneas. 

Los materiales y productos que causan contaminación son : 

- cubiertas y pinturas (durante el almacenaje y aplicación). 
- solventes para propósitos de limpieza, diluyentes. 
- combustibles, aceites lubricantes, aceite residual. 
- aditivos para la producción de espuma. 
- preservantes de la madera. 
- pegamentos. 

La reducción del riesgo de contaminación del suelo y agua subterránea se logra por : 

- almacenaje cuidadoso de productos dañinos, preferiblemente en suelos a prueba de 
filtraciones . 

- inspección frecuente por filtraciones desde contenedores, barriles, etc. 
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inspección frecuente de veh'ículos y equipo por filtraciones de líquidos. 
- si ocurren filtraciones, deb~ ejercerse una acción inmediata de mitigación. 
- remoción de aceite residual, de los vehículo y equipos a planta de tratamiento de residuos. 
- protección del suelo contra;derrames durante obras de pintado por sobre el suelo. 
- durante la demolición de estructuras, remoción cuidadosa de materiales y substancias 

dañinas, y traslado a plantas de tratamiento o procesamiento. 

1.3.4 

1.3.4.1 

Gestión ambiental en la construcción 
' 

Legislación y licencias (permisos) 

Cualquier ciudadano que pretende establecer un proyecto de construcción necesita un permiso 
de la municipalidad. Este se refiere a la estructura construida. Pero para la implementación 
misma o para su construcción'. la municipalidad puede poner regulaciones en orden a limitar el 
daño potencial causado por las actividades de la construcción. 

Estas regulaciones incluyen: 

- Regulaciones que limitan la producción de ruido. 
- Regulaciones que limitan las vibraciones. 

Regulaciones que limitan la producción de polvo. 
Regulaciones que limitan las emisiones gaseosas dañinas. 

- Regulaciones sobre la recolección, separación y proceso de los residuos. 
- Regulaciones para evitar la contaminación del suelo. 

Las regulaciones municipales no están estandarizadas, ya que ellas son libres de seleccionar las 
regulaciones. Algunos ejemplos: 

- Ciertos equipos, como martillos neumáticos, pueden ser prohibidos o pueden ser 
regulados en su uso por medidas protectoras (covertura). 

- La producción de niido por las maquinarias y equipos no debe sobrepasar ciertos 
niveles, por lo general 60 dB(A) en barrios residenciales. 

- Ciertos equipos o cualquier elemento que produzca ruido puede ser prohibido durante 
ciertas horas en el día; el ruido generado entre las 19.00 horas y las 7.00 está 
prohibido. 

Pueden prohibirse ciertos combustibles para equipos, autorizándose sólo eqmpos 
eléctricos o manuales: 

El movimiento de camiones para transporte de insumos, equipos y descarga de 
residuos puede prohibirse durante horas específicas del día. 
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- Puede prohibirse el estacionamiento y circulación de camiones en la vía pública durante 
ciertas horas del día. 

- No se permiten radios transistores o su volumen no debe exceder cierto nivel. 

Los vecinos de un barrio específico deben ser informados acerca de las intenciones de construir, 
y en particular acerca del ruido y otras molestias que pueden causar esas activídades. Los 
vecinos tienen el derecho de demandar al generador de ruido y la administración municipal 
puede someter a la empresa contratista a regulaciones adicionales para superar las molestias. La 
administración municipal puede incluso detener toda actividad de construcción antes de que 
sean tomadas las medidas requeridas en relación a las demandas realizadas por los vecinos. 

En relación a la protección del suelo, cualquiera que sea responsable de actividades que puedan 
ocasionar efectos sobre la composición, estructura o cualidad del suelo está obligado a tomar 
los máximos cuidados para evitar tales efectos. 

La instalación de almacenamiento subterráneo de combustible está sujeto a regulaciones 
estrictas. La inspección de los estanques, cañerías, válvulas y conexiones debe ser regular para 
evitar fugas de combustible. 

El término de la vida útil de un estanque subterráneo de almacenamiento de combustible puede 
ser la fuente de la contaminación del suelo y por ende debe ser removido. 

1.3.4.2 Sistemas de gestión ambiental 

Los contratistas de la construcción deben desarrollar un sistema de gestión ambiental (SGA) 
basado en los temas de gestión ambiental mencionados más arriba, en el capítulo de política 
holandesa ( capítulo 1.2). 

Los SGA corporativos incluyen: 

- Las tecnologías de control de los impactos ambientales (aspectos tecnológicos). 

- Las responsabilidades en el campo de los impactos ambientales (aspectos de gestión). 

- Las regulaciones de gobierno de acuerdo a las cuales la compañía se rige en su 
proyecto (los aspectos legales). 

La gestión ambiental corporativa tiene lugar en 5 etapas, a saber: 

- Iniciativa. En ella el grupo de gestión desarrolla un plan de política en relación a la 
gestión ambiental. 
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- Investigación. En esta etapa se investigan los impactos ambientales de las actividades 
de la construcción planificadas. 

- Selección. Aquellas actividades de la construcción que derivan en impactos ambientales 
severos son prohibidas o son seleccionadas medidas para controlar sus impactos. 

- Implementación. Se implementan y desarrollan tecnologías limpias y medidas para 
controlar los impactos ambientales. 

- Gestión. Los resultados son medidos y comparados con el plan de política. Luego, el 
ciclo comienza de nuevo desde el principio (retroalimentación). 

a) Polvo y lodo 

Los procesos mecánicos de materiales cerarmcos ( corte, esmerilado.;> puede ocasionar la 
producción de polvo. El polvo puede afectar la salud de los trabajadores y algunos materiales 
requieren especial atención por el riesgo de cáncer (asbestos). En este caso la protección 
mediante máscaras en de la mayor importancia. Acerca del uso de asbesto en la construcción, 
son forzosas las siguientes regulaciones: 

En nuevas construcciones y procesos de renovación de edificios, la aplicación de 
asbesto está prohibida. 

- En estructuras existentes los productos de asbesto no deben ser removidos. 

- En la demolición de edificios debe removerse los productos de asbesto y procesados 
sólo por compañías especializadas y certificadas para hacerlo. Los trabajadores están 
obligados a usar ropas de protección, casco y equipos de inhalación. 

Los edificios de concreto son tradicionalmente cortados y demolidos con martillos neumáticos, 
causando considerable ruido, vibraciones y molestias por las emisiones de polvo. Una tecnología 
limpia es la aplicación de equipos hidráulicos a presión. mediante un movimiento simple, el 
concreto es quebrado y puede ser removido por trabajo manual. 

Los camiones acarrean polvo y lodo en sus ruedas, razón por la cual deben ser lavados antes de 
abandonar el sitio de construcción, evitando la contaminación de las calles. 

b) Ruido y vibraciones 

Los aspectos legales del control del ruido se describieron más arriba. Las medidas técnicas para 
limitar la producción de ruido y sus efectos sobre la salud son los siguientes: 

19 



- El uso de elementos protectores por los trabajadores ( obligatorio si el ruido supera los 
90 dB(A). 

- Movimiento de los equipos hacia una ubicación donde el efecto del sonido es bajo. 

- Cobertura de los equipos que producen el ruido o aplicación de material absorbente del 
sonido. 

- Reemplazo de equipos por unos de bajas emisiones de sonidos. 

- Prefabricación en planta de elementos constructivos como soportes de concreto, 
productos de madera y otros. 

Los equipos de instalación de fundaciones, los más ruidosos en Holanda, pueden ser cubiertos 
por una manta que absorbe el ruido y así reducirlo hasta unos 20 dB(A) aproximadamente. La 
norma de 87 dB(A) a una distancia de 15 metros es alcanzada por lo general por este método. 

Mediante un control regular y mantenimiento adecuado de los equipos, el Contratista puede 
reducir la producción de ruido y evitar el consumo excesivo de combustible. 

e) Gestión de residuos 

Evitar o limitar la producción de materiales residuales puede lograrse mediante los siguientes 
medios: 

- Etapa de diseño: ajustando el diseño para dimensionar el uso de materiales según los 
estándares. 

- Etapa de implementación: Ajustar el consumo de materiales a lo indicado exactamente 
por el diseño. Asimismo, reducir la aplicación de materiales de embalaje. 

- Etapa de demolición: desmantelamiento cuidadoso de materiales, con el fin de que 
puedan ser utilizados nuevamente como materiales primarios. Si el reuso primario no 
es posible hay que separar los productos residuales para utilizarlos en forma 
secundaria, como los restos de concreto en fundaciones de caminos, la madera como 
fuente energética para calefacción, el vidrio para reciclaje, etc. 

No obstante el énfasis puesto en limitar el monto de residuos, se producen grandes volúmenes 
de estos en la construcción y demolición, los cuales deben ser transportados fuera de los lugares 
de faenas. La separación de los materiales residuales es obligatoria y debe efectuarse en 7 
fracciones: 
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1. Concreto, ladrillos y otros materiales cerámicos. 

Estos materiales deben ser triturados y reusados como material para la producción de concreto, 
(hasta con un 20% de material reciclado), para la fundación de caminos, pavimento de patios y 
rellenos sanitarios. 

2. Maderas y productos de madera. 

Si son desmantelados cuidadosamente, pueden ser reutilizados como materiales primarios. 
Aquellos materiales dañados por el proceso de desmantelamiento pueden ser utilizados en buena 
forma en ubicaciones en que no requieren soportar grandes pesos y no son visibles como en el 
entramado de muros de separación. La madera y los productos de madera pueden ser reciclados 
y usados como materiales primarios procesándolos en la industria chipeadora (preferencia 1) y 
para la producción de calor y energía (preferencia 2). 

3. Metales. 

Los metales son relativamente fáciles de separar y reciclar como materiales secundarios. El 
reciclaje de aluminio requiere una fracción de la energía comparada con la producción de 
aluminio primario de la bauxita. Fierro y acero pueden ser separados mediante métodos 
magnéticos. Cobre, plomo y cinc son materiales valiosos que pueden ser fácilmente reusados en 
los procesos de construcción o reciclados para otros productos o usos. 

4. Residuos peligrosos como pinturas, alquitrán, aceites lubricantes, diluyentes. 

Estos productos necesitan ser descargados separadamente y procesados por industrias 
especializadas en su tratamiento, teniendo cuidado de que no se emitan sustancias nocivas al 
aire, al suelo o al agua. Si son incinerados, la composición de los gases necesita ser 
cuidadosamente medida y controlada para evitar la contaminación. 

5. Vidrio. 

El vidrio es un material perfecto para reuso y reciclaje. Si es desmantelado, transportado y 
apilado cuidadosamente, las piezas de vidrio pueden ser reusadas en futuros proyectos. El vidrio 
roto puede ser reciclado y convertido en nuevas piezas de vidrio o botellas. 

6. Papel o cartón. 

Este puede ser procesado en industrias recicladoras de papel para la elaboración de productos 
secundarios como embases y embalajes. 
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7. Plásticos. 

Estos son relativamente dificiles de reciclar por los numerosos tipos de plásticos existentes y al 
hecho de que el producto podria ser no homogéneo. Procesarlo para material de cercos o 
protección de riberas de rios son algunas de las opciones. Su descarga a incineradoras o rellenos 
sanitarios parece ser la opción residual válida para nuestro tiempo. 

d) Escombros de concreto o ladrillos 

Son lejos los componentes residuales mayoritarios de los procesos de construcción y 
demolición, por lo cual requieren especial atención. El proceso de producción es como sigue: 

1. El escombro es transportado a la planta procesadora y pesado. Basados en el aspecto 
que presentan, se decide su procedencia: asfaltos, ladrillos, concreto o alguna mezcla 
de escombros. Se investiga la presencia de alguna contaminación. El residuo 
contaminado se traslada a rellenos sanitarios o depósitos autorizados. 

2. Se muele y se troza; los pedazos muy grandes son removidos. 

3. El material fino es removido mediante amero. Este material arneado comprende 
tierra, arena y material de escombro fino. Las partículas menores a 0.063 mm deben 
ser removidas por que pueden afectar la calidad del material. 

4. El escombro es molido, ameado, opcionalmente lavado y separadas sus partes 
metálicas mediante procesos magnéticos. 

5. El producto del escombro es almacenado y presentado a posibles clientes. 

La mayor parte de los escombros de cemento y ladrillos puede reciclarse sin riesgo. Sólo una 
limitada fracción, aproximadamente el 0,5% está contaminado, generalmente por actividades 
profesionales como pintura y otros. La administración municipal tiene la opción de poner 
regulaciones relativas al procesamiento y reuso de los escombros de la construcción. Las plantas 
procesadoras tienen que ser fiscalizadas regularmente por la municipalidad. 

e) Gestión del agua. 

Tradicionalmente, las casas, bloques de departamentos y edificios de oficinas están equipados 
con canaletas alrededor de los techos, para descargar el agua lluvia en el sistema de drenaje. Los 
alrededores de casas y edificios están pavimentados en una gran proporción con materiales 
duros y el agua lluvia es descargada en un sistema combinado del tipo drenaje/alcantarillado, 
conduciendo agua que drena de los techos y terrenos. Los residuos domésticos líquidos se 
derivan hacia una planta de tratamiento de residuos líquidos y posteriormente a un curso de 
agua superficial. 
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Durante y después de eventos de lluvia intensa en áreas construidas el agua a ser descargada 
excede la capacidad del sistema de drenaje. Las calles, acequias y canales serán inundados como 
resultado de las descargas punta. Este es el aspecto cantidad de agua. 

Si la descarga de aguas lluvia y residuos líquidos domésticos excede la capacidad del sistema 
combinado drenaje/alcantarillado, una mezcla de aguas lluvia y residuos líquidos domésticos no 
tratados será descargada en el agua superficial. Esta es una seria amenaza al sistema ecológico 
(existente) en el agua superficial, a las condiciones de salud de la gente que vive en el área y 
para los animales domésticos que beban esta agua contaminada'. Este es el aspecto de calidad de 
agua. 

La descarga de aguas lluvia al agua superficial a través del sistema de drenaje causa reducción 
del nivel de la napa de agua subterránea y deshidratación del suelo, especialmente en la estación 
seca. Este aspecto de deshidratación puede ser una seria amenaza para la vegetación natural, lo 
que puede causar daños en los elementos de fundación, especialmente aquellas de madera. 

En un número creciente de nuevos proyectos de vivienda en Holanda, se ha realizado 
experimentos con la infiltración de precipitación en el suelo, a través de acequias y camas de 
ripio (grava) denominadas "wadis", en analogía con áreas desérticas. Las ventajas de este 
sistema de drenaje son: 

reduccción de la deshidratación del suelo. 
reducción de la descarga punta del sistema de drenaje. 
reducción de la descarga hacia plantas de tratamiento de residuos líquidos. 
mejoramiento de la eficiencia de las plantas de tratamiento de aguas residuales, en 
términos de remoción de materia orgánica, nutrientes y microorgnismos patógenos. 
reducción de la descarga de agua residual no tratada en el agua superficial durante 
eventos de lluvias fuertes. 

Los prerequisitos para evitar la contaminación del agua subterránea son: 

Las calles y caminos con tráfico pesado no deben drenar hacia estos sistemas de 
drenaje. 

Los residentes deberían adaptar su comportamiento y por ejemplo no: 

• arrojar basura en las calles. 
• limpiar vehiculos y disponer el agua sucia en las calles. 
• el control de malezas mediante herbicidas debe evitarse. 

El sistema wadi es particularmente apropiado en áreas suburbanas. La falta de espacio en áreas 
densamente edificadas tales como el centro de las ciudades reduce las oportunidades para 
drenajes (tipo wadi) en tales áreas. 
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En orden a mejorar la capacidad de la infiltración, el fondo de un wadi necesita ser excavado y 
rellenado con material grueso, tal como ripio (grava) o pellets de arcilla expandida. Este 
material debería ser cubierto por una lámina que permita el paso del agua , pero detenga la arena 
y el suelo. Para estimular la vegetación, la cama wadi debe estar formada a partir de los 
elementos que conforman el suelo original, si fuera necesario, mezclados con arena o aislapol 
para mejorar la capacidad de infiltración. 

1.3.5 Construcción sustentable en proyectos de ingeniería civil 

Un proyecto de ingeniería civil usualmente comienza con la política gubernamental sobre 
infraestructura física. Los intereses de los varios grupos objetivo en este aspecto son 
generalmente diferentes, sino opuestos. Por lo tanto es importante incluir desde el comienzo a 
todos los grupos objetivo en la negociación que debiera resultar en la planificación, diseño, 
implementación, uso y demolición de trabajos de infraestructura. 

Las ventajas de una aproximación planificada son los siguientes: 

1.3.5 .1 

Todos los aspectos importantes reciben atención. 
Las demandas y necesidades, a menudo opuestas pueden ser consideradas. 
La calidad del producto se incrementará. 
La planificación evita excesivas expectativas. 
La planificación evita alteraciones costosas y operaciones de recuperación para 
mejorar la calidad. 
Una descripción cuidadosa de los procesos y procedimientos y su evaluación 
periódica facilita la adopción del plan. 

Fase de Iniciativa 

La fase más apropiada de desarrollo infraestructura! para investigar su impacto ambiental es la 
fase de iniciativa, ya que en esta fase los métodos de implementación aun no se han establecido. 
En esta fase los primeros diseños son realizados y las investigaciones sobre alternativas de 
métodos de realización son llevados a efecto. Todos los grupos de interés involucrados 
establecen sus ambiciones de política ambiental y buscan soluciones que alcancen lo más idóneo. 

Es muy importante involucrar en esta fase a todas las partes en el proyecto, de tal modo que 
todos los aspectos de desarrollo sustentable pueden ser considerados. Con la información 
colectada desde las partes involucradas, se estableció un programa definitivo. 

El plan de acción incluye 5 elementos a considerar: 

1. Condiciones limitantes (por ejemplo por legislación). 
2. Demandas funcionales (la función de las obras luego de su completación). 
3. Demandas operacionales (tales como la calidad, credibilidad, esperanza de vida). 
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4. Demandas ingenieriles, limites de diseño e implementación (materiales proveedores, 
métodos). 

5. Establecimiento definitivo de la secuencia de fases del proyecto. 

Durante el establecimiento del plan de acción definitivo, dos aspectos merecen mayor atención: 

Factibilidad de las medidas ambientales seleccionadas. 
Selección de medidas para reducir el impacto ambiental del proyecto. 

Debido a la gran cantidad de partes involucradas, una cooperación efectiva es generalmente 
dificil, en particular cuando se refiere a los aspectos ambientales. Esto concierne en particular a 
las comunicaciones, transferencia de conocimiento a estados subsecuentes y retroalimentación. 
Una efectiva cooperación está basada en los momentos de decisiones correctas. La 
administración o manejo ambiental comienza con los cuerpos de administración pública y 
administradores quienes incorporan los aspectos ambientales en sus objetivos estratégicos. 

1.3.5.2 Fase de diseño 

Los diseñadores juegan el principal rol durante la fase de diseño. Necesitan crear soluciones 
sustentables a los aspectos infraestructurales. El interés recae no sólo en la obra de 
infraestructura, sino también en numerosos aspectos ambientales,. los cuales necesitan atención. 
Entre ellos se puede mencionar los siguientes: 

Aplicación sustentable de materiales. 
Métodos sustentables de implementación por las firmas contratistas. 
Método sustentable de ocupación y mantención por el ocupante y el administrador. 
Método sustentable de demolición y procesamiento de materiales con posterioridad. 
Incorporación sustentable en el paisaje natural y cultural. 
Uso sustentable del espacio disponible. 

Diseño, descripción técnica e implementación están estrechamente relacionados, al final de la 
fase de diseño, el número de soluciones alternativas del diseñador están disminuyendo. Los 
resultados de cambios son mayores en la última parte de un proceso. Por lo tanto, el impacto 
ambiental de las alternativas necesita ser investigado en una etapa temprana. 

Durante la fase de diseño, las oportunidades para encaminarse hacia una construcción 
sustentable como producto final son las siguientes: 

elaborar el impacto ambiental de las obras a ser implementadas. 
hacer selecciones de los recursos y materiales. 
incorporación en la infraestructura ecológica existente. 
mediciones para limitar la contaminación por ruido durante la implementación. 
investigar las oportunidades de ahorrar consumo de energía. 
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1.3.5.3 

establecer oportunidades para aplicar métodos de implementación para limitar el 
impacto ambiental. 
poner atención a los aspectos ambientales en los dibujos técnicos (planos). 
incluir los aspectos ambientales en la descripción técnica. 
poner atención a la mantención de materiales y tecnologías. 

Fase de Implementación 

Las condiciones de implementación, establecidas en la descripción técnica, son para ser seguidas 
por las firmas Contratistas durante la fase de implementación. 

La implementación ambientalmente sustentable puede ser realizada tomando medidas para: 

reducir la irritación debido al ruido y vibraciones. 
reducir los residuos de la construcción. 
prevenir el daño al medio ambiente natural (ecosistemas, suelo, agua, aire). 
disponer efectivamente la locaciones de terrenos y almacenes. 
colectar separadamente los productos de desecho de la construcción. · 

Durante la fase de implementación se le da especial atención al manejo y mantención de las 
estructuras en construcción. Este tema dice relación con la operación y mantención de 
instalaciones por el personal. Se suma, las instrucciones para el reemplazo de materiales y partes 
son mejor preparados durante la fase de implementación. 

1.3.5.4 Fase operacional 

Durante la operación u ocupación de las estructuras, los siguientes aspectos necesitan atención 
en el campo de construcción sustentable: 

prevención de producción de residuos. 
metodología y frecuencia de mantención para minimización de la producción de 
residuos. 
eficiencia en el consumo de energía. 
aplicación de substancias con impacto ambiental limitado (pinturas, métodos de 
limpieza, pesticidas). 
retroalimentación de los resultados del manejo y las expectativas en orden a obtener 
un concepto óptimo de manejo. 
durante la recuperación y renovación se requiere un diseño basado en nuevos 
conceptos. 
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1.3.5.5 Fase de demolición 

Cuando una estructura ha alcanzado el final de su vida técnica, económica o funcional y la 
renovación no es una opción posible, necesita ser demolida. Durante la demolición, se necesita 
poner atención a los siguientes aspectos: 

prevención de la irritación debido a ruido, vibraciones y polvo. 
demolición selectiva. 
colección separada de materiales residuales. 
aplicación de métodos de demolición que aumenten la oportunidad de reciclaje de 
materiales. 

Los aspectos mencionados más arriba necesitan atención tan temprano como en la fase de 
diseño. 

1.3.6 Control sustentable de inundaciones 

Obviamente, hay una gran experiencia en Holanda con el control de inundaciones. 
Tradicionalmente la seguridad de la población ha sido el mayor objetivo. Solo durante las 
últimas décadas han recibido atención, las metodologías ambientalmente sustentables del control 
de inundaciones. 

1.3.6.1 Defensas costeras 

La defensa costera está creada con miras a mantener y en lo posible reforzar el proceso natural. 
Las dunas de arena naturales son los mayores tipos de defensa costera en Holanda. Su función 
secundaria es ecológica; una gran proporción de la flora y fauna nacional puede encontrarse en 
áreas de dunas. Este fenómeno ha podido concretarse gracias a que las dunas han sido 
declaradas como terrenos protegidos. 

Donde falta la defensa costera natural, se han construido diques para proteger la tierra de las 
inundaciones. Estos están cubiertos con materiales duros tales como asfalto, concreto o bloques 
de basalto. Se han realizado experimentos con los llamados "diques verdes", donde las algas y 
plantas son capaces de vivir. 

1.3.6.2 Defensa de bancos fluviales 

Los rios, sus bancos y las superficies periódicamente inundadas son habitats naturales 
importantes. Son partes principales de la infraestructura ecológica internacional, en particular 
para la vida acuática. Los rios conectan áreas montañosas con áreas costeras y para muchas 
especies, en particular algunas especies de peces, los rios son prerequisitos para una vida y 
multiplicación sanas. 
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Las represas constituidas para controlar las inundaciones, han sido equipadas con escalas para 
peces, donde los peces pueden pasar la represa tanto aguas arriba como aguas abajo. 

Ha habido una tendencia a ocupar las superficies periódicamente inundadas y a construir sitios 
industriales o ciudades y a protegerlos contra inundación mediante diques. Sin embargo desde 
un punto de vista ambiental así como de seguridad, la ocupación de estas superficies y la 
necesidad de reforzar los diques ha probado que no es sustentable. 

Donde los diques de protección contra inundación necesitan ser reforzados, un proceso de 
planificación integrada esta desarrollándose, incluyendo toda la seguridad relevante , lo 
económico, la infraestructura social y los aspectos ambientales. 

1.3. 7 Tecnologías limpias en obras publicas 

El Departamento de Obras Públicas está elaborando un método para evaluar el impacto 
ambiental en el sector de ingeniería civil ( caminos, obras hidráulicas), y desarrollando un 
método de cálculo costo-beneficio que incluya dichos impactos. El método esta basado en los 
siguientes principios: 

aplicación de materiales renovables. 
reciclamiento de materiales residuales. 
evitar el reciclamiento de substancias dañinas desde los materiales residuales hacia el 
agua subterránea. 
conservación de paisajes y ecosistemas naturales valiosos. 
adaptación de obras públicas a las condiciones y paisajes naturales. 

Ejemplos de métodos de acuerdo a los principios más arriba mencionados son el 
enbancamientos de ríos y canales. 

La aplicación tradicional y difundida de maderas duras tropicales es evitada. La madera 
localmente producida, material particulado de concreto reciclado y plástico reciclado son 
alternativas ambientalmente sustentables. 

El material particulado o fragmentado es ambientalmente aceptable como protección de 
embancamientos, sin embargo hay objeciones estéticas en contra del método. 

Productos residuales del procesamiento de mineral de hierro (gangas de hierro) son aplicadas 
como fundaciones en ingeniería de caminos. Las altas concentraciones de metales pesados 
(cadmio) necesita una cuidadosa atención. La percolación de metales pesados a través de suelos 
permeables y su transporte a los acuíferos profundos debiera ser evitado, en particular si el agua 
subterránea es extraída en los alrededores inmediatos para propósitos domésticos, agrícolas o 
industriales. 

28 



Las cenizas de plantas de incineración de residuos domésticos son tradicionalmente colectadas y 
depositadas en un relleno sanitario. Alternativamente , estas cenizas pueden ser recicladas, 
después de su inmobilización en productos de concreto que pueden ser utilizados en obras de 
construcción e ingeniería civil. 

La alta concentración de metales pesados (cadmio) necesita atención cuidadosa; antes de su 
aplicación, la percolación de metales pesados desde estos productos necesita ser probada. La 
percolación de estas y otras substancias peligrosas puede no ser tolerada cuando se pretende 
aplicarla en casas, bloques de departamentos, oficinas y edificios industriales o en estructuras 
sub-superficiales en proyectos de ingeniería civil. 

El drenaje natural a través de los cursos de agua es tradicionalmente transferido al drenaje a 
través de cañerías y canales en proyectos de desarrollo constructivo. Alternativamente, el 
diseño y planificación de distritos urbanos puede ser adaptado a los patrones de drenaje natural. 

Desde un punto de vista del paisaje natural, esto es un método de planificación regional 
ambientalmente más sustentable. 

1.3.8 

1.3 .8.1 

Ampliación del ciclo de vida y utilizacion de los Edificios 

Reemplazo de estructuras 

Muchas estructuras son realizadas con un plan de cierto período de vida. En particular para 
edificios de oficinas e industriales, el período técnico de vida generalmente excede el período 
económico o funcional de vida. La modernización en la industria y en los negocios fuerza a las 
empresas a invertir en nuevas acomodaciones o conveniencias. Las opciones son : 

- demoler estructuras y realizar nuevas estructuras en la misma posición. 
- cambiarse a una nueva posición y demoler las estructuras viejas. 
- cambiarse a una nueva posición y renovar las estructuras viejas para otros propósitos. 

Hay una fuerte tendencia en Holanda a seguir la última opción en forma creciente. Edificios 
industriales fuera de uso en pueblos y ciudades pueden ser renovados transformándolos en 
bloques de departamentos. Por lo tanto, la realización de nuevos distritos citadinos (sub
urbanos) es pospuesta o evitada. La aplicación de nuevos materiales es menor que en el caso de 
la ejecución de nuevas estructuras y los residuos de demolición son menores. Obviamente 
ciertas condiciones determinan las oportunidades para la reutilización de una estructura. 

- el tipo de industria o negocio. 
- los recursos utilizados, los productos hechos ( tomando en cuenta la salud de los futuros 

ocupantes). 
- la división del espacio. 
- las oportunidades para cambiar la división del espacio. 
- la localización (posición). 
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las oportunidades de aprov1s1onar al edificio y los departamentos individuales con 
instalaciones domésticas convenientes ( calefacción/enfriamiento, electricidad, ventilación, 
agua potable/alcantarillado, ascensor). 

1.3.8.2 Renovación sustentable 

Con una mantención regular y adecuada, la renovac10n cara y de gran escala puede ser 
pospuesta o evitada. Una mantención y reparación regular toma menos esfuerzo e impacto 
ambiental que el reemplazo de parte de las estructuras. La mantención y las reparaciones 
necesitan menos material y se producen menos residuos que durante la renovación. 

Una mantención regular incluye los siguiente: 

- Chequear y limpiar la pintura exterior una vez cada 2 años, remover algas, hongos, musgos, 
suciedad y plantas, y reparar las maderas podridas. Poner especial atención a los lados 
inferiores de puertas y ventanas. 

- Pintar maderas exteriores una vez cada 5 años. 
- Chequear las canaletas del techo anualmente. Tan pronto como ocurren filtraciones reparar 

inmediatamente las partes malas, o reemplazar localmente. Limpiar canaletas anualmente 
preferentemente en el otoño. 

- Chequear un techo plano regularmente; reparar las partes malas inmediatamente. 
- Chequear un techo inclinado regularmente, reemplazar las tejas rotas o sueltas. 
- Chequear las conexiones del techo con chimeneas y ventanas. Reparar las partes malas, por 

ejemplo con bitumen. 
- Hacer chequear instalaciones de calefacción por personal especializado, anualmente. 
- Chequear uniones cerradura y draught stoppers y repararlos cuando sea necesario. El trabajo 

de pintura interna debe ser limitado, pero depende de las demandas de los ocupantes. 

La renovación necesita ser planificada cuidadosamente. Antes que el diseño sea realizado y los 
materiales sean procurados, los siguientes aspectos necesitan ser considerados : 

- El tiempo esperado que necesita permanecer el edificio renovado antes de la siguiente 
renovación. Ajustar la calidad al tiempo esperado. 

- Las condiciones y circunstancias que determinan la calidad requerida y el período de vida de 
una renovación (moda, cambio de ocupantes, composición familiar, actividades 
profesionales). 

- La posibilidad de utilizar materiales secundarios para renovación. Debe evitarse los 
materiales dañinos y materiales que afectan a los ecosistemas y paisajes naturales El tamaño 
de los materiales procurados, necesita corresponder con los tamaños requeridos donde sea 
posible; se debe aplicar tamaños estandares . De esta manera los residuos producidos durante 
las actividades de renovación pueden ser reducidos. La remoción cuidadosa de materiales da 
la oportunidad de re-usarlos en futuros desarrollos de proyectos de construcción o de 
renovación, mas que descargarlos como material residual. 
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1.3 .8.3 Construcción flexible 

Las medidas a ser tomadas para incrementar la flexibilidad de las estructuras son las siguientes: 

1) El ocupante debe ser capaz de adaptar la división estructural a cambios de preferencias. En la 
etapa de diseño, esto puede ser realizado incorporando paredes de separación, no 
soportantes y de poco peso, hechas de marcos de madera con hojas de yeso ; marcos de 
madera con pizarras, o bloques de concreto espuma con estuco. 

2) La locación de la infraestructura para artefactos domésticos ( cables, canenas, metros, 
conexiones) debieran estar de tal modo dispuestas que sean de fácil acceso. Por lo tanto la 
adaptación de artefactos domésticos a nuevas demandas puedan ser implementados sin la 
demolición de una parte de la estructura. 

1.3 .8.4 Reciclamiento de estructuras 

Las estructuras generalmente consisten de un 80 % de materiales cerarmcos, tales como 
concretos, arcillas, ladrillos y ladrillos de carbonato de calcio. Estos materiales cerámicos, luego 
de la demolición de la estructura, son llamados escombros de construcción y demolición. 
Pueden ser divididos entre: escombros de ladrillo, concreto y asfalto . 

Mediante una demolición selectiva y un procesamiento adecuado en una planta de 
procesamiento de escombros, se consigue un producto con cualquier demanda de distribución 
de tamaño de grano y con un mínimo de 99% de contenido cerámico que puede ser aplicado en 
la industria manufacturera de concreto y asfalto . 

Las aplicaciones del producto desde el reciclamiento de ladrillo y concreto son de amplia 
distribución. Lo más importantes son : 

- fundaciones en ingeniería de caminos ( approx. 90 % de todo el particulado producido) 
- componente en la manufacturación del concreto (max 20% del componente es material 

reciclado). 
- Pavimento de patio (casas, oficinas, industrias granjas) 
- Relleno (aplanamiento) de sitios de construcción. 

1.3 .8.5 Rehabilitación de barrios residenciales 

A nivel de barrio residencial, la mayor atención es en el ajuste a las condiciones naturales. Para 
alcanzar un cierto nivel de calidad de vida, la mayor atención debe estar en ajustarse a las 
condiciones naturales. Para lograr un cierto nivel de calidad de vida, parte de un barrio 
residencial necesita seguir condiciones (semi) naturales y necesita estar estructurado como un 
área vegetada (parque, jardín, bosque, matorral laguna u otros). 
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La presencia de lagunas pueden evitar las inundaciones durante y luego de episodios de lluvia 
intensa. Las lagunas y cursos de agua pueden recibir la infiltración y descarga de aguas lluvia. 
La vegetación tiene una influencia positiva sobre la calidad del aire, el manejo del agua y la 
absorción de polvo, humo y ruido. Las áreas de vegetación también ofrecen oportunidades para 
recreación. 

Las condiciones para la realización y mantención del área vegetada son : 

- disponibilidad de espacio suficiente . 
- condiciones climáticas (precipitación, temperatura, humedad) 
- condiciones del suelo 
- disponibilidad de aguas para lavado ( si las condiciones así lo requieren) 
- personal y equipo para la mantención. 

1.3.8.6 Evaluación ambiental del ciclo total de vida de estructuras. 

La mayor atención sobre la evaluación ambiental de estructuras en Holanda es sobre el 
consumo de energía. El método corrientemente más usado de evaluación es el cálculo de un 
"coeficiente" llamado Coeficiente de Performance de Energía (CPE). Básicamente esto 
comprende una comparación entre el consumo de energía esperado o medido de un edificio en 
particular y el estandar de consumo de energía de un edificio de tamaño y uso similares. 

1.4 INVENTARIO DE MATERIALES AMBIENTALMENTE SUSTENTABLES 

1.4.1 Materiales renovables 

Materiales renovables son aquellos materiales producidos a partir del uso de recursos naturales 
como materia prima y que pueden ser reproducidos nuevamente por la naturaleza. Estos 
materiales son: 

- Maderas y productos de madera. 
- Junco, paja, coirón. 
- Conchas. 

Los productos de la industria petroquímica, como los plásticos, son producidos básicamente de 
materias orgánicas, sin embargo se trata de materias orgánicas fósiles que son consideradas no 
renovables en términos de la construcción sustentable. 

La arena, grava, yeso o cal, a-pesar de su abundancia, no son considerados recursos renovables. 
La minería de esos recursos produce alteraciones en el paisaje natural y localmente la 
infraestructura ecosistémica puede ser dañada seriamente. Esto está ocurriendo en las áreas 
sureñas de Holanda donde se extraen áridos de pozos en los bordes de los ríos. 
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1.4.2 Materiales energéticamente eficientes 

En la extracción de minerales metálicos para la producción de hierro, acero y de minerales no 
ferrosos como aluminio, cobre, zinc y otros, grandes cantidades de material estéril y roca deben 
ser excavados, movidos y procesados. Se producen grandes cantidades de materiales residuales. 
Estos materiales son no renovables. Su producción produce generalmente daños severos al 
paisaje natural y a la infraestructura ecológica. 

La madera y los productos del bosque son relativamente eficientes energéticamente. Los 
procesos de mayor consumo energético son: 

- la explotación y el aserramiento. 
- el secado y la regulación de la humedad. 
- el transporte. 

1.4.3 Materiales nocivos 

La aplicación de materiales nocivos debe ser reducida y donde sea posible, eliminada. Los 
materiales nocivos son: 

Componentes orgarucos, productos de la industria petroquímica, como pinturas, 
diluyentes, aceites lubricantes, pegamentos y sustancias bituminosas. 

- Preservantes de maderas, como el aceite creosota, soluciones de cromo, cobre y 
boro, soluciones de zinc, flúor y cobre. 

- Metales pesados como plomo y el zinc en menos medida. 

1.4.4 Impacto ambiental por materiales de construcción 

La aplicación de materiales de construcción causa problemas ambientales de diferentes tipos. El 
daño ambiental causado por los materiales más comunes se describe a continuación 

Concreto 

El concreto es una mezcla de arena, grava, cemento y agua. El impacto sobre los paisajes 
naturales es causado por la extracción de la arena, ripio y obtención de los recursos para la 
producción de cemento. El recurso común para la producción de cemento, el carbonato de 
calcio sedimentado, puede ser reemplazado por productos de residuo industrial, tales como 
cenizas de plantas de incineración y los estériles producto del procesamiento de mineral de 
fierro . El concreto reforzado tiene un alto contenido de energía debido a la aplicación de 
refuerzo de acero. La demolición de estructuras de concreto es dificil. El reciclamiento del 
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concreto es posible. El reemplazo de hasta un 20 % de ripio con particulado de concreto 
reciclado no afecta su calidad. 

Concreto adicionado de poliestireno expandido (aislapol). 

Se afecta los paisajes naturales por la minería de arena, recursos para la producción de cemento 
y carbonato de calcio como los principales aspectos. 

Productos de arcilla 

Una de las mayores desventajas de la arcilla como material de construcción es que se afectan los 
paisajes naturales tales como cauces de ríos. Durante la elaboración de productos de arcilla 
(cocimiento), se emite substancias volátiles dañinas al aire. Desafortunadamente el material 
sedimentario dragado de cauces de ríos y puertos no es apropiado para la producción de 
materiales de construcción debido a la presencia de material contaminante. Los sedimentos que 
son producto de la producción de agua potable pueden ser un recurso útil para la producción de 
ladrillos, dependiendo de su composición. 

Los ladrillos pueden ser reutilizados y aplicados como árido para la producción de concreto. 
Ladrillos que se originan de la demolición de chimeneas no pueden ser reciclados debido a la 
presencia de materia contaminante (hidrocarburos policíclicos aromáticos, HP A). 

Cal 

La cal (hidróxido de calcio) para la producción de mortero se origina de la recolección de 
conchas. Mientras la extracción de conchas este controlada por el gobierno y no exceda el 
crecimiento natural, se puede garantizar la oferta a largo plazo. 

Carbonato de Calcio 

Para la producción de ladrillos se origina de canteras. La minería de carbonato de calcio 
produce un impacto sobre los paisajes naturales. 

Anhidrita. 

Se aplica en construcciones de suelos livianos. El sulfato de calcio es el principal ingrediente. 
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Yeso 

El recurso del yeso ( sulfato de calcio hidratado) puede ser natural o de desecho (residuo) de la 
producción de fertilizante . Este último es ambientalmente preferible, ya que la minería de yeso 
natural resulta en un impacto de los paisajes naturales y la aplicación de yeso residual reduce la 
remoción de rellenos. 

Maderas blandas 

La madera blanda es un recurso natural de crecmuento relativamente rápido y como tal , 
básicamente es un recurso renovable. Para su utilización en estructuras , las maderas blandas 
generalmente necesitan preservación o recubrimiento. Los preservantes y recubrimientos más 
utilizados contienen ingredientes peligrosos tales como solventes. Productos ambientalmente 
más sustentables son recubrimientos y pinturas naturales basados en agua. 

Maderas duras 

Se originan de los bosques pluviosos, de tal manera que como resultado se produce un 
agotamiento del recurso y de los bosques. Por lo tanto se desincentiva la utilización de maderas 
duras. El agotamiento de los bosques pluviosos es el resultado de la construcción de caminos y 
barreras en dichos bosques. El daño de los bosques pluviosos es en la mayoría de los casos 
irrecuperable. 

Productos forestales 

El recurso para productos de "chip" es material de desecho proveniente del procesamiento de 
recursos forestales . La aplicación de material de desecho es preferible del punto de vista de la 
reducción en las cantidades de residuos. Los pegamentos aplicados en maderas aglomeradas y 
productos no aglomerados son generalmente dañinos para la salud humana (emisión doméstica) 
y el medio ambiente. 

1.4.5 Guías para la selección de materiales de construcción 

Estas guías para la promoción de la aplicación de materiales de construcción ambientalmente 
sustentable están basadas en la evaluación de experimentos prácticos y proyectos 
demostrativos- nuevos proyectos de construcción así como proyectos de renovación- en 
Holanda financiados por el Comité Directivo de Vivienda Experimental. 

La evaluación de la sustentabilidad ambiental de los materiales de construcción está basada en 
estudios de evaluación del ciclo de vida (ECV). El estudio ECV incluye la evaluación de 
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impacto ambiental de los materiales en todos los estados: de explotación, producción, 
construcción, uso, demolición y residuos o reciclamiento. 

Los materiales que tienen un ciclo de vida cerrado, lo que quiere decir que después de la 
demolición, pueden ser reutilizados (reciclados) en el mismo proceso, son ideales en términos de 
reducción del impacto ambiental . 

La evaluación es hasta cierto punto subjetiva; es imposible expresar todo tipo de impacto 
ambiental en cifras objetivas. Por ejemplo, si un material afecta los bosques pluviosos tropicales 
y otro material afecta la capa de ozono, la selección depende del valor dado al bosque pluviosos 
y a la capa de ozono. 

La selección de material está, de hecho, basada en más que un solo criterio ambiental. La 
fortaleza y estabilidad, la prueba de intemperización, prueba de robos, mantención, 
disponibilidad y precio están entre los aspectos sobre los cuales se selecciona los materiales de 
construcción. Por ejemplo un edificio de varios pisos de oficinas, no puede ser construido 
solamente de madera en rollizos y prensada, sino que necesitará la aplicación de concreto y/o 
acero para la resistencia y estabilidad, aunque la madera es un recurso natural renovable y el 
concreto no lo es. 

Más aun, los recursos renovables son básicamente, pero no necesariamente más sustentables 
que los no renovables, ya que el método de producción puede hacer una gran diferencia. La 
aplicación de maderas blandas se considera ambientalmente más sustentable que la aplicación 
de maderas duras tropicales, ya que la producción de esta última usualmente resulta en la 
destrucción de bosques pluviales; mientras los árboles de bosques de madera blanda se recobran 
más fácilmente ya que son mayoritariamente cultivados. La cosecha o tala de madera blanda 
está más balanceada que la cosecha de madera dura, por plantación y cultivo. 

Un desarrollo relativamente nuevo en ciencias forestales es el establecimiento de plantaciones de 
bosque pluvial para la producción de madera para la construcción. La madera de estas 
plantaciones es considerada como ambientalmente más sustentable porque la cosecha, 
plantación y cultivo están balanceados. Sin embargo, el reemplazo de los bosques naturales por 
plantaciones hechas por el hombre implica que los pueblos indígenas son neo-colonizados, los 
animales y plantas son expulsados, se usan fertilizantes y pesticidas, y otros efectos de la 
explotación industrial de la madera. Por lo tanto, para una comparación completa, los métodos 
de producción necesitan ser tomados en consideración. 

Los ítems relevantes para la evaluación ambiental de materiales de construcción son los 
siguientes: 

impacto sobre los ecosistemas. 
escasez de recursos naturales. 
emisión de substancias dañinas. 
impacto sobre los paisajes. 
consumo de energía. 
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salud. 
expectativa de vida. 
producción de residuos. 
reciclamiento. 

A continuación se presentan cuadros en que se muestran alternativas en procesos de 
construcción y elección de materiales, indicándose las preferencias desde el punto de vista 
ambiental de acuerdo a los criterios de evaluación mencionados. 

1.4.5.1 Manejo de residuos de la construcción 

preferencia 1 separación de todas las fracciones 
preferencia 2 separación de particulado, químicos, metales, madera, plásticos y 

miscelánea 
preferencia 3 separación de particulado, químicos, metales y miscelánea 

evitar disponer sin separar 

Preferencias: La separación de los residuos de construcción en fracciones permite el 
reciclamiento y por lo tanto ahorra en la extracción de recursos naturales. El 
reciclamiento primario ( el mismo proceso) es preferible al reciclamiento 
secundario (un proceso de menor valor/calidad). Por ejemplo, el reciclamiento de 
madera prensada (terciada) en construcción es preferible a la combustión para la 
producción de energía la cual, a su vez, es preferible a la incineración. 

Evitar: La disposición final de residuos de construcción sin separarlos debe ser prevenida 
mediante regulaciones e instrumentos financieros (multas, imposiciones). 

1.4.5.2 Preservación de productos de madera para construcción 

preferencia 1 no preservación 
preferencia 2 preservación local 
preferencia 3 preservación total 

evitar --

Preferencias: la preservación de productos de la madera para la construcción es a menudo 
necesaria, en particular en climas húmedos, para evitar el decaimiento (pudrición) 
y daño por hongos. La preservación puede ser evitada o minimizada por la 
aplicación de cubiertas de alta calidad o perdurables. 

Los productos de preservación menos dañinos son ácido bórico y sales de boro. 
Sin embargo en condiciones de aguas corrientes estos productos pueden perder 
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Evitar: 

su poder de preservac1on. Si se combina con naftenato de zmc, cloro de 
benzalconium o azaconazole, los resultados son mejores. 

La conservación de productos de madera con substancias dañinas como las 
siguientes: 

- cromo, cobre y arsénico conteniendo soluciones (soluciones-CCA). 
- cromo cobre y boro conteniendo soluciones (soluciones CCB). 
- zinc, fluoruro y cobre conteniendo soluciones (soluciones -ZFC). 

1.4.5.3 Cubierta del suelo bajo las estructuras 

preferencia 1 conchas 
preferencia 2 arena, pellet de arcilla expandida 
preferencia 3 lámina de polietileno 

evitar concreto con aislaool, lámina de ove 

Preferencias: Las conchas si son aplicadas en cantidades moderadas, son consideradas un 
recurso renovable, producido por organismos. 
Arena y arcilla son consideradas abundantes pero a pesar de todo su explotación 
afecta al ambiente. 

Evitar: Las láminas son productos de la industria petroquímica, durante la fase de 
producción, se emite al aire y agua substancias y residuos sólidos dañinos. 

1,a lámina de PE es preferible a la de PVC ya que esta última contiene cloruro el cual es 
peligroso en las fases de producción y residuos. 

1.4.5.4 Alcantarillado y drenaje de aguas lluvia 

preferencia 1 tubos de cerámica 
preferencia 2 PE, PPC, concreto 
preferencia 3 PVC reciclado 

evitar PVC 

Preferencias: En las fases de producción y residuos en particular, los tubos de cerámica son 
ambientalmente más limpios que PE, PPC y PVC. Los tubos de PVC reciclado 
consisten aproximadamente de un 25% de PVC secundario. 

Evitar: La producción y residuos de PVC que son ambientalmente dañinos debido a altas 
emisiones de cloro. 
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1.4.5.5 Pavimento duro 

preferencia 1 teias recicladas de concreto 
preferencia 2 tejas de concreto, tejas de espacio abierto 
preferencia 3 ladrillos de cerámica y concreto 

evitar asfalto 

Preferencias: En orden a incrementar la infiltración del agua y la disminución del drenaje, se 
prefiere el pavimento con espacios abiertos. 
Las tejas son más delgadas que los ladrillos y por lo tanto, se necesita menos 
material. · 

Evitar: Durante la producción de asfalto se emite substancias dañinas tales como S02, 
N02 y COV (compuestos orgánicos volátiles). 

Durante la fase de construcción, los trabajadores están expuestos a gases dañinos que contienen 
pequeñas cantidades de HPA (hidrocarburos policíclicos aromáticos). 

1.4.5.6 Pavimento blando 

preferencia 1 chips de madera 
preferencia 2 arena 
preferencia 3 conchas 

evitar grava (ripio) 

Preferencias: Los chips de madera están bien apropiados para pasadizos. La aplicación de 
chips de madera depende de la disponibilidad desde los servicios (municipales) de 
mantención de parques. La explotación de arena afecta los paisajes, la 
explotación de conchas no debeáa exceder la producción natural. 

Evitar: La explotación de ripio afecta los paisajes. 

1.4.5.7 Cercos 

preferencia 1 árboles, matorral 
preferencia 2 residuos de poda 
preferencia 3 madera blanda no tratada 

evitar PVC, PVC reciclado, (madera dura (tropical), madera preservada 

Preferencias: Los cercos de material vivo contribuyen al microclima y la calidad ambiental. 
Los residuos de poda pueden ser utilizados para la construcción de cercos a 
escala pequeña. 
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Evitar: La explotación de maderas duras tropicales afecta al bosque pluvioso. Debe 
evitarse el uso de PVC y madera preservada. 

1.4.5.8 Columnas de fundación 

preferencia 1 tronco con elemento de concreto en su cima 
preferencia 2 concreto con material particulado de concreto reciclado 
preferencia 3 --

evitar concreto con materiales primarios 

Preferencias: Los troncos, previsto que la tala esta balanceada con plantación y cultivo 
forestal, son un recurso renovable y por lo tanto, preferible al concreto. Una 
fundación con tronco es preferible en la medida que pueda ser enterrado 
totalmente por debajo del nivel freático (del acuífero), conectado a la 
superestructura a través de un elemento tope ( cabezal) de concreto. 

El concreto que consiste de materiales reciclados es preferible al concreto hecho 
de materiales primarios. 

1.4.5.9 Construcción de la planta baja (fundaciones) 

preferencia 1 elementos cerámicos 
preferencia 2 columnas perforados de concreto con particulado reciclado 
preferencia 3 columnas de concreto perforado 

evitar concreto compacto o, concreto relleno de poliestireno 

Preferencias: Los recursos para elementos cerarrncos están a disposición en forma más 
abundante que los recursos para concreto. 
Las columnas perforadas o elementos necesitan menos material que aquellos 
compactos y el material particulado reciclado reduce la explotación de fuentes 
naturales de ripio. 

Evitar: Durante la producción de poliestireno, la emisión de substancias orgánicas 
dañinas es inevitable. 

1.4.5.10 Aislamiento de la planta baja (fundaciones) 

preferencia 1 conchas 
preferencia 2 lana mineral 
preferencia 3 CFC-menos poliestireno expandido 

evitar ¡ poliestireno con CFC, poliuretano 
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Preferencias: Las conchas tienen una función de aislamiento y de regulación de la humedad. La 
explotación de conchas no deberla exceder la producción natural. Su aplicación 
deberla estar limitada a proyectos de construcción de pequeña escala. 
La producción de lana mineral solo tiene un efecto limitado en términos de 
consumo de energía y emisión de substancias peligrosas. 

Evitar: La aplicación de CFCs (Cloro-fluoro-hidrocarburos) como relleno de poli
estireno y poliuretano expandido ya que afectan la capa de ozono y su uso 
deberla ser evitado. 

1. 4. 5 .11 Construcción del último piso 

preferencia 1 troncos o elementos 
preferencia 2 elementos cerámicos, columnas perforadas de concreto con 

particulado reciclado 
preferencia 3 concreto macizo con particulado reciclado 

evitar concreto macizo de materiales primarios 

Preferencias: La madera de construcción es, previsto que la tala es seguida por plantación y 
cultivo forestal, un recurso renovable y por lo tanto preferible al concreto. 
La aplicación de columnas perforadas y elementos reduce el consumo de 
material. 

Evitar: Concreto macizo hecho de materiales primarios. 

1. 4. 5 .12 Construcción de paredes exteriores 

preferencia 1 marco de madera 
preferencia 2 carbonato de calcio, ladrillos porosos de arcilla 
preferencia 3 concreto poroso, concreto con particulado reciclado 

evitar concreto macizo ( confeccionado )desde materiales primarios 

Preferencias: La madera de construcción es, previsto que la tala es seguida por plantación y 
cultivo forestal, un recurso renovable y por lo tanto, preferible al concreto. Entre 
las desventajas de las paredes de madera para construcción está una limitada 
aislación acústica y las posibilidades limitadas de fijar partes pesadas a las 
estructuras de madera. 

La aplicación de material poroso y materiales hechos de material particular 
reciclado es preferible a la aplicación de materiales primarios. 
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Evitar: La construcción de paredes de concreto macizo hechas de material primario ya 
· que afecta las fuentes naturales de ripio y arena. 

1. 4. 5 .13 Construcción de paredes interiores 

preferencia 1 marcos y hojas 
preferencia 2 carbonato de calcio 
preferencia 3 concreto poroso, yeso 

evitar concreto macizo 

Preferencias: La construcción con marcos y hojas reduce la cantidad de materiales necesarios. 
Se agrega que la estructura flexible permite la adaptación a nuevas demandas. El 
carbonato de calcio afecta los recursos naturales menos que el yeso y el concreto. 

Evitar: Las estructuras de pared macizas, necesitan más material, pero dan mejores 
resultados de aislación acústica. 

1.4. 5 .14 Construcción de frontis 

preferencia 1 madera de construcción, estuco 
preferencia 2 ladrillo 
preferencia 3 cemento-fibra, hoja de resina 

evitar madera dura tropical, maderas preservadas 

Preferencias: La madera de construcción esta confeccionada de recurso natural renovable. Para 
la producción de ladrillos, el consumo de energía es mas bien alto, pero el ladrillo 
requiere de menos mantención. Los elementos en plancha necesitan más 
mantención. 

Evitar: La producción de maderas duras tropicales afecta a los bosques pluviosos. 

1.4. 5 .15 Termo-aislamiento 

preferencia 1 corcho, celulosa 
preferencia 2 lana mineral, espuma de vidrio 
preferencia 3 CFC menos poliestireno expandido 

evitar CFC con contenido de poliestireno y poliuretano 

Preferencias: Corcho y celulosa son materiales basados en recursos naturales. La celulosa es 
un producto residual del proceso de reciclamiento de papel. Su aplicación esta 
restringida a elementos de construcción cerrados tales como elementos frontales 
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Evitar: 

de madera, prefabricados. Durante la producción de poliestireno y poliuretano, 
ocurre la emisión de substancias dañinas. 

La aplicación de CFC' s (cloro-fluoro-hidrocarburos) como espuma en el 
poliestireno y poliuretano afecta la capa de ozono y debería ser evitado. 

1.4.5.16 Forma del techo 

preferencia 1 pendiente 
preferencia 2 arqueado 
preferencia 3 plano 

evitar --

Preferencias: Los techos con pendiente y arqueados permiten el drenaje de aguas lluvia más 
suavemente que los techos planos. Los techos arqueados y planos necesitan 
materiales en lámina para sellarlos contra infiltración de aguas lluvia. 

1. 4. 5 .17 Construcción de techos con pendiente 

referencia 1 
referencia 2 
referencia 3 

evitar 

Preferencias: La madera de construcción y las planchas (terciado) no contienen pegamentos 
dañinos. 

Evitar: 

La aplicación de elementos de madera rellenos con materiales aislantes reduce el 
consumo de energía. 

La madera aglomerada contiene grandes cantidades de pegamentos dañinos, tales 
como pegamentos basados en formaldehidos . 

La producción de maderas duras tropicales afecta a los bosques pluviosos. 

1. 4. 5. 18 Construcción de techos planos 

preferencia 1 madera de construcción y placas 
preferencia 2 láminas de acero, concreto poroso 
preferencia 3 concreto con material particulado reciclado 

evitar concreto con materiales primarios 
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Preferencias: La madera de construcción y placas prensadas no contienen pegamentos dañinos. 
Planchas corrugadas de acero necesitan muy poco material, Debido al bajo peso 
y la alta fortaleza, la construcción del techo sin columnas soportantes es posible 
en muchas estructuras. 

Concreto poroso, necesita poco material comparado al concreto macizo. 

La aplicación de particulado reciclado reduce la explotación de material primario. 

Evitar: Concreto macizo confeccionado de materiales primarios. 

1. 4. 5 .19 Cubiertas de techos con pendiente 

referencia 1 lanchas de madera, totora 
referencia 2 
referencia 3 

evitar 

Preferencias: Las planchas (de madera) y cmron son recursos renovables y por lo tanto 
preferibles. Las planchas corrugadas y lajas de fibro-cemento contienen más 
cemento que las tejas, y por lo tanto tienen más impacto ambiental durante la fase 
de producción ( agotamiento de recursos no renovables) 

Evitar: Tejas asfálticas son productos de la industria petro-química. Durante su 
producción se emiten substancias dañinas (tóxicas). 

La aplicación de cubiertas de techo de zinc resulta en la contaminación del agua 
subterránea y/o cuencas de aguas superficiales a través de agua de lluvia 
contaminada, que cae (drena) desde el techo de zinc. 

1.4.5.20 Cubierta de techos planos 

preferencia 1 EPDM 
preferencia 2 --
preferencia 3 Bitumen (asfalto) 

evitar PVC, zinc 

Preferencias: EPDM es un producto plástico elastómero, el cual tienen menor impacto 
ambiental que los productos asfálticos. 

Las cubiertas de techo de afalto necesitan grava para protegerlos del impacto 
climático (intemperización) y radiación UV (ultravioleta). Preferible a la adición 
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de grava es la adición de suelo/musgo, lo cual mejora el balance de humedad y 
tamponea el drenaje de aguas lluvia. 

Evitar: PVC y zinc son tóxicos en las fases de producción y residual. El drenaje de 
aguas lluvia desde techos de zinc esta contaminada. 

1.4.5.21 Marcos de ventanas 

preferencia 1 Maderas blandas 
preferencia 2 --
preferencia 3 Acero, aluminio 

evitar maderas duras tropicales 

Preferencias: La producción de maderas blandas tiene un impacto ambiental menor que la 
producción de acero y aluminio. 

Evitar: La producción de maderas duras tropicales afecta los bosques pluviosos. 

1.4.5.22 Puertas interiores 

preferencia 1 carton+aclomerado de fibras 
preferencia 2 maderas blandas 
preferencia 3 terciados 

evitar madera aglomerada, madera dura tropical 

Preferencias: Las puertas de cartón y aglomerado de fibras son estructuras livianas debido a la 
gran proporción de espacios abiertos y por lo tanto, necesitan muy poco material. 

Madera blanda es preferible a terciados por los pegamentos dañinos aplicados en 
estas. 

Evitar: Madera aglomerada, contiene grandes cantidades de pegamentos dañinos. La 
producción de madera dura tropical afecta los bosques pluviosos. 

1.4.5.23 Estuco 

preferencia 1 yeso proveniente de la desulfurización 
preferencia 2 mortero de carbonato de calcio 
preferencia 3 yeso natural 

evitar yeso fosfórico 
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Preferencias: El yeso de la desulfurización es un producto residual y por lo tanto, su 
producción no tiene impacto ambiental. Su aplicación reduce el relleno sanitario 
del resto del producto. 

Evitar: 

La producción de mortero de carbonato de calcio y yeso natural agota recursos 
naturales. 

Y eso fosfórico conduce a riesgos de salud debido a baja radiación radioactiva. 
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2. METODOS, PROCESOS Y MATERIALES PARA UNA VIVIENDA 
SUSTENTABLE 

2.1 SITUACION ENERGETICA CHILENA EN EL SECTOR EDIFICIOS Y 
VIVIENDAS 

2.1.1 Introduccion1 

Chile basa su desarrollo y funcionamiento en energéticos foráneos: petróleo y ahora, gas 
natural. La producción nacional de estos energéticos es modesta. No obstante, nuestro país no 
debiera tener problemas toda vez que es rico en otros energéticos. En efecto, su litoral 
continental, que se extiende por más de 4.200 km de latitud, presenta mareas, olas y vientos que 
por sí solos podrían proporcionar energía holgadamente a todo el país. Agreguemos una larga 
Cordillera de los Andes con una actividad geotérrnica natural que se manifiesta en varios lugares 
conocidos, sin contar con la que se podría inducir artificialmente. Por otra parte, la insolación 
que el país recibe desde la Zona Central hacia el norte, especialmente en el Norte Grande, es 
una de las más altas del mundo. Al respecto vale citar lo que ha dicho Ferrington Daniels, 
autoridad mundial en la materia: "El desierto del norte de Chile es uno de los lugares más 
apropiados del mundo para aplicar la energía solar. Teóricamente este desierto podría abastecer 
todas las necesidades energéticas del mundo. Sus 72.000 km2 reciben 1.3 x 1017 kcal 
anualmente que es superior a todo el calor producido en el mundo en un año, quemando carbón, 
petróleo, gas y leña"2 

. 

La hidroelectricidad se explota en un bajo porcentaje de su potencial fluvial, no obstante que 
por sí sola, sería capaz de satisfacer la totalidad de las necesidades energéticas del país. Y 
queda aún la leña y residuos vegetales y madereros que racionalmente explotados brindarían una 
parte importante de la energía primaría. De hecho actualmente es el segundo energético del país 
después del petróleo, pero se emplea con muy bajo rendimiento. 

En el campo de la energía no renovable, el panorama no es menos halagüeño: recursos 
carboníferos superiores a 5,5 mil millones de toneladas que, aunque en su mayoría de bajo poder 
calorífico, serían suficientes para alimentar al país por más de 200 años al ritmo actual. 

Así pues, nuestra posible crisis es sólo del petróleo y no energética ya que el país ha basado su 
crecimiento casi exclusivamente en él, sin reparar la irregularidad con que la naturaleza lo ha 
distribuido sobre la Tierra. Chile produce actualmente sólo 2, 7 millones de barriles de petróleo 

2 

G. Rodríguez "Importancia de las aislaciones en la crisis energética". Rev. del IDIEM, Vol. 18, N"3 Dic. 
1979. 

F. Daniels "Direct use ofthe sun's energy" Ed. Yale University Press, London, 1964. 

47 



en circunstancias que consume 59 millones; esta última cifra representa la mitad del consumo 
total de energía primaria (Fuente: CNE, "Balance de Energía" 1996)3. 

La Tabla I representa los consumos de energía primaria de los últimos años. 

TABLA! 
PORCENTAJE DE CONSUMO BRUTO DE ENERGETICOS PRIMARIOS. 

1977 1980 1985 1990 1995 1996 
Petróleo total 53,4 53 ,0 42,2 45 47,6 45,9 
Gas natural 11,5 10,7 12, 1 13,0 10,1 9,6 
Carbón 11,2 11,9 13,2 18, 1 13,5 17,3 
Hidroelectricidad 6,3 6,4 9,3 5,3 9,0 7,7 
Leña y otros 17,6 18, 1 23,1 18,5 19,5 19,4 
Fuente: CNE, 1996, pág. 44.3 

Cabe destacar que la leña es lejos el principal energético nacional ya que el primero es el 
petróleo, de origen importado. Para un análisis general estudiar los diagramas de flujo que 
muestran los balances de energía que publica la Comisión Nacional de Energía. Ver CNE, 1996, 
pág.152,3 

. 

Los sectores responsables del gasto son: 1 )Sector Transporte, 2)Sector Industrial y Minero, y 3) 
Sector Edificios (públicos, comerciales y residenciales). 

De la energía primaria que el país dispone, igual a 192 T cal, ( 1 T cal = 109 kcal) llega a los 
usuarios un 86% que constituye la energía secundaria, 165 Tcal, de la cual se utiliza sólo un 
39% (energía útil, 74,4 Tcal). De la bibliografia recién citada pueden extraerse los datos que se 
muestran en la Tabla II en cuanto a la energía que consumen los diversos sectores. 

TABLAII 
CONSUMO DE LA ENERGIA POR SECTORES (Tcal). 1996. 

Sector Gastada Aprovechada Aprovechamiento 
% 

Transporte 57.187 17.671 31 
Industria 59.815 39.157 65 
Edificios 48.230 17.563 36 
Global 165.232 74.391 45 
Fuente: CNE, 1996, pág. 152.3 

3 Comisión Nacional de Energía "Balance Nacional de Energía" 1977-1996, Chile. 
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De la Tabla II se desprende que en el Sector Transporte el aprovechamiento es pequeño; ello se 
debe al bajo rendimiento del motor a combustión interna que no sobrepasa el 35%. El Sector 
Industrial en cambio presenta un buen aprovechamiento debido al cuidado que la industria pone 
en usar mejor los recursos energéticos con un mínimo de derroche. 

2.1.2 El sector edificios 

En cuanto al Sector Edificios vale la pena detenerse pues la energía gastada en él no produce 
ningún trabajo siendo, en su mayoría, conversión a calor, tanto para calefacción de los 
ambientes como para calentamiento de agua de cocina y aseo. 

¿Por qué el gasto en edificios aparece tan alto? La respuesta se insinúa sencilla: en Chile hay 
un fuerte gasto de leña y sus derivados (15% de la energía nacional primaria que representa 
53% de la energía que consume el Sector) la cual se quema en chimeneas y hogares con un muy 
bajo rendimiento, del orden del 10-15 %. No obstante, tal argumento no explica por sí solo el 
alto consumo de este sector. 

Pensamos que la causa de este enorme gasto es el exceso de pérdidas térmicas de nuestros 
edificios, debido a una generalizada mala aislación, que les hace ser, en el decir común, un 
horno en verano y un témpano en invierno. 4 

Esta deficiente aislación térmica no sólo es un mal del Sector Edificios sino también de parte del 
Sector Industrial, en donde, desde el punto de vista de sus edificios, tampoco hay adecuada 
conciencia de su importancia. 

La Tabla m muestra el detalle del gasto de energéticos en el Sector Edificios que comprende 
todos los edificios de tipo comercial, público y residencial, como lo ha clasificado la CNE. 

TABLAID 
ENERGIA SECUNDARIA CONSUMIDA POR EL SECTOR EDIFICIOS, 1996 

energéticos consumo, Tcal % del Sector 
Electricidad * 7.039 15 
Derivados petróleo 12.561 26 
Carbón 82 0,17 
Gas 2.722 6 
Leña - 25 .826 53 
Total 48.230 100 

* Nota: Este rubro incluye la electricidad gastada en el comercio y el alumbrado público. 
Fuente: CNE, 1996, pág. 147.5 

4 
G.Rodríguez "Hornos en verano, témpanos en invierno" REV. DE LA CONSTRUCCION, año VI, N" 66-67, 
Stgo, 1967. 
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La leña, como se ha dicho, representa más de la mitad del consumo (53%). Puesto que 
práctica.mente su poder calorífico proporciona 3.500 kcal/kg las 25 .826 Tcal corresponden 
aproximadamente a 7 millones de toneladas de leña. (Fuente: "El Sector Energía en Chile", 

CNE, 19936
) - No obstante al quemarse en chimeneas, cocinas y hogares con un rendimiento 

que no supera en promedio el 15% significa que cada kg de leña proporciona sólo 500 kcal 
efectivas. 

Urge pues mejorar los rendimientos en este rubro. Varias publicaciones sobre esta materia 
llegan a similares conclusiones. Debe desincentivarse el uso de chimeneas tradicionales así como 
de fogones. El bosque está cada día más lejano y el uso indiscriminado de leña hace que 
aumente fuertemente la contaminación por producción de gases nocivos y humo, (Fuentes: P. 
Serrano "Uso eficiente de leña. Impacto ambiental, 1993.6 y P. Espinoza y col. "Uso de leña en 
la IV Región", 19937), además que su explotación indiscriminada desertifica las tierras dando 
pié a la erosión de ellas como ocurre en la IV Región donde se estima que cada familia rural 
ocupa 5 horas/hombre por día en la recolección del recurso, cada vez más distante y escaso, 
donde la desertificación avanza sin tregua hacia el sur. 

El segundo energético del Sector Edificios (12.561 Tcal) es el petróleo y sus derivados que será 
reemplazado en parte por gas natural argentino. Es una obligación patriótica y ética el ocupar 
estos energéticos en mínima proporción y con un alto rendimiento a nivel nacional. 

Hay que hacer notar que la electricidad representa sólo el 15 % de la energía del Sector y que 
ella se utiliza preferentemente para iluminación domiciliaria y urbana, electrodomésticos, aire 
acondicionado y otros, pero no para calefacción pues resulta sumamente cara. ¿Porqué en los 
países desarrollados se usa tanto la calefacción eléctrica y en Chile resulta tan onerosa? 

La figura 1 muestra el diagrama de flujos del sector. 

Para disminuir el gasto en el Sector Edificios es necesario aplicar medidas en cuatro campos: 

1. Evitar pérdidas inútiles especialmente en edificios ya existentes. (Lo que la Oficina 
de Recursos de Emergencia de los EE.UU. llama "tapar fugas y escapes térrnicos"8

) . 

5 
Comisión Nacional de Energía "El sector energía en Chile", 1993 . 

6 P. Serrano "Uso eficiente de leña. Impacto ambiental", 2° Congreso Nacional de Energía, Concepción, 1993. 

7 P. Espinoza y col. "Uso de leña en la IV Región", 2° Congreso Nacional de Energía, Concepción 1993. 

8 P. Steadman "Energía, medio ambiente y edificación". Ed. Blume, Madrid, 1978. 
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~ 

EJ.U.C. 
2. Aumentar el rendimiento especialmente de edificios nuevos, en construcción o por 

construirse. 

3. Sacrificar gastos no esenciales. 

4. Divulgar estos conocimiento en los usuarios e incentivar su aplicación. 

Los aspectos 1), 2) y 4) que definimos como "ahorros sin pérdidas de resultados" pueden 
obtenerse con una adecuada política aplicada sin tregua por el tiempo que sea necesario. 

Gran parte de la energía se gasta en forma de calor en el Sector Edificios en calefacción ( o 
refrigeración) y, por razones similares, se gasta también en el Sector Industrial y Minero en 
edificios administrativos de las industrias. 

Aquí el papel que juegan los materiales aislantes térmicos es de primera importancia al actuar 
como un freno a los traspasos de calor ( o frío) resultando un eficaz medio, totalmente pasivo, 
para disminuir o evitar pérdidas inútiles de energía. Esta técnica es aplicable a edificios y 
viviendas existentes y, sobretodo, a construcciones nuevas por lo cual debería exigirse a través 
de disposiciones normativas tales como la Ordenanza General de Urbanismo y Construcciones 
(J.P. Campos y G. Rodríguez 9 han propuesto un plan en este sentido). 

2.1.3 Balance energético de un edificio 

Si se desea mantener una determinada temperatura de confort en un edificio, digamos 18-20°C, 
es necesario que las ganancias térmicas equiparen a las pérdidas, de modo de mantener dicha 
temperatura estable. Podemos escribir entonces que la suma de las GANANCIAS debe ser 
igual a la suma de las pérdidas: 

L ganancias = ¿ pérdidas {l} 

Pero las pérdidas suben durante el invierno enfriándose el edificio (necesidad de calefacción) y 
bajan en verano calentándose el edificio, vale decir : 

L ganancias - L pérdidas < O (invierno) { 2} 

L ganancias - L pérdidas > O (verano) { 3} 

9 J.P. Campos y G. Rodríguez "Programa Comunal de Incentivo al Acondicionamiento Térmico", 2° Congreso 
Nacional de Energía, Concepción 1993 . 
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Las fluctuaciones diarias de temperatura ( ciclo diario) pueden contrarrestarse, en todo o en 
parte por medio del fenómeno de inercia térmica (G. Rodríguez)10 cuestión importante en los 
climas cordilleranos y precordilleranos, pero en el caso del ciclo anual, hay que suplir el déficit 
de invierno con calefacción. 

¿Porqué en las zonas de climas fríos no se deja estipulado en el proyecto la calefacción a usar, 
encontrándose generalmente el usuario con el problema técnico de tener que resolver esta 
materia por su cuenta, y muchas veces sin espacio adecuado para ello? 

En la Tabla IV se muestran los factores causantes de ganancias y pérdidas térmicas en un 
edificio. 

TABLAIV 

PRINCIPALES CAUSAS DE GANANCIAS O PERDIDAS TERMICAS 

GANANCIAS PERDIDAS 
- Soleamiento en techos y muros E, N - Muros, techos, suelos, ventanas, 

y W mal aislados. puertas, etc. no soleados y mal 
- Soleamiento de ventanas E, N y W y aislados. 

lucamas. - Sobreventilación (infiltraciones) 
Aparatos eléctricos - Evaporación de agua. 

- Iluminación artificial - Refrigeración ( aire acondicionado). 
- Otros artefactos (califont, cocma, 

etc). 
- Calor desprendido por persona. 
- Calefacción. 

Un edificio adecuadamente proyectado y construido, desde el diseño a la elección y aplicación 
de materiales, puede equilibrar de tal modo las pérdidas y ganancias que la energía a suplir por 
diferencia ( calefacción o refrigeración) sea nula o mínima, dependiendo del clima de la zona de 
construcción del edificio 11, 

12 
. La aislación térmica de la envolvente juega, en esta materia, un 

papel crucial. 

10 G. Rodríguez "El clima chileno y su relación con la construcción habitacional" . REV. del IDIEM, Vol. 11 , 
N'3, Dic. 1972. 

11 G. Rodríguez "Zonificación climático habitacional para Chile", REV. IDIEM, Vol. 12, N'3, Dic. 1973. 

12 Instituto Nacional de Normalización NCh 1079 Zonificación climático-habitacional para Chile, 1978. 
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2.1.4 La aislación térmica de la envolvente 

La bondad de una aislación viene dada por el freno que presenta al flujo térmico entre la fuente 
caliente y la fría que ella separa. Como generalmente dichas fuentes son el interior del edificio y 
el exterior respectivamente, ocurre que sólo los elementos envolventes (techo, muros, puertas y 
ventanas al exterior) son de importancia en la aislación térmica. 

El flujo de calor (mejor dicho la densidad de flujo) que atraviesa un elemento de la envolvente, 
es proporcional a la diferencia de temperatura interior y exterior e inversamente proporcional a 
la resistencia térmica R que dicho elemento opone al paso del flujo calórico. Vale decir: 

Densidad de flujo= diferencia de temperatura / resistencia { 4} 

La densidad de flujo se puede expresar en [kcal / h . m2
] , la diferencia de temperatura en [ºC] ; y 

la resistencia térmica R en [h.m2/kcal]. 

R es mayor cuando el espesor e del elemento es mayor y menor cuando la conductividad 
térmica A del material es alta, es decir: 

R = e / conductividad térmica del material { 5} 

Entonces la relación { 4} se puede escribir: 

densidad de flujo= A (t2 - ti)/ e {6} 

es decir, el calor transmitido por un elemento, por unidad de superficie y tiempo es proporcional 
a la diferencia de temperatura que le impulsa (a mayor diferencia mayor cantidad de calor) e 
inversamente proporcional al espesor del elemento (a mayor espesor menor cantidad de calor). 
También es directamente proporcional a una característica propia del material llamada 
coeficiente de conductividad térmica .ít. Esta constante presenta, en general, los siguientes 
valores: 
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TABLA V 

CONDUCTIVIDADES TERMICAS ().) 

Calidad aislante del material Valor A Ejemplos 
kcal/m ºCh 

Muy buen aislante Buenos 0.02 - 0.05 Plásticos expandidos. 
aislantes Medianos aislantes Fibras vítreas. 

Corcho. 

Malos aislantes 0.05 - 0.1 Virutas de madera. 
Maderas livianas. 

Maderas pesadas. 
Malos conductores 0.1 - 0.5 Hormigones y ladrillos livianos. 

Conductores 0.5 - 5 Ladrillos y hormigones normales 
y pesados. 

Hormigón armado. 
Cerámicos. 

2-5 Hormigones pesados 

5 - 350 Metales y aleaciones. 

*Fuente: Norma NCh 853 13
-

Puede observarse que el rango de valores de la conductividad térmica A varia en unas 1 O. 000 
veces desde el mejor aislante al mejor conductor. Cuando parte de la envolvente está constituida 
por elementos muy dispares, aquellos más conductores del calor - elementos metálicos por 
ejemplo - constituyen los llamados puentes térmicos que deben evitarse a toda costa13 Una 
buena envolvente tiene una aislación térmica relativamente pareja en toda su extensión. 

Pero el cálculo del flujo térmico por la fórmula antes enunciada no es exacto en la mayoría de 
los casos debido a que el calor pasa hacia el elemento desde el aire interior y sale de él hacia el 
aire exterior ( caso de invierno). El responsable del flujo es pues, el sandwich aire-elemento-aire 
y entonces es importante la capacidad resistente que tiene la capa de aire adherida al elemento 
(p.ej . muro) para oponerse a transmitir el calor. Esta capacidad viene dada por la resistencia de 
las capas de aire adheridas, tanto interior como exteriormente. Estas capas de aire aumentan la 
resistencia del elemento en un cierto valor que es relativamente constante y que vale 0,2 [h.m2 

/ 

kcal] cuando no hay viento. Así pues la fórmula del flujo se convierte en: 

densidad de flujo = ~ t / R+0,2 {7} 

13 Instituto Nacional de Normalización NCh 853 "Cálculos de resistencias y transmitancias térmicas", 1991. 
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2.1.6 Situación chilena 

En Chile se propusó una disposición de este tipo, en una primera etapa (G. Rodriguez)11
'
12

, la 
que fue presentada al Instituto Nacional de Normalización, que la aprobó como norma oficial en 
197814 con el número NCh 1079, bajo el título de Zonificación climático-habitacional para 
Chile y recomendaciones constructivas que aún no ha cambiado luego de 20 años de vigencia. 
En ella se describen nueve zonas climático-habitacionales claramente diferenciadas, para las 
cuales se recomienda entre otras materias, una mínima aislación para muros y techumbres. Ver 
Tabla V. 

Hoy, con ayuda del MINVU, se está haciendo una revisión exhaustiva de dicha norma con el fin 
de exigir valores de aislación térmica por zonas a través de la Ordenanza General de Urbanismo 
y Construcciones. (G. Rodríguez y J.P . Campos)15, 16

. 

TABLA VI 
AISLACION TERMICA MÍNIMA PARA LAS DIFERENTES ZONAS DE CHILE 

EXPRESADAS COMO TRANSMITANCIAS MAXIMAS Y COMO RESISTENCIAS 
MINIMAS 

Zona climático habitacional MUROS TECHUMBRES 
u R u R 

1 Norte Litoral 2.24 0.45 0.69 1.45 
2 Norte Desértica 1.81 0.55 0.69 1.45 
3 Norte Valle Transversal 1.81 0.55 0.69 1.45 
4 Central Litoral 1.72 0.58 0.77 1.30 
5 Central Interior 1.63 0.61 0.77 1.30 
6 Sur Litoral 1.55 0.65 0.86 1.16 
7 Sur Interior 1.46 0.69 0.77 1.30 
8 Sur Extrema 1.38 0.73 0.60 1.67 
9 Andina 1.40 0.71 0.60 1.67 

* Nota : La transmitancia U es el recíproco de la resitencia total Rt.U se expresa en 
kcal/m2 ºC . 

Fuente: NCh 107912 y NCh 853 13
. 

14 G. Rodríguez y J. P. Campos "Ahorro de energía en edificios, coeficientes volumétricos de transmisión global 
de calor", 3"' Congreso Nacional de Energía, Concepción, 1993. 

15 A. Moisan y col. "Diseño térmico de viviendas sociales", 3º' Congreso de Energía, Concepción 1993. 

16 M. Bustamante "Resistencia térmica de materiales aislantes", 3er Congreso Nacional de Energía, Concepción 
1993. 
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donde: 

.1t = diferencia de temperatura [ºC] entre el ambiente (aire) interior ti y el ambiente (aire) 

exterior te . Vale decir [ ti - te] 

R = resistencia térmica del elemento ( si hay varias capas será la suma de las resistencias 
parciales). 

En resumen, la bondad aislante de un elemento envolvente depende de: 

* La naturaleza del material: cuanto menor A, mejor aislante y, en consecuencia, menores 
pérdidas energéticas. 

* Del espesor del elemento, cuanto más grueso menores pérdidas de calor. 
* De la diferencia de temperaturas entre los ambientes interior y exterior ( depende del clima del 

lugar y de la estación del año) . A mayor diferencia mayores pérdidas térmicas. 
* Del color y textura superficial del elemento, como también del viento que remueve el aire en 

contacto con sus caras. Estos factores son responsables del valor constante 0,2 . Ver NCh 
853 13

. 

2.1.5 Aislaciones mínimas en países desarrollados 

Muchos países avanzados habían fijado valores mínimos de aislación de la envolvente de los 
edificios con anterioridad a la primera crisis petrolera de 1973 . En Francia por ejemplo, se 
fijaron mínimos de aislación de todas las construcciones futuras y se dieron créditos blandos y 
franquicias para quienes aislasen sus viviendas ya construidas. Luego fijaron un factor de 
máximas pérdidas térmicas por unidad de volumen (llamado facto G) de acuerdo a la zona 
climática, lo cual incentivó las viviendas colectivas y las calefacciones masivas. En una tercera 
etapa han tomado en cuenta las ganancias térmicas y el soleamiento con lo cual hoy tienen un 
acabado método de cuantificación de las ganancias y pérdidas térmicas que les ha permitido 
optimizar eficazmente los gastos energéticos del sector. En 20 años Francia ha sobrepasado un 
ahorro por unidad de volumen habitable de más del 50% de lo que gastaba en 1973. Otros 
países han fijado políticas tanto más severas y los gobiernos prácticamente han solventado el 
gasto que significan las aislaciones y los sistemas con energías alternativas. Suecia ha limitado 
las renovaciones de aire (ventilación) en un intento por bajar los derroches de energía. España 
ha fijado también normativas al respecto no obstante tener un clima más benigno. Alemania 
tiene una sofisticada legislación que regula las pérdidas térmicas en todo tipo de edificios. 

Cada vez que se asoma una crisis energética tales países perfeccionan sus medidas. Incluso los 
Estados Unidos, que gastan el 40% de los recursos energéticos del Globo, aplican medidas 
severas frente al derroche, no obstante que a su gente le gusta andar en mangas de camisa 
dentro de los edificios. 
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Legislaciones de este tipo, que a primera vista y para cada construcción parecieran más una 
molestia que una ventaja, a nivel nacional representan un ahorro energético significativo para el 
país. Calculamos que en Chile este ahorro podría alcanzar al 50% del gasto del Sector Edificios, 
lo que significa el equivalente a unos 50.000 barriles de petróleo diarios sin sacrificar 
resultados, vale decir, manteniendo un aceptable estándar de confort ambiental. 

En Europa medidas de este tipo se tomaron en 1973 consiguiendo rápidamente un ahorro de un 
8% sobre las pérdidas térmicas que, ya por entonces, eran bajas por disposiciones técnicas a la 
sazón en vigencia. Estamos pues atrasados en 25 años respecto a ellos. 

2.1. 7 La mala aislación de los edificios y viviendas en Chile 

Las nuevas casas y edificios que se vienen construyendo en nuestro país, desde hace varias 
décadas, sea por economía, sea porque los proyectistas las hacen muy esbeltas y con grandes 
superficies transparentes ( a veces muros completos vidriados), resultan, en consecuencia, muy 
mal aisladas, tanto térmica como acústicamente. 

Hace ya tres décadas se hizó un análisis exhaustivo de estas causas, que hoy, no han variado 
substancialmente (G. Rodríguez)17

. Estos factores pueden resumirse en los siguientes puntos: 

• Creciente uso de envolventes vidriadas. 

• Reemplazo de madera por metales, que forman puentes térmicos. 

• Economía y esbeltez de materiales, sólo mirando su aspecto estructural y estético. 

• Falta de legislación que exija aislaciones adecuadas. 

• Malas especificaciones y falta de control de las obras. 

• Desconocimiento acerca de la importancia de las aislaciones en la construcción. 

Es conveniente que se abra conciencia en el sentido de introducir en la legislación un cuerpo de 
disposiciones que dé cuenta de todos los aspectos no estructurales de la edificación, tanto 
térmicos como de humedad, ventilación, acústica, seguridad contra siniestros, etc. En otros 
países estos tópicos tienen primera importancia, llegándose a agrupar bajo el título genérico de 
física de la construcción. 

17 G. Rodríguez "La aislación térmica en la construcción nacional". Informe N°20. MINVU, 1968 
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2.1.8 Aislación y gasto de energía 

Se ha visto que el gasto anual de energía actual en el Sector Edificios es del orden de las 50.000 
Tcal ( equivalente a 34 millones de barriles de petróleo). Pero esto no es todo. Bajo el rubro del 
Sector Industrial hay un buen porcentaje de energía que se malgasta en edificios industriales por 
las mismas causas que estamos analizando. No disponemos de una estadística al respecto, ya 
que el gasto energético de tales edificios no está desagregado del gasto industrial propiamente 
tal. . 

Es dificil poder cuantificar, en general, los derroches de energía en edificios, pero las causas, 
como hemos visto, son claras. 

a) Excesivos gastos de calefacción se deben a: 

• Muros delgados de materiales poco aislantes. 
• Techos con deficiente aislación o sin ella. 
• Excesiva superficie de ventanas. 
• Puentes térmicos, producidos especialmente por elementos metálicos. 
• Sobreventilación por mal ajuste de puertas, ventanas y duetos sin control. 
• Inadecuado o deficiente sistema de calefacción. 
• Inadecuado uso y aprovechamiento del edificio. 

b) Excesivos gastos de refrigeración, se pueden deber a: 

• Muros soleados y mal aislados. 
• Techumbre sin suficiente aislación. 
• Exceso de ventanas soleadas. 
• Puentes térmicos. 
• Pinturas y terminaciones exteriores mal elegidas (colores obscuros). 
• Inadecuado o deficiente sistema de refrigeración. 
• Sobreventilación de los ambientes. 
• Inadecuado uso y aprovechamiento del edifcio. 

No se puede negar que en muchas casas y edificios chilenos, especialmente de construcción 
reciente, varias de estas causales derrochadoras de energía, están presentes. 

El diseño, los materiales, la distribución, la orientación, el uso mismo, tienen mucha importancia 
en el balance energético final. Por ejemplo una vivienda de planta cuadrada, simple, sin 
pronunciadas salientes o entrantes, ofrece mínimas pérdidas por tener mínimo perímetro. 
Mientras mayor es la superficie de envolvente para un volumen dado, mayor será el gasto de 
energía por calefacción o aire acondicionado factor G14

. Pero también depende del tipo de 
edificio, sea éste una casa unifamiliar en linea, pareada o aislada, edificio de departamentos, 
torre, edificio industrial o de uso público como hospitales, escuelas, etc. Por estas causas no es 
posible cuantificar bien el aprovechamiento energético de la edificación si no es para cada caso 
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en particular. Por ejemplo, en una casa de un piso, tipo bungalow, las pérdidas potenciales por 
el techo pueden superar el 50% de las pérdidas totales. En cambio en un edificio tipo torre de 
unos 20 pisos, las pérdidas por el techo serán inferiores al 5% de las totales. 

Sin embargo, para no dejar las ideas sólo en un plano cualitativo, daremos un ejemplo de 
cálculo, que ayudará a tener idea del ahorro que es posible obtener en una edificación aislada 
térmicamente, respecto a la misma sin aislación. 

Tomaremos una vivienda unifamiliar de un piso de construcción tradicional común. Sus 
características serían las siguientes10

: 

• Superficie construida: 96 m2. 
• Planta de 12 x 8 m. Perímetro: 40 m. 3 dormitorios, living-comedor, cocina y baño y medio. 
• Muros de albañilería, ladrillo a la vista, pilares y cadenas de hormigón armado, techo de dos 

aguas, cubierta de planchas asbesto-cemento, cielo de yeso-cartón, entretecho ventilado, 
ventanas de marco de acero, piso de plástico sobre radier. 

• Muros: Superficie 78 m2 espesor: 0,2 m de ladrillo hecho a mano .. 
• Ventanas: Superficie 23,5 m2

. 

• Cielo: yeso-cartón de 15 mm sin aislación, superficie 90 m2 . 
• Condiciones de invierno en Santiago11

: temperatura exterior 5ºC; ventilación natural media 
de 1 renovación por hora y velocidad del viento < 7 km/h; cocina y baño 4 
renovaciones/hora. (Nota: estas renovaciones se consideran bajas, correspondientes a 
buenos ajustes en marcos de acero. Para ventanas chapuceras las pérdidas térmicas pueden 
fácilmente triplicarse). 

Para esta vivienda, los valores de energía térmica perdida por hora son los que se muestran en la 
Tabla VII. 

TABLA VII 
PERDIDAS DE CALOR POR HORA (kcal/h) a te= 5 ºC VIVIENDA ORIGINAL* 

Item Elemento Superficie Ukcal/m2 ºCh Energía perdida % del total 
m2 kcal/h 

1 Techo 90 4,7 6.345 50,0 
2 Ventanas 23,5 5,0 1.763 13,9 
3 Puertas exteriores 3,4 4,0 204 1,6 
4 Ventilación baño-cocina n=4 540 4,3 
5 Ventilación living comedor y 855 6,7 

dormitorio n= 1 
Total puertas y ventanas etc. 2) 3) 3.362 26,5 
4) y 5) 

6 Muros 1.976 15,6 
7 Pisos 48 m de perímetro 1.008 7,9 

Total 12.691 100,0 
* Valores calculados según norma NCh 853 13

. 
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' 
En esta Tabla puede verse claramente la importancia relativa que revisten las pérdidas térmicas 
por los diferentes elementos envolventes: por el techo 50%, por transmisión a través de las 
ventanas un 14%, por ventilación un 11% y en total por puertas exteriores y ventanas 26,5%. 
Por los muros casi un 16% y por los pisos un 8%. 

¿Qué mejoras podrían proponerse para bajar las altas pérdidas energéticas de esta edificación, 
sin que graven apreciablemente su costo? 

Repitamos los cálculos considerando los siguientes posibles modificaciones y mejoramientos: 

• Techo: Colocar aislación en el entretecho. Espesor 50 mm 
• Ventanas: Disminuir un 29% su superficie, lo que no tendrá ninguna alteración sobre la 

necesaria iluminación natural ni sobre el soleamiento invernal. Usar marcos de madera o 
aluminio en vez de acero con la consiguiente disminución de renovaciones de aire por mejor 
ajuste y eliminación de puentes térmicos. 

• Muros: Estucar muros. 
• Pisos: Colocar madera o alfombra en vez de plástico. 
• Puertas exteriores: Usar puertas con burlete de ajuste y sin vidrios. 
• Ventilación: Automatizar con extractor en cocina y baño. 

Los nuevos valores calculados se muestran en la Tabla VIII. 

TABLA VIII 
PERDIDAS DE CALOR POR HORA (kcaVh) a te= 5 ºC MEJORADA* 

Item Elemento Superficie u Energía perdida %del 
m2 kcal/m2 ºCh kcal/h orilrinal 

1 Techo 90 0,6 810 6,4 
2 Ventanas, vidrios 17 5,0 1.275 10,0 
3 Puertas exteriores 3,4 1,5 77 0,6 
4 Ventilación baño-cocina n=2 270 2,1 
5 Ventilación living comedor y 428 3,4 

dormitorio n=0,5 
Total puertas y ventanas etc. 2) a 1,5 2.050 16,2 
5) 

6 a) Muros 77,5 1,5 1.744 13,7 
b) Muros nuevos 4,7 106 0,8 
Total muros 1.850 4,6 

7 Pisos 48m de perímetro aislado 792 6,2 
Total 5.502 43,4 

* Valores calculados según norma NCh 853 13
. 
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Comparando estos valores con los de la Tabla VII se obtiene el ahorro de cada ítem, los que 
suman casi 57%, como se muestra en la Tabla IX. 

TABLAIX 
AHORRO DE ENERGIA EN VIVIENDA MEJORADA 

Item Elemento Energía calórica 
% original % mejorado % de ahorro 

12-5 Techo 50 6,4 43,6 
6 Ventanas y puertas 26,5 16,2 10,3 
7 Muros 15,6 14,5* 1,1 * 

Pisos 7,9 6,2 1,7 
100,0 43,3 56,7 

* El ahorro aparece inferior debido al aumento de superficie de muros por disminución de 
superficie de ventanas. 

Este ejemplo sirve para comprobar cómo modificaciones en el diseño y en los materiales, que no 
encarecen significativamente la obra, pueden producir ahorro energético importante. Si se 
hiciesen cambios de aislación más elaborados, el ahorro fácilmente podría elevarse a un 75%. 

El cálculo efectuado para condición de invierno puede repetirse para condición de verano y 
comprobar beneficios similares respecto al impacto térmico solar. Mejoras adicionales podrían 
hacerse también en este sentido. 

No es el caso dar nuevos ejemplos, pero tiene interés conocer el balance de un departamento de 
un edificio alto, en el cual no se tiene el problema del 50% de pérdidas por el techo, puesto que 
sobre él hay otros departamentos similares. En este caso la distribución de pérdidas puede ser, 
suponiendo similar superficie construida y unos cuatro departamentos por piso, del orden de 
65% por ventanas, 25% por ventilación y 10% por muros. El gasto total puede ser la mitad del 
gasto de la vivienda del ejemplo analizado. El efecto invernadero, según orientación y superficie 
vidriada, puede bajar algo la carga en días soleados de invierno, pero en verano convertirán al 
departamento en un horno. En bibliografia17 se muestra un ejemplo real en donde las 
temperaturas de verano en un departamento son en todo momento superiores a los registros de 
la temperatura meteorológica. El mayor problema en estos edificios ocurre pues en verano. 

Demás está decir que la distribución de la energía gastada es muy distinta para cada tipo de 
edificios, pero en general, podemos afirmar que se palpa una generalizada falta de atención en la 
aislación térmica de la edificación chilena. 

¿En qué zonas de Chile el gasto de energía es mayor?. En bibliografía 10
, 

11 se indica un análisis 
del impacto del clima en la edificación. Aunque Chile, en general, es un país de climas benignos, 
su enorme extensión de norte a sur (18° a 56°, más la Antártida) y sus diferentes altitudes desde 
el nivel del mar a la Cordillera de los Andes, le hace tener desde climas calurosos, donde la 
refrigeración es conveniente, hasta climas fríos, donde la calefacción es imperiosa todo el año. 
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.. 

Basado en ello es posible visualizar claramente varias zonas energéticas, que están en 
preparación en el proyecto de calidad energética de la vivienda del MINVU, próximo a 
publicarse.(J.P.Campos, G. Rodriguez y col.). 

Estas zonas climáticas se han definido tomando en cuenta los grados-día calculados para cada 

localidad, en base a trabajos de distintos autores, especialmente P. Sarmiento18
, Rodriguez19 y 

otros. 

A continuación se inserta la tabla de grados-día calculada por Sarmiento, para las principales 
ciudades y regiones de Chile: 

TABLAX 
GRADOS-DIA PARA CI:filE Y :MESES CALEFACCION 

Tramo Localidades Grados-día Meses calefacción 
O - 1000 Antofagasta 520 Junio-Septiembre 

Vallenar 790 Mayo-Septiembre 
Chañaral 822 Abril-Octubre 
Caldera 854 Mayo-Octubre 

1000 - 1500 Copiapó 1084 Mayo-Octubre 
Valparaíso 1173 Abril-Octubre 
Los Andes 1414 Abril-Octubre 
Quintero 1479 Abril-Noviembre 

1500 - 2000 Talca 1565 Abril-Octubre 
Rancagua 1586 Abril-Octubre 
Santiago 1641 Abril-Octubre 
Chillán 1685 Abril-Octubre 
Linares 1703 Abril-Octubre 

San Femando 1786 Abril-Octubre 
Curicó 1866 Abril-Octubre 

San Antonio 1994 Marzo-Diciembre 
Constitución 1998 Marzo-Diciembre 

2000 - 3000 Angol 2045 Marzo-Diciembre 

18 P. Sarmiento "Tabla de espesores óptimos de aislantes térmicos", 3er Congreso de Energía, 1993 . 

19 G. Rodríguez. Aislación térmica, IDIEM, 1983. 
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Tramo Localidades Grados-día Meses calefacción 
Osomo 2115 Marzo-Noviembre 

Traiguén 2292 Marzo-Noviembre 
Temuco 2307 Marzo-Diciembre 
Valdivia 2334 Marzo-Diciembre 
Calama 2371 Enero-Diciembre 
Castro 2516 Enero-Diciembre 

Potrerillos 2674 Enero-Diciembre 
Puerto Montt 2711 Enero-Diciembre 

3000 - 4000 Ancud 3071 Enero-Diciembre 
Teniente 3312 Enero-Diciembre 

Puerto Aysén 3477 Enero-Diciembre 
Coyhaique 3521 Enero-Diciembre 

4000-5000 Punta Arenas 4268 Enero-Diciembre 

2.1.9 Aislaciones óptimas 

No es fácil determinar cuál es la aislación optima que debe tener la envolvente para conseguir 
condiciones adecuadas de confort al interior de las viviendas y edificios pues ello depende de 
variados factores, tales como precio del energético, alza anual de dichos precios, eficiencia del 
sistema de calefacción, rigurosidad del clima, costo de soluciones constructivas aislantes, 
período de amortización de la inversión, etc .. No obstante, es posible fijar criterios dentro de 
supuestos posibles. 

Para tener una primera idea valga calcular la cantidad de calor que se escapa por metro 
cuadrado de superficie de envolventes comunes usados en la construcción, aplicando la relación 
{7}. Como la energía es dinero, puede este flujo transformarse en $ por hora o, si se prefiere, 
en $ por mes más frío (Julio) o en $ por temporada de calefacción, (según grados-día), de 
acuerdo al sistema de calefacción que se considere. Por ejemplo, para una ventana de vidrio 
simple que no le de el sol, en la ciudad de Santiago, se escapan en el mes de Julio 75 kcal por m2 

que, al precio actual del gas licuado, son aproximadamente $1700 de calor perdido por metro 
cuadrado. Vale decir que en una temporada de calefacción (3 meses) se escapa por los vidrios 
tanto calor como el valor del propio vidrio. Este mismo ejercicio puede realizarse para otros 
componentes. Por ejemplo la aislación de techo se paga en Santiago con el ahorro energético de 
una sola temporada y en Punta Arenas con el ahorro de menos de un mes. 

A continuación se inserta una tabla que contiene los valores de la resistencia térmica R de 
materiales constructivos comunes, calculado según la relación {7}. 
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TABLA XI 
VALORES DE LA RESISTENCIA TERMICA DE MATERIALES 

Elemento Conductividad Espesor total Resistencia 
térmica m m2 ºC h/kcal 
kcal/m ºCh 

Vidrio 1.05 0.003 0.20 
Hormigón 0.9 0.15 0.37 
Hormigón 0.9 0.20 0.42 
Ladrillo 0.4 0.15 0.58 
Ladrillo 0.4 0.20 0.70 
Ladrillo+ estuco 10 mm 0.4; 09 0.22 0.72 
Hormigón liviano 0.25 0.050 0.40 
Hormigón liviano 0.25 0.080 0.42 
Madera 0.10 0.025 0.45 
Madera 0.10 0.040 0.60 
Cielo yeso sin aislación 0.22 0.015 0.23 
Cielo yeso + aislación 50 mm 0.22; 0.32 0.065 1.79 
Cielo madera 0.1 0.01 0.26 
Cielo madera más 50 mm de aislación 0.032 0.06 1.80 

Por otra parte, en la bibliografia18 citada se propone un método de cálculo de las aislaciones 
óptimas tomando en cuenta la localidad, el tipo de energía, los elementos constructivos y el 
incremento del costo de la energía. 

2.1.10 El edificio del 2000 

La mayoría de las construcciones actuales y las que se levanten en el futuro inmediato deberán 
servir durante gran parte del siglo XXI. Algunas, tal vez, traspasen el año 2.100. ¿Qué 
características deberán tener para que así sea?. Sin entrar al terreno de la ciencia ficción, sino 
adoptando una actitud realista, el edificio del siglo XXI, aparte de sus cualidades 
arquitectónicas básicas, deberá ser primordialmente: 

Confortable: Las necesidades ambientales del habitante dependerán de la habilidad del edificio 
para adecuarse a las variaciones externas, especialmente climáticas. 

Higiénico y saludable: Debe tener ambientes sanos y limpios de toda contaminación dañina. 
Actualmente la mala ventilación y la calefacción de llama abierta atentan contra ello. Los 
vidriados y otros elementos delgados no aislan mucho del ruido exterior 

Durable: La inversión en edificios deberá ser evidentemente rentable. Mínimos gastos de 
mantención y larga vida. 
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Ecológico: El edificio del futuro no deberá alterar notablemente el equilibrio ecológico del 
entorno. Mínima contaminación de su propio entorno y ambiente interior (humo, aguas, 
residuos, pureza del aire, renovaciones del aire, sol, ruidos, etc.). 

Económico en energía: Se habla mucho de la casa autónoma en energía. Esto es utópico para 
la ciudad, pero si deberá ser altamente eficiente, lo que equivale a decir que cada unidad de 
energía disponible por vía natural o artificial sea aprovechada al máximo. 

Pues bien, las aislaciones térmicas del edificio, en su más amplia acepción, juegan un papel 
importantísimo en los puntos recién señalados. Ayudan al confort porque producen ambientes 
de temperatura regular; ayudan a la durabilidad al evitar deterioros prematuros por 
condensaciones de agua, contracciones y dilataciones; ayudan al equilibrio ecológico al reducir 
combustiones para calefacción y ahorran energía térmica haciéndolo eficiente. 

La casa solar, tan prometedora frente a la crisis de energía que nos agobiará, debe ser, antes de 
nada, fuertemente aislada si se desea que el sistema de captación solar ( o cualquier otra energía 
más cara que el petróleo) sea factible y práctica. 

El edificio de cristal, tan en boga hoy, es una joya por fuera pero es insufrible por dentro. Se le 
hace confortable a fuerza de energía. Son edificios lamentablemente sin futuro, altamente 
ineficientes energéticamente. 

La crisis por el agotamiento de los recursos no renovables, que el mundo deberá afrontar, será 
un verdugo sin misericordia. Hoy es el petróleo, mañana serán los metales, los plásticos y otros. 
No se trata de ser pesimista; se trata de ser previsores. El hombre tiene por delante un enorme 
desafio. Surgirán las soluciones, no hay duda, pero no sin antes producir profundos cambios en 
su modo de vida. Chile, país emergente en el concierto mundial, no puede ignorar estas 
realidades. 

Un ecólogo dijo que el hombre debía entender, de una vez para siempre, que no es más que un 
simple pasajero en una nave espacial llamada Tierra. Si quiere un largo viaje deberá cuidar la 
despensa, el equilibrio ecológico, evitar la sobrepoblación, aprovechar al máximo cada gránulo 
de materia y energía que la naturaleza pone en sus manos. Sólo así el viaje será largo y 
placentero. 

En Chile hay mucho que hacer al respecto. La edad de oro de la energía barata y de los 
ambientes no contaminados está esfumándose para siempre. 

2.1.11 Conclusiones 

La crisis real y total del petróleo llegará relativamente pronto. Para entonces deberán estar 
funcionando diversas políticas de ahorro y sustitutos que hagan frente a la brecha entre la oferta 
y la demanda. El gas natural argentino es, por algunos lustros, una solución para nuestro país. 
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Chile dispone de una amplia gama de recursos energéticos en abundancia. En los sectores de 
edificios e industrial de baja temperatura, la energía solar ofrece una alternativa interesante. 

La edificación nacional adolece de una evidente mala aislación térmica debida al abuso de 
superficies vidriadas, mal entendido ahorro de materiales, falta de legislación técnica, etc. 

En el Sector Edificios y parte del Industrial un substancial ahorro energético, calculado en el 
equivalente a un 50% del sector ( cerca de 50000 barriles diarios de petróleo), puede obtenerse a 
través de una adecuada aislación de los edificios, especialmente de viviendas. 

Se obtendría además, como ventajas adicionales: 

a) Mayor confort ambiental, que repercute en mejores tasas de salud, mayor 
rendimiento en el trabajo y menor ausentismo laboral. 

b) Mayor durabilidad de los edificios, disminuyendo la tasa de construcciones 
por reposición, reparación y mantención. 

c) Menor contaminación especialmente de los ambientes urbanos. 

d) Menores gastos de calefacción ( o aire acondicionado). 

Todo ello sería factible en buena medida si la Ordenanza General de Urbanismo y 
Construcciones considerara estos aspectos no estructurales en su artículado. Necesariamente se 
impone, además, un conjunto armónico y complementario de normas chilenas que en forma 
específica aborde todos los aspectos que tienen que ver con estos problemas. Ciertas 
franquicias tributarias podrían fomentar efectivamente esta política de ahorro energético como 
lo hacen otros países desarrollados. 

A la Cámara Chilena de la Construcción le cabe un papel protagónico de gran importancia en 
esta materia. Hasta hace poco las exigencias las ponía el Estado a través de sus organismos, 
tomando la CCHC un papel más bien receptivo. Creemos que en un nuevo contexto, de 
creciente consenso en el concepto de desarrollo sustentable, la Cámara debe tomar una posición 
de mayor liderazgo, con iniciativas propias y aporte de sus potencialidades, conocimientos y 
experiencia. Con este fin se proponen más adelante (Capítulo 5.) un conjunto de iniciativas para 
avanzar tras este objetivo. 
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2.2 EL RUIDO EN LOS EDIFICIOS 

2.2.1 Introducción 

La contaminación acústica es en Chile uno de los problemas que no se ha logrado atacar hasta el 
momento en forma efectiva. 

Las grandes ciudades tienen un alto nivel de ruido producido principalmente por el 
desplazamiento de vehículos, construcciones viales, trabajos urbanos, comercio callejero, 
actividades recreacionales, industriales, etc. 

Los edificios habitacionales y de trabajo resultan así fuertemente impactados por el ruido, 
transfiriendo a su interior condiciones de inconfort acústico. 

Los edificios comunes no se diseñan ni se construyen teniendo en vista la aislación acústica, lo 
cual sería perfectamente posible a través de tecnologías adecuadas. 

Tampoco hay una legislación técnica que posibilite obtener edificios aislados, ni que permita 
limitar en forma efectiva los niveles de ruido de fuentes productoras de ellos, en especial de las 
fuentes móviles. Si bien hay algunas disposiciones al respecto, estas son esporádicas, 
desordenadas e incompletas. 

Numerosos trabajos especialmente en el área fisiológica y en la de la higiene ambiental han 
puesto de relieve la alta contaminación acústica de nuestro medio, sobretodo en zonas 
industriales o con alta densidad de tránsito callejero. 

Este problema no sólo atenta contra la salud mental, sino que nos hace prematuramente sordos 
o, cuando menos, nos impide un buen desempeño en nuestro quehacer cotidiano. 

Si bien parece lógico pensar que la solución al problema radica en actuar sobre las fuentes de 
ruido, no es menos cierto que sería utópico pretender que sólo por esta vía se solucione el 
problema, en un mundo cada vez más mecanizado, tecnificado y populoso. 

Es necesario entonces procurar viviendas y edificios mejor construídos de modo de evitar que 
los ruidos exteriores les afecten. Debe considerarse también que este problema se ve 
intensificado en las construcciones habitacionales actuales, debido a lo reducido de los espacios, 
a la proliferación de edificios multipisos y al ruido propio que en ellos se genera, todo lo cual 
produce una verdadera "promiscuidad acústica" que menoscaba la calidad de vida de sus 
habitantes. 
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Es posible pues, sin gran esfuerzo ni gastos considerables, construir viviendas y edificios 
acústicamente satisfactorios. Para ello es condición previa preocuparse del problema 
tempranamente, desde el anteproyecto mismo del edificio hasta la ejecución, para lo cual es 
menester conocer la fenomenología del ruido y las características acústicas que presentan los 
elementos utilizados en la construcción de edificios y su comportamiento en la arquitectura 
total. 

Tomadas en cuenta las medidas acústicas a nivel de edificios y, como se pretende hacer, a nivel 
urbano, resultará como consecuencia, una baja significativa de los niveles de contaminación 
acústica de nuestro habitat. 

2.2.2 El ruido de la ciudad 

El transporte urbano, es sin duda el principal contaminante acústico de la ciudad moderna. 
Además, hay sectores de la ciudad que, por razones temporales o permanentes, presentan 
niveles de ruido superiores al promedio. Tal es el caso de las cercanías de los aeropuertos, las 
estaciones de ferrocarril, ciertas industrias, trabajos viales, de grandes construcciones, 
atochamientos de tránsito, etc. En forma más reducida pueden formarse bolsones ruidosos 
alrededor de estadios u otros lugares con aglomeración de público momentáneos. 

Las frecuencias del ruido urbano son muy amplias, abarcando el espectro completo, con un 
especial incremento en las bajas frecuencias. 

Algunas intensidades medidas en Santiago nos indican que las zonas céntricas y de gran 
movimiento presentan entre 85 y 90 dB, tales como Plaza Italia, Alameda con San Francisco, 
Estación Mapocho, Américo Vespucio con Apoquindo, Américo Vespucio con Vicuña 
Mackenna, etc. Otras menos conflictivas muestran niveles de 80 a 85 dB(A) tales como 
Amunátegui, Plaza Bulnes, Providencia, Irarrázabal, etc. Calles sin locomoción colectiva bajan 
a 70-80 dB(A) y calles residenciales con bajo movimiento vehicular a 50-60 dB(A). En la noche 
los valores descienden a 35-45 dB(A). 

En el caso de trabajos viales los niveles suelen sobrepasar los 100 dB(A). 

No se han hecho mapas sonométricos de la ciudad suficientemente completos. 

El ruido prácticamente no es controlado por las autoridades pese a las dispociones del 
Reglamento del Tránsito. Las Municipalidades actúan sólo en el caso de reclamos 
suficientemente insistentes, de vecinos que sufren el ruido de locales industriales, de diversión u 
otros. Tampoco se hacen planificaciones urbano-acústicas adecuadas de la ciudades. 

Así pues, las fachadas de los edificios cercanos a las zonas ruidosas son impactados por las 
ondas acústicas que tienden a filtrarse por las partes débiles del edificio. 
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2.2.3 El ruido propio del edificio 

En el edificio el ruido se propaga por vía aérea y por vía estructural. En edificios pequeños, por 
ejemplo en viviendas de un piso, sólo tiene importancia el ruido aéreo. No obstante, en los 
grandes edificios el ruido propio se propaga fácilmente por vía estructural. El ruido propio 
puede estar constituído por vibraciones de motores (bombas, ascensores, etc.), por ruidos de 
artefactos, por ruidos de cañerías de agua, descargas de alcantarillado y por ruido de pasos, a 
través de las losas de entrepiso, escaleras y otros similares. 

En los edificios de madera, el crujido de ésta produce un ruido característico. Los edificios de 
hormigón son más silenciosos, debido a la mejor aislación de sus muros (hormigón y ladrillo), 
no obstante, las losas se comportan mal frente al ruido de pasos. En los edificios metálicos el 
ruido de vibraciones se propaga a grandes distancias, constituyendo un serio problema. 

Especial importancia presentan los elementos envolventes del edificio sobre todo los más 
débiles, tales como las puertas, las ventanas y los techos. 

2.2.4 La aislación acústica y el ruido propio del edificio 

En laboratorios acústicos se determina la aislación acústica de numerosos elementos de 
construcción, tales como muros, tabiques, puertas, ventanas, antepechos, muros vidriados, 
techos, etc. 

La ley de masas da una idea del orden de magnitud que se obtiene en la aislación de muros, con 
el aumento del espesor o de la densidad. En general, la aislación aumenta unos 5-6 dB cuando 
se duplica la masa del muro. Un tabique de 10 kg/m2 aisla unos 16 dB, uno de 100 kg/m2 

unos 40 dB y un muro de 500 kg/m2 aisla unos 51 dB. Las aislaciones se suelen dar para un 
promedio de 500 Hz. Los ruidos de baja frecuencia son los más dificiles de aislar puesto que, 
en general, la aislación de un elemento disminuye con el decrecimiento de la frecuencia. 

Para obtener ambientes acústicamente confortables es necesario diseñar elementos de alta 
aislación, si el ruido urbano es fuerte. Por ejemplo, suponiendo un nivel de 85 dB en el 
exterior, y que se deseen 40 dB en el interior, sería necesario un muro aislante de 45 dB, que 
representa unos 200 kg/m2

, vale decir muro de ladrillo u hormigón. Esto no es problema, pero 
¿cómo se comportan las superficies vidriadas? Mal. Los vidrios más gruesos no presentan 
aislaciones superiores a 25-30 dB montados fijos; si las ventanas tienen hojas móviles 
dificilmente se sobrepasan los 20 dB. En consecuencia, no es posible una solución simple a 
menos que se proyecten ventanas con dobles vidrios, caras y complicadas. Es necesario pues 
complementar la aislación de edificios con un adecuado control que limite el ruido urbano. 

La aislación acústica del ruido aéreo propio del edificio se hace fácilmente procurando una 
buena compartimentación de las divisiones conformadas por tabiques y muros interiores. 
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El ruido de pasos, tal vez el más importante en edificios de varios pisos, se limita o anula por 
medio de pisos flotantes, técnica que en Chile es prácticamente desconocida. 

Otras vibraciones productoras de ruido· pueden eliminarse montando en sistemas elásticos 
aquellos aparatos productores de ruido. Las estructuras pueden también "cortocircuitarse al 
ruido" por medio de separadores elásticos en aquellos puntos de contacto de propagación. 

Ninguna de estas técnicas aparecen en las normas o reglamentos de construcciones, resultando 
algunos edificios "intrínsicamente ruidosos". 

2.2.5 La legislación acústica 

Chile tiene una muy deficiente legislación acústica. Veamos: el Instituto Nacional de 
Normalización tiene 6 normas oficiales de las cuales sólo 2 se refieren a edificios. La NCh 35220 

data de 1961 y se refiere a condiciones generales que deben cumplir los edificios; en este 
momento se está actualizando. La NCh 161921 de 1979 trata de la evaluación del ruido 
respecto a la reacción de la comunidad. Es específica y se refiere a un método de evaluación. 
El resto de las normas se refieren a unidades (NCh 26) y a protección personal contra el ruido 
para trabajadores. 

Otras disposiciones las ha publicado el Ministerio de Salud. Por ejemplo el Decreto Nº 762 
(1956) contenía un capítulo sobre ruidos molestos que fue reemplazado por el D.S. Nº 78 y este 
a su vez por el D.S. 28622 de 1984. Este decreto define lo que es nivel equivalente, y fija 
valores máximos en horario diurno y nocturno de ruidos provenientes sólo de fuentes fijas, sin 
estipular el lapso de medición. También está el D.S. Nº 74523 que contiene algunas condiciones 
acústicas que deben cumplir las fuentes de trabajo para proteger a los trabajadores del ruido. 

La Ordenanza General de Urbanismo y Construcciones24 contiene sólo un artículo sobre 
condiciones acústicas. El Art. 415 clasifica los edificios o locales en cuatro categorías 
(clasificación que está contenida en la norma NCh 352 Of 61): "ruidosos" (fábricas, etc); "sin 
exigencias acústicas" ( mercados, restaurantes, etc); "parcialmente aislados" ( oficinas, 
habitaciones, etc) y "totalmente aislados" (bibliotecas, estudios de grabación, etc). 

20 INN. Norma NCh 352 "Condiciones acústicas de los edificios", 1954. 

21 NN. Norma NCh 1619 "El ruido en relación con la reacción de la comunidad". 1970. 

22 Ministerio de Salud. DS. Nº 286, 1984. 

23 Ministerio de Salud. DS. N" 745. 

24 MINVU. Ordenanza General de Urbanismo y Construcciones. 
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Deja en manos de las Direcciones de Obras Municipales la clasificación de los mismos, 
impidiendo que se construyan los de categorías extremas a menos de 100 m de distancia unos de 
otros. Al final expresa: "Cumplirán, por lo demás, con las disposiciones de las normas oficiales 
en materia de aislamiento antisonórico los locales que dichas normas especifiquen". Tales 
normas no existen y la NCh 352 que en parte atañe, no se aplica. 

Queda, finalmente que referirse a la Ley del Tránsito25 que sólo hace alusión general al ruido en 
dos de sus artículos. El Art. 81 dice que los vehículos de locomoción colectiva tengan 
silenciador y que no "causen ruidos evitables". El Art. 103 dice: "los vehículos de combustión 
interna no podrán transitar con escape libre e irán provistos de un silenciador eficiente" . Escape 
libre significa entre 100-110 dB. Silenciador "eficiente" no tiene casi significado alguno. En 
todo caso se considera "infracción menos grave" conducir un vehículo con escape libre (Art. 
199). 

2.2.6 Ordenanzas municipales 

Frente a numerosos reclamos por ruidos molestos los municipios se han visto obligados a 
preocuparse del problema. Es así como, por ejemplo, las Municipalidades de Santiago, 
Providencia, Vitacura, etc. han redactado sus propias Ordenanzas sobre ruidos molestos. 

La última de ellas acaba de aparecer el 8 de Mayo de 1998 en el Diario Oficial correspondiente 
a la Municipalidad de Vitacura basada en las anteriores (Fuente: Diario Oficial Nº 3605926 pg. 
3) contiene las prohibiciones, los permisos, los máximos ruidos permitidos, los horarios y las 
sanciones. En general se consideran los limites y horarios fijados en el DS. Nº 286 de 1984 del 
Ministerio de Salud que fija los siguientes niveles y horarios. 

TABLA XII 
NIVELES MAXIMOS DE RUIDO (dB(A)) 

Zona Horario 
07 - 21 h 21 -07 h 

Residencial exclusiva 55 45 
Residencial con comercio 60 50 
Mixta con industria inofensiva 65 55 
Mixta con industria molesta 70 60 

25 MINISTRA TEL. Ley del Tránsito. 

26 
Municipalidad de Vitacura. Ordenanza sobre ruidos y sonidos molestos. Sección 1 ° N 07 /1072, Abril 
1998, Diario Oficial 8/5/98. 
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Conama actualmente se está preocupando, como institución del medio ambiente, de la 
contaminación acústica, si bien mientras no se legisle sobre fuentes móviles, dificilmente se 
conseguirán ambientes sin ruido. 

En todo caso, los diseños futuros deben considerar los problemas del ruido. 

Otro punto de interés para la C.Ch.C. es el ruido producido en faenas de construcción que no 
está claramente definido por no ser una "fuente fija" pero que puede permanecer en un lugar por 
varios meses y trabajar en horarios distintos a los señalados por el D.S. Nº 28622

• 

2.2. 7 Conclusiones 

1) Nuestras ciudades son ruidosas no existiendo estudios detallados, tal vez exceptuando una 
parte de Santiago. 

2) Los edificios pueden y deben aislarse contra el ruido urbano, si bien esa aislación es tanto 
más complicada cuanto mayor es el nivel de contaminación. 

3) No hay una legislación adecuada que permita limitar el ruido que tiende a penetrar al 
edificio. 

4) No hay disposiciones que exijan atención al ruido propio, por ejemplo exigencia de pisos 
flotantes para eliminar el ruido de pasos, instalaciones de bombas, máquinas, etc. 

5) Si bien a vehículos automotores se le exige silenciador no hay limitación cuantitativa del 
nivel máximo permitido, en consecuencia, no se controla el nivel de ruido sino sólo la 
existencia de silenciador. 

6) La legislación en general es pobre, ambigua e incoherente. No hay legislación sobre 
fuentes móviles. 

7) Es necesario entonces: 

a) Crear las legislaciones técnicas convenientes a través de las Ordenanzas, 
Reglamentos y Normas pertinentes. Legislar sobre fuentes móviles y 
mejorar las disposiciones sobre fuentes fijas. Unificar los criterios de 
disposiciones municipales urbanas entre municipalidades vecinas. 

b) Procurar que los edificios sean acústicamente aislados. 

c) Fomentar los estudios acústicos no sólo de prospección sino también de 
características acústicas de materiales y elementos sino de soluciones 
constructivas. 
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d) Definir mejor (cuantitativamente) los límites de ruido que pueden producir 
vehículos, electrodomésticos, maquinarias, etc. 

e) Aplicar un control dinámico al ruido urbano (tal como se hace con la 
contaminación por smog) limitando sus niveles máximos. 

f) Preparar convenientemente a los profesionales universitarios, arquitectos, 
ingenieros y constructores civiles en estas materias. 

2.3 EL PROBLEMA DE LAS HUMEDADES EN LAS VIVIENDAS Y EDIFICIOS 

2.3.1 Introducción 

Las humedades constituyen un serio problema en el comportamiento de la vivienda actual, que 
tiene incidencia en su durabilidad, en el confort y, en general, en la calidad de vida que ella 
brinda con un importante impacto socio-económico que no se ha evaluado en su verdadero 
valor. Dada la variedad de climas de Chile y la gama de materiales que se usan en la 
construcción es que la fenomenología de las humedades, necesite de un conocumento 
sistemático sobre esta verdadera enfermedad que sufren las viviendas a la vez que analizar las 
diversas alternativas de solución que la tecnología actual permite. 

El problema de las humedades en los edificios y particularmente en la vivienda, tiene una 
magnitud que va más lejos de lo puntual o regíonal, pues constituye un problema universal, y lo 
curioso es que seria perfectamente solucionable: 

a. Si se diseña adecuadamente. 

b. Si se eligen los materiales convenientes. 

c. Si se construye con el debido cuidado, y 

d. Si el usuario sabe hacer buen uso y adecuada mantención de su edificio. 

No obstante, es dificil pretender que estas cuatro facetas del problema, no presenten 
debilidades. 

El problema ostenta ribetes dramáticos a nivel nacional con daños económicos y sociales, que si 
bien son difíciles de precisar, ascienden, no obstante, a cientos de millones de pesos en pérdidas 
anuales directas e indirectas. 

He aquí algunos aspectos del daño acarreado por las humedades en los edificios: 

a. Deterioro de terminaciones: pinturas, papeles, estucos, enchapes, molduras, pisos, 
etc. 
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b. Deterioro estructural: corrosiones, erosiones, hinchamiento y putrefacción de 
maderas, etc. 

c. Disminución de la aislación térmica de elementos perimetrales. 

d. Aumento de gastos de calefacción. 

e. Ambientes insanos que atentan contra la salud de sus moradores. 

f Inconfort térmico. 

g. Mayores gastos de mantención. 

h. Desvalorización de la propiedad. 

1. Menor vida útil del edificio. 

En los años recientes el problema en vez de solucionarse, dado el avance de la tecnología, 
curiosamente se ha agudizado, debido especialmente a: 

a. Economia mal entendida en materiales. 

b. Industrialización y prefabricación sin tomar resguardos frente a la humedad. 

c. Rapidez de construcción. 

d. Descuido en el diseño, desconociendo aspectos de la fisica de la construcción y de 
las condiciones climáticas de la localidad. 

e. Espacios estrechos con menos m2/persona. 

f Uso incorrecto del edificio y falta de mantención del mismo. 

El estudio de las humedades en los edificios es complejo, pero puede enfocarse desde dos 
aspectos: 

a. Diseño y construcción de edificios nuevos antihumedad. 

b. Reparación, tratamiento y prevención de humedades en edificios actuales. 

Nota: este aspecto, que es el más común, es el más dificil de solucionar y depende 
mucho de las particularidades de cada caso. 

2.3.2 Tipos de humedades 

Las humedades pueden clasificarse, según su origen, en cinco tipos: 

a. Humedad de construcción. 

b. Humedad proveniente del suelo. 
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c. Humedades accidentales. 

d. Humedad de condensación. 

e. Humedad de lluvias. 

Cada una de estas humedades presenta síntomas característicos y los remedios son específicos. 
Es importante pues acertar correctamente en el diagnóstico pues las soluciones para cada tipo 
son diferentes y a veces, opuestas entre ellas. 

Tan importante y compleja es toda esta fenomenología que se ha llamado "Patología de la 
Constrncción", a todo lo concerniente a estas materias y "Deterioro prematuro" a los efectos 
destructores superiores a los "naturales", por esta causa. 

2.3.3 El agua y sus daños 

El agua es el causante principal del clima, de la erosión y desgaste de los continentes. 

Es el principal agente disolvente de la naturaleza. Permanece en estado líquido entre O y 100 
ºC. Se evapora a cualquier temperatura consumiendo unas 560 kilocalorías por litro. Disocia la 
mayoría de las sales, ácidos y bases. Presenta un alto calor específico que, unido al calor de 
vaporización, hace que los climas con abundancia de agua presente gran inercia térmica. El 
agua no es gratis, socialmente hablando es cara. En los ~stados Unidos por ej. representa el 1 % 
del producto nacional bruto. 

Los océanos evaporan el 10% del agua que precipitan las lluvias, el resto la evaporan los 
continentes: tierra, aguas libres y vegetación. 

En el edificio el agua se emplea tanto en su construcción como durante el uso del mismo. 
Además el edificio es "atacado" por el agua climática: lluvia, neblina, nieve, granizo, rocío, así 
como el agua del suelo, freática o dispersa. Al edificio también le daña la humedad del aire, 
cuando ésta es alta, siendo este "ataque" más enérgíco por dentro que por fuera. 

El agua líquida hincha maderas, desprende pinturas, disuelve sales, corroe metales, forma pares 
galvánicos entre ellos, decolora y mancha, pudre, crea condiciones micro climáticas para la 
proliferación de hongos e insectos, comunica mal olor a los ambientes, etc. 

El agua sufre casi un constante proceso de evaporación-condensación-evaporación y, líquida, se 
mueve fácilmente por vasos comunicantes, por gravedad y por ascensión capilar. En forma de 
vapor (gas), es parte integrante del aire que se filtra por ranuras, rendijas, perforaciones, 
aberturas, duetos y ventilaciones. Muchos materiales son más o menos permeables al aire y por 
lo tanto, al vapor de agua. 
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El vapor al condensar produce los daños propios del agua líquida. 

Los ciclos de hielo-deshielo sqn sumamente dañinos en los materiales que absorven agua, ya que 
al solidificarse aumenta apróximadamente 1/1 O su volúmen, rompiendo los poros o células del 
material. 

Es tal la variedad de fenomenologías y efectos que se hace necesario estudiar especialmente el 
problema, no es cuestión de recetas. Deben estudiarse los climas y la fisico-química de los 
procesos si se desea acertar en las soluciones constructivas. 

Aquí hay un campo especialmente rico en cuanto a los esfuerzos para solucionar problemas en 
la construcción y los edificios. 
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3. MECANISMOS DE FINANCIAMIENTO DE LA INNOVACIÓN 
TECNOLÓGICA 

3.1 TRANSFERENCIA E INNOV ACION TECNOLOGICA NACIONAL 

3.1.1 Gasto y financiamiento de la investigación y desarrollo tecnológico en Chile -
Datos estructurales 

En los últimos 40 años, el gasto de investigación y desarrollo tecnológico de Chile muestra un 
sostenido y acelerado aumento. Referido al producto bruto interno, este gasto pasó de O, 15 % 
como promedio en el período 1960-1965 al 0,66 % en el período 1990-1993. Esta tendencia 
que se ha prolongado en el presente quniquenio se proyecta hacia el futuro considerando que el 
índice del esfuerzo de investigación y desarrollo tecnológico se sitúa aún muy por debajo de 
aquellos de los países desarrollados, incluso en comparación con los países de similar estructura 
económica, es decir, con predominancia de sectores productivos basados en recursos naturales 
(Trabajo inédito de Jorge Katz, División de Desarrollo Productivo y Empresarial de la CEP AL). 

La actividad de investigación y desarrollo tecnológico, medida por el gasto devengado, se 
concentra en dos tipos de instituciones: las universidades y los institutos públicos (véase cuadro 
3. l.). Entre los primeros, la investigación y desarrollo tecnológico se concentra en más de un 
60% entre la Universidad de Chile, la Universidad de Concepción y la Universidad Católica de 
Santiago. En un segundo plano puede mencionarse la Universidad Austral, Universidad 
Federico Santa Maria, Universidad de Santiago, Universidad de la Frontera y Universidad 
Católica de Valparaíso. Entre los institutos públicos, algunos de los más relevantes para el 
sector de la construcción probablemente son la Fundación Chile, INTEC, INFOR, CIMM y 
CCHEN. Ellos representan también aproximadamente el 60% del gasto total de I & D de los 
institutos públicos (1993). 

En el año 1993 el financiamiento de la I & D provino en partes casi iguales a 25% de los 
institutos públicos - via aportes presupuestarios del Estado -, las empresas privadas y los fondos 
públicos de fomento (FONTEC, FONDEF y FONDECYT) (véase Cuadro 3.2.) En segundo 
lugar, el financiamiento se originó en las universidades y empresas públicas. La cooperación 
internacional aportó un 4% del financiamiento a la I & D del país. En la actualidad la estructura 
del financiamiento ha cambiado en el sentido que los aportes presupuestarios del Estado a los 
institutos públicos han sido sustituidos en buena medida por fondos concursables. Por esta via 
se habría logrado una más efectiva vinculación de los proyectos de los institutos públicos con las 
empresas, al tiempo que se habría incentivado a las empresas, y entre ellas especialmente a las 
privadas, a destinar mayores recursos financieros al desarrollo tecnológico. 

Hay que mencionar que las cifras de este análisis son aproximadas teniendo en cuenta que no se 
dispone de una información completa para algunos sectores institucionales, lo que es en 
particular el caso de las empresas, tanto públicas como privadas. 
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CUADRO 3.1. - CIDLE: GASTO (DEVENGADO) EN INVESTIGACION Y DESARROLLO 
TECNOLÓGICO POR SECTOR INSTITUCIONAL, 1993 

SECTOR INSTITUCIONAL 

Universidades 
Institutos Públicos 
Empresas Públicas 
Firmas de Consultoría (CODELCO) 
Soc. Anónimas Abiertas 
PYMES (programas FONTEC) 

POR 
CIENTO 

41 
47 

3 
3 
3 
3 

100 

Fuente: elaborado en base a trabajo inédito de Jorge Katz, División de Desarrollo Productivo y 
Empresarial de la CEP AL 

CUADRO 3.2. - CIDLE: ORIGEN DEL FINANCIAMIENTO DE LA INVESTIGACION Y 
DESARROLLO TECNOLÓGICO, 1993 

SECTOR INSTITUCIONAL 

Universidades 
Institutos Públicos 
Empresas Públicas* 
Empresas Privadas 
FONTEC 
FONDEF 
FONDECYT 
Cooperación Internacional 

* CODELCO, Metro de Santiago y F AMAE 

POR 
CIENTO 

11 
24 

8 
27 

2 
18 
6 

~4 
100 

Fuente: elaborado en base a trabajo inédito de Jorge Katz, División de Desarrollo Productivo y 
Empresarial de la CEP AL 

3.1.2 Los fondos de desarrollo tecnológico y productivo 

En la actualidad existe una variedad de fondos públicos de fomento al desarrollo tecnológico y 
fortalecimiento de la capacidad competitiva del sector productivo. Si bien casi no existen fondos 
nacionales específicos para proyectos de medio ambiente, las pautas de elegibilidad de los 
fondos generalmente no excluyen este tipo de proyectos y más bien los estimulan al reconocerse 
la estrecha vinculación que existe entre prevención ambiental y modernización productiva. En 
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los documentos de promoción de los fondos se indican frecuentemente prototipos de proyectos 
ambientales que son elegibles. También se han dado a conocer numerosos proyectos 
ambientales apoyados por los fondos. 

Los instrumentos de fomento de mayor relevancia para el sector productivo, incluido la 
construcción y la vivienda, son, por su monto y alcance, los administrados por la CORFO. Por 
otra parte, el FONDECYT - Fondo de Fomento al Desarrollo Científico y Tecnológico -
administrado por el CONICYT, dependiente del Ministerio de la Educación, está más orientado 
hacia la investigación científica en los centros de excelencia. Además existe el FONDEF, 
igualmente administrado por el CONICYT que financia proyectos de desarrollo tecnológico de 
las universidades con participación del sector privado. Algunos Ministerios, como el de 
Vivienda y Urbanismo, y dependencias gubernamentales, entre ellas la CONAMA, también 
cuentan con determinadas asignaciones presupuestarias para contratar estudios, asesorías y 
otras actividades de carácter tecnológico. Por último habría que considerar la intermediación 
financiera de la banca comercial en relación al crédito de fomento, en parte vinculado también a 
fondos de la CORFO. 

En el cuadro 3.3.1 se presenta un resumen de los fondos de la CORFO. En los anexos 3.1 a 3.4 
se reproducen presentaciones más detalladas de algunos fondos, tomadas de la literatura 
promocional. 

El Fondo de Asistencia Técnica (FAT) es una subvención que ayuda a financiar la contratación 
de consultores con el fin de incorporar técnicas modernas de gestión a las empresas. El FAT es 
administrado por los agentes intermediarios, tales como SERCOTEC y CEPRl, quienes 
disponen de un registro de consultores especializados, entre los cuales el empresario puede 
elegir su consultor. 

Los Proyectos de Fomento (PROFOS) tienen por objetivo fomentar la asociativdad entre 
empresarios de rubros similares o de una misma localización, para que busquen la solución a 
problemas comunes que, por su naturaleza o magnitud, no pueden ser resueltos individualmente 
y, en última instancia, potenciar conjuntamente su participación y competitividad en los 
diferentes mercados. 

El PROFO es operado por agentes intermediarios de CORFO. Entre estos últimos se califican 
las asociaciones o cámaras industriales. Una vez aprobado la constitución de un PROFO, los 
empresarios nombran un gerente que desarrolla la labor de articulación del grupo y facilita el 
cumplimiento del programa de trabajo. 

El Programa de Apoyo a la gestión de Empresas Exportadoras (PREMEX) apunta a mejorar la 
competitividad de empresas exportadoras de manufacturas o software a través de la 
introducción de cambios en su gestión que les permitan incrementar su competitividad y calidad. 
Se aplica a asesorías subvencionadas por una sola vez. El PREMEX es administrado por 
CORFO y la empresa beneficiaria debe elegir a la consultora que le presta la asesoría, de entre 
aquellas que se encuentran incorporadas al registro de consultores de CORFO. 
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El conjunto de los instrumentos FAT, PREMEX y PROFO tenía una asignación presupuestaria 
de aproximadamente 8.000 millones de pesos en 1997 y, en términos reales, un presupuesto 
aproximadamente igual en 1998. 

La CORFO está iniciando como nuevo instrumento dentro del área de modernízación 
productiva, uno llamado "Desarrollo de Proveedores" que apunta a un mejoramiento de la 
productividad, eficiencia y calidad de un sector productivo, concertado entre compradores y 
proveedores. Estos proyectos van dirigidos, al igual que los instrumentos mencionados 
anteriormente, a pequeñas y medianas empresas, aunque no se excluye la participación de 
empresas grandes que formen parte de un eslabonamiento productivo conjunto. 

CUADRO 3.3. - INSTRUMENTOS DE FOMENTO DE LA CORFO 

INSTRUMENTO ÁREA DE APOYO POSTULANTES ACCESO 

FAT Fondo de Asistencia Modernización productiva Pequeñas y medianas Solicitud 
Técnica empresas 

PROFO Proyectos de Fomento Modernización productiva Pequeñas y medianas Solicitud 
empresas 

PREMEX Programas de Apoyo a Modernización productiva Empresas exportadoras Solicitud 
la Gestión de Empresas de manufacturas o 
Exportadoras software 
Desarrollo Proveedores Modernización productiva Pequeñas, medianas y Solicitud 
(nuevo programa) grandes empresas en 

grupo 
FONTEC Fondo Nacional de Desarrollo e Innovación Pequeñas, medianas y Solicitud 

Desarrollo Tecnológico Tecnológica grandes empresas 
y Productivo 

FDI Fondo de Desarrollo e Desarrollo e Innovación Centros tecnológicos Proyectos 
Innovación Tecnológica nacionales y consorcios concursa-

tecnológico- bles 
empresariales 

Línea Crédito de mediano y Financiamiento de mver- Pequeñas y medianas Solicitud 
B.11 largo plazo a través de s10nes empresas 

bancos comerciales 
Línea Crédito de mediano y Financiamiento de mver- Pequeñas industrias Solicitud 
B.12 largo plazo a través de s10nes manufactureras 

bancos comerciales 

El Fondo Nacional de Desarrollo Tecnológico y Productivo (FONTEC) es un organismo de 
CORFO que tiene por objetivo promover, orientar, financiar y subvencionar la ejecución de 
proyectos de innovación tecnológica, de transferencia tecnológica asociativa, de implementación 
de infraestructura tecnológica y, en general, fomentar todas las etapas de desarrollo y el 
escalamiento productivo y comercial de proyectos derivados de un proceso innovador, llevado a 
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cabo por empresas productivas de bienes y servicios. A diferencia de los fondos enumerados 
anteriormente, el FONTEC está abierto a empresas de cualquier tamaño. La solución de 
problemas ambientales de las empresas puede ser cubierta por algunas de las líneas de 
financiamiento del FONTEC en la medida que tal solución esté vinculada a la innovación 
tecnológica. El presupuesto del FONTEC para 1997 alcanzaba aproximadamente 6.000 
millones de pesos (15 millones de dólares). 

El Fondo de Desarrollo e Innovación (FDI) de la CORFO sucedió al Fondo para Programas y 
Proyectos de Investigación de Servicio e Interés Público (FONSIP), creado en 1995. 
Originalmente este Fondo estuvo disponible sólo para los institutos CORFO. A partir de 1996 
se posibilitó también la postulación a los recursos, como ejecutores de los proyectos, de otros 
organismos de investigación, tanto públicos como privados. Con esta medida se duplicó 
inmediatamente la participación del sector privado en el cofinanciamiento de los proyectos. 

CORFO ha incrementado sustancialmente los recursos del FDI que alcanzaron 5,289 millones 
de pesos en 1997 (CORFO, Fondo de Desarrollo e Inversión, 1996). 

El FDI centra su acción en el apoyo a iniciativas que contribuyen a generar, aplicar y difundir 
innovaciones tecnológicos con impacto significativo en el desarrollo económico y social, 
emprendidos por instituciones tecnológicas en conjunto con los actores privados o públicos 
beneficiados. 

Actualmente los objetivos del FDI incluyen el impulsar la formación de consorcios tecnológico
empresariales, que permitan elevar la participación de las empresas en la ejecución de los 
proyectos, trabajando en conjunto con entidades tecnológicas. Los primeros consorcios de esta 
naturaleza comenzaron a funcionar en 1997 en programas de mejoramiento tecnológico y 
productivo en la industria de la madera y, en particular, en un proyecto de desarrollo para la 
industria de la construcción en madera, que ejecuta la Fundación Chile con empresas del sector. 
Una característica del FDI es que los fondos se asignan a los proyectos postulantes mediante 
licitación o concurso. 

Un aspecto importante de estos programas es la confidencialidad de los resultados obtenidos 
por los proyectos. En términos generales, los informes son confidenciales por un tiempo de I a 
2 años. 

La CORFO actúa también como un banco de segundo piso para la canalización de crédito de 
fomento a la pequeña y mediana empresa. Los plazos de los créditos son hasta I O años. Estos 
créditos se destinan sólo al sector productivo y no incluyen el sector de los servicios. En lo que 
respecta al sector de la construcción, cabe observar que estos programas no financian la 
construcción de viviendas o edificios comerciales debido a la existencia de financiamiento via 
letras hipotecarias. En cambio, sí son financiables construcciones industriales, como ser 
galpones, fábricas o depósitos, en cuyo caso el tomador del crédito es el industrial o agricultor 
que invierte. 
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El rango de los créditos otorgados fluctúa entre 800.000 y 5 millones de dólares como máximo. 

El presupuesto de CORFO para las líneas B.11 y B.12 asciende a aproximadamente 38 millones 
de dólares en total para el año 1998. 

' 

Entre los bancos que actúrui- como agentes de CORFO figuran Banco Santander, BHIF, 
Desarrollo, BICE, Security, Chile, CORPBANCA y Edwards. 

La CORFO administra también varias líneas de leasing µara la adquisición de bienes de capital. 
La ventaja de este sistema respecto al crédito tradicional es que financia un 100% de la 
inversión, cubriendo el seguro y los gastos de la operación. 

La modalidad de Cupones de Bonificación de Seguros de Crédito (CUBOS), que son aplicables 
a las operaciones de crédito y leasing. consisten en un subsidio otorgado por CORFO a las 
instituciones que lo licitan para cancelar un seguro de crédito con una compañía de seguros, de 
modo de cubrir por lo menos un 70% del riesgo de no pago de sus deudores. A los CUBOS 
pueden acceder personas naturales y jurídicas que no tengan ventas anuales sin IV A superiores a 
UF 25,000. Los plazos de pago van entre los 18 y 48 meses y el monto no puede superar UF 
3,000. 

3.1.3 Experiencias y proyectos de transferencia tecnológica 

a) Las actividades de CORDETEC/ASIMET 

La Corporación de Desarrollo Tecnológico (CORDETEC) de ASIMET es una institución de 
derecho privado, sin fines de lucro, constituida en el año 1992. Es un ente jurídicamente 
autónomo y cuenta con un directorio propio. Actualmente cuenta con 18 socios. Según los 
estatutos, el objetivo de CORDETEC es fomentar y contribuir al mejoramiento de la 
productividad, calidad y diversidad de la producción de bienes mediante el uso de las 
tecnologías apropiadas. 

Hasta la fecha se han realizado 2 misiones de transferencia tecnológica apoyadas por FONTEC 
y la Unión Europea. Una de las misiones tuvo por tema la transferencia de tecnologías 
ambientales de industrias italianas a industrias chilenas y la otra se dirigió a Alemania en relación 
a diversos aspectos tecnológicos de la industria de bienes de capital. Cada proyecto se realizó 
dentro de un plazo de 12 meses y contó con un presupuesto de US$ 200,000. En ambos casos 
el financiamiento fue aportado en un 50% por la Unión Europea a través del programa 
European Community Investment Partners (ECIP), en un 15% por el FONTEC y en un 35% 
por las empresas participantes. El Banco de Desarrollo fue el agente local para la intermediación 
de los recursos aportados por la Unión Europea. Cada empresa participante se comprometió a 
presentar al término de la misión un proyecto para incorporar la tecnología identificada a sus 
operaciones industriales y a someterlo a la aprobación del FONTEC con el fin de obtener 
cofinanciamiento para esta etapa. 
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En el caso de la misión tecnológica a Alemania, de las ocho empresas participantes, hacia fines 
de abril de 1998, cinco habían obtenido la aprobación de sus proyectos. El proyecto de misión 
tecnológica a Italia se encuentra en su última fase de ejecución y evaluación. En estos proyectos 
participó el Departamento de Ingeniería Industrial de la USACH como consultor en tareas tales 
como la preparación de perfiles de requerimientos tecnológicos y preselección de las empresas 
chilenas interesadas. 

CORDETEC participa también conjuntamente con el Departamento de Mecánica de la 
Universidad Federico Santa María en un proyecto FONDEF. Este proyecto está dirigido al 
fortalecimiento de la capacidad tecnológica de esta entidad de educación superior y grupos de 
empresas en los temas de aplicación de CAD/CAM, gestión de calidad así como planificación 
del control de la producción con microcomponentes. En este proyecto participan 1 O empresas. 
El presupuesto es de 2 millones de dólares, siendo un 50% un subsidio del FONDEF y 50% 
aportado por las empresas participantes. El presupuesto se ha destinado en buena parte a la 
adquisición de equipos. 

Al amparo de CORDETEC funcionan actualmente diez PROFOS, entre los cuales se pueden 
mencionar los siguientes: Desarrollo de proveedores (3), Creación de un Centro de 
Transferencia Tecnológica y Relocalización industrial. Para el año 1998 se han programado 
cinco PROFOS nuevos, entre los cuales tres en materia de desarrollo de proveedores y uno en 
descontaminación ambiental. Como se puede observar, el tema de desarrollo de proveedores 
concentra la atención de varios grupos de empresas. En la secretaría de CORDETEC trabajan 
actualmente 18 personas, incluídos los gerentes de los diez PROFOS. El presupuesto anual de 
CORDETEC, incluido también los PROFOS, es aproximadamente 1 millón de dólares. 

CORDETEC participó también en un proyecto de diseño de cursos de gestión ambiental que fue 
adjudicado por un concurso de CONAMA con financiamiento del BID. En este proyecto 
participaron ASIMET, Universidad Católica del Norte, Universidad Católica de Valparaíso y 
CIPMA (Centro de Investigación y Planificación del Medio Ambiente). Sobre la base de la 
experiencia adquirida en este proyecto se diseñó también un curso de post-grado para la 
USACH. 

b) Las actividades de la Sociedad de Fomento Fabril en la formación de encargados 

ambientales en empresas 

Desde principio de la presente década, la Sociedad de Fomento Fabril (SOFOFA) ha dado su 
continuado apoyo a una serie de programas de formación de encargados ambientales en las 
empresas. stos programas se han desarrollado en el marco de convenios firmados con la Carl 
Duisberg Gesellschaft (CDG), una sociedad sin fines de lucro, relacionada con la Asociación de 
Industrias Alemanas. La CDG está dedicada al desarrollo, intercambio y perfeccionamiento 
profesional en el ámbito internacional. 

En su actual etapa y desde 1996 se realiza el programa de capacitación "Gestión ambiental en la 
industria latinoamericana". El programa que cuenta con un presupuesto de 2 millones de marcos 
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(1 , 1 millones de US$) es financiado en gran parte por el Ministerio Alemán de Cooperación 
Económica y Desarrollo y es también apoyado por el Estado de Hesse. 

El objetivo del programa es fomentar la eco-eficiencia de empresas latinoamericanas a través de 
la implementación de sistemas de gestión ambiental y tecnologías limpias así como apoyar los 
esfuerzos de modernización productiva y fortalecimiento de la competitividad. 

Para este efecto se capacitan ejecutivos industriales latinoamericanos procedentes de sectores 
con gran impacto ambiental en una serie de cinco cursos de 14 semanas de duración, de los 
cuales 11 se realizan en Chile y tres, en forma de giras a instalaciones industriales, en Alemania. 
Se enseñan tanto las bases y métodos de gestión ambiental a nivel empresarial como los 
principios de la preparación y realización de auditorias ambientales. De los cinco cursos 
programados, cuatro se han realizado y el último está en fase de preparación. 

La SOFOF A aporta el apoyo logístico al programa en forma de salas de clases y otro tipo de 
infraestructura. Además abre puertas en la industria nacional para la realización de visitas y 
prácticas. Los docentes provienen de Alemania y de Chile. Para garantizar la máxima 
efectividad, los cursos son pequeños, típicamente de 20 ejecutivos, que provienen de distintos 
países latinoamericanos, incluso algunos de mayor nivel de industrialización que Chile. 

Hasta ahora, el programa, cuyos cursos son gratuitos, ha financiado incluso buena parte de los 
gastos de viaje y de estadía de los alumnos. Sin embargo, se piensa que de aquí en adelante se 
pediría un mayor aporte de los beneficiados. Además se ha considerado la conveniencia de abrir 
el programa a la participación de otros sectores productivos aparte del sector de la industria 
manufacturera, al cual hasta ahora ha sido restringido. 

c) El plan de desarrollo para la industria de la construcción en madera de la Fundación 

Chile 

La Fundación Chile se adjudicó en la cuarta licitación del Fondo de Desarrollo e Innovación de 
la CORFO el proyecto "Plan de Desarrollo para la Industria de la Construcción en Madera" 
(véase anexo 3.5). 

Los objetivos del proyecto, que tiene una duración de 30 meses e inició su funcionamiento en 
enero de 1998, son aumentar el desarrollo y fortalecer al sector de la industria de la 
construcción en madera mediante la adopción de transferencias tecnológicas que, adecuadas a la 
realidad nacional, permitan producir mejoras en los procesos constructivos y de gestión. 

El proyecto dio origen a la formación de un consorcio tecnológico-empresarial, en el cual 
participan, además de la Fundación Chile a través de su Departamento Forestal, la Asociación 
de Industriales de la Madera (ACIM) y otras empresas constructoras y organizaciones. El 
presupuesto del proyecto por valor de cerca de 500 millones de pesos es financiado en el 42, 1 % 
por el FDI, el 55,3% por las empresas participantes, en su mayor parte en forma de recursos no 
financieros, y el 2,6% restante por la Fundación Chile en calidad de proponente y ejecutor. 
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Uno de los temas importantes del proyecto es la creación de un sistema de certificación de las 
construcciones en madera y una tipificación o normalización de los principales componentes 
constructivos. Otro resultado será la creación de grupos permanentes interinstitucionales e 
interempresariales de transferencia tecnológica. 

d) Actividades y proyectos del Instituto de la Construcción 

El Instituto de la Construcción es una Corporación de Derecho Privado, sin fines de lucro, 
constituida en el año 1996. Sus socios fundadores incluyen el Ministerio de Obras Públicas, el 
Ministerio de Vivienda y Urbanismo, la Cámara Chilena de la Construcción, la Universidad de 
Chile, la Pontificia Universidad Católica de Chile y diversas asociaciones gremiales 
profesionales. Su misión es promover y coordinar iniciativas de investigación, transferencia y 
difusión de tecnologías en el área de la edificación, construcción de obras de infraestructura y 
planificación, con el propósito de mejorar la calidad y productividad del sector. 

Entre las actividades que el Instituto se propuso desarrollar figuran los siguientes: 

• La integración de las capacidades y conocimientos existentes en el sector para impulsar 
eficazmente la modernización de la construcción; 

• la búsqueda de mecanismos de intercambio y la obtención de recursos, tanto de fuentes 
- nacionales como extranjeras, para crear y mantener grupos de investigación y desarrollo; 

• la colaboración en el estudio y actualización de normas, recomendaciones e iniciativas e 
beneficio de la construcción. 

La entidad inició sus actividades a mediados del año 1997. Desde entonces ha colaborado con el 
MNVU en un proyecto de ordenanza para el acondicionamiento térmico de viviendas. En la 
primera etapa se ha abordado el aislamiento de techos, habiéndose programado para una 
segunda etapa otros elementos constructivos, tales como ventanas, muros y pisos. Estas 
actividades forman parte de un programa que apunta a la introducción de un sistema nacional de 
certificación energética de edificios en el año 2004. En el marco de este programa, el MINVU 
subcontrató al Departamento de Percepción Remota y Sistemas de Información Geográfica de 
la Pontificia Universidad Católica de Chile un estudio de zonificación climática del país por un 
valor de 14 millones de pesos, proyecto al cual el Instituto de la Construcción prestó también su 
concurso. 

Además, el Instituto de la Construcción tuvo una importante participación en la formulación de 
una propuesta para el programa América Latina Uso Racional de Energía (ALURE) de la Unión 
Europea tendiente al diseño de una normativa chilena de certificación energética de viviendas. 
La contraparte oficial del proyecto es el MINVU y la propuesta fue ganadora de la postulación. 
La donación de la Unión Europea representa 2 millones de ECU's (algo más de 2 millones de 
dólares) y el proyecto tendrá una duración de 2 años. 
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Por último se puede mencionar que hubo consultas con la CORFO respecto de una posible 
acreditación del Instituto como agente intermediario de esta entidad. 

e) Actividades y proyectos de la división de tecnologías ambientales de INTEC
CHil,E 

INTEC-CHIT.,E es una corporación de derecho privado, sin fines de lucro, del ámbito de la 
CORFO. Su misión es transferir tecnología al sector productivo, gestionando proyectos 
tecnológícos de alto impacto nacional y contribuyendo a mejorar las capacidades de gestión 
tecnológíca del sector de bienes y servicios. 

La institución realiza la transferencia tecnológíca a través de los siguientes mecanismos: 

• Antena tecnológíca, tanto en la identificación de los requerimientos de la demanda, como en 
la evaluación, adaptación y difusión de tecnologías emergentes; 

• Gestión de proyectos de innovación tecnológica; 
• Formación de consultores y capacitación de empresarios y consultores orientados a dar 

servicio a la Pequeña y Mediana Empresa (PYME); 
• Creación de alianzas estratégícas entre empresas nacionales y extranjeras; 
• Apoyo a organismos gubernamentales en la definición de políticas y en la generación de 

normas en las líneas tecnológícas en que actúa la institución. 

INTEC-CHIT.,E ha seleccionado las siguientes áreas temáticas de especialización: Tecnologías 
Ambientales, Tecnologías Analíticas y Tecnologías Productivas. 

La División de Tecnologías Ambientales tiene como misión transferir tecnología ambiental hacia 
el sector productivo nacional, cumpliendo un rol público que la sitúa como articuladora de la 
oferta con la demanda de tecnología. Su acción se centra en los siguientes temas: 

• Gestión Ambiental 
• Producción Limpia 
• Reciclaje y Reutilización de Residuos 
• Control y Tratamiento de Residuos Líquidos, Sólidos y Emisiones Atmosféricas. 

La División de Tecnologías Ambientales ha preparado una propuesta sobre transferencia de 
tecnología ambiental aplicado a la arquitectura, tema que estaría relacionado con el de 
construcción y vivienda sustentable. Esta división está buscando financiamiento para la 
realización del proyecto. Hubo conversaciones con el Instituto de la Construcción al respecto. 

Uno de los proyectos ambientales en curso de ejecución es el Sistema de Información Ambiental 
para la Inversión (véase anexo 3.6). Este proyecto responde a la necesidad de los sectores 
inversionistas y de consultoría de disponer en forma expedita información actualizada sobre 
diversos temas ambientales. El proyecto se desarrolla en el período 1997-98 y el sistema de 
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información debe entrar en funcionamiento hacia fines de 1998. La Cámara Chilena de la 
Construcción figura entre las instituciones asociadas. El costo total del proyecto son 219 
millones de pesos, financiados en el 79% por un aporte del Fondo de Inversión y Desarrollo de 
la CORFO y el 21% por aportes de usuarios (CORFO: Fondo de Desarrollo e Inversión, 1996). 

Otros productos y resultados de proyectos relacionados con producción limpia están resumidas 
en un anexo (Anexo 3.7). 

3.1.4 Mecanismos de financiamiento de la banca comercial 

La Banca comercial del país no dispone de líneas crediticias especiales para inversiones en 
instalaciones de descontaminación ambiental o tecnologías limpias. 

En el ámbito de la vivienda los instrumentos financieros tradicionales son las letras hipotecarias 
y los mutuos endosables. Como nuevo instrumento ha comenzado a funcionar el leasing con 
arriendo, que provee financiamiento hasta 30 años. 

Nuevas fuentes de financiamiento constituyen los Fondos de Inversión. Sin embargo, ninguno 
tiene una orientación ambiental. 

Se estima que una oferta de viviendas o edificios sustentables, hoy inexistente en el país, tendría 
una buena acogida entre los estratos de ingreso altos y medio altos de la población capaz de 
apreciar el aspecto de calidad inherente en este tipo de bienes y dispuestos a pagar el precio por 
ello. 

La mayoría de los bancos comerciales tienen actualmente departamentos ambientales para 
evaluar el cumplimiento de las normativas por parte de los proyectos sometidos a evaluación 
crediticia y también para ponderar el riesgo ambiental de estos proyectos. 

En materia de crédito de fomento, existen 14 bancos comerciales entre los 29 establecidos en el 
país, que intervienen como agentes de intermediación. Entre ellos los más importantes son el 
Banco de Desarrollo y el Banco del Estado. 

En Chile la Banca es en general bastante abierta a financiar proyectos innovativos. Los bancos 
más sensibles a este tipo de proyectos serían los siguientes: City, Boston, BICE, Santander, 
Santiago, BCI y Edwards. 

El Banco de Desarrollo 

Mención especial requiere el Banco de Desarrollo quién actúa como agente intermediario del 
programa "European Community Investment Partners" (ECIP) de la Unión Europea (véase 
sección correspondiente más adelante) y de créditos CORFO. 
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A través de su filial BANDESARROLLO ASESORÍA FINANCIERA S.A., la entidad ofrece 
también apoyo a los beneficiarios para la formulación y preparación de las propuestas y la 
preparación de misiones empresarias al exterior. En el caso del ECIP el Banco de Desarrollo es 
agente intermediario exclusivo. en Chile desde 1995. En el marco de la facilidad 1 del ECIP, que 
parece ser la que más se ha usado, ya se han realizado 2 misiones de empresarios de la 
construcción a Europa. Es importante considerar la demora del proceso. Entre el inicio de la 
preparación de la solicitud a la Unión Europea y la transferencia de los fondos a Chile pueden 
transcurrir 9 meses. Como agente ejecutor de una proyecto de misión empresarial se califican en 
general las cámaras o asociaciones de industriales. 

Las líneas de créditos de fomento CORFO, en que el Banco de Desarrollo actúa como agente 
financiero se conocen bajo la denominación Líneas B.11 y B.12 (véase anexos 3.8 y 3.9). 

La línea B.11. es multisectorial para empresas productoras de bienes y servicios. No se íncluye 
expresamente al sector de la construcción en cambio sí servicios de ingeniería y otros servicios. 

La línea B.12. se aplica a la pequeña industria manufacturera y, por lo tanto, excluye a la 
actividad de la construcción, pero no excluye a los fabricantes de materiales de construcción ni a 
las industrias de casas prefabricadas. 

3.1.5 Incentivos económicos: una experiencia de la Municipalidad de La Florida 

La Ilustre Municipalidad de La Florida ha puesto en práctica un mecanismo que permite 
incentivar el uso de materiales de aislamiento térmico en obras de viviendas, establecimientos de 
salud y establecimientos educacionales, y sus respectivas ampliaciones, de las Clases C3, C4, 
C5, E3, E4, y E5. El mecanismo funciona a través de un descuento aplicable a los derechos de 
edificación cuando las pérdidas térmicas por transmisión de la envolvente del edificio, 
denominados para efectos de la Ordenanza Local sobre Derechos Municipales de la I. 
Municipalidad de La Florida como factor "G" sea menor que el valor que se indica en una tabla 
(véase anexo 3.10). 

Para efectos de aplicación de esta facilidad, la Dirección de Obras de la municipalidad entrega a 
los proyectistas una pauta para el cálculo del factor "G". Este cálculo puede ser realizado por 
arquitectos, ingenieros, constructores civiles o por el Instituto de Investigaciones y Ensayos de 
Materiales de la Universidad de Chile (IDIEM). 

El incentivo entró en vigencia en el año 1998. Ha sido utilizado ocasionalmente por empresas 
constructoras y algunas veces también por particulares. La racionalidad para la aplicación de un 
incentivo económico por parte de la municipalidad se basa en la consideración que con edificios 
mejor acondicionados disminuye el costo que ella tiene que sufragar en los consultorios 
asistenciales de salud. 

Este mecanismo sería el único aplicado en Chile u otros países latinoamericanos para incentivar 
el uso de aislamientos térmicos en la construcción de edificios. 
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En el diseño e introducción de este incentivo tuvo una decisiva participación el señor José Pedro 
Campos, primero como funcionario de la Municipalidad de La Florida, luego dentro del 
MINVU y actualmente Director Ejecutivo del Instituto de la Construcción. 

Uno de los obstáculos para una mayor disfusión de este incentivo radica en una falta 
generalizada de conciencia entre los actores que viviendas mejor aisladas generan beneficios 
económicos y un mejor bienestar a los usuarios, valores que más que compensan un costo inicial 
mayor de la obra. 

Se ha señalado también que el costo de fiscalización municipal que requiere el sistema no alienta 
a otras municipalidades a seguir el ejemplo expuesto. 

Actualmente los esfuerzos por promover la construcción de edificios con mejores características 
térmicas en el país se orientan hacia el desarrollo de una normativa o reglamentación nacional 
(véase también el párrafo dedicado a los proyectos del Instituto de la Construcción). 

3 .2 TRANSFERENCIA TECNOLÓGICA INTERNACIONAL 

3.2.1 Tendencias en la cooperación internacional 

La Agencia de Cooperación Internacional (AGCI) fue creada en 1990 como el organismo del 
gobierno de Chile encargado de la coordinación de las actividades oficiales de cooperación 
técnica y económica internacional. Las áreas prioritarias para el desarrollo en que Chile 
demanda actualmente apoyo internacional son la superación de la pobreza, la modernización del 
Estado, el fortalecimiento científico y tecnológico, el desarrollo de los recursos naturales y el 
medio ambiente. Esta orientación refleja en parte también el hecho que el país ha alcanzado 
últimamente un ingreso superior a los 5.000 dólares por habitante y, por lo tanto, un número 
creciente de países desarrollados y organizaciones internacionales entre los que tradicionalmente 
prestaban asistencia técnica y económica, focalizan ahora sus acciones de cooperación con 
Chile. Esta tendencia se manifiesta también en la adopción de nuevos instrumentos de 
cooperación, tales como la cooperación empresarial y la cooperación industrializada. 

Alemania continúa siendo la segunda fuente de cooperación internacional para Chile - después 
de Japón - y es el primer país donante dentro de los países de la Unión Europea. Con referencia 
al período 1960-1996 otros países donantes importantes fueron Estados Unidos - en la 
actualidad prácticamente desaparecido como fuente donante -, Italia, España, Francia, Suiza, 
Suecia y Holanda. Entre las fuentes multilaterales destaca la Unión Europea y en menor grado 
las Naciones Unidas (véase anexo 3.ll)(AGCI, Memoria 1996). 

El sector público es el destino principal de los financiamientos de cooperación internacional. En 
1996 se oficializaron para el país proyectos con donaciones y créditos por valor de 107 millones 
de dólares. De esta suma, el 81% correspondió al sector público y el 19% al sector privado. 
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El sector privado obtuvo donaciones por valor de 22, 7 millones de dólares que se distribuyeron 
de la siguiente manera: Universidades, 46%; Organizaciones No Gubernamentales y Cámaras de 
Industriales, 38%; Fundaciones y Corporaciones, 16% (véase anexo 3.12). 

Como puede observarse, el sector privado recibió una proporción comparativamente más 
pequeña de la cooperación internacional, aunque habría que considerar que parte de lo que se 
entrega al sector público beneficia también en alguna forma al sector privado. 

La distribución por área temática de los proyectos oficializados en 1996 muestra que el área del 
medio ambiente obtuvo recursos por aproximadamente 1 O millones de dólares para 23 
proyectos, lo que representa el 9% del total de los recursos de cooperación. 

A continuación se resumen algunos de los proyectos importantes en ejecución en el área del 
medio ambiente que podrían tener cierta relevancia para un programa de construcción y 
vivienda sustentables. 

a) Creación del Centro Nacional del Medio Ambiente 

En 1996 se iniciaron las obras del Centro Nacional del Medio Ambiente (CENMA), proyecto 
que cuenta con el apoyo de la cooperación japonesa (IlCA). Las contrapartes nacionales son la 
CONAMA y Universidad de Chile. El proyecto está concebido fundamentalmente como un 
laboratorio de punta y centro de capacitación en apoyo a la política de descontaminación y su 
fiscalización en el país. El proyecto tiene una duración hasta el año 2000. El monto de la 
donación japonesa asciende a 13 millones de dólares y el aporte chileno suma $ 750 millones 
anuales (1997 al 2000). 

Los objetivos principales del proyecto son dotar al país de equipamiento moderno de análisis y 
monitoreo de la calidad de aire y de aguas; traer expertos que enseñen, en terreno, a 
profesionales el uso y manejo de estas tecnologías; enviar a profesionales chilenos a capacitarse 
y a conocer la experiencia japonesa en este ámbito; así como desarrollar con expertos japoneses, 
técnicas y metodologías apropiadas para el cuidado del medio ambiente. Entre otras actividades 
se prevé una labor de profundización del diagnóstico de las causas y efectos de la contaminación 
atmosférica y de los residuos industriales líquidos y sólidos en la Regíón Metropolitana y el 
estudio de soluciones apropiadas. 

A principios de 1998, el 80% de los instrumentos de los laboratorios se encontraban instalados y 
el 20% restante iba a estar instalado en julio del mismo año. El CENMA presta servicios a 
organismos oficiales a través de CONAMA. Se preveía comenzar la prestación de servicios a 
instituciones y empresas privadas en 1998 con autorización de CONAMA. 
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b) Alianzas Empresariales Chileno-Suecas en el Area del Medio Ambiente 

Este proyecto de vinculación empresarial que se aprobó por la parte sueca en 1996 está siendo 
ejecutado por INTEC Chile. El aporte sueco fue equivalente a aproximadamente 300.000 
dólares. Las actividades programadas incluían 2 misiones técnico-comerciales de empresas 
chilenas a Suecia y un encuentro empresarial sobre oportunidades de negocios en tecnologías y 
servicios ambientales en Chile (véase anexo 3.13). 

c) Proyecto de Ecocertificación para el Sector Forestal y la Madera 

Este proyecto que fue aprobado en 1996 por la Unión Europea tiene especial relevancia para las 
exportaciones chilenas del sector forestal y la madera. El monto aprobado asciende a 825.000 
ECU (aprox.1 millón de dólares). 

3.2.2 

a) 

Fondos y programas de instituciones multinacionales y organizaciones 
internacionales 

Cooperación de la Unión Europea 

La Unión Europea (UE) se perfila como la fuente más importante de cooperación con Chile. En 
1996, la donación de los 23 proyectos oficializados con la UE representaba un valor de 34,8 
millones de dólares, equivalente al 41 % del total de las donaciones que recibía Chile y el 3 3 % 
del conjunto del financiamiento, incluido los créditos, provenientes de fuentes bilaterales y 
multilaterales. En la línea "Cooperación Económica Gubernamental" que en parte va orientada 
al fortalecimiento de la gestión del Estado en temas tales como la descentralización 
administrativa existen actualmente 10 a 12 proyectos en ejecución. Ejemplo de este tipo de 
proyectos es el "Programa integrado de gobernabilidad y descentralización, IV Región de 
Coquimbo" con un presupuesto de 21,5 millones de ECUS (aprox. 29 millones de dólares) y un 
aporte de la UE de 1 O, 7 millones de ECUS (12,5 millones de dólares). 

De mayor interés para proyectos de transferencia tecnológica y medio ambiente es 
probablemente el programa de "Ciencia y Tecnología" de la UE. En esta línea, el Instituto de la 
Construcción y el MINVU han presentado un proyecto orientado al mejoramiento de la 
vivienda. Se prevé una donación de 2 millones de ECUS por parte de la UE y un período de 
ejecución de 2 años. 

b) European Community Investment Partners 

El Eurpean Community Investment Partners (ECIP) es un instrumento financiero de la 
Comunidad Europea destinado a promover la creación de empresas conjuntas, proyectos de 
privatización y proyectos relativos a infraestructuras privadas en países en desarrollo. El 
programa es administrado por la Dirección General I B de la Comisión Europea. En Chile el 
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agente financiero intermediario del ECIP es el Banco de Desarrollo (véase secc1on 
correspondiente más arriba). Las condiciones y términos del programa ECIP figuran en anexo 
(anexo 3.14). 

El programa ECIP se compone de 5 líneas o "facilidades", de los cuales en el caso de Chile sólo 
3 son operativos hasta el momento. 

La facilidad I está concebida para acciones de identificación de proyectos y socios potenciales 
para empresas conjuntas. Es aplicable a la organización de ruedas de negocios y la preparación 
y acompañamiento de misiones tecnológicas de industriales chilenos a países europeos. En estas 
misiones deben participar al menos 11 empresarios y la participación está abierta a empresas de 
menos de 500 personas ocupadas y con un patrimonio inferior a 75 millones de ECUS. En los 
últimos años se habrían realizado 8 u 9 misiones de esta naturaleza, entre ellas 2 misiones 
preparadas por CORDETEC, mencionadas anteriormente. Una rueda de negocios fue 
organizada en 1997 por el Ministerio de Obras Públicas y la Cámara Chilena de la Construcción 
en el marco de la EDIFICA-CONSTRUPLAN. 

La facilidad 2 se aplica fundamentalmente al financiamiento de estudios de factibilidad, estudios 
de mercado, plantas piloto y prototipos de una empresa local u europea que tiene la intención de 
formar una empresa conjunta. El financiamiento consiste en un préstamo que debe ser 
reembolsado 2 años después de la conclusión del proyecto ECIP. 

La facilidad 4 consiste en un préstamo para las grandes empresas o subvenciones para pequeñas 
o medianas empresas para capacitación, asistencia técnica o asistencia a la gestión en el marco 
de un proyecto de empresa conjunta. 

La facilidad 3 que consiste en financiamiento de necesidades de capital de una empresa conjunta 
no funciona hasta ahora en Chile. Esta modalidad exige una cofinanciamiento de la institución 
financiera local, lo que no es permitido conforma al marco legal actualmente vigente en Chile. 

La facilidad 1 B, relativa a la preparación de una privatización o de proyectos en materia de 
infraestructuras privadas, servicios medioambientales o de utilidad pública gestionados bajo la 
modalidad BOT (Build, Operate, Transfer) y BOO (Build, Operate, Own) tampoco funcionan 
en el país. 

c) Programa BRE- Bureau de Rapprochement des Entreprises (Centro de Cooperación 

Empresarial 

El BRE, creado en 1973, es el primer instrumento utilizado por la Comisión de las 
Comunidades Europeas para ayudar a las PYMES que buscan socios en otros países. Este 
programa funciona en forma descentralizada, por medio de una red de corresponsales 
establecidos en los países de la Unión Europea y en numerosos terceros países. 
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El funcionamiento se basa en el intercambio de documentos entre la empresa interesada, el 
corresponsal - que actúa localmente como representante de la red - y la oficina central BRE. 

El corresponsal tiene las siguientes tareas: ayudar a las empresas de su país o área geográfica 
que buscan un socio; difundir en su país las solicitudes de cooperación de empresas de otros 
países y facilitar los contactos; y, una vez efectuado el primer contacto, asesorar a los 
empresarios durante la fase de negociación de los acuerdos de cooperación. 

La cooperación buscada puede ser de naturaleza técnica, comercial o financiera. Los servicios 
del BRE tienen un costo para la empresa solicitante de 5 Unidades de Fomento. En Chile el 
corresponsal del BRE es EUROCHILE (véase anexo 3.15). 

d) El programa AL-INVEST 

El programa AL-INVEST, de la Unión Europea, es un programa de encuentros sectoriales entre 
empresarios para promover negocios entre Europa y América Latina. Su soporte consiste en 
una red de operadores que organizan los encuentros en ambos lados del Atlántico. La 
participación está abierta a empresas de cualquier sector, incluida industrias relacionadas con 
tecnologías de medio ambiente y la subcontratación. El operador para Chile es EUROCHILE. 
Generalmente los encuentros tienen una duración de 2 días y se realizan en ocasión de una feria 
especializada. La UE pone a disposición de los encuentros, las salas de reunión y toda la 
infraestructura técnica y el personal especializado necesarios. Los acuerdos abarcan desde 
convenios de distribución, transferencia de tecnología, formación de un joint venture hasta el 
intercambio de información estratégica. Todos los costos de organización, en particular los de 
preparación de la agenda, son asumidos por la Comisión Europea. Las empresas participantes 
sólo pagan sus gastos de viaje y de estadía si se da el caso. 

e) EUROCHILE 

EUROCHILE es una corporación privada y sin fines de lucro, formada por el Estado de Chile y 
la Unión Europea. Su misión consiste en facilitar el desarrollo de iniciativas empresariales y de 
negocios entre Chile y la Unión Europea. El capital de 12 millones de ECUS (14 millones de 
dólares) fue aportado por partes iguales por ambos socios. Las actividades de la corporación 
incluyen organización de ruedas de negocios chileno-europeas, difusión de oportunidades de 
negocios entre Europa y Chile, formación y capacitación técnica así como el estudio y 
desarrollo de nuevos proyectos con participación de la propia organización. 

En 1997 se llevaron a cabo en Santiago 5 ruedas de negocios, una de ellas en tecnologías de 
medio ambiente. En el mismo año se prepararon misiones de empresarios chilenos a 7 
encuentros sectoriales en distintos países europeos. En el mismo año, con el apoyo de la 
Agencia Sueca de Cooperación Internacional para el Desarrollo (ASDI), una delegación 
empresarial chilena visitó la feria de tecnologías ambientales de Góteborg, Suecia. Esta misión 
se realizó en el marco del programa INTEC-CORFO "Alianzas Empresariales Chileno-Suecas 
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en el Area del Medio Ambiente", mencionado anteriormente. Un total de 62 empresas chilenas 
asistieron a los encuentros en el exterior en ese año (véase anexo 3.16). 

! 

La difusión de oportunidades ;de negocios - tanto desde la Unión Europea a Chile como en el 
sentido inverso - se realiza a !través de las redes BRE y BC-Net de la Unión Europea. Estas 
redes difieren en cuanto al grado e confidencialidad y profundidad, con que transmiten la 
información. A través del programa BRE, mencionado anteriormente, en 1997 se difundieron 11 · 
perfiles de empresas chilenas'. a los que respondieron 25 empresas europeas. A su vez se 
recibieron 176 ofertas europeas que fueron publicadas en distintos medios chilenos y 
despertaron el interés de 250 empresas chilenas. En cuanto al sistema Bc-Net, EUROCHILLE 
canalizó 104 perfiles de cooperación a pedido de siete empresas chilenas, lo que originó 11 
respuestas de empresas europeas. Estas actividades de intercambio e información generaron 
hasta fines de 1997 ocho acuerdos de cooperación empresarial en distintas áreas, entre los 
cuales se destacan representaciones en Chile de empresas europeas y de empresas chilenas en 
Europa. 

En cuanto a los nuevos proyectos institucionales en que está participando EUROCHILE cabe 
mencionar en particular la creación de un fondo de capital de riesgo, denominado CHILETEC. 
El aporte de EUROCHILE a este fondo consistirá, aparte de capital, en poner a disposición sus 
contactos con el medio empresarial europeo, lo que implica la movilización de un importante 
potencial en lo que se refiere a transferencia de tecnología, acuerdos de licencia e innovación 
tecnológíca (véase sección sobre CHILETEC en el capítulo siguiente). 

f) El Fondo para el Medio Ambiente Mundial: Proyectos de Tamaño Mediano 

El Fondo para el Medio Ambiente Mundial (FMAM) es un fondo en que participan 160 países 
para ayudar a los países en desarrollo y a los países con economías en transición a proteger y a 
usar racionalmente el medio ambiente. El FMAM ayuda a financiar actividades y programas 
que se focalizan en una o más de las actividades siguientes: cambio climático, diversidad 
biológíca, aguas internacionales y agotamiento de la capa de ozono. Dentro del tema del cambio 
climático uno de los programas operacionales es la eliminación de los obstáculos al uso eficiente 
y la conservación de la energía. Este programa podria ser relevante para alguna actividad o 
proyecto de construcción y vivienda sustentables. 

Los organismos de ejecución del FMAM son el Programa de las Naciones Unidas para el 
Desarrollo (PNUD), el Programa de las Naciones Unidas para el Medio Ambiente (PNUMA) y 
el Banco Mundial. Los tres organismos trabajan con los proponentes de proyectos para preparar 
los proyectos y actividades que reciben financiamiento del FMAM. 

Los proyectos de tamaño mediano son aquellos para los cuales el financiamiento del FMAM no 
excede 1 millón de dólares (véase anexo 3.17). Los proyectos de tamaño mediano se benefician 
de una tramitación más simple y ágil después de la entrada en vigencia de nuevos 
procedimientos aprobados en [996. Entre los proponentes elegibles figuran las organizaciones 
del sector privado. 
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Entre los requisitos que debe 'cumplir los proyectos de tamaño mediano hay al menos dos que 
habría que mencionar. Uno, el financiamiento del FMAM cubre solamente el costo incremental 
de las medidas encaminadas a generar beneficios para el medio ambiente mundial. En este 
sentido el FMAM proporciona fondos para ayudar a los países receptores a modificar 
actividades existentes o planificadas de modo que las actividades revisadas o alternativas 
beneficien al medio ambiente o no lo perjudiquen. Como se puede observar, la justificación de 
estos resultados puede ser bastante compleja. Otra condición de los proyectos es que deben 
contar con la aprobación de la entidad gubernamental encargada para este efecto. En el caso de 
Chile esta entidad es la CONAMA. 

g) Fondo Multilateral para el Cumplimiento del Protocolo de Montreal 

El Protocolo de Montreal establece el compromiso de la comunidad mundial de reducir 
gradualmente la producción y el comercio de sustancias, tales como los clorofluorcarbonos 
(CFC), que dañan a la capa de ozono. Para este efecto existe un Fondo, administrado por 
CONAMA, que apunta a la reconversión tecnológica (TECFIN) de industrias involucradas tales 
como las de refrigeración y la fabricación de espumas plásticas. Ambas actividades son 
proveedores del sector de la construcción. El financiamiento de este mecanismo proviene de una 
donación del Fondo Multilateral para el cumplimiento del Protocolo de Montreal, formalizada 
por el gobierno de Chile en 2 etapas. La primera etapa culminó en 1996 mientras la segunda 
abarca el período 1997- 2000. El fondo multilateral es administrado por el Banco Mundial, 
quien actúa como garante del buen uso de los recursos asignados. Para su segunda fase, el 
TECFIN está dotado de 5 millones de dólares. 

h) El programa UNISTAR de Naciones Unidas 

El programa UNISTAR de Naciones Unidas organiza misiones cortas de altos ejecutivos y 
expertos internacionales. Los consultores UNISTAR son frecuentemente ejecutivos retirados 
que ofrecen sus servicios gratuitamente. La empresa local solicitante asume sólo los gastos de 
viaje y de estadía del experto. Las misiones suelen tener una duración de dos a cuatro semanas. 
Las empresas o instituciones interesadas pueden dirigirse a la oficina del Representante 
Residente en Chile del Programa de las Naciones Unidas para el Desarrollo (PNUD) para 
informarse y solicitar estos servicios. 

Este programa que está en funcionamiento desde hace algunos años en Chile ha sido utilizado 
por una industria de artículos plásticos, el CESMEC y Televisión Nacional, entre otros. 

Cabe mencionar que una serie de países industrializados ofrecen programas similares que se 
conocen generalmente como "Senior Executive Service". 
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3.2.3 Programas de cooperación bilateral 

A continuación se analizan brevemente algunos programas de cooperac1on bilateral de 
Alemania, Canadá y Suiza. El criterio que se utilizó para el análisis de estos programas fue su 
posible relevancia para un plan de acción en materia de construcción y vivienda sustentables. 
No se han analizado en esta sección proyectos de otros países por una serie de razones. 
EE.UU. ha reducido fuertemente sus donaciones a Chile. Holanda también está reduciendo la 
cooperación técnica con Chile, aunque todavía continúan algunos proyectos en medio ambiente, 
principalmente en el campo del monitoreo del aire. La cooperación del Japón está focalizada en 
el proyecto del Centro Nacional del Medio Ambiente, mencionado anteriormente. Algunos 
proyectos relacionados con el medio ambiente de otros países, tales como Suecia, han sido 
también mencionados anteriormente. En cuanto a Francia, debido a la momentánea ausencia de 
la persona a cargo del tema en la Embajada no fue posible obtener oportunamente información. 
Cabe mencionar que el Instituto de la Construcción mantiene contactos con instituciones 
francesas. Por último, la revisión de la bibliografia consultada no reveló la existencia de 
programas relevantes de cooperación por parte de España e Italia. Esto no significa que estos 
países u otros no puedan tener programas de interés. Es conocido que España ha participado en 
proyectos de uso eficiente de energía de la Comisión Nacional de Energía e Italia ha apoyado la 
cooperación industrial con Chile. 

a) Alemania 

Entre los programas de cooperación que mantiene Alemania con Chile se podrían mencionar los 
siguientes: i) Proyectos de Cooperación Financiera (KfW); ii) Proyectos de la Cooperación 
Técnica (GTZ); iii) Proyectos de perfeccionamiento profesional de la Car! Duisberg 
Gesellschaft (CDG) y iv) Misiones y seminarios tecnológico-empresariales de la Cámara 
Chileno-Alemana de Industria y Comercio. 

i) Proyectos de Cooperación Financiera KIW 

Entre los proyectos de cooperación financiera, que emanan de la Kreditanstalt für Wiederautbau 
(KfW), se puede mencionar el Programa de Vivienda Progresiva administrado por el MINVU. 
Este proyecto recibió una donación por valor de 14 millones de DM (aprox. 8 millones de 
dólares). 

Este proyecto · concluye en 1998 y no se prevé una continuación. 

ii) Proyectos de Cooperación Técnica GTZ 

Entre los proyectos de cooperación técnica sostenidos por la Sociedad Alemana de 
Cooperación Técnica (GTZ) pueden señalarse los siguientes: a) Control de la Contaminación 
Atmosférica en Santiago, contraparte CONAMA, 1992-1998, donación de 7,5 millones de DM 
(4 millones de dólares); b) Fomento de Tecnologías Ambientales, INTEC, 5 años de duración, 
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aporte de 3 millones de DM (1,7 millones de dólares) y c) Uso Eficiente de Energía, Comisión 
Nacional de Energía, 1997-2000, subvención de 2,4 millones de DM (1,3 millones de dólares). 

Un subprograma del último proyecto, relativo a uso eficiente de la energía en la industria, ha 
sido radicado en la Secretaria Ejecutiva de Producción Limpia del Ministerio de Economia. Este 
subprograma orientado originalmente a la PYME se encuentra en proceso de reformulación. 

iii) Proyectos de perfeccionamiento profesional de la Car! Duisberg Gesellschaft 

La Car! Duisberg Gesellschaft (CDG) es una organización alemana de derecho privado, sin fines 
de lucro, dedicado al desarrollo, intercambio y perfeccionamiento profesional en el ámbito 
internacional. La organización cuenta con más de mil miembros entre empresas, asociaciones 
empresariales y personas naturales. Una de las áreas de trabajo es la cooperación en el 
perfeccionamiento de personal de países en desarrollo. Gran parte de estas actividades son 
financiadas por el gobierno alemán. En Chile se realizan desde 1992 con el apoyo de la 
SOFOF A un programa de 5 cursos de capacitación en materia Gestión ambiental en la industria 
latinoamericano (véase más arriba resumen dedicado a las actividades de la SOFOFA en esta 
materia) (véase también anexo 3.18). 

iv) Seminarios tecnológico-empresariales de la Cámara Chileno-Alemana de Industria y 
Comercio 

La Cámara Chileno-Alemana de Industria y Comercio participa activamente en la organización 
de seminarios tecnológico-empresariales en Chile. El último de esta serie de actividades es el 
Simposio Tecnológico Chileno-Alemán, Santiago, 25 y 26 de noviembre de 1998, que se 
prepara en colaboración con el Colegio de Ingenieros de Chile y con el patrocinio del Ministerio 
de Economia, Fomento y Reconstrucción y la Embajada Alemana. Este evento tiene como 
objetivo la promoción de transferencia de tecnología de empresas alemanas a empresas e 
instituciones chilenas que tengan requerimientos específicos a través de la formación de joint 
ventures, licencias de fabricación u otras formas de asociación entre empresas. Entre las áreas 
potenciales se ha considerado el de las tecnologías ambientales. 

La Cámara Chileno Alemana y el Colegio de Ingenieros han realizado encuestas para identificar 
demandas tecnológicas en empresas e instituciones locales. Los resultados de estas 
investigaciones son transmitidos a la industria alemana para motivar a empresas alemanas a 
participar en el simposio y dar a conocer su tecnología en Chile. 

Si entre las empresas constructoras locales hubiera algunos con requerimientos tecnológicos 
específicos, - por ejemplo en materias de vivienda y construcción sustentables, - y en principio 
resueltas a explorar posibilidades de cooperación con empresas alemanas, - podrían expresar su 
interés a través de la Cámara Chilena de la Construcción a la Cámara Chileno-Alemana de 
Industria y Comercio. Dado el poco tiempo que queda hasta la fecha del evento, las gestiones 
que quisieran hacerse en este sentido, deberían efectuarse con urgencia. 
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b) Canadá 

El Fondo de Transferencia Tecnológica entre Canadá y los Países del Cono Sur 

El Fondo de Transferencia Tecnológica entre Canadá y los Países del Cono Sur apoya 
asociaciones institucionales que involucren transferencia tecnológica entre Canadá por una parte 
y, por otra, Argentina, Brasil, Chile, Paraguay y Uruguay. El fondo, que fue creado en 1996, es 
administrado por la Agencia Canadiense de Desarrollo Internacional (ACDI). Su presupuesto es 
de 15 millones de dólares canadienses y se esperaba que funcionaría por 5 años. 

El Fondo tiene tres objetivos: i) atender aspectos claves del desarrollo en países del Cono Sur 
utilizando el potencial de la experiencia canadiense; ii) expandir vínculos institucionales, 
relaciones y asociaciones entre los países del Cono Sur y Canadá y iii) aumentar la presencia y 
visibilidad a largo plazo de la experiencia canadiense en esos países. 

El fondo apoya proyectos que transfieren experiencia o "know-how" canadiense. Los proyectos 
auspiciados por el Fondo generalmente involucran capacitación, asistencia técnica y otros 
servicios de consultoría en áreas donde instituciones canadienses tienen una fuerte capacidad 
institucional para responder a las demandas de las contrapartes en el Cono Sur. El Fondo no 
apoya la transferencia de equipos o bienes canadienses. 

Para responder a la amplia gama de necesidades, el Fondo no tiene una orientación sectorial. 
Por lo tanto, se aplicaría también al sector de la construcción y en particular en el tema de la 
vivienda sustentable o "green building", del que se ocupan una serie de instituciones canadienses 
de peso. 

Los proyectos son identificados entre instituciones canadienses y locales del Cono Sur quienes 
visualizan una asociación entre si por más tiempo que la duración del proyecto. 

Los socios desarrollan conjuntamente una propuesta para ser presentada a la ACDI, qmen 
selecciona las propuestas de acuerdo a los criterios establecidos para el Fondo. 

Las instituciones asociadas deben demostrar una gran capacidad técnica y gerencial, junto con el 
interés mutuo de embarcarse en la iniciativa propuesta. 

Las instituciones socias en el Cono Sur que son elegibles para presentar propuestas pueden 
provenir del sector público y de organizaciones privadas sin ánimo de lucro. 

Las instituciones socias canadienses pueden ser tanto públicas como privadas. 

Las empresas privadas del Cono Sur no son beneficiarias directas, pero pueden asociarse con 
instituciones sin fines de lucro para participar en un proyecto. 
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El financiamiento varía según la naturaleza del proyecto y su impacto esperado en el desarrollo. 
El promedio es de 500,000 dólares canadienses por proyecto. El financiamiento no debería 
exceder un periodo de 2 años. El Fondo funciona en base a gastos compartidos. Las 
organizaciones canadienses y del cono Sur deben cubrir una parte considerable de los costos de 
la iniciativa propuesta. 

No hay una fecha límite para la presentación de las propuestas. Sin embargo, en el caso de 
Chile, a mediados de mayo de 1998, las posibilidades de acceder al Fondo estaban casi agotadas 
debido al amplio uso que instituciones chilenas ya habían hecho de este mecanismo, en contraste 
con lo sucedido en el caso de los otros países del Cono Sur. Debido a esta situación, las 
autoridades canadienses iban a reconsiderar los criterios de asignación geográfica del Fondo, 
esperándose conocer las resoluciones para una fecha próxima. 

CONAMA y el Instituto Forestal son algunas de las instituciones chilenas que se han 
beneficiado de este mecanismo. Entre las instituciones canadienses involucradas se pueden 
mencionar Environment Canadá e Industry Canadá. 

c) Suiza: Fondo para el Medio Ambiente 

Suiza mantiene para proyectos medioambientales de Chile un fondo por valor de 5 millones de 
francos suizos (3,3 millones de dólares). El fondo que entró en funcionamiento en 1992 no ha 
sido completamente utilizado y no tiene una fecha límite. El financiamiento que es de carácter 
concesional se aplica a expertos, "project design" y actividades similares. Los aportes a los 
proyectos varían en general entre 50.000 y 300.000 francos suizos (30.000 a 200.000 dólares) y 
excepcionalmente han alcanzado la cifra de 600.000 francos suizos (400.000 dólares). Las 
asociaciones gremiales industriales son elegibles como ejecutores de proyectos cuando cuentan 
con el visto bueno de CONAMA. 

Entre los beneficiarios de esta fuente de cooperación pueden mencionarse un conjunto de 
proyectos de CONAMA, dirigidos principalmente a la descontaminación atmosférica en 
distintas ciudades del país, un proyecto sobre calidad de agua relacionada con el cultivo de 
salmones, un proyecto piloto de la Fundación Chile para utilizar gas natural como combustible 
en buses y taxis, así como uno en el campo de la educación ambiental. 
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4. MECANISMOS DE FOMENTO TECNOLÓGICO PARA UNA 
CONSTRUCCIÓN Y VIVIENDA SUSTENTABLES 

4.1 DESARROLLO DE INSTRUMENTOS 

4.1.1 La política de fomento a la producción limpia 

La "Producción Limpia" (PL) es una estrategia de gestión empresarial preventiva aplicada a 
productos, procesos y organización del trabajo, cuyo objetivo es minimizar emisiones y 
descargas de contaminantes en la fuente, reduciendo riesgos para la salud humana y el medio 
ambiente y elevando simultáneamente la competitividad productiva. Deben entenderse como 
sinónimos o compatibles los términos "producción sustentable", "productos verdes" y, en el 
contexto de este informe, "construcción y viviendas sustentables" y "green building". Esta 
estrategia incluye 5 áreas de itcción: i) la minimización y el uso eficiente de insumos, agua y 
energía; ii) la minimización del uso de insumos tóxicos; iii) la minimización del volumen y 
toxicidad del conjunto de las emisiones que genere el proceso productivo; iv) el reciclaje de la 
máxima proporción de residuos al interior de la planta productiva y si no, fuera de ella y v) la 
reducción del impacto ambiental de los productos en su ciclo de vida. 

Recogiendo las recomendaciones de la Agenda 21, acordada en la Conferencia de las Naciones 
Unidas sobre Medio Ambiente y Desarrollo, Río de Janeiro 1992, los lineamientos de la política 
ambiental y los acuerdos del Tercer Foro de Desarrollo Productivo realizado en 1997, el 
Gobierno Chileno ha decidido impulsar una política de fomento a la producción limpia como un 
componente básico de la política de desarrollo productivo (véase anexo 4.1 : Política de 
Fomento a la Producción Limpia). El documento básico fue aprobado por el Comité 
Interministerial de Desarrollo Productivo con fecha septiembre de 1997. La política de 
producción limpia constituye un eslabón que articula la política ambiental con la política de 
desarrollo productivo, expresando de esta manera una importante dimensión del desarrollo 
sustentable. 

La política de producción limpia, con un programa de acción para el período 1997-2000, tiene 
cinco características distintivas: · 

- Primero, integra y articula las iniciativas y programas que ya están en marcha. 

- Segundo, no descarta el fomento de tecnologías de abatimiento eficientes, especialmente 
cuando las alternativas de gestión ambiental preventivas no sean suficientes por si mismas. 

- Tercero, aunque focalizada principalmente hacia PYMEs y microempresas, se orienta 
también al desarrollo de encadenamientos productivos "más limpios", que pueden incluir 
grandes y pequeñas empresas. 
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- Cuarto, dado que el país recién está incursionando en este tipo de política, en su gestión 
pública se establecerá un enfoque flexible, basado en un permanente diálogo público-privado, 
abierto a incorporar nuevas iniciativas y profundizar aspectos tales como líneas de 
financiamiento para la inversión productiva, compatibles en los criterios de la Organización 
Mundial Para el Comercio (OMC). 

- Quinto, se orienta a generar un cambio en la sensibilidad social y cultural respecto de los 
temas de medio ambiente y productividad. 

La política de producción limpia cuenta para su perfeccionamiento, promoción y aplicación dos 
mecanismos institucionales nuevos, a saber: la Secretaría Ejecutiva de Producción Limpia, el 
Comité Público-Privado. Además está previsto la creación del Consejo Técnico Consultivo y 
Grupos Operativos Sectoriales. 

El Comité Público-Privado debe constituirse en una instancia de acción que comprometa al 
sector público y al sector privado en iniciativas de interés común. Tiene por misión el 
perfeccionamiento e implementación de la Política de Fomento a la Producción Limpia con vista 
a que los actores productivos adopten tecnologías de producción limpia (véase anexo 4.2). 

El Comité Público-Privado, que iba a tener su primera reunión a principios de junio de 1998, 
está compuesto por los representantes de los siguientes organismos: 

Sector público: MINECON: Alvaro Díaz; CORFO: Tomás Vial; CONAMA: Rodrigo Egaña; 
CNE: M3 Isabel González; SISS: Juan Eduardo Zaldívar; SESMA: Mauricio Illabaca; SENCE: 
Subdirector. 

Sector Privado: CPC: Juan Carlos Urquidi; SOFOFA: Bruno Phillipi; ASEXMA: Mario Marce!; 
CONUPIA: Germán Dastres; Corporación Exportadores: Cristóbal Valdés; Cámara de 
Comercio de Santiago: Claudio Ortiz; CUT: sin. 

Una de las características del Comité que se tomó en cuenta para establecerlo es que tuviera 
representatividad política y capacidad ejecutora, lo que implicaba convocar un número de 
representantes representativo de distintos sectores, pero no masivo. 

Existen expectativas concretas de alcanzar resultados en las siguientes áreas: i) obtención de 
acuerdos voluntarios en un cierto número de sectores; ii) fortalecimiento de los instrumentos 
de fomento y iii) desarrollo de la infraestructura tecnológica de producción limpia. 

El Comité Público-Privado contará con el apoyo del Consejo Técnico de Carácter Consultivo 
que estará compuesto por personas o representantes del mundo académico, ONGs, organismos 
de investigación y asistencia técnica y asociaciones gremiales. Este órgano también estaría 
compuesto por un número no muy grande de miembros, posiblemente entre 1 O y 14. Además se 
impulsará la formación de Grupos Operativos Sectoriales cuya función sería, entre otras, la 
puesta en práctica de los Programas Voluntarios de Producción Limpia. En estos órganos 
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participarían representantes de las empresas comprometidas con un Programa Voluntario junto 
con el gremio sectorial respectivo y la Secretaría Ejecutiva. 

La Secretaría Ejecutiva de Producción Limpia fue creada por el MINECOM para implementar 
la política en referencia. En este sentido, la Secretaría Ejecutiva debe reforzar y apoyar no sólo 
el Comité Público-Privado y las otras instancias que deben crearse sino también la política de 
fomento a la producción limpia en su conjunto, actuando como coordinadores de iniciativas, 
catalizadores de procesos, difusores del tema a nivel nacional, así como promotores del diálogo 
y de acciones público-privadas. 

El documento básico de la política de fomento a la producción limpia, que fue aprobado el año 
pasado por el Comité Interministerial de Desarrollo Productivo, contiene lineamientos para un 
Programa de Acción 1997-2000. Este programa establece las distintas medidas y acciones que 
deben implementarse junto con un calendario y la asignación de responsablidades a los 
organismos públicos competentes (véase anexo 4.1). Un breve análisis de las distintas 
propuestas se presenta en la sección siguiente. 

4.2 ESTUDIO, DESARROLLO E IMPLEMENTACIÓN DE NUEVOS 
INSTRUMENTOS 

4.2.1 El plan de acción de la política de fomento a la producción limpia 

Las distintas medidas que contiene el plan de acción de la política de fomento a la producción 
limpia pueden ser agrupados bajo los títulos siguientes: i) Programas Voluntarios; ii) 
Adaptación de Instrumentos de fomento existentes. iii) Estudio de nuevos instrumentos y iv) 
Acuerdos marco. 

a) Programas Voluntarios 

Los Programas Voluntarios (PV) se conciben como un instrumento que tiene por objeto 
fomentar la asociatividad entre empresarios de rubros similares o complementarios para el 
desarrollo de programas de adaptación de tecnologías de producción limpia o tecnologías de 
abatimiento - en caso que las primeras no sean técnica- o económicamente viables - , con el fin 
de mejorar simultáneamente la competitividad y el desempeño ambiental de las empresas 
participantes. A fin de hacer este concepto operativo, se han propuesto, entre otros, los 
criterios siguientes: 

• Los PV ( o Grupos Operacionales Sectoriales mencionados anteriormente) están 
conformados principalmente por un grupo de empresas que se asocian y co-financian un 
proyecto, aunque pueden participar otras instituciones tales como gremios empresariales, 
centros tecnológicos, universidades, gobiernos regionales o municipios. 
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• Las empresas definirán un plan de acción que identifique objetivos, metas cuantificables, 
plazos de cumplimiento y formas de verificación. 

• El plan de acción deberá identificar las acciones a realizar, en forma de proyectos 
debidamente evaluados: proyectos de I+D, misiones tecnológicas, proyectos demostrativos, 
contratación de expertos y similares. 

• Los acuerdos con instituciones de fiscalización o de regulación son posibles cuando las 
empresas no han traspasado normas legales o si existen normas con plazos de cumplimiento 
o en proceso de elaboración y las empresas desean alcanzarlos antes de los plazos definidos. 

• Los PV pueden conformarse cuando las empresas ya cumplen normas de emisión, pero 
desean mejorar su desempeño, por ejemplo, para obtener sello de calidad ambiental, 
certificaciones de ISO 14.000, reconocimiento de entidades fiscalizadoras de otros países a 
los cuales deseen exportar o introducir nuevas tecnologías de producción limpia. 

Una de las tareas del Comité Público-Privado es la definición de algunos Programas Voluntarios 
piloto. 

b) Adaptación de los instrumentos de fomento existentes 

La política de fomento a la producción limpia dispone para su implementación los instrumentos 
existentes de desarrollo productivo y tecnológico, mencionados en el capítulo anterior. Algunos 
de estos instrumentos requieren ser adaptados a las modalidades de la política de fomento a la 
producción limpia y de acuerdo a los criterios del Acuerdo sobre Subvenciones y Medidas 
Compensatorias de la Organización Mundial del Comercio (OMC). Mediante este acuerdo se ha 
establecido el espacio legitimado internacionalmente para políticas públicas productivas 
orientadas a la adaptación ambiental de las empresas y su modernización tecnológica. 

El Acuerdo sobre Subvenciones y Medidas Compensatorias expresa que no serán recurribles: 

i) las "subvenciones para promover la adaptación de instalaciones existentes a nuevas 
exigencias ambientales a condición de que esta asistencia sea excepcional, no recurrente, se 
limite al 20% de los costos de adptación; no cubra costos de sustitución y funcionamiento de la 
inversión; sea proporcional a la contaminación prevista por una empresa; no cubra ningún 
ahorro en los costos de fabricación; y esté al alcance de todas las empresas que puedan adoptar 
el nuevo equipo o los nuevos procesos de producción; 

ii) Las subvenciones para Investigación y Desarrollo (I+D). Esta última cláusula es 
particularmente importante porque numerosas actividades de investigación y desarrollo y de 
transferencia tecnológica se orienten al desarrollo de tecnologías ambientales en general y de 
tecnologias de producción limpia en particular. Por otra parte cabe observar que la primera 
cláusula, relativa a subvenciones a la inversión productiva, parece ser bastante restrictiva. 

! 
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La adaptación de instrumentos consiste en las iniciativas siguientes: 

a) Optimizar la efectividad de los fondos tecnológicos y en particular, adecuar sus lineas de 
financiamiento para incluir proyectos de I+D orientados por misión científico tecnológica, 
proyectos demostrativos, misiones o giras tecnológicas y acciones de transferencia 
tecnológica de producción limpia, solicitados y co-financiados por empresas que hayan 
establecido Programas Voluntarios; además evaluar la factibilidad de que el Fondo para 
Subsidio para la Reconversión Tecnológica (TECFIN) se integre al Fondo de Innovación 
y Desarrollo (FDI) de la CORFO. 

b) Adecuar el financiamiento del Fondo de Asistencia Técnica (FAT) y de los Proyectos de 
Fomento (PROFOS) a los requerimientos de mayores costos unitarios que tienen las 
auditorías de producción limpia; 

c) Formular un plan de acción para el acuerdo marco CORFO-CNE, con metas para 1998, 
1999 y 2000 para multiplicar auditorías en materia de uso eficiente de energía; 

c) Estudios de nuevos instrumentos 

El Programa de Acción contempla también la incorporación progresiva de nuevos instrumentos 
a la política de fomento a la producción limpia. Para este efecto plantea una serie de estudios y 
propuestas, algunos de los cuales se citan a continuación: 

a) Estudio de mecanismos financieros para inversiones en tecnologías de producción limpia, 
que a partir de un diagnóstico de los actuales sistemas financieros y de garantía considere 
una eventual adaptación y propuestas para la adopción de nuevas medidas en base a los 
criterios de la Organización Mundial de Comercio, reseñados anteriormente. 

b) Estudio de la pertinencia y eficiencia de incentivos fiscales aplicables a los Programas 
Voluntarios o a una certificación ambiental de entidades fiscalizadoras, para apoyar la 
adaptación de instalaciones productivas a nuevas exigencias ambientales, en conformidad 
con los criterios de la Organización Mundial de Comercio, considerando la experiencia 
internacional y las propuestas del sector privado y el universitario. 

c) Propuesta al Comité Interministerial de Modernización de la Gestión Pública para la 
introducir progresivamente criterios, objetivos y mecanismos, tales como normas y 
sistemas de información, para asegurar exigencias ambientales y de producción limpia a 
empresas interesadas en vender bienes y servicios al Estado. 
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d) Acuerdos marco 

El Programa de Acción propone la celebración de Acuerdos Marco interinstitucionales en 
algunos campos. Un campo concreto es la promoción de programas de capacitación para la 
formación de recursos humanos. En esta materia se plantea la promoción de acuerdos marco 
entre Universidades y/o Centros Tecnológicos con entidades públicas y gremios empresariales. 

4.2.2 Fondo de capital de riesgo CHILETEC 

Un nuevo instrumento dentro del marco institucional del país, destinado a llenar un vacío en 
materia de financiamiento de empresas innovadoras, constituye la creación de un fondo de 
capital de riesgo, denominado CHILETEC. El proyecto de este fondo es una iniciativa de la 
Fundación Chile que cuenta con el apoyo del Fondo de Inversiones (FOMIN) del Banco 
Interamericano de Desarrollo (BID) y con la participación de la EUROCHILE. El fondo ha sido 
diseñado para apoyar inversiones de pequeñas y medianas empresas que funcionan en sectores 
de tecnología avanzada y de medio ambiente así como en áreas de nuevas oportunidades de 
exportación. Tendrá un capital de 30 millones de dólares. Su modalidad y administración se 
sujetarán a las normas legales que rigen para los Fondos de Inversión y Desarrollo (FIDE). La 
puesta en funcionamiento del CHILETEC estaba prevista para el presente año. 

4.3 TENDENCIAS EN ESTADOS UNIDOS Y CANADÁ 

Actualmente se desarrollan en numerosos países acciones y proyectos en el campo de la 
construcción y vivienda sustentables, aunque sea bajo designaciones diversas tales como "green 
building" . De la multitud de países se eligieron como ejemplos Estados Unidos y Canadá, países 
que presentan notables avances y novedosos proyectos al menos en lo referente a edificios 
sustentables ("green building"). 

4.3.1 Estados Unidos 

En Estados Unidos está ganando dinamismo un verdadero movimiento de "green building" a 
juzgar por la cantidad y el prestigio de instituciones involucradas en la promoción y el desarrollo 
de distintos instrumentos. El objetivo central de estas iniciativas es el diseño, la construcción y 
el manejo de edificios estéticos que cumplan en forma óptima las necesidades de los ocupantes 
al tiempo que funcionen en forma eficiente. El costo total del edificio sustentable, considerando 
el ciclo de vida, no ha de ser mayor que el de un edificio tradicional. El énfasis está puesto en un 
diseño más eficiente y mejor. Tres características principales caracterizan a un edificio 
sustentable: eficiencia energética, eficiencia en el uso de recursos naturales y ambienales, y 
creación de un ambiente saludable para los usuarios. El examen de los instrumentos aplicados y 
en desarrollo en EEUU indica que el acento estaría puesto en reforzar los mecanismos de 
mercado, lo que requiere frecuentemente nuevos reglamentos, normas o recomendaciones 
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("guide lines") junto con nuevas metodologías para la evaluación del desempeño ambiental de 
los productos (véase anexo 4.3). 

El U.S. Green Building Council 

El U.S. Green Building Council (USGBC) es una organización sin fines de lucro del sector de la 
construcción de los Estados Unidos. Formado en 1993, su misión es de impulsar la adopción de 
tecnologías, métodos, políticas y estandares de edificios sustentables. El objetivo consiste en 
promover la industria de edificios sustentables por medio de soluciones basadas en el mercado. 
Cuenta con más de 140 miembros entre grandes fabricantes de productos, profesionales de la 
construcción y arquitectos, gobiernos locales, estatales y federal, compañías eléctricas y de gas, 
propietarios de edificios, centros comerciales, centros tecnológicos, universidades, instituciones 
financieras y de seguros. Ente estos últimos figura el Bank of America. El USGBC funciona en 
base a una organización de comités o grupos de trabajo a cargo de la ejecución de los distintos 
programas. Algunos de los temas que están a cargo de grupos de trabajo son la formación de un 
centro de información y demostración de tecnologías de edificios sustentables; elaboración de 
normas American Society of Testing Materials (ASTM); acciones para edificios de gobiernos 
locales y estatales; y enlace con el gobierno federal de EEUU. Entre los instrumentos de 
promoción importantes que el Council ha desarrollado está un sistema de evaluación de edificios 
sustentables, denominado LEED, que se describe más adelante. El U.S.Green Building Council 
junto con el U.S. Department of Energy y con el apoyo de la U.S. Environmental Protection 
Agency han editado el manual, "Sustainable Building Technical Manual", que contiene valiosa 
informacción y referencias para la aplicación de este concepto. Además la organización 
mantiene un sitio Web en Internet con la dirección "http://www.usbc.org" . 

Nuevos instrumentos de fomento 

i) Sistemas de evaluación de edificios sustentables: 

Los sistemas de evaluación de edificios sustentables, - bajo distinta designación, por ejemplo 
"Building-Rating Systems" - son usados para evaluar edificios nuevos o existentes en base a su 
desempeño ambiental. Cada categoría funcional del edificio es evaluada mediante la asignación 
de puntajes que sirven de base para una evaluación general del comportamiento o 
"performance" del edificio. Estos sistemas tienen por objeto garantizar una evaluación objetiva 
de los edificios, ya sea por parte de los diseñadores o auditores. 

El U.S. Green Buildin Council está proponiendo un sistema de evaluación voluntaria de 
edificios sustentables bajo el nombre registrado de LEED "Leadership in Energy and 
Environmental Design" . El objetivo es facilitar una comparción objetiva entre las prácticas 
tradicionales de construcción y nuevos conceptos relativos a comportamiento ambiental y 
eficiencia energética. El sistema propuesto se aplica a edificios comerciales nuevos y existentes. 
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Cabe mencionar que 1mcrnt1vas similares se conocen en Inglaterra bajo el nombre de 
"BUILDING RESEARCH ESTABLISHMENT ENVIRONMENTAL ASSESSMENT 
METHOD" (BREEAMA). Este método, también voluntario, existe en distintas versiones tanto 
para calificar nuevos edificios de oficinas y habitacionales como para evaluar el funcionamiento 
y la gestión de edificios existentes, incluidos supermercados, fábricas y otros tipos. 

ii) Certificación de productos y sellos ambientales: 

En los últimos años han aparecido en EEUU varias organizacions especializadas en la 
certificación de productos para la industria de la construcción. Dos de las principales 
organizaciones, Green Sea! y Scientific Certification Systems adoptan estándares para insumos 
de la construcción basados en sus propios procedimientos. Una vez que una de estas 
organizaciones ha desarrollado una norma, examina la infomación sobre los productos de los 
fabricantes. Si esta información y las correspondientes especificaciones y resultados de 
desempeño exeden el estándar, el producto recibe la certificación de la organización respectiva y 
su sello correspondiente. 

iii) Recomendación federal para las compras públicas de bienes y servicios: 

Bajo instrucciones del gobierno federal, la U.S. Environmental Protection Agency (EPA) está 
desrrollando una recomendación para las agencias federales ejecutivas en relación a sus 
procedimientos de compra de bienes y servicios con el objeto de minimizar el impacto ambiental 
de estas compras. Esta recomendación no es un reglamento, de aplicación obligatoria, sino 
orientado a ayudar a las agencias federales a utlizar su poder de compra de 200.000 millones de 
dólares para la creación de una demanda para productos amigables con el medio ambiente. 

iv) Estándares de construcción: 

Las consideraciones ambientales adquieren creciente consideración en el dearrollo de normas. 
En EEUU existen varias organizaciones de normas que se ocupan con temas relacionadas con la 
industria de la construcción. Entre ellas figuran la American Society for Testing and Materials 
(ASTM), que en 1992 formó el Subcomité "Green Buildings" E-50.06. Este grupo de trabajo se 
ocupa de estándares para la construcción y el manejo sustentables de edificios comerciales y 
residenciales. Entre las normas en desarrollo figuran métodos para la evaluación del ciclo de 
vida ("Life Cycle Assessment") de edificios y materiales de construcción, así como 
recomendaciones para la separación de materiales reciclables en edificios comerciales y de 
apartamentos. 

v) Herramientas de diseño: 

Una serie de instituciones, entre ellas notablemente el U.S. Department ofEnergy (DOE), han 
desarrollado y siguen desarrollado modelos computerizados para el diseño y evalución de 
edificios. Estos modelos incluyen criterios de construcción sustentables, en particular consumo 
de energía, uso de luz natural para la iluminación de espacios interiores, utilización de energía 
solar. 
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vi) Contratos basados en desempeño: 

Bajo los procedimientos tradicionales, los honorarios para el diseño y la construcción de un 
ediificio se basan en un porcentaje de los costos de construcción. Este sistema desincentiva los 
esfuerzos dirigidos a diseños eficientes puesto que un esquema muy eficiente, que significara 
una inversión menor por concepto del equipamiento mecánico de un edificio, reduciría los 
honorarios profesionales. En cambio, los contratos basados en desempeño ("Performace-Based 
Contracts") son un método innovativo que permite a los dueños de edificios compartir el riesgo 
de inversión y los ahorros relacionados de energía con el equipo de diseño y construcción. Un 
ejemplo de la aplicación de un Contrato basado en desempeño provee la Municipalidad de 
Aukland en relación con la construcción de un edificio de 40.000 m2

. Según este contrato el 
contratista responsable del diseño y la construcción del edificio recibirá el equivalente de 5 años 
de ahorro en gastos de energía si el edificio muestra en su consumo de energía un desempeño 
superior en un determinado porcentaje de lo que establece la respectiva norma. 

v) Contratos de "leasing": 

Una otra tendencia nueva es el surgimiento de contratos de "leasing" para equipos y productos 
ambientales. Con estos contratos el proveedor asume la instalación, operación y retiro de sus 
equipos o materiales. Dadas estas características, el proveedor tiende a buscar que su producto 
o material funcione al más alto nivel de eficiencia a lo largo de su vida y de tomar incluso en 
cuenta el costo de la disposión final. Este tipo de contratos comienzan a aplicarse en los rubros 
del alfombrado y de equipos mecánicos. Se piensa que con el tiempo, su uso se difundirá a otras 
áreas tales como cubrimientos de cielos y sistemas de amoblado. Los contratos de "leasing" 
pueden aplicarse también al suministro de aire acondicionado por parte de proveedores de 
equipos mecánicos o compañías eléctricas. 

4.3.2 Canadá 

Una de las características de las iniciativas que surgen en Canadá en materia de construcción 
sustentable es la manifiesta vocación canadiese al relacionamiento internacional. En contraste 
con su vecino, Canadá tiene un mercado interno pequeño, lo que lo motiva para promover la 
cooperación internacional. Así, el "Green Building Information Council", una organización sin 
fines de lucro, cuya misión consiste en difundir información sobre aspectos energéticos y 
ambientales en el sector de la construcción, mantiene relaciones con instituciones similares en 
numerosos otros países. Lo mismo sucede con una serie de otras instituciones que se ocupan del 
tema tales como centros tecnológicos, universidades, consejos de investigación científica, 
asociaciones profesionales e industriales y organismos públicos. Finalmente cabe mencionar una 
importante iniciativa de Canadá que consiste en liderar desde hace 2 años, un proceso 
internacional, "Green Building Challenge '98", para la evaluación de edificios sustentables, 
actividad que culminará en octubre de 1998 con una conferencia internacional, la "Green 
Building Conference". 
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Green Building Information Council 

El "Green Building Information Council" (GBIC) es una organización canadiense, de alcance 
nacional, con su secretaría técnica en el CANMET Energy Technology Centre, Ottawa. A fines 
de 1995 se abrió un sitio web que contiene información sobre los programas Canadá-2000 y 
"Advanced Houses", así como sobre un sistema de evalución de edificios sustentables. La 
secretaría técnica del GBIC organiza la "Green Building Conference". El presidente de la 
organización, el académico Dr. Raymond J.Cole, de la Universidad de British Columbia, 
presidirá esta conferencia. 

El "Green Building Challenge '98" 

El proceso de evaluación de edificios sustentables "Green Building Challenge '98" (GBC'98) y 
la organización de la conferencia asociada son encabezados por el CANMET Energy 
Technology Centre del Natural Resources Canadá, con el apoyo de otras organizaciones 
canadienses, el Green Building Information Council, y el ca-auspicio de numerosas 
organizciones internacionales de investigación en materia de construcción. GBC'98 coopera 
activamente con grupos de trabajo relevantes de la Agencia Internacional de Energía y del 
Conseil International dfr Batiment en el desarrollo del programa (véase anexo 4.4). 

El proceso incluye el desarrollo de un marco de referencia para evaluar el comportamiento 
energético y ambiental de edificios. El diseño de este marco de referencia cuenta con la 
experiencia obtenida con los sistemas de evaluación precedentes desarrollados en Inglaterra, 
Canadá, EEUU, Holanda, Noruega y otros países. 

La "Green Building Conference '98" 

La "Green Building Conference '98" tendra lugar en Vancouver, British Colombia, del 26 al 28 
de octubre de 1998. En este evento se presentarán los resultados de las evaluaciones aplicados a 
24 edificios similares en cuanto a su función y tamaño. Un grupo mayor de 100 edificios serán 
presentados como "posters". También se presentarán trabajos técnicos sobre aspectos que sean 
relevantes para el comportamiento de edificios sustentables y su evaluación (véase anexo 4.4). 

Los "Building Environmental Performance Assessment Criteria" 

Los "Building Environmental Performance Assessment Criteria" (BEP AC) son un método 
voluntario para evaluar el comportamiento ambiental de edificios de oficina nuevos y existentes. 
El método fue desarrollado en colaboración con numerosos sectores de la industria de la 
construcción de la provincia de British Columbia de Canadá. El método incluye criterios para 
evaluar la proteccción de la capa de ozono, impactos ambientales del uso de energía, calidad 
ambiental de los espacios interiores, conservación de recursos naturales, consideraciones 
relativas a las obras y la localización, así como el impacto de los transportes. El certificado 
BEP AC pondera los puntos de los criterios indviduales y entrega un perfil completo del 
comportamiento del edificio (véase anexo 4.3). 
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Documentos de referencia para disminuir el impacto ambiental de proyectos de construcción, 
renovación y demolición 

El gobierno de Ontario, la industria de la construcción de esta provincia y el gobierno federal de 
Canadá han desarrollado una serie de regulaciones, códigos de práctica, recomendaciones y 
especificaciones destinados a disminuir el impacto ambiental de proyectos de construcción, 
renovación y demolición. En gran parte se tendría acceso a estos documentos vía internet a 
traves del sito web del Green Building Information Council, indicado anteriormente. 
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5. PLAN DE ACCION PARA UNA CONSTRUCCION SUSTENTABLE 

5.1 NECESIDAD DEL PLAN DE ACCION 

Existe creciente conciencia de los impactos ambientales que traen consigo las actividades de la 
construcción y, por ende, de las posibilidades que el uso de tecnologías limpias así como de 
métodos de construcción y materiales ambientalmente sustentables ofrecen para el mejoramiento 
de la calidad de vida y el bienestar de la población. 

La política de construcción sustentable debiera ser parte y expresión de una política nacional de 
desarrollo sustentable, que un sector productivo nacional como el que representa la CCHC 
asume conciente y responsablemente ante el país y ante sus asociados, propiciando acciones y 
medidas para su concreción e implementación en el mediano y largo plazo. 

Una política de construcción sustentable está llamada a tener amplia repercusión nacional e 
influir en esferas que van mucho más allá de las empresas dedicadas a las actividades de la 
construcción y que están sociadas a la CCHC. 

Inscrito en esta realidad, el Plan de Acción para una Construcción Sustentable de la Comisión 
de Medio Ambiente de la CCHC se convierte en una herramienta de gran utilidad para concretar 
un objetivo de creciente consenso, como es el desarrollo sustentable del país. 

Este Plan de Acción debiera ser instrumento de una política de construcción sustentable que 
pudiera formar parte de la plataforma de trabajo de la CCHC. Mientras esta no sea formulada 
explícitamente, el Plan de Acción de Construcción Sustentable permitirá avanzar con medidas 
prácticas, como estudios, transferencia tecnológica, misiones empresariales, proyectos piloto y 
otros, que irán preparando la formulación de esa política y dando cuerpo en la práctica a 
medidas de construcción sustentable en el país. 

5.2 FORMULACION DEL PLAN DE ACCION 

Una primera base para la formulación del Plan de Acción es la realización de la presente 
consultoría y la presentación de sus resultados. 

Sobre esta base, y de otros antecedentes de que pueda disponer, el grupo de Transferencia 
Tecnológica de la Comisión de Medio Ambiente de la CCHC debe formular el Plan de Acción 
para una Construcción Sustentable. 

Este Plan debe ser discutido y aprobado por la Comisión de Medio Ambiente, la cual lo asumirá 
como una de sus líneas de acción para su funcionamiento regúlar en los próximos años. 

Por otra parte, el Plan de Acción de Construcción Sustentable, ya en práctica y con una 
experiencia acumulada, debiera servir de base, como se dijo más arriba, para la formulación de 
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una política de construcción sustentable de la CCHC, que explicite sus objetivos y la estrategia a 
seguir en esta materia. 

El Plan de Acción debe ser periódicamente monitoreado y actualizado. Será conveniente 
analizar periódicamente, por ejemplo semestralmente, las acciones realizadas, los resultados 
conseguidos, los nuevos desafios y posibilidades de actuación, las dificultades encontradas, y las 
formas de seguir avanzando. 

De esta forma, la Comisión de Medio Ambiente de la CCHC tendrá la herramienta de 
planificación de sus actividades que se requiere para el desarrollo de esta área. De este modo la 
política de construcción sustentable se expresará en acciones y prácticas concretas, en beneficio 
de sus socios y de la comunidad en general. 

5.3 IDEAS PARA LA FORMULACION DEL PLAN DE ACCION 

En las líneas que siguen se presenta una serie de ideas para la elaboración del Plan de Acción 
para una Construcción Sustentable de la CCHC y que están basadas en los antecedentes y 
análisis realizados por esta consultoría. 

5.3.1 Formular la política de construcción sustentable de la CCHC 

Se requiere avanzar en la formulación de la política de construcción sustentable que pudiera 
servir de base a las actuaciones de la Comisión de Medio Ambiente de la CCHC en esta área, y 
como una forma de prestar asesoría a los máximos organismos de dirección de la Cámara. 

La discusión y formulación de tal política, así como de la estrategia, los proyectos y las medidas 
para su implementación debiera ser una ocasión propicia para discutir en el seno de la Cámara, 
así como con otras organizaciones gremiales del país y con diversos organismos e instituciones 
relevantes, públicos y privados, el concepto de desarrollo ambientalmente sustentable que 
debiera asumir el país de manera creciente. 

5.3.2 Permanente y creciente información y capacitación 

Se requiere tomar diversas iniciativas con vistas a informar y capacitar a los asociados de la 
CCHC y otros sectores de interés, así como al público en general, acerca del significado y 
contenidos de una política de construcción sustentable. 

Se propone consultar la demanda que existiría en el sector de la construcción para participar en 
un programa de cursos de capacitación de encargados ambientales para jefes de obras, 
arquitectos, constructores civiles e inspectores municipales; conversar posibles modalidades con 
los representantes de la Carl Duisberg Gesellschaft en Chile. 

112 



Se propone identificar demandas para tecnologías de construcción y edificación sustentables en 
empresas del sector de la construcción y dar a conocer los propósitos y modalidades de 
participación de empresas interesadas en el Primer Simposio Tecnológico Chileno-Alemán, 25 y 
26 de noviembre de 1998. El evento es organizado por la Cámara Chileno-Alemana de 
Comercio e Industria y el Colegio de Ingenieros de Chile, organizaciones que realizan una 
encuesta para detectar requerimientos tecnológicos en diversos sectores económicos, entre ellos 
el de infraestructura. 

5.3.3 Acciones institucionales 

Se propone iniciar acciones tendientes a insertar a la CCHC en la institucionalidad pública que 
tiene como objetivo el desarrollo del concepto de Producción Limpia y Desarrollo Sustentable. 
En concreto se propone consultar la posibilidad de formar un Grupo Operativo Sectorial de 
Construcción dentro del esquema organizativo de la Política de Fomento a la Producción 
Limpia del Ministerio de Economía, encaminado a promover programas voluntarios de 
producción limpia. 

5.3.4 Metodologías 

Se propone diseñar un anteproyecto de Método de Evaluación del Comportamiento Ambiental 
y Energético de edificios y someterlo a discusión para promover su aplicación en el país. Esta 
metodología puede ser aplicada en forma voluntaria o formar la base de una normativa 
municipal que pudiera contribuir a mejorar la sustentabilidad ambiental de las obras de 
construcción. 

En la misma línea, se propone estudiar la creación de un procedimiento de certificación de 
construcciones y edificios sustentables y el otorgamiento de un premio o sello ambiental. 

En relación a esta línea de trabajo sería muy provechoso seguir la experiencia internacional, en 
particular el proceso del "Green Building Challenge 98" liderado por Canadá. 

Por otra parte, se propone fomentar la aplicación del método de Análisis del Ciclo de Vida 
("Life Cycle Analisys") para la comparación de los costos de las propuestas en licitaciones 
públicas y privadas y elaborar una metodología para ello. 

Se propone, por otra parte, sensibilizar a la banca comercial, compañías de seguros, otras 
instituciones financieras y compañías promotoras de proyectos inmobiliarios a introducir el uso 
de métodos basados en criterios de ciclo de vida, en la evaluación de proyectos inmobiliarios, 
especialmente para edificios comerciales. 
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En relación a los dos puntos anteriores, se propone examinar la posibilidad de formar una 
alianza estratégica con una ~stitución Canadiense y consultar con la Embajada de este país 
sobre posibilidades de accede~ al fondo de Transferencia Tecnológica entre Canadá y los Países 
del Cono Sur. 

5.3.5 Instrumentos y mecanismos de fomento 

Se propone estudiar, discutir y desarrollar, en base a antecedentes nacionales e internacionales, 
instrumentos y mecanismos económicos, tributarios, legales y administrativos que pudieran 
servir para fomentar la implementación de tecnologias limpias, métodos de construcción 
sustentables y el uso de materiales ambientalmente sustentables en la construcción. 

El desarrollo de instrumentos 1y mecanismos de fomento a la construcción sustentable debiera 
incluir tanto aquellos que corresponde instituir a la autoridad pública, como subsidios a las 
tecnologias limpias, impuestos ''verdes", créditos de fomento a la sustentabilidad ambiental, 
normas y estándares obligatorios para productos de la construcción, etc., como aquellos que 
pueden desarrollarse en base a los mecanismos de mercado como mecanismos de certificación 
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de calidad ambiental, sellos verdes para productos de la construcción, bolsas de mercadeo de 
residuos de la construcción, premios por sustentabilidad ambiental en procesos y productos de 
la construcción y otros. 

5,3.6 Cooperación con instituciones nacionales relevantes 

Se propone que en la formulación de su política de construcción sustentable la CCHC actúe en 
estrecho contacto con los organismos más relevantes en el tema, como son la Comisión 
Nacional del Medio Ambiente (Conama) y el Ministerio de Economía. 

Se propone, como na de las medidas, colaborar con la CONAMA en el desarrollo de normas de 
emisión y de gestión, en particular en el tema de recuperación, reciclaje y reutilización de 
materiales y productos de la construcción. En estos momentos y por primera vez, la CONAMA 
ha consultado al sector privado sobre normas que habría que desarrollar en los próximos tres 
años; esta consulta sería una de los elementos para la definición del programa anual priorizado 
de dictación de normas de calidad ambiental y de emisión. 

La colaboración con la CONAMA puede concretarse además de propuestas de normas, con la 
participación en las comisiones de estudios correspondientes y eventualmente en el aporte de 
estudios técnicos; para ello podrían servir de antecedentes las normas, recomendaciones y guías 
que en la materia se han publicado en Canadá así como en otros países del mundo, tales como 
Suiza y otros que podrían • identificarse (Ref: Conference Proceedings R'97 Recovery, 
Recycling, Re-integration). El desarrollo de normas de aplicación voluntaria, por ejemplo en el 
marco de un Programa Voluntario de Producción Limpia, podría ser otra vía. 
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Se propone asimismo que la política y la estrategia de construcción sustentable sea discutida por 
la CCHC con otras organizaciones del sector productivo y laboral chileno, como las 
asociaciones de empresarios, los colegios profesionales y las organizaciones de trabajadores. 

Se propone asimismo examinar los programas de algunas instituciones chilenas relevantes en 
esta materia, en particular la Comisión Nacional de Energía y el Fondo de Fomento al 
Desarrollo Científico y Tecnológico (FONDEF), el Instituto Chileno del Cemento y del 
Hormigón y la Asociación de Industriales Químicos (ASIQUIM). 

Asimismo, se propone seguir el desenvolvimiento del Plan de Desarrollo para la Industria de la 
Construcción en Madera, proyecto ejecutado por la Fundación Chile, y en particular el diseño 
de un sistema de certificación de las construcciones. 

5.3. 7 Cooperación internacional 

Dado el mayor desarrollo de la temática de construcción sustentable en otros países, en especial 
de Norteamérica y Europa, se propone establecer y/o desarrollar programas de cooperación, 
intercambio y transferencia tecnológica con vistas a facilitar a las empresas y usuarios de la 
construcción la implementación y el uso de tecnologías limpias, métodos, procedimientos y 
materiales ambientalmente sustentables. 

Examinar en vista de su aplicabilidad a proyectos de construcción y vivienda sustentables, los 
programas de asistencia técnica de algunos países que por razones de plazo u otras no pudieron 
ser incluídos en el presente estudio, tales como Francia e Italia. 

Asimismo, dado el avance logrado mediante la presente consultoría en las relaciones de 
cooperación y transferencia tecnológica con Holanda, especialmente a través de la Universidad 
de Twente y su Centro de Tecnologías Limpias y Políticas Ambientales, se propone profundizar 
estos contactos mediante una misión empresarial a Holanda para promover la cooperación entre 
empresas chilenas y holandesas del área de la construcción, introducir a los empresarios chilenos 
en la experiencia holandesa de construcción sustentable y promover las inversiones holandesas 
en Chile en estas materias. 

Explorar posibilidades de cooperación en el marco del Asia Pacific Energy Research Centre 
(APERC), un programa de la APEC, en que Chile lidera uno de los grupos de trabajo, el Grupo 
de Expertos en Exploración y Desarrollo de Minerales y Energía. También existe el Grupo de 
Expertos en Eficiencia y Conservación de Energía. La información sobre estos programas y sus 
modalidades se puede obtener del web-site "www.apecsec.org.sg" y del jefe Areas Proyectos 
Especiales de la Comisión Nacional de Energía. 
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5.3.8 Fomento a la ejecución de proyectos piloto 

Se requiere promover el diseño, construcción y operación de algunos edificios piloto -
posiblemente a través del Grupo Operativo Sectorial mencionado en el punto 5.3.3 anterior. 

Como antecedente, cabe mencionar que en general, en los diversos países que tienen políticas 
ambientales más desarrolladas, y específicamente en construcción sustentable, existen y se 
desarrollan constantemente proyectos piloto, en los que se aplican y ensayan tecnologías, 
métodos y materiales con estos fines. Los proyectos son visitados constantemente, son objeto 
de discusión, y contribuyen a la difusión y educación del público interesado. 

Se propone que la CCHC establezca convenios con este fin con las Universidades, Institutos y 
otros organismos de la Educación Superior, con vistas a promover actividades de estudio, 
discusión y formulación de proyectos en la línea de la construcción sustentable. 

Para los mismos fines, se propone coordinar proyectos y actividades con el Instituto de la 
Construcción en que participa la CCHC. 

5.3.9 Código de conducta de producción limpia 

Se propone el desarrollo y la promoción entre las empresas del sector de la construcción, de un 
Código de Conducta de Producción Limpia, al ejemplo del Programa "Responsible Care" de la 
industria química o la "Carta de las empresas para un desarrollo sostenido" de la Cámara de 
Comercio Internacional. 

5.3.10 Estudios y recomendaciones específicos sobre edificación sustentable 

- Se propone el estudio del uso de la leña en viviendas urbanas por región. 

Se propone el estudio del uso de energéticos en vivienda, determinando tipos de 
combustibles, uso en cocina, agua caliente, luz, calefacción, etc. 

- Se propone el estudio del rendimiento práctico de aparatos de calefacción y 
electrodomésticos para agua caliente, aseo y cocción. 

- Se propone el estudio del balance térmico de viviendas típicas ( de uso masivo) y de edificios 
de departamentos. Clasificación por factor G (factor de máximas pérdidas térmicas por 
unidad de volúmen). 

- Se recomienda que los proyectos deben consultar calefacción en toda región con más de 
1000 grados-día anuales y dejarlas especificadas. 
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Se recomienda comprar sólo materiales aislantes de la envolvente que vengan marcados con 
el valor R100 de resistencia térmica según lo estipula la norma Nch 2021. 

- Se recomienda que el Catálogo de la CCHC estipule los valores R y A en los materiales y 
elementos publicitados que correspondan. 

- Recomendar a los fabricantes y distribuidores de puertas y ventanas que entreguen las 
características térmicas y acústicas de tales elementos. 

- Recomendar el uso de extracción forzada ( eléctrica) de baño~ y cocinas. 

- Obligar la aislación de techo de toda vivienda, a lo menos de acuerdo con la norma Nch 1079 
Of.78, mientras no se diga otra cosa. 

- Aconsejar el uso del factor G como cualidad térmica de las viviendas y edificios. 

- Obligar el uso de barreras de vapor donde pudiese haber riesgo de condensación. 

- Fomentar el uso de energía solar desde el río Aconcagua hacia el Norte. 

- Recomendar el uso de calefacciones secas. 

Procurar que el estado fomente el uso de aislantes. 

- Colaborar con el INN en el estudio y dictación de normas técnícas, acústicas, de humedad, y 
otras relevantes para la construcción. 

- Hacer estudios de soluciones acústicas para viviendas y edificios habitacionales. 

- Hacer estudios acústicos de faenas de construcción con el fin de difundir recomendaciones a 
las empresas constructoras que deben instalar faenas en zonas residenciales. 

- Hacer estudios de humedad por zonas climáticas. 

- Ofrecer planes de estudio de estas materias vía Memoristas o Tesis a las Uníversidades que 
preparan arquitectos, ingeníeros y constructores civiles. 

- Crear medios y fomentar publicaciones de orden técníco, del tipo cartillas técnícas de la 
Mutual de Seguridad de la CCHC, para difundir materias que tienen que ver con la Física de 
la Construcción. 

- Crear las legislaciones técnicas conveníentes a través de las Ordenanzas, Reglamentos y 
Normas pertinentes. Legislar sobre fuentes móviles y fijas, uníficando los criterios 
munícipales en zonas urbanas. 
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- Fomentar los estudios acústicos de prospección, así como de características acústicas de 
materiales, elementos y soluciones constructivas. 

- Promover una mejor definición, cualitativamente, de los límites de ruido que pueden producir 
vehículos, maquinarias y electrodomésticos. 

- Aplicar un control dinámico al ruido urbano, según se hace de la contaminación atmosférica, 
limitando sus niveles máximos. 
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non-dominant altematives within ali such impact categories, but the software will also 
flag these impact category results to indicate that the relative seores are not based on 
peer-reviewed, scientiflc methods for normalizing the inventory data in terms of strength 
of impact within the impact categories. 

Toe third step in the LCA is impact valuation. At this step, impact assessment results will 
be normalized and synthesized into an overall environmental score for each material 
altemative. Multiattribute decision analysis (MADA) techniques are useful here5. MADA 
techniques apply to problems where the dedsion-maker is choosing or ranking a finite 
number of altematives (building materials) which differ by two or more relevant attributes 
(environmental impacts). Toe attributes in a MADA problem will generaliy not ali be 
measurable in the same units, and some may be either impractical, impossible, or too 
costly to measure at ali (as is the case with sorne environmental impacts). Most MADA 
methods require the decision-maker to assign different levels of importance to the differ
ent attributes of the problem. 

MADA techniques will be used to arrive at overall, relative environmental seores for 
building material altematives. Toe NIST/EPA team plans to conduct workshops in 1996 
to collect sets of MADA importance weights for environmental impacts from several 
stakeholder perspectives (e.g., policymaker, environmentalist, and building industry per
spectives), with input from environmental scientists and others. Toe decision maker may 
then select that set of importance weights most appropriate for the decision at hand, and 
may also test the sensitivity of the environmental seores to the different stakeholder per
spectives. 

The LCA is complete after the impact valuation step. Impact valuation yields environ
mental seores, which are the goal of this LCA application, so the improvement assess
ment step is unnecessary. 

Measuring Economic Performance 
Measuring the economic performance of building materials is more straightforward than 
measuring environmental performance. Standardized methodologies and quantitative, 
published data are readily available. 

The American Society for Testing and Materials (ASTM) Subcommittee E06.81 on 
Building Economics has published a compilation of standards for evaluating the eco
nomic performance of investments in buildings6• Toe single standard most appropriate 
for evaluating the economic performance of building materials for subsequent compari
son with environmental performance is ASTM E 917-93, Standard Practice for Measuring 
Life-Cycle Costs of Buildings and Building Systems7

• Toe life-cyde-cost (LCC) method sums 
over a given study period the costs of an investment. The sum is expressed in either pre
sent value or annual value terms. Altemative building materials for a given functional 
requirement, say flooring, can thus be compared on the basis of their LCCs to determine 
which is the least-cost means of providing flooring over that study period. 

Toe LCC method indudes the costs over a given study period of initial investment (less 
resale or salvage value), replacements, operations, maintenance and repair, and disposal. 
lt is essential to use the same study period for each altemative whose LCCs are to be 
compared, even if they have different useful lives. The appropriate study period varies 
according to the stakeholder perspective. For example, a homeowner would select a 
study period based on the length of time he or she expects to live in the house, whereas 
a long-term owner/occupant of an office building might select a study period based on 
the life of the building. 
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Figure 2 

It is i.mportant to distinguish between the lile cydes underlying the LCA method (used to 
measure environmental performance), and the LCC method (used to measure economic 
performance). LCA uses an environmental lile-cyde concept, whereas LCC uses a build
ing life-cycle concept. These are different. Toe environmental llfe cycle of a building 
material begins with raw materials extraction and ends with recycling, reuse, or disposal 
of the material. Toe building life cyde of a building material begins with its installation 
in the building and lasts for the duration of the LCC study period, which is determ.ined 
in part by the useful lile of the material and in part by the time horizon of the investor. 
While there is overlap between these two life cydes once the material is installed in the 
building, it is i.mportant not to cantuse the two. Toe reason why LCC uses a building llfe 
cycle rather than an environmental life cycle is because out-of-pocket costs to the 
investor are borne over this time frame. lt is these costs to the investor upon which finan
cial decisions are made. 

Toe LCC for a building material is computed by discounting all costs occurring over the 
study period to the present and then summing. Toe discount rate converts future costs to 

E 
• 

D 
• 

Environmental Score 
Worst 

their equivalent present values and accounts for 
the time value of money. Discount rate values to 
be used in federal projects are legislated by the 
Office of Management and Budget; these values 
apply to analyses of prívate-sector projects as well. 

Balancing Environmental 
and Economic 
Performance 
Figure 2 displays how environmental and econom
ic performance are balanced. Suppose a building 
designer is choosing from among five altemative 
flooring materials and that each point in Figure 2 
represents one material's environmental/econom
ic performance balance. Toe designer will first rule 
out Altematives D and E because they are domi
nated by at least one other alternative; that is, 
they perform worse than another altemative 
(Altemative B) with respect to both the environ
ment and economics. Of the remaining altema-
tives, Altemative A costs the most, but offers the 

best environmental performance. Altemative C offers the best economic performance 
and the worst environmental performance. Altemative B i.mproves environmental perfor
mance (relative to C) at little increase in cost. Toe designer can now make an informed 
decision. He or she will select from among Altematives A, B, and C that which best 
reflects the relative importance he or she gives to environmental versus economic perfor-
manee. 

Decision-Support Software Features 
Decision-support software is being developed by NIST to i.mplement the methodology 
described above for balancing the environmental and economic performance of building 
materials. Toe software will use as input the database of environmental and economic 
performance data. Together the software and database are known as BEES. BEES will be 
available over the Internet, which will offer instantaneous access to the tool as well as 
instant dissemination of data refinements. Data refinements are expected over time as 
the state of the art of environmental assessment. advances, new building materials arrive 
on the scene, and the costs of building materials change. 
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. ~· ¡ BEES will accommodate different levels of user expertise. lt will include built-in, 
udefault" data so that users unfamiliar with LCA may readily make and defend building 
material selections. Note, however, that BEES will not indude default values for the rela
tive importance of environmental and economic performance. Rather, BEES will display, 
as in Figure 2, the environmental/economic tradeoffs offered by the dedsion altematives. 
It will remain up to the user to select the altemative that best reflects his or her viewpoint. 

Toe more experienced user will be able to customize the default data. For example, a 
materials manufacturer will be able to enter proprietary data on its products. Other data, 
such as relative importance weights for environmental impacts and the discount rate for 
LCC computation, will also be editable. These users will thus be able to do uwhat if" 
analyses to examine how changing the data affects the environmental/economic perfor
mance balance. 

Finally, BEES will follow the data transparency prindple of the LCA methodology by 
documenting data used and assumptions made at every LCA stage. 

Summary 
Toe building community is making dedsions today that have environmental and eco
nomic consequences. Its decisions are plagued by incomplete and uncertain data as well 
as the lack of a standardized methodology for evaluating the data. The NIST /U A team 
seeks to support these decisions by gathering environmental and economic performance 
data and by structuring and computerizing the dedsion-making process. The resulting 
BEES tool will be publidy available over the Internet. 
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PARTil 

lntroduction 
Toe conventional process for a construction project involves the initial project conceptual
ization, followed by pre-design, design, bid, construction, and occupancy. An environrnen
tally responsive design process adds the elements of integrated building design, design and 
construction team collaboration, and the development of environmental design guidelines. 
These new elements must be incorporated into the project from the very beginning and 
carried throughout the project phases to the final occupancy of the building. 

Conventional buildings often fail to consider the interrelationship among building sit
ing, design elements, energy and resource constraints, building systems, and building 
function. Green buildings, through an integrated design approach, take into considera
tion the effect these factors have on one another. Climate and building orientation, 
design factors such as daylighting opportunities, and building envelope and system 
choices, as well as economic guidelines and occupant activities, are all factors that need 
to be considered in an integrated approach. 

A multidisdplinary design and construction team can develop a building's functional and 
operational design to meet environmental and financia! goals. Toe multidisdplinary 
approach allows all team members-site planners, landscape architects, architects, engi
neers, contractors, interior designers, lighting designers, building owners, tenants, manage
men t companies, utilities, builders, and others-to share specialized expertise and 
coordinate their individual design efforts to achieve a well-functioning, integrated building. 

Development of green building guidelines sets both general goals for the project and spe
cific pararneters for building design, products, systems, and siting. These guidelines help 
to shape the project as it moves through the project phases. 

Chapters 3 and 4 provide information on the pre-design phase of the construction 
process-the critica! stage that shapes the eventual design and development of a sustain
able building. 
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CHAPTER3 

Pre-Design 

* SIGNIFICANCE 

An environmentally responsive design process, as outlined in Figure 1, follows the con
ventional process, with additional consideration given to sustainable design, materials, 
and systems. Activities which should occur in pre-design are discussed in this chapter; 
other parts of the manual discuss the activities that occur in the design, bid, construc-
tiop, and occupancy phases of a building's development. ¡ 

1 

Because the pre-design stage is the first step in the building process, incorporating green 
building practices into the project at this juncture is critical. Dedsions made during pre
design not only set the project direction, but also must prove cost-effective over the life 
of the project. Charting the course of the project at the very beginning by establishing 
green project goals, defining the process to achieve those goals, and developing a clear 
understanding of the expected results is vitally important. A clearly developed project 
framework guides the dedsion-making process throughout the project, incorporating 
issues related to site selection and design, the building design and its systems, the con
struction process, and building operations and maintenance. 

Integrated building design is a cornerstone for developing sustainable buildings, 
which are efficiently combined systems of coordinated and environmentally sound 
products, systems, and design elements. Simply adding or overlaying systems will 
not result in optimal performance or cost savings. Rather, building designers can 
obtain the most effective results by designing various building systems and compo
nents as interdependent parts of the entire structure. This conceptual framework starts 
at the pre-design stage and is carried throughout design and construction to building 
completion and operation. 

This integrated approach is wen-biustrated in passive solar design strategies that com
bine siting, architectural, mechariical, and electrical features in a systemic manner that 
results in improved building

1 

function and increased occupant satisfaction. 
Incorporating increased dayligh~ng into a building design, for example, will affect 

' 
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PRE-DESIGN 
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Figure 1 
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many other factors in the building. This strategy, which takes into account 
the building's orientation, as well as glazing choices and location, will permit 
reduction of artificial lighting. Toe resulting reductions in electricity use and 
interna! heat loads will allow the downsizing of air-conditioning systems. As a 
result, overall energy usage and energy costs in the building are reduced, and 
the improved air quality and lighting conditions can result in increased pro
ductivity and health of occupants. 

A team approach to design and construction is another importa!}t aspect of 
sustainable building that is established during the pre-design phase. This 
approach assures the development and i.mplementation of an integrated build
ing design. As illustrated in Figure 2, the team can comprise a wide variety of 
members-including the building owner, tenants, site planners, architects, 
engineers, contractors, local government agencies, management staff, and util
ity company representatives. For this approach to be successful, ali parties on 
the design team must commit themselves to the sustainable goals of the pro
ject. Rather than working in isolation in their own areas of expertise, team 
mernbers use a multidisdplinary approach in which the interrelated impacts of 
design, systems, and materials are recognized. Part of this process may involve 
education of team members to recognize the benefits of environmentally 
sound design or materials and to look beyond their own disciplines to concep
tualize the integrated systems. 



Environ.mental design guidelines, also an impor
tant component of green building development, 
direct the activities of the design team from the 
pre-design stage through all subsequent stages of 
the project. These guidelines may already exist as 
part of a building owner's ope.rating policies, or 
may be developed for a particular construction 
project. If developed for a specific project, they 
can articulate principles that darify the goals of 
the design team and rally support for the sustain
able building concept from key parties such as the 
building owner, public offidals, finanders, and the 
general community. Toe guidelines may initially 
state an overriding philosophy or vision, develop 
more defined goals in each area, and then relate 
specific objectives and priorities to a specific pro
ject. Figure 3 outlines sorne of the green building 
issues-induding those related to energy effidency 
and renewable energy, direct and indirect environ
men tal impact, indoor environmental quality, 
resource conservation and recyding, and commu
nity issues-to be considered when developing 
project guidelines. 

These aspects of sustainable design, along with 
other activities that occur in the pre-design phase, 
including prograrnming, budget analysis, and site 
selection, set the stage for successful construction 
of a green building. 

¡_.. SUGGESTED PRACTICES 
AND CHECKLIST 

Environmental Design 
Guidelines 
O Establish a vision statement that embraces 

sustainable principies and an integrated 
design approach. 
Toe project tearn, along with the client, should 
dearly define and articulate a vision statement 
that will support and enforce sustainable goals 
throughout the project. 

O Establish the project's green building goals, 
developed from the vision statement. 
The project goals should emanate from the 
needs and values of the client. The goals need 
not be specific, but should be broad statements 
of environmentally based ideas that can be fur
ther developed and integrated by the pro ject 
team. They may include such issues as energy 
efficiency, indoor and outdoor environmental 
quality, waste minimization, and general prind-

• Energy efficiency and renewable energy 
- Building orientation to take advantage of solar acms, shading. and 

natural lighting 
- Effects of micro-dimate on building 
- Thennal effiáency of building envelope and fenenration 
- Properly sized and efficient heating. ventiating. and 

air-conditioning (HVAq system 
- Altemative energy sourm 
- 11inimization of electric loads from lighting. appliances, and equipment 

- Utility incentives to offset costs 

• Direct and indirect environmental impact 
- lntegrity of site and vegetation during construction 
- Use of integrated ptst management 
- Use of native plants for landscaping 

- Hinimization of disturbance to the watmhed and additional 
non-point-source pollution 

- Effect of materials choice on mource depletion and air and water pollution 

- Use of indigenous building materials 
- Amount of energy used to produce building materials 

• Resource conservation and recycling 
- Use of recydable products and those with recyded material content 

- Reuse of building componentl, equipment, and fumishings 
- 11inimiution of construction wam and demolition debris through 

reuse and recyding 
- Easy accm to recyding faciírties for building ocrupants 
- 11inimization of sanitary waste through reuse of graywater and 

water-saving devim 
- Use of rainwater for inigation 
- Water conmvation in building operations 
- Use of altemative wastewater treatment methods 

• lndoor environmental quality 
- Volatile organic compound content of building materials 
- Hinimization of opportunity for miaobial growth 

- Adequate fmh air supp~ 
- Chemical content and volatility of maintenance and deaning materials 
- 11inimization of businm-machine and ocrupant pollution sourm 
- Adequate acoustic control 
- Access to da~ight and public amenities 

• Commu~tyiuuu . 
- Accm to site by mass transit and pedutrian or bicyde paths 
- Attention to rulture and history of community 
- Oimatic characteristia as they affect duign of building or building materials 
- local incentives, policiu, regulations that promote green design 
- lnfrastructure in community to handle demolition-waste recyding 
- Re~onal availability of environmenul products and expertise 

Figure 3 
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BERKELEY UNIFIED 
SCHOOL DISTRICT 
Berkeley, California 
In 1994, the Berkeley Unified School District in Berkeley, Carrfomia, enact-

, ed environmental policies that established green building goals. The school 
district's Materials/lndoor Air Quality Policy states: 

lt is the intent of the Berkeley Unified School District Faciírties Program to 
minimize building ocaJpants' exposure to uncomfortable and potentially 
harmfu! interior environments. This eflort starts with design and construc
tion of new and renovated faalities, and continues through the írfe of the 

, facility with maintenance practices.l 

The Energy Design Standard Policy states: 
The building energy design standard! policy of the Berkeley Unified School 
District seeks to achieve three broad goals. These are: 
1) To provide a high quality indoor environment with respect to thennal 

comfort, lighting, and venttlation, for student, faculty, and stall. 
2) To reduce energy consumption and maintenance costs of the District on 

an ongoing basis. 
3) To improve energy conservation awareness and education of students, 

faculty, and staff.l 

Both policies provide additional specific green design criteria. The 
Materials/lndoor Air Quality Policy deals with site layout and landscape, 
building materials, finishes and fumishings, building systems, and construc-

, tion practices. The Energy Design Standard Policy establishes specific ener
gy perfonnance aiteria and objectives as follows: 
1) lmprove district-wide energy use/square foot by 40 percent befo re the 

year 2000. 
2) New and substantially renovated buildings shall exceed State Energy 

Code (Tltle 24) standards by a minimum of 35 percent. 
3) Buildings which are retrofitted for energy conservation shal~ as a míni

mum, meet the applicable · provisions of the State Energy Code even 
where not required by law.' 

ples of sustainability. In some instances, clients, 
such as governmental agencies and private organiza
tions, may already have an environmental policy 
that informs and supports the project goals. 

• Establish green design criteria. 
Toe design criteria, which are more specific than the 
goals, should begin to clarify the most important 
and relevant aspects of the project. For example, 
they may include a certain level of improvement in 
energy efficiency over conventional usage, indicate 
a percentage of renewable energy strategies and 
equipment to be used in the project, stipulate 
requirements for sensitive site design, provide 
guidelines for indoor environmental quality, and 
indicate levels of resource conservation and recy
cling. In addition, they may indicate that life-cycle 
assessment be used to analyze the direct and indi
rect environmental impacts of building-material 
selection, and that broad community-related envi
ronmental issues, such as preservation of existing 
green spaces or reuse of historie structures, be 
addressed. 

• Set priorities for the project design criteria. 
- Prioritize design options based on environmental 

guidelines and project constraints. Priorities 
should flow from the vision statement, the goals, 
and the design criteria, and should support of the 
project's environmental policy. Toe design team, 
may, for example, decide that energy efficiency, 
indoor air quality, or severa! combined criteria are 
the main priorities for a project. Design criteria 
need to be prioritized in the context of the pro
ject's budget and scheduling constraints. Toe 
realities of these constraints may allow some 
design criteria to be included, but exclude others 
deemed less important by the team, or less 

achievable with current technology. It is also possible that the project design could 
be flexible enough to allow incorporation of additional criteria at a later, more prac
tica! date. Setting priorities will provide the critica! direction needed by the design 
team in making project decisions related to design, products, and systems. 
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- Seek to incorporate additional green measures through this process. Prioritizing cri
teria also may allow the design team to justify additional green measures for the 
project, by using the projected financia! savings of one priority, such as energy con
servation, to balance the costs of other green measures. Green building materials, 
for example, though environmentally significant, may not have the same direct 
financia! payback as energy savings and may have higher up front costs than con
ventional products. Total project costs can remain reasonable, however, if savings 
from the energy-efficiency measures can offset the costs of other features. 

Building Program 
• Develop a building program detailing the project's green building requirements. 

A building program develops a clear statement of the building owner's or client's 
expectations for the building--and the function of the entire building and its various 
rooms and related structures-within the budget, schedule, and physical constraints of 

(, 
' 



the project. Toe building program should indude both a general and a room-by-room 
description of the project. Toe project's environmental vision and goals and its design 
criteria and priorities should also be induded in the building program. More specifical
ly, the program should state indude the criteria for energy effidency and renewable 
energy, indoor air quality, materials selection, waste and demolition recyding, and 
any other dearly defined green requirements. In addition, the building program can 
take into consideration the broader community context of the building, and strive to 
reflect local design as influenced by cultural and climatic factors, as well as consider 
ease of pedestrian and mass-transit access. 

Project Budget 
o Develop the project and building construction budget. 

Determine relevant design fees and construction costs, including those for all green 
building measures, for the project. 

- Institute life-cyde-cost analysis for the project's green design and construction mea
sures (see Chapter 1, "Toe Economics of Green Buildings," and Chapter 2, "Selecting 
Environmentally and Economically Balanced Building Materials"). 

- Seek the advice of a design professional and cost consultant with green building 
experience. 

- Because many green and sustainable building practices are relatively new to the 
industry, allocate adequate contingencies for additional research and analysis 
of options. 

Design Team Selection 
O Create a design and construction team that utilizes the whole-building integrated 

design approach. 
Select team members who are committed to the project vision. The project team 
should indude representatives from all aspects of the building project, from site plan
ning to construction to building operations. Team members should be willing to think 
beyond their own spedalty and understand that the building is a system of interrelat
ed processes and products. Figure 2 illustrates the basic members of a project team. 

O Develop a Statement of Work (SOW) and a Request for Qualifications (RFQ), in 
preparation for hiring appropriate design professionals. 
The SOW includes the project criteria, including green building issues. The RFQ 
identifies the skills required for participation in the project, including green 
building expertise. 

O Select a team leader and encourage communication and integration among team 
members. 
Toe team leader's role is to integrate the design team process. Toe leader must have 
good communication skills and be well-grounded in the principles of sustainable 
design and construction. Additionally, the building owner, working with the team 
leader, can be a strong resource by supporting and emphasizing the importance of 
green building goals to the project. 

O Determine the most appropriate method for contractor selection, given the 
project goals. 
This indudes determining the construction contract type, such as public bid, invited 
bid, negotiated contract, and design-build. Green building goals may be more easily 
achieved with negotiated contracts than with bids, as the contractor can be carefully 
selected and hired at an earlier stage and can be actively involved in the building 
design team process. Prequalification of contractor and pre-selected or invited bids are 
other options for achieving these results. By prequalifying contractors, the owner can 
select those with experience and interest in green building practices. 
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Whichever contract type is selected, very carefully defined specifications, 
including environmental procedures, need to be developed and implemented. 
Contract or bid documents should clarify rules for submissions and substitu
tions of green products and systems. (See Chapter 17, "Specifications," for 
further discussion.) 

Partnering 
O Implement a partnership-oriented process for the project. 

Partnership is the best way to pursue established project goals and criteria, 
following the whole-building integrated design approach; to establish and 
maintain communication among the team members; and to resolve issues 
related to design changes, problems with product availability, and other 
issues quickly. It is also a forum to discuss new techniques and strategies for 
green building design and to develop new and creative solutions that bene
fit from the skills and knowledge of ali team members. A partnering process 
should be in place throughout the project, starting with the design phase 
and continuing through the construction and pre-occupancy phases. 

Project Schedule 
:J Develop a project schedule that incorporates the additional steps of an 

environmentally responsive design process, illustrated in Figure l. 
The schedule should be sensitive to additional research, unconventional 
techniques or materials, additional systems testing, pre-occupancy commis
sioning, or other green practices that may be used for the project in con
nection with its green design criteria. 

Laws, Codes, and Standards 
::i Prepare and review a list of the appropriate and applicable laws, codes, 

local ordinances, statutes, and industry-related standards relevant to 
the project. 
In addition to the typical laws and guidelines followed on most projects, 
sorne will be relevant specifically to a green building. Examples include: 
- Local or state environmental quality and energy efficiency laws, such as 

the California Environmental Quality Act (CEQA), which requires an 
environmental analysis for any project that may have a significant effect 
on the environment. 

- Standards produced by the American Society of Heating, Refrigerating, 
and Air-Conditioning Engineers (ASHRAE), which address energy effi
ciency, indoor air quality, thermal comfort, ventilation rates, and build
ing commissioning, and are useful when developing designs and 
specifications for systems and products related to space conditioning. 

- Other standards, such as the American Society for Testing and Materials 
(ASTM) life-cycle standards and the Illuminating Engineeri.ng Society's 
lighting standards, and specification guidance from the Construction 
Specification lnstitute (CSI). (See Chapter 17, "Specifications," for more 
information on green specifications, and Chapter 25, "Toe Future of 
Green Building," for more information on standards.) 

Research 
O Research green projects that are complete or about to be completed. 

Prepare a binder of information about these projects for reference. As 
appropriate, visit the projects and meet with their design tearns. This ex:er-



cise can produce valuable information about existing green building practices and 
feedback on current green design and construction procedures and products. It is also 
a good way to educate a team, and the building owner, about green buildings prior to 
starting a project. 

Site Selection 
O Evaluate project site selection, based on green criteria. 

In many projects, the site is selected prior to commencement of the design phase. 
Ideally, the design team should be involved in sit:e selection and should assess the 
appropriateness of the site relative to green design criteria. A team may decide if the 
site takes maximum advantage of solar access, existing vegetation, and natural geologi
cal features, as well as analyze the site's accessibility from existing transportation corri
dors and its ability to meet other needs of the building owner, tenants, and visitors. 
(See Part III for additional site information and selection criteria.) ,a,n,, 

1 Materials/lndoor Air Quality Standards Committee, "Materials/Indoor AiI Quality Policy" {Berkeley, Calif.: 
Berkeley Unified School District Office of Fad.lities Planning, June 15, 1994). 

2 Energy Design Standards Committee, "Energy Design Standards Policy" (Berkeley, Calif.: Berkeley Unified 
School Disttict Office of Fad.lities Planning, June 15, 1994). 

3 Ibid. 
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CHAPTER4 

Local Government 
Inf ormation: 
Pre-Design Issues 
IMPLEMENTATION ISSUES 

Local govemments have the unique ability to be both owners and clients in designing 
the forro and function of their community buildings. Toe pre-design phase allows local 
govemment to incorporate sustainable building criteria in its determination of where a 
building should be built, the function of the building, the materials used for construc
tion, and the building's relationship to the local community. 

It is during the pre-design phase that green building guidelines need to be developed and 
used in an integrated approach to building design. This approach encourages local gov
emments to evaluate such factors as future energy usage, environmental impacts, water 
usage, site irnpacts, indoor air quality, waste reduction, transportation and parking, com
munity access, operations and maintenance costs, and local economic impacts. It is also 
an opportunity to establish guidelines that require life-cycle costs be used to evaluate 
energy and water systems, as well as building products. Llfe-cyde cost analysis involves 
calculating the total costs and savings of conventional versus higher-efficiency systems 
or environmentally sound products. 

Local govemments can also require design and construction teams to have expertise in 
resource-efficient design and construction and to ensure that citizens and building occu
pants have an opportunity during the pre-design phase to contribute their ideas on 
building use, building design, and access to the site. 

LOCAL ACTl()NS 

• Toe dty of Austin, Texas, passed a local resolution in 1994 that requested dty staff to devel
op sustainable building guidelines for municipal buildings, encourage voluntary prívate 
sector compliance with the dty's sustainable building guidelines through education and 
promotional endeavors, and promote opportunities to involve at-risk youth in green build
ing projects. Toe ultimate goal of the resolution is to make Austin a model sustainable city. 

Author 

Michael Myers 
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By December 1994, the city's Departments of Environmental and Conservation 
Services and Public Works developed Volume I of the Sustainable Building Guidelines. 
Toe guidelines are based on Austin's successful Green Builder Program for residential · 
buildings, which received international honors at the 1992 United Nations Conference 
on Environment and Development. 

Volume I, Principies of Sustainable Building Design, encourages the broad goals of energy 
efficiency, water conservation, and healthy structures; the use of recycled-content materi
als; the integration of environmental concems, green construction, and waste-reduction 
practices; and procedures and guidelines for building longevity. Specifically, it aims to: 

• Reduce aggregate energy use over the base line by 10 percent. 

• Reduce electrical energy demand over the base case by 20 percent. 

• Reduce water consumption for similar building type and si.te square footage by 30 percent. 

• Optimally recycle or reuse construction and demolition materials generated 
by the project. 

• Recycle 75 percent of operational waste. 

• Select building materials that emphasize sustainability standards. 

• Increase building longevity through durable construction elements and 
adaptable design. 

• Achieve a healthy indoor air quality. 

Volume I outlines a design process that features a team-oriented and integrated design 
approach. Steps in Austin's design process include: 1) development of a program-spe
cific base line; 2) site analysis; 3) characterization of energy needs; 4) economic analy
sis; and 5) development of project-specific goals._ 

An appendix to the Sustainable Guidelines docunient includes other useful information, 
such as a preferred plant list for the region, materials suppliers, and resources. Volumes 
11 and m will focus on specifying for sustainability and operations and maintenance 
for city facilities, respectively. · 

' • In 1994, the city of Portland, Oregon, also adqpted Sustainable City Principies that 
encourage elected officials and municipal staff to develop connections between envi
ronmental quality and economic vitality, to include long-term effects and cumulative 
environmental impact in decision-making, to ensure commitment to equity, to use 
resources efficiently and prevent additional pollution, to purchase products based on 
long-term environmental and operating costs, ·and to educate citizens and businesses 
about their role in implementing these principies. 
Putting policy into practice, Portland developed a design services Request for Proposals 
(RFP) for a new municipal building. The RFP designates environmentally sensitive 
design and construction as priorities of .the city and indicates that design and siting 
decisions will be based on long-term environmental impact. Areas of spectal focus in 
the RFP include recycled construction and building materials, energy efficient systems 
and fixtures, and water-conserving plants in the landscape. Portland also made recom
mendations for the composition of the design team, induding specific expertise in 
energy-efficient design, and provided mechanisms for input from a Citizens' Task Force 
and city staff. These groups will meet during the design process to provide direction on 
siting, building design, and programs offered at the facility. 

• The city of Santa Monica, California, is formulating a set of Sustainable Development 
Guidelines for construction and development projects within the city. These guide
lines are intended to foster environmental responsibility without unreasonable 
increases in building cost or limits on construction practices. When complete, Santa 
Monica's guidelines should be beneficia! to the environment and conducive to the future 
growth of the city. 
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• Toe American Institute of Architects (AIA) has canied out a series of design charrettes in 
communities around the country to increase public and professional awareness of, and 
involvement in, environmental design projects. These intensive, short-term workshops 
bring together design professionals, builders, policymakers, finanders, and community 
organizations to explore the benefits of sustainable development practices. AIA design 
charrettes have examined a range of projects, including the environmentally sound 
development of a water aquifer; redevelopment of neighborhoods, inner-city areas, and 
downtown commercial areas; and reuse of a historie courthouse and a closed landfill 
site. Toe charrettes provide an opportunity to develop community support at ali levels 
for implementation of green building practices in community projects. 

LOCAL OPTIONS 

• Adopt a resolution or policy to direct future building toward green practices. 

• Institute life-cycle cost analysis for procurement of building systems and materials for 
municipal projects. 

• Build local public support for green buildings by establishing a green building task 
force or support activities of existing local organizations. 

• Hold a design charrette to focus attention on local green design efforts for public or 
private building projects. 

• Establish a pre-design green team for municipal buildings that indudes green design 
professionals, community members, and building occupants. 

• Conduct an environmental sean of existing buildings to assess baseline energy and 
water usage, indoor air quality, and site characteristics, and to estímate future resource 
needs and costs. 

• Conduct a baseline analysis of institutional issues that affect green building policy 
implementation-for example, procurement polides, zoning, building codes and stan
dards, operations and maintenance policies, recycling policies, and economic policies. 

• RESOURCES 

Resources for the Local Government Information chapters are located in the Appendix. 
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( 1 PARTID 

lntroduction 
Sustainable site planning and design do not impose building design on the site. Rather, 
they identify tlie ecological characteristics of the site, determine whether it is appropriate 
for its proposed use, and design ways to integrate the building with the site. Toe intent is 
to lessen the environmental impact of human activity, while using natural characteristics 
of the site to enhance human comfort and health, and potentially provide a significant 
portien of the building's energy requirement. Preservation of site resources and conserva
tion of energy and materials in' construction and building operations are important 
results of good site design. 

This section of the manual emphasizes the need to consider the regional and global 
effects of building and development. Far from being merely a location for construction, 
each site consists of interconnected living systems, all linked to the environment 
beyond the site's boundaries. Toe connected outdoor spaces-garden, plaza, greenbelt, 
and wildemess-also link people; both physically and sodally. Keeping a building site 
in harmony with its surroundings is vital not only to our environment, but also to our 
sense of community. 

Toe chapters in this section provide practical guidelines for developing site-integrated 
buildings and maintaining the ecological integrity of the site. Chapter 5, "Sustainable 
Site Design," covers pre-design planning: assessment of existing natural and cultural site 
characteristics, existing infrastructure, and building requirements. Chapter 6, "Water 
Issues," suggests spedfic methods of protecting natural watersheds, redudng water usage 
and pollution, and setting up systems to use gray- and blackwater. Chapter 7, "Site 
Materials and Equipment," discusses environmentally responsible methods of site modi
fication. Practices discussed in c;hapters 6 and 7 will be developed during the design 
phase and carried out during the¡construction and occupancy phases of a building con
struction project. Chapter 8 provides examples of local government initiatives related to 

1 

sustainable issues. 
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CHAPTER5 

Sustainable Site Design 

* SIGNIFICANCE 

This chapter focuses on green site-planning strategies and practices that specifically 
relate to assessing and selecting a ·site for uses such as office buildings and parks, institu
tional and research structures, retail businesses, and industrial facilities. The purpose of 
sustainable site planning is to integrate design and construction strategies by modifying 
both site and building to achieve greater human comfort and operational efficiencies. 
Sound site planning is prescriptive and strategic. It charts appropriate pattems of use for 
a site while incorporating construction methods that minimize site disruption and the 
expenditure of financial and building resources. 

Site planning assesses a particular landscape to determine its appropriate use, then maps 
the areas most suitable for accommodating specific activities associated with that use. 
The process is based upon the premise that any landscape setting can be analyzed and 
studied as a series of interconnected geological, hydrological, topographic, ecological, 
climatological, and cultural features and systems. An ideal site plan is one in which the 
arrangement of roads, buildings, and associated uses is developed using site data and 
information from the larger macro-environment, including existing historical and 
cultural pattems of the community. 

Selecting a building site begins the process of calculating the degree of resource use and 
the degree of disturbance of existing natural systems that will be required to support a 
building's development. The most environmentally sound development is one that dis
turbs as little of the existing site as possible. Therefore, sites suitable for commercial 
building should ideally be located within or adjacent to existing commercial environ
ments. Building projects also require connections to mass transit, vehicular infrastruc
ture, and utility and telecommunication networks. Sound site planning and building 
design should consider locating building-support services in common corridors, or siting 
a building to take advantage of tbctsting service networks. This consolidation can mini
mize site disruption and facilitate ,building repair and inspection. 

Author 

Nicholas T. Dines 
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Figure 1 

Toe use, scale, and structural systems of a building affect its particular site requirements 
and assodated environmental impacts. Building charactertstics, orientation, and place
ment should be considered in relation to the site so that proper drainage systems, circula
tion patterns, landscape design, and other site-development features can be determined. 

,_. SUGGESTED PRACTICES AND CHECKLIST 

Site Analysis and Assessment 
Toe purpose of a site analysis is to break down the site into basic parts, to isolate areas 
and systems requiring protection, and to identify both off-site and on-site factors that 
may require mitigation. Site assessment is a process that examines the data gathered and 
identified in the site analysis, assigns spedfic site factors to hierarchies of importance, 
and identifies, where possible, interactive relationships. For example, an analysis may 
identify spedfic soils and their properties, vegetation types and their distribution, or var
ious slope and slope-orientation conditions to name a few site factors. An assessment 
applies evaluation criteria that allow the comparison of various sites' suitability for a 
sped.fic use. 

Sustainable design practices assess both site and building program to determine the site's 
capactty to support the program without degrading vital systems, or requiring extraordi
nary development expenditures. Toe result of analysis and assessment is a blueprint for 
the most appropriate ecological and physical fit between site, building, and the resulting 
cultural landscape. 
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Data Collection 
Technical Site Data 

O Perform a site analysis to 
determine site characteristics 
that influence building 
design. 
Toe following site characteristics 
influence building design ele
ments, induding form, shape, 
bulk, materials, skin-to-volume 
ratio, structural systems, 
mechanical systems, access and 
service, solar orientation, and 
finished floor elevation: 
- Geographical latitude (solar 

altitude) and mkroclimate fac
tors, such as wind loads
Affect building layout, 
induding solar orientation 
and location of entrances, 
windows, and loading docks 
(Figure 1). 

- Topography and adjacent land
forms- Influence building 
proportions, wind loads, 
drainage strategies, floor ele
vations, and key g:ravity-fed 
sewer-line corridors (Figure 2). 
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- Groundwater and sur{ace runoff charaderistics-Determine 
building locations as well as natural channels far diverting 
storm runoff and locations of runoff detention ponds 
(Figure 3). 

- Solar access-Determines position of building to take 
maximum advantage of natural solar resources far pas
sive solar heating, daylighting, and photovoltaics. 

- Air-movement patterns, both annual and diurnal
Particularly influence siting of multiple structures to 
avoid damming cold moisture-laden air, or blocking 
favorable cooling breezes during periods of overheating. 
Properly measured wind loads and pressure differentials 
are essential for designing interior air-handling systems or 
use of passive solar cooling strategies (see Chapter 11, 
"Renewable Energy"). 

- Soil texture and its load-bearing capadty-Determine building 
location on the site and the type of footing required . 
ldentify site-grading processes by the soil's potential far ero
sion by wind, water, and machine disturbance. 

- Parcel shape and access-Affect a site's capadty to accommo
date a proposed development, even if its size and environ
mental factors are favorable. Potential access points should 
not burden lower-density or less compatible adjacent land 
use. Zoning setbacks and easements can also affect develop
ment potential (Figure 4). 

- Neighboring developments and proposed future developments
Affect proposed project and may lead to requisite design 
changes. 

r d 
O , 10 

Figure 2 

Figure 3 
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Figure 4 

O Analyze specific characteristics of climate 
zones. 
Climate zones (hot-humid, hot-artd, temper
ate, and cold) have specific characteristics 
requiring mitigation, augmentation, and 
exploitation (Table 1). Each climate zone sug
gests historically amenable siting and build
ing practices. 

O Analyze the site's existing air quality. 

"'Í'- • Poo~ l..o"T SttA ~ ! t--OR:rH 

Most state and federal projects require an 
environmental impact statement (EIS) outlin
ing the potential negative impacts of a pro
posed development and how they might be 
alleviated. Site planning requires two kinds of 
air-quality analysis regarding: (1) assessment 
of the existing air quality of the site to deter-
mine the presence of noxious chemicals and 
suspended particulates, and (2) projection of 
the negative consequences (if any) of the pro
posed development on existing air quality. In 
primarily commerdal or industrial areas, poor 
air quality should be a key factor in determin
ing site suitability and use, especially for such 
facilities as schools, parks, or housing for 
seniors. Testing should antidpate seasonaI or 
diurna! wind pattems to make certain that 
the worst possible case is tested. Certified labs 
should perform testing to determine both 
chemical and particulate pollution. 

O Perform soil and groundwater testing. 
Perform soil tests to identify the presence of 
chemical residues from past agricultura! 
activities (arsenic, pestiddes, and lead); past 
industrial activities (dumps, heavy metals, 
carcinogenic compounds and minerals, and 
hydrocarbons); and any other possible conta-

• D~ 1..-0T St-tkPE mination both on or in the vicinity of the 
subject site. Also, the possibility of water con
tamination, in areas where the native rock 

and substrata are radon-bearing deserves specific attention. These tests are crucial to 
determine both site feasibility and/or the construction methods required to either rnit
igate or remove contaminants. 

O Test soil suitability for backfills, slope structures, infiltration. 
Toe native soil should be tested to determine bearing, compactability, and infiltration 
rates, and, in turn, structural suitability and the best method for mechanical com
paction (i.e., day soils require non-vibrating compaction and non-erosive angles of 
repose for cut-and-fill slopes). 

O Evaluate site ecosystem for existence of wetlands and endangered species. 
In addition to wetland regulations governing vegetative-cover removal, gradíng, 
drainage alterations, building siting, and stormwater runoff mitígation, there are 
endangered species regulations designed to preserve spedfic plant and animal spedes. 
Preservation and restoration strategies require thorough economic analysis, spedal
ized expertise, and sound baseline data gathered through both remote and on-site 
sensing methods. 
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• Examine existing vegetation to inventory significant plant populations. 
This will enable the developer or mmer to later spedfy vegetation that is susceptible to dam
age during construction, so that protective measures can be developed and implernented. 

• Map all natural hazard potentials (such as winds, floods, and mudslides). 
Historie flood data, wind-damage data, and subsidence data should be mapped along 
with current annual wind and precipitation data. lt is important to indicate if the pro
posed development is within a statistically significant probability of sustaining 
impacts within the near future. Often, evidence of past occurrences is not visible. 
Subsurface investigation may yield data on surfidal rock strata or uncharted previous 
excavations. Such evidence may require that a different site be selected, or an architec
tural modification be made. 

• Diagram existing pedestrian and vehicular movement and parking to identify 
pattems. 
Existing traffic and parking pattems in areas which are adjacent to or near the site 
may need consideration in relation to proposed building design and site circula
tion pattems. 

• Review the potential of utilizing existing local transportation resources. 
Explore the sharing of existing transportation facilities and other resources, such as 
parking and shuttle~, with existing institutions. This can lead to greater site effidendes. 

• ldentify construction :restraints and requirernents. 
Spedal construction methods may be required because of local soil condition, geology, 
earth-moving constraints, and other site-spedfic factors and constraints. 

Cultural and Historical Data 

• Review site's cultural resources for possible restoration. 
Historical sites and features can be incorporated as part of the project site, thereby 
increasing ties with the community and preserving the area's cultural heritage. 

• Review architectural style of the area for incorporation into building. 
If desirable, the architectural style that is historically predominant in an area can be 
reflected in the building and landscape design, enhandng community integration. 

D Explore use of historically compatible building types. 
There may be building types that are historically matched to the region. Consider inte
grating such types into building development. 

Infrastructure Data 

D Analyze site for existi.ng utility and transportation infrastructure and capacity. 
There may be insuffident existing infrastructure for the proposed project. Toe cost for 
required additional capadty and assodated disruption to the surrounding area could 
make the project unfeasible. Existing infrastructure should be analyzed for integration 
.into the building and facilities. 

Data Assessment 
D Identify topographic and hydrological impaets of proposed design and building use. 

Measure cut-and-fill potential and assess potential for erosion, siltation, and ground
water pollution. 

D Develop general area takeoff and overall building footprint compatibility with site. 
For example, measure total site coverage of impermeable surfaces to determine thresh
olds of run-off pollution potential (i.e., over 20 percent impermeable coverage of gross 
site requires mitigation to clean stormwater before it enters drainage systern off-site). 
Footprint should also maximize site effidendes with regard to required road, utility, 
and service access. 
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Table 1 

O Identify altemative site design concepts to minimize resource costs and disruption. 
Develop severa! alternatives to explore optima! pattern with regard to factors such as 
grading and tree-clearing consequences and resulting infrastructure costs. 

• Review financial implications of site development, building, and projected main
tenance costs. 
Total cost of the project must factor in ongoing costs associated with the site design, 
development, and operations, as well as hidden embodied energy costs associated with 
sped.fic materials. 

O Develop matrix of use and site compatibility index. (Table 1). 
Each site may be assessed to revea! its development compatibility index with regard to 
a specific type of development. This index may revea! a pattern of incompatibilities, 
suggesting that either a different site be chosen or specific appropriate mitigation mea
sures be undertaken. 

Site Development and Layout 
After the site has been selected on the basis of a thorough analysis and assessment, ideal 
diagrammatic concepts are laid out on the topographic survey with the objective of orga
nizing all proposed built elements to achieve an efficient and effective site and develop
ment fit. Toe main goal of the concepts should be to minimize resource consumption 
during construction and after human occupation. lt should be noted that during recla
mation of disturbed sites, initial expenditures may be higher than normal and should be 
balanced by ongoing landscape management strategies. The following practices serve to 
guide the irútial concept diagramming process. 

Use Type Cold Tempera te Hot Hot-Hümid 

Orientati.on 4 • -$- -$-

• D c::l Oc 
L to WRatio o 

~ ' \ 

BTU's/ S. F. '~ _!:f1_ ~ 

Plants ~ ~~ ~J},~ ~.a .......__. ~,..,- ~ ~ Grading ~ ,.., ~ 

Drainage 7r ~ -t-o/ --¼~ 

::::t ~:1 :::::::2: 1 

E~:?•• E~i:~ Pavement ~--~~'-il 
~ Sa3a C:-~x..(-- - . 1/h~ Clearing 

fllf --. 111 
4 e: 

~ ~~ 
-........ ~ : _ _,¡..; ~ 

AirMovem't ~l;J,~ "11- 'O'. 1'.,__ 
.... ...... 

Circulation ~f- • wf- ói- • o~ 
,t " 

Other. .. 

11111!11 CHAPTER 5: SUSTA!NABLE SITE DESIGN 

~ ... . 



!. 
:>· 

• 

lnfrastructure 
Utility Corridors 

• Design the site plan to roiuiroize road length, building footprint, and the actual 
ground area required for intended improvements. 
Such planning decreases the length of utility connections. Consult local codes regard
ing separation requirements for l'.{ater, sewer, electrical, and gas lines. 

' • Use gravity sewer systems wherever possible. 
Avoid pumped sewer systerns because of ongoing power consumption. 

O Reuse chemical-waste tanks and lines. 
Existing chemical-waste tanks and lines should be inspected, protected, and reused to 
avoid creation of additional hazardous-materials problerns. 

o Aggregate utility corridors when feasible. 
Where possible, common site utility corridors should be consolidated along previously 
disturbed areas or along new road or walk construction, both to minimize unnecessary 
clearing and.trenching and. to ensure ease of access for ongoing repairs. 

Transportation 

O Support reduction of vehide miles traveled (VMT) to the site. 
Where applicable, existing mass-transit infrastructure and shuttle buses should be sup
ported, ora new line developed. Carpooling strategies should be encouraged in addi
tion to mass-transit use. To fos~er the use of bicycles, showers and lockers should be 
considered. Ali of these transportation methods reduce parking and transportation 
costs for employees . 

• Use existing vehicular transportation networks to miuiroize the need for new 
infrastructure. 
This practice can increase site efficiencies associated with reduced ground coverage, 
parking requirements, and related costs. 

O Consider increased use of telecommuting strategies. 
Telecommuting and teleconferencing can reduce commute time and VMT to and from 
worksites. Plan for adequat~ telecommunications infrastructure and access in building 
design. (See Chapter 25, "The Future of Green Building" for further discussion). 

O Consolidate service, pedestrian, and automobile paths. 
To minimize pavement costs, improve efficiency, and centralize runoff, the pattem of 
roads, walkways, and parking should be compact. This not only is a less expensive way 
to build, it also helps to reduce the ratio of impermeable surfaces to the gross site area. 

Building and Site Requirements 
Land Features 

O Develop previously disturbed sites such as unused urban lots and commercial sites. 
These sites may already be affecting the environmental quallty of neighboring proper
ties, the watersheds, and other features, therefore redevelopment requires minirnal dis
turbance of natural systems. Furthermore, redevelopment is likely to irnprove the 
immediate community, potentially create jobs, and increase land values that have 
been affected by the abandoned or blighted property. 

1 

O Avoid stream channels, flood plains, wetlands, steep erodible slopes, and mature 
vegetation. 
To avoid high site-preparation costs, and to preserve irnportant visual and ecological 
features, development activity should be configured to occupy "interstitial site space," 
or those spaces between critica! :resources. 
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Building and Site Orientation (see Figure 1) 

• Plan site clearing and planting to take advantage of solar and topographic 
conditions. 
Solar orientation, sky conditions (doudy versus dear), and topography are interrelat
ed. A site's latitude determines the sun's altitude and assodated azimuth for any given 
time of day, each day of the year. Site-dearing and planting strategies, which partially 
determine solar access, are influenced by those requirements. 

• Orient building to take advantage of solar energy for passive and active solar 
systems. 
Toe building should be oriented to take advantage of shade and airflows for cooling in 
summer, and of passive solar energy for heating and wind protection in winter. If solar col
lectors or photovoltaic systerns are proposed, orientation should allow maximum access 
to sunlight. (See also Part IV, Section A, "Passive Solar Design" for more information.) 

• Minimize solar shadows. 
Landscaped areas, open spaces, parking, and septic fields should be aggregated to pro
vide the least solar shadow for southem orientations of the building project and 
adjoining buildings. Calculating total site shadow can prevent the creation solar voids 
and cold-air-drainage dams. Tois is espedally helpful in cold and temperate dimates. 

• Minimize earthwork and clearing by aligning long buildings and parking lots 
with landscape contours; take up excess slope with half-basements and staggered 
floor levels. 

• Provide a north-wall design that minimizPs heat loss. 
Provide entrances with airlocks, and limit glass to prevent heat loss in human-occu
pied areas. Large buildings in cold or temperate dimates require air-handling system 
compensation for balandng interior building pressure in such circumstances. 

• Provide a building-entrance orientation that maximizes safety and ease of access. 
Toe building should be positioned on the site so that its entrance provides IIÍaximum 
safety and ease of access, as well as protection from the elements. 

Landscaping and Use of Natural Resources 

• Harness solar energy, airflow pattems, natural water sources, and the insulating 
quality of land forms for building temperature control. 
Existing water sources and landforms can be used to create winter heat sinks in cold 
dimates, and temperature differentials for cooling air movement in hot climates. 
Existing streams or other water sources · can contribute to radiant cooling for the site. 
Color and surface orientation may be used to favorably absorb or reflect solar energy. 

• Use existing vegetation to moderate weather conditions and provide protection 
for native wildlife. 
Vegetation can be used to provide shade and transpiration in the summer and wind 
protection in the winter. Additionally, vegetation can provide a natural connection for 
wildlife corridors. 

• Design access roads, landscaping, and ancillary ·structures to channel wind 
toward main buildings for cooling, or away from them to reduce heat loss. 

Public Amenities 

• Modify microdimates to maximize human comfort in the use of outdoor public 
amenities such as plazas, sitting areas, and rest areas. 
Figure 5 provides examples of typical commerdal buildings and associated sites. 
- Modulate sun and wind. In planning outdoor public amenities, the designer needs 

to consider seasonal weather patterns and dimate variables such as vapor pressure in 
hot-humid zones, desiccating winds and diumal extremes in hot-arid zones, and 
annual temperature extremes in temperate and cold zones. 
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- Introduce structures and plantings that provide shelter 
from harsh elements and highlight desirable features . 
Modulation of tree-canopy heights and inclusion of 
water fountains and other built structures can fine-tune 
an exterior site by accelerating or decelerating site winds, 
casting shadows, or cooling by evapotranspiration or 
evaporative cooling. 

O Consider sustainable site materials for public amenities. 
Materials should be recyded, if possible, and have a low 
life-cycle cost. Albido (solar reflectance index attributed to 
color) should also be considered when choosing site mate
rials (see Chapter 7, "Site Materials and Equipment"). 

Construction Methods 

O Specify sustainable site construction methods. 
The construction methods employed should ensure that 
each step of the building process is focused on eliminating 
unnecessary site disruption (e.g., excessive grading, blast
ing, clearing) and resource degradation (e.g., stream silta
tion, groundwater contarnination, air-quality loss). The 
strategies can harness features such as ventilating breezes, 
solar gain, and rnicroclimates, and can rnitigate unfavor
able features such as cold, moist air drainage; desiccating 
winds; and increased stormwater runoff. 

O Develop sequential staging to minimize site disruption. 
The building process should be strategically charted in 
stages to avoid unnecessary site disruption, and to achieve 
an orderly construction sequence from site clearing to site 
finish. Such a strategy reduces costs and damage to the site. 
It requires dose coordination between ali sub-contractors. 
(See Chapter 7, "Site Materials and Equipment, " and 
Chapter 19, "Environmental Construction Guidelines".) 

• RESOURCES 

A rchitects' First Source for Products. Atlanta: 1995. A compre
hensive illustrated product catalog of professional organi
zations that may be useful for further information and site 
and building products. 

Groesbeck, Wesley A. , and Jan Stiefel, ASLA. The Resource 
Guide to Sustainable Landscapes. Salt Lake City: 
Environmental Resources, Inc., 1994. A specific compila
tion of specification language tied to a Construction 
Specification Institute (CSI) format with a comprehensive 
listing of manufacturers specializing in environmentally 
friendly products, devices, and processes. 

U.S. Department of the Interior, National Park Service. 
Guiding Prindples o(Sustainable Design. Denver: GPO, 1993. 
A useful general introduction to sustainable design factors 
affecting site planning and architecture from the perspec
tive of those charged with stewardship of public lands. lt 
contains useful charts and diagrams with regard to site 
selection, assessment, and design. 

Figure 5 
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CHAPTER6 

Water Issues 

Watershed Protection 
* SIGNIFICANCE 

Every building site is in a watershed, and everything people do on a site has an 
impact on the watershed's condition. Sediment from soil disturbance, oil leaks, 
and fertilizers pollute streams; excessive runoff aggravates flooding and erosion; 
and deflection of rainwater from its natural paths dries out streams and wetlands 
in summer. 

Watershed protection must occur both during and after construction. Clearing and 
earthmoving increase erosion by as much as 40,000 times the rate occurring in 
undisturbed sites.1 Many states and regions have legal requirements for erosion and 
sediment control. These laws have been supplemented by national standards for 
stormwater discharges that regulate all non-point-source pollution-water pollution 
resulting from urban sources including, for example, nutrients from lawn fertilizers 
and hydrocarbons from highways and parking lots. 

After construction, any building development is physically a mosaic of roofs, pavements, 
and pervious soil areas. Every impervious surface deflects rainwater away from its natural 
course-soil pores, native plants, and groundwatér reservoirs-and into surface channels. 
Rainwater then concentrates into downstream floods, eroding as it goes. Carried with it 
are oils from cars, parking lots, maintenance yards, and storage areas; de-icing salts from 
roads; metals from construction and industrial materials; and herbiddes, pestiddes, and 
nutrients from overmaintained landscapes. These substances can destroy aquatic lite and 
pollute water supplies. 

In a protected watershed, soils absorb rain and make it part of the ecosystem. Pollutants 
are transformed as they filter through porous, humus-rich soil. Soil moisture percolates 
to the groundwater, which drains slowly out to streams long after the rain has fallen. 

Authors 

Lucia Athens and 
Bruce K. Ferguson 
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Sustainable development can solve watershed problems at the source. Its purpose is to (1) 
restore the infiltrating, deansing, and storing functions of soils, plants, and groundwater 
by preserving natural systems; (2) restore the permeability of constructed pavements; and 
(3) capture and treat excess runoff by means of natural soil and biological processes. 
Water conservation, efficiency, and management arise from preserving, restoring, taking 
advantage of, and working with the site's natural systems. 

r~ SUGGESTED PRACTICES AND CHECKLIST 

Preservation of Soils and Drainage Ways 
• Emphasize preservation of mature vegetated soils and lowland areas. 

These natural systems malee the watershed work by allowing rainwater and runoff to 
infiltrate the soil. In lowland areas, groundwater discharges into surface drainage ways, 
streams, and wetlands.2 Stable vegetation around drainage ways and streams filters 
inflowing runoff, prevents channel erosion, and creates habitats for functioning aquat
ic ecosystems. Siting construction and earthwork away from drainage courses preserves 
vegetated buffers and protects stream quality. 

• Minimize pavement area. 
Minimizing pavement affords sorne preservation of mature native soils. Also, preserv
ing existing vegetation generates less runoff. Good practices indude: 
- Concentrate and cluster development to reduce road paving. 
- Double-load parking lots to share traveling and turning lanes. 
- Minimize widths of road pavements. 

• Install silt fences to hold sediment on-site during construction. 
Silt fences should be installed before construction begins and should be maintained 
until construction is complete and ali soil surfaces are vegetated. 

• Minimize use of landscape irrigation, herbicides, pesticides, and fertilizers. 
In disturbed and landscaped areas, lawn and landscape maintenance can generate a 
high concentration of pesticides, nutrients, and other pollutants. 3 · 

Porous Paving Materials 
• Consider use of permeable paving materials (subject to existing cedes or obtained 

variances). 
Permeable paving materials, such as porous asphalt (Figure 1) or porous cement con
crete, are sorne of the most powerful tools available for maintaining and restoring nat
ural cydes on development sites by allowing for water infiltration dose to the source. 
Most of the impervious portien of a typical development is in pavements for cars, not 
buildings for people. In the United States we are paving or repaving a half million 
acres per year. A variety of permeable paving materials, available since 1970, can be 
used for the vast majority of paved surfaces. Impervious pavements can be reserved for 
special situations, responding to specific on-site hazards such as swelling soils, highly 
plastic soils, or steep slopes (see Chapter 7, "Site Materials and Equipment"). 

• Use permeable vegetated surfaces for occasionally used vehicular surfaces such as 
overflow parking and emergency-access lanes. 
Permeable vegetated surfaces ·can be designed with reinforced turf and open-celled 
pavers, concrete or plastic grids with voids that are filled with topsoil or aggregate. 4 

• Build pedestrian surfaces, such as walkways and patios, with loose aggregate, 
wooden decks, or well-spaced paving stones. 5 
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Porous asphalt has been proven in the field in hundreds of pavements of every type, 
from driveways to highways.' The distinctive porous surface layer is constructed 
with an "open-graded" aggregate, which leaves the voids between large particles 
unfilled by small particles. An open-graded stone base holds water until it infiltrates 
the underlying soil. Compared to impervious asphalt, porous asphalt is better-drain
ing, has better traction and visibility in wet conditions, and produces less glare and 
vehicular noise. 

0&111%.~t!ti¼f )iff i ~;~~!:::" ccurse 

Control compaction of subgrade 
to prevent reduction in soil porosity 

Soun:e: Edmund Thelen and L Fieldin1 Howe, Poroys P;nement (Philadelphia: Fnnklin lnstitute Press, 1978) 

Drainage of Concentrated Runoff 
If drainage controls are implemented at the beginning of site planning, they can be inte
grated economically in the overall development. Detailed information on hydrologic 
analysis and design can be faund in sorne of the references at the end of this chapter. 

O Consider disconnecti.ng pre-existing downspouts and storm sewers from sanitary 
sewers. 
- Discharge downspouts into an earthem depression or gravel-filled pit for infiltration. 

O Moderate and treat runoff from roofs and unavoidable impervious pavements, 
and, to the degree possible, retum it to its natural path in the soil. 
- Design every conveyance, pool, and drainage basin to match the requirements of its 

specific location and drainage area. 
- Disperse runoff from impervious surfaces over adjacent vegatative soils with level 

spreaders, which change concentrated stormwater flow to sheet flow. 
- Convey concentrated runoff in vegetated swales, not structural gutters or pipes. 

When runoff contacts vegetation and porous soil, its volume and velocity are 
reduced, and pollutants are filtered. Compared to closed structural systems, this open 
drainage system increases vegetative variety, reduces need far irrigation water, and 
reduces drainage velocity and erosion. In addition, it decreases downstream peak 
flow and runoff volume, increases infiltration, supports wildlife habitat, symbolizes 
interaction with nature, and requires little single-purpose maintenance (Figure 2). 

- Stabilize soil and reduce scouring velodty. Rock or timber checkdams, linings of sod 
and erosion-control fabrics, and bioengineering with quickly rooting riparian plants 
are effective where preexisting stream channels are unstable, or where new swales 
may cause erosion after grading. Swales with broad bottoms reduce velodty. 

- Moderate discharge through use of constructed pools and wetlands along drainage 
courses. Formed _by excavation of a shallow reservoir and installation of a low dam 
and controlled flow outlet, such pools and wetlands can temporarily store storm 
flows and improve water quality by allowing far settling, filtration, and biodegrada
tion of pollutants.7 Effective water treatment is a result of providing sufficient area 
far the water body and providing diverse depth zones for different plant habitats and 
biophysical processes. 

Figure 1 
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Figure 2 
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a. Shape water bodies with peninsulas and islands to extend flow path and treat
ment effectiveness. 

b. Install sequences of ponds and wetlands along a site's drainage ways, beginning 
with miniature pools high in the drainage area to provide thorough treatment; 
redundancy is an asset (Figure 3). 

c. Where driveways cross roadside swales, use the driveways as checkdams to form 
small wetlands. 

- Use extreme caution when constructing water bodies at the lowest elevations of a site. 
Lowland construction of water bodies may disturb existing wetlands and riparian 
buffers just as any other construction would. · 

- Use vegetative buffer areas around parláng lots. The presence of oil and sediment on 
parláng surfaces and roadways can cause non-point-source pollution through runoff. 
Buffer-strip plantings around these areas can mitigate the problem. 

O Construct infiltration basins. 
Infiltration basins are dosed depressions in the earth from which water can escape only 
into the soil. Infiltration is the ideal management and conservation of runoff because it 
filters pollutants through the soil, eliminates downstream floods and erosion, and 
restores natural flows to groundwater and downstream water bodies (Figure 4). 

- Design infiltration basins as open or dosed systems. Sorne infiltration basins are open 
and vegetated; the vegetation maintains their porous soil structure. Others are con
structed under the land surface with open-graded crushed stone, leaving the surface to 
be reclaimed for parláng or other human or economic use. Their storage capadty is 
sometimes supplemented with perforated pipes or premanufactured chambers. Most 
subsurface basins should indude access to the basin bottom for monitoring and main
tenance. The cost of construction materials for subsurface basins is substantial, so they 
tend to be installed only where intense land development demands that the surface be 
reclaimed for double use. 

- Place infiltration basins near source of runoff to be most economical and effective. 
- Avoid placing basins near building foundations and on steep unstable slopes. 

Figure 4 
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Water Efficiency and Conservation 
* SIGNIFICANCE 

The amount of water available for use on the planet is finite, so as population grows, the 
available supply of water per person drops. Per capita water supplies worldwide have 
decreased by one-third since 1970, as the world's population has grown by 1.8 billion. 
Since 1980, global water use has more than tripled and is currently estimated at 4,340 
cubic kilometers per year. Demand in every area of water use-urban, industrial, and 
agrtcultural-has increased, often hecause of mismanagement, overuse, and waste. • Many 
parts of the world are now experiencing rising water costs, seasonal shortages, and 
unpredictable quality and availability of supplies. 

As water demands increase and municipalities must fund new water supply and treat
ment facilities, costs are passed on to the consumer. Many cities are using conservation 
rate structures in which larger users pay higher rates. Higher water use also adds to main
tenance and life-cycle costs of facility operation. Efficiency and conservation in institu
tional, commercial, and industrial water use can result in impressive savings of both 
water and money-not just in water-use fees but also in sewage treatrnent costs, energy 
use, chemical use, and capacity charges and limits. 

r.-. SUGGESTED PRACTICES AND CHECKLIST 

Water Harvesting 
• Collect and use "harvested" water. 

Water harvesting means collecting runoff from the soil's surface, paved surfaces, and 
other sources, and storing it for future use such as irrigation. Harvested water can 
include stormwater and irrigation runoff, water from cooling towers and heating, ven
tilating, and air-conditioning (HV AC) systems, and water from swale:s and other 
drainage structures directed into collection areas. After collection in a stórage tank or 
pond, harvested runoff must be pressurized in order to be used in an irrigation system. 
- Utilize gravity flow to collect runoff into harvesting areas such as storage tanks, open 

ponds, or detention basins. 
- Direct rainfall from roofs and water from cooling towers into runoff harvesting areas. 

Rainwater Harvesting 
• Collect and use rainwater. 

Collecting and using precipitation from a roof or other catchment area is an excellent 
way to take advantage of natural site resources, to reduce site runoff and the need for 
runoff-control devices, and to minimize the need for utility-provided water. Rainwater 
collection has long been utilized in arid parts of the world. Particularly in areas where 
populations are dispersed, rainwater collection offers a low-cost altemative to central
ized piped water supply. In moist climate zones, rainwater collection is an excellent 
supplemental source of water.9 

• Consider quality of rainwater. 
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Areas with extremely poor air quality may yield rainfall of poor quality. Rainfall in 
sorne areas is highly acidic, and therefore, undesirable for reuse. If the collection area 
has many overhanging tree branches, the collected rainwater will contain more debris 
and may appear brownish in color (caused by tannic acids drawn from plant debris). 
In areas with hard water, rainwater is preferable for its softness, cleaning abilities, and 
ability to extend the life of appliances such as water heaters and coffeemakers. The use 
and collection of rainwater is not federally regulated, and guidelines pertaining to its 



f 
use vary by locality. If rainfall is to be used far potable or irrigation purposes, local 
health codes may require backflow prevention devices in arder to avoid any risk of 
contaminating the public drinking-water supply. Check with local health-code offidals 
far guidelines far your area. 

O Design an appropriate harvesting and storage system. 
Toe capadty of rainwater harvesting to meet water needs depends on the amount of 
rainfall in an area, the size of the collection area, the size of the storage area, and water 
needs. One inch of rainfall translates to 0.6 gallan of rainwater collected per square 
faot of roof area. Basic components of a rainwater-collection syste.m include the catch
ment area (usually the roof), conveyance system (guttering, downspouts, piping), fil
tration syste.m, storage syste.m (cistern), and distribution syste.m. Toe highest cost in 
most rainwater-collection systems is far water storage. 
- Use appropriate roofing materials. Toe best roof materials far catchment are metal, 

clay, and concrete-based (such as tile or fiber cement). Asbestos roof materials are 
not suitable far potable collection because grit can enter the system. Use of asbestos 
roof materials may not be permitted under local building codes. Lead-containing 
materials such as flashing should not be used in catchment roofs. 

- Install gutters and downspouts sized far the roof size and rainfall intensity. Install 
screening so that leaves and debris do not enter the dstern, as well as a "roof-wash
er" device to divert the first flush of water after a rainfall, preventing it from enter
ing the dstern. 

- Construct dstem storage. Cistems may be constructed from a wide variety of materi
als. Prefabricated dstems in steel or fiberglass are available, but tend to be quite 
expensive. Cisterns also may be constructed on site from concrete, ferro-cement, 
stone, or compressed earth. Cistern interior surfaces must, of course, be watertight. 
Health codes require the.m to be covered to prevent mosquito breeding and contam
ination. To prevent algae growth, which occurs with exposure to sunlight, use 
opaque materials only. 

O Filter and/or treat rainwater to use itas an irrigation source. 
Simple filtration with graded screens and paper filters can filter harvested rainwater far 
use in irrigation. With additional treatment, rainwater can also be potable. 

Landscaping 
O Plant native or well-adapted spedes. 

In areas with low rainfall or seasonal droughts, up to 60 percent of total seasonal water 
usage can be attributed to irrigation. Typical urban landscapes consist of non-native or 
unadapted plant spedes, lawns, and a few trees. Non-native plants increase demands 
far water, espedally during the growing season, thereby depleting local water supplies 
and driving the need far larger-capadty centralized facilities that may lle dormant dur
ing periods of low water use. 
Native plants have become adapted to natural conditions of an area such as seasonal 
drought, pest problems, and native soils. Landscape designs that emphasize native 
trees, vines, shrubs, and perennials also help maintain the biological diversity of a 
region and preserve the character of regional landscapes. 

O Preserve native plant populations through careful site planning and protection of 
existing vegetation. 
Protect trees by avoiding cut-and-fill in root zones (at a minimum, the area beneath 
the tree's outermost branches) and preventing heavy equipment from disturbing the 
area around and under them. Toe best way to protect existing vegetation is to fence 
groups of trees off (Figure 5) . 
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Figure S 
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o Restore the native landscape. 
If disturbance is necessary, restore native plantings by reintroducing the same species. 
Habitat restoration helps to provide environments for wildlife displaced by develop
ment. Constructed landscapes that mimic ecological habitat models can decrease life
cyde maintenance costs, enhance wildlife survival, and blend edges of adjoining urban 
and rural areas. 

• Minimize use of high-maintenance lawns. 
Most turfgrasses typically require more inputs of water, maintenance, and chemicals 
than other types of plants. Native or drought-tolerant turf spectes or beds planted with 
shrubs, groundcover, and perennials can replace non-native lawns. In order to irrigate 
lawns efficiently, design them with relatively small perimeter areas and in flowing, 
rounded shapes. Long, skinny, or oddly shaped turf areas are difficult to negotiate with 
most irrigation equipment. 

O Minimize use of annual plants. 
Annuals often require more irrigation than peren
nials, as well as higher labor and capital inputs for 
seasonal replanting. Perennial plantings can be 
designed to include a wide range of species to 
ensure staggered bloom cycles for long periods of 
color interest. Many perennials do require sorne 
additional maintenance such as seasonal pruning, 
which should be taken into account in mainte
nance plans. 

O Establish high and low maintenance zones. 
Group plants with similar water-use needs by deter
mining which areas of the site should receive a 
higher level of care than others and, during drought 
periods, more irrigation. Coordinate these areas 
with the irrigation plan. Higher-maintenance areas 
should be located around major building entries 
and high-traffic areas. Lower-maintenance zones are 
low-traffic areas, buffer zones, and service areas. 

Gray- and Blackwater Systems 
* SIGNIFICANCE 

Worldwide industrial-sector water consumption totals 
973 cubic kilometers per year.10 Most of the waste
water flow(s) generated from this use is treated 
through conventional, centralized sewage treatment 
plants that require large inputs of capital, energy, and 
chemicals, and then is discharged into waterways, 
sometimes causing negative environmental condi
tions such as algae blooms. 

Source: City of Austin, Envlronmental and Conservation Services Department, 
Sustajnab)e Building Soumbook. (Austin: City of Austin, 1993). 

The current capital need for new or upgraded sewage 
treatment plants totals over $66 billion nationally.11 
Alternative sewage systems can help minimize 
water-quality impacts and are often less costly to 
operate than conventional treatment plants. They 
often require less energy, less capital investment, 
and smaller quantities of chemicals . Alternative 
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methods of dealing with centralized wastewater treatment include land application of 
reclaimed wastewater, septage lagoon systems, and composting of sewage sludge for 
use as a soil amendment. 

Diverting or reusing wastewater befare it enters the centralized wastewater stream mini
mizes loading of municipal water treatrnent plants. As an added benefit, the resulting 
treated effluent can be utilized on-site as an irrigation source that contains valuable plant 
nutrients or as part of a design feature in an attractive landscape. 

Water diverted from the waste stream is either graywater or blackwater, which require 
different on-site handling. Graywater is wastewater generated from indoor uses such as 
laundries, showers, and sinks, and can be reused in toilet-flushing or irrigation to help 
minimize loading on any type of wastewater treatrnent system and reduce overall water 
consumption. To utilize graywater, a dual plumbing system must be installed to separate 
it from blackwater, which is wastewater generated from toilet-flushing. Blackwater can be 
treated on-site through a variety of conventional or altemative systems. 

r~ SUGGESTED PRACTICES ANO CHECKLIST 

lndoor Water Conservation 
O Reduce overall water use. 

Reducing overall water use reduces wastewater. Water-efficient fixtures and appliances 
are readily available, induding toilets that are virtually waterless. Faucet bubblers, low
flow showerheads, and flow restrictors further reduce water consumption. 

O Perform a water budget analysis to project the amount and configuration of daily 
wastewater flows. 
Estimate water usage and wastewater generation based on standard use patterns and 
the number of building occupants, then analyze the figures to determine opportunities 
for conservation, sources and amounts of graywater available, and other opportunities 
for efficiency. 

Graywater Systems 
O Separate and use graywater generated from indoor uses such as laundries, show

ers, and sinks. 
Many public and commercial facilities generate relatively small amounts of graywater; 
other types of commercial and industrial facilities may generate large quantities. For 
example, a vehicle-maintenance facility that uses large quantities of water to wash 
trucks can realize considerable savings by recycling washwater. Therefore, volume 
should be considered in deciding whether it is cost-effective to treat graywater and 
blackwater separately. 

O Check with the local health-code departrnent to learn about regulations govem
ing the use of graywater. 
Usually, irrigation with graywater is required to be subsurface, although sorne areas 
permit above-ground irrigation. Factors affecting the approval and use of graywater 
irrigation systems include soil depth and characteristics as well as drainage and flood
ing pattems. Other guidelines include setbacks for graywater irrigation lines from 
property or potable-water lines. Each state has individualized standards for graywater 
irrigation systems. Two states that have standards encouraging graywater use are Texas 
and California. 
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• Install dual plumbing lines in building interiors. 
Dual plumbing separates graywater from blackwater. Dual plumbing is not difficult to 
install, but is most-cost effective if done during initial construction. If dual plumbing 
lines are not installed initially, adding a graywater treatment system later can be quite 
expensive. For this reason, install dual distribution lines in new facilities if a graywater 
system may be incorporated in the future. 

• Utilize graywater for nonpotable purposes. 
Recyde graywater via a dual distribution system, for such nonpotable water uses as toi
let-flushing, thereby avoiding unnecessary use of high-quality potable water. Another 
major use of graywater is for irrigation of areas such as golf courses, ornamental land
scapes, and turf areas. A separate tank, filter, and special emitters are necessary in gray
water irrigation systems. Types of irrigation systems that can utilize graywater indude: 
(1) drip irrigation with pressure dosing, which uses a pump system to "dose" the irriga
tion water at regulated intervals; (2) more traditional evapotranspiration systems; and 
(3) shallow trench systems, which utilize distribution pipes placed dose enough to the 
surface to allow for irrigation of plant roots (Figure 6). In some areas, above-ground or 
spray irrigation is possible. 

Blackwater Systems 
• When possible, treat blackwater from toilet-flushing with on-site systerns. 

- Utilize innovations such as low-pressure dosing systems in conjunction with septic 
tanks to overcome limitations of soil, geology, or topography. 

- Consider biological systems such as constructed wetlands. Constructed wetlands are 
artificial wetlands used for waste treatment. As wastewater flows through the wet
land, plants and naturally occurring rnicrobes remove waste. This technology can be 
used at a variety of scales, from wastewater treatment for an individual building to 
treatment for entire communities. Two types of systems, the surface-flow·wetland, 
and the subsurface-flow wetland, can be utilized. Surface flow wetlands, · afso called 
wastewater lagoons, usually use a tiered system of ponds with wetland plants to 
treat wastewater. Subsurface-flow wetlands, also called rnicrobial rock plant filters, 
are soil-less, and utilize a grave! medium to anchor plants. Wastewater flows 
through the grave! and is not visible at the surface. Effluent from both types of sys
tems must be handled through irrigation or other methods. 

- Consider sand filters and aerobic tank treatment. Sand filters, a low-cost wastewater 
treatment technology, have been in use for many years. Aerobic tank systems offer 
advantages over ti:aditional septic tanks, which do not use oxygen to treat waste. 

- Consider composting toilets. Composting toilets are a nearly waterless technology 
for dealing with human waste, combining the waste with organic material, such as 
lawn clippings, to produce a nearly odorless product that can be used as a soil 
amendment. Large-scale composting toilets capable of handling large numbers of 
users are available commercially. This type of technology is being applied at the 
municipal scale through a practice known as "sludge composting." 

- Consider aquaculture systems. In aquaculture systems, wastewater becomes a source 
of food for p!ants and fish. In the process, water is purified, as plants and fish ingest 
pollutants. This type of system requires high management, but produces food and 
fertilizer in retum. 

• Check with the local health-code department to leam about regulations govem
ing blackwater systerns. 
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Treatment and definitions of blackwater vary-in sorne jurisdictions, blackwater is 
wastewater generated from toilet flushing; in others, it includes water from kitchen 
sinks or laundry facilities. 
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Water Reclamation 
O Use reclaimed water for purposes such as toilet-flwhing ü dual distribution lines 

are in place. 
Reclaimed or reused water is wastewater effluent from a centralized water treatment 
plant that is reused in a variety of ways: for fue protection, in outdoor water features, 
for street deaning, for wetlands recharge, or for industrial purposes such as cooling 
water, boiler-feeder water, or process water. 

O Check local regulations on we of reclaimed water. 
No federal regulations regarding water-reuse practices currently exist, although the 
EPA has published a manual on the subject (see "Resources"). Many states have adopt
ed water-use regulations, but these vary considerably. According to a survey conducted 
in 1992, 18 states had adopted regulations for redai.med water reuse, 18 states had 
guidelines or design standards, and 14 states had no regulations or guidelines. Most of 
the standards in place pertain to urban or agricultura! irrigation. Regulations in sorne 
states (Arizona, California, Florida, and Texas) strongly encourage water reclamation as 
a conservation strategy. Regulatory guidelines for water reclamation usually pertain to 
reclai.med water-quality and treatment requirements, water-monitoring requirements, 
reliability of treatment facilities, storage requirements, irrigation application rates, 
groundwater monitoring, and property-line setback distances for applications. Toe 
objective of these regulations is usually to maximize resource benefits while protecting 
environmental and public health.u 

O Apply redaimed effluent to land. 
This technique works best with wastewater treatment of at least 10 million gallons per 
day. Effluent can be distributed on golf courses, farmland, orchards, or other land. This 
altemative to discharging treated wastewater into streams and waterways has severa! 
benefits, including biological treatment of wastewater, recharging of groundwater, use 
of the water as a resource, and protection of surface-water quality. In sorne areas, an 
hydraulic irrigation-control and -release system is used, diverting effluent to a holding 
lagoon during wet seasons when irrigation is not needed. Permitted discharges are 
released from the lagoon to a waterway as necessary. Toe system can be fully automat
ed and provide for flexible use. 

O Establish site-specific monitoring procedures. 
When using reclaimed water for irrigation or land application, monitor to control 
overwatering and detect buildup of nitrogen, phosphorus, potassium, caldum, iron, 
and sodium. 

Figure 6 
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• RESOURCES 

WATERSHED PROTECTION 

Bormann, F. Herbert; Diana Balmori; and Gordon Geballe. Redesigning the American Lawn: 
A Search for Environmental Harmony. New Haven, Conn.: Yale University Press, 1993. A 
concise outline of the energy and environmental costs of conventional planting 
design and sorne altematives to it. 

Ferguson, Bruce K. Stormwater Infiltration. Boca Raton, Fla.: CRC Press, 1994. A thorough 
and easily readable reference on the single most sustainable approach to watershed 
protection, covering both broad concepts and technical details. 

Ferguson, Bruce K., and Thomas N. Debo. On-Site Stormwater Management: Applications for 
Landscape and Engineering. 2nd ed. New York: Van Nostrand Reinhold, 1990. A graphic 
and easily readable introduction to hydrologic concepts and applications for practi
tioners in design and environmental fields. 

Schueler, Thomas R. Design of Stormwater Wetland Systems. Washington, D.C.: 
Metropolitan Washington Council of Governments, 1992. A thorough and well-orga
nized outline of planning-level choices in stormwater wetland design and their impli
cations for performance, cost, and environment. 

Welsch, D. Riparian Forest Buffers: Function and Design for Protection and Enhancement of 
Water Resources. Technical Publication NA-PR-07-91. Radnor, Pa.: U.S. Forest Service, 
1991. Concise and graphic summary of the ecological importance of riparian vegeta
tion and how to preserve it in development. 

LANDSCAPE ISSUES 

Bennett, Richard, and Michael Hazinski. Water Effident Landscape Guidelines. Denver: 
American Water Works Association, 1993. This practical guide covers development of 
local landscape standards, reclaimed-water use, and water budgeting. •-

Elleson, Connie; Thomas Stephens; and Doug Welsh. Xeriscape Gardening: Water 
Conservation for the American Landscape. New York: Macmillan, 1992. Brings a national 
perspective to the use of Xeriscape™ landscape principies, applications, and projects. 

Groesbeck, Wesley A., andJan Striefel, ASLA. The Resource Guide to Sustainable Landscapes. 
Salt Lake City: Environmental Resources, Inc., 1994. A handbook that uses the master 
specificatiori format to organize information on landscape materials selection and 
practices. 

Mollison, Bill. Permaculture: A Designer's Manual. Tyalgum, Australia: Tagari Press, 1988. 
An innovative text that provides information on permanent and edible forms of land-
scapes based on ecological principies. · 

Robinette, Gary. Water Conservation in Landscape Design and Management. New York: Van 
Nostrand Reinhold, 1984. Provides practica! tips on how to integrate water conserva
tion principies into landscape design. 

RAINWATER HARVESTING 

State of California Department of Water Resources. Captured Rainfall. Sacramento, Calif.: 
State of California, May 1981. An information-packed report that includes calculation 
techniques and practical considerations for the selection and use of a rainwater-collec
tion systern. 

Pacey, Amold, and Adrian Cullis. Rainwater Harvesting: The Collection of Rainfall and 
Runoff in Rural Areas. London: Intermediate Technology Publications, 1986. One of the 
few books out on rainwater collection. It covers technical aspects, design criteria, and 
design for farming and drinking-water systems. 

U.S. Department of Agriculture. Handbook of Water Harvesting. Handbook #600. 
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Washington, D.C.: U.S. Superintendent of Documents, 1983. Booklet provides a good 
source of information and technical data. 



GRAY- AND BLACKWATER SYSTEMS 

Burks, Bennette; and Mary Minnis. On-Site Wastewater Treatment Systems. Madison, 
Conn.: Hogarth House Ltd., 1994. Introductory text for engineers, policymakers, and 
dtizens. This book covers on-site wastewater treatment history, process design theory, 
soil sdence, installation, operation, and land use. 

WATER RECLAMATION AND REUSE 

Brittain, Richard G.; K. James DeCook; and Kenneth E. Foster. Water Harvesting and Reuse: 
Designing an Urban Residential Demonstration. Tucson: University of Atizona, College of 
Agriculture, Office of Arid Lands Studies, 1984. 

Small Flows Clearinghouse. Munidpal Wastewater Reuse: Selected Readings on Water Reuse. 
Morgantown, W.Va.: National Small Flows Clearinghouse, 1991. A bound collection 
of current articles and case studies on a variety of water-reuse projects and issues. 

U.S. Environmental Protection Agency. Guidelines far Water Reuse. EPA/625/R-92/004. 
Washington, D.C.: GPO, 1992. Technical manual on water-reuse issues and applica
tions, induding regulatory guidelines and funding altematives. 

EXAMPLES OF REGIONAL GUIDEUNES AND STANDARDS 

Assodation of Bay Area Govemments. Manual far Erosion and Sediment Control Measures. 
Oakland: Assodation of Bay Area Governments, 1995. 

Birch, Peter B.; Helen E. Pressley; and Patrick D. Hartigan, eds. and comps. Stormwater 
Management Manual far the Puget Sound Basin (The Technical Manual). Olympia: State of 
Washington Departrnent of Ecology, 1992. 

Goettemoeller, Robert L., and David P. Hanselmann. Ohio Stormwater Control Guidebook. 
Columbus: Ohio Department of Natural Resources, Division of Soil and Water 
Districts, 1980. 

Livingston, Eric H., and Ellen McCarron. Stormwater Management: A Guide far Floridians. 
Tallahassee: Florida Departrnent of Environmental Regulation, Storrnwater/Non-Point 
Source Management, n.d. 

Morton, William B. Reducing the Impacts of Stormwater Runoff from New Development. 
Albany: New York State Departrnent of Environmental Conservation, Bureau of Water 
Quality Management, 1992. 

Virginia Department of Conservation and Historie Resources . Virginia Erosion and 
Sediment Control Handbook. Richmond: Virginia Department of Conservation and 
Historie Resources, Division of Soil and Water Conservation, 1992. 
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( CHAPTER7 

Site Materials and 
Equipment 

Outdoor construction and site modification rely on diverse materials: living plants and 
soils, raw materials, and manufactured items. Toe careful selection of site materials is an 
essential part of environmentally conscious design. Selection variables to be considered 
indude toxicity in manufacture and use; energy consumption in extraction, manufac
ture, or transport; potential to intensify heat, glare, runoff, wind, or other climatic fac
tors; and, in the case of plant materials, invasiveness, water consumption, and disease 
susceptibility. 

Material performance depends upan bio-regional characteristics: a plant or paving stone 
suitable in Miami is unli.kely to perform well in Anchorage or Albuquerque. Likewise, 
material selection must be specific to the proposed uses of the site: native grasses or 
porous asphalt may be ideal for low-traffic locations, but not for heavily used public 
spaces. Specialized site knowledge is essential to making good choices, and early integra
tion of regionally appropriate, ecologically based principles can significantly enhance 
project success. 

Soils and Soil Amendments 
* SIGNIFICANCE 

Soil is an irreplaceable living resource that, once removed or killed, can take decades (in 
sorne regions millennia) to re-form.1 While soil serves many mechanical purposes for 
construction, regarding it as inert invites problems-from mudslides and cracked founda
tions to unhealthy landscape plantings. For these reasons, soil characteristics must be 
respected during design, and the soil itself protected during and after construction. 
Sustainable development avoids building on prime agricultura! soils, and requires that 
on each site enough undamaged, fertile soil remain after construction to support plant 
and wildlife diversity, infiltrate precipitation, and filter pollutants that cannot be con
trolled at their sources. 

Author 

Kim Sorvig 
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Soil fertility not only supports plant life but also disperses and filters water, and neutral
izes or binds many air and water pollutants. Toe source of a1l these benefits is the topsoil, 
a gossamer-thin blanket over the earth; its depth is a millionth or less of the earth's 
radius (0.5 inch to 48 inches is typical of most North American soils).2 Topsoil consists of 
two parts: a mineral element (sand, silt, and day in varying proportions, weathered from 
subsoil) and organic materials (decaying plant and animal remains known as humus). 
These organic materials are digested and chumed by micro- and macroscopic soil organ
isms whose health is essential to fertile soil. 

Soils vary in water-holding ability, nutrient content, pH and salinity, and humus 
content. They may also be contaminated or, in rare cases, naturally toxic. Each 
aspect can dramatically affect plant, animal, and human life on the site, as well as 
construction projects. 

Soil's mechanical properties affect what can be built on a site. Depth and strength of 
bedrock affects structures, excavations, and costs. Percolation affects septic systems and 
flooding. Erodible soils are vulnerable to foot or vehide traffic and to changes in vegeta
tive cover. Erosion can damage a watershed's ability to distribute and retain water, con
tribute to flooding, and contaminate water sources. Performance and review of 
site-specific soil analysis revea! how these factors affect a building project. 

r..- SUGGESTED PRACTICES AND CHECKLIST 

• Involve a qualifi.ed site-design professional on the design team early in the project. 

• Obtain and evaluate the chemical and physical characteristics of site soils. 
A general picture of soil characteristics is available for most U.S. counties from the U.S. 
Soil Conservation Service's Soil Survey, and is essential for early planning and design 
work. Before proceeding with detailed design, contract with a reputable sÓil-testing 
laboratory. Be sure the service indudes a written evaluation of soil suitability for the 
proposed use, and recommendations for soil remediation and amendment. Use soil 
analysis fº rule out contarnination before the site is purchased. 

• Amend the soil in planting areas according to professional advice. 
Involve a qualified site-design professional on the team early in the project. Develop a 
plan to leave as much of the native soil undisturbed as possible. Amendments may 
indude sand or grave! for improved drainage, lime or other pH modifiers, organic 
manures, and chemicals to improve nutrient availability. Humus is used to increase 
water-holding capacity, as are proprietary superabsorbent materials. In some cases, 
amendment may involve specific plowing or irrigation activities-for example, to 
break a hard-pan or to leach out excessive salts. 

• Protect the soil during construction. 
Soil compacted or contaminated by construction activity may become lifeless. 
- Design for minimal grading. Where grading is unavoidable, carefully remove and 

stockpile existing topsoil, replacing it after rough grading. Depending on soil-test 
findings, the top four to six inches of soil are usually stockpiled. 

- Plan construction sequences that minimize heavy-equipment movement over the 
soil; restrict a1l equipment, induding prívate vehides, generators, etc., to areas that 
will be paved or built over. 

- If soil compaction is unavoidable (as with a construction-access road) remediate by 
tillage and amendments before completing work. 

(See Chapter 19, "Environmental Construction Guidelines.") 

• Carefully design for grading and excavation. 
In siting facilities, work with the existing topography to save both construction and 
maintenance costs. Avoid disrupting existing drainage pattems; equalize cut-and-fill; 
and in general minimize grade changes where possible. Grading for stormwater control 
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should direct water to planted areas to minimize irrigation needs. Steep sites may 
benefit from terracing and retaining walls. 

• Follow all applicable erosion-control regulations. 
During construction, any exposed soil is susceptible to erosion and contributes to sedi
mentation downstream. Most jurisdictions require erosion and sedimentation protection. 

O Stabilize soil during and after construction. 
Commonly used temporary controls include filtration barriers (straw-bale dams, fil
ter-fabric fences), soil tackifiers, jute netting, hydroseeding with quick-sprouting 
plants like annual rye-grass, or mulch. More permanent soil stabilization may be 
required: use geo-textiles (fabrics designed to filter soil from water); soil "cells" sepa
rated with masonry, wood, or fabric; and crib- or retaining walls. 

O Use bio-engineering. 
One of the most effective, and certainly the most ecological, of soil-stabilization meth
ods is bio-engineering, which weaves live woody cuttings into a living retaining structure 
that mimics the soil-retention capabilities of matted roots.3 Toe flexibility of such live 
structures protects them from wash-out problems common with rigid constructions. 

O Schedule soil-maintenance tasks. 
A site-specific schedule of soil-maintenance tasks, in parallel with planting-mainte
nance tasks, should be developed. 

Plant Materials and Management 
* SIGNIFICANCE 

Without plants, life on earth would cease. Plants provide oxygen; purify air; buffer cli
matic conditions; and modify shade, sun, wind, temperature, run off, and humidity. 
Landscape planting can also separate incompatible activities, allowing better use of 
space. Most cultures treat well-planned, healthy landscapes as important assets; this 
can add significant resale value to buildings. • 

Site design and planting affect ecosys
tem diversity. Toe average garden con
tains only a few plant species, less 
diverse than most native plant commu
nities. Landscapes planted with pre
dominantly non-native species and 
maintained with pesticides tend to 
reduce overall diversity and increase 
water use, thus damaging native ecosys
tems. Habitat destruction, to which non
native planting can contribute, causes 
nearly half of all species extinctions. 5 

Sustainable development strives to main
tain native habitat, and avoids fragment
ing it or replacing it with less diverse 
vegetation. 

Figure 1 

DRIPLINE 
Wllhln thls area NO: 
• grade changes (cut or fill) 
• trenches or footings 
• soll compadlon or tillage 
• pariting, stockplllng, or dumping 
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( ... SUGGESTED PRACTICES .AND CHECKLIST 

• Include an ecologically knowledgeable landscape architect as an integral member 
of the design team. 

• Preserve existing vegetation, especially native plants. 
- Design to avoid sprawl, which destroys native plant communities. 
- Use greenbelts and protected wetlands to create a continuous web of native habi-

tats (also serving as bikeways and trails) through which animals can migrate safely. 
Many communities have greenbelt groups and ordinances, both valuable sources 
of advice and guidance. 

- Decrease parking, paving, and lawns to the minimum that will actually be used. 
- Mal<e every space serve several functions; where possible, mal<e the landscapes of 

public or institutional buildings available to the local community, rather than fenc
ing them off. 

- Avoid "replacing" healthy mature trees with small nursery stock. 

• Protect existing plants during construction (Figure 1). 
Delineate and fence the "dripline" (area directly under the canopy) of ali trees. 
Prohibit parking, stockpiling, heavy-equipment movement, or excessive foot traffic in 
fenced plant-protection zones within driplines; enforce with a liquidated-damages 
dause. 

• Design new plantings as diverse communities of species well-adapted to the site. 
Use primarily native spedes: they usually require less maintenance and less water than 
exotics after establishment (one or more seasons). Do not, however, expect "no-main
tenance" landscapes. Reserve exotics for accents. Avoid use of any plant that is inva
sive: such species overrun native ecosystems. Avoid monocultures (plants of ali one 
spectes or age), and use plants which attract desirable wildlife. 

• Follow Xeriscape™ principies. 
A trademarked term referring to water-efficient choices in planting and irrigation 
design. Toe seven basic Xeriscape™ principies for conserving water and protecting the 
envirortment are: planning and design, use of well-adapted plants, soil and dirnate 
analysis, practical, reduced turf areas, use of mulches, appropriate maintenance, and 
effident irrigation by grouping plants with similar water needs. Coordinate plantings 
with water harvesting systems. • 

• Use plants to mitigate climate conditions. 
Deciduous plants, when correctly located, provide shade in summer and admit sun 
when their leaves fall for winter, a natural technique for passive solar design. 
Evergreen trees can provide year-round sun and wind protection (see Chapter 11, 
"Renewable Energy"). Windbreak plantings diminish wind within a distance three 
times their height. To decrease noise significantly, a wide (200-foot) band of plantings 
is required. 

• Use a reputable nursery or contractor to supply and install plants. 
Do not accept wild-dug plants, which may be e.'1.dangered, and whose removal irnpov
erishes other landscapes. Specify plants grown in the same U.S. Department of 
Agriculture (USDA) Hardiness Zone as the site, preferably within a 200-mile radius. 
Seed or seedlings may be cost-effective for mass planting, and tend to develop good 
hardiness. Toe planting contract should require the contractor to plant during the cor
rect season (which varíes by spedes), and to maintain ali plantings through at ieast 
one full growing season after planting, with a warranty to replace any plant that dies 
within that time. 

• Employ integrated pest management (1PM) against insects and weeds. 
IPM uses biological controls as a first defense; if such non-toxic controls fail, carefully 
timed and targeted pesticides are used. Biological controls include parasitic insects, 
which destroy pests; pheromone (sex-scent) traps; natural pesticides like pyrethrum; 
and companion-planting. Artificial pesticides should be chemically targeted to a nar-
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• Maintain irrigation ~stems regularly for efficiency. 
Poor maintenance causes significant water losses and undermines the value of irriga
tion systems. Periodically adjust! sprinkler output by testing actual performance with a 
rain-gauge. Inspect for vandalism, accidental damage, and sinkage; reset sprinkler 
heads flush with the ground. R~gularly inspect for leakage. Drain the system for win
ter, and flush ít when reactivating. Recent systems are self-deaning; older ones may 
requíre flushing to remove sedíment. 

Outdoor Lighting and Electrical Systems 
* SIGNIFICANCE 

Llghting consumes about one-fifth of all U.S. electridty; of thís, exísting efficiency mea
sures could save an estimated 90 percent. Site lighting, one of the fastest-growing sectors 
of the lighting industty, can be carefully desígned to avoíd waste. The environmental 

· and social costs of thís type of lighting must be carefully weighed against its benefits. 

"Light pollution" can dísrupt bíological cydes in plants and anímals, indudíng humans. 
Glare increases hazards by blindíng people and making areas outsíde the light even less 
visible. Jurisdíctions like Tucson, Arlzona, with astronomícal observatories arid other spe
cialized facilities, have legislated against light pollution, which often hinders effective 
stargazing by over-illuminating the níght sky. 

<~ SUGGESTED PRACTICES ANO CHECKLIST 

• Light the minimum area for the minimum time. 
Limit all-níght illurnination to areas wíth actual all-níght use or extreme security con
cerns-símple timers or photocells can be used to turn lights on and off at seasonally 
appropriate times. For security :lighting, motion-sensors can spotlight intruders with
out beaming constant glaring lights. 
- Use cut-off fixtures, shades, or highly focused low-voltage lamps to avoid spillover. 

Linear "tube lights" and fiber-optics can light the way for pedestríans without illu
minating a whole area. 

- Question the "brighter is better" myth, especially for security and advertisement. 
- Some local ordínances encoui-age excessíve lighting; seek waivers or revísions. 

• Clearly identify the actual purpose of lightíng to determine minimum acceptable 
levels. i 

Hazard lighting is usually focused on the hazard, bright enough to warn, identify, and 
allow judgment of dístance. Area lighting, seldom as bright or focused, allows a user to 
choose a safe route.16 Follow m~ufacturer's guidance on light distríbutíon and intensity. 

• Use energy-efficient lamps and ballasts. 
The most efficient new lamps produce ten times as many lumens per watt of power 
as a conventional incandescent bulb. Most newer bulbs are designed to fit old fuc
tures; some require a conversion kit. Operating-cost savings (including deferred 
bulb replacement, labor, and ,equípment rental for inefficient, hard-to-reach park
ing-lot lamps) quíckly recover;the cost of re-lamping. New fuctures are often minia
turízed, allowing design flexibility. 

• Use low-voltage lighting. ¡ 

Increased efficiency has made 12-volt or 24-volt lighting effective and popular for síte 
lighting. 17 Lower-voltage fuctures are safer and often less expensive to install than typi
cal 120-volt options. They can decrease power and energy usage. 

• Use renewable energy sources for lightíng and other outdoor power. 
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Photovoltaic (PV) power is generally cost-effective if a site is over 200 yards from the 
utility grid, and is an attractive altemative to power lines running through a site.18 PV 
power is low-maintenance and very reliable. Its design must be specific to both the 
region and the site. It is possible to incorporate PV panels attractively into architectur
al elements like windows and roofs. Photovoltaic power requires storage batteries for 
nighttime lighting. Manufacturers offer solar path-lights, streetlights, and security 
lights. Extremely bright all-night lighting is difficult to achieve with PV power; howev
er, as noted above, it is desirable to avoid such lighting strategies. Solar electricity is 
also ideal for running pumps, including irrigation systems. Solar-powered water purifi
ca tion and even solar lawn-mowers are becoming available, and deserve 
consideration.1• For daytime uses, batteries are not usually needed, except where long 
cloudy periods are common (see Chapter 11, "Renewable Energy") .. 

• RESOURCES 

S0115 

Brady, Nyle C. The Nature and Properties of Soils. 8th ed. New York: Macmillan, 1974. 
Classic text on the make-up, fertility, and mechanics of soils. 

Carter, Vernon Gill, and Tom Dale. Topsoil and Civilization. Rev. ed. Norman, Okla.: 
University of Oklahoma Press, 1974. Sobering account of human dependence on soil. 

Davidson, Donald A. Soils and Land Use Planning. New York: Longman, 1980. How soil 
characteristics can make or break zoning and development policies. 

Olson, Gerald W. Field Guide to Soils and the Environment: Applications of Soil Survey. New 
York: Chapman and Hall, 1984. Unlocking the wealth of information found in uses 
Soil Surveys. 

Schiechtl, Hugo. BioEngineering for Land Reclamation and Conservation. Edmonton: 
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University of Alberta Press, 1980. Detailed techniques of soil stabilization and protec-. i • 
tion using live plant structures. 

U.S. Soil Surveys map soils by county and give information on engineering and ecological 
characteristics of site-specific soils. Contact the U.S. Soil Conservation Service, P.O. 
Box 2890, Washington, DC 20013, 202/447-4543 (Canada: 306/695-2284). 

PLANT MATERIAU 

Regional native-landscaping books are essential for ecologically appropriate planting 
design. If a garden design book does not state which geographic region it covers, 
assume that it focuses on the Eastem Deciduous Forest region. It is also likely to 
include many British horticultura! imports without noting that these are non-native. 

Cornell University. Bailey Hortorium. Hortus Third: A Concise Dictionary of Plants 
Cultivated in the United States and Ganada. New York: Macmillan, 1976. Standard refer
ence on plants cultivated in the U.S., including origin. Third or later editions recom
mended. 

Druse, Ken. The Natural Garden. New York: Potter, 1989. How to design minimal-mainte
nance gardens with native plants. 

Harker, Donald, et. al. Landscape Restoration Handbook. Boca Raton, Fla.: Lewis, 1993. 
Region-by-region reference (continental U.S.) listing best plants for restoring damaged 
ecosysterns; maps and plant-category tables aid selection. 

Hightshoe, Gary L. Native Trees, Shrubs, and Vines for America: A Planting Design Manual for 
Enviromnental Designers. New York: Van Nostrand Reinhold, 1988. Each native species 
illustrated; its growing needs, natural range, and landscape value charted. 

Smyser, Caro! A. Nature's Design: A Practica/ Guide to Natural Landscaping. Emmaus, Penn.: 
Rodale, 1982. Includes regional plant lists and a brief introduction to biological pest 
controls, plus excellent design methodology. 
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PA VING MATE.RIALS 

Jacobs, Allan B. Great Streets. Cambridge, Mass.: MIT Press, 1993. lliustrated examples of 
successful streetscapes. 

Paine, Jon E., ed. Pervious Pavement Manual. Orlando, Fla.: Florida Concrete and Products 
Assodation. Construction manual for porous concrete. Contact the Florida Concrete 
and Products Assodation, 649 Vassar St., Orlando, Fla. 32804, 800/342-0800. 

Sorvig, Kim. "Porous Paving" Landscape Architecture, February 1993; and "Toe Path Less 
Traveled," Landscape Architecture, December 1994. Washington, D.C.: American 
Sodety of Landscape Architects. Porous asphalt and concrete, soil-cement, stabilized 
soil, and crushed traditional pavements are discussed. 

Untermann, Richard K. Accommodating the Pedestrian: Adapting Tawns and Neighborhoods 
for Walking and Bicycling. New York: Van Nostrand Reinhold, 1984. Strategies for exist
ing developments or new ones to become less car-centered and more people-friendly. 

U.S. Department of Energy. Lawrence Berkeley National Laboratories. Cooling Our 
Communities. U.S. Government Printing Office Document no. 055-000-00371-8. 
Paving and planting strategies to avoid heat build-up. 

Vanee, Mary A. Garden Walls, Walks and Steps: A Bibliography. Monticello, lli.: Vanee 
Bibliographies, 1986. Source-listing of information on paving and outdoor construc
tion from many authors. 

SITE CONSTRUCTION MATERIAIS 

American Society for Testing and Materials. Standard E 917-93. Standard Practice for 
Measuring Life-Cycle Costs of Buildings and Building Systems. Philadelphia, Penn.: ASTM, 
March 1993. 

American Sodety for Testing and Materials. Subcommittee on Green Buildings. Standard 
Practice for Green Buildings. Standard E-50.06, draft document, 1993. Contact ASTM, 
100 Barr Harbor Drive W., Conshohocken, PA 19428, 610/832-9500. 

Fisk, Pliny. Bioregions & Biotechnologies and Sustainable Design Compendium. Austin, Tex.: 
Center for Maximum Potential Building Systems, n .d. How to use native resources to 
produce ecologically intelligent development. Contact the Center for Maximum 
Potential Building Systems, 8604 F.M. 969, Austin, TX 78724, 512/928-4786. 

Landphair, Harlow C., and Fred Klatt. Landscape Architecture Construction. New York: 
Elsevier, 1978. Standard reference on hardscape techniques. 

Robinette, Gary O. Landscape Architectural Site Construction Details. Resten, Va.: Center for 
Landscape Architectural Education and Research, 1976; distributed by Environmental 
Design Press. lliustrated with construction detall drawings. 

Sorvig, Kim. "Brave New Landscape." Landscape Architecture, July 1992. Washington, 
D.C.: American Society of Landscape Architects. Emerging and experimental materials 
in landscape construction. Landscape Architecture's "Technique & Practice" column 
runs monthly updates on materials. 

IRRIGATION EQUIPMENf 

Ellefson, Connie; Tom Stephens; and Doug Welsh. Xeriscape Gardening: Water 
Conservation for the American Landscape. New York: Macrnillan, 1992. Detailed instruc
tions on irrigation and planting design; low-water plant-lists for all U.S. regions. 

Gates, Jane Potter. Drip, Trickle and Surge Irrigation. Beltsville, Md.: National Agricultura! 
Library, updated periodically since 1992. Review of irrigation technology and products. 

Mollison, Bill. Permaculture: A Designer's Manual. Tyalgum, Australia: Tagari, 1988. 
Sourcebook of sustainable living techniques; indudes many water-harvesting methods. 

Sorvig, Kim. "Sun on the Water." Landscape Architecture, September 1994. Washington, 
D.C.: American Sodety of Landscape Architects. Solar-powered landscape irrigation. 

Watkins, James A. Turf Irrigation Manual: The Complete Guide to Turf and Landscape 
Sprinkler Systems. Dallas, Tex.: Telsco Industries, 1987. Discusses irrigation hardware. 
Most irrigation manufacturers also offer detailed design manuals. 
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OUIDOOR UGHTING AND ELECTRICITY 

Moyers, Janet Lennox. The Landscape Lighting Book. New York: Wiley, 1992. Complete 
treatment of design, equipment, installation, and maintenance of outdoor lighting. 

Post, Hal, and Vernon Risser. Stand-Alone Photovoltaic Systems: A Handbook of 
Recommended Design Practices, Albuquerque: Sandia National Laboratories, 1988. 
Complete manual for planning and installing solar-electric power for any purpose. 

Schaeffer, John, ed. Altemative Energy Sourcebook: A Comprehensible Guide to Energy Sensible 
Technologies. Ukiah, Calif.: Real Goods Trading Corporation, updated annually. 
Catalog with detailed technical explanations; iterns can be purchased through Real 
Goods. 

Sorvig, Kim. "Low-Voltage Lighting," "New Light on the Landscape," "Transformations 
of Light," Landscape Architecture, January 1994; August 1993; and February 1994. 
Washington, D.C.: American Society of Landscape Architects. Reviews of current light
ing for landscape use, induding fiber optics and other unusual equipment. 

•ü•O:f.t 
1 Nyle C. Brady, The Natzue and Properties o{Soils, 8th ed. (New York: Macmillan, 1974), 309. 

2 Ibid., 9-10. 
3 Hugo Schiechtl, BioEngineering far Land Reclamation and Conservation (Edmonton: University of Alberta Press, 

1980), 37-139. Tois comprehensive source should be read thoroughly by anyone interested in bioengineering. 

4 Lloyd W. Bookout, Value by Design: LandJcape, Site Planning, and Amenities (Washington, D.C.: Urban Land 
lnstitute, 1994), 1-125. Detailed study of the value-added aspects of site design. 

s Daniel Chiras, Environmental Science (Redwood City, Calif.: Benjamin/Cummings, 1994). 

6 Connie Ellefson, Tom 5tephens, and Doug Welsh, Xeriscape Gardening: Water Conservation for the American 
LandJcape (New York: Macmillan, 1992), esp. 3-130. 

7 See Architectural Graphic Standards or similar reference works for national standards, and use mínimum sizing 
possible, unless barred by local code. For information on lSTEA (FederaLLaw PL 102-240 enacted 1991) call 
your state Department of Transportation or the American Sodety of Landscape Architects Government Affairs 
Office, (202) 686-8351. 

8 Kim Sorvig, "Porous Paving, • LandJcape Architecture, February 1993. 

9 US Department of Energy. Lawrence Llvermore Labs, "Cooling Our Co=unities,• US Government Printing 
Office Document #055--000--00371-S (Washington, D.C.: GPO, n.d.). 

10 For discussion and examples, see Janet Lennox Moyer, The LandJcape Lighting Book (New York: Wiley, 1992). 
Chapter 7 concerns corrosion of materials in contact with soil and weather; Moyer notes that severa! manufac
turers experienced serious losses by merely adapting indoor fixtures for outdoor use (interview with the auihor, 
Albuquerque, 1994). 

11 See Post and Risser, Stand Alone Photovoltaic Systems (listed in Resources) for clear examples of life-cycle casting, 
with worksheets. 

12 Ellefson, Stephens, and We!sh1 3. 

13 !bid., 9. Principies of design and irrigation, and regional plant lists, are included. 

14 Bill Mollison, Permaculture: A Designer's Manual (Tyalgum, Australia: Tagari, 1988), 155-170, 336-358. 

1s Kim Sorvig, •sun on the Water," LandJcape Architecture, Septernber 1994. 

16 Jot. D. Carpenter, ed., Handbook of Landscape Construction (Washington, D.C.: Landscape Architecture 
Foundation, 1976), 191-200. Includes table of desirable illumination levels for various functions. 

17 Kim Sorvig, "Low-Voltage Lighting," LandJcape Architecture, January 1994. 

18 Ha! Post, and Vemon Risser, Stand-Alone Photovoltaic Systems: A Handbook of Recommended Design Practices 
(Albuquerque: Sandia National Laboratories, 1988), 2, 7-86. Excellent detailed discussion, in clear language, of 
ali aspects of photovoltaic use. 

19 For information, consulting services, and supply of these and other altemative-power systems, see John 
Schaeffer, ed., Altemative Energy Sourcebook: A Comprehensible Guide to Energy Sensible Technologies (Ukiah, Calif.: 
Real Goods Trading Corporation, updated annuaily). 
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CHAPTERB 

Local Government 
Inf ormation: 
Sitelssues 
Sustainable Site Design 
IMPLEMENTATION ISSUES 

Environmentally sound site selection and design are evolving processes that integrate 
local needs with the existing natural environment and pre-existing infrastructure. 
Designers of local government proj ects should be especially aware of such issues as access 
to the site by public transportation, impact of development on the surrounding commu
nity, and inclusion of public amenities, such as recreational green space. 

Fortunately, local govemments are well-positioned to address these issues. They can 
influence the direction -of development, for example, by promoting the redevelopment 
of urban areas, including abandoned industrial properties (or brownfields). This develop
ment strategy takes advantage of existing infrastructure, including sewers, roads, mass 
transit, and utility corridors; encourages environmental cleanups; and brings jobs to 
under-employed communities. It also reduces urban sprawl, which contributes to erod
ing urban tax bases, regional air-quality problerns, and the destruction of farmland and 
natural resources. Local governments can encourage such reuse of existing or abandoned 
properties and develop green building strategies to promete revitalization of existing 
urban communities by working with state and federal agencies to revise zoning regula
tions and provide financia! assistance and incentives to development initiatives. 

1 

Local govemments can also co~ider and implement development options that utilize 
telecommunications technology to reduce transportation needs. Telecommuting, includ
ing the establishment of telecoltjmuting centers, is being tested in communities across 
the United States. In addition,' the redevelopment of older urban centers can be 
enhanced by the addition of telecpmmunications capacity in existing buildings. 

Author 

Michael Myers 
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As local govemments consider site selection for and design of municipal, commercial, 
and residential structures, they also need to consider disaster resistant planning. 
Choices that keep in mind possible long-term weather trends can help jurisdictions 
avoid costly post-disaster relief and rebuilding measures. (See also Chapter 25, "The 
Future of Green Building.") 

LOCAL ACTIONS 
_'¡ 

• The Stapleton Redevelopment Project, approved in March 1995 by the Denver, Colorado, 
Planning Board, is developing a mixed-use plan for the 4,700-acre site of the city's former 
international airport. The project is based on sustainable principles. It strives not only to 
integrate urban development, transportation, natural systems, and wildlife habitat, but 
also to create a balanced mix of uses and densities-including parks, housing, and busi
nesses--for efficient, accessible, and diverse neighborhoods and communities. 
The city's planning team is using a geographlc information system (GIS) to assemble 
data on climate, water resources, land use, transportation, infrastructure, and commu
nity energy resources. This information will be used with the computer-based PLACES 
methodology to model present and future development options. Denver will be able to 
predict the impact and cost of development and design resource-efficient sites before 
any new structures are built. 
The Stapleton Redevelopment Project also plans to reuse the áirport terminal itself, 
turning the building into a site for new green businesses, as well as a center for estab
lished companies focusing on national and intemational business opportunities in the 
environmental and technology fields. Finally, the project will tap nearby community 
and acadernic resources to sponsor sustainable educational and training opportunities 
at the airport-terminal site. 

• The Pennsylvania-based Slippery Rock Foundation, with a grant from the. Howard 
Heinz Endowment, has developed Guidelines for Sustainable Development that pro
vide design, construction, and operations suggestions. The guidelines provide basic 
green site-development recommendations, for example, the reuse of existing struc
tures and already disturbed areas, evaluation of site resources, minimization of 
paving and impervious surfaces, and analysis of the future iI1?,pact of a site within 
the broader context of community. 

• The town of Carrboro, North Carolina, has instituted an architectural process that 
allows flexibility in site design and development. Carrboro's Arcardia neighborhood, 
for example, is in the process of developing 33 lots on 16 acres that have narrower
than-usual streets and homes built to satisfy passive solar guidelines. The homes fea
ture radiant-heated floors and some photovoltaic hot-water systems; their landscape 
design reflects aftention to water conservation and use of native plants. 

• The city of Austin, Texas, Sustainable Building Guide/ines encourage habitat preservation 
and site restoration, landscape designs that provide passive solar cooling, and the addi
tion of plants and fountains to municipal buildings with main lobbies or to "front 
yards" of municipal buildings to create pleasant public gathering places. 

• The new Clark County, Nevada, Government Center boasts landscaping that is both 
drought-tolerant and complementary to the building design and the natural environ
ment. The center's planners have concentrated turf in a single multipurpose, function
al area that provides a visual oasis as well as a community space for theater, music, and 
public gatherings. 

• The village of Charlotte, North Carolina, is developing a mixed-use building project of 
164 dwellings on 22 acres-while minimizing additional roads. Sustainability and eco
logical concepts, including construction-waste recycling and the use of graywater for 
irrigation, are part of the development process. 
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• Toe city of Chicago, Illinois, has launched a brownfield redevelopment program to 
promote new investment in older neighborhoods and inner suburbs. In 1993, Chicago 
formed an interdepartmental working group on brownfields to devise more responsive 
environmental and economic development policies, to develop economic models that 
account more accurately for the environmental and social costs and benefits of devel
opment decisions, and to implement pilot projects. lnitial work on five brownfield 
sites has already resulted in remediation of the sites and buildings so that redevelop
ment can occur. These efforts will create local employment opportunities and improve 
the appearance and safety of the neighborhoods they target. 

• After undertaking a regional planning effort, the city of Portland, Oregon, decided to 
concentrate development along mass-transportation corridors, encourage infill through 
zoning and loan incentives, and strive to retain green areas around the urban center. 

• Toe city of Chula Vista, California, has developed telecommuting centers at decentral
ized neighborhood locations to reduce traffic congestion and air pollution. These cen
ters offer fully equipped office and meeting rooms, videoconferencing and Internet 
access, and interactive video classrooms. Toe city encourages commuters to walk or 
cycle to the centers. 

• To spur redevelopment in downtown Manhattan, the city of New York, the Alliance for 
Downtown New York, and other public and private development partners have estab
lished the New York Information Technology Center. Equipped with fiber optics; maxi
mum band width, high-speed copper wiie; Internet connectivity; state-of-the-art voice, 
video, and data transmission; and advanced telecommunications and data security, the 
building is a high-technology hub for the city's redevelopment efforts. 

• The towns of Valmeyer, Illinois, and Pattonsburg, Missouri, following devastating 
floods in 1993, have taken the opportunity to replace and rebuild their communi
ties, using sustainable development principies. To help avoid future flood disasters, 
the town of Valmeyer decided to relocate on higher ground, and, with resources 
from the U.S. DOE and state of Illinois, to incorporate energy efficient designs in its 
private and public buildings. Pattonsburg, working with the U.S. DOE and Federal 
Emergency Management Agency, developed a new town vision for the future that 
includes active public education and participation and passive solar land use plans. 

LOCAL OPTIONS 

• Develop a sustainable development plan for the community by scanning local 
resources and environmentally sensitive areas, mapping commercial and industrial 
areas, and identifying areas with the highest potential for public or private develop
ment or redevelopment. 

• Promote the reuse of buildings by assessing existing structures to evaluate their suit
ability for physical renovation or for upgrades of utilities and telecommunications 
infrastructure to match current needs. 

• Provide incentives for the redevelopment of inner-city areas, including brownfield 
sites, and for the use of resource-conserving practices when building on undeveloped 
greenfield areas. 

• Assess transportation access-bus, bicycle, and pedestrian-when considering a site for 
development or redevelopment of municipal buildings. 

• Assess the addition of information technology in new or existing buildings to reduce 
transportation needs and increase economic viability. 

• Integrate transportation planning, including mass-transit and transportation-reduction 
measures, with long-range urban and regional land-use plans. 

• Integrate sustainable landscaping principies, induding retention of native plants, pleas
ing aesthetics, and multiple recreational uses, into the design of public outdoor areas. 
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• Provide guidelines for building orientation and siting that take advantage of solar 
access and other natural features. 

• Integrate sustainable siting and building principies into disaster redevelopment projects. 

Water 
IMPLEMENTATION 1ssu·Es 

By regulation, education, and example, local govemments are preventing water pollu
tion, boosting water efficiency, protecting native vegetation, and using rainwater and 
graywater to meet water needs more resourcefully. 

Local govemments are implementing ordinances governing water runoff from construc
tion and completed building sites to protect watersheds and the water quality of local 
creeks, streams, and lakes. Through public construction projects, cities and counties are 
also demonstrating to their cornmunities that bioswales, semi-permeable pavement, and 
vegetative buffers can reduce non-point-source pollution. 

Aware that efficient water usage impacts utility costs, wastewater treatment, and the 
quality of local water resources, jurisdictions are also promoting implementation of 
water-efficiency measures in ali buildings: residential, multifamily, institutional, and 
cornmercial. Federal regulations have made indoor water-conserving fixtures, including 
1.6-gallon toilets and efficient water-flow devices, readily available through Ínost 
plumbing retailers; outdoor water conservation products are equally widespread. Local 
govemments can recornmend or require other water efficiency practices in their munic
ipal projects. 

Just as effective for cost-savings and the management of water resources are Ia:ndscap
ing practices that use water-conserving or native plants. Public construction projects in 
many jurisdictions are educating residential and commercial builders about the use of 
native plants, plant-protection measures, and habitat preservation and restoration. 
Jurtsdictions can compile an inventory of native plants to be used for public and pri
vate landscaping projects or direct builders to local nurseries or landscape architects 
that specialize in these plants. 

Rainwater and graywater collection, despite their technical simplicity, are less easily 
implementable, but no less effective, strategies for water conservation. Communities 
may find these systems difficult to irnplement because of regulatory restrictions. Local 
governments can both provide examples of the effectiveness of these systems in public 
project.s, and ensure that codes and permitting processes help, not hinder local builders 
from trying these alternatives. 

A range of rainwater-collection systems, used for centuries in vartous forms, remain a 
practica! option to collect water for irrigation and, in sorne cornmunities, supply indoor 
water usage, including drinking water. Storage tanks or cisterns can be purchased in vari
ous sizes and colors and are available regionally. 

Graywater systems for surface and subsurface applications are in place in many rural 
and in sorne urban areas. Many urban areas, however, may not allow installation of 
graywater systems, and if so, only as subsurface irrigation systems following specific 
health and usage regulations. Graywater systems can most easily be utilized during 
new construction, when separate collection and distribution lines can be installed 
most cost-effectively. 
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LOCAL ACTIONS 

• Prince George's County, Maryland, has used bioretention practices in severa! revitaliza
tion, urban retrofit, and capital improvement projects designed to reduce urban runoff 
pollution entering waterways and, ultimately, the Chesapeake Bay. In one stormwater 
management project, the county added vegetation and settling ponds to an existing 
concrete drainage system; planted vegetative buffers between a parking area and the 
storm drain; and developed a constructed wetland to test the effectiveness of these 
practices in cleaning water runoff. Toe county has investigated, with the University of 
Maryland, ways to reduce non-point-source pollution resulting from pedestrian traffic 
and grounds-maintenance and storage practices at the university. Both partners 
explored improved practices for stormwater management and wildlife habitat reten
tion. Toe university agreed to implement recommendations from the study as part of 
its normal maintenance operations. 

• Toe city of Bellevue, Washington, has passed an ordinance tying stormwater bilis to 
the amount of impermeable surface on each property within its jurisdiction. Each 
property in Bellevue is assessed in direct relation to its size and degree of development; 
fees from these assessments help fund water-quality protection. The city has estab
lished six categories of development, each assigned a coefficient for bill calculation 
purposes (wetland = O.O, undeveloped = .25, light development = .40, moderate devel
opment = .SO, heavy development = .75, very heavy development = 1.0). Any property 
can be downgraded one category if a water-detention area is constructed. 

• Toe city of Portland, Oregon, Bureau of Environmental Services will build a new Water 
Pollution Control Laboratory to enable early detection of substances potentially harm
ful to operations of the city's wastewater treatment facility, and to reduce contaminants 
entering the Willamette River. Toe laboratory site will feature a state-of-the-art experi
ment in stormwater treatment: the Water Demonstration Garden, a pool with wetland 
plant life specially designed to clean stormwater naturally. Toe site will also feature a 
bio-engineered riverbank to stabilize the area, and a greenway along the waterfront. 

• Toe city of Vancouver, Washington, is addressing limited water resources and rapid 
urban growth through the Climate Friendly Plant Program. This plant identification 
and marketing project, initiated by Vancouver's two primary water utilities, aims to 
reduce outdoor water usage by encouraging wide planting of native and non-native 
water-conserving vegetation commonly sold at local nurseries. These plants are often 
disease-and pest-resistant, reducing chemical pesticide use and resulting water pollu
tion. Local utilities and nurseries market the city program. 

• Toe city of San Diego, California, offers a free Residential Water Survey Program in which 
city technidans audit a home's indoor and outdoor water use and recommend specific con
servation methods. Toe survey indudes installation of low-flow showerheads, Xeriscape™ 
information, and a supply of native flower seeds. A typical household can reduce water con
sumption by 13 percent. Over 10,(X)() residents have partidpated in the prograrn to date. 

• Toe city of Austin, Texas, has developed three major watershed-protection ordinances 
to address urban runoff pollution of local waterways. Included in the ordinances are 
measures limiting impervious surfaces, encouraging buffer zones, limiting disturbances 
of natural streams, implementing erosion controls, and promoting construction of 
sedimentation and filtration basins. lntegrated pest management plans that reduce 
outdoor chemical use are specifically required for projects in ateas covered by the 
city's watershed ordinances, restrictive covenants, or zoning variances. Additional 
ordinances mandate protection of trees and natural areas, monitoring of water quality, 
and retrofits of pollution controls in areas identified as polluting. 

• In another sustainable move, Austin has set a goal of reducing water consumption in 
municipal buildings by 30 percent. Toe city's plumbing codes require effident fixtures, 
and suggest conservation practices for cooling towers, Xeriscape™ practices for land
scapes, and use of rainwater, reclairned-water, and graywater systems. Staff recommend 

PART III: sm ISSUES 1111!1 



. . , ·,.•· 

' 

the collection and use of rainwater for irrigation, and the potential use of reclaimed 
water for irrigation, toilet-flushing, vehicle-washing, and cooling-tower make-up. 
Austin's Water and Wastewater Utility provide additional assistance in water-quality, 
health, and regulatory issues, particularly as these relate to the use of reclaimed water. 

• Austin's Sustainable Building Guidelines are a valuable source of information on 
graywater and blackwater systems, as well as harvested rainwater collection. Toe guide
lines include ordinances and regulations affecting use, a licensing and approval 
process, design considerations, and infonnation on local experts and sources of sys
tems components for storage and irrigation. 

• Jordan Commons, a Habitat for Humanity housing developnient under construction 
in south Metro Dade County, Florida, is a model ecological community. Water conser
vation is one hallmark of its builders' efforts: all 187 homes will be fitted with water
efficient fixtures and 40 homes will feature graywater systems that use treated 
wastewater to recharge the aquifer and promote subsurface irrigation. 

LOCAL OPTIONS 

• Conduct an analysis of the non-point-source pollution impact of local water runoff 
from the built environment. 

• Develop local guidelines to reduce non-point-source pollution and disruption to natur
al water cycles in the urban environment by reducing non-permeable surfaces and 
constructing vegetated drainage channels. 

• Develop guidelines that require the collection of water runoff that may pollute local 
water resources during the construction or rehabilitation of buildings. 

• Establish municipal landscape guidelines that promote local plants, which have low 
mainten_ance and water requirements. 

• Design liarvested-rainwater collection systems to supply irrigation water to local parks 
and recreation areas. · .. 

• EstablisJ;l. a water-fixture replacement program to upgrade equipment in existing 
munictp¡u facilities, commercial buildings, and homes. 

• Promote' water conservation efforts and reduce water end-use in the design of new 
municipal facilities through water-conserving fixtures and graywater or harvested
water systems. Review local ordinances and modify them to allow the collection and 
use of harvested water, graywater, and i:eclaimed wastewater. 

• Educate municipal, commercial, and residential building occupants about water 
conservation, pollution prevention, and construction-related practices-as well as per
tinent local, state, and federal regulations-to ensure that water quality is maintained . 

Materials and Equipment 
IMPLEMENTATION ISSUES 

Local governments that integrate sound soil maintenance and landscaping practices and 
efficient irrigation systems can reduce their use of natural resources, such as water, and 
maintenance supplies, such as pesticides or fertilizers. In doing so, they not only cut 
costs, but also benefit the environment-especially by restoring native plants and 
wildlife habitat. 

Green building projects (and green buildings themselves) also offer local governments 
opportunities to educate their commtm¡ties. By limiting permeable surfaces; using recy
cled-content outdoor equipment, such as trash cans or benches; and installing renewable-
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energy-powered lighting in outdooi:: public areas, cities and counties can demonstrate to 
their public the availability, durability, and practica! application of green materials. For 
example, businesses, citizens, and public employees can work together in advisory com
mittees to help shape green lands~ping plans and environmentally sensitive choices of 
equipment and furnishings for pubµc buildings, parks, and recreational areas. 

LOCAL ACTIONS 

• Toe city of Austin, Texas, suggests using ground-up wallboard (gypsum) as an amend
ment for clay soils; chipped wood from demolition for mulch; and recycled asphalt, 
concrete, and bricks for fill or aggregate. 

• Codes in Metro-Dade County, Florida, allow demolition materials, such as concrete 
and bricks, to be used as fill in c9nstruction sites. They require the demolished mater
ial to be free of other substances, such as wood, that would contribute to sink boles. 
By reusing the material, builders avoid the landfill fees associated with demolitión
waste disposal. 

• The Health House '95, sponsored by the American Lung Association and built in 
Hennepin County, Minnesota, and the '95 Health House built in Orlando, Florida, 
both reflecta design concept called "naturescaping," used to incorporate native plants 
and recycled materials on the house sites. 

• Metro-Dade County, Florida, offers property-tax breaks to commercial developers as 
incentives for preservation of existing vegetation on environmentally sensitive sites. 
Developers are required to actively maintain existing vegetation for 10 years in retum 
for a tax break that is better, in some cases, than an agricultura! exemption. 

• Toe city of Austin, Texas, Nature Center, which provides a natural habitat for indige
. nous plants and animals, is a living learning tool for those who study the science and 

natural history ofthe ·area: Its educational resources include a pond. trail exhibit and a 
hands-on compost demonstration area. 

• Toe city of Durham, North Car9lina used plants and recycled products for the land
scape restoration of a park following the expansion of a road interchange. Toe city's 
Water Resources Department arid its Parks and Recreation Department worked with 
citizen groups to plant several "pods" of trees and shrubs, reintroducing native species 
and eliminating labor-intensive turf. 

• The city of Austin, Texas, offers the expertise of landscape architects from its 
Environmental Services and Conservation Department's Water Conservation Program 
to help other municipal departments design resource-efficient landscape and irrigation 
systems. Toe architects have developed a Preferred Plant List for municipal projects 
that emphasizes native and low,water plants, and recommended integrated pest man
agement practices. XeriscapeTM landscapes in Austin, studies have shown, use 30 to 50 
percent less water than traditional landscapes use. 

• Toe city of Sarasota, Florida used a permeable pavement to allow public access to and 
parking on a parcel of land in a pineland marsh reserve. Toe pavement, a six-inch plas
tic cellular confinement system,lknown commercially as GEOWEB, is covered with six 
inches of stone in-fill and one: inch of stone cover to allow both permeability and 
access, even during the rainy season. Toe system's cost is only one-third that of a tradi-
tional paved road. 1 

1 • The cities of Atlanta, Georgia; Baltimore, Maryland; Miami, Florida; Milwaukee, 
Wisconsin; and Austin, Texas, a\:e participating in the "Cool Communities" program, 
in partnership with American Fbrests and the U.S. Environmental Protection Agency . 
This program seeks to reverse h~at-island effects of urban areas, to reduce energy usage 

1 
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and global warming, by the strategic planting of trees and use of light-colored surfaces 
for roads, parking lots, and building roofs and walls. 

• Toe dty of San Diego, California, Park and Recreation Department developed effident 
turf-irrigation systems to minimize water use. Irrigation system replacements, retrofits, 
and performance checks have resulted in a combined total reduction in water usage for 
1990 to 1994 of 1,700,000 hundred cubic feet (HCF), a cost savings of over $2 million 
for the department despite the addition of over 40 new_parks since 1989. 

• Communities in Chittenden County, Verrnont, have begun to set standards and guide
lines for exterior lighting to preserve the region's natural nighttime beauty. Toe goal is 
to increase energy efficiency, provide clear standards and guidelines for lighting 
designs, and preserve nighttime landscapes. The municipalities of Burlington, 
Shelbume, and Richmond, key players in the effort, are all concerned about the con
trol of overall illumin_ation levels, glare, and color distortion from outside lighting. 
Other concerns inclÜde balandng aesthetics, safety and security, and the capital or 
operating costs of lighting fixtures; the impact of high-pressure sodium street lights on 
the natural and built environment; and, in some cases, discouraging the installation of 
new lighting in neighborhoods. 

LOCAL OPTIONS 

• Develop site-maintenance plans for munidpal properties that include soil upkeep with 
mulch and composted materials, integrated pest management, reduced fertilizer use, 
and native plants with low irrigation needs. Use drip irrigation and programmable 
timers for irrigation systems with rain shut-off valves. 

• Sponsor site design competitions. Landscape Architecture magazine, for example, sponsors 
an annual competition for innovative, ecologically sensitive residential landscape designs. 

• Develop a native plant list for the region. Indicate· a preference for native plants 
for landscaping projects on public property and make the list available for private 
developers. 

• Involve the public in identifying and mapRing trees of significance to the community. 
Develop a Tree Preservation Plan for munidpal construction projects, and encourage 
commerdal and residential projects to adopt it as a model. 

• Designate the use of products with recycled content for the construction of park 
benches, fences, storage sheds, and walkways for munidpal projects, when economi
cally feasible. Locate regional sources for equipment and fumishings featuring recycled 
content or reusable materials. 

• Require munidpal projects to use sernipervious parking pavers or no paving, where 
feasible, or require them to match a percentage of parking spaces with a certain num
ber of new trees. Encourage these practices in commerdal projects also. 

• Develop lighting guidelines that balance safety, aesthetics, and community values. 
Consider renewable energy resources, such as photovoltaic systerns, for outside light
ing along landscapes, trails, and walkways, and for other electrical needs. 

• RESOURCES 

Resources for the Local Govemment Information chapters are located in the Appendix. 
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lntroduction 
Building design is moving into an extraordinary phase of evolution in this decade. 
Strategies that have been considered "cutting-edge" in the recent past-such as passive 
solar design, environmentally sensitive design, and design that emphasizes indoor envi
ronmental quality-are now becoming prominent and economically feasible. In Part IV, 
these strategies are applied to the design process to offer a new perspective on build
ings-one that exceeds conventional practice in a variety of ways. 

In Section A, the chapters deal with passive solar design through a discussion of daylighting, 
building envelope, and renewable energy-the basic strategies of green design that adapt a 
building to its site and climate. Section B focuses on building systems-heating, ventilating, 
and air-conditioning (HV AC) systems; lighting; and electrical technologies that support and 
must be integrated with the passive design in an effident and appropriate manner. Other 
chapters in Section B address indoor environmental quality, including air quality and 
acoustics, and building commissioning. Section C provides a decision process and criteria 
for selecting environmentally sound materials for a construction project, and the means 
to incorporate environmental components into construction specifications. 

An integrated approach is required for successful application of these strategies. The 
whole picture is one of a building as a complete system, with the building siting, form, 
envelope, systems, and contents simultaneously interacting together and fitting their set
ting in nature. Toe resulting building will perform as a resource-effident and cost-effec
tive system designed to enhance occupants' productivity and health. A whole-team 
approach, commencing early in the design process, is necessary to achieve this. 

Toe greening of public and commerdal buildings is a large agenda, perhaps too large for 
any individual or organization to undertake in one step. It is a real challenge to include 
or optimize all of these design strategies in one project, but every renovation or new 
building project can emphasize at least sorne of these strategies and achieve higher
than-normal levels of efficiencies and performance. The process is evolutionary and 
progresses incrementally. 
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SECTIONA 

Passive Solar Design 

Passive solar design is a broad term used to enc,ompass a wide range of strategies and 
options resulting in energy-effident building design and increased occupant comfort. 
Toe concept emphasizes architectural design approaches that rninirnize building energy 
consumption by integrating conventional energy-effident devices, such as mechanical· 
and electrical pumps, fans, lighting fixtures, and other equipment, with passive design 
elements, such as building siting, :an efficient envelope, appropriate amounts of fenestra
tion, increased daylighting desigri, and thermal mass. Many passive buildings are com
patible with active components such as solar hot water systerns. In short, "passive solar· 
design balances all aspects of the energy use in a building: lighting, cooling, heating, and 
ventilation. It achieves this by combining, in a single concept, the use of renewable 
resources and conventional, energy-efficient strategies."1 

Toe basic idea of passive solar design is to allow daylight, heat, and airflow into a build
ing only when beneficia!. Toe objectives are to control the entrance of sunlight and air 
flows into the building at appropriate times and to store and distribute the heat and cool 
air so it is available when needed. Many passive solar design options can be achieved at 
little orno additional cost. Others are economically viable overa building's life-cyde. 

Toe U.S. Department of Energy has shown that passive solar buildings use 47 percent less 
energy than conventional new buildings and 60 percent less than comparable older 
buildings. Passive solar design strategies can benefit most large buildings and all small 
buildings.2 lt has been used effectively in an estimated 17,000 commerdal buildings in 
the United States-ranging from 'offices .ind warehouses to schools, health care centers, 
librarles, and airport terminals. Passive solar design is best suited to new construction 
and major renovation because most components are integral elements of the building. 
Depending on siting, the range of improvements planned, and the building's characteris
tics, a number of passive strategie~ can potentially be incoporated into existing buildings. 
For example, designers can consider using advanced glazings when repladng windows 
during a renovation.3 ! 
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Properly designed and constructed passive solar buildings offer many benefits to building 
owners and occupants, induding:• 

• Energy Performance; Lower energy bilis year-round. 

• Investment; High economic retum on the incremental investment on a life-cyde cost 
basis and greater financia! independence from future rises in energy costs. These can 
lead to higher tenant retention and satisfaction, which can correlate to higher building 
value and lower risk (see Chapt4:I 1, "The Economics of Green Buildings"). 

• Comfort: Greater thermal comfort, less reliance on noisy mechanical systerns, solid 
construction (more thermal mass), sunny interiors, and open floor plans. 

• Productivity: Increased daylighting, higher quality lighting systems, and redúced 
glare can increase worker productivity and reduce absenteeism (see Chapter 1, "The 
Economics of Green Buildings"). 

• Low Maintenance: Reduced building maintenance costs resulting from less reliance 
on mechanical systerns. 

• Environmental: Reduced energy usage and reliance on fossil fuels. 

Successfully integrating passive solar design strategies requires a systematic approach that 
begins in the pre-design phase and carries throughout the entire design process. It is crit
ica! that the building owners and the design team agree to integrate passive solar design 
considerations dú.ring the appropriate project phases. Toe following passive solar design 
strategies should be induded during the building-design process.5 

• Site Selection: Evaluate building site options/positions for solar access and use of land
scaping elements. 

• Programming: Establish energy-use patterns and set priorities for energy strategies 
(e.g., daylighting versus efficient lighting); determine base-case conditions and con
duct life-cyde é:ost analysis; establish an energy budget. 

• Schematic Design: Maximize site potential by considering orientation, building 
shape, and landscaping options; conduct a preliminary analysis of representative 
building space~ as they relate to insulation, thermal mass, and window type and loca
tion; determin'~ the available daylighting; decide on the need for passive heating or 
cooling load avoidance, lighting, and HVAC systems. Determine the preliminary cost
effectiveness of options and compare the budgets. 

• Design Development: Finalize the analysis of all individual building zones, including 
analysis of design element options and life-cyde costs. 

• Construction Documents: Simulate total building projections and develop specifica
tions that meet the intent of energy-efficient design. 

• Bidding: Use life-cyde cost analysis to evaluate alternates or "equals." 

• Construction: Communicate to the contractor the importance of adhering to design 
elements and ensure compliance. 

• Occupancy: Educate occupants on the intent of the energy design and provide an 
operations manual for maintenance staff. 

• Post-Occupancy: Evaluate performance and occupancy behavior for comparison 
with goals. 

Toe optimal combination of passive solar design features is not always intuitively obvi
ous. In order to analyze the choices, a base case is established-a building that corre
sponds to the overall architectural program but does not use passive solar strategies. 
Energy and economic comparisons are made between the base case and various combi
nations of passive and energy-efficient design strategies. Toe final design is checked to 
confinn that energy performance goals established earlier have been met. 
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Passive building design staris with consideration of siting and daylighting opportunities 
and the building envelope; then building systems are considered. Almost every element 
of a passive solar design serves more than one purpose. Landscaping can be aesthetic 
while also providing critica! shading or direct air flow. Window shades are both a shad
ing device and part of the interior design scheme. Masonry floors store heat and also pro
vide a durable walking surface. Srinllght bounced around a room provides a bright space 
and task light. Critica! design areas indude the following: 6 

• Thermal Protection: Provides appropriate levels of insulation and minimal air leakage. 

• Wmdows: Transmit heat, light, and air between interior space and the outside envi
ronment. 

• Daylighting: Reduces lighting and cooling energy use; aeates a better working envi
ronment, leading to inaeased comfort and productivity. 

• Tuermal Mass: Stores excess heat in winter; in summer, cools down during the night 
and absorbs heat during the day. This can help to shift peak cooling and heating to 
off-peak hours. 

• Passive Solar Heating: Allows heat to enter the building during the winter months 
and rejects it during the summer months through the use of appropriate amount and 
type of south-facing glazing and properly designed shading devices. Most valuable in 
cooler dirnates. 

• Energy-Efficient Lighting: Uses efficient lamps, ballasts, controls, and lurninaries coor
dinated with daylight and color of interior space to provide the requisite leve! of light. 

• Interna! Heat-Gain Control: Minimizes heat gain generated by lights, people, and 
equipment through the use of daylighting, thermal mass, efficient equipment selec
tion, and venting. 

• Passive Cooling with Natural Ventilation: Incorporates controlled air exchanges 
through natural or mechanical means. Helps to inaease energy performance of build
ings in most locations. 

• Energy-Efficient HVAC System: Reduces system load by integrating above-listed 
design strategies and using measures such as efficient motors, heat pumps, variable 
speed drives, and sophisticated building controls. 

Section A of the manual contains three chapters that address areas of primary irnpor
tance for passive solar design: daylighting (Chapter 9), building envelope (Chapter 10), 
and renewable energy systems (Chapter 11). Although discussed in individual chapters, 
these three elements need to be considered in an integrated and sirnultaneous manner, 
along with energy-efficient mechanical and electrical systems, discussed in Chapter 12, 
"HV AC, Electrical, and Plumbing Systems." Review of such measures in isolation can 
lead to a reduction of the overall energy efficiency potential. 

uu111, 
1 Passive Solar Industrtes Council (PSIC) and National Renewable Energy Laboratory (NREL), Designing Luw Energy 

Buildings-Integrating Daylighting, Energy-E(fü:ient Equipment and Passive Solar Strategles (Washington, D.C.: 
Passive Solar Industrtes Council, n.d.), 10. 

2 !bid., 2, 7. 

3 U.S. Department of Energy, National Renewable Energy Laboratory, Federal Energy Management Program, 
"Renewable Energy Technologies far Federal Facilities" (brochure)(Golden, Colo.: National Renewable Energy 
Laboratory, September 1995). , 

4 PSIC and NREL, Designing Luw Energy Buildings. 
s !bid., 20-21. 

6 !bid., 11-18 • 
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CHAPTER9 

Daylighting 

* SIGNIFICANCE 

Daylighting is the practice of bringing light into a building interior and distributing it in 
a way that provides more desirable and better-quality illumination than artificial light 
sources. This reduces the need far. electrical light sources, thus cutting down on electricity 
use and its associated costs and pollution. Studies substantiate that daylighting creates 
healthier and more stimulating work environments·than artificial lighting systerns and 
can increase productivity up to 15 percent.' Daylighting also provides changes in light 
intensity, color, and views that :\J.elp support worker productivity. Surveys have shown 
that 90 percent of employees prefer to work in spaces with windows and a view to the 
outside.2 In one study, 75 percent of office and factory workers stated that daylight pro
vides better quality illumination than artificial light.3 

Daylighting significantly reduces: energy consumption and operating costs. Energy used 
far lighting in buildings can account far 40 to 50 percent of total energy consumption. In 
addition, the added space-cooling loads that result from waste heat generated by lights 
can amount to three to five percent of total energy use. Properly designed and imple
mented daylighting strategies can save 50 to 80 percent of lighting energy.• 

Greater use of daylighting can also provide advantages far the environment by reducing 
power dernand and the related p'ollution and waste byproducts from power production. 
Lighting-and additional building cooling requirernents from lighting-use an estimated 
20 to 30 percent of total United' States energy production.5 About three-quarters of this 

1 

amount is used to light commercial and industrial buildings. lf extensive daylighting 
measures achieved only a 40 percent lighting energy savings, total national electricity 
consumption would be reduced by six to nine percent.6 In addition, the greatest savings 
from daylighting occur during periods when sunlight is most intense, which coincides 
with periods of peak dernand fo~ heating, ventilating, and air-conditioning (HV AC) and 
refrigeration loads. Therefore, wi~er use of daylighting would reduce both the need far 
new peak dernand capacity and oyerall power dernand. 

Author 

Loren E. !braham 
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Daylighting requires the correct placement of openings, or apertures, in the building enve
lope to allow light penetration while providing adequate distribution and diffusion of the 
light. A well-designed system avoids excessive thermal gains and excessive brightness 
resulting from direct sunlight, which can impair vision and cause discomfort.7 To control 
excessive brightness or contrast, windows are often equipped with additional elements 
such as shades, blinds, and light shelves. In most cases, the daylighting system should 
also indude controls that dim or turn off lights when sufficient natural light is available 
to maintain desired lighting levels. It is also often desirable to integrate daylighting sys
tems with the artificial lighting system to maintain required task or ambient illumination 
while maximizing the amount of lighting energy saved (see Chapter 12, uHV AC, 
Electrical, and Plumbing Systems"). 

Recent daylighting innovations offer a wide range of advanced, highly efficient, and, in 
sorne cases, highly engineered systems. In reviewing these options, the practitioner 
should recognize that higher efficiency and improved daylighting performance may 
entail additional costs. Toe benefits of daylighting indude improved visual quality, better 
lighting-color rendition, reduced solar heat gain, and improved visual performance and 
productivity. These benefits can make any increased engineering and installation costs a 
worthwhile investment far the building owner or employer. 

,_.. SUGGESTED PRACTICES ANO CHECKLIST 

Design Process 
Programming Phase 
O Establish daylighting performance objectives and requirements. 

Performance objectives may include savings in lighting-energy costs, cooling-load 
reductions, visual quality, and views to the outside. The designer should establish 
required illumination levels to meet the needs of the building occupants and the tasks 
they perform. Table 1 provides illumination standards established by the Illuminating 
Engineering Society (IES). These levels have been reduced significantly over the past 
decades because it is now generally accepted that illumination can be reduced in situa
tions where the quality of light is high and background surface reflectance is optima!. 
See Table 2 for recom.mended interior surface reflectance values. 

O Analyze lighting performance needs using the following procedures: 
- Perform a solar-path analysis for the latitude at the site; 
- Perform preliminary aperture-optimization studies (optima! window-to-floor ratio, 

optima! skylight-to-floor ratio); 
- Determine the design illumination levels far various program functions based on IES 

standards (see Table 1); and 
- Perform a preliminary life-cyde cost-benefit analysis. (Refer to Moore in "Resources" 

section.) 

Preliminary Design Phase 
O Establish basic daylighting parameters as part of the building design. 

-- CHAPTER 9: DAYLIGHTING 

- Establish the location, shape, and orientation of the building on the site based on 
daylighting performance objectives as part of an integrated passive solar heating and 
cooling strategy. 

- Establish fenestration design objectives based on optimization studies. 
- Establish energy-efficient artificial illumination systems based on design illumina-

tion levels and energy-effidency targets. 
- Perform a preliminary life-cycle cost-benefit analysis of daylighting systems as an 

integrated part of the total building system. Consider qualitative benefits such as 
increased productivity and reduced absenteeism, as well as the direct costs of design 
systems when assessing costs and benefits. (Refer to Moore, in "Resources" section.) 



-3,-2 weight -1 to +1 weight +2,+3 weight 
Type of Activity (footcandles) (footcandles) (footcandles) 

Public s¡:,aces with dark 
surrounaings 

2 3 5 

Simple orientation for short, 
temporary visits 

5 7.5 10 

Working spaces with occasional 
visual tasKS 

10 15 20 

Visual tasks of high contrast or 
large size 20 30 50 

Visual tasks of medium contrast 50 75 100 or small size 

Visual tasks of low contrast or 100 150 200 small size 

Visual tasks of low contrast and 200 300 500 very small size over prolonged 
periods 

Exacting and prolonged visual 
tasks 500 750 1000 

Very special visual tasks of 
extremely low contrast and small 1000 1500 2000 
size 

W. h F e1g t actor D ti * etermma on 

Weight 

Task and Worker -1 o +1 
Characterisitcs 

Worker Age Under 40 40-55 Over 55 

Speed and/ or Accuracy Not Important Important Critical 

Reflectance of Background > 70% 30-70% < 30% 

•Note: Use the Wei¡ht Factor Determination to establish the range ohalues as part of the design illumination requiremenu. 

Source: llluminating Engineering Society. Ughtjng Handbook. (New York: IES, 1979.) 

Table 1 

Range of Surface Reflectance 
Surface (low - hi~h) 

Ceiling 80% - 90% 
Walls 60% - 65% 
Floor 20% - 50% 

Source: llluminating Engineering Society. Ughtjng Handbook. (New York: IES, 1979.) 

Table 2 
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- Determine the optimal effective aperture for toplighting strategies. 
- Incorporate fenestration into the basic building geometry. 
- Perform daylighting studies using computer-simulation tools and physical-model 

evaluation. Conduct studies of both direct-beam irradiance on a heliodon and dif
fuse sky illuminance under an artificial sky, if. possible. (Refer to Evans, Hopkinson, 
Moore in "Resources" Section.) 

- Establish lighting-control strategies, induding the use of logical zoning and selec
tion of either continuous dimming, stepped, or on-off switching. 

Design Development Phase 
• Specify details for Iighting systems and products. 

- Specify glazing materials based on dimate, fenestration position, and solar orienta
tion, maintaining the highest possible luminous efficacy (k-factor or ratio of visible 
transmittance to shading coeffident) and daylight factor (ratio of visible transmit
tance to total solar transmittance). 

- Specify finishes based on the desired reflectance values for walls, ceilings, and floors 
(see Table 2). 

- Based on a heliodon study or other solar-path analysis, determine the type and 
location of, and control methods for, shading systems that minimize or eliminate 
direct sun in work areas and moderate excessive brightness. 

- Specify control systems, induding photosensors, control zones and occupancy sen
sors, based on control strategies. 

- Seek opportunities to integrate controls with other building energy-management 
systems. 

- Incorporate flexible, ongoing capabilities for monitoring lighting conditions, 
induding lighting-energy consumption and lighting operation hours by zone. 

- Determine the method for reviewing and analyzing field-monitoring data and per
forming assodated responsibilities. 

Construction Phase 
• Confirm that spe~ed practices and materials are installed properly. 

- Monitor direct stinlight penetration through fenestration and fine-tune the solar 
shading systems as required. 

- Observe skylight installations and related flashing and sealants to verify that each 
installation is watertight and has been performed according to standard practices. 

- Observe the final calibration and testing of lighting-control systems to verify that 
the installation functions as specified. 

Post Occupancy Phase 
• Ensure that the building's daylighting features are in place and maintained for 

optimum performance. 
- Walk through the entire project and review all fenestration, solar controls, and 

lighting-control systems to verify that they are operational and as spedfied. ldentify 
any potential visual-quality problems such as glare from excessively bright source or 
background illuminance. Monitor light levels in all spaces with a hand-held pho
tometer and follow up on any variations from the design illuminance Ievels. 
Prepare a checklist of problems that need to be corrected and submit it to the con
tractors and building owner. 

- Verify with the building owner that a glass-cleaning and systems-maintenance 
schedule is in place. 

- Review the data collected from monitoring systems, analyze energy use, and com
pare the results with design targets. 

- Identify individuals who are responsible for maintaining and making modifica
tions to the lighting-control systems and ensure that they are familiar with 
proper procedures. 
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Lighting Systems 
General Daylighting Principies 
o Avoid di.rect sunlight on critical tasks and excessive brightness. 

Direct sunlight in certain non-task areas can be helpful because it provides building 
occupants with information about outside weather conditions and the time of day. 
These factors can actually relieve the stress assodated with being in a windowless space 
for long periods of time. However, when a critica! task is performed in direct sunlight, 
the light can cause unacceptable contrast ratios, disability glare, or veiled reflection. In 
this situation, the work surface or computer screen reflects the light source so that it is 
difficult to see the intended task. Toe recommended maximum background-to-task ratio 
is 10 to one; the recommended maximum light source-to-background ratio is 40 to one.8 

O Bring the daylight in at a high location. 
Toe four basic types of daylight apertures are windows, skylights, roof monitors, and 
derestories. Skylights, roof monitors, and derestories tend to be more effective than 
windows because theiI high location in a building affords penetration of light into the 
building core. Windows, unless fitted with light shelves or venetian blinds, can some
times cause unacceptable brightness levels and excessive contrast ratios of background 
to foreground, thereby creating visual problems. 

O Filter the daylight. 
Trees, plants, draperies, screens, translucent shades, and light-scattering glazings diffuse 
and distribute light while redudng its intensity. 

O Bounce daylight off of surrounding surfaces. 
Light shelves, louvers, blinds, and vertical baffles reflect and distribute light throughout 
a building interior. In general, the larger and softer the light source, the better the visu
al quality, the less the resulting eye strain, and the easier it is to function and perform a 
given task. In addition, when the light is nondirectional-that is, reflected from count
less surfaces-shadows are avoided or eliminated, again improving visual quality. 

O Integrate daylight with other building systems and strategies. 
Toe most effective daylighting solutions work in concert with and not against other 
building systems or design strategies, for example, HV AC systems, including natural 
ventilation, passive solar heating and cooling, acoustic control systems, electrical light
ing systems incorporating occupancy sensors, photocells and dirnmable electronic bal
lasts, and building energy management systems (see Chapter 11, "Renewable Energy," 
and Chapter 12, "HV AC, Electrical, and Plumbing Systems"). 

Traditional Daylighting Strategies' 
Sidelighting 

O Maintain a favorable room aspect ratio-the ratio of ceiling height and window 
height to depth of room from window (Figure 1). 

O Establish an appropriate building footprint. 
For sidelighting strategies to work in the majority of building spaces, establish an 
appropriate building footprint. The ideal building depth is lirnited by the dirnension 
required for a double-loaded corridor (that is, exterior window/wall-daylit room-corri
dor-daylit room-exterior window/wall). Frank Lloyd Wright prescribed the ideal 
width of a wing for daylighting as 13 meters, about 42 feet. This guideline offers 
almost infinite flexibility to explore various floor configurations (for example "L," 
"O," "U," "E," "X," and others). In addition, these configurations for sidelighting can 
be any number of stories high. 

O Specify the appropriate room reflectivity (surface reflectance). 
Toe amount of light that can be reflected to the back of a space from an outside wall 
with windows, and thus the comparative illumination levels between front and back, is 
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Figure 1 

Figure 2 
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controlled by the reflectivity of the interior surfaces. Toe higher the reflectivity, the 
greater the illuminance values at the back of the space. Reflectance values also affect 
background brightness levels and therefore contrast ratios of task to background (refer 
to Table 2). 

O Rely on clerestories in addition to windows. 
In this strategy, which combines sidelighting and topllghting, vertical windows in a 
higher space are positioned adjacent to other windows, creating in a sense a "clear 
story" (Figure 2). This method provides an excellent means of delivering daylight deep 
into an interior space. 

10 ft. ceiling 
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30 inch high workplane 
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Toplighting 

O Consider a sawtooth roof form. 
A sawtooth roof uses a series of repetitive clerestories to provide uniform illumination 
over a large area (Figure 3) and is best designed in concert with passive solar heating 
and cooling strategies. The glazed openings in the sawtooth commonly face north, 
thereby providing a diffuse and uniform source of dayllght. To take advantage of solar 
gains for heating purposes in colder climates, it may be advisable to face the openings 
south. In this case, however, solar controls may be needed to prevent glare, high con

trasts, and veiling reflections. Overhangs, diffuse glazing materials, 
interior or exterior baffles, louvers, blinds, and shades are all effec
tive means of accompllshing the required solar control. 

O Consider the use of roof monitors. 
Monitors are a type of clerestory that usually involves a stepped 
roof, allowing light to enter from two or more directions at once 
(Figure 4). Monitors usually benefit from an overhang on the 
southern, eastem, and western exposures. An inherent advantage 
of using monitors is that the roof tends to act as a reflector or a 
light shelf for the monitor above. Extension of the roof plane to 
the interior of the glazing can sometimes enhance this effect while 
providing additional relief from direct sunlight penetration. In 
addition, monitors are less llkely to leak than skylights. 
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D Use skylights. 
Skylights, horizontal openings in a roof, are the most common daylighting strategy in 
single-story buildings. When used judiciously, they offer the most efficient means of 
bringing light into a building because they generally have a 180-degree view of the sky. 
They are usually laid out on a grid so that the distance between the skylights is roughly 
1.5 times the distance between the floor and ceiling planes. Optimal skylight-to-floor 
ratios may range from 5 to 10 percent or higher depending on the transmittance of the 
glass, the efficiency of the skylight design, the required illuminance level, the ceiling 
height, and whether the space is rnechanically air conditioned. 

Sorne problems with skylights include the potential far water leakage, the loss of 
sorne thermal insulation at the skylight locations, and the generally higher cost of 
the roof structure. Another drawback is the potentlal far heat gain during the warmer 
seasons, causing thermal discomfart or increased cooling costs. Because most skylight 

Figure 3 

Figure 4 
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installations require diffuse glazing for solar control, they do not provide views to 
the outside. When skylights are used in a daylighting strategy, be sure to: 
- Angle light wells to prevent loss of effidency. Toe finished vertical surfaces below 

the skylight opening are known as the "light well." As the depth of the construction 
or the distance from the roof to the ceiling plane increases, it becomes more impor
tant that the light well be angled to prevent loss of efficiency of the skylight system. 

- Use baffles below the skylight to reflect some of the inddent light up onto the 
ceiling surface. This technique reduces the ratio of source-to-background contrast 
by making the ceiling a relatively large indirect light source. 

- Consider roof design. When a skylight is used in conjunction with a sloped roof sur
face, the effidency of the skylight is reduced in proportion to the slope of the roof, 
and the light distribution pattern becomes more like that of a sidelighting strategy. 
If the slope of the roof is to the north, solar control is less of a concern; if it is to the 
east, south or west, it is more of a concern. 

Light Distribution Strategies 
• Use sloped or curved ceiling planes. 

Ceiling shape is the simplest mechanism for distributing light in a space. Sloping 
the ceiling from a high point at the window or skylight essentially has the same 
impact as maintaining a high ceiling throughout the space. Curving the ceiling can 
produce dramatic effects. The light from the window or skylight can be focused or 
collimated in the case of a concave surface or further diffused and spread in the 
case of a convex surface. 

• Optimize overhangs based on window height and latitude (solar altitude). 
Although usually necessary to exdude light and solar gain at unwanted times, over
hangs always reduce the overall amount of daylight in the space and should therefore 
be designed with care, induding an analysis of their year-round effect. 

• Incorporate light shelves with windows where appropriate. 
Toe light shelf is an extremely useful tool when used in conjunction with sidelighting 
strategies. This mechanism, a horizontal surface at or above eye level, serves to reflect 
light falling above the vision window up onto the ceiling and therefore deeper into 
the rcíom (Figure 5). At the same time, it reduces illumination immediately adjacent to 
the window, where illumination levels are typically too great to work comfortably. 
This has the effect of creating more even illumination throughout the space, even 
though the overall amount of light flux into the space is reduced. 

• Employ baffles, louvers, and reflectors as appropriate in conjunction with any of 
the above mentioned strategies for solar control. 

• Integrate daylighting with luminous ceiling systems. 
Locating clerestories and skylights above luminous ceiling systems provides a unique 
method of integrating natural and electrical light sources. However, increased mainte
nance may be a concern. 

lnnovative Sidelighting Systems 
Toe primary challenges in sidelighting applications are: (1) the need for control of solar 
light and heat gains near windows; and (2) the transfer of light to the deeper zones away 
from the windows in order to extend the effective depth to which daylighting may be 
achieved. Toe following innovations can address these issues. 

• Consider using the currently available techniques: 
- Solar optic lens film (SOLF) applied to aaylic panels; 
- Molded aaylic prismatic g1azings or prismatic panels; 
- Specular blinds or mirror panels; 
- Holographic or cliffraction-grating glazings; and 
- Reflective films. 
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O Consider solar shade and awning systems. 
These systems often project out from the building surface above the window or are in the 
same plane as the window g1azing (usually in the upper portion of the window). They are 
engineered to collect light from a variety of angles and redirect it by specular reflection 
toward the deepest portian of the room and generally upward toward the ceiling plane. 

O Consider optical venetian-blind systems. 
These systems work llke standard venetian blinds except that they have diffraction gratings 
or micro-fresnel lens surfaces and sorne have individual slats that are shaped llke collapsed 
prisms. Llke their standard miniblind counterparts, they can be operated manually with a 
wand-type actuator or automatically with new photosensor light-angle measuring systems 
and computer software control algorithms. 

O Consider advanced light-shelf systems. 
These systems utilize many of the same advanced glazing technologies as solar shading sys
tems; however, they are arranged in projecting configurations that look and act llke standard 
light shelves but offer much better control of light direction and higher effidendes. While 
typical light shelves may be expected to maintain relatively even daylight illumination for a 
depth of up to 2.5 times the distance to the top of the window into the room, advanced light 
shelves (Figure 6 and Figure 7) should maintain even illumination up to four times the dis
tance from the floor to the top of the g1ass opening under certain conditions.1ºTracking sys,
tems have an advantage over passive systems in that they maintain more uniform 
effidendes and resulting light-distribution patterns but have greater potential for problems 
and associated maintenance costs. 

lnnovative Toplighting Systems 
The primary challenges to toplighting applications are the need for collimation of light vertical
ly deeper into the interiors of high-rise buildings and the need for higher effidency and better 
distribution control allowing greater distance between skylights in single-story applications. 

O Consider advanced systems such as active concentrating heliostats, passive colli
mating systems, and high-performance optical skylights. 11 

Technologies that may be applied in these strategies are similar to those mentioned 
above for innovative sidelighting systems. 

Figure 5 

PART IV: BUILDING DESIGN lllDII 



( 

n--v-91azin9 

Souru: lntemational Enu¡y A,-ncy 

Figure 6 

T2tt 
fr- Glass 

Hain Reflector: 
Compound Reflective Film 

Source: Lawrtne• leriteley National Laboratory, Unlnrsity of California at lerkeley 

Figure 7 

mtl CHAPTIR 9: DAYLIGI-ITING 



lnnovative Core Daylighting1 Systems 
' • Consider light-pipe distribution. 

Llght-pipe distribution has been' commercialized for use with high-output luminaires 
in commercial buildings where special security requirements, diffi.culty of access, or 
explosive or corrosive environm;ental conditions are present. Toe efficiency of light
pipe distribution is approximat~y 50 percent from source to delivered illumination.12 

Available systerns indude those ~here the light transfer is internal only, or where the 
pipe itself is a continuous light source.13 Daylighting applications using this technolo
gy for light distribution use concentrating collectors or heliostats as high-intensity 
light sources. 

Control Strategies 
• Integrate lighting controls to respond to available daylight. 

To capitalize on the potential energy savings associated with daylighting strategies, it 
is usually necessary to automate.'the reduction of electrical lighting operation. This can 
be accomplished in a variety of ways; however, hardware complexity, cost, wiring 
complexity, and types of lighting systerns are ali affected by desired control strategies. 
In addition, the subtlety of the lighting change actuated by the control systems is 
affected by the mode of controls selected (see Chapter 12, "HV AC, Electrical, and 
Plumbing Systerns"). 

1 • Ensure good control-system design. 
Toe chief failure of daylighting systems lies in the faulty design or installation of light
ing controls. Several factors are ;crttical to the correct functioning of daylighting con
trol systems. Consider these practices to improve lighting control: 
- Properly locate and calibrate the photosensors. Correct location and calibration of 

the photosensor for ali daylighting control systerns is critical. Ordinarily, a single 
photosensor will control a group or zone of light fixtures in order to reduce system 
cost. Toe sensor should "see" a mixture of both natural and electrical light and 
should not be located so as to be "fooled" by movement of occupants or objects 
in the space. . 

- Use proper zoning. Daylight levels vary greatly within a building depending on 
many factors. Typically, at least two zones-perimeter and core-should be estab
lished in a sidelighting situation. Toplighting situations usually require at least two 
or three zones. Where more sophisticated controls systerns are used, calibrate and 
control each fixture individlll\lly based on a common reference photosensor. 

• Integrate daylight controls with other control strategies. 
In addition to controlling lighting to respond to levels of daylight, other lighting-con
trol strategies are typically cost~ective in reducing lighting needs and thus reducing 
lighting and cooling energy consumption. These may indude: 
- Time or scheduling controls; 
- Occupancy-sensor controls; and 
- Lumen-maintenance control programs. 

Some manufacturers of lighting-control and building energy systems allow daylight
ing-control strategies to be integrated with these additional control features in a single 
system with a central control and program terminal. 

1 

Emerging Glazing Technologies 
• Consider spectrally selective glazings. 

Specifying glazings with high vi~ible-light transmittance is necessary for optimal energy 
savings. 0n the other hand, a lo~ shading coefficient reduces relative heat gain through 
the glass, which lowers cooling loads. Toe daylight factor is the ratio of visible light 
transmittance to total solar transmittance; therefore, the higher the daylight factor, the 
better the choice for daylighting applications in general. Another measure is the lumi
nous efficacy value (k-factor) which is the visible-light transmittance divided by the 
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shading coeffident. A luminous effi.cacy of greater than 1.5 is excellent for daylighting 
applications. New glass coatings being engineered, such as the spectrally selective low
emissivity coatings offered by numerous glazing manufacturers, admit higher than 70 
percent of visible light while blocking nearly 95 percent of the infrared spectrum.14 These 
coatings may not be desirable, however, where passive solar heating is needed. 

• Consider switchable glazings. 
Although still in development and rather expensive, switchable glazings offer special 
attributes and may be appropriate for spedal applications. Toe different types of 
switchable glazings are: 
- Photochromic glass. This light-sensitive glass darkens at a predetermined intensity 

level (like light-sensitive sunglasses). 
- Thermochromic glass. This heat-sensitive glass becomes translucent at a predeter

mined temperature. 
- Electrochromic glass. Electrically variable coatings become darkened with the applica

tion of current and clear as current is reduced. 
- Liquid crystal (LCD). This material becomes clear with the application of electrical 

current and is translucent otherwise. Tints can be added to the liquld crystal films, 
giving them greater solar-control capabilities. 

• RESOURCES 

American Institute of Architects, Committee on the Environment. Energy, Environment & 
Architecture. Washington, D.C.: American Institute of Architects, 1991. Diverse anthol
ogy of case studies of recent energy-effident buildings, most of which feature exten
sive daylighting systems. 

Caudill, W. W., and B. H. Reed. Geometry of Classrooms as Related to Natural Lighting and 
Natural Ventilation, Research Report 36. College Station, Tex.: Texas Engineering 
Experiment Station, 1952. Graphically explores a range of effective daylighting solu
tions for educational buildings and discusses basic daylighting prindples. 

Evans, Benjamin H. Daylight In Architecture. New York: McGraw-Hill, 1981. A basic primer 
for building designers on visual quality, human-health aspects of natural light, and 
physical-modeling ihethods for simulating daylighting solutions. 

Hastings, S. R., ed. Passive Solar Commerdal and Institutional Buildings: A Sourcebook of 
Examples and Design Insights. Intemational Energy Agency: Solar Heating & Cooling 
Prograrnme. West Sussex, England: John Wiley & Sons, 1994. An extensive look at cur
rent energy-effi.ciency strategies with many excellent case studies primarily of recent 
European buildings. 

Hopkinson, R. G.; and J. D. Kay. The Lighting of Buildings. New York: Praeger, 1960. 
Typically considered the "bible of daylighting," this dated but still completely valid 
text is a must have reference and technical sourcebook for the daylighting practitioner. 

Illuminating Engineering Society of North America. Lighting Handbook. New York: 
lliurninating Engineering Society of North America, 1979. 

lliurninating Engineering Society of North America. Recommended Practice of Daylighting 
New York: lliuminating Engineering Society of North America, 1979. A concise techni
cal treatise on effective lighting with natural light. 

Libbey-Owens-Ford Company. Sun Angle Calculator. Toledo, Ohio: Libbey-Owens-Ford 
Company, 1974. A great and easy-to-use tool for calculating sun angles for the entire 
day and year for your location . 

. Moore, Fuller. Concepts and Practice of Architectural Daylighting. New York: Van Nostrand 
Reinhold, 1991. This recent release includes some extremely useful performance char
acterization monographs for a wide variety of fenestration configurations and as some 
excellent cost-benefit analysis models. Also included is a fairly comprehensive survey 
on testing and monitoring equipment. 

Rarnsey, Charles George. Ramsey/Sleeper Architectural Graphic Standards. New York: John 
Wiley & Sons, 1988. 
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( DESIGN TOOLS 

AAMASKY, Skylight Design Analysis Tool. Easy-to-use design tool for layout and energy
cost and performance modeling of simple skylit spaces. Developed by Lawrence 
Berkeley National Laboratory (LBNL). Contact: American Architecture Manufacturers 
Assodation (AAMA), (708) 202-1350. 

ADELINE. Advanced integrated lighting design and analysis package, incorporating DXF 
input capability, SCRIBE MODELLER, PLINK, SUPERLIGHT, SUPERLINK, and RADI
ANCE, for detailed and advanced analysis of complex buildings. Available for MS-D0S 
486 platforms. Developed by LBNL. Contact: Steve Selkowitz, (510) 486-5064. 

Building Design Advisor (BDA). Easy-to-use design tool for preliminary design phase being 
developed by LBNL. Alpha version currently available Contact: Constantinos 
Papam.ichael, (510) 486-6854. 

DAYLITE, Daylighting design tool. Available for MS-DOS 386 and 486. Developed by the 
Graduate School of Architecture, University of California at Los Angeles. Contact: 
Murray Milne, (310) 825-7370. 

DOE-2. Building envelope, building systems, and daylighting analysis package. DOE 
Version 2.lE available for MS-DOS and Windows (386 and 486) and UNIX worksta
tions. Developed by LBNL. Contact: Fred Winkleman, (510) 486-4925. 

ENERGY-10, Low-Rise Building Design. Design manual and software. Windows-environ
ment program for small commerdal buildings allows early design evaluation of 16 
energy-saving stategies including daylighting. Developed by National Renewable 
Energy Laboratory (NREL), Passive Solar Industries Council (PSIC), U.S. Department of 
Energy, and LBNL. Contact: Blaine Collison at PSIC, (202) 628-7400. 

LUMEN MICRO 6.0. PC prograrn that enables calculation of average illuminance, evaluat
ed using the zonal cavity method, and point-by-point horizontal and vertical illumi
nances; generating tables, iso-contour maps, or perspective renderings of spaces 
lighted with equipment or daylighting components specified by the user. Available 
through Lighting Technologies, Boulder, CO. 

POWERDOE. Windows-environment version of DOE-2 with user-friendly interface. 
Available in early 1996. Developed by LBNL. Contact: Fred Winkleman, (510) 486-
4925. 

RADIANCE. Lighting and daylighting modeling tool for performing accurate photorealis
tic lighting simulation. Available for UNIX workstations. Developed by LBNL. 
Contact: Charles Erlich, (510) 486-7916. 

SUPERLITE 2.0. Daylighting analysis tool. Available for MS-DOS 386 and 486. Developed 
by LBNL. Contact: Rob Hitchcock, (510) 486-4154. 

•a•J•il 
1 Joseph Ro= and William Browning, Greming the Building and the Bottom Line: Increa.sing Productivity Through 

Energy-Effidmt Design (Snowmass, Colo.: Rocky Mountain Institute, 1994). 
2 Belinda Collins, Windows and Peaple. An anthology of daylighting studies and surveys. 
3 Advanced Design Research Group, Daylighting Research and Product Development-White Paper (Andersen 

Windows, 1993). 

4 Energy savings from daylighting are documented in numerous examples and studies !ncluding: E-Source, 
Lighting Techno/ogy Atlas, Roclcy Mountain Institute, 1988; S. Gates and J. Wilcox, Daylighting Analysis for 
Classrooms using DOE-2lb, Intemational Daylighting Conference (Phoenix, Febrarary 1983); R. McCluney, The 
Case for Daylighting: An Annotated Bibliography. (Cape Canaveral, Fla.: Florida Solar Energy Center, May 
1984);Gordon, et al, Performance Overview: Passive Solar Energy for Non-Residential Buildings (Burt Hill Kosar 
Rittelmann Associates, March 1985); M. Weaver, "Retrofitting with Slcylights Can Net Six-month Paybacks", 
Energy User News, July 4, 1983; and G. Franta, "Environmentally Sustainable Architecture in a Health Care 
Fadlity, • and J.L. McGregor, "Emerging Solar Concentrating Daylighting System, • in Proceedings of Energy, 
Environment, and Architecture Conference, (Atlanta, American Institute of Architects, Committee on the 
Environment, December 1991). 

s E-Source, Lighting Technology Atlas (Snowmass, Colo.: Roclcy Mountain Institute, 1994), 21. 

6 E-Source, Lighting Technology Atla.s, 21; and U.S. Energy Information Service, Annual Energy Consumption Report 
(Washington, D.C.: GPO, 1994). 

7 Advanced Design Research Group, Daylighting Research and Product Develapmmt-Whi~ Paper. 
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B lliuminatfng Engineering Society. !ES Lighting Handbook. (New York: !ES, 1979). 

9 Adapted from S.R. Hastings, ed., Passive Solar Commerdal and Institutiona/ Buildings: A Sourcebook o( Examples and 
Design Insights, lntemational Energy Agency: Solar Heating &: Cooling Programme (West Sussex, England: John 
Wiley &: Sons, 1994), 186. 

10 Llllan O. Be!tran, Eleanor S. Lee, Stephen E. Selkowitz, K. M Papamichael, The Design and Evaluation of Three 
Adva,u:ed Daylighting Systems: Light Shelves, Light Pipes and Skylights. (Berkeley: Building Technologies Program 
Energy and Environment Division, Lawrence Berkeley Laborato,y, University of California, 1994). 

11 Charles George Ramsey, Ramsey/Sleeper Architectural Graphic Stllndards (New York: John W!ley &: Sons, 1988), 728-
729. 

12 !Nource, 57. 

13 TIR Systems Ltd., Burnaby, British Columbia, Canada; and 3M Corporation, St. Paul, Minnesota hold patents on 
"Light Pipe"'" and "Scotchlamp™" products respectively. 

14 E.Source, S4. 
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CHAPTERIO 

Building Envelope 

* SIGNIFICANCE 

Toe building envelope, or "skin," consists of structural materials and finishes that endose 
space, separating inside from outside. This includes walls, windows, doors, roofs, and floor 
surfaces. Toe envelope must balance requirements far ventilation and daylight while pro
viding thermal and moisture protection appropriate to the dimatic conditions of the site. 
Envelope design is a majar factor in determining the arnount of energy a building will use 
in its operation. Also, the overall environmental life-cycle impacts and energy costs associ
ated with the production and transportation of different envelope materials vary greatly. 

' 
In keeping with the whole building approach, the entire design tearn must integrate 
design of the envelope with othei design elements including material selection; daylight
ing and other passive solar design strategies; heating, ventilating, and air-conditioning 
(HV AC) and electrical strategies; and project performance goals. One of the most impor
tant factors affecting envelope design is dimate. Hot/dry, hot/moist, temperate, or cold 
dimates will suggest different design strategies. Spedfic designs and materials can take 
advantage of or provide solutions far the given dimate. 

A second important factor in envelope design is what occurs inside the building. If the 
activity and equipment inside the building generate a significant arnount of heat, the 
thermal loads may be primarily interna! (from people and equipment) rather than exter
na! (from the sun). This affects ~e rate at which a building gains or loses heat. Building 
volume and siting also have significant impacts upan the efficiency and requirements of 
the building envelope. Careful stµdy is required to arrive at a building faotprint and ori
entation that work with the building envelope to maximize energy benefit. 

Openings are located in the· envelope to provide physical access to a building, create 
views to the outside, admit daylight and/or solar energy far heating, and supply natural 
ventilation. Toe farm, size, and focation of the openings vary depending upan the role 

1 

they play in the building envelope. Window glazing can be used to affect heating and 
cooling requirements and occupant comfort by controlling the type and arnount of light 
that passes through windows. 

Author 

William Bnrke 
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Decisions about construction details also play a crucial role in design of the building 
envelope. Building materials conduct heat at different rates. Components of the envelope 
such as foundation walls, sills, studs, joists, and connectors, among others, can create 
paths for the transfer of thermal energy, known as thermal bridges, that conduct heat 
across the wall assernbly. Wise detailing decisions, including choice and placernent of 
insulation material, are essential to assure thermal efficiency. 

,,... SUGGESTED PRACTICES AND CHECKLIST 

Climate Considerations 
• Assess the local climate (using typical meteorological-year data) to determine 

appropriate envelope materials and building designs. 
Toe following considerations should be taken into account, depending on the climate type. 
- In hot/dry climates use materials with high thermal mass. Buildings in hot/dry cli

mates with significant diurna! ternperature swings have traditionally ernployed thick 
walls constructed from envelope materials with high mass, such as adobe and 
masonry. Openings on the north and west facades are limited, and large southern 
openings are detailed to exclude direct sun in the summer and admit it in winter. 
A building material with high thermal mass and adequate thickness will lessen and 
delay the impact of temperature variations from the outside wall on the wall's interi
or. Toe material's high thermal capacity allows heat to penetrate slowly through the 
wall or roof. Because the ternperature in hot/dry climates tends to fall considerably 
after sunset, the result is a thermal flywheel effect-the building interior is cooler 
than the exterior during the day and warmer than the exterior at night. 

- In hot/moist climates use materials with low thermal capacity. In hot/moist cli
mates, where nighttime temperatures do not drop considerably below daytime 
highs, light materials with little thermal capacity are preferred. In some hot/moist 
climates, materials such as masonry, which functions as a desiccant, are common. 
Roofs and walls should be protected by plant materials or overhangs. Large openings 
protected from: the summer sun should be located primarily on the north and south 
sides of the envelope to catch breezes or encourage stack ventilation. 

- In temperate climates, select materials based on location and the heating/cooling 
strategy to be used. Determine the thermal capacity of materials for buildings in tem
perate climates based upon the specific locale and the heating/cooling strategy 
employed. Walls should be well insulated. Openings in the skin should be shaded 
during hot times of the year and unshaded during cool months. This can be accom
plished by roof overhangs sized to respond to solar geometries at the site or by the 
use of awnings. 

- In colder climates design wind-tight and well-insulated building envelopes. Toe ther
mal capacity of materials used in colder climates will depend upon the use of the 
building and the heating strategy ernployed. A building that is conventionally heat
ed and occupied intermittently should not be constructed with high mass materials 
because they will lengthen the time required to reheat the space to a comfortable 
temperature. A solar heating strategy will necessitate the incorporation of massive 
materials, if not in the envelope, in other building elements. Where solar gain is not 
used for heating, the floor plan should be as compact as possible to minimize the 
area of building skin. 

(See also Chapter 11, "Renewable Energy.") 

• Assess the site's solar geometry. 
Solar gain on roofs, walls, and the building interior through window openings can be 
either a benefit or a hindrance to heating, cooling, and occupant comfort. A thorough 
understanding of solar geometry specific to the site is crucial to proper envelope design. 
(See also Chapter S, "Sustainable Site Design" for further discussion.) 
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Building Shape a~d Orientation 
• Choose the most compact building footprint and shape that work with re_quire

ments for daylighting, solar heating and cooling, and function. 
Toe greater the amount of building skin-in relation to the volume of space enclosed, 
the more the building is influenced by heat exchanges at the skin. Excluding consider
ation of window openings and 1glazing choices, if two building designs under consider
ation endose the same volume; the one with the more compact plan will have greater 
thermal effidency. A square floor plan is more thermally effident than a rectangular 
one because it contains less surface area over which to lose or gain heat. However, this 
may not be the most effident or desirable form when other considerations such as day
lighting, passive solar heating and cooling, need for temperature variation, and occu
pant use pattems are included (see also Chapter 9, "Daylighting" and Chapter 11, 
"Renewable Energy''). ' 

O Site and orient the building so as to roinimizP. the effects of winter wind turbu
lence upon the envelope. 
Toe shape and orientation of,the building shell has an irnpact upon wind turbulence 
and opportunities for infiltration through the envelope. However, an orientation that 
roiniroizP~ winter wind may a1so limit opportunities to malee use of cooling breezes in 
summer. An understanding of the site-spedfic microclirnate is needed. Coniferous trees 
may be used for windbrealcs (see also Chapter 5, "Sustainable Site Design.") 

Doors, Windows, and Openings 
O Size and position doors, windows, and vents in the envelope based on careful con

sideration of daylighting, heating, and ventilating strategies. 
The form, size, and location of openings may vary depending on how they affect the --
building envelope. A window that provides a view need not open, yet a window intend-
ed for ventilation must do so.iHigh windows for daylighting are preferable because, if 
properly designed, they bring light deeper into the interior and eliminate glare. 
Vestibules at building entrances should be designed to avoid the loss of cooled or heat-
ed air to the exterior. Toe negative irnpact of door openings upon heating or _cooling 
loads can be reduced with airlocks. Members of the design team should coordinate their 
efforts to integrate optimal design features. For passive solar design, this includes the 
professionals responsible for the interactive disciplines of building envelope, daylight-
ing, orientation, architectural design, massing, HV AC, and electrical systems. 

O Shade openings in the envelppe during hot weather to reduce the penetration of 
direct sunlight to the interi01; of the building. 
Use overhangs or dedduous plant materials on southern orientations to shade exterior 
walls during warmer seasons. ·Be aware, however, that dedduous plants can cut solar 
gains in the winter by 20 percent. Shade window openings or use light shelves at work 
areas at any time of year to minimize thermal discomfort from direct radiation and 
visual discomfort from glare. 

O In all but the mildest climates, select double- or triple-paned windows with as 
high an "R" value as possible and proper shading coeffidents within the project's 
_finandal guidelines. 
The "R" value is a measure of the resistance to heat flow across a wall or window 
assembly (with higher values ~presenting a lower.energy loss). Shading coeffident is a 
ratio used to simplify comp~sons among different types of heat redudng glass. The 
shading coeffident of clear dpuble-strength glass is 1.0. Glass with a shading coeffi
dent of 0.5 transmits one-half of the solar energy that would be transmitted by clear 
double-strength glass. One wilp. a shading coeffident of 0.75 transmits three-quarters. 
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• Select the proper glazing for windows, where appropriate. 
Glazing uses metallic layers of coating or tints to either absorb or reflect specific wave- ( 
lengths in the solar spectrum. In this manner, desirable wavelengths in the visible spec- ··::.: ',:' · 
trum that provide daylight are allowed to pass through the window while other 
wavelengths, such as near-infrared (which provides heat) and ultraviolet (which can 
damage fabric), are reflected. Thus, excess heat and damaging ultraviolet light can be 
reduced while still retaining the benefits of natural lighting. More advanced windows use 
glazings that are altered with changing conditions, such as windows with tinting that 
increases under direct sunlight and decreases as light levels are reduced. Research is being 
conducted on windows that can be adjusted by the building occupant to allow more or 
less heat into a building space.1 (See Chapter 9, "Daylighting," for further discussion.) 

Thermal Efficiency 
• Determine the building function and amount of equipment that will be used. 

Toe type of activity and the amount of equipment in a building affect the level of 
interna! heat generated. This is important because the rate at which a building gains or 
loses heat through it skin is proportional to the difference in air temperature between 
inside and outside. A large commercial building with significant interna! heat loads 
would be less influenced by heat exchanges at the skin than a residence with far fewer 
interna! sources of heat generation. 

• In general, build walls, roofs, and floors of adequate thermal resistance to provide 
human comfort and energy effidency. 
Roofs espectally are vulnerable to solar gain in summer and heat loss in winter. Avoid 
insulating materials that require chlorofluorocarbons (CFCs) or hydrochlorofluorocar
bons (HCFCs) in their production, as these are ozone-depleting compounds. Consider 
insulating materials made from recycled materials such as cellulose or mineral wool, if 
such iterns meet the project's performance and budgetary criteria. If the framing system 
is of a highly conductive material, install a layer of properly sized insulating sheathing 
to limit thermal bridging. 

• Consider the reflectivity of the building envelope. 
In regions with significant cooling loads, 'select exterior finish materials with light colors 
and high reflectivity. Consider the impact of dedsions upon neighboring buildings. A 
highly reflective envelope may result in a smaller cooling load, but glare from the surface 
can significantly increase loads on and complaints from adjacent building occupants. 

• Prevent moisture buildup within the envelope. 
Under certain conditions, water vapor can condense within the building envelope. 
When this occurs the materials that malee up the wall can become wet, lessening their 
performance and contributing to their deterioration. To prevent this, place a vapor
tight sheet of plastic or metal foil, known as a vapor barrier, as near to the warm side of 
the wall construction as possible. For example, in areas with meaningful heating loads, 
the vapor barrier should go near the inside of the wall assembly. This placement can 
lessen or eliminate the problem of water-vapor condensation. 

• Weatherstrip all doors and place sealing gaskets and latches on all operable windows. 
Careful detailing, weatherstripping, and sealing of the envelope are required to elirni
nate sources of convective losses. Convective losses occur from wind loads on exterior 
walls. They also occur through openings around windows and doors and through small 
openings in floor, wall, and roof assemblies. Occupants can experience these convec
tive paths as drafts. Older buildings can prove to be a source of significant energy loss 
and added fuel and pollution costs. Inspect weatherstripping and seals periodically to 
ensure that they are air-tight. 

• Specify construction materials and details that reduce heat transfer. 
Heat transfer across the building envelope occurs as either conductive, radiant, or con
vective losses or gains. Building materials conduct heat at different rates. Metals have a 
high rate of thermal conductance. Masonry has a lower rate of conductance; the rate 
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for wood is lower still. This means that a wall framed with metal studs compared to one 
framed with wood studs, where other components are the same, would have a consid
erably greater tendency to tranmlit heat from one side to the other. lnsulating materi
als, either filled in between frariling members or applied to the envelope, resist heat 
flow through the endosing wall iand ceiling assemblies. Consider the following princi
ples in construction detailing: ! 
- To reduce thermal transfer frcim conduction, develop details that eliminate or mini

mize thermal bridges. 
- To reduce thermal transfer from convection, develop details that minimize opportu

nities for air infiltration or exfiltration. Plug, caulk, or putty ali boles in sills, studs, 
and joists. Consider sealants with low environmental impact that do not compro-
mise indoor air quality. · 

• Incorporate solar controls on the building exterior to reduce heat gain. 
Radiant gains can have a significant impact on heating and cooling loads. A surface 
that is highly reflective of solar radiation will gain much less heat than one that is 
adsorptive. In general, light colors decrease solar gain while dark ones increase it. This 
may be important in selecting roofing materials because of the large amount of radia
tion to which they are exposed over the course of a day; it may also play a role in 
selecting thermal storage mateqa!s in passive solar buildings. Overhangs are effective 
on south-facing facades while a c::ombination ofvertical fins and overhangs are required 
on east and west exposures and, 'in warmer areas during summer months, on north-fac
ing facades. (See also Chapter 11; "Renewable Energy," for more information.) 

' • Consider the use of earth berros to reduce heat transmission and radi~t l<!ads on 
the building envelope. -
Toe use of earth berros or sod, roofs to bury part of a building will minimize solar · 
gain and wind-driven air infiltration. It will also lessen thermal transfer caused by 
extremely high or low temperatures. (See also Chapter 11, "Renewable Energy'' for 
further discussion.) 

Building Grounds • 
• Coordinate building strategy with landscaping decisions. 

Landscape and other elements such as overhangs are integral to a building's perfor
mance. Decisions about the envelope need to be coordinated with existing and new 
landscaping schemes on a year-round basis. 

• Reduce paved areas to lessen heat buildup around the building that will add to the 
load on the building envelope: 
Consider selection of a paving:color with a high reflectance to minimize heat gain. 
Glare factors should also be considered. 

(See also Chapter 7, "Site Materials and Equipment.") 

• RESOURCES 

Allen, Edward. Haw Buildings Work. New York: Oxford University Press, 1980. Broadly sum
marizes in simple, graphic fashion what a building does and how it does it. It contains a 
wealth of information that should be useful to professionals and non-professionals alike. 

Passive Solar Industries Council (PSIC) and National Renewable Energy Laboratory 
(NREL). Designing Low Energy Buildings-Integrating Daylighting, Energy-Efficient 
Equipment, and Passive Solar Strategies'. Washington, D.C.: Passive Solar Industries 
Council, n.d. 1 

U.S. Department of Energy. Energy Efficiency and Renewable Energy. Office of Building 
Technologies. Windaws and Daylighting: A Brighter Outlook. Washington, D.C.: GPO, 1994. 

Watson, Donald, ed. The Energy, Design Handbook. Washington, D.C.: Toe American 
Institute of Architects Press, 19:93. Presents design concepts and methods to create cli
mate-responsive, energy-effici~t architecture. It includes introductory explanations, 
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guidelines, examples, and references of energy design strategies appropriate to particu-
lar climates and applications. ( 

Watson, Donald, and Kenneth Labs. Climatic Building Design. New York: McGraw-Hill, 
1983. Provides an introduction and reference guide to climatic design, focusing on the 
art and sdence of using the benefidal elements of nature to create comfortable, ener
gy-effident and environmentally wise buildings. It includes a good discussion of ener
gy exchange through the building envelope, and offers strategies for heat and energy 
exchange that minimize energy use and maximize occupant comfort. 

DESIGN TOOLS 

PASSIVE SOLAR DESIGN 

BLAST. Calculates building loads, analyzes solar feasibility, predicts life-cycle costs, and 
helps select the optima! HV AC system for a building. Developed by Civil Engineering 
Research Laboratories, U.S. Army. Contact: University of Illinois, (800) UI BLAST 

ENERGY-10, Low-Rise Building Design (Design manual and software). Windows-environ
ment program for small commerdal buildings allowing early design evaluation of 16 
energy-saving strategies including daylighting. Developed by National Renewable 
Energy Laboratory (NREL), Passive Solar Industries Coundl (PSIC), U.S. Department of 
Energy (DOE), and Lawrence Berkeley National Laboratory (LBNL). Contact: Blaine 
Collison at PSIC, (202) 628-7400. 

SERI-RES (also known as SUNCODE). Useful for residential and small commerdal build
ings to analyze passive solar design and thermal performance. Developed by NREL 
and Ecotope Group. Contact: RonJudkoff at NREL, (303) 275-3000. 

TRNSYS. Modular FORTRAN-based transient simulation code that allows for simulation of 
any thermal energy system, particularly solar thermal, building, and HV AC systems. 
Developed by the Solar Energy Laboratory, University of Wisconsin. Contact: TRNSYS 
Coordinator, (608) 263-1589. 

ENERGY-EmCIENT DESIGN 

BLAST. See Passive Solar Design. Contact: pniversity of Illinois, (800) UI BLAST 
DOE-2. Calculates energy use and life-cycle costs of design options. Includes building 

envelope, HVAC systems, and daylighting analysis package. DOE Version 2.lE avail
able for MS-DOS and Windows (386 and 486) and UNIX workstations. Developed by 
LBNL. Contact: Fred Winkleman, (510) 486-4925. 

ENERGY-10, Low-Rise Building Design. See Passive Solar Design. Contact: Blaine Collison at 
PSIC, (202) 628-7400. 

TRNSYS. See Passive Solar Design. Contact: TRNSYS Coordinator, (608) 263-1589. 

DAYLIGHTING DESIGN 

ADELINE. Advanced integrated lighting design and analysis package, incorporating DXF 
input capability, SCRIBE MODELLER, PLINK, SUPERLIGHT, SUPERLINK, and RADI
ANCE, for detailed and advanced analysis of complex buildings. Available for MS-DOS 
486 platforms. Developed by LBNL. Contact: Steve Selkowitz, (510) 486-5064. 

RADIANCE. Lighting and daylighting modeling tool for performing accurate photorealis
tic lighting simulation. Available for UNIX workstations. Developed by LBNL. Contact: 
Charles Erlich, (510) 486-7916. 

SUPERLITE 2.0. Daylighting analysis tool. Available for MS-DOS 386 and 486. Developed 
by LBNL. Contact: Rob Hitchcock, (510) 486-4154. 

•U•iM:f:t 
1 U.S. Department of Energy, Energy Effidency and Renewable Energy, Office of Building Technologies, Windows 

and Daylighting: A Brighter OuUaok (Washington, D.C.: GPO, 1994) 7, 8. 
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CHAPTERll 

Renewable Energy 

Passive Solar Heating, Cooling, and Thermal Storage 
* SIGNIFICANCE 

Integration of passive solar heating, cooling, and thermal storage features, along with 
daylighting, into a building can yield considerable energy benefits and added occupant 
comfort. Incorporation of these items into the building design can lead to substantial 
reduction in the load requirements far building heating and cooling mechanical sys
tems. Toe passive solar measures and mechanical systems need to be evaluated on an 
interactive basis during the design process, since an increase in one, can lead to a decrease 
in the other. 

Direct gain through south-facing glass is the most common method of passive solar heat
ing. Sunlight is admitted through the glazing into the space to be heated, and typically 
absorbed by thermal mass materials. Other methods include indirect gain (e.g., using a 
sunspace or atrium) and thermal storage walls. Passive solar heating works successfully in 
many types of buildings, especially residential and smaller commercial, industrial, and 
institutional buildings. They benefit from passive solar designs because they are "enve
lope-dominated", that is, their space conditioning loads are determined primarily by cli
ma tic conditions and building envelope construction characteristics rather than by 
interna! heat gains. Passive solar heating works particularly well in climates where many 
sunny days occur during the cold season but is also beneficia! in other climates. 

Passive solar cooling strategies include cooling load avoidance, shading, natural ventila
tion, radiative cooling, evaporative cooling, dehumidification, and ground coupling. 
Passive design strategies can minimize the need far cooling through proper selection of 
glazings, window placement, shading techniques, and good landscaping design. However, 
incorrect daylighting strategies can produce excessive heat gain. Minimization of cooling 
loads should be carefully addressed through proper design far both solar and convention
al building design. 

Author 

Lisa Heschong 
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Thermal mass and energy storage are key characteristics of passive solar design.1 They can 
provide a mechanism for handling excess warmth, therefore reducing the cooling load, 
while storing heat that can be slowly released back to the building when needed. The 
thermal mass can also be cooled during the evening hours by venting the building, 
reducing the need for cooling in the morning. 

r..- SUGGESTED PRACTICES AND CHECKLIST 

Passive Solar Heating 
• Analyze building thermal-load pattems. 

An important concept of passive solar design is to match the time when the sun can pro
vide daylighting and heat to a building with those when the building needs heat. 1bis 
will determine which passive solar design strategies are most effective. Co=ercial build
ings have complicated demands for heating, cooling, and lighting;; therefore their design 
strategies require computer analysis by an architect or engineer. 

• Integrate passive solar heating with daylighting design. 
A passive solar building that makes use of sunlight as a heating source should also be 
designed to take advantage of sunlight as a lighting source (see Chapter 9, "Daylighting"). 
However, each use has different design requirements that need to be addressed. In gen
eral, passive solar heating benefits from beam sunlight directly striking dark-colored 
surfaces. Daylighting, on the other hand, benefits from the gentle cliffusion of sunlight 
over large areas of light-colored surfaces. Integrating the two approaches requires an 
understanding and coordination of daylighting, passive design, electric lighting, and 
mechanical heating systems and controls. 

• Design the building's floor plan to optimize passive solar heating. 
Orient the solar collection surfaces, for example appropriate glazings in windows and 
doors, within 15 degrees of true south, if possible. Because of the solar path, the opti
mum orientation for passive solar buildings is due south. South-facing surfaces do not 
have to be all along the same wall. For example, derestory windows can project south 
sun deep into the back of the building. Both the effidency of ~e system and the abili
ty to control shading and summer overheating decline dram'¡itically as the surface 
shifts away from due south. 

• Identify appropriate locations for exposure to beam sunlight. 
Overheating and glare can occur whenever sunlight penetrates directly into a building 
and must be addressed through proper design. A "direct-gain" space can overheat in full 
sunlight and is many times brighter than normal indoor lighting, causing intense glare. 
Generally, rooms and spaces where people stay in one place fer more than a few minutes 
are inappropriate for direct gain systems. Lobbies, atria, or lounges can be located along 
the south wall where direct sun penetrates. Choose glazings that optimize the desired 
heat gain, daylighting, and cooling load avoidance. (see Chapter 9, "Daylighting"). 

• Avoid glare from low sun angles. 
In late morning and early aftemoon, the sun enters through south-facing windows. 
The low angle allows the sunbeam to penetrate deep into the building beyond the nor
mal direct-gain area. If the building and occupied spaces are not designed to control 
the impact of the sun's penetration, the occupants will experience discornfort from 
glare. Careful sun-angle analysis and design strategies will ensure that these low sun 
angles are understood and addressed. For example, light shelves can intercept the sun 
and diffuse the daylight. Workstations can be oriented north-south so that walls or 
high partitions intercept and diffuse the sun. 

• Locate thennal mass so that it will be illuminated by low winter sun angles. 
Building design should incorporate a suffident amount of correctly located thermal 
mass to effectively contribute to the heating requirements and provide cooling benefits 
in the summer. 

llm CHAPTER 11:RENEWABLEENERGY 

( 



Passive Solar Cooling 
1 • Design buildings for cooling load avoidance. 

Minimization of cooling loads should be carefully addressed for both solar building and 
conventional energy-effident building design. Design strategies that minimize the need 
for mechanical cooling systems indude proper window placement and daylighting 
design, selection of appropriate 'glazings for windows and skylights, proper shading of 
glass when heat gains are not desired, use of light-colored materials for the building enve
lope and roof, careful siting and orientation dedsions, and good landscaping design. 

• Choose one or more shading strategies. 
- lnstall fixed shading devices,' using correctly sized overhangs or porches, or design 

the building to be "self-shading." Fixed shading devices, which are designed into a 
building, will shade windows·throughout the solar cyde. They are most effective on 
the south-facing windows. Toe depth and position of fixed shading devices must be 
carefully engineered to allow:the sun to penetrate only during predetermined times 
of the year. In the winter, overhangs allow the low winter sun to enter south-fadng 
windows. In the summer, the overhangs block the higher sun. 

- Plant trees and/or bushes to shade the windows at the right time of day and season 
(see Chapter 7, "Site Materials and Equipment"). Dedduous vegetation is often an 
attractive and inexpensive forrn of shading, because it follows the local seasons, not 
the solar calendar. In the warm south, where more shading is needed, trees leaf out 
earlier, while in the cold nor¡:h, where solar heat is benefidal late into spring, trees 
wait until the weather warms up before they leaf out. Trees can be strategically 
planted on east and west sides to block the rising and setting sun. Bushes can be 
positioned to block undesiraole low sun angles from the east or west, and dedduous 
vines trained to grow ove~ trellises make easily controlled shading systems. 
Evergreen trees trimmed so that their canopies allow low winter sun underneath but 
block the high summer sun can be very effective. Properly placed vegetation can 
also guide air flows toward buildings for natural ventilation and can block cold win
ter winds. Vegetation and groundcover also contribute to evaporative cooling 
around a building. 
Vegetation used for shading ·should be properly located so as not to interfer_e with 
solar gain to buildings in winter. Dedduous trees can reduce winter solar gain by 
20 percent or more and should not be placed in the solar access zone. Also note 
that trees require maintenance, pruning, watering and feeding. As they grow they_ 
change their shading pattem, and they can be damaged or killed, leaving the 
building exposed. 

- Consider awnings that can be extended or removed. Movable awnings are an old 
tradition and an excellent solution to the variation between seasons and the solar 
year. When rolled out in the summer, they not only provide deep shade but also 
lend a colorful touch to a building's facade. When rolled up in winter, they allow 
more sun into the building and avoid snow loads and/or excessive weathering. 

- Consider exterior roll-down shades or shutters. An enormous variety of vertical 
shading devices are readily available. Wooden shutters are the most traditional. Also 
available are many exterior-grade fiberglass and plastic fabrics that cut out a signifi
cant amount of sunlight but still allow a dear View through the window. However, 
they do not prevent the glare problems caused by low-angle sun. Opaque steel or 
plastic roll-down shutters have proved reliable and long-lasting. Although expeii
sive, they can also proVide additional storm and vandalism protection. 

- Llmit east/west glass. Glass 9n these exposures is harder to shade from the eastem 
moming sun or western ev,ening sun. Vertical or egg-crate fixed shading works 
well if the shading projectibns are fairly deep or close together; however, these 
may limit views. North-facing glass receives little direct solar gain, but does pro-
vides diffuse daylight.2 1 -
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O Consider other cooling strategies. 
- Design the building to take advantage of natural ventilation. Natural ventilation uses 

the passive stack effect and pressure differentials to bring fresh, cooling air through a 
building without mechanical systems. This process cools the occupants and provides 
comfort even in humid climates. Buildings using this design will incorporate opera
ble windows or other means of outdoor air intakes. Wingwalls are sometimes used to 
increase the convective air flow. Other features indude fresh air inlets located near 
floor level, use of ceiling fans, and the use of atriums and stairwell towers to enhance 
the stack effect. Caution should be used·not to increase the latent load (i.e., the 
increased cooling load resulting from condensation) by bringing in moist outside air. 

- Consider radiative cooling in appropriate climates. Radiative cooling, also known as 
nocturnal radiative cooling, uses design strategies that allow stored heat to be 
released to the outside. This strategy is particularly effective in climates and during 
seasons of the year when the daytime-nighttime temperature differences are mean
ingful. Night flushing of buildings uses radiative cooling principles. Building thermal 
storage serves as a heat sink during the day, but releases the heat at night, while 
being cooled with night air. 

- Consider ground coupled cooling. Ground coupling is achieved by condilctive con
tact of the building with the earth. Toe most common strategy is to cool air by chan
neling it through an underground tunnel. Another strategy provides cool air by 
installirÍg a tube in the ground and dripping water into the tube. This reduces the 
ground temperature through evaporation. 

- Consider evaporative cooling strategies. This cooling method works when water, 
evaporating into the atmosphere, extracts heat from the air. Evaporative cooling is 
most appropriate in dry climates, such as the Southwest. 

- Use dehwnidification in humid dimates. Dehumidification is required in dimates hav
ing high humidity levels, and therefore latent loads, during portions of the year. 
Common strategies indude dilution of interior moisture by ventilating with less humid 
air, condensation on cooled surfaces connected to a heat sink, and desiccant systems. 

Thermal Storage 
• Determine if excess heat should be stored or vented. 

Thermal mass in a passive solar building is intended to meet two needs. It should be 
designed to quickly absorb solar heat for use over the diumal cyde and to avoid over
heating. lt should provide slow release of the stored heat when the sun is no longer 
shining. Depending upon the local climate and the use of the building, the delayed 
release of heat may be timed to occur a few hours later or slowly over days. Careful 
selection of the thermal storage medium, its location in the building, and its quantity 
are important design and cost decisions. Venting, another solution for handling stored 
heat, can rid the building of late afternoon heat or exhaust heat when the building's 
thermal mass is already saturated. Venting can also be viewed as a form of economizer 
cooling, using outside air to cool the building when the outside air is cooler than the 
building's thermostat setting 3 Venting requires an exhaust fan tied to a thermostatic 
control or flushing using natural ventilation. 

O Choose one or more thermal storage strategies. 
There are two basic thermal storage strategies using thermal mass. "Direct" thermal 
storage materials, such as concrete masonry or tiles, are placed directly in the sunlight 
so that intense solar energy.enters them quickly. "Diffuse" thermal storage materials 
are placed throughout the building. They can absorb heat by radiation, the reflectance 
of sunlight as it bounces around a room, and vía air heated elsewhere in the building 
(e.g., sunspaces and atria). Several storage strategies are presented below. 
- Consider concrete, tile, brick, stone, or masonry floors. Flooring using these materi

als, expcised to direct sunlight, is probably the most common form of thermal stor
age selected for passive solar buildings. Masonry materials have high thermal 
capacity; their natural dark color aids in the absorption of sunlight. They also pro-
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vide an attractive and durable floor surface, are widely available, and readily accept
ed by contractors and building occupants. Masonry's effectiveness can be inhibited if 
occupants place fumiture and carpets over the floors. To address this, use masonry 
floors only in the areas where direct heat gain and storage is required. 

- Consider a Trombe wall-a south-facing masonry wall covered with glass spaced a 
few inches away. Sunlight passes through the glass and is absorbed and stored by the 
wall. Toe glass and airspace keep the heat from radiating back to the outside. Heat is 
transferred by conduction as the masonry surface warms up, and is slowly delivered 
to the building some hours later. 
Trombe walls can provide carefully controlled solar heat to a space without the use 
of windows and direct sunlight, thus avoiding potential problems from glare and 
overheating, if thermal storage is inadequate. The masonry wall is part of the build
ing's structural system, effectively lowering costs. The inside, or discharge, surface of 
the Trombe wall can be painted white to enhance lighting effictency within the 
space. However, the outside large dark walls sheathed in glass must be carefully 
designed for both proper performance and aesthetics. 

- Consider masonry or concrete walls insulated on the outside. Many buildings, espe
dally low-rise commercial buildings, are constructed with concrete or masonry walls 
that can provide excellent thermal mass to absorb excess solar heat and stabilize 
indoor temperatures. In most climates masonry walls are most energy-effident when 
they are insulated on the outside of the building, which allows them to absorb 
excess heat within the building, without wicking it away to the outside. 
However, there are barriers to using this technique. It is not common practice for 
contractors, and it may seem redundant to cover up an existing excellent weather 
surface. Insulated masonry also adds extra width to a wall, making it difficult to fin
i~h at the edges of windows, roofs, and doors. 
Fortunately, new technologies have lowered the cost and increased the options for 
insulated masonry. Various foam insulations are available in panels that can be 
adhered directly to the masonry surface and then protected with a troweled- or 
sprayed-on weathering skin, and masonry insulated structural panels are also avail
able. Manufacturers are also developing self-insulating masonry materials that 
both increase the thermal capacity of the building and slow the flow of heat 
through the walls. 

-.Consider using double gypsum board throughout the building. Increase the thermal 
capadty of a building by simply increasing the thickness of the gypsum board used 
on interior wall surfaces of the building or by using thicker gypsum board products. 
Intreasing the thickness of all of the wall surfaces can raise the thermal capadty of 
the building for little additional material cost and practically no labor cost. It has the 
added benefits of increasing the fue safety and acoustic privacy of interior spaces. This 
diffuse thermal mass approach depends on effective convective airflows since room 
air is the heat-transfer medium. To really "charge" the walls, temperatures within the 
space must be allowed to fluctuate a little more than standard design assumptions, 
on the order of 5º F above and below the thermostat setting. 

- Consider water-storage containers for thermal mass. Water has a very high thermal 
capadty, about twice that of common masonry materials. Water also has the advan
tage that convection currents distribute heat more evenly throughout the medium. 
Passive solar designers have experimented with a wide variety of water-storage con
tainers built primarily into walls. Creative solutions include enclosing water contain
ers in seating boxes under south windows or using water as an indoor feature such as 
a large tropical aquarium, pond, or pool. 
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Active Solar Systems 
* SIGNIFICANCE 

Active solar collector systems take advantage of the sun to provide energy for domestic 
water heating, pool heating, ventilation air preheat, and space heating. Active solar sys
tems should be integrated with a building's design and systems only after passive solar 
and energy-conserving strategies are considered. 

Water heating for domestic use is generally the most economical application of active 
solar systems. Toe demand for hot water is fairly constant throughout the year, so the 
solar system provides energy savings year-round. Successful use of solar water heating sys
tems requires careful selection of components and proper sizing. Major components of a 
system include collectors, the circulation system that moves the fluid between the collec
tors and storage, the storage tank, a control system, and a backup heating system.4 

An active solar water heating system can be designed with components sized large 
enough to provide heating for pools or to provide a combined function of both domestic 
water and space heating. Space heating requires a heat-storage system and additional 
hardware to connect with a space heat distribution system. An active solar space heating 
system makes economic sense if it can offset considerable amounts of heating energy 
from conventional systems over the life of the building or the life of the system. Toe sys
tem equipment, which can be costly, should be evaluated on a life-cycle basis, using 
established project financtal criteria acceptable to the building owner. 

,_. SUGGESTED PRACTICES AND CHECKLIST 

General Considerations 
• Determine if the climate and building usage is appropriate for an active solar col

lection system. 
Toe energy savings for active solar systems depend upon the amount of available solar 
radiation, projected uses of the system, and the proper system design. 

• Determine the financia! feasibility of an active solar system. 
A life-cycle cost analysis should be carried out for the up-front and operational costs, and 
expected energy savings, of an active solar system compared with conventional systems. 
Toe finandal analysis should be performed over the projected life of the system--a mini
mum of 10 years. Based on the resulting estimated calculations, the project owner can 
make a determination of the financtal feasibility of investment in the active solar system. 

• Determine an appropriate location for solar collectors on or near the building. 
- Locate collectors to ma.ximize exposure to sun. Numerous solar engineering texts 

describe criteria for optimizing the orientation (ideally due south) and tilt of the col
lector according to latitude, climate, and usage. Collectors intended for winter space 
heating have a steeper slope than collectors designed for year-round hot-water heat
ing. Vertically mounted wall collectors and horizontal roof collectors have also been 
used in. various systems. 

- Locate collectors to avoid shading from nearby buildings and vegetation. A study of 
sun angles and local sky obstructions should help determine the best location on the 
site. For large commerctal buildings, the most common location for good solar access 
is on the highest leve! of a flat roof. 

- Locate collectors to avoid vandalism and safety hazards. Collectors can be attractive 
targets for vandals. Their flat surface is well suited to graffiti, and glass cover plates 
can be broken. Toe more visible the collectors, the more they may attract the atten
tion of vandals. 
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- Locate collectors to avoid blinding hazards from reflected sunlight. In addition to 
absorbing the sun's energy, almost all collectors reflect light at certain angles. This 
reflection is undesirable when directed at the occupants of another building and can 
be hazardous if directed toward a road or machine operator. 

O Design collectors to withstand all weather conditions. 
Heavy snow loads, ice storms, and especially hailstorms can damage collector glass. 
Tempered glass or reinforced glass is often used to increase resistance. Structures sup
porting collectors have to be designed to survive wind loads from all directions. A 
structural engineer should be consulted to ensure compliance with all structural codes. 

O Design and locate collectors to maintain a dean surface and facilitate deaning. 
Dirt and dust on collector glazing can easily reduce system efficiency by SO percent or 
more. Insist upon a location and system materials that minimize dirt collection. A reg
ular maintenance schedule is aided by easy access to the collectors, a source of water, 
and a nearby drainage system. V ery large, tall, or horizontal collectors may need to be 
designed to support the weight of maintenance personnel. In sorne cases, rainwater 
may provide adequate surface deaning. 

O Minimize heat losses from the system. 
- Minimize the distance from collection to the storage source. The longer the run 

from the collectors to storage, the greater the heat loss and reduced system efficien
cy. For solar heating, locate storage near the central heating system. 

- Optimize insulation of collectors, ducts, pipes, and storage. Greater insulation 
should be installed for higher-temperature collection levels. 

- Place duct and piping runs within conditioned space. This design can be advantageous 
during the heating season, but may be disadvantageous during the cooling season. 

O Avoid over-designing to ensu.re the longevity of an active solar system. 
- Minimize controls. Control technology, along with computer and sensor technolo

gy, has advanced significantly over the past years, making older versions quickly 
obsolete. New systems provide higher efficiencies and greater retums on investment. 
In addition, the design and building management team should provide mainte
nance staff with systern controls training to optimize system operations. 

- Minimize maintenance. A system that is self-maintaining is likely to have a higher 
efficiency and lower failure rate, and thus the best econornic payback. Generally, 
the fewer moving parts, the less maintenance required. Active solar space-heating 
systems generally are not operating year-round, so their moving parts must be reli
able enough to work intermittently. Pressure-relief valves, self-deaning surfaces, 
and overheating sensors pay for themselves by extending the life of the system. 

- Maximize access to collectors, pipes, ducts, and storage areas. Assume that all parts 
of a system may have to be maintained and replaced in the future, and make sure 
that maintenance and replacement will not be difficult. Pipes and ducts buried 
in walls and under concrete slabs will be costly to fix, and thus are more likely 
to be abandoned. 

Active Solar Hot Water 
O Select the type of solar hot-water heater according to climate, cost, and opera

tions and maintenance preferences. 
There are five types of solar water-heating systems: 
- Thermosyphon Systems. These systems heat water or an antifreeze fluid, such as 

glycol. The fluid raises by natural convection from collectors to the storage tank, 
which is placed at a higher level. No pumps are required. In thermosyphon sys
tems fluid movement, and therefore heat transfer, increases with temperature, 
so these systems are most efficient in areas with high levels of solar radiation. 

- Direct-Circulation Systems. These systems pump water from storage to collectors 
during sunny hours. Freeze protection is obtained by recirculating hot water 
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from the storage tank, or by flushing the collectors (drain-down). Since the recir
culation system increases energy use while flushing reduces the hours of opera
tio n, direct-circulation systems are used only in areas where freezing 
temperatures are infrequent. 

- Drain-Down Systems. These systems are generally indirect water-heating systems. 
Treated or untreated water is circulated through a closed loop, and heat is trans
ferred to potable water through a heat exchanger. When no solar heat is avail
able, the conector fluid is drained by gravity to avoid freezing and convection 
loops in which cool collector water reduces the temperature of the stored water. 

- Indirect Water-Heating Systems. In these systems, freeze-protected fluid is circulat
ed through a closed loop and its heat is transferred to potable water through a 
heat exchanger with 80 to 90 percent efficiency. The most commonly used flu
ids for freeze protection are water-ethylene glycol solutions and water-propylene 
glycol solutions. 

- Air Systems. In this indirect system the collectors heat the air, which is moved by a 
fan through an air-to-water heat exchanger. The water is then used for domestic or 
service needs. The effidency of the heat exchanger is in the 50 percent range. 

Direct-circulation, thermosyphon, or pump-activated systems, require higher 
maintenance in freezing climates. Por most of the United States, indirect air and 
water systems are the most appropriate. Air solar systems, while not as efficient as 
water sytems, should be considered if maintenance is a primary concem since they 
do not leak or burst.s 

• Consider a pre-heat or full-temperature system. 
- A low-temperature solar water-heating system can be sized to provide only hot-water 

preheating. When hot water is needed, the warm water from storage is boosted to 
full temperature with a conventional gas or electric-based hot-water system. These 
systems can be relatively simple, with reduced collector size, lower insulation levels, 
and small boosting system, making them attractive options. 

- Higher-temperature solar hot-water systems can be designed to provide full-tem
perature hot water. A conventional gas or electric backup system is used only 
when there is no sun for extended periods. A high-temperature system can save 
more in fue! costs, but with the tradeoff of more expensive equipment. 

• For systems using water as a collection medium, consider the following issues:. 
- Prevent stagnation. If a system is allowed to stagnate in direct sun, very high tem

peratures can quickly result, causing collector materials to deteriorate rapidly. and 
causing dosed piping or storage tanks to burst from excessive pressure. Stagnation 
can be avoided by venting or slow circulation of some water to keep the collectors 
cool; a drainback system can also be used. 

- Provide freeze protection. Freeze protection is important, even in nonfreezing cli
mates, because an extreme weather event can cause substantial damage to a system. 
In desert dimates, systems can freeze even on relatively warm nights because their 
heat radiates outward to the cool night sky, dropping the system temperature to 
freezing. The strategies used to protect a water system from freezing are determined 
by the main system type (e.g., direct-circulation, draindown, or closed-loop). 

- Avoid caldfication and corrosion. Caldfication is the buildup of minerals inside a 
collector and its pipes caused by "hard" water circulating through the system. Open 
systems that circulate dty water are espedally vulnerable. Mineral scales eventually 
dog the system, redudng flows and pump effidency. Water can also be slowly cor
rosive of both metals and organic compounds. Gaskets and sealants can be quite 
vulnerable. Closed-loop systems can compensate with buffering chemicals to main
tain a neutral pH. 

- Plan for leaks. Any failure of a water-based system is likely to result in a leak. 
Provisions should be made to contain all possible leaks and prevent water from 
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harming other building components. Electrical equípment, and any personnel 
working on the electrical equipment, should be protected from exposure to 
leaking water. 

- Selecta heat-storage strategy. Almost all water systems involve thermal storage. Thís 
is typically done by collecting the heated water in storage tanks for use as needed. 
The simplest systems circulate the heated water directly. More complex systems use 
one or more heat exchangers to isolate system components, adding the potential for 
more sophisticated levels of control. 

- Minimize pumps and pump energy. Systems using pumps can require sígnificant energy 
usage. Each pump also requires control logic that raises the complexity and cost of the 
system. Failure of a pump by stagnation or freezing can result in signíficant damage. 

Active Solar Heating Systems 
o Select an active solar heating system and collection medium appropriate for the 

building's heating and cooling system. 
A solar heating system should be designed to be compatible and interactive with con
ventional HV AC systems in the building. Water-based systems tend to be most compat
ible with HV AC systems that also use water as a distribution mechanism, though sorne 
interface with air distribution systems. Air-based systems tend to be most appropriate 
when the building uses a large, centralized air-distribution system. A central heating 
system has sophlsticated controls and centralized ducts that can interface well with a 
central solar thermal-storage source. 

O Evaluate water-based collectors. 
A water-based system typícally uses heat exchangers to move heat from the collection 
medium to the heat-storage or distribution medium. Heat exchanges can transfer heat 
to water-storage, water-distribution, and also aír-distribution systems. (See also the 
"Active Solar Hot Water" section for additional íssues to consider.) 

O Consider air-based collectors. 
Air-based systems are the least complex of active systems; therefore, they avoíd many 
of the problems of water collectors. Air collectors are typícally simple, flat-plate collec
tors with plastic covers. They are easily serviced, and have less extreme and costly fail
ures. While safe from freezing or boiling, they do take up considerably more surface 
area, and their ducts and fans require more space than water pipes and pumps. In addí
tion, sealíng an air system agaínst leakage and fíndíng and repairíng leaks are more dif
ficult than repairs in water-based systems. When consídering air collectors: 
- Determine the use of the system. A very simple air system can provide preheated air for 

a mechanical system. This is basically a heating economizer, and ít can use control logic 
similar to that of a cooling economizer. The resulting energy savíngs are significant íf 
sunny weather typícally coincides with the hours when the building needs heat. 

- Determine heat storage needs. Heating requirements in cornmercíal buíldings are 
greatest in the early moming and evening, when solar heat is not available. These 
buíldings requíre a thermal-storage system to provide solar heat, on an as-needed 
basis, after ít has been collected. 

O Consider ventilation air preheat systems. 
Thís space heatíng system uses solar energy to preheat ambient aír and bring ít ínto 
a buíldíng's ventilation systems. The system utilizes a dark-colored, perforated, 
unglazed collector, integrated into the building structure, to preheat the air. These 
systems have efficiencies as high as 75 percent, requíre low maintenance, and can 
be installed economícally, dependíng on the building type, clímate, and fuel costs.6 
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Photovoltaics 
* SIGNIFICANCE 

Photovoltaic (PV) technology is the direct conversion of sunlight to electridty using semi
conductor devices called solar cells. Photovoltaics are almost maintenance-free and seem to 
have a long life span. Toe photoelectric conversion process produces no pollution and can 
make use of free solar energy. Overall, the longevity, simplidty, and minimal resources 
used to produce electridty via PV systems make this a highly sustainable technology. 

PVs are currently cost-effective in small, off-grid applications such as microwave repeaters, 
remote water pumping, and remote buildings. While the cost is high for typical applica
tions in buildings connected to the electric power grid, the integration of PVs into com
mercial buildings is projected to greatly increase over time. In fact, worldwide PV 
manufacturing is growing at a healthy annual rate of more than 20 percent, and the focus 
of research is to reduce the cost of PV systems, and to integrate PV into building design. 

Toe most common technology in use today is single-crystal PVs, which use wafers of sili
con wired together and attached to a module substtate. Toin-film PV, such as amorphous 
silicon technology, is based on depositing silicon and other chemicals directly on a sub
strate such as glass or flexible stainless steel. Thin-film PV materials can look almost like 
tinted glass. They can be designed to generate electricity from a portion of the incoming 
light while still allowing sorne light to pass through for daylighting and :vi.ew. Toin films 
promise lower cost per square foot, but also have lower efficiency and produce less elec-
tridty per square foot compared to single-crystal PVs. · 

PV panels produce direct current, not the alternating current used to power most build
ing equipment. Direct current is easily stored in batteries; a device called an inverter is 
required to transform the direct current to alternating current. Toe cost of reliable batter
ies to store electridty, and the cost of an inverter, increase the overall cost of a system. 

With an inverter creating alternating current, it is possible to transfer excess electricity 
generated by a photovoltaic system back into the utility grid rather than into batteries 
for off-grid systems. In this case, the utility grid becomes a virtual storage system. Most 
utilities are required to buy such excess site-generated electricity back from the cus
tomer. Recently, through what is called a "net-metering law," a few state legislatures or 
public utility commissions have mandated that utilities pay and charge equal rates 
regardless of which way the electridty flows. Building owners in such states will find 
PVs more economically atttactive. 

r .... SUGGESTED PRACTICES AND CHECKLIST 

lnstallation Sites 
O Consider conventional and remote electrical uses for PV power. 

- Conventional uses include communications or testing devices that need to operate 
continuously without supervision or require direct current. Park districts and trans
portation departments have installed small PV systems to power emergency telephone 
stations. Water districts have installed PV systems to power monitoring equipment. 

- Remote uses indude applications in off-grid areas and for small, isolated electric 
uses. For example, isolated communities can store medica! supplies in refrigerators 
powered by PVs. Any appliance that can run off a 12-volt battery with direct curtent 
is a good application for remote PVs because it does not require an inverter to create 
alternating current. 

- Recreational areas far from utility service, such as parks, beaches, and campsites, are 
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especially good candidates for PV po~er. With battery backup and an inverter, pub-
lic facilities, concessions, and guard stations can be powered with reliable electridty 
off the grid and without the noise of a generator. 

1 • Consider utility-integmted PVs where utility demand charges are very high and 
there is extensive sunsbiue during the facility's peak electric loads. 

• Consider PV-driven battery backup systems where air-quality restrictions limit the 
use of gas generators for emergency backup. 

Building lntegration 
• Rack-mount PV systems or mount them directly ou roof and wall surfaces. 

Optimizing the panel's tilt to the sun improves performance. Most existing commer
dal buildings have large, flat roofs exposed to lots of sun, making them good candi
dates for PV arrays. New buildings can be designed with sloped surfaces that can 
optimize PV exposure to the sun. Toe PV panels can be designed as the primary 
"weather skin" for sloped roofs or walls and can be integrated into shading devices. 

• Watch for the commercial availability in the uear future of partially transparent 
PV panels for use as window-shading devices. 
Toe panels would allow diffusellight through a window while also produdng electrid
ty from energy that would otherwise be rejected from the building. 

Landscape lntegration 
• Consider the use of large PV arrays to generate electricity while shading parking 

lots or other outdoor areas. 
This application is especially appropriate where the PVs are used to generate electridty 
for parking lot lighting or recreational uses. 

• On a smaller scale, PVs can be used to economically power night-time walkway 
and landscape lighting. 
A small PV panel mounted above the light collects energy during the day and charges a 
small battery that powers the light for a preset number of hours at night. This type of 
stand-alone system saves the cost of underground electrical service (see also Chapter 7, 
"Site Materials and Equipment';). 
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Solar Energy Research Institute. The Design of Energy-Responsive Commercial Buildings. New 
York: John Wiley and Sons, 1985. 

Thayer, Burke Miller. Buildings for a Sustainable America-Case Studies. Boulder, 
Colo.:American Solar Energy Society, n.d. Compendium of case studies on passive 
solar designed buildings. 

ACTIVE SOLAR DESIGN 

American Society of Heating, Refrigerating, and Air-Conditioning Engineers. "Solar 
Energy Utilization,n Chapter 30 in ASliRAE Handbook, HVAC Applications. Atlanta: 
American Society of Heating, Refrigerating, and Air-Conditioning Engineers, 1995. 
Extensive sum.mary of solar fundamentals and current applications of active solar tech
nology. Good bibliography and additional references. 

American Sodety of Heating, Refrigerating, and Air-Conditioning Engineers. Active Solar 
Heating System Design Manual. Atlanta: ASHRAE, n.d. Provides architects, engineers, 
and designers of large active solar water and space heating systems with design infor
mation for a variety of applications, system types, and locations. 

Chandra, Subrato, Philip W. Fairey m, and Michael M. Houston. Cooling with Ventilation. 
(SERI/SP-273-2966) Golden, Colo.: Solar Energy Research Institute (National Renewable 
Energy Laboratory) 1986. 

Duffie, J. A., and W. A. Beckman. Solar Engineering ofThermal Processes. New York: John 
Wiley, 1980. Standard engineering text. 

National Renewable Energy Laboratory. "Solar Ventilation Preheating," Renewable Energy 
Technologies for Federal Fadlities. Golden, Colo.: NREL, September 1995. 

Short, W.; D. Packey; and T. Holt. A Manual for the Economic Evaluation of Energy Effidency 
and Renewable Energy Technologies. Technical publication TP-462-5173. Golden, Colo.: 
National Renewable Energy Laboratory, March 1995. Presents the federal government's 
approach to evaluating the economics of various renewable technologies. Includes life
cycle cost procedures and examples of various applications, including photovoltaics. 

U .S. National Bureau of Standards. Performance Criteria for Solar Heating and Cooling in 
Commercial Buildings. Technical note 1187. Washington, D.C.: GPO, 1984. 

PHOTOVOLTAICS 

Intemational Energy Agency Solar Heating and Cooling Programme. Photovoltaics in 
Buildings: A Design Handbook for Architects and Engineers. London, U.K.: James and 
James Ltd., 1996. 

Thomton, J. "Economics of Photovoltaics Versus Line Extensions: Selected Case Studies," 
in Solar 94: Proceedings of the 1994 American Solar Energy Sodety Annual Conference. 
Boulder, Colo.: American Solar Energy Sodety, 1994. Presents examples of photovolta
ic applications for various remote locations. 

U.S. Department of Energy. Solar Electric Buildings: An Overview of Today's Applications. 
(DOE/GO-10096-253 or NTIS pub. DE 96000524). Washington, D.C.: GPO, 1996. 
Examples of various types of photovoltaic systems installed on commerdal and resi
dential buildings and as stand-alone systems. 

U. S. Department of Energy. Photovoltaic Fundamentals (DOE/CH10093-117-Rev. 1, NTIS 
pub. DE91015001). Washington, D.C.: GPO, 1995. A short review of photovoltaic 
technologies and current developments in the field. 

DESIGN TOOLS 

PASSIVE SOLAR DESIGN 

BLAST. Calculates building loads, analyzes solar feasibility, predicts life-cycle costs, and 
helps select the optima! HV AC system for a building. Developed by Civil Engineering 
Research Laboratories, U.S. Army. Contact: University of Illinois, (800) UI BLAST 

ENERGY-10, Low-Rise Building Design (Design manual and software). Windows-environ-
ment program for small commerdal buildings allowing early design evaluation of 16 
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energy-saving strategies including daylighting. Developed by National Renewable 
Energy Laboratory (NREL), Passive Solar Industries Council (PSIC), U.S. Department of 
Energy (DOE), and Lawrence Berkeley National Laboratory (LBNL). Contact: Blaine 
Collison at PSIC, (202) 628-7400. 

SERI-RES (also known as SUNCODE). Useful for residential and small commerdal build
ings to analyze passive solar design and thermal performance. Developed by NREL 
and Ecotope Group. Contact: Ron Judkoff at NREL, (303) 275-3000. 

TRNSYS. Modular FORTRAN-based transient simulation code that allows for simulation 
of any thermal energy system, particularly solar thermal, building, and HV AC systems. 
Developed by the Solar Energy Laboratory, University of Wisconsin. Contact: TRNSYS 
Coordinator, (608) 263-1589. 

ENERGY-EFFICIENT DESIGN 

BLAST. See Passive Solar Design. Contact: University of Illinois, (800) UI BLAST 
DOE-2. Calculates energy use and life-cyde costs of design options. lndudes building 

envelope, HVAC systems, and daylighting analysis package. DOE Version 2.lE avail
able for MS-DOS and Windows (386 and 486) and UNIX workstations. Developed by 
LBNL. Contact: Fred Winkleman, (510) 486-4925. 

ENERGY-10. See Passive Solar Design. Contact: Blaine Collison at PSIC, (202) 628-7400. 
TRNSYS. See Passive Solar Design. Contact: TRNSYS Coordinator, (608) 263-1589. 

DAYLIGHTING DESIGN 

ADELINE. Advanced integrated lighting design and analysis package, incorporating DXF 
input capability, SCRIBE MODELLER, PLINK, SUPERLIGHT, SUPERLINK, and RADI
ANCE, for detailed and advanced analysis of complex buildings. Available for MS-DOS 
486 platforms. Developed by LBNL. Contact: Steve Selkowitz, (510) 486-5064. 

RADIANCE. Lighting and daylighting modeling tool for performing accurate photorealis
tic lighting simulation. Available for UNIX workstations. Developed by LBNL. 
Contact: Charles Erlich, (510) 486-7916. 

SUPERLITE 2.0. Daylighting analysis tool. Available for MS-DOS 386 and 486. Developed 
by LBNL. Contact: Rob Hitchcock, (510) 486-4154. 

SOLAR HOT WATER SYSTEM DESIGN 

F-Chart. U sed for active solar system design applications, including water storage heating, 
domestic water heating, and pool heating. Versions for Mac, DOS, and Windows. 
Contact: F-Chart Software, Middleton, Wisconsin, (608) 836-8531 . 

TRNSYS. See Passive Solar Design. Contact: TRNSYS Coordinator, (608) 263-1589. 

PHOTOVOLTAIC DESIGN 

PV F-Chart. A comprehensive PV system analysis and design program for utility interface, 
battery storage and stand-alone systems. Contact: F-Chart Software, Middleton, 
Wisconsin, (608) 836-8531. 

•U•Oit 
1 Passive Solar Industries Council. Designing Low Energy Buildings. Washington, D.C.: Passive Solar Industries 

Council, n.d., 60. 
2 !bid.; p. 39. 
3 !bid.; p. 60. 
4 !bid.; p. 96. 
s !bid.; p. 95. 

6 National Renewable Energy Laboratory. "Solar Ventilation Preheating," Renewable Technologies far Federal 
Fad/ities. (Golden, Colo.: NREL, September 1995.) 
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SECTIONB 

Buildings Systems and 
lndoor Environmental 
Ouality 

,Designing and installing environmentally sound and energy-efficient systems have a 
'1ong-term impact on the cost-effective operations of a building and on the productivity of 
building occupants. Chapter 12 in this section provides guidance on types of heating, 
ventilating, and air-conditioning (HV AC) system components that will most effectively 
meet design goals and also examines lighting and other electrical systems for efficiency in 
products and practices. 

Indoor environmental quality is also reviewed, with a focus on indoor air quality (IAQ) 
and acoustics as two aspects that can affect building occupants' health and productivi
ty. Chapter 13 outlines strategies to achieve good IAQ through control of contaminant 
sources and occupant activity and through good ventilation and building maintenance 
practices. Chapter 14 discusses how desired sound control levels can be reached 
through design practices, construction techniques, and attention to mechanical systems 
and surface finishes. 

Building commissioning, a practice to ensure building systems are installed, operate, and 
are maintained to meet design goals, is discussed in Chapter 15. 

PART IV: BUILDING DESIGN IIZJI: . 



CHAPTER12 
1 

HVAC, Ele:ctrtcal, and 
Plumbing Systems 

Heating, Ventilating, and Air-Conditioning 
* SIGNIFICANCE 

The amount of energy used annually by heating, ventilating, and air-conditioning 
(HV AC) systems typically ranges from 40 to 60 percent of the overall energy consumption 
in a building, depending on the building's design, the use of renewable energy strategies, 
climate, the building's function, and its condition. HV AC systems also affect the health 
and ·comfort of building occupants; These systems serve an essential function and are 
identified as problem areas more often than other occupancy issues. 

HV AC system requirements increased dramatically in the twentieth century in response 
to changes in other design practices, such as greater use of glazing, sealed buildings, alter-

. nate envelope systems with greater thermal loads, larger building floorplates, and more 
extensive use of artificial lighting and occupant equipment. As a result, buildings have 
become more dependent on fossil-fuel energy sources instead of natural energy flows 
such as climate, temperature, and solar conditions. 

Before the first energy crisis in the United States in the 1970s, HVAC systems in many 
commerdal buildings were often designed to maintain comfort by simultaneously heat
ing and cooling, with minimal regard for energy use. Additional inefficiendes caused by 
lighting that used two to three times the energy of modero systems, minimally insulated 
building envelopes, and other factors further compounded the growth in energy use. 
The result was excessive energy'.loss as heating and cooling plants were operated in 
"opposition" to each other during most hours when the building was occupied, regard
less of climatic conditions. Systems such as constant-volume, double-duct and perime
ter-induction systems were predciminant and were designed primarily for comfort, not 
energy conservation. 1 

Author 

ClarkBisel 
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After the energy crisis, design and operating practice shifted drastically. Outdoor ventila
tion rates were reduced to very low (and now considered unhealthy) levels, lighting levels 
were decreased, and building temperatures were kept at the outer limits of the comfort 
range. This resulted in greater occupant dissatisfaction. Since that time, advancements 
have led to greater predsion in maintaining indoor temperature (and often humidity) and 
indoor air-quality levels, thus increasing the leve! of HV AC performance and decreasing 
energyuse. 

Toe goal of environmentally sound HV AC system design is to meet occupant needs 
through the most efficient and environmentally positive means at the lowest initial and 
life-cycle costs. Solutions that have evolved provide environmental comfort while 
accounting for climatic conditions, use of space, and building technology. These green 
system designs take into consideration factors such as solar orientation, floorplate depth, 
thermal mass, insulation, selection of architectural materials, placement and type of doors 
and windows, and natural ventilation. 

Heating and cooling needs are affected by the performance of interrelated building sys
tems and characteristics, induding passive solar design elements such as daylighting, cli
mate-sensitive envelope, and efficient lighting, as well as user equipment needs and other 
heating loads. Toe appropriate HV AC solution should be determined only when the full 
design team has thoroughly reviewed the requirements and contributing thermal loads of 
these interrelated systems and has carefully considered all efficiency gains possible 
through design strategies. Toe design team should also review the budgetary impact of 

. different options. Decisions made in the pre-design phase using this integrated approach 
wi1l typically lead to reduced energy requirements and lower HV AC system costs. 

r..- SUGGESTED PRACTICES ANO CHECKLIST 

Pre-Design Process 
• Develop a conceptual computer model that illustrates projected energy use 

and soU:rces. 
This conceptual model can serve as a baseline for comparison of system options. Toe 
basic framework of the model is the proposed building design, including architectural 
and systems information. The computer model should be "tuned" to reflect actual per
formance data from similar types of buildings. A local utility can be helpful in provid-
ing this information. Toe project team should integrate system options and "packaged" 
solutions. A parametric process can be used to evaluate the impact that a change in one 
variable would have on the remaining systems-for example, the impact that a differ
ent glazing size and type would have on heating, cooling, and lighting. Toe model can 
be used to analyze these options on a case-by-case, integrated basis. Each iteration 
should be reviewed for its relative energy and financia! outcomes. 

• Use this suggested approach in performing the analysis. 
- Explore passive solar strategies and non-energy-intensive HV AC and lighting oppor

tunities that harness natural processes. Daylighting, natural ventilation, evaporative 
cooling, thermal mass coupling, energy recovery systems, and other processes may 
be appropriate. Free cooling directly with outside air or evaporative cooling with 
water may offer excellent energy-saving opportunities in certain climates. 

- Consider the building envelope and integrate this with general architectural issues 
such as solar strategies, •glazing, daylighting, and access. 

- Fine-tune the proposed building footprint and orientation to maximize energy benefits. 
- Recognize that thermal mass can be beneficia! in providing a flywheel effect to 

reduce after-hours environmental conditioning and morning warm-up loads in the 
spedfic rnicroclimate. 

- Optirnize the energy benefits of glazing selections, sizing, and locations for each 
building facade. 
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- Review the interaction between daylighting and artificial illumination. Toe benefit 
of reduced lighting energy needs and the resulting HV AC savings are substantial. 

- Consider architectural elemerits such as louvers, blinds, and horizontal and vertical 
shades to reduce direct solar radiation into the occupied space when not desired 
(cooling load avoidance). 

- Control the infiltration of unwanted air through window-wall detailing, sealing, 
and building pressurization. 

- Consider increased insulation levels for various systems to reduce loss factors. 
- Consider vapor barriers to reduce latent (moisture) loads. 
- Reduce intemal heat gains from office equipment, appliances, arnbient lighting, 

and task lighting. Review design criteria for occupant needs, including lighting and 
electric power, comfort, and occupant density. Consider options to reduce the 
energy needs of user equipment. 

- Design systems and components for ease of maintenance. 
- Incorporate ventilation for healthy indoor air quality and balanced energy use. 

• Design the HV AC system and consider potential options. 
After all systems have been optimized in the model, design the resulting HV AC system 
and reduce energy requirements. This will lead to lower energy and operational costs. 

• Improve control systems by using computer software progiams and sensors to 
operate building systems in accordance with occupancy pattems. 

• Develop accurate pricing. 
Prepare realistic cost estiniates for all of the modeling and energy-based dedsions. 
Make final decisions on a life-cycle cost basis, reviewing all up-front and annual oper
ating costs. 

(See also Chapter 9, "Daylighting," Chapter 10, "Building Envelope", and Chapter 11, 
"Renewable Energy," for more information on pre-design considerations.) 

HVAC Design Guidelines 
• Define the project design criteria. 

Toe design criteria should reflect an understanding of the building's use, occupancy 
patterns, density, passive solar opportunities, office equipment, lighting levels, com
fort ranges, and specific needs. · Actual operating data from similar buildings · is of 
value in this process. When determining final criteria, the design tearn should build 
in flexibility to accept future changes in the design. Toe design criteria should outline 
a process and goais for evaluating energy efficiency, based on project economics and 
owner performance requirements. 

• Use advanced design methods. 
Utilize the best design tools available to accurately size and select system compo
nents. Specify equipment that meets the calculations and do not oversize. Plan for 
effective ways to meet future load increases without sacrificing current energy 
requirements. Use computer-based analysis tools to evaluate building load, select 
equipment, and sirnulate complete system performance (such as DOE-2.1, ENERGY-
10, TRNSYS, and BLAST). Annual sirnulations are the best tool for evaluating the com
plex interaction between building systems. (See "Resources" section for more 
information on Design Tools.) 

• Design for part-load efficiency. 
Select equipment that remains efficient over a wide range of load conditions. Size 
systems to accommodate multiple stages of capacity that can be activated in 
sequence. Buildings operate at part-load status most of the time. Peak system loads 
occur infrequently and are usually caused by the simultaneous occurrence of multi
ple factors such as peak occupancy, temperature extremes, and use of occupant 
equipment. HVAC systems need to respond to various loads in order to achieve the 
greatest overall efficiency. 
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O Optimize system effidency. 
HV AC systems consists of severa! different types of equipment including fans, pumps, 
chillers/compressors, and heat-transfer equipment. Toe performance of the overall HV AC 
system should be optimized over that of any individual component. For example, the cool
ing system components should be optimized as a system, including the chiller, pumps, 
cooling tower, cooling coil, and distribution piping. 

O Design for flexibility. 
Toe HV AC design should provide flexibility to address future changes in the building and its 
functions and use over time. Planning for change indudes factoring in potential new users. 

Control Systems 
O Design a building-management control system. 

Toe continued development of microprocessor-based building controls and sensors has led 
to a revolution In control-system applications. Individual equipment components often 
contain electronic intelligence and the ability to coordinate their operations with those of 
other system components. 
- Consider the use of direct digital control (DDC) electronic systems for all functions, 

including central equipment control and zone-level management. This provides greater 
energy-efficiency capabilities, accuracy, and flexibility. Zone-level control features are 
important because sensors in each zone directly measure factors such as temperature, air
flow, lighting, and whether the area is occupied or unoccupied. These control features are 
linked to the central systems and can be used to optimize system functions. 

o Train building engineers to use the control system for greater comfort and effidency. 
Proper use of the control system's remote reporting, diagnostic, and troubleshooting capa
bilities allows the building engineer to monitor and modify system operations for optima! 
energy efficiency, lighting use and HV AC performance. 

o Integrate the operation of all components and install a centralized computer interface 
throughout the project. 
Coordinate various building management functions (energy, lighting, life safety, security, 
elevators, etc.) by integrating occupancy sensors, daylighting control, temperature control, 
and ventilation levels. 

O Ensure that HV AC control systems indude the following functions: 
- Basic features 

a. Comfort control (temperature, humidity) 
b. Scheduled operation (time-of-day, holiday and seasonal variations); 
c. Sequenced modes of operation; 
d. Alarms and system reporting; and 
e. Llghting and daylighting integration. 

- Additional capabilities 
a. Maintenance management; 
b. Indoor-air-quality reporting; 
c. Remote monitoring and adjustment; and 
d. Commissioning flexibility. 

Air-Delivery Systems 
O Use variable-air-volume systems. 

This approach reduces energy use during part-load conditions and takes advantage of each 
zone's operational characteristics. 

O Avoid reheating for zone temperature control. 
Consider a dedicated-perimeter heating system and the use of room retum air for heat
ing to minimize outdoor-air reheat penalty. 
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• Reduce duct-system pressure losses. 
Toe amount of fan energy used to distribute air throughout a building is significant. 
Most ductwork sizing does not generally take into account the distribution system as a 
whole. However, computer-based programs for sizing ductwork are becoming wide
spread. These programs facilitate improved analysis that can reduce energy losses. A 
good design should strategically locate balancing dampers to improve energy efficien
cy. The use of round or flat oval ductwork will reduce energy losses and minirnize 
acoustical radiated noise. 

• Reduce duct leakage and thermal losses by specifying low-leakage sealing methods 
and good insulation. 

• Consider proper air distribution to deliver conditioned air to the occupied space. 
Optima! selection and location of air diffusers will save energy and improve comfort 
control. Select diffusers with high induction ratios, low pressure drop, and good partial
flow performance. 

• Use low-face velocity coils and filters. 
Reducing velocity across coils and filters will reduce the amount of energy lost 
through each component. It also will allow more efficient fan selection, and reduce 
noise attenuation needs. 

O Use cold-air systems. 
Consider a design that supplies air at lower temperatures to reduce airflow require
ments and fan energy usage. This offers additional benefits of lower indoor air humidi
ty and potentially higher room temperatures. 

• Design equipment and ductwork with smooth interna! surfaces. 
This will minimize the collection of dust and microbial growth. Be sure to provide ade
quate access for inspection and deaning. 

Central Equipment 
O Evaluate chiller selection. 

Chiller options are routinely evaluated on larger projects but often are overlooked as a 
component of smaller, packaged equipment. High-performance chiller equipment is 
available in ali sizes. Integrated controls that work with other HV AC components to 
increase operating flexibility are also available. Open-drive compressors eliminate one 
source of loss by not rejecting the compressor motor heat into the refrigerant flow. The 
energy and cost savings associated with of converting or retrofitting outdated chillers 
that contain environmentally harmful refrigerant should be assessed. The use of evapo
rative cooling equipment should be considered for greater efficiency. 

O Evaluate a multiple-chiller system with units of varying size. 
Most installations with a chiller plant should have multiple chillers of different sizes. An 
alternative is to provide variable-speed drives for improved chiller operation during part
load conditions. This approach allows the most efficient chiller operation for low loads. 

O Consider desiccant dehunúdification. 
These systems are effective where latent loads are significant, such as in humid climates 
or low-humidity spaces. Adsorbent enthalpy wheels (which use exhaust air to dehu
midify or to cool supply air) or heat-regenerated enthalpy wheels can significantly 
reduce electrical power needs for refrigerant-based dehumidification. (See also Chapter 
11, "Renewable Energy.") 

O Consider absorption cooling. 
This approach typically changes the energy source from electricity to gas and can 
reduce energy costs; however, it is not likely to reduce energy use inside the building. 
Although not as efficient as electrically driven chillers, absorption chillers permit the 
use of a lower cost fuel. A heat source, such as steam, natural gas, or high-temperature 
waste heat, usually drives the absorption refrigeration process. Direct-fired gas equip
ment can also be selected to provide hot water for building heating needs in addition 
to chilled water. 

PART IV: BUILDING DESIGN llZEI 



O Consider thermal energy storage. 
Toe heating and cooling loads of a building vary on a daily and seasonal basis. Thermal 
energy storage (TES) makes it possible to manage a building's utility usage, or conduct 
"load management." A TES system generates and stores thermal energy on a daily, 
weekly, or longer basis. It can shift the use of more expensive peak utility energy to less 
expensive off-peak time periods. Ice banks and stratified chilled water are the most 
co=on examples. 

O Evaluate hydronic pumping systems. 
Primary and secondary pumping systerns with variable-speed drives are worth consider
ation because of their effects on part-load ·energy use. Pressure losses in piping can be 
reduced by selecting pipe sizes with a lower pressure drop factor. The design should 
optimize total head loss with a minimum of flow-balancing controls. New systems that 
use hydronic system additives to reduce system friction losses and associated pumping 
energy are being developed. 

O Evaluate heat exchangers. 
Select heat exchangers with low approach temperatures and reduced pressure drops. 

O Consider other heating-system equipment and enhancements. 
It is advisable to use condensing boilers, match output temperatures to the load, use 
temperature reset strategies, and select equipment with good part-load ability. Specify 
multiple, staged operations wherever possible. 

O Evaluate heat-recovery options. 
Where simultaneous heating and cooling loads occur, evaluate the use of heat-recovery 
chillers. High ventilation loads benefit from air-to-air heat-recovery systems for both 
sensible (i.e., direct heating or cooling requirements) and latent loads. 

Efficiency-Enhancement Options within 
HVAC Components 
O Consider additional improvements to energy efficiency. 

- High-efficiency motors are suggested for a1l applications because of their energy sav
ings capabilities, longer life, and reduced maintenance costs. Motors should be of the 
proper size to avoid the inefficiencies of oversized equipment. 

- Variable-speed drives have advanced significantly over recent years. They offer a 
preven means of substantially reducing the energy used by fans, chillers, and pumps 
under part-load conditions. Electronic drives are considered the best option; drive . 
controller and motor selection are also important considerations. 

- Mechanical drive efficiency can be irnproved to reduce losses in the power transmit
ted from a motor to the motor-driven equipment. Consider direct-drive equipment 
options and re,iew actual loss factors on belt- or gear-driven equipment. 

- Direct digital control (DDC) systems offer greater accuracy, flexibility, and operator 
interface than pneumatic systems. Use sensors that have the greatest accuracy to 
irnprove energy efficiency and performance. 

- Advanced control strategies using DDC systems include system optimization, 
dynamic system control, integrated lighting and HV AC control, and variable-air-vol
ume (V A V) box airflow tracking. 

O Undertake independent system testing, adjustment, and balancing to improve effi
ciencies and comfort. 
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Building Commissioning 
o Use the commissioning process (see Chapter 15, "Building Commissioning") to 

ensure that HV AC operations meet expectations. 
Energy-saving features often have not met the design predictions in actual operation. 
The process of building "commissioning"-documenting that a completed building 
meets the original design intent and the owner's objectives-has evolved to reduce or 
eliminate this shortfall. Commissioning activities should begin at the inception of 
design and continue through completion of construction and occupancy. 
Commissioning should be tailored to each project. Toe process is govemed by a com
missioning plan that defines performance-test requirements, responsibilities, schedules, 
and documentation. Toe level of detall involved in commissioning depends on the pro
ject's complexity. 

Balancing Energy and lndoor Air Quality 
Energy effidency and indoor air quality (IAQ) can be dosely linked through integrated 
design strategies for ventilation systems. (See Chapter 13, "Indoor Air Quality," and 
Chapter 16, "Materials," for more information on reducing pollutant sources.) To balance 
energy efficiency and indoor air quality needs, consider the following: 

O Begin the design process with the goal of maximizing IAQ performance and ener
gy effidency. 
Project goals and performance guidelines for both areas are needed. 

O Include dedicated ventilation systems. 
With dedicated and controlled ventilation air fans and dampers and/or dedicated venti
lation distribution, the quantity of air can be regulated, measured, and documented. 
This provides greater certainty that acceptable air ventilation is maintained. Ventilation 
air can be separately conditioned for improved energy effidency. 

O Consider heat-recovery options. 
High ventilation loads benefit from air-to-air heat-recovery systems for both sensible 
and latent loads. Air that is exhausted from the building can be used to precondition 
air entering the building, thus redudng energy needs (however, care should be taken 
not to reintroduce exhaust air into the supply airstream). Run-around hydronic loops 
and heat pipes are two solutions that improve energy efficiency. 

O Reduce pollutants. 
Install separate exhaust systems in areas with high indoor air pollution sources such as 
kitchens, janitorial dosets, photocopier areas, and office equipment rooms. 

O Institute ventilation demand strategies. 
Regulate quantities of ventilation air based on specific occupancy needs. For example, 
sensors that detect occupancy, carbon dioxide, and volatile organic compounds (VOCs) 
can be used to monitor occupant loads and provide greater fresh-air intake. Consider 
air deaning with high-effidency filtration. 

O Consider diffuser selection. 
Provide proper air distribution to deliver conditioned air to the occupants' work areas. 
Toe selection and location of diffusers can save energy and improve operation of the 
HV AC system control. Select diffusers with high induction ratios, low pressure drop, 
and good partial-flow performance. Locate diffusers for proper airflow, not on the basis 
of a simplistic pattem. Coordinate the layout with fumiture and partitions. 

O Consider underfloor air distribution. 
Once the solution only for computer rooms, displacement ventilation is gaining accep
tance for other building spaces, particularly in milder, low-humidity climates . 
Underfloor air systems can operate at higher supply-air temperatures with much lower 
fan energy requirements. IAQ is improved because of greater quantities of ventilation 
air and uniformity of distribution. 
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O Perform a pre-occupancy flushout. 
The building controls can be programmed to initiate the flushing of a building with 
outside air prior to occupancy. This reduces indoor pollutants and pre-cools the space 
with night-time air. Running the HVAC system with a higher or continuous supply of 
fresh air is also beneficia! during initial occupancy after construction. 

O Consider the use of evaporative cooling equipment. 
Primarily in dry climates, greater use of outdoor air can translate into improved effec
tiveness for direct or indirect evaporative cooling equipment, redudng mechanical 
refrigeration needs. However, proper maintenance is essential to prevent IAQ problems 
caused by microbial contamination. (See also Chapter 11, "Renewable Energy.") 

Renovation and Retrofit lssues 
HV AC system renovations are initiated for a variety of reasons. It is important to consid
er ali of the following issues during this process: 

o Consider chlorofluorocarbon (CFC) changeout. 
Retrofits offer an opportunity to replace or convert an existing refrigeration system to 
one that uses an environmentally benign refrigerant. 

O Replace outdated systems or components. 
Existing HV AC systems may be at the end of their expected life. 

O Address and correct past problems with ventilation and indoor air quality. 
(See Chapter 13, "lndoor Air Quality," and Chapter 21, "Operations and Maintenance"). 

O Re-size components to current requirements. 
Existing system components may be oversized, especially after efficiency improvements 
are made to other systems (e.g., lighting reductions). The retrofit process allows system 
components to be matched to actual loads with a corresponding efficiency gain. 

O Improve occupant cornfort. 
An assessment of occupant issues related to temperature control and ventilation levels 
can lead to renovations that improve comfort levels and productivity. 

O Eliminate code deficiencies. 
Upgrade components to comply with changes in building codes or comply voluntarily 
with current codes. 

o Install new building-control system. 
Control-system technology is far more advanced than it was severa! years ago. Modern 
systems can be used to manage multiple buildings, alarms, and zones. The purchase 
and installation costs of such systems may be justified based on energy savings and 
better indoor air quality. 

Lighting 
* SIGNIFICANCE 

Artificial lighting constitutes 20 to 30 percent of ali energy use in a commercial building 
and approximately one-fifth of ali electrical energy use in the United States.1 Reductions 
in energy use can be achieved with natural daylighting, advanced lighting technology, 
and efficient lighting design. 

Artificial light has been generally overused in most buildings. Current building codes 
mandate a maximum lighting power density of 1.5 to 2.5 watts per square foot. 
Nevertheless, a lighting power density of 0.65 to 1.2 watts per square foot can be 
achieved while still providing a fully functional, well-lit space. With additional irnprove
ments from control systems that reduce usage-during periods of non-occupancy, the use 
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of daylighting, and light-leve! maintenance and tuning control, energy savings of more 
than SO percent are possible. Because reduced lighting generates less heat, HV AC cooling 
requirernents are lowered as well.2 

Daylighting, a standard design goal for ali but the last SO years, is often overlooked in 
today's design practice (see Chapter 9, "Daylighting"). Green building design guidelines 
should encourage the maximum use of natural light, supplemented by artificial systems 
as needed. Increased daylighting levels are now required by many building energy codes. 
Toe design tearn should be aware of basic options and methods for integrating effective 
daylighting with the control of artificial lighting performance. This dernands dose coor
dination and support among ali mernbers of the design tearn. 

Building forro, orientation, and envelope design play key roles in effective daylighting inte
gration and should be considered by the design team in the pre-design phase. 
Computerized modeling and visualization tools can aid in quantitative and qualitative 
evaluation. Utilization of reflected light is another important factor in efficient and effec
tive lighting. As much as 30 percent of light in most office environrnents comes from light 
reflected off walls, ceilings, tables, and other furniture . Toe use of bright colors and highly 
reflective surfaces on walis, ceilings, and furniture can play a major role in energy savings. 

,~ SUGGESTED PRACTICES ANO CHECKLIST 

Lighting Design Guidelines 
O Indude the entire design team in the design of building massing, orientation, and 

envelope to achieve greater daylighting contribution. 
Understand and take advantage of the spedfic daylighting characteristics at the build
ing site (see Chapter 9, "Daylighting"). 

O lncorporate the most energy-efficient technology for lamps, fixtures, and control 
equipment. 

O Consider all lighting functions (including the ambient system, task lights, emer
gency and 24-hour lighting, exterior lights, exit lights, and public-area lighting). 

O Use sophisticated design analysis, including computer simulation, for system 
design. 
Computer design tools such as the LUMEN MICRO, ADELINE, SUPERLITE, and RADI
ANCE programs are useful for avoiding the conventlonal practice of overlighting spaces. 
(See Chapter 9, "Daylighting" for more information on Design Tools.) 

O Consider using the guidelines of the Illuminating Engineering Sodety (IES). 
Avoid the use of outdated, higher light-leve! standards. The IES guidelines provide spe
dfic target illumination levels for various visual tasks. Criteria should include illumi
nation levels and luminance ratios since uniformity plays an important part in 
perceived lighting adequacy. Sorne variation of light is helpful for providing occupant 
comfort and more accurately reflects actual outside daylight conditions. 

O Design for specific visual tasks. 
Typical lighting methodologies often do not tailor the lighting criteria and the result
ing system to the visual task. With the visual display terminal (VDT) becoming stan
dard in ali building types, lower ambient lighting levels are gaining greater acceptance. 
Sorne professionals believe that overlighting VDT office environments causes visual 
fatigue because of the excessive contrast between the VDT and surrounding environ
ment, resulting in lower productivity and long-term health problems. 

O Consider task-lighting systems that reduce general overhead light levels. 
Provide supplemental task illumination only in required areas, with higher light levels 
only at the focal point of the visual task rather than throughout the entire space. 
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• Match the quality of light to the visual task lighting requirement. 
Toe quality is more important than the quantity of light delivered to the visual task. A 
high-quality lighting solution requires less light to yield the same visual performance. 
Light quality involves the following factors: 
- Luminance ratio limits; 
- Veiling reflections (reflection of light source in visual task); 
- Reflected glare; 
- Shadows; 
- Color; and 
- Intensity. 
For example, indirect lighting systems that reflect light off the ceiling can produce a 
low leve! of urtiform, low-glare light that is sufficient for VDT lighting needs, with 
energy-saving results. 

• Improve lighting design and energy efficiency by performing severa! key activities 
in the early phases of architectural space planning. 
- Coordinate the lighting plan (reflected ceiling plan) with fumiture layout. Areas 

such as walkways or service spaces can "borrow" light from adjacent work areas. 
- Coordinate daylighting to be available in spaces such as walkways, lounges, and areas 

intended for recreation and other public uses where the variation of color, intensity, 
and direction of light are desirable. In other spaces such as offices and conference 
rooms where lighting quality is important for performance of visual tasks, daylighting 
needs to be controlled properly for brightness and direction of light. 

- Where possible, group occupants. with similar work schedules together. This allows 
lighting in other areas to be tumed off during unoccupied periods. 

• Improve room-cavity optics. 
Toe use of smooth, high-reflectance surfaces can greatly irnprove the efficiency of nat
ural and artificial lighting. For example, use: 
- Light- or neutral-colored surfaces to irnprove reflected light; 
- Fine-fissured ceiling tiles with a smooth, reflective surface; 
- Light shelves for introduction and control of natural light; and 
- Low office partitions to avoid shadows and dark zones. 

Lighting Fixtures and Lamps 
• Specify efficient lamps for the intended use. 

Choices in lamps have greatly expanded during the recent revolution in lamp technol
ogy to indude: 
--TB fluorescent lamps; 
- Compact fluorescent lamps; 
- Lower-wattage, high-color-rendering HID lamps; 
- Compact reflector HID lamps (such as PAR30 and PAR38); 
- Halogen lamps with infrared reflectors; and 
- Sulfur bulbs. 

O Use electronic ballasts. 
One of the biggest irnprovements in fluorescent lighting efficiency over the past few 
years has been the introduction of reliable electronic ballasts, which are 10 to 20 per
cent more efficient than the most efficient magnetic-coil-type ballast. Electronic bal
lasts energize lamp phosphors at a higher frequency which eliminates flicker and offers 
better light quality while using less energy. Selecting electronic ballasts with the appro
priate capacity of light output (known as the "ballast factor") makes it possible to 
match light output from fixtures and lamps to the specific design requirement. 
Dirnmable ballasts (stepped and continuously dirnming) provide a significant increase in 
efficiency when used in conjunction with the control opportunities discussed below. Toe 
latest ballasts have substantially reduced induced harmonics, one of their previous draw
backs, and high power factors. Toe use of electronic ballasts with HID lamps has been 
found to limit the color shift often inherent in HIDs and standard magnetic ballasts. 
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O Improve optical control. 
Construction and retrofit projects can take advantage of new improvements in optical 
control by providing more light for the visual task and reducing glare or spilled light 
while also enhancing energy efficiency. Reflectors within the fixture that direct and con
trol light into the space are now computer-designed and optimized for better efficiency 
and control. Louver-finish options are also available for visual comfort and integration 
into a VDT-intensive area. Specifying fluorescent fixtures with heat extraction over the 
lamp cavity also improves fixture efficiency by allowing the lamp to operate at a cooler 
temperature and produce more light output. 

Lighting Controls 
O Provide effective lighti.ng control. 

Among the greatest benefits of energy-efficient lighting are those resulting from effective 
lighting control. Toe most basic function is time-of-day control to tum lights on and off. 
In addition: 
- Use occupancy sensors to detect when occupants are present in a space and to tum off 

lights when the space is unoccupied. Studies have shown that this results in a poten
tial energy savings of more than 60 percent, depending on type of occupancy. Recent 
project experience indicates that occupancy sensors are less costly to install than pro
grammable-control or dual-leve! manual switching.3 

- lncorporate daylighting control strategies. Every building should provide the means to 
control the electric lighting system in response to natural light from al! envelope 
sources. Dimmable and stepped daylighting controls are two options that take advan
tage of the latest technology. Continuously dirnmed control systems have the highest 
leve! of energy savings and user acceptance. They also offer additional energy-saving 
operational strategies but have greater initial cost than stepped daylighting controls 
(see Chapter 9, "Daylighting"). 

- lncorporate lumen-maintenance controls that use photocells to continuously dim bal
lasts to maintain desired illumination levels and adjust lamp output in response to 
variable outputs. Lumen output from light fixtures and lamps will be reduced over the 
course of their operating lives because of factors such as inherent lamp lumen depreci
ation and dirt accumulation on the fixture. Controlling light fixture energy, and thus 
light output, overcome these factors to achieve energy savings. 

- lncorporate light-leve! tuning. Develop light-fixture layouts according to the layout of 
workstations or illumination criteria. This is preferable to the practice of designing fu:
ture layouts for visual appeal, unifonnity, and standardization of lamps. Dimmable 
ballasts allow lighting levels to be dimrned or "tuned" to the desired light levels, 
reducing energy use accordingly. 

Additional Lighting Considerations 
O Use efficient exit signs. 

Modem exit signs use only one to six watts, compared to 40 watts for older signs. Toe 
energy savings can be sizable given the large quantity of exits and the need for continu
ous operation of exit signs. 

O Consider improved task-lighti.ng products. 
Inefficient incandescent and under-counter strip fluorescent fixtures are outdated 
when compared to the products now available on the market, such as 15-watt compact 
fluorescent task lights. Issues such as luminance ratios (critica} in VDT environments), 
veiling reflectance glare, and asymmetrical light distribution are important factors for 
task lighting. High-performance task lights, compact fluorescent sources, asymmetric 
reflectors, and electronic ballasts should be specified. These measures can reduce ener
gy use by more than 50 percent. Sorne task lights are available with occupancy sensors 
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Renovation and Retrofit lssues 
• Convert existing light fixtures. 

Consider all design-related issues such as appropriate light level and quality, architec
tural and furniture layout, and room cavity optics, as well as replacement and proper 
disposal of older ballasts containing polychlorinated biphenyls (PCBs). If major renova
tions are planned (such as new roofs and replacement windows), also consider day
lighting improvements. 

Electrical Power Systems 
* SIGNIFICANCE 

Office technology, induding telecommunication devices, personal computers, networks, 
copiers, printers, and other equipment that has revolutionized the workplace in the last 
10 years, together with appliances such as refrigerators and dishwashers, makes up the 
fastest-growing energy load within a building. The consumption of energy to run these 
devices can be comparable to that of a building's mechanical or lighting systems. The 
design and management team should advise building users of the energy impact of effi
cient office equipmerit and appliances. The latest equipment offers energy reductions of 
more than 75 percent.• 

Local area networks (LANs) and peer-to-peer computing create significant energy loads 
within a building because they create a demand for 24-hour operation. In addition, it is 
estimated that office computers consume over 26 billion kilowatt-hours of electricity 
annually, costing over $2 billion; this may increase five-fold in the next decade. 
Decentralized information processing also demands increased HV AC support. LAN rooms, 
telephone closets, and even some general office areas need to maintain 24-hour "comput
er-room" cooling and humidity requirements year-round, further increasing energy 
demands and costs. 5 

r , Toe indirect environmental costs of energy consumption associated with office equipment 
include the release of significant amounts of carbon dioxide, sulfur dioxide, and nitrogen 
oxide into the atmosphere each year. Office automation and telecommunications systems 
have led to a dramatic increase in the volume of CFCs in the workplace to meet the 
demands of distributed, packaged air conditioners and halon fire-protection systerns. 

Office technology contributes to "electromagnetic pollution" in the workplace, an issue 
that is beginning to generate increased research and public concem. Radio-frequency 
emissions from electronic devices and their interconnecting cables can cause mutual 
interference. Radio frequencies associated with microwave and satellite dishes, cellular 
telephones, and two-way radios may be harmful to building occupants, but additional 
research is required before a consensus in the scientific community can be achieved. 

The electrical-power distribution system should deliver power reliably and efficiently 
throughout a building. Losses result in wasted heat energy. Measures that reduce loss and 
match power distribution to the various electrical loads in the building should be consid
ered. Electrical loads may also degrade power quality and introduce wasteful harmonics 
or change power factors. 
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r.- SUGGESTED PRACTICES AND CHECKLIST 

Design Considerations 
O Specify energy-efficient office equipment. 

Toe U .S. Environmental Protection Agency (EPA) and the electronics industry are work
ing to cut the power consumption of desktop computers by 50 percent by the year 
2000 through the Energy Star program. Toe program encourages the use of special fea
tures to put personal computers, printers, and copy machines into a low-energy "sleep" 
mode when idle. In addition, energy-saving computer chips, originally developed for 
laptop computer applications, will be used in desktop machines. Look for the Energy 
Star label when making equipment purchases. Toe EPA also publishes a list of energy
efficient retrofit kits for older computer equipment. 

O Specify energy-efficient appliances. 
Many energy-efficient and environmentally sound appliance altematives now exist. 
New refrigerators consume less than one-half the energy of older models. In addition, 
sorne are CFC-free. Dishwashers that use less than one-half of the water and energy 
consumed by older models are also available. 

O Consider higher system voltages. 
Less energy is lost in distribution systems with higher system voltages. This factor is 
often ignored in an effort to minimize initial construction costs. Toe long-term impact 
of lower voltages typically is not quantified. · 

O Improve power factor. 
Power factor is the ratio of active power to apparent power. Toe electrical load may shift 
the phased relationship between electric current and voltage, thereby altering the power 
factor. These shifts are often caused by large motors. Poor power factor results in increased 
distribution and motor losses that require additional energy. Use motor selection, proper 
motor sizing, and corrective equipment (such as capacitar banks) appropriately. 

O Use K-rated transformers. 
K-rated transformers better accommodate electric power irregularities or harmonics. 
They can be used when tenant equiprnent (such as personal computers) introduces har
monics on the power systern. These devices accept the harmonics without a reduction 
in system rating or efficiency. 

O Size conductors correctly. 
Selecting conductors of the proper size can reduce voltage drop and power losses and 
should be considered, particularly for more concentrated loads. Neutral leg current 
flow, associated with equipment that has switched power supplies, should be addressed 
in design. 

Renovation and Retrofit lssues 
O Optimize energy use of current equipment and specify more efficient systems with 

future equipment procurement. 

O Retrofit computers with shut-off devices. 
Sorne users believe that turning off equipment can shorten its lifetirne; however, equip
ment manufacturers have stated otherwise. Low-cost devices that sense periods of inac
tivity can automatically tum off computer equipment after a set period of time. These 
individual computer devices can be set to tum off a computer's central processing unit 
(CPU) and monitor separately. These devices have been shown to be extremely cost
effective, with payback periods of around one year. 
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Plumbing Systems 
* SIGNIFICANCE 

Water use in buildings has two environmental impacts: (1) the direct use of water, a limit-. 
ed resource; and (2) the expenditure of energy used in water pumping, purification, treat
ment, and heating. This section considers the energy-use aspects assodated with water 
usage within a building, induding pumping and hot-water heating (see also Chapter 11, 
"Renewable Energy"). Other chapters discuss additional water-use strategies, such as gray
water systerns and landscape irrigation (for example, see Chapter 6, "Water Issues"). 

The overall amount of energy used to pump, treat, and heat water can approach 10 per
cent of a utility company's output. The primary areas where improvement is possible are: 
(1) more effi.dent water generation and end-use devices, (2) reduced storage losses in hot
water equipment, (3) reduced piping and pumping losses, and (4) reduction in hot-water 
temperatures to provide the minimum acceptable temperature for intended use. 

r,... SUGGESTED PRACTICES AND CHECKLIST 

Hot-Water Heating 
O Consider hot-water heating options. 

Analyze and specify effi.dent equipment options. Heat pumps, heat recovery processes, 
tankless water heaters, and combination .space heating-water heating systems are 
options that can improve effi.ciency significantly. 

o Reduce hot-water system standby losses. 
Losses from distribution piping and hot-water storage tanks can be more than 30 per
cent of heating energy input. Tank insulation, anti-convection valves and heat traps, as 
well as smaller heaters with high recovery rates, can reduce these loss factors. 

o Evaluate system configuration. 
Consider the benefits of localized hot-water equipment versus centralized equipment 
by evaluating the types of loads served. Localized heating equipment options for small 
isolated loads may include electric heat-tracing devices which use a linear-resistance 
heating element wrapped around the piping. 

O Reduce hot-water service temperatures. 
Confirm the lowest hot-water temperature needed for the usage or equipment. 
Lowering the hot-water supply temperature reduces initial heating-energy and system 
losses. This approach should be limited to a minimum water temperature so as not to 
allow growth of harmful bacteria in piping. 

O Install hot-water system controls. 
Appropriate controls optimize energy use. Time-of-day equipment scheduling is a basic 
function; the use of certain applications may benefit from temperature optimization 
features. 

o Consider solar hot-water heating 
Consider solar systems based on building type, hot-water needs, and solar conditions at 
project site (see Chapter 11, "Renewable Energy"). 

Water-Pumping Systems 
o Use low-flow plumbing fixtures. 

Low-flow fixtures may seem to be a water conservation method, but they also save 
energy because they reduce pumping energy and water heating. Products are available 
for a wide range of applications and have become standard in many areas. 
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O Use water-booster pumps. 
Use packaged pumping systems with staged pump operation to better serve part-load 
flow conditions, such as after hours. Systems can include a pressurized tank to further 
reduce pump cycling and improve effidency. 

O Prepare an efficient plumbing system layout. 
Prepare an effident design for the layout of pumping and piping distribution, induding: 
- Simple, short piping runs with mínimum offsets and pressure control stations; 
- Stacking of water services in multi-story buildings; 
- Gravity flow of effluent from buildings without mechanical sump pumps; and 
- Calculation of minimum pressure requirements for distribution and booster pumps 

if necessary. 

Utility Company Rebates and Assistance 
* SIGNIFICANCE 

Over the past decade, utility companies across the country have developed both technical 
and financia! programs to help their customers understand and implement energy-effi
ciency measures. These programs have gamered substantial customer awareness and 
response. With deregulation however, the utility industry is now beginning a radical 
restructuring of customer-service access that is expected to change the nature of utility 
involvement in promoting energy effidency. 

Toe industry now considers energy-efficiency issues for buildings under the broader con
cept of demand-side management (DSM), which encompasses all methods available to 
customers to reduce, modify, or control the use of energy. Utilities first became interested 
in DSM issues because of their desire to control peak utility supply requirements or to 
shift energy service to time periods most beneficia! to their generation or transmission 
systems. lnterest in actually reducing customer energy use carne only after public utility 
commissions (PUCs), which regulate investor-owned utilities, identified the need to initi
ate more aggressive programs. By giving the utilities an economic retum on efficiency 
investments, the PUCs developed the financia! mechanism to reward utilities for promot
ing effidency gains. In turn, the utilities have marketed energy effidency to customers 
and created programs that offer incentives to install efficient systems. 

Toe future of DSM programs will be driven by the future of utility deregulation, although 
the direction of change is uncertain. Deregulation effects power generation and distribu
tion as well as energy costs. "Retail wheeling," an element of deregulation, allows the cus
tomer to negotiate with competing utilities to obtain service and select the most 
economical altemative regardless of geographical location. Toe loss of customers by a 
local utility could result in higher rates for remaining customers. 

r..- SUGGESTED PRACTICES AND CHECKLIST 

O Obtain input from utilities early in the design process. 
Toe design team should meet with the designated account representative to leam about 
current and future design and financia! incentive programs, including rebates or loans. 

O Seek out utility resources and design assistance. 
Sorne utility companies have recognized that additional assistance in the form of edu
cational or technical offerings can be valuable to both the building owner and design 
professional. Offerings may indude: 
- Early project review by a utility-sponsored design group to solicit ideas on daylight

ing contributions and reduced HV AC requirements and to involve the group in cre
ation of computer-based energy models for the project; 
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- Energy leaming centers with classroom and library facilities; and 
- Technical seminars on specific issues provided far general information. 

• Institute rebate documentation and verification measures with utility. 
V erification of system performance at construction completion may be needed far 
more complex effidency measures or custom rebate applications. Utilities are interested 
in seeing that design-efficiency objectives are realized in operation and are beginning 
to offer rebate incentives far building commissioning. 

O Assess the impact of deregulation. 
Track current energy use and estímate the potential exposure to energy cost increases. 
Project any plans far building expansion and related modifications and their antid
pated energy usage; consider energy-efficiency options as an altemative to increased 
supply needs. 
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__ . Refrigeration. Atlanta: ASHRAE, 1994. 
Series of technical handbooks considered the most comprehensive HV AC reference 
available. These handbooks introduce design issues and provide extensive technical 
documentation far engineering purposes. ASHRAE is responsible for the development 
of practice standards far specific issues such as ventilation and energy. ASHRAE also 
publishes a monthly joumal, which includes technical articles on a variety of tapies, 
including energy effidency. 

Bobenhausen, William. Simplified Design of HVAC Systems. New York: John Wiley & Sons, ( 
Inc., 1994. 

Fink, Donald G., and H. Wayne Beaty, eds. Standard Handbook for Electrical Engineers. 13th 
ed. New York: McGraw-Hill, Inc., 1993. A general reference document far electrical sys
tern design. 

Illurninating Engineering Sodety of North America. IES Recommended Practice far Lighting 
Offices Containing Computer Visual Display Terminals. RP-24. New York: Illurninating 
Engineering Sodety of North America, 1989. 
__ . IES Recommended Practice of Daylighting. RP-5. New York: illurninating Engineer
ing Society of North America, 1979. 
Part of a series of technical handbooks and other references that are essential in the 
understanding of natural and artificial lighting systems. They are published by the 
leading professional sodety far lighting design. 

lnstitute of Electrical and Electronics Engineers. Electric Pawer Systems in Commerdal Buildings
Grey Book. IEEE Standard 241-1990. New York: Institute of Electrical and Electronics 
Engineers, 1991. A general reference in the design of electrical power distribution. 

Lovins, Amory B., Brady Bancroft, Michael Shepard, and Robert Bishop. State of the Art: 
Water Heating. Snowmass, Colo.: Rocky Mountain lnstitute, 1991. An excellent 
resource far energy-effident design, induding background on efficiency issues and dis
cussion of potential future developments across the spectrum of commerdal/institu
tional energy use issues. 

Lovins, Amory B., David Houghton, Robert Bishop, Bristol L. Stickney, James Newcomb, 
Michael Shepard, and Bradley Davids. State of the Art: Space Cooling and Air Handling. 
Snowmass, Colo.: Rocky Mountain Institute, 1992. 

Lovins, Amory B., Joel Neymark, Ted Flanigan, Patrick Kieman, Brady Bancroft, and 
Michael Shepard. State of the Art: Drivepower. Snowrnass, Colo.: Rocky Mountain 
Institute, 1989. 
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Lovins, Amory B., and Robert Sardinsky. State ofthe Art: Lighting. Snowmass, Colo.: Rocky 
Mountain Institute, 1990. ! 

Pilgrim, William L., and Richard :E. Stonis. Designing the Automated Office. New York: 
Whitney Library of Design, 1984. Contains a good overview of design issues and relat
ed energy-efficiency tapies in office design. 

Rea, Mark S., ed. Lighting Handbqok: Reference & Application. New York: lliuminating 
Engineering Society of North America, 1993. 

DESIGN TOOLS 

PASSIVE SOLAR DESIGN 

BLAST. Calculates building loads, ,analyzes solar feasibility, predicts life-cyde costs, and 
helps select the optimal HV AC system for a building. Developed by Civil Engineering 
Research Laboratortes, U.S. Anny. Contact: University of Illinois, (800) UI BLAST 

ENERGY-10, Low-Rise Building Design (Design manual and software). Windows-environ
ment program for small commercial buildings allowing early design evaluation of 16 
energy-saving strategies indu~g daylighting. Developed by National Renewable 
Energy Laboratory (NREL), Passive Solar Industries Council (PSIC), U.S. Department of 
Energy (DOE), and Lawrence Berkeley National Laboratory (LBNL). Contact: Blaine 
Collison at PSIC, (202) 628-7400. 

SERI-RES (also known as SUNCODE). Useful for residential and small commercial build
ings to analyze passive solar design and thermal performance. Developed by NREL 
and Ecotope Group. Contact: Ron Judkoff at NREL, (303) 275-3000. 

TRNSYS. Modular FORTRAN-based transient simulation code that allows for simulation of 
any thermal energy system; particularly solar thermal, building, and HV AC systerns. 
Developed by the Solar Energy, Laboratory, University of Wisconsin. Contact: TRNSYS 

-, Coordinator, (608) 263-1589. 

ENERGY-EFFICIENT DESIGN 

BLAST. See Passive Solar Design. Contact: University of Illinois, (800) UI BLAST 
DOE-2. Calculates energy use and life-cyde costs of design options. lndudes building 

envelope, HVAC systems, and daylighting analysis package. DOE Version 2.lE avail
able for MS-DOS and Windows (386 and 486) and UNIX workstations. Developed by 
LBNL. Contact: Fred Winkleman, (510) 486-4925. 

ENERGY-10, Low-Rise Building Design. See Passive Solar_Design. Contact: Blaine Collison at 
PSIC, (202) 628-7400. , ·• 

TRNSYS. See Passive Solar Design. Contact: TRNSYS Coordinator, (608) 263-1589. 

DAYLIGBTING DESIGN 

ADELINE. Advanced integrated lighting design and analysis package, incorporating DXF 
input capability, SCRIBE MODELLER, PLINK, SUPERLIGHT, SUPERLINK, and RADI
ANCE, for detailed and advanced analysis of complex buildings. Available for MS-DOS 
486 platforms. Developed byLBNL. Contact: Steve Selkowitz, (510) 486-5064. 

RADIANCE. Lighting and daylighting modeling tool for performing accurate photorealis
tic lighting simulation. Available for UNIX workstations. Developed by LBNL Contact: 
Charles Erlich, (510) 486-7916, 

SUPERLITE 2.0. Daylighting analysis tool. Available for MS-DOS 386 and 486. Developed 
by LBNL. Contact: Rob Hitchcock, (510) 486-4154. 

PART IV: BUILDING DFSIGN 11& . 



•u,,.,, 
1 Armory B. Lovins and Robert Sardinsky, Stam of the Art Lighting (Snowmass, Colo.: Rocky Mountain lnstitute, 

1990). 
2 Paul Beck, "Pushing the Energy Envelope," Consulting-Spedfyiilg Engineer 18, no. 6 (1995). 

3 Electric Power Research lnstitute (EPRI), "High-Effidency Electric Technology Fact Sheet" (Palo Alto: EPRI, 1994). 
4 Mark Ledbetter and Loretta A. Smith, "Guide to Energy-Efficient Office Equipment• (Washington, D.C.: 

American Coundl for an Energy-Effident Economy (ACEEE), 1993). 

5 Ledbetter and Smith, "Guide to Energy-Effident Office Equipment." 
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CBAPTER13 

lndoor Air Ouality 

* SIGNIFICANCE 

With potentially hundreds of different contaminants present in indoor air, identifying 
indoor air quality (IAQ) problems and developing solutions is extremely difficult.1 Toe 
study of indoor air quality is a relatively recent endeavor. Although much is known 
about the health effects of poor design and ways to overcome them through good 
design, a tremendous amount of research is needed in this complicated field. Over the 
past few years, severa! entities have undertaken considerable efforts to further the 
research and science in this area, including government agencies such as the U.S. 
Environmental Protection Agency (EPA), National Institute of Standards and Technology 
(NIS1), National lnstitute of Occupational Safety and Health (NIOSH), and Occupational 
Safety and Health Administration (OSHA), and professional societies such as the 
American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) 
and American Society for Testing and Materials (ASTM). Toe results of such activities will 
lead to more definitive IAQ practices, standards, and performance targets. 

In the absence of such information and industry consensus, this chapter attempts to 
provide guidance on general industry practices for improved IAQ. These suggested prac
tices should be updated and refined by the professional as more information becomes 

· readily available. 

Toe quality of indoor air results from the interaction of many complex factors (Figure 1), 
each contributing different effects.2 Toe ways in which these factors contribute to IAQ 
may be summarized as follows: 

• Construction materials, fumishings, and equipment. 
These iteras may emit odor, particles, and volatile organic compounds (VOCs), and 
adsorb and desorb VOCs. Individual VOCs from a specific material may combine with 
VOCs from other materials to form new chemicals. VOCs and particulates can cause 
health problems for occupants upon inhalation or exposure. In the presence of ade
quate heat and moisture, sorne materials provide nutrients that support the growth of 
molds and bacteria, which produce microbial volatile organic compounds (MVOCs).3 
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These organisms can affect occupants adversely if fungal spores containing mycotox-
ins and allergens or the MVOCs are inhaled. A great deal of research remains to be l.. __ . 
done to identify individual metabolic gases, their odors, the microbes that produce x/ -_· .. 
them, and the human response to molds and fungí. 

• Building envelope. 
Toe envelope controls the infiltration of outside air and moisture, and may indude 
operable or inoperable windows. 

• Ventilation systems. 
Acoustical materials in heating, ventilating, and air-conditioning (HVAC) systems may 
contribute to indoor air pollution in the same way as construction materials, men
tioned above. Ventilation systems also control the distribution, quantity, temperature, 
and humidity of air. 

• Maintenance. 
Lack of maintenance allows dirt, dust, mold, odors, and partides to increase. Toe use 
of high-VOC deaning agents pollutes air. 

• Occupants. 
Toe nwnber of occupants and the amount of equipment contribute to indoor air pol
lution. People and pets are major .sources of microorganisms and airbome allergens in 
indoor environments.' Occupant activities also can pollute the air. 

OutsideAir 

1 Construction Materials ~ Ventilation Systerns 1 

1 Building Envelope > Maintenance 1 

1 Furnishings Occupants l 

Figure 1 
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• Electric and magnetic fields (EMF). 
Toe possible health effects of electric and magnetic fields generated by power lines and 

1 

electric appliances are not well t¡nderstood at this time. There is considerable debate 
regarding possible health effects óf these sources. 5 More research is required. 

Poor indoor air quality can cause human illness, which in turn may result in increased 
liability and expense for building owners, operators, design professionals, and insurance 
companies. It can also.lead to lostiproductivity of building occupants, resulting in eco
nomic losses to employers.6 In the long term, these costs may exceed the additional ini
tial cost, if any, of environmentally sound design in both new construction and 
renovation. Health problems that can result from poor indoor air quality may be short
term to long-term, and range from minor irritations to life-threatening illnesses. They are 
dassified as follows: 

• Sick-Building Syndrome (SBS) 
SBS describes a collection of ~ptoms experienced by building occupants that are 
generally short-term and may disappear after the individuals leave the building. Toe 
most common symptoms are so,re throat, fatigue, lethargy, dizziness, lack of concen
tration, respiratory irritation, headaches, eye irritation, sinus congestion, dryness of 
the skin (face or hands), and other cold, influenza, and allergy type symptoms.7 

• Building-Related Dlnesses (BRI). 
BRis are more serious than SBS conditions and are dinically verifiable diseases that can 
be attn'buted to a spedfic source or pollutant within a building. Examples indude can
cer and Legionnaires' disease. 8 

• Multiple Chemical Sensitivities (MCS). 
More research is needed to fully understand these complex illnesses. Toe initial symp
toms of MCS are generally acquired during an identifiable exposure to specific VOCs. 
While these symptoms may be observed to affect more than one body organ system, 
they can recur and disappear in response to exposure to the stimuli (VOCs). Exposure 
to low levels of chemicals of diverse structural classes can produce symptoms. 
However, no standard test of the organ system function explaining the symptoms is 
currently available.9 

r.- SUGGESTED PRACTICES AND CHECKLIST 

GeneralApproachestolAQ 
O Employ an integrated approach. 

Even though current building codes are relatively silent on IAQ issues, a nurnber of 
principies and practices have been developed to promete good IAQ designs that 
require a coordinated approach to building design. To achieve this goal, employ an 
organized and integrated approach that involves the building's owner, operator, 
design professionals, contractor; and tenants. 

O Practice "prudent avoidance." 
In cases where research is not definitive, which involves most cases at this time, a rec
ommended alternative is to practice "prudent avoidance" of specific materials and sys
tems that have been preven to contribute to IAQ problems. A "prudent avoidance" 
strategy means limiting the building occupants' exposure to these materials and sys
tems when this can be accomplished at a reasonable cost and with reasonable effort. 

¡ • Evaluate the costs and benefits of all strategies. 
This analysis should indude ª* understanding of initial and life-cycle costs weighed 
against the potential IAQ benefits such as reduced health risk, increased productivity 
gains, the assodated economic:benefits, and the long-term benefits to sodety, which 
at this time are somewhat difficult to determine and quantify. 

r .: 
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Figure 2 

Design Principies 
Design for improved indoor air quality involves four intenelated princtples (Figure 2) that 
should be implemented as a whole: source control, ventilation control, occupant activity 
control, and building maintenance. 

1 1 Source Control 

+ Total 
2 1 Ventilation Control 

lndoor 
+ --

3 1 OccuEant Activity Control Air 

+ Quality 
4 1 Building Maintenance 

Source Control 
There are many sources of potentially harrnful air contaminants in buildings (Figure 3). 
Contaminants may originate indoors, outdoors, from occupants, and from within the 
mechanical system of the building. VOCs and MVOCs may be emitted into the air from 
building materials, products, equipment, and fumiture.10 Pollutant sources can be con
trolled, reduced, or eliminated to produce a healthier indoor environment. Strategies for 
source control are listed below. 

O Set source-control priorities that are feasible within the project budget, project 
schedule, and available technology. 
Priority materials far source control are materials that will be prevalent in the building 
and are the most highly volatile (that is, they emit odors, releasing irritating and poten
tially toxic chemicals to the air, or may be susceptible to microbial growth). Identify 
and evaluate the priority materials, equipment, and fumiture for use on the project. 

O Establish the building owner's and occupants' criteria and guidelines for 
improved IAQ. 

O Request Material Safety Data Sheets (MSDSs) for priority materials from product 
manufacturers. 
OSHA regulations stipulate that product manufacturers must provide MSDSs with 
information on chemical identification, hazardous ingredients, physical/chemical 
characteristics, fire/explosion hazard data, reactivity data, health hazard data, spill and 
leak procedures, spectal protection information, and special precautions. However, 
MSDSs provide limited IAQ information, in part because the regulations do not require 
the identification of proprietary information or chernicals. Therefore, MSDSs should 

, 
' r 

--~. 

not be relied upon as the sale source of IAQ information, although they may provide • --. 
the first level of information on potential IAQ concems for sorne materials. In many 
cases, they may be the only source of information beca use "acceptable" third-party 
emissions testing information is not readily available. 
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Figure 3 

When chemicals or hazardous materials are identified in MSDSs, refer to the Hazardous 
Chemicals Desk Reference and existing regulations and guidance for information about 
their health effects and toxicity.11 (For additional information regarding the interpreta
tion of MSDSs, see Chapter 16, "Materials.") 

O Perform the following steps to evaluate the materials, products, and fumiture in 
terms of thefr VOC contribution to indoor air: 
- Establish acceptable limits for total volatile organic compounds (IVOCs) and individual 

VOCs for the project. These limits should be based on regulatory requirements, guide
lines, known health effects, and the professional advice of an IAQ specialist. 
At the time of publication of this manual, there are no laws or codes setting accept
able levels of overall TVOC concentrations for general indoor environments or 
TVOC and VOC emissions from materials, products, and furniture. Sorne of the 
uncertainty associated with emissions from materials is caused by lack of standard
ized testing procedures and inconsistency of data reported in the literature. ASTM 
has developed a general guidance standard for emission testing, however it is not 
specific for materials. Further research and development is needed to advance the 
state of the art to the point where reliable emissions data based on consensus stan
dards are available. 

- Request emissions test data from the manufacturer for each priority material, prod
uct, and fumiture ítem. The data should be based on predetermined and agreed 
upon chamber test methods, from the manufacturer. Reports from chamber tests 
should include the following information: 

a. Clear definition of the materials and their origin, age, and history. 
b. Clear specification of the test rnethods, conditions, and parameters. 
c. Emission rates for TVOCs and individual VOCs as a function of time. 
d. ldentification of hazardous VOCs and chemicals that are listed in any of the 

following intemationally recognized regulatory and guidance chemical lists: 
l. California Environmental Protection Agency, Air Resources Board (ARB), list 

of Toxic Air Contarninants (California Air Toxics);12 

2. California Health and Welfare Agency, Safe Drinking Water and Toxic 
Enforcernent Act of 1986 (Proposition 65), which lists chemicals known to 
cause cancer and reproductive toxidty;13 

PART IV: BUILDING DESIGN lllla 



3. Intemational Agency on Research of Cancer (IARC), which dassifies chemi
cals that are carcinogenic to humans;H 

4. National Toxicology Program, which lists chemicals known to be carcino
genic, u and 

S. Chemical Cross Index, Chemical List of Lists, which shows listed hazardous 
chemicals regulated by various state and federal agenáes and is published 
by the California Environmental Protection Agency.16 

• Evaluate the emissions test data. 
Prepare a símple graph of 1VOC and individual VOC data as shown in Figure 4. For 
each IAQ priority material, multiply the emission factor by the area of the product 
found in the building to determine the total emission rate and plot micrograms of 
emissions per hour (µg/hr) . In general, review these graphs to understand the emis
sions from a material, product, or furniture item over time. If an increase in the emis
sion rate is indicated, additional investigation may be warranted. 
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Figure4 

lt is necessary to interpret these emission rates in terms of ex:pected room concentra
tions of the contarninant of interest. This is not necessarily a simple conversion and 
needs to be done accurately and carefully. Factors such as room air ex:changes (ventila
tion rates), concentration of contarninants in the ex:change air, and the time depen
dence of the emissíon rates are essential in thís detennination. To the degree possible, 
these projected concentrations should then be compared with target concentrations 
for acceptable IAQ. 
- Determine the emission factor and rate of the product VOCs to use as a potential 

indication of health concems that may be assoáated with the use of the product. 
- Where hazardous VOCs and chemicals are identified by the manufacturer, check the 

regulatory and guidance lists for the level of hazard (e.g.: "probably not carcino
genic," "possibly carcinogenic," "probably carcinogenic," and "known carcinogen"). 

- Prepare a chart to tabulate the hazard information for each material, product, or fur
niture item as indicated in Figure S. It should be noted that the mere presence of 
such chemicals is not adequate evidence that they might or might not cause a haz
ardous ex:posure condition in a building. In any given situation, it is not always cer
tain whether building occupants are actually exposed to emitted VOCs and, if there 
is exposure, whether this presents a risk to human health. 
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Furthennore, the IAQ community is currently engaged in discussions about stan
dards and quality control far chamber testing. Until these standards are developed, 
agreed upan, and implemented, review test result data with care and with the 
understanding that the data from different laboratories and from different equip
ment may not produce equivalent results. 

- Determine the odor characteristics of the priority material, product, or fumiture 
itern. While odors may indicate a health-related IAQ problern, not ali odors present 
a health risk. Nevertheless, be cautious initially about specifying products that emit 
strong odors, as they may indicate a potential and perceptual IAQ problern. 

O Based on the above information, determine if the priority material item is: 
- Acceptable-that is, it meets the project criteria far odor and contaminant concen

tration, as discussed above; the TVOC and individual VOC concentrations are not 
hazardous, based on regulatory and guidance lists; and the material will not signifi
cantly contribute to MVOC emissions. 

- Acceptable in a specific location or condition only. 
- Acceptable with modifications by the material manufacturer. 
- Acceptable only when temporary construction ventilation is provided during 

installation. 
- Unacceptable-that is, none of the above criteria can be satisfied or, because of 

insufficient information, "prudent avoidance" is appropriate. 

O Take steps to control the MVOC contribution to the indoor air from materials, 
products, and fumiture. 
Since moisture and condensation allow molds and bacteria to start growing on the sur
face of indoor materials, finishes, products, ventilation ducts, and insulation materials, 
the primary methods to control microbial growth are controlling the interior ternpera
ture and humidity and rernoving the source of potential contamination. Source con
trol to limit MVOC may be the primary method since the research has shown that 
increased ventilation may only produce limited results.17 Source control can be 
achieved by the use of simple design and specification techniques:18 

- Spedfy materials that are resistant to microbial growth especially in areas where 
moisture can support the growth of fungi. 

- Encapsulate materials such as insulation that might support microbial growth. 
- Require in project specifications that if any material susceptible to microbial growth 

becomes wet during the construction phase, that material should be carefully removed 
from the construction site to prevent further contamination of the indoor air. 
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- Clean air shafts, occupied areas of new construction, and all finish materials with ("'"· 
high-efficiency particulate air (HEPA) vacuum equipment prior to occupancy to 
remove dust and debris. 

- Carefully design the exterior wall envelope to control moisture by locating the 
moisture barrier appropriately. In warm, humid climates, the vapor retarder should 
be installed in the external portion of the envelope; in cold climates, the vapor bar
rier should be on the side of the building facing the occupied spaée. 

• Consider a building flush-out. 
In certain circumstances where high-emitting materials are used, where there are legiti
mate reasons to remove high emissions from other sources, or where temporary con
struction ventilation is insufficient, consider a building "flush-out" to reduce possible 
contamination.19 1bis involves running the mechanical system with tempered 100 per
cent outside air for an extended· period of time after construction completion and 
prior to occupancy. Care should be taken, however, with regard to humidity and 
microbial growth. A building flush-out should be carefully considered and weighed 
against the additional costs and delays involved. A "bake-out," which is the introduc
tion of extraordinary heating to the space prior to occupancy, may damage building 
materials and cause other problems, and therefore is not recommended. Also, research 
shows that VOC levels after a bake-oilt may be higher than before the bake-out.211 

• IJi remodeling projects, test for and remove known hazardous materials such as 
asbestos,21 lead, polychlorinated biphenyls (PCBs), and fungal contaroiuation. 
- Ensure that any removal of hazardous materials is performed by specially licensed 

contractors under approved and carefully controlled conditions. 
- Remove microbially contaminated materials using specially trained contractors who 

use negatively pressurized, isolated work zones. Extreme care should be taken to 
remove all microbial growth from the building. In sorne limited cases, treatment 
may be considered in lieu of removal, however, it has been shown that treated dead 
fungí may still present a health.hazard and cause allergic reactions.22 

Ventilation Control 
Ventilation control involves many systems that need to be designed and modified as 
necessary to provide energy efficiency and adequate ventilation for building occupants 
(Figure 6). Proper control prevents parts of the ventilation system from becoming sources 
of biological contamination.23 The best strategy for improved IAQ is to implement 
source-control strategies and then combine them with ventilation control. Ventilation 

. control alone may not always solve IAQ problerns, as it cannot necessarily remove an 
IAQproblem source.24 Strategies for ventilation control are as follows: 

• Review the building occupants' use needs and programmatic requirements and 
the energy conservation code requireroents to determine whether fixed or opera
ble windows will be provided. 
Where operable windows are selected, most energy-conservation codes require addi
tional controls for the HV AC system. 

• Evaluate the HV AC system and develop the design criteria in accordance with 
applicable codes and ASHRAE standards to: 
- Provide adequate ventilation for the building population; 
- Eliminate sources of, and growth locations for, microbial contamination; and 
- Facilitate maintainability and deanability of the HV AC system. 

• Consider use of the following interrelated HV AC strategies: 
- Locate outdoor-air intakes away from sources of contamination such as cooling tow

ers, 25 plumbing vents, loading docks, parking areas, relief-air louvers, and dedicated 
exhausts from contaminated spaces such as toilets and copy rooms. 

- Protect outdoor-air intakes from bird pollution with screens and bird guards. 
- Locate airflow monitoring devices on the outdoor-air and return-air side of the air-han-
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dling system. These devices monitor and regulate the amount of outdoor and redrcu
lated air needed to provide minimum ventilation rates and adequate air quality. 

- Install a high-efficiency air filtration system to remove partides of airbome dust 
from the outside air prior to distribution through the building's HV AC system. Toe 
filtration system should consist of two filters. Toe second or final filter should be 85 
or 95 percent effident or should be a HEPA filter. 

- Either encapsulate fibrous acoustical insulation that is located inside the air-handling 
units, ducts, and variable-air-volume (V A V) boxes, or remove any exposed insulatíon. 
These fibers tends to trap dirt that provides a rich nutrient base for rnicrobes. 

- Design the HV AC system to provide adequate ventilation and appropriate tempera
ture and humidity for human comfort in accordance with building codes and 
ASHRAE standards and guidelines.26 Within certain limits only, increased ventila
tion may reduce the prevalence of MVOCs in indoor air.27 

- Carefully design the HV AC system controls to allow the building operator to respond 
quickly to comfort problems and ventilation deficiencies by providing a building
control system with local controls (override switches and timers) where possible. 

- Consider the use of an outdoor-air-economizer system. An air-economizer system 
enables the building operator to use the energy management system to vary the 
quantity of outside air brought into the building above rninimum ventilation levels. 
This outside air can be used to maintain the required inside air temperature without 
use of the refrigeration cyde or recirculated air. With the refrigeration equipment 
tumed off, energy is saved. Toe higher rate of outside air also improves ventilation 
conditions. Care should be taken with regard to hurnidity buildup. 

- lnstall dedicated local-air exhaust systems vented to the outside, separate from the 
general exhaust system, in spaces that house specific contarninant sources, such as 
kitchens, janitorial closets, bathrooms, and copy rooms. Sirnilarly, consider the via
bility of separa te HV AC systems in buildings that support multiple uses. 

- Consider the use of positive building pressurization in warm, hurnid climates to 
lirnit the infiltration of moist, hot outside air into the building interior. This wi11 
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reduce the exposure of the interior materials and finishes to móisture, inhibiting 
growth of molds and fungi on their surfaces.28 

- Design the HV AC system installations with adequate access far inspections and reg
ular housekeeping, maintenance, and cleaning. 

- Design the air-distribution system far maximum ventilation effectiveness by ensur
ing the proper location and performance of the air-supply and retum diffusers, so 
that suffident air is delivered to occupants.29 

- ArraJJ.ge far independent professional testing, adjustment, and balandng of the 
HV AC system to assure proper operation far occupant comfort. 

- Implement a building-commissioning program to ensure good IAQ and energy effi
ciency as described in the ASHRAE guidelines.30 (See Chapter 15, uBuilding 
Commissioning," far a detailed description of the three-step process.) 

- Implement an operations and maintenance plan far the HV AC equipment. (See the 
section on "Building Maintenance" below and Chapter 21, "Building Operations 
and Maintenance.") 

(See also Chapter 12, "HVAC, Electrical, and Plumbing Systems," far additional 
information.) 

Occupant Activity Control 
Some indoor air quality problems can occur when the interior thermal load (heat) gener
ated by the occupants, their activities, and their equipment exceeds the HV AC system's 
capadty to control the heating and cooling to ventilate the space. Far example, if the 
HV AC system in a room is designed to provide adequate ventilation far three occupants 
and three personal computers, and there are actually six occupants and six computers in 
the room, the HV AC system may not be able to provide suffident ventilation to coa! the 
room and dissipate ali environmental pollutants. Occupant activities may also generate 
odor and may cause VOCs to be released into the air. People arid pets also produce 
microorganisms and allergens.in the indoor air. Possible strategies ·fór occupant activity 
control are listed below: · · · · · 

• Implement a building commissioning program similar to the three-step commis
sioning process (see Chapter 15, "Building Commissioning"). 
Design the HV AC system capadty to provide suffident outside air far the projected 
building population and the anticipated heat-producing equipment. Prepare the 
HVAC system design documentation and design criteria accordingly. These docu
ments, provided to the building operators, specify the maximum building population 
and permissible equipment designated by the design parameters of the HV AC systems. 

O Consider the use of carbon dioxide (COJ and VOC sensors in the occupied spaces. 
These monitors should be linked to the building or energy-management-system com
puter, which can be used to regulate the quantity of outside air needed to ventilate the 
building based on actual occupant-load conditions. 

O Implement a no-smoking rule from the commencement of construction through 
the life of the building. 
Note that sorne dties have local ordinances that regulate smoking in occupied buildings. 
(See also Chapter 15, "Building Commissioning," far more information.) 

Building Maintenance 
Air quality in poorly maintained buildings can deteriorate quickly. Materials, products, 
fumiture, and HV AC systems need regular maintenance, cleaning, and inspections to 
ensure that they function as designed and to prevent indoor contaminants from develop
ing in these locations. Other potential problems result from the use of pestiddes, micro
bial growth caused by moisture within the building, and the emission of sewer gas where 
floor drains are concealed. Strategies far building maintenance are discussed below. 

O Select easy-to-maintain building materials and systems. 
Far example, stone floors with metal-grate entry mats are easier to clean than carpets 
at building entrances. 
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o Implement an integrated pest management program using only pre-authorized 
and non-hazardous chemicals that do not violate the integrity of building IAQ. 
Use chemicals only when there is a problem, not for scheduled preventive mainte
nance (see Chapter 7, "Site Materials and Equipment"). 

o Select low-emitting, environmentally friendly deaning agents for use in regular 
maintenance (see Chapter 22, "Housekeeping and Custodia! Practices"). 

O Prepare project specifications with appropriate warranties and, where appropri
ate, with extended maintenance contracts (see Chapter 17, "Specifications"). 

O Institute a tenant policy for IAQ practices, induding a no-smoking rule. 

O Adopt specific procedures for building operators to notify tenants when haz
ardous chemicals are used. 

O Prepare an IAQ plan to be éldroinistered by the building IAQ manager. The plan· 
should indude the following: 
- Toe building commissioning design documentation with a description of the build

ing and its systems, the function and occupancy of each individual room or space, 
the normal operating hours, and any known contaminants and hazards; 

- Schematic drawings of the building systems indicating equipment types, their loca
tions, and their maintenance and inspection points; 

- Locations of system manuals and commissioning reports, as-built drawings, water
treatment logs, inspection reports, and training manuals; 

- Performance criteria and operating setpoints for each operating unit, induding 
domestic water system and normal humidity levels; 

- Sequence of operations for equipment and systems along with seasonal startup and 
shutdown procedures; 

- Daily operating schedules of all systems; 
- Preventive-maintenance and inspection schedules for equipment; 
- Test-and-balance report and airflow rates listed by area; 
- Required outdoor-air rates and building pressurization requirements; 
- Building IAQ inspection checklists; 
- Equipment maintenance checklists; 
- Procedure for documenting and responding to occupant complaints; and 
- IAQ documentation. 

O Prepare a maintenance plan with a schedule and budget for the HV AC systems, 
building materials, and fumiture. The maintenance plan should include the 
following: 
- HV AC Systems: 

a. Maintain water treatment at cooling towers; 
b. Change filters; 
c. Lubricate dampers; 
d. Eliminate standing water and excessive moisture; 
e. Clean condensate pan; and 
f. Clean coils and supply-air ducts. 

- Carpets: 
a. Clean with vacuum deaners equipped with HEPA filters. 
b. Deep dean carpets periodically using water-extraction to remove particulates 

and contaminants that have accumulated at the base layer of the carpet. 
- Chairs: 

a. Clean and vacuum regularly. 
- Office Systems: 

a. Clean regularly. 
- Other Finish Materials: 

a. Inspect regularly for microbial growth and remove material or finish if fungus 
is found. 

(See also Chapter 21, "Building Operations and Maintenance," and Chapter 22, 
"Housekeeping and Custodia! Practices.") 
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• Develop and provide tbe building operators with complete operations and main
tenance manuals and a plan for appropriate system operation training. 
(See Chapter 15, "Building Commissioning," for additional information.) 

• After tbe tenants have occupied a new or remodeled building, implement post
occupancy building commissioning and flush out the building as necessary to 
fine-tune the building systems under normal operating conditions. 

• Develop a plan to provide post-occupancy building commissioning on a regular 
basis every few years. 
(See Chapter 15, "Building Commissioning," for additional information.) 

(See also Chapter 12, "HVAC, Flectrical, and Plumbing Systerns," and Chapter 21, "Building 
Operations and Maintenance," for additional information.) 

• RESOURCES 

California Environmental Protection Agency. Chemical Cross Index, Chemical List of Lists 
Sacramento: California EPA, March 1995. Updated approximately every six months. 
For copies, call (800) 808-8058 (in California only) or (916) 327-1848. 

Cone, James E., and Michael J. Hodgson. Problem Buildings: Building-Associated nlness and 
the Sick Building Syndrome. Vol. 4, no. 4 of Occupational Medidne: State of the Art 
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Hayes, Steve M.; Ronald V. Gobbell; and Nicholas R. Ganick. Indoor Air Quality, Solutions 
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Acoustics 

* SIGNIFICANCE 

Acoustics have a significant impact upon the overall indoor environmental quality of 
modem buildings and the amount of noise emission or pollution discharged to the out
doors. Toe levels of background noise, privacy, and separation between particular types of 
spaces have important implications for the work environment of building occupants. 
Commercial facilities would be well served by a careful review of acoustical considerations 
and their effects on occupant productivity. 

In open office spaces, for instance, background noise that is too loud or has tonal quali
ties can distract occupants and reduce productivity. Other types of office spaces such as 
executive suites, conference rooms, and boardrooms have particular privacy require
ments. Machine-rooms and other noise-producing facilities should be isolated from areas 
where privacy is required. There are numerous standards for acoustic quality in tradition
al building spaces and in specialty areas such as sound and production rooms, where 
acoustics is a high priority. 

At the start of a project, the design team should work with the buildings' users to estab
lish requirements for background noise levels, sound isolation, and speech privacy to 
ensure that sufficient levels are afforded to ali spaces. Incorporating acoustic considera
tions into the design of a project at the planning phase can result in significant benefits 
and can avert costly, and possibly difficult, corrective measures later on. For example, by 
carefully locating intemal spaces at the start of the project, the designer can reduce the 
need for high-sound-rated construction to mitigate noise problems. In certain noise-sensi
tive areas, and particularly in renovations, white noise and active noise systems may pro
vide additional solutions. 

Surface finishes are also important in the acoustic environment and can influence the 
character of the space as significantly as color or shape. Selecting the correct balance 
between hard, acoustically reflective materials and soft, absorptive ones facilitates the 
projection of speech to intended areas and prevents echoes or the excessive buildup of 
unwanted sound in other areas. 

Author 
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Outdoor sound emissions must also be considered. In manufacturing areas, the operation 
of equipment that exceeds ambient noise levels can affect adjacent residential areas. Toe 
criteria for noise ernission to the externa! environment are based on existing environmen
tal conditions. In rural areas, for instance, background noise levels during the quietest peri
ods of the day or night may drop to 35 or 40 dB(A). (dB(A) is a measure that represents a 
single-figure decibel weighted to the A-scale, which simulates the response of the human 
ear to clifferent sound frequendes.)1 In urban areas, the level is unlikely to drop below 50 to 
55 dB(A) at night and 60 to 65 dB(A) during the day. If the jurisdictional authority has not 
prescribed a limit on noise emissions, the designer should establish a level consistent with · 
existing ambient noise levels at property lines or neighboring buildings. 

Building designers should also be aware of applicable local and federal llmits on noise 
levels in certain types of workplaces. For example, Occupational Safety and Health 
Administration (OSHA) guidelines restrict various sound levels to prevent long-term 
hearing damage among workers who occupy a given area for extended periods of time. 

r_. SUGGESTED PRACTICES AND CHECKLIST 

Planning lssues 
• Identify local zoning codes regarding noise and determine requirements for the 

project's adherence to such codes. 

• Determine the impacts of proposed building systems on surrounding areas and 
ambient condii:ions. 
Minimize or reduce noise pollution generated by the building by assessing any noise
produdng elements and their relationship to neighboring properties. Truck docks that 
operate 24 hours a day directly ad¡acent to residences will undoubtedly be cause for 
complaints. Central cooling towers and louvers from fan systenis that direct noise 
toward nearby residences will require attenuation treatments. 

• Consider how the noise level from externa! sources around the building will 
affect occupants. 
Noise intrusion from adjacent activities and other externa! sources like airports can 
have a significant impact on building occupants and require spedal mitigation. For 
example, structures built near airports are typically required to have high-performance 
glazing systems. Wide-air-space glazing systerns and laminated insulating units offer 
better performance than standard insulating glass. 

Acoustic Criteria 
• Select the appropriate criteria for evaluating noise levels. 

Noise criteria (NC) are co=only used to rate interior noise levels of general office 
spaces. (NC numbers represent a series of curves of octave-band sound pressure 
levels.)2 Table 1 presents a list of typical NC values for various office spaces that can be 
a guide in establishing appropriate criteria for background noise. 

• Obtain the sound transmission class rating between spaces. 
The "barrier" performance of materials used in general building construction is 
expressed by a sound transmission class (STC) rating.3 By obtaining STC ratings from 
wall and ceiling manufacturers for various construction materials, an acoustical engi
neer can project the overall STC rating of the combination of all elements separating 
two spaces. For example, if the wall between two offices is composed of multiple layers 
of gypsum board on metal studs and is erected up to the lay-in acoustical ceiling, the 
performance of that ceiling would dominate the barrier· performance, or overall STC 
rating, between the two spaces. 
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Type of office space 
Swdios 
Boardrooms, ttltconlertndng rooms 
Conftrtna rooms 
Prime offiw, apartmtnts 
Lobbiu, toiltn, corridon, computer terminal rooms, rttail spaas 
Storage, lodm rooms, laboratorie.s without fume hoods 
Kitchens, laundry, computer rooms 
Garages. laboratories with fume hoods 

O Calculate the speech privacy potenti.al factor. 

Noise criteria 
NC-20 to 25 
NC-25 to 30 
NC-30 to 35 
NC-35 
NC-40 
NC-45 
NC-50 
NC-55+ 

Table 1 

Speech privacy potential (SPP) is a parameter that quantifies the privacy for a given 
room. Table 2 identifies SPPs for natural human voice levels and applies a subjective 
definition to each rating. Toe table shows the various degrees of privacy and allows the 
end-user to select the appropriate criteria. Toe use of speaker phones and other volee 
amplification systerns requires special consideration. 
To calculate the SPP factor, arithmetically add the background noise level in a given 
space (its NC level) to the level of separation required between adjacent spaces (the 
STC rating). For example, if a private office hadan NC-35 background noise level from 
HVAC systems and a total separation from its neighbor of STC-40, the SPP rating 
would be 75. Using Table 2 to determine if this level is acceptable for the spaces being 
analyzed, adjustments can be made by either increasing the wall/ceiling performance 
(STC rating) with high performance structures or increasing the background noise level 
(NC rating). (See the section below on "White Noise.") 

Speech Privacy 
Rating 
Total privacy 
Highly confidential 
Emllent 

Speech Privacy 
Potential (SPP) 

85 
80 
75 

Description of Privacy 
Shouting is only bmly audible. 
Normal voice lmls are not audible. Raised voiw are barely audible but not intdigible 
Normal voice lmls are barely audible. Raised voim are audible but mosdy uninttlligible. 

Good 
Fair 

70 
65 

Normal voim are audible but uninteHigible most of the time. Raised voim art partially inttlligible. 
Normal voim are audible and intelligible sorne ol the time. Raised voim are intelligil>le. 

Poor 60 Normal voim art audible and intelligible most of the time. 
None Ltu than 60 No spuch privacy. 

Architectural lssues 
O Locate noise-sensitive a.reas away from noise-producing elements. 

Careful "stacking" or placement of building elements can prevent costly mitigative 
changes later. Toe location of building spaces also has implications for the treatments 
required to provide adequate separation. Avoid locating sensitive spaces like executive 
office areas, studio-type environ.ments, and meeting facilities imrnediately adjacent to 
noise-producing areas. Noise-producing elements include mechanical equipment 
rooms, fitness centers, production or manufacturing facilities, kítchen or food prepara-

Table 2 
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tion areas, laboratories, gymnasiums, and music practice spaces. Data centers, storage 
rooms, mailrooms, and other less-sensitive spaces are more suitably placed adjacent to 
equipment rooms. 

O Evaluate slab construction between floors. 
Typical slab construction in modern buildings will usually provide adequate airbome 
noise separation. Thicker slabs are generally required if machinery rooms or other 
noise-producing spaces vertically adjoin other areas. Mínimum slab constructions of 
six or eight inches are typically used in such cases. When evaluating the slab construc
tion for a building: 
- Determine if slab construction will serve as an adequate sound barrier. 
- Evaluate the slab proposed for mechanical equipment rooms and machinery areas. 
- Recommend an alternative slab where increased separation is necessary. 

o Consider the acoustic benefits of drywall construction. 
Generally, interna! wall structures are constructed of gypsum board installed on both 
sides of metal studs. Toe leve! of acoustic performance varíes depending upen the 
number of layers of drywall placed on each side of the metal stud and the thickness of 
insulation used in the cavity. Toe choice of full-height or non-full-height partition 
constructions also has a major bearing on the leve! of privacy afforded and the STC 
rating. Typically, monolithic drywall constructions provide a performance leve! of 
approximately STC-30 to 35 between adjacent offices when erected only to the ceiling 
line.• Full-height structures between offices can increase performance levels to between 
STC-40 and SO or more, depending on whether single- or double-layer drywall is used. 
Double-layer construction is typically installed. in conference rooms and executive 
spaces to afford maximum privacy and separation. 

O Select appropriate partitions to achieve the required speech privacy rating 
between spaces and separation from HV AC equipment areas. 
Determine which areas require increased separation, based on whether they are noise
sensitive or noise-producing. Consider the typical partitions proposed for use in each 
area. Recommend alternative partitions for noise-sensitive areas or noise-producing 
areas, as appropriate. 

O Use constructed or natural screens to reduce the impact of noise from exter
nal sources. 
Constructed barriers, such as the screen walls typically seen along highways, can offer 
significant shielding and acoustical attenuation. Natural earth berms can also serve 
this pwpose, but other natural barriers such as vegetation and trees do not have signif
icant acoustic screening effects. 

Surface Finishes 
O Consider acoustical properties when selecting surface finishes. 

Determine how selected finishes will affect sound travel and reverberation within 
building spaces. Request acoustical information and standards from the product man
ufacturer. Surface finishes can be modified to meet acoustic demands. 

O Perform product reviews and analyses to assess safety and environmental factors. 
Consider the recycling potential and environmental friendliness of finishes. In addition, 
choose products that satisfy requirements for flame retardancy and smoke spread. 

O Confirm that acoustic material selections meet the project's environmental criteria. 
(See Chapter 2, "Selecting Environmentally and Economically Balanced Building 
Materials," and Chapter 16, "Materials.") 

O Test materials as specified in American Society for Testing and Materials (ASTM) 
acoustic standards. 
Before selecting acoustic materials, test them according to ASTM test standards to 
identify their actual performance and limitations and to assess their suitability for the 
intended purpose. 

(. 
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O In highly sound-sensitive areas, perform a full analysis of room geometry, vol
ume, and surface finishes to predict reverberation time. 
This type of analysis is necessary in boardrooms, auditoriums, and similar spaces to 
identify measures that attain the desired reverberation time. Where natural speech pro
jection is of importance, such as in dassrooms and lecture halls, strategic placement of 
suitably reflective surfaces enhances speech projection to the rear of the facility. 

O Use acoustical ceiling products and carpeted floors. 
Sounds generated by general office functions are typically controlled by acoustical ceil
ing products and carpeted floors. More critica! spaces such as conference rooms and 
audio-visual facilities require acoustical wall treatment. 

O Determine when additional acoustical treatments are needed to increase sound 
absorption within a given spaces, and in those cases, consider using: 
- Acoustical ceiling tiles; 
- Fabric-wrapped wall panels; and 
- Spray-on acoustical treatments. 

O Select appropriate ceiling ti.les based on ceiling sound transmission class rating. 
Ceiling materials are specified according to their level of "softness" to absorb sound in a 
given space and according to their barrier properties as denoted by their ceiling sound 
transm.ission dass (CSTC) rating. Toe higher the CSTC value, the greater the material's 
ability to prevent sound transmission. Typical mineral-fiber ceilings are rated CSTC-35 to 
39, while fiberglass systems are rated at the lower performance level of CSTC-20 to 25. 

O Avoid using acoustic materials that may adversely affect indoor air quality. 
Sorne sound insulation products can absorb dust and other substances that may later 
be ernitted. These substances can become airbome and move through the HV AC sys
tem, potentially becoming a health hazard. Toe use of encapsulating products to 
address this problem may interfere with acoustic performance. (See Chapter 13, 
"Indoor Air Quality," for more information on materials and IAQ). 

Mechanical lssues 
O Determine what mechanical equipment has been selected for the structure, for 

example: 
- Cooling tower; 
- Chillers; 
- Air-handling units; 
- Exhaust fans; 
- Heat pumps; 
- Fan coil units; and 
- Variable-air-volume boxes. 

O Consider what manufacturers report as the sound power and pressure levels for 
the selected models. 

O Determine whether a mock-up test of specific project conditions is necessary to 
predict actual noise levels orto test new, previously untested equipment. 

O Determine whether the equipment is suitable for the usage from an acoustic 
standpoint. 

O Determine if noise levels of mechanical equipment meet the project's acoustical 
criteria. 

O Recommend improvements to acoustic conditions related to the mechanical 
equipment, if necessary.such as the following: 
- Relocate the equipment to a less sensitive space; 
- lnstall or increase lining within the ductwork; 
- lndude sound attenuators (silencers) within the system; or 
- Re-select a given piece of equipment. 
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White Noise 
O Consider a white noise or sound-masking system to maintain a constant level of 

speech privacy. 
If office spaces are very quiet (less than NC-35 to 40 in prime speech frequendes), con
versations are readily audible to adjacent occupants, espedally in open-plan offices. 
This, in tum, reduces concentration and interferes with productivity. A white noise 
system ensures a constant background noise level to maintain speech privacy. In these 
systems an evenly distributed array of speakers concealed above the ceiling artifidally 
raises the background noise level in the space. The sound is unobtrusive to occupants 
and is similar to that of an HV AC system. Central white sound systems for large offices 
incorporate amplifiers and equalizers that can adjust the spectrum shape of sound and 
intensity levels to best suit the objectives. Smaller systems use individual speaker ca.ns 
with inboard amplification and equalization facilities. White noise systems are typical
ly designed to provide an even background noise in the range of NC-38 to 42, depend
ing upon whether a cellular or open-plan office arrangement is used. 

Active Noise Control 
• Consider using newly developing active noise-control systems. 

Active noise-control systems are currently being developed for ducted HV AC systems, 
but to date their use is limited. Active noise cancellation (ANC), used in today's sys
terns, employs a series of microphones to detect the noise occurring in the airstream of 
an HVAC duct. A speaker creates an identical noise sound field 180 degrees out of 
phase from the original sound waves processed in the controller. The result is a sound 
field reduced (not actually canceled) through the interaction of primary and actively 
controlled secondary sound sources. Currently, economic considerations·limit the 
application of ANC to frequendes of 500 Hz and lower because passive noise methods 
(such as sound attenuators and acoustical duct lining) are effective and more cost-effi
dent at higher frequendes. 

• RESOURCES 

American Sodety for Heating, Refrigerating, and Air Conditioning Engineers. "Sound 
and Vibration," Chapter 7 in 1993 Handbook: Fundamentals. Atlanta: ASHRAE, 1993. 

--. "Sound and Vibration Control," Chapter 42 in 1991 Handbook: HVAC 
Applications. Atlanta: ASHRAE, 1991. 

Fazio, Paula C., ed. Thermal Insulation: Environmental Acoustics, vol. 04-06 of Annual Book 
of American Sodety for Testing and Materials (AS1M) Standards. Philadelphia: ASTM, 
1992. 

Harris, Cyril M. Handbook of Acoustical Measurements and Noise Control. New York: 
McGraw-Hill, 1991. 

U11nit 
1 American Society for Heating, Refrigerating, and Air-Conditioning Engineezs, "Sound and Vibration," chap. 7 

in 1993 ASHRAE Handbook: Fundamentals (Atlanta: ASHRAE, 1993), 7.9. 

2 ASHRAE,ASHRAEHandbook, 7.9. 

3 Cyril M. Harr!s, Handbook of Acoustúa/ Measurements and Noise Control (New York: McGraw-Hill, 1991), 2.15, 
31.3. 

4 Harr!s, Handbook, 31.15. 
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CHAPTER15 

Building. 
Commissioning 

* SIGNIFICANCE 

In recent years, most new buildings have been equipped with increasingly sophisticated 
heating; ventilating, and air-conditioning (HV AC) systems, energy conservation equip
ment;- lighting systems, security systerns, and mechanized sun control devices that rely 
on electronic control. However, in many buildings, sorne of these systems and design fea
tures have not performed as expected. This can result in energy-effidency losses, occu
pant complaints about indoor air ,quality, high operating costs, and increased liability for 
building owners, operators, employers, and design professionals. 

Building commissioning was developed in response to these concerns. Commissioning 
involves exarnining and approving (or withholding approval of) building systems to veri
fy aspects of the building design,· ensure that the building is constructed in accordance 
with the contract documents, and verify that the building and its systems function as 

· intended. Toe process helps to integrate and organize the design, construction, opera
tions, and maintenance of a building's systerns.1 

Commissioning is commonly performed when building systems are constructed or 
installed and, preferably, once again 12 months after occupants have been using the 
building and all systerns have been operating for a •while. However, a good commission
ing process actually begins during the design phase with agreement on how the design 
criteria will be verified and do~ented during the post-construction and post-occupan
cy assessments. Recommissioning on an annual basis is also advantageous as a means of 
ensuring the proper functioning and upkeep of building systems throughout their useful 
lives. Given its importance and many potential benefits, commissioning is becoming part 
of good standard practice for the industry. 
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Benefits of Building Commissioning 
• Toe building-commissioning process provides for testing and verification of building 

systems to ensure that they perform as designed and meet expectations for energy con
sumption and costs. 

• Toe contractor commissioning activities and documentation ensure that systems are 
installed as designed, thereby reducing the occurrence of problems at the project's 
completion and over the life of the building. 

• Toe building-commissioning process is used to discover defidendes in the building 
and its systems before occupancy. It is more cost-effective to correct any defidendes 
(both in design and construction) at that time. 

• Construction-phase and post-occupancy building commissioning improve the build
ing systems' performance under real, live conditions, redudng the potential for user 
complaints. 

• Toe building-commissioning process helps ensure the proper functioning of buildings 
with good indoor air quality.2 (See Chapter 13, "lndoor Air Quality," for additional 
information.) 

• Using the HV AC system design documentation as a checklist ensures that the HV AC 
system capadty meets the projected peak and actual thermal loads for population and 
equipment.3 This review reduces the need for potentially costly construction change 
orders, which in turn reduces construction costs and the architect's potential liability. 

• The building-commissioning process provides the design team with a better under
standing of the building's systems, resulting in improved design and better coordina
tion of the construction documents. 

• Recommissioning a building throughout its life on a regular, annual, or biannual, 
schedule ensures the proper functioning of systems on a continuing basis. By main
taining indoor air quality, building recommissioning may also reduce worker com
plaints and improve worker productivity.4 This in turn may reduce the building 
owner's potential liability. 

• Sorne utility companies are exploring the possibility of providing rebates or reduced 
utility rates to building owners whose buildings are commissioned or recommissioned, 
which may provide additional savings to cover the commissioning costs. 

• Professional liability insurance companies are exploring the possibility of redudng 
annual premiums for architects and engineers who perform building commissioning 
on their projects. 

A good building-commissioning process requires leadership, planning, thorough docu
mentation, and systematic implementation. For the design and construction of green 
buildings, the advantages are tangible. Building commissioning reduces energy con
sumption and promotes good indoor air quality. It can be a cost-effective method to pro
duce these results and should be seriously considered for large projects.5 

r.-. SUGGESTED PRACTICES AND CHECKLIST 

Design and Construction Documents Phase 
• Select the building systems to be covered in the commissioning process. 

In large· and sophisticated buildings, many systems are integrated. Expanding cornmis
sioning activities to cover multiple systems may be desirable. Toe American Sodety of 
Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) has published guide
lines for cornmissioning HV AC systems. 6 Figure 1 provides a list of additional systems 
that should be considered for commissioning. 
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l. Mcchanical 

2. Plumbing 

Figure 1 
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Figure 2 
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Room 

Number 

1 

1 
1 

1 
1 

Figure 3 

o Develop a strategy to implement the building-commissioning process. 
Toe ASHRAE guidelines provide a good overall model. Figure 2 illustrates a three-step ( 
commissioning process showing the suggested activities and responsibilities of team · .. , ... 
members during each step. Ensure that the commissioning strategy encompasses all of 
the necessary activities in each stage of the process. 

O Prepare the design documentation and design criteria for the HV AC system, 
induding the following information: 

Name 

- Toe HV AC system building-commissioning design documentation form, similar to 
the example shown in Figure 3; 

- Toe HV AC system design criteria; and 
- Toe HV AC system description. 

Maximum Equipment Ventilation 
Occupants inCFM 

Projected Code Computers 
Pbotocopy Total I Mínimum 
Machines Air Aow Outside Air 

1 

1 

1 

1 

l 

O Use these HV AC system design documents to: 
- Verify with the building owner or users the occupants' antidpated building program 

requirements and their planned activities and equipment; 
- Verify the fire- and life-safety code requirements for the number of occupants; and 
- Verify with the mechanical engineer the ventilation requirements for the occupants 

and their equipment so the HV AC system is designed with suffident capadty to pro
vide outside air for the projected building population and the antidpated heat-pro
ducing equipment. 

O Have the design team and building operators review the documents to confirm 
that the building is properly designed for its intended uses. 
Toe building population and equipment should not be increased beyond the design 
limits for the HV AC system. 

o Prepare design documentation and design criteria for the other building systems 
to be commissioned according to the format used for the HV AC system. 

O Prepare specifications to describe the commissioning process. 
Toe commissioning process should be described in the Division 1 sections of Construction 
Specification Jnstitute (CSO documents (see uspecifications," Chapter 17, for additional 
information). Toe Division 1 sections should also refer the user to the appropriate techni
cal sections for additional information about each system's commissioning details. 

O Specify facillty startup amount in the commissioning section of Division 1 speci
fications. 
Toe fadlity startup amount is the total dollar amount that the project sponsor allo
cates to commissioning in the project specifications and is released to the contractor at 
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the successful completion of each phase of the commissioning (Figure 2). Titis facility 
startup amount needs to be determined prior to construction commencement and 
should be allocated to the general contractor for coordination and to specific subcon
tractors for their commissioning work. 

o Ensure that the commissioning process is addressed in contract documents and 
construction meetings. 
Contract documents should accurately reflect the process agreed upon for building com
missioning. Toe architect should also be asked to describe the commissioning process at 
any pre-bid or pre-construction conferences and at pre-commissioning meetings. 

O Form a commissioning team and designate a commissioning authority. 
Toe ASHRAE guidelines define the commissioning authority as the qualified person, com
pany, or agency that will plan and carry out the overall commissioning process.7Toere are 
many options as to who should be selected to serve this role, including 
the design professional, the contractor, the building owner, or a commissioning 
consultant/agent. It is often useful to form a commissioning team that works together to com
rnission the building as illustrated in Figure 4. In this situation, the role of commissioning 
authority is divided among various members of the commissioning team, with spedfic mem
bers taking the lead in each phase of the project. Another approach is to consider hiring an 
independent commissioning agent to ensure that the commissioning is performed adequately. 

Construction Phase 
O Involve the design team in monitoring the construction commissioning process. 

During the construction phase, the contractor plays the major role in performing the build
ing commissioning. However, the design team should also be involved in monitoring the 
building-cornmissioning process. Since this is a relatively new process, upartnering" or team 
building may be required to ensure success.8 Toe benefit of partnering is that it establishes a 
forum for alternative dispute resolution so that building-equipment and system problems 
can be resolved quickly in urea1 time." 

O Conduct pre-commissioning workshops and commissioning progress meetings. 
Workshops and progress meetings are useful in ensuring that all building-commis
sioning issues are properly addressed. Attendees should include members of the 
commissioning team. 

BUil.DING OWNER 
INSPECTOR 

BUil.DJNG 7 1Jser 
_Maintemmce 
Personnel 

r - - - - INDEPENDENT 
1 COMMISSIONING AGENT 
1 
1 
1 
1 
1 

r - - CONSTRUCTION MANAGER 

ºººººº ~lt111 
1 

GENERALCONTRACTOR 

~ 
Mechanical Subcontractor 
Electrical Subcontractor 
Plumbing Subconttactor 
Other Subcontractors 

L ARCHITECT 

~ 
Mechanical Engineer 
Electrical Engineer 
Plumbing Engineer 
Other Consultants 

Figure 4 
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• Observe that construction is in accordance with the contract documents. 
The architect should monitor commissioning process, meetings, and workshops to 
ensure that this construction process is generally performed in accordance with con
tract documents. Ultimate responsibility for full-time observation rests with the owner's 
field representatives. 

• Perform systems and equipment startup. 
In this phase, the contractor should start the operation of building systems and equip

.,. . ment so they may be tested, inspected, adjusted, balanced, and corrected if necessary. 

• Demonstrate operations and conduct training. 
Training seminars and on-site "hands-on" training should be conducted for the build
ing operators. Toe contractor should provide the systerns and equipment operations 
and maintenance manuals. 

• Recommend acceptance of the work and payment of the facility startup amount. 
The architect and consulting engineers should review the work prior to acceptance. 

• Prepare the commissioning report. 
When the commissioning process is complete, the commissioning agent should issue a 
commissioning report to the owner, including the following information: 
- Building description, including size, location, and use; 
- Team members and responsibilities; 
- The final project design documents and the commissioning plan and spedfication; 
- A written and/or schematic description of each project system including architectur-

al, mechanical, and electrical systems included in the project; 
- A summary of system performances relative to the design intent; 
- Completed pre-functional checklists; · 
- Completed functional checklists; 
- All approval, non-compliance, and cost-tracking forms; and 
- The manuals for each system, which should include the following information: 

a. System design intent; 
b. System description; 
c. As-built drawing; 
d. Specifications and approved submittals; 
e. Emergency shutdown and operational procedures; 
f. Test-and-balance and other testing reports; 
g. Startup and verification checklists and reports; 
h. Operations and maintenance manuals; 
i. Material safety data sheets (MSDSs), and chemical disposal requirements; and 
¡. Training documents and programs. · 

Post Occupancy Phase 
• Conduct fine-tuning ofbuilding systems and equipment after one year. 

This phase of the commissioning activity should occur after the building is occupied 
and operating under normal and planned conditions for approximately 12 months. 
Fine-tuning is an extremely important part of the commissioning activity and provides 
the opportunity to solve any building problems identified through the owner's 
detailed surveys and environmental analysis. During the first 12 months, the building 
operators should record the conditions in the building and attempt to adjust the sys
tems where needed. If they are unable to control the systems to suffidently resolve 
malfunctions, the contractor should retum to fine-tune the systems and equipment. 

• Recommission buildings throughout their life on a regular schedule, possibly 
every one to two years. 
Recommissioning is an opportunity to ensure that all systems and equipment are per
forrning as intended and that the building occupants and activities conform to the 
HVAC system design documentation. (See Chapter 21, "Building Operations and 
Maintenance," for additional discussion.) 
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• RESOURCES 

Portland Energy Conservation, Inc. Building Commissioning Guidelines. Portland, Oregon: 
Bonneville Power Administration and U.S. Department of Energy, 1992. 

Solomon, Nancy B. "Building Commissioning, A New Delivery Method far Ensuring 
Successful Building Performance Gains Ground." Architecture Magazine Gune 1995): 
123. Provides an overview of building commissioning. It also indudes endnotes with 
additional references on the building-commissioning process. 
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Air '93, 1993), 309. 

PAKT IV: BUILDING DESIGN IDDI 



SECTIONC 

Materials and 
Specifications 

Life-Cycle Assessment and its Application to 
Green Building Principies 
Improving the environmental performance of a building requires a systematic and com
prehensive understanding of all the environmental impacts that occur throughout the 
building's life cyde. This approach-which may also be applied to products and activi
ties-has come to be known as life-cyde assessment (LCA). When applied to a building, 
the life-cyde approach seeks to examine and analyze all environmental effects of that 
building, from the acquisition of all the materials, energies, and natural resources that 
ultimately go into the building to the point in time when the building has completed its 
useful life and is demolished. In addition, the life-cyde approach seeks to balance envi
ronmental concerns with traditional issues that have always affected decisions and choic
es in the building industry: function, performance, aesthetics, and cost. Equipped with 
the knowledge and understanding provided by the life-cyde approach, design profession
als are able to mal<e the decisions and choices that can lead to genuine improvement in a 
building's environmental performance. 

Life-cyde assessment provides the most thorough assessment approach to understanding 
the environmental impacts of buildings and building materials. Although frequently cited 
and discussed, LCA is not thoroughly understood or utilized by many in the building 
industry. As a result, the application of sorne well-intended green building princtples can 
be misguided. Often, materials or products are compared and decisions made on the basis 
of one or a few isolated environmental attributes without consideration of the full array 
of environmental impacts and implications present in the total life cyde. Such simplistic 
decisions can be risky and lead to a poor choice. For example, if uproduct A" is manufac
tured from a certain recyded material and uproduct B" incorporates no recyded material, 
the assumption usually is that A is a better choice than B. Or if A is made of natural mate
rials and B is not, A is usually assumed to be the preferred environmental choice. Sound 
sctence and LCA may reject such a choice; mal<ing the proper decision requires a more 
thorough analysis. 
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Much has been written and a great deal of excellent work performed in the development 
of LCA prindples and methodologies (see the "Resources" section below). lt is not the ( 
intent here to review this work, but to briefly explore how these prindples might be 
applied in the context of a building. 

Green Building Principies 
Viewed from a life-cyde approach, the fundamental prindples and objectives of green 
building are to: 

• Minimize natural resource consumption (materials and energy) throughout the total 
building life cyde; 

• Minimize pollution and environmental releases throughout the total building life cyde; 

• Protect the ecological (natural) environment; 

• Create a healthy, comfortable, nonhazardous space; 

• lncorporate quality, function, and performance consistent with the objective of the 
building; and 

• Balance environmental performance with cost and economic performance. 

Potential Benefits of a Green Building 
A green building project must have dear and measurable benefits for the variety of stake
holders involved. Protecting the environment is certainly one of the prirnary benefits. 
More and more evidence demonstrates that other benefits are possible and that these can 
provide additional incentives for "building green," such as: 

• Reduced life-cyde costs, including: 
- First costs; 
- Operating costs (energy, maintenance, repair); and 
- Renovation, demolition, disposal costs. 

• Reduced risk and liability (avoided costs). 

• A better building offering, induding: 
- Energy effidency; 
- Improved lighting; 
- Improved comfort; and 
- Healthier indoor environment. 

• Improved occupant productivity. 

• Increased stakeholder understanding and awareness of environmental issues and con
siderations as a result of the experience. 

• Potential identification of opportunities for new products, designs, and approaches. 

The LCA Concept 
Toe fundamental concepts of LCA are surprisingly simple. Toe application of the con
cepts to buildings and building materials is also reasonably straightforward. However, 
actually conducting a complete LCA for a "real building" can be another story. When 
dealing with the intricate relationships among many materials and components as well as 
their origins, uses, and fates, the practitioner is led to invoke numerous assumptions, 
approximations, and qualitative judgments. Factors that can make a complete LCA diffi
cult and costly indude the lack or inadequacy of data and information, questions about 
the quality of the data, problems of allocation, the incompleteness of the science of 
impact assessment, the difficulties in adequately conveying the thoroughness of the 
study, and many other concems. 
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For those who subscribe to the ~elief that increased knowledge and understanding 
l. : _ _ (though incomplete) Iead to better \decisiamlinons, the benefits of the LifiCA app

1
roachb, whetheder 

.,,-.· carried out in great detall or in some stre · ed way, can be sign· cant. t can e argu 
that the information and data revealed by the LCA can provide new insight and under
standing; and when viewed in the context of its limitations, the process can lead to bet
ter, more informed decision making. Moreover, there are approaches and support systems 
that can help make the process m~ageable. 

i 

A model suggesting how to apply the LCA concept to a building, with particular empha
sis on building materials and products, is presented here. The model provides a system
atic framework that illustrates how LCA can identify the complex relationships among 
all the materials and components that go into a building throughout the various stages 
of its life cyde. Understanding these relationships makes it possible to evaluate the envi
ronmental implications of various material, design, construction, and operation options 
possible for the building. 

Definition of the Building Life-Cycle 
The environmental assessment process begins with a definition of the total building life 
cyde, which entails the sequence of all events and activities in the life of the building 
from site selection through constn:iction and operation to ultimate demolition (Figure 1). 
The environmental impacts of the building and all components can be assessed in terms 
of the changes that occur in the environment as a result of this total sequence of activi
ties. Induded in this is an understanding of the environmental changes occurring as a 
result of materials or things being taken from and retumed to the environment. 

Environmental impact may be assessed in terms of the net changes that occur as a result 
of this interchange of materials. Generally, actual environmental changes are complex 
combinations of material movement and alterations, as well as chemical and other 
changes. These changes occur in a time-dependent context, so it is important to consider 
not only what changes take place, but where and at what rates they occur. This temporal 
context gives rise to such complex issues as the reversibility of environmental impacts 
and the renewability of resources. 

lnventory Phase 
In principie, then, by developing an inventory, and examining the material and energy 
balances of each of the life-cycle processes, it is possible to identify the change and inter
change of materials that affect the environment. This exerdse is called the inventory 
phase of an LCA. It does not constitute an assessment of environmental impact, but 
instead an identification and measurement of things that can result in such impact. This 
inventory of environmental impacis is a significant first step, and with careful interpreta-
tion, can offer valuable insight. · 

During the inventory phase, it is helpful to use an expanded graphical framework that 
applies input-output analysis (Figure 2) to each of the activities or stages defined in the 
building life cyde. The framework suggests three categories of inputs and three categories 
of outputs. All input and output possibilities fall into one or another of these categories. 
Figure 3 illustrates this input-outpui: concept applied to the total building life cyde. 

i 
1 

Each of these input-output categóries generally comprises numerous specific processes 
and materials. The processes that provide materials to the building life-cycle need to be . 
analyzed in the same way as the main building life-cyde processes. This leads to a graphi
cal road map or cascade of processJs that, although complex, permits a visual understand
ing of the complete building life :cycte. Figure 3 illustrates how building materials and 
products intervene in the life-cyde stages of a building. For purposes of illustration, this 
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discussion focuses on the energy input throughout the life cycle, the material and prod
uct inputs from construction through the use and operation stages, and the environmen
tal releases throughout the life cycle (Figure 4). Coproducts are excluded here in the 
interest of simplification; they can be included in a similar manner. 

The environmental impacts of the building materials and products entering the life cycle 
are examined in the same manner-and through the application of the same input-out
put concept-as the sequence of processes and activities that lead to or produce those 
materials. These processes begin with the acquisition of natural resources and continue 
through refining and manufacturing, including transportation, to the point when these 
materials and products are on the site, ready to be incorporated in the building. A single 
process representing the complete sequence of processes is represented here far simplifi
cation. Figure 5 illustrates this process and the significant inputs and outputs. Expansion 
of this single process into its complete process sequence may be desirable depending on 
the scope of the LCA. Examination of each of the other main stages in the building life 
cycle can be performed in the same way and results in similar diagrarns. 

The next stage in the assessment is developing the life-cyde inventory, which involves 
collection of the data and information that characterizes the energy consumption, envi
ronmental releases (air, water, solids), and natural resources used in each of the main 
stages and associated processes in the building life cycle. 

This inventory process can be carried out at varying levels of detall. The depth of the 
analysis, dictated by the purpose and objectives of the project, must be clearly defined at 
the beginning. It is likely, however, that a more thorough analysis will lead to greater 
confidence in the final result. 

Por purposes of illustration, a practica! and somewhat subjective approach (rather than a 
highly detailed, in-depth analysis) is described here. Using the building life cycle shown 
in Figure 4 and taldng into consideration the intended purpose and use of the building, it 
is possible to identify various design options, material and product choices, and building 
operating decision, such as: 

• Use of steel versus alurninum, wood, ar masonry; 

• Use of daylighting versus electrical solutions; 

• Use of alternative glazing and window treatments; 

• Design of heating, ventilating, and air-conditioning (HV AC) systems; 

• Incorporation of electricity-saving devices, such as occupancy sensors and controls; 

• Paint selection; and 

• Flooring selection (e.g., marble versus ceramic, vinyl, ar carpet). 

Many material and product options are available. The options will be determined by the 
project itself and the many factors associated with it. It is often useful to begin with an 
initial building design and examine it in terms of the building life cycle. Toen, compare 
this base case to an examination of other options and alternatives that are within the 
scope of the project. 

The assessment must include exarnination of each of the building life-cycle stages: site 
selection and preparation, construction, fumishing and outfitting, use and operation, 
and demolition (Figure 4). The assessment begins by determining the following far each 
life-cycle stage: 

• The energy input necessary to carry out each stage; 

• The environmental releases and pollutants resulting from each stage; and 
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• Toe inventory of input materials and products for each stage. 
Once the material and product inputs (the third ítem above) to each life-cyde stage are 
identified, it is then necessary to analyze them in terms of the following factors (see Figure 
5 for an example): 

• Toe energy input necessary to produce those materials and products; 

• Toe total environmental releases and pollutants necessary to produce them; and 

• Ali of the non-energy natural resources necessary to produce them. 

As noted earlier, the data must take into account the entire process from the acquisition 
of natural resources to the point where the materials and products are on the site and 
ready to be used in the building life cyde. 

These steps constitute a collection of inventory data only; a complete set of accurate data 
is difficult, if not impossible, to compile at this stage in the development and application 
of LCA to real-world problems. Consequently, it is important to record as much as possi
ble about the quality of the data and the assumptions made in its acquisition. 
Quantitative data will likely not be available in many cases, making qualitative and sub
jective judgments necessary. 

Recording, organizing, and managing the information may be done in severa! ways. 
Borrowing in part from the approach suggested by Graedel et al.,1 one can develop a 
series of matrices for recording the above evaluations and managing the inventory infor
mation (see Matrices I and JI). Matru I deals with the environmental releases and energy 
usage assodated with the primary processes of the building life cyde. Matrix II illustrates 
the types of environmental data and other relevant information that can be acquired for 
the materials and products that have been identified as inputs to the primary life-cyde 
processes. As indicated before, the information here is likely to range from quantitative 
measurements to subjective comments. Additional categories may be useful depending on 
the purpose and scope of the project. Non-environmental factors such as cost are also 
important in the ultimate dedsion-making process. 

Comparing Options 
Having examined the base case, one can now consider the various options in design or in 
materials and products. These options need to be examined for their effects throughout 
the entire life cyde. For example, a change in a specific design feature is likely to affect 
sorne of the material and product requirements in other stages (both upstream and down
stream) of the life cycle. Similarly, different product options can affect other downstream 
processes in the life cycle. lt is necessary to understand and examine the consequences of 
each option in the context of the complete building life cycle. 

In principie, the various options can now be compared in terrns of their environmental 
irnplications. Sorne would argue that the unknowns and uncertainties are too large to 
draw valid conclusions. lndeed, these are always issues to be considered. Those willing to 
deal with the uncertainties and risks and utilize sorne of the dedsion-support methods 
currently available can move forward.2 By identifying the stakeholders and their sets of 
values, one should be able to make more informed judgments about the environmental 
benefits accruable to each of the various options. Evaluating the economic irnpacts and 
costs of irnplementing the various options should also be possible. A dedsion whether or 
not to adopt a building design option can now be made with considerably more informa
tion and insight. 
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(Section C contains two chapters on materials. Chapter 16, "Materials," provides a discus
sion of general material categories from the perspectives of resource efficiency and occu
pant health issues. Chapter 17, "Specifications" offers examples of environmental 
language for specifications documents and information-gathering formats for assessing 
material choices.) 
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CHAPTER16 

Matertals 

lntroduction 
Nátional and intemational standards organizations are currently developing life-cycle 
assessment standards for building products and materials. For example, life-cycle assess
ment standards being developed by the American Society for Testing and Materials' 
(ASTM's) Subcommittee E-50.06 will provide the basis for obtaining environmental infor
mation from product manufacturers in terms that are equivalent or comparative. These 
standards should make a compara_tive product life-cycle analysis easier and less costly for 
the design team. (See Chapter 25, "The Future of Green Building," for a listing of the vari
ous life-cycle standards under review and development.) 

This chapter focuses on two elernents of environmental life-cycle assessment for materials: 
J) miuimiziug natural resource use, and 2) creating a healthy, comfortable, nonhazardous 
space for building occupants. (Other life-cycle criteria for materials selection mentioned in 
the Section C introduction are not included in this chapter.) Additional materials-selection 
criteria, such as code approvals, performance, aesthetics, cost, and availability, are already 
well established in traditional practice and are not emphasized here. 

The information presented here is not meant to be conclusive or definitive. It is provided 
as an introduction and general guidance regarding resource efficiency and material-relat
ed health issues. The reader is encouraged to continue learning about these and other life
cycle assessment issues that impact building material options through references listed in 
"Resources" at the end of this chapter. (Also refer to Chapter 2, "Selecting Environmen
tally and Economically Balanced Building Materials," and Part IV, Section C introduction, 
"Life-Cycle Assessment and its Application to Green Building Principles" .) 

Author 

David Rousseau 
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~ CHAPTER 16: MATERIALS 

Resource Efficiency 
* SIGNIFICANCE 

Renovation and construction projects, and maintenance programs are necessary to 
improve the nation's building stock. These efforts depend ·on reliable sources of quality 
building products. Llmitations on the a~ability of some building material resources are 
beginning to occur. For some products, prices are rising faster than inflation as the avail
abllity of raw materials starts to decline. Products selected for construction not only con
sume resources and energy, but also produce air and water pollution and solid waste 
during their manufacture. Once installed, they may require maintenance or periodic 
replacement. When a building is demolished, the products and materials usually are dis
posed in landfills. Therefore, building materials that minimize the use of natural 
resources and are dmable or reusable contribute to sustainable building practices. 

The materials-selection practices discussed in this section relate to daddings (exterior walls), 
interior finishes, and fumishings (rather than structural materials) because they require 
maintenance every few years and replacement several times over the life of the building. 

(~ SUGGESTED PRACTICES AND CHECKLIST 

O Comider the following criteria in materials selection: 
- Resource quantity. A fundamental strategy for resource-efficient building is to build 

less and use smaller quantities of materials In the construction process. The most 
cost-effective conservation strategy is. to buy less product, or use the purchased prod
uct more efficiently. For example, gypsum wallboard !nstallation typically results in 
a lot of scrap material because of slzing needs. 

- Reused materials. Many durable products such as doors, cabinets, and other easily
removed millwork, and some architectural metals and glass, can be readily salvaged 
and reused. This practice has usually been limited to restoration work, but is becom
ing more common in building and renovation projects. Salvaging does require extra 
effort, but the quality and cost savings of some salvaged materials can be consider
able. The additional labor cost may be entirely or partly offset by savings on new 
materials, transportation, and dumping fees. 

- Recycled content. Although many building products are now available with a high 
content of recyded materials, there is confusion about the definition of the term. 
There are at least three types of recyded content materials: 

a. Postconsumer material, generated by commerdal, industrial, and !nstitutional 
facilities or households, and that can no longer be used for its intended purpose. 

b. Recovered industrial process waste that cannot be reused in the same process, 
such as slag from metal and mineral smelting. 

c. Internally recyded materials from a manufacturing process, such as scraps from 
trimming and returned or substandard product. 

- Renewability and use of sustainable management practices. Renewable materials indude 
wood, plant fibers, wool, and other resources that are potentially replaceable within 
a limited time period (such as a few decades or less) after harvesting. Information on 
wood harvested through sustainable management practices is becoming more readily 
available, !nduding certification programs and standards. 

- Local content and reduced transportation. Specifying products made with local materials 
and labor can contribute to low embodied energy consumption and life-cyde cost 
for building materials. 

- Regionally appropriate materials. Some types of construction and materials are more 
appropriate in one region than another because of dimatic differences. For example, 
it is well known that utilizing thermal mass in building design has important energy 
and comfort benefits In the Southwest United States, where daily temperature swings 
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can be extreme. However, in a hot, humid climate like that of the Southeast United 
States, lightweight construction and high ceilings may be beneficia!. 

- Life-cycle cost and maintenance requirements. Over the useful life of a commercial 
building, which may be 30 or more years, sorne materials will require maintenance 
and replacement more than once. When the full range of costs is considered, materi
als that are more costly upon initial purchase may be justified in terms of "avoided 
future costs." Toe higher initial cost may also be justified if the product compares 
favorably with others over their life cyde. (See Chapter 2, "Selecting Environmentally 
and Economically Balanced Building Materials," for a discussion on life-cyde cost.) 

- Resource recovery and recycling. Once a material has completed its initial service in a 
building, it potentially has additional use as a resource and can later be recovered 
and recyded. Toe potential recyclability of metal, plastic, glass, wood, and masonry 
are discussed below. 

a. Metals are recydable if they can be separated by type. Accordingly, steel and 
aluminum building elements have a high recyding value. Approximately SO to 
70 percent of the energy and pollution from steel production can be avoided by 
cunent recyding technology.1 Up to 85 percent of the energy and pollution 
from aluminum manufacturing can be avoided by remelting. 

b. Most plastics are recydable, but the current rates of recycling are not high 
because the wide variety of plastics in use makes them difficult to separate. 
Sorne plastics such as pure polyvinyl chloride (PVC) would be recycled from 
buildings more often if designed for easy removal. Additives, coatings, and col
orants make recycling difficult. 

c. Glass products are recyclable if separated and uncontaminated; however, little 
recycling of glass building products now occurs. Recycled glass products are 
made with consumer container glass salvaged from the waste stream. Remelting 
glass offers only a marginal energy and pollution reduction.2 

d. Heavy timber is recydable by salvaging and by resawing. Engineered structural 
wood products, wood panels, and millwork are candidates for salvage and reuse, 
particularly if they are fastened in such a way that they can be easily removed. 

e. Concrete, day, and other masonry products and ceramics are examples of mate
rials that are usually difficult to salvage and reuse. Sorne recyding of these prod
ucts occurs by crushing them for use as granular fill in road and sidewalk base. 

Health and lndoor Air Ouality Issues 
* SIGNIFICANCE 

Poor indoor air quality is caused by outdoor and indoor sources of gaseous and particu
late air pollutants that exceed the capacity of the building's ventilation and filtration 
equipment to dilute or remove them to an acceptable level. 3 Although many pollutants 
originate outdoors or from occupant activities, equipment, and processes, other pollu
tants are generated from materials. 4 Toe various types of indoor air pollutants are: 

• Volatile organic compounds (VOCs) emitted by interior materials and their components; 

• VOCs emitted by cleaning and maintenance products periodically used with those 
materials (see Chapter 22, "Housekeeping and Custodia! Practices"); 

• Fiber shed from textiles, insulation, and panel products; 

• Soil, biological materials (e.g., fungí and bacteria), and gases released by biological 
activity; and 

• Dust and other particulates from spraying, sanding, or finishing. 

These material-based pollutants may affect the health and productivity of building 
occupants, maintainence personnel, and construction tradespeople. (See Chapter 13, 
"Indoor Air Quality" for further discussion on this tapie.) 
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¡,r SUGGESTED PRACTICES AND CHECKLIST 

• Review emission levels from building products at the following stages: 
- Installation. To prevent exposure among tradespeople and building occupants 

during construction or renovation. Information on potential hazards during the 
installation period is documented in manufacturers' Material Safety Data Sheets 
(MSDSs). These sheets are a requirement by law for any material that may have 
health risks; however, they typically do not disclose a full list of contents. 
Additional information is available from the Occupational Safety and Health 
Administration (OSHA). 

- Building occupancy. To prevent exposure of building occupants to ernissions from 
materials during building use. Information on risks of occupant exposures (typical
ly those risks extending more than a few weeks after construction) is difficult to 
determine, because emissions data are difficult to obtain or unavailable from man
ufacturers. This information will become more available in the next few years as 
standards are deyeloped for accurately measuring and interpreting such data. 

- Maintenance and removal. To prevent exposure of building occupants and trades
people during maintenance procedures and removal or demolition. Maintenance 
and removal risks are reasonably well known for many conventional materials. 

• Consider these additional materials issues and effects: 

lllllDI CHA1'l'E.R 16: MATERIALS 

- Sink effect. Rough and porous materials may contain microscopic planes and cavi
ties that can adsorb airbome molecules. These molecules, which may be pollutants, 
can be released ("desorbed") from the material after several hours or days. This 
"sink" effect of materials can be quite significant when pollutant molecules are 
adsorbed. Hard, smooth, and nonporous surfaces typically have a low sink effect. 

- Moisture and temperature. Moisture and heat in materials increase their deterioration 
and increase ernissions of pollutants. Moisture also supports microbial growth. 

- Soiling and cleaning; Improper cleaning practices may disturb soil and introduce 
exposure to chernicals in cleaning products. Soft floor coverings such as carpet 
are susceptible to this improper practice. Nonporous flooring with minirnal seams 
and low-maintenance coatings are less prone to this occurrence. 

- Natural materials. There is a common perception that "natural materials" are bet
ter environmental choices and less of a health risk than man-made "synthetic 
materials." Toxicity and emissions testing of products should help clarify which is 
the better choice with regard to health risk; however, predicting all potential 
health effects is not always possible. 

Survey ofMaterials 
* SIGNIFICANCE 

To adhere to sustainable principies, the material selection process needs to incorporate 
life-cycle assessment elements and the more conventional criteria such as cost, aesthetics, 
performance, availability, code, and manufacturer warranty. This section uses two life
cyde assessment criteria-m.inimizing natural resource use (resource effidency options) 
and creating a healthy, comfortable, nonhazardous space for building occupants (health 
and pollution issues)-to discuss materials in eight of the 16 standard organizational for
mat divisions used by the Construction Specifications Institute (CSI). CSI provides leader
ship for its membership and the building industry through its standard product 
organizational format and its work in development and advancement of specifications. 
Incorporating environmental elements into product review and specification has made 
the process even more challenging. Since the scope of "traditional practice" is currently 
being expanded to include these new elements, it will take time to achieve industry con
sensus with regard to environmentally sound material selections. 



e: O Resource-efficient options 
- Determine whether domestic wood is produced through sustainable forest manage

ment. Although this can be difficult, ASTM is developing a sustainably harvested 
wood standard that can be specified in building construction. An increasing number 
of producers have sustainable-based management programs and partidpate in third
party certification programs. 

- Low-grade fiber, small-diameter trees, and fast-growing, less-utilized tree species can 
be used in engineered wood products and value-added products such as "I" joists, 
oriented strand board, laminated veneer lumber, finger-jointed lumber, open-web 
wood joists and trusses, stressed skin wood panels, and wood/steel joists. Salvaged 
timber and wood products are available from operators who disassemble old build
ings and bridges and then dean, grade, and often resaw the timber. 

- Structural sheathing made from pressed post-consumer newsprint is also available. 
This material not only uses a recyded material but also adds substantial insulating 
value and acoustic absorption to the wall or roof. In some circumstances, nonstruc
tural insulating sheathing such as wood-fiber or glass-fiber boards can a1so be used 
with steel-strap and bracket-shear braces. 

O Health and pollution issues 
- Indoor-air-pollution emissions from glues used in the manufacturing process of some 

engineered wood products are substantial. 
- Those made with exterior-type glues (phenolic resins) and urethane (polyurea) adhe

sives have sorne of the lowest emissions.1 

Division 7: Thermal lnsulation and Moisture 
Protection 
lnsulation 
Thermal insulation can be an important factor in the energy performance of commerdal 
buildings, depending on the climate, building form and orientation, occupancy, and use. 
Achieving high insulation values by designing larger cavities or using higher-performance 
materials may be cost-effective. Once the desired insulation value has been determined, a 
material can be selected that is resource efficient and that addresses health issues. 

O Resource-efficient options 
- Mineral-fiber insulation is made primarily from basalt rock or steel mill slag. lt is avail

able in loose-fill form, batts, and rigid boards, and can be used for most applications. 
- Glass-fiber insulation is now available with 30 percent or more post-consumer recy

ded glass content from cullet.8 It is available in loose-fill form, batts, and rigid boards. 
- Cellulose thermal insulation and acoustic sprayed coatings contain at least 70 per

cent post-consumer paper waste. These are available only in loose-fill form. Walls 
can be insulated using the "blown-in batt" system, installed with a high-pressure 
blower and containment screen. If installed to density specifications, the insulation 
does not settle after application. Horizontal spaces are filled with a low-pressure 
blower. Some systems use a small amount of moisture to encourage stabilization. 
Sprayed cellulose systems are designed for acoustic and fue retardancy and may con
tain mineral fiber. 

- Foamed polystyrene insulation is available with post-consumer recycled content 
from recycled fast-food containers and hot drink cups. "Expanded" types are made 
with a steam process and a non-chlorofluorocarbon (CFC) gas. "Extruded" types, 
which offer higher performance, were previously made with CFCs. However, they are 
now made with hydrochlorofluorocarbons (HCFCs), which have far less ozone
depleting potential. New extruded products containing no HCFCs will soon become 
available, although they contain chemicals that are now being evaluated based on 
their global warming potential. 
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- Urethane foains are high-perfonnance insulating materials available as rigid boards 
or sprayed-in-place systems. These also were once made with CFCs and are now ( 
made with HCFCs. 

- Vermiculite and perlite are naturally occurring minerals that can be used in insulat
ing plaster mixes and in loose-fill applications such as filling cores of masonry walls. 

- A spray-in-place foamed silicate insulation made from sodium silicate and magne
sium oxychloride is available for use where fire retardancy and material safety are 
critical. Used for cavity-fill applications and sorne SUiface uses, it is very moist when 
applied and can take several days to dry. ·· · · 

- Reflective film-radiant insulation can be used effectively to reduce the radiant com
ponent of energy transfer, such as excess heat gain from the sun. This material can 
be particularly useful for reducing cooling loads in commercial buildings in sunny 
climates. It is made from aluminum foil and metallized plastics and usually installed 
in a roof cavity with an adjacent air space. 

O Health and pollution issues 
- · Carefully handle and thoroughly dean up after using sorne thermal insulations, 

which may have health risks. It is recommended that they be applied in such a way 
that they can be completely contained or isolated and cannot enter the building air
handling system. Mineral fibers and glass fibers are now recognized by the United 
States government as possible cardnogens, and care should be taken by workers han
dling them. Cellulose fiber is relatively safe, but it contains borates and sulfates as fire 
retardants and stabilizers that are irritating and may require additional safety mea
sures. Toe same is true for sprayable cellulose insulation containing mineral fiber. 
Vermiculite and perlite dust are potentially dangerous if inhaled, and should be han
dled with caution. These natural mineral products should be certifi.ed as asbestos free. 

- Cedes require a non-combustible covering over plastic insulations and may even 
prohibit them in sorne uses. All plastic insulation materials release some gases such 
as styrene and all are flarnmable, produdng toxic gases when they bum. They are 
primarily useful for exterior applications. Cutting with a hot wire releases toxic 
gases and should be avoided on building sites. 

Cladding and Roofing 
Choices of materials used in dadding and roofing are important for building longevity. 
Toe materials used for these purposes should be durable, recydable, and appropriate for 
the climate and application. 

O Resource-efficient options 
- Metal panels such as galvanized steel and enameled or anodized alumhium are 

appropriate for pitched roofs and dadding. They have the merit of using very little 
material to cover the area, and they are durable and recydable. 

- Composite shingles, tiles, and panels made from a variety of fiber-reinforced 
cement products (sorne coated with plastics, enamels, or thin metals) are also avail
able for pitched roofs and dadding. These are durable, and sorne contain recyded 
content. Although they are not recydable, these are a good choice for durability 
and resource effidency. 

- Stucco is a resource-efficient and durable finish where it is protected from moisture 
and frost damage by effective detailing. Acrylic-modified stucco is less massive and 
can be installed on exterior insulation board, adding to thermal performance. 

- Where shingles are chosen for roofing, higher-quality asphalt shingles and fiberglass 
shingles are a moderately durable option. Sorne may be available with recyded content. 

- For flat roofs, torch-on roofing has important advantages. Also called "cold-process 
built-up roofing," it is fairly durable and repairable; although recyding systems are 
not in place, this roofing is relatively easy to remove. Flat and shallow-pitched roofs 
can also be prepared with drainage mats and topsoil to grow grass, helping control 
rainwater runoff and adding insulation value to the building, while also providing 
habitat for birds and other wildlife. 
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e: O Health and pollution issues 
- Roofing, because of its location, is usually not an important contributor to indoor 

air pollution. 
- Hot mopped asphalt roofing releases extremely high levels of air pollutants during 

installation and may be restricted in some urban areas because of its contributions 
to smog. It is also a health risk to installers. 

Sealants 
Sealants are used in small quantities and are therefore not a cause for serious resource
efficiency concem. However, they present important health concems because many are 
solvent-based and toxic. 

O Resource-effident options 
- Regardless of material type, the sealant with the best service life can be the best 

choice because of the high labor cost of replacement and the potential for costly 
building damage with lower-quality products. 

O Health and pollution issues 
- Generally, sealants used outside the building are not much of an indoor air pollu

tion concem. 
- Acrylics, silicones, and siliconized acrylics are typically the safest sealants to handle 

for inside use and have the lowest solvent content. Those used indoors in any quan
tity, such as vapor-barrier caulking, should be carefully selected only after review of 
health evaluations in MSDSs. Quantities of solvent-based products, such as common 
acoustic caulking, butyls, and urethanes, should be avoided indoors. 

Division 9: Finishes 
Interior finishes are the most important materials category for reducing indoor air pollu
tion. They are also significant from the perspective of resource conservation because they 
wear out and are replaced regularly over the life of the building. 

Gypsum Products 
Gypsum products are the most common interior panels used because of their ease of 
installation, fue retardance, and low cost. Installation typically results in a high level of 
scrap materials discarded to the landfill. Gypsum can be recyded, mioimizing its contri
bution to limited landfill space. Restrictions on dumping gypsum and other construction 
debris have helped start a gypsum-recyding industry in various parts of the United States. 

O Resource-effident options 
- Some gypsum-board manufacturers can verify at least 10 to 15 percent recycled 

material content. Gypsum is recydable if not contaminated with paint or adhesives. 
Toe paper facing can be made from recyded paper. 

O Health and pollution issues 
- Gypsum products themselves are minor sources of indoor air pollutants, although 

the paper facing and adhesives can be sources. Gypsum surfaces are potential 
"sinksn to the extent that they absorb other pollutants. 

- In the construction phase, the application of adhesives, sealers, paints, and caulk
ings are the main concems. 

Engineered or Composite Wood or Plastic Panels 
These panels have recyded content, but the adhesives and sealers used in their manufac
ture and installation may be sources of indoor air pollution. 

O Resource-effident options 
- Hardboards are durable and resource-efficient. They are made with wood fiber that 

is pressed and heated to form panels. No adhesive is usually needed because the 
natural lignin in wood binds the fibers. These boards are reusable if installed for 
later removal. 
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- Particleboard and medium-density fiberboard (MDF) panels are pressed from saw
dust, small chips, and fibers and bound with glue. They can contain low-grade wood 
and sawmill waste. These are resource-effident products but should be chosen for · 
low pollution potential. 

- Low-density fiberboards made from paper and wood fiber are also resource-effi.dent. 
Some are made from ·100 percent recycled newsprlnt, and most processes use no 
glue. Low density fiberboards are used as acoustic panels, underlayment, and tack
boards, among other things. They also can be recyded. 

- Veneered wood panels, such as oriented strand board with hardwood facing, are 
resource-effident choices for interior finishing work. They are used for cabinets and 
millwork and can offer wood-grain surfaces while roiniroizing the use of wOod. If 
installed for easy removal, these have good reuse potential. 

- Recyded plastic panels made from consumer-product waste are available for interior uses 
such as toilet partitions and functional worktops. These have a good reuse potential. 

- Some vegetable-oil-based plastics are available in flexible and rigid forms. They can 
be colored and filled with minerals, metal shavings, or other plastic waste and wood 
fiber, giving them a large range of texture and color possibilities. If installed for easy 
removal, these have good reuse potential. 

- Fiber-reinforced cement boards made with recyded fiber are a resource-effident 
choice. These very durable products can be used as substrates for tile and decorative 
finishes. In some installations they can have good reuse potential if designed for 
easy removal. 

• Health and pollution issues 
- Engineered wood products made with exterior glue (phenol formaldehyde) have low 

formaldehyde emissions. Products stabilized by ammonia treatment or other meth
ods also have low emissions.9 

High-Pressure Laminates 
These surface materials are made by laminating paper and colorants together with 
melamine (phenolic) resin. They are a relatively resource-effident use of plastics because a 
very small quantity of materials suffices to produce a durable surface. 

• Resource-efficient options 
- No manufacturers of high-pressure laminates known at this time offer substantial recy

cled content in their products, although some have made important process improve
ments, such as waste-to-energy and heat-recovery systems that exceed industry norms. 
Their products may have a small resource-effidency advantage over others. 

• Health and pollution issues 
- Because the dust from cutting these laminates and emissions from glues used for 

installation can be quite significant, work ideally should be performed off the 
premises, if possible, and the adhesives chosen for safe handling characteristics. If 
work is to be performed on site, care should be taken in roiniroizing the dust and 
glue emissions. ( See discussion of "Adhesives," below.) 

Ceramics and Terrazzo 
Ceramics and terrazzo are not only among the most durable finishes, they also have 
extremely low emissions. They do not adsorb odors, are easily deaned, and resist abrasion 
and wear. Although they are costly to buy and install, their life-cyde cost is among the 
lowest of all finishes for some applications because of their long life and the minimal 
maintenance they require. Toe main air-pollution factors in the field are the setting 
method, the grout, and any sealers required to protect unglazed surfaces. Energy use in 
manufacturing should also be considered as part of a life-cyde assessment perspective. 

• Resource-efficient options 
- Using local or regionally manufactured ceramics reduces their high transporta

tion cost. 

(,,_.-
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- Some tile is available with recyded content (up to 70 percent), using materials such 
1 

as scrap g1ass and feldspar w¡iste from mining. These have important resource-effi-
dency merit. Some manufacturers a1so have added innovative conservation mea
sures to their operations. 

- Terrazzo made with cement apd crushed stone is aiso resource-effident. 

• Health and pollution issues 
- Cernent mortars, usually modified with acrylic additives, are among the safest set

ting materials to handle. They also have good performance in most applications. 
- Where adhesives and caulkings are used, such as for cove bases and flexible joints, a 

low-solvent<antent product such as an acrylic can be chosen. Plastic adhesives con
tain some solvents and contribute to indoor air pollution. 

- Cernent- and cellulose-based grouts are very safe and have low emissions. Only 
epoxy-modified grout (used for some wet and high-wear applications) contains haz-
ardous components. : 

- Glazed tile and high-fired tile usually do not require sealers. 
- H a porous tile is chosen, the safest sealers are the low-volatility, acrylic or water-

dispersed silicone types. Sealers containing hazardous solvents contribute to indoor 
air pollution. · 

Wood Flooring 
Many resource-effident types ofwood flooring are available, induding salvaged, laminat
ed, and veneered products. The most important air quality issues are the installation 
method and the finish. · 

• Resource-efficient options 
-Salvaged solid-wood flooring is widely available. This is high-quallty material avail

able foi: a modest cost; however, the installation is more expensive than for new 
material because it requires extra labor for fitting and refinishing. Salvaged flooring 
aiso requires sanding and refinishing on-site. 

- New wood flooring materials indude a wide range of veneered and laminated prod
ucts that have a plywood or MDF core with a hardwood surface. These are usually 
prefinished at the factory with a very durable, low-maintenance finish. These are a 
resource-effident choice, but are less repairable than solid wood. 

- Domestic hardwoods such as oak, maple, birch, and ash, and imported spedes 
such as Australian eucalyptus and Scandinavian beech, are most likely to come 
from sustainable sources. Sustainably-managed sources of tropical hardwoods are 
also available. 10 

- A steel-track systern using wedges to hold flooring in place, or a "floating systernn 
using edge gluing where necessary, malees wood floors easy to remove. A nail-down 
systern is a1so salvageable, but with some loss of material. A glue-down systern is 
probably the least salvageable, but is required for parquet flooring. 

• Health and pollution issues 
- Factory prefinished products offer air-quality benefits because no sanding or finish

ing is performed on-site. 
- H sanding is performed on the prernises, the area must be carefully isolated; this 

should indude sealing off the doors and HV AC systern and using ternporary fans. 
- Final deanup with a high-performance high-effidency particulate air (HEPA) filter 

vacuum is recommended. 
- For finishing on-site, consider the water-dispersed urethanes (actually urethane-acrylic 

blends) with low-volatility contents because they are among the lowest-emission 
finishes. Those with "crosslinker" additives are very durable. Hardening oils, solvent 
vamishes, and add-cured va±nishes give off prolonged ernissions of pollutants.11 ' 

- H edge gluing is required, white carpenter's or woodworker's glue is a low-toxidty 
product. H glue-down methóds are required, use a low-volatility flooring adhesive. 

.,, PART IV: BUILDING DF.SIGN ll'lm 
,.: J ' 



':'..!,'' 

ll1lllI!I CHAPrER 16: MATERIAIS 

Resilient Floorings 
Vinyl, rubber, linoléum, and cork floors have merit for their easy maintenance, and some 
types are very durable. Some materials are manufactured with renewable contents, and 
others have recycled content. In terms of air quality, there are important distinctions 
among material types, installation methods, and maintenance products. 

• Resource-efficient options 
- True linoleum is made with many renewable materials (linseed oil, cork, wood dust, 

and jute), as are cork products. llnoleum is highly durable. 
- Recycled rubber tile and sheei: goods made with waste tires are also available. These 

can provide good, resource-effident choices for heavy-traffic and utility areas: 
• Health and pollution issues 

- Resilient flooring products produce some air-pollutant emissions; as do the setting 
and maintenance products used with them. Some manufacturers provide emissions 
data to aid in the selection process. In some applications, interlocked rubber tiles 
can be laid without adhesive. 

- Maintenance products for resilient flooring can also be high pollution sources. 
Flooring with sealed "low-maintenance" surfaces reduces both maintenance costs 
and the use of deaners and waxes. 

Carpets and Underpads 
Given their high level of use and frequency of replacement over the life of a building, 
carpeting and underpads are important products to consider for resource-effidency and 
pollution potential. Several products with recycled content, lower pollution potential, 
and lower maintenance requirements are now available. 

• Resource-efficient options 
- Polyester and nylon~blended carpets are available with recycled content from poly

ethylene terephthalate (PEI) soft-Orink containers. The properties of these materials 
are similar to those of other polyesters. Care should be taken in reviewing these 
products for high performance and durability. 

- Commerdal, high-density, low-pile wool carpet is also available. Wool-face fiber is a 
renewable material with inherent fire resistance and adequate durability for some 
commerdal uses. 

- Carpet tile and releasable roll carpet systems can possibly be switched from low
wear areas to high, to extend the life of the floor. They are also easily removed and 
replaced during renovation. Carp.et tile by design requires the lowest quantity of 
materials over the building's life, as replacement can occur in smaller installments. 
The lowest-maintenance carpets are typically the low-pile, dense-loop, and 
needlepunch types, all of which capture little soil and show less wear. 

- One type of nylon fiber, Nylon 6, offers a high level of recyclability. Recycling is an 
industry priority today because carpeting is sent in large quantities to landfills and 
does not easily decompose. The major obstacles are the recydability of the face 
fiber, the added colorants, and separation of the different materials in the product. 
Carpets made from fewer materials require less separation for recyding. 

- Carpet pad is usually made from sponge plastics and rubber as well as woven and 
non-woven textile fibers. Rubber pad made from recycled tire rubber, a resource-effi
dent choice, is dense and durable with a loµg life expectancy. Fibrous pad made · 
from recycled synthetic and natural fiber from textile mill waste is also available in 
commerdal grades. 

• Health and pollution issues 
- The manner in which carpet is constructed affects the emissions it produces. A 

majority of carpet is made by tufting the face fiber into a polypropylene mat, and 
· gluing it in place with a synthetic latex resin. The synthetic latex is a source of air 
pollution, including 4 phenylcyclohexene (4PC), an irritant dted in several cases of 
Sick Building Syndrome.12 



.• 

- One method of low-emission carpet construction is to elim.inate the latex bond 
through "fusion bonding." Carpet made in this manner has a sponge plastic back
ing into which the face fiber has been heat-welded. lt has a low indoor pollution 
potential. Needlepunched carpets are also made without latex. Among latex-bonded 
carpets, induding wool products, emissions vary widely. Some carpet manufacturers 
have made considerable effort to provide low-emission products and provide test 
results, induding VOC and other emissions at different time periods. u 

- Airing out new carpet has often been recommended as a pollution-reduction 
measure, but the evidence of its effectiveness is still being studied. While this can 
help reduce sorne short-term volatile emissions and reduce odors adsorbed dur
ing manufacturing and storage, other carpet contents can produce emissions for 
many months. 

Finished Concrete Flooring 
Finished concrete flooring is an integral system of slab and finish produced by adding 
colorants and sealers to the topping concrete either before or after it cures. Toe concrete 
is usually stamped with tile patterns and grid lines to control cracking and to enhance its 
appearance. lt is a durable and low-maintenance finish. 

• Resource-efficient options 
- Finished concrete may be appropriate for areas that would otherwise be surfaced 

with tile or terrazzo. Systems with integral color added to the entire topping layer 
are more resistant to damage and less likely to require recoloring than systems dyed 
after the concrete is laid. Proper sealing and waxing can lead to longer life. 

• Health and pollution issues 
- Finished concrete is low in emissions. 
- Toe choice of sealers is the main concem. Water-dispersed acrylic sealers and waxes 

meeting low-volatility standards are among the safest. 

Paints 
Paint is an important indoor air pollution and toxic waste consideration. Volatile emis
sions from paint tend to be short term-that is, they decrease to a small fraction of the 
wet emission rate within a few days or weeks. Sorne of the most toxic emissions from 
paints and coatings are from evaporating solvents and a wide variety of volatiles released 
by oxidation. These volatiles are produced by both solvent- and water-based paints. As 
much as 12 percent of water-based paints may be solvents, although currently paints for 
interior applications are available containing very little toxic solvents. Water-borne 
acrylics are dearly preferable to alkyds (solvent-based oil paints) for handling safety, and 
they are highly durable and produce no hazardous waste from deanup. 

O Resource-effi.cient options 
- Several U.S. companies are now providing recyded paints made by mixing leftover 

manufacturing product with returned customer products. These recyded paints are 
generally good-quality acrylic latex paints, suitable for moderate-duty interior use, 
although the color range is quite limited. 

- For ex:terior use, solvent-based products are required in sorne applications. These 
paints can be recyded either through municipal programs or through paint suppliers. 

O Health and pollution issues 
- Toe first priority is to avoid paints containing lead, mercury, hexavalent chromium, 

and cadmium. Although regulations have nearly eliminated many of these toxic 
components from consumer paint lines, industrial and commerdal paints may still 
contain them. Check MSDSs for these toxic contents as they must be disclosed. 

f - Selecting paints with the least volatile ernissions, provided they still meet the other 
:i: · · project criteria, is importan t . Many such paints are water-dispersed acrylic and latex 

products. Sorne of the emerging third-party certification groups provide environ
mental standards for paints. 
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Ceiling Tile 
Ceiling tile is the most common ceiling treatment in commercial and public buildings. 
Because of the large area it covers, its potential for disturbance during renovation, and its 
contact with HV AC systems, it is important to evaluate ceiling tile in terms of resource 
effidency ánd indoor air quality. 

• Resource-efficient options 
- Ceiling tile is usually made from mineral fiber with added clay or. gypsum fillers for 

fue retardancy and " roioiroal amount of wood fiber, and it is then painted. Most 
ceiling tile contains significant amounts of recycled material. Reusable and 
paintable tile sbould Iast many years if handled carefully. 

• Health and pollution issues 
- Tile collects dust and adsorbs odors. Ceiling tile with mineral-fiber content roay 

also begin to sbed hazardous fiber if disturbed or as it ages. Both problems can be 
a concem where the ceiling is used for a plenum carrying recirculated air back to 
HVAC plants. If this type of system is used, the tile should be checked for dam

. age, and the plenum space deaned with a high-perforroance vacuum as advised 
by an IAQ professional. 

- In either new or renovation projects, install ducts in HV AC ceiling plenums if possi
ble to seCllre the plenums from contamination by debris in the suspended ceiling. 

- Older products dassified within CSI Division 9 may contain hazardous materials 
such as asbestos and lead paint. A discussion of these issues and suggested practices 
to address them is outside the scope of this manual. Professional advice and listings 
of qualified consultants can be obtained from regional Environmental Protection 
Agency offices, or local departments of public health. 

Division I O: Specialties 
• Resource-efficient options. 

Severa! panel systems available for office partitions and non-structural interior uses 
allow changes to floor plans without major demolition and waste. Although they usu- · 
ally cost more than lightweight steel framing and gypsum panels built on-site, they are 
reusable and allow rapid changes to be made with minimal disruption. They also have 
many components that can be recycled when the panels are no longer useful. Usually 
referred to as "demountable systems," they typically have steel or aluminum tracks at 
the top and bottom to hold gypsum panels that lock into place. Door modules, glass, 
different surface finishes, and severa! other options are available. The manufacturers 
daim typically less than 10 percent material waste with relocation. Used systems can 
be purchased and matching components traded between departments or buildings or 
stored for future use. These products can have important resource-effidency merits. 

Division 12: Furnishings 
Furnishings are an important resource-effidency and indoor-air-quality consideration ·ror 
organizations. A major cost and maintenance component for interiors, they are essential 
to workplace satisfaction and comfort. 

• Resource-efficient options 
- The most resource-effident option is to repair any good-quality fumiture currently 

owned by the organization. Good-quality used office fumiture can also be pur
chased from local office-fumiture suppliers. 

- Some fumiture manufacturers and severa! resale operators offer reconditioned fumi-

l. 

ture as a purchase or lease option. These are usually dassic and durable lines that have .. 
been bought back or returned by lessees and have had surfaces and hardware replaced. ll)} 

- Steel, glass, and solid-wood fumiture has significant resource-effidency merits and 
recyding potential. lt also has minimal indoor pollution potential. 
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- Tropical hardwoods are common in office fumiture, both as solid components and 

veneers. Rare woods such as rosewood, teak, and ebony are becoming scarce, and 
extracting them can contribute to forest degradation. To find well-managed sources 
of tropical hardwoods, refer to the guides Usted in the "Resources" section below. 
Sorne consdentious fumiture manufacturers offer substitute woods that are more 
environmentally and economically sustainable. 

- Manufactured hardwoods are another option. These are typically northem hardwoods 
that have been dyed and machined to create beautiful and unique wood finishes. 

- Upholstery foams used in chairs are generally high-density urethane products. These were 
once manufactured with ozone-depleting CFCs, but are now made with less-depleting 
HCFCs. HCFCs are also dueto be phased out from upholstery-foam manufacture in 1996. 

• Health and pollution issues 
- Toe main air-pollution potential associated with fumiture is from glue-bonded wood 

products, soft plastics, fabric treatrnents, and finishes. Sorne fumiture manufacturers pro
vide emissions data fer their products. 

- Fabric coverings, foam fillings, and fabric-coated acoustic panels are dust collectors and 
adsorb odors; dean them regularly to mioimize these problems (see Chapter 22, 
"Housekeeping and Custodia! Practices"). 

- Metal-coating systems and wood finishes are important environmental issues associated 
with fumiture. "Powder-coated" metal finishes are a substitute for painting and plating. 
Toe process involves applying dry powder polymers to metal and fusing them with heat. 
Powder-coated finishes are harder than many paints and can actually rival plating for 
durability. For woods, factory-applied and -cured coatings such as urethanes have mini
mal emissions, and the factory can capture the resulting dust and recycle solvent. 

• RESOURCES 

American lnstitute of Architects Committee on the Environment. Environmental Resource 
Guide. Washington, D.C.: American Institute of Architects, 1992. A large and thor
ough reference work on design and conservation. Toe guide indudes substantial back
ground information on generic materials but no spedfic materials listings and is 
supplemented periodically. 

American Recycling Market. The Offidal Recycled Products Guide. Ogdensburg, N.Y. : 
American Recycling Market. A substantial listing of industrial and construction prod
ucts with recycled content that is updated periodically. 

Center for Resourceful Building Technology. The Guide to Resource Effident Building 
Elements. Missoula, Mont.: Center for Resourceful Building Technology. Toe original 
listing of resource-effictent construction products and those with recycled content. 
Toe guide is updated and revised periodically. 

Harris, B. J. The Harris Directory 1993-1995. Seattle, Wash.: Stafford-Harris, 1993. A com
prehensive database of construction materials with recycled content for Madntosh 
computers. It is updated yearly. 

Iris Communications. The RED! (Resources for Environmental Design lndex) Guide. Eugene, 
Ore.: Iris Com.munications, 1994. A database (fer Windows or Madntosh) of construc
tion materials with recycled content, resource-efficient products, and sustainably 
managed wood sources. 

Ledair, K., and D. Rousseau. Environmental by Design, Professional Edition. Vancouver: 
Ledair/Rousseau, 1994. A guide to specific products for interiors, induding thermal 
insulations. Product reviews are graphic and easy to understand. Toe book contains 
readable background information and is updated twice annually. 

Tree Talk. Woods ofthe World Database. Burlington, Vt.: Tree Talk, 1995. A sophisticated 
and comprehensive guide to woods available on CD ROM with graphics or in simpli
fied format on diskettes. 
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•U•Oit 
1 Natural Resources Canada and Forintek Canada Corp., Building Materials in th• Contut of Sustainabl• 

Dewlopmmt, Summary Report and Resean:h Guidelines (Ottawa: Forintek Canada Corp., 1994). 
2 Using waste consumer gJass In building products is an example of a controvmial recycling measure. Opponents 

argue that gJass containers should be reusable and that any waste should be recycled into consumer glass. 
Proponents argue that a lot of low-quality aushed glass (cullet) is contamlnated and unsuitable for containers. 
Toe energy benefit ñom recycling gJass is small because remelting lt takes about 80 percent of the energy used 
to make new glass, and the i:aw materials are plentiful. In the cmrent waste-glass market, making tile and lnsu
látion from low-grade aillet probably makes more sense than using lt for drainage Bll or as aggregate. 

3 D. T. Giimsrud and K. Y. Teicbman, "The Sdentlfic Basis for Standard 62-1989," ASHRAE foumal (Oct. 1989): 514. 
4 E. Tucker, "Emisslon of OrganiC Substances ñom lndoor Surface Materlals, • E11l'imnmmt IntmumonaJ 17 (1991): 

357--63; H. Levin, "Building Materials and Indoor Alr Quallty, • Occupational Medidne, Statr of the Art Reviews 4, 
no.4 (Oct.-Dec. 1989): 667-94. 

5 Natui:al Resources Canada and Forintek, Building Materials. 

6 M. R. Rixom, Chemi&al Admixtures for e~ (New York: E&F.N. Spon., 1986). 
7 T. Godlsh, Indoor Air Polludon Control (Chelsea, Mlch.: Lewis Publlshers, 1989); and C. B. Meyer and K. 

Hermanns, "For:maldehyde Release from Wood Products: An Overview, • Symposium Seria 316 (Washington, 
D.C.: American Chemical Sodety, 1986). 

s Using waste consumer glass In building products is an example of a controversial recycling measure. (See 
note 2 above.) 

9 Godish, Indoor Air Pollutwn Control; and Meyer and Hermanns, "For:maldehyde Release." 
10 Tree Talk, A Forut ofChoias (Burlington, Vt.: Tree Talk). (800) 858-6230, (802) 863-6789. 
11 Godish, Indoor Air Pollutwn Control. 

12 J. Davidson et al., "Carpet Installation During Building Renovation and its Impact on Indoor VOC 
Concentratlons," in Proceedings, Healthy Buildings (Washington, D.C.: Sept. 1991); and Anne Wagner, "Floor 
Coverlngs &: IAQ, • Indoor Air Qualit¡, Updatr (Arlington, Mass.: Cutter Informatlon Corp., 1991). 

13 M. Black et al, "The State of Washlngton's Experimental Approach to Controlling Indoor Alr Quallty in New 
Constructlon," In Proceedings, Healthy BuUdings (Washington, D.C.: Sept. 1991); and the Washington State 
l'roalmne1lt Standard for Fumlture Systems. 
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CHAPTER17 

Specifications 

* SIGNIFICANCE 
Toe purpose of the construction documents-the drawings and specifications-is to con
vey the building design concept i:o the contractor. Toe more accurately the concept is 
conveyed, the more likely it is the 'concept will be realized. 

In order to facilitate communication of the building design concept, industry members 
have standardized the format of construction documents. Toe drawings describe the loca
tion, size, and quantity of materials. Toe specifications are the written documents that 
accompany the drawings and describe the quality of construction. For example, if the 
drawings indicate a plaster wall, the specifications will describe the plaster mix, lath and 
paper backing, and finishing techniques. 

In the early 1960s, the Construction Specifications Institute (CSI) produced a standard 
organizational format for specifications, which is now used by manufacturers, architects, 
engineers, interior designers, contractors, and building offidals across the United States. 
Under the CSI format, information is organized in a standard outline form. Types of work 
are broadly grouped within 16 CSI Divisions, which are divided into Sections. Toe Sections 
are identified by five-digit numbers. Toe first two digits are for the Division (01-16) and 
the last three indicate more and more precise units of work (i.e., broadscope, medium
scope, and narrowscope). Each ·section contains three Parts: General, Products, and 
Execution. There is also a standardized system of Articles and Paragraphs within each Part. 
Toe 16 Divisions are as follows: 

Division 1 - General Requirements 
Division 2 - Site Work (soon ,to be renamed Site Construction)' 
Division 3 - Concrete ' 
Division 4 - Masonry 
Division 5 - Metals 
Division 6 - Wood and Plastics 
Division 7 - Thermal and Mclisture Protection 

' 
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Division 8 - Doors and Windows 
Division 9 - Finishes 
Division 10 - Specialties 
Division 11-Equipment 
Division 12 - Fumishings 
Division 13 - Special Construction 
Division 14 - Conveying System 
Division 15 - Mechanical 
Division 16- Electrical 

When the building design concept addresses green issues, the specifications should clear
ly indicate the green requirements. Often green requirements do not conform to standard 
practices and are unfamiliar to contractors. While compliance with these.requirements is 
often simple and inexpensive, noncompliance can be difficult and expensiv-if not 
impossibl-to correct. For example, if the contractor overlooks temporary ventilation 
requirements detailed in standard Section 01500 clauses, the building's indoor air quality 
(IAQ) may be significantly impacted, during and after construction. lt would be difficult 
to undo the "damage" and to assess the compensation due the owner for the oversight. 

1-r SUGGESTED PRACTICES AND CHECKLIST 

Although green concepts can be addressed with existing CSI Sections and Articles, it may 
be more useful and provide more darity to create new, separate, readily available Sections 
and Articles to address green requirements. Toe following includes a few suggested 
enhancements to the existing CSI format: 

• Division 1, which addresses broad administrative and procedural issues, should 
dearly indicate the broad green considerations for design and construction, iden- (_ 
tify the owner's commitment, and require the contractor's participation. 
Some environmental controls are already common in Division 1 Sections. For example, 
Section 01100, Special Project Procedures (soon to be renamed Section 01350, Special 
Procedures),2 is sometimes used to address project-specific concems such as the exis
tence of hazardous materials in a renovation project or noise restrictions for construc
tion near a hospital. Section 01500, Construction Facilities and Temporary Controls 
(soon to be renamed Section 01500, Temporary Facilities and Controls),3 commonly 
includes requirements for tree and plant protection, cleaning of the site during con
struction, dust control, and erosion control. Theoretically, existing environmental con
trols in Division 1 could be expanded to address the environmental goals ·of the 
project. However, to facilitate communication, it may be useful to locate environmen
tal requirements in a single Division 1 section, Section 01150, Environmental 
Procedures (soon to be renamed Section 01360, Environmental Procedures).• Refer to 
the sample specification in Exhibit l. 

• For CSI Divisions 2 through 16, communication of green requirements can be im
proved by identifying them in separate Artides under each of the three main Parts. 
Refer to the Environmental Specifications Format in Exhibit 2. 

• Consider the CSI format when investigating product options and record the infor
mation gathered accordingly. 
Refer to the sample Environmental Impact Questionnaire in Exhibit 3 and the sample 
Indoor Air Quality Emission Questionnaire in Exhibit 4. These research tools organize 
product data to coordinate with the major Article and Paragraph format in the 
Environmental Specifications Format. 

• Develop new product Sections as necessary. 
Many green products do not correspond to an exis~g CSI Section. CSI is beginning to .. ,,,:-c-
address this growing need. In the meantime, it will be necessary for individual projects 
to create broadscope and mediumscope sections appropriate for the new categories of 

1111?1 CHAPrER 17: SPECIFICATIONS 



;..: __ : .. -

products such as altemative agric:ul.tural products, plastic lumber, and consttucted wet- -
lands. It may also be necessary to create new narrowscope sections to more effidently 
organize the proliferation of similar, competing products such as fiber insulation (cel
lulose, fiberglass, mineral wool, cotton), rock insulation (perlite, basalt), and foam 
insulation (polystyrene, polyis°o/311urate, polyurethane, glass, and cementitious). 

EXHIBITS 

Following are four comprehensive exhibits that provide detailed examples for design and 
construction professionals regarding environmental specifications and procedures, and 
environmental impact and indoor air quality questionnaires for use with manufacturers. 
These exhibits are provided as examples of the environmentally oriented specification 
forms and questionnaires developed and used by BSW International, a major intema
tional architectural/engineering fi.nn. They provide an excellent example to help organi
zations gain an understanding of the issues and develop similar documents to satisfy 
their own unique requirements. The exhibits are as follows: 

• Exhibit 1 - Section 01150, Environmental Procedures (Sample Spedfication, BSW 
Intemational) 

• Exhibit 2 - Environmental Specifications Fonnat (Sample Fonnat, BSW International) 

• Exhibit 3 - Environmental Impact Questionnaire (EIQ) (Sample Form, BSW 
Intemational) · 

• Exhibit 4 - Indoor Air Quality Questionnaire (Sample Fonn, BSW Intemational) 

•U•jj:f.J 
1 New title anticipated for 1995 Edition of the CSI Master Format, projected for early 1996 publication. 

2 New number and title anticipated for 1995 Edition of the CSI Master Fonnat, projected for early 1996 publication. 

3 New title anticipated for 1995 Edition of the CSI Master Foonat, projected for early 1996 publication. 

4 New number anticipated for 1995 Edition of the CSI Master Foonat, projected for early 1996 publication. 
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BSW lntematlonal One West Thlrd Streel, luisa, OK 74103-3505 (918) 582-8771/(918) 587-3594 

The lollowing document is lumished by BSW INTERNA TIONAL and is intended lo be used only as a guido. 
11 should nol be used as a íinal solulion lor any purpose. Language is presenled for example only and no 

warranly or guaranty is made as to completeness or accuracy of lnlormation contained hereln. 

SECTION 01150 
ENVIRONMENTAL PROCEOURES 

SPECIFIER NOTE: THIS SECTION INCLUOES REQUIREMENTS FOR WASTE 
MANAGEMENT ANO THE PROTECTION OF NATURAL RESOURCES. THIS SECTION 
EMPHASIZES A TEAM APPROACH, INCLUOING OWNER, OESIGN PROFESSIONAL, 
ANO CONTRACTOR, TO AOORESS ENVIRONMENTAL ISSUES. THIS SECTION OOES 
NOT AOORESS REOUIREMENTS FOR ENVIRONMENTAL IMPACT STATEMENTS OR 
ENVIRONMENTAL IMPACT REPORTS. REFERENCES TO ORGANIZATIONS, 
PROGRAMS ANO MANUFACTURERS IN THIS SECTION DO NOT REPRESENTA 
GUARANTY, WARRANTY, OR ENOORSEMENT THEREOF. COOROINATE WITH 
REQUIREMENTS OF OTHER SECTIONS; VERIFY THA T PROOUCTS ANO 
INSTALLATION METHOOS SPECIFIEO IN OTHER SECTIONS ARE 
ENVIRONMENTALL Y APPROPRIATE. EDIT TO SUIT LOCATION ANO PROJECT. 

PART 1 GENERAL 

1.1 SUMMARV 

A. Section lncludes: Procedures for achlevlng lhe most envlronmentally consclous Work 
feasible withln the limils of the Constructlon Schedule. Contract Sum, and available 
materials, equlpment. and products. 
1. Partlclpate In promoUng efforts of Owner and Archltect to create an energy-efficlent 

and envlronmentally-sensilive structure. 
2 . Use recycled-content, toxlc-free, and environmentally-sensitlve materials , 

equipment, and products. 
3. Use envlronmentally-sensiUve procedur~s. . .. 

a. Protect the environment. both on-s,te and off-s,te, during demohllon and 
construclion operatlons. 

b. Preven! envlronmental polluUon and damage. 
c . Effect oplimum control of solld wastes. 

SPECIFIER NOTE: COORDINATE REQUIREMENTS FOR WASTE COLLECTION ANO 
OISPOSAL ANO FOR ENVIRONMENTAL PROTECTION SPECIFIEO UNOER THIS 
SECTION WITH WORK SPECIFIEO UNOER RELATEO SECTIONS. EOIT BELOW TO 
SUIT PROJECT. 

B. Relatad Sectlons: 
1. SecUon 01025 - Measurement and Payment: Appllcatlons for payment. 
2. Soctlon 01200 • Projoct Meetlngs: Preconstructlon conference. 
3. Section 01500 • Constructlon Facilities And Temporary Controls: Temporary 

ventilation, environmental protectlon, waste collectlon, and dlsposal operalions. 
4 . Section 01600 • Material and Equipment: Subslitutlons. 
5. Sectlon 01700 • Contract Closeoul: Cleanlng and final submlttals. 
6 . Seclion 02070 . Selectivo Oemolltlon: Salvage and waste disposal operations. 
7. Sectlon 02100 • Sile Preparatlon: Tree and plant protectlon. 
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1.2 OEFINITIONS 

SPECIFIER NOTE: ERIFY V NTI TION R IR M IN R AIR 
QUALITY. 'AOEQUATE' REQUIREMENTS FOR ONE MATERIAL MAY NOT BE 
'AOEQUATE' FORANOTHER; FOR EXAMPLE, CARPET CAN CONTAIN OVER 100 
CHEMICALS, INCLUOING POSSIBLE CARCINOGENS, ANO MAY REQUIRE MORE 
COMPLEX VENTILA TION TO ACCELERA TE OFFGASSING PRIOR TO INSTALLA TION. 
MA TERIALS/PROOUCTS THAT GENERALL Y REQUIRE TEMPORARY VENTILA TION 
FOR OFFGASSING INCLUDE: AOHESIVES, WOOO PRESERVATIVES, COMPOSITE 
WOOO PROOUCTS, PLASTICS, WATERPROOFING, INSULATION, FIREPROOFING, 
SEALANTS/CAULKING, ACOUSTICAL CEILINGS, RESILIENT FLOORING, CARPET, 
PAINTING, SEALERS/COATINGS, WALL COVERINGS, MANUFACTUREO CASEWORK, 
ANO FURNITURE. 
FOR MORE INFORMATION ANO INFORMATION ON CURRENT FEDERAL ACTIVITIES 
FOR IAQ, CONTACT EPA INOOORAIR QUALITY INFORMATION CLEARING HOUSE 
(800) 438--4318/(202) 484-1307; NATIONAL PESTICIOES TELECOMMUNICATION 
NETWORK (800) 858-7378; NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY 
ANO HEAL TH (800) 35-NIOSH: ANO THE OEPARTMENT OF ENERGY (OOE) OFFICE 
OF CONSERVATION ANO RENEWABLE ENERGY 800 OOE-3732. 

A. Adequate ventllatlon: Ventllatlon, lncludlng alr clrculallon and 1lr changos, requlred lo 
cure materlals, dlsslpate humldlty, and prevent accumulatlon of dust fumes , vapors, or 
gases. 

B. Constructlon and demolilion waste: lncludes solld wastes, such as building materials, 
packaging, rubbish, debris, and rubble resultlng from constructlon, remodellng, repair, 
and demolltlon operatlons. 
1. Rubblsh: lncludes both combustible and noncombustlble wastes, such as paper, 

boxes, glass, crockery, metal and lumber scrap, metal cans, and bones. 
2. Oebris: lncludes both combusllble and noncombustlble wastes, such as le aves and 

tree trlmmlngs that result from constructlon or malntenance and repalr work. 

C. Chemical waste: lncludes petroleum products, bllumlnous materlals, salts, aclds, 
alkalls. herbicidas, pesticidas, organlc chemlcals, and lnorganlc wastos. 

O. Envtronmontal pollutlon and damage: The presence of chemlcal, physlcal, or blologlcal 
eloments or agonts which adversoty affect human haalth or wolfare; unfavorably aller 
acologlcal balances: or degrade the utlllty of the envlronment for aesthetlc, cultural, or 
hlstorlcal purposes. 

E. Hazardous materlals: lncludes pesticidas, blocldes, and carclnogens as Usted by 
recognizad authorltles, such as the Envtronmental Protectlon Agency (EPA) and the 
lnternational Agency for Research on Cancer (IARC). 

F. Interior final flnlshes: Materia Is and products that wlll be exposed at Interior, occupied 
spaces: lncludlng flooring, wallcovering, flnlsh carpentry, and celllngs. 

P C IE : V RI LA I A D L ( PPR IAT TO 
LOCATION OF PROJECT. FOR EXAMPLE, IN CALIFORNIA, UNOER THE CALIFORNIA 
COOE OF REGULATIONS · TITLE 23, SPECIFY CLASS III LANOFILL. FOR 
INFORMATION ON SOLIO WASTE LANOFILLS ANO OISPOSAL REGULATIONS, 
CONTACT APPLICABLE SOLIO WASTE AGENCY. THE RCRA (RESOURCE 
CONSERVATION RECOVERY ACT) HOTLINE MAINTAINS CURRENT LISTS OF STATE 
SOLIO ANO HAZAROOUS WASTE MANAGEMENT OFFICIALS. CONTACT RCRA AT 
800 424·9346. EOIT BELOW TO SUIT PROJECT. 
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G. Municipal Salid Waste Landnll: A permltted faclllly that accepts solid, non-hazardous 
waste such as household, commerclal, and Industrial waste, includlng constructlon and 
demolillon waste. 

H. Packaged dry proctucts: Materlals and products tflat are lnstalied In dry form and are 
delivered to the slle In manufacturer's packaglng; lnctudtng carpets, reslllent floortng, 
ceillng tiles, and lnsulatlon. 

l. Sediment: Soli and olher debris that has been eroded and transported by storm or weli 
produclion runoff water. 

J . Sanllary wastes: 
1. Garbage: Refuse and scraps resutttng from preparalion, cooklng, dlstributlon, or 

consumpllon of food. 
2. Sewage: Domesllc sanltary sewage. 

K. Wet products: Materlals and products lnstailed In wet form, tnciudlng paints, seatants, 
adhesivas, end spectal coatlngs. 

SPECI ER N TE: COOR INAT LOWWITH SECTION 01600, ATERIALS ANO 
EQUIPMENT, FOR SUBSTITUTION REQUIREMENTS. INDICATE UNIQUE 
PROCEDURES APPLICABLE FOR PROPOSAL OF ENVIRONMENT AL SUBSTITUTIONS. 

1.3 Substllullons 

A. Notlfy Owner when Contractor Is aware of materiais, equlpment, or products that meet the 
aesthelic and programmatic lntent of Contract Documents, but whlch are more 
environmentaliy-sensillve than materlals, equlpment, or products speclfled or indicated 
In the Contrae! Documents. 

B. Requlrements of Section 01600, Materials and Equlpment apply exceptas foliows: 
1. Prior to submittlng detailed lnformalion requlred under Sectlon 01600, submit the 

foliowlng for lnitlal review by Owner and Archltect: 
a. Proctuct data includlng manufacturer's name, address, and phone number. 
b. Descrlptlon of the dlfferences of the proposed subslllutlon from specifled 

product. lnclude descripUon of envlronmentat advantages of proposed 
substllulion over speclfied product. 

2. Submlt addltlonal informatlon as dlrected by Architecl 

1.4 PRECONSTRUCTION MEETING 

A. Alter award of Contrae! and prior to lhe commencement of lhe Work, schedule and 
conduct meeting with Owner and Architect to dlscuss the proposed Solid Waste 
Management and Envlronmentat Protectlon Plan and to develop mutual understandlng 
retatlve to details of envlronmentat proteclion, recyctlng, and rebate programs. 

1.5 SUBMITTALS 

A. Solid Waste Management and Envlronmental Protectlon Plan: Not more than 20 days 
after the Preconstruction meeting, prepare and submil a Solid Wasle Managemenl and 
Envlronmenlal Protecllon Plan lnctudlng, bul nol limlted lo, the foliowlng: 
1. Llst of federal, state, and local taws, regutatlons, and permits concernlng 

envlronmentat proteclion, envlronmentat poliulion and damage, hazardous 
matertals, constructton and demolitton waste, chemtcat waste, sanllary waste, 
aedlmenl, water, air, and notse poliutton lhat are applicable lo the Contractor's 
proposed operatlons. 
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2. Ust species of flsh and wlldlife lhal require specific attenlion along with me asures 
for thelr protectlon. 

SP CIFIER NOT : NTRA R I E IRED O RES VE NATURAL 
RESOURCES ON THE SITE ANO TO RESTORE RESOURCES DAMAGED DURING 
CONSTRUCTION OPERA TIONS; REFER TO ENVIRONMENTAL CONTROL$ AS 
SPECIFIED HEREIN. THEREFORE, IT IS NECESSARY TO ESTABLISH EXISTING 
CONDITION OF NATURAL RESOURCES ON THE SITE. IF OWNER HAS NOT 
ADEQUATEL Y DOCUMENTED EXISTING CONDITIONS, CONTRACTOR MA Y BE 
REQUIRED TO DO SO. EDIT BELOW AS APPROPRIATE. . 

3. Procedures to be lmplemented lo provlde lhe requlred envlronmenlat protecUon and 
lo comply wlth lhe apptlcable laws and regulatlons. 
a. Document exlstlng condltlons. 

4. Permil or license and lhe tocalion of the munlclpal solid waste landfllls and other 
dlsposat area(s). 

!SPECIFIER NOTE: EDIT BELóW TO SOIT PRóJECT. 

5. Procedures for Recycling/Re-Use Program. 

¡sPECIFIER NOTE: DELETE BELOW IF PRóJECT DOES NOT aüALIFY FOR REBATE 
PROGRAMS. 

6. Procedures for Rebate Program(s). 
7. Revise and resubmit Salid Waste Managemenl and Envlronmental Protection Plan as 

requlred by Owner. 
a. Approval of the Contractor's Solid Waste Managemenl and Envlronmental 

Protectlon Plan, wili not relieve lhe Contractor of responslblllty for adequate 
and contlnulng control of poliutants and other envlronmentat protectton 
measures. 

B. Wllh each applicatlon for progress payment, submll • summary of solld wasle generated 
by the construcllon and demoliUon operatlons. Submlt on form In Appendlx A of thls 
Secllon. tnclude manlfests, welght tlckets, recelpts, and lnvolces speciflcally ldantifylng 
the ProJect and waste material for: 
1. Municipal Salid Waste Landfilis. 
2. Recycling Centers. 
3. Non-Profil Organlzallons. 

C. Wllh each application for progress payment, submlt record• of nolse tevet. tndicate 
procedures for measurement and any probtems and the allernatlves lmplemented for 
mltigattng acllons. 

S E IF R O : O L I R OE N 1 
PROGRAMS. IF REBATE PROGRAMS ARE APPLICABLE, COORDINATE WITH 
SECTION 01700, CONTRACT CLOSEOUT FOR CLOSEOUT SUBMITTAL 
REQUIREMENTS. 

D. Prepare 3-rtng blnder with rebate tnformatlon and product documentatton as requlred or 
Owner to qualify for Rebate Programs. Submlt blnder wllh final ctosoout submlttals. 

PART 2 PRODUCTS • nol used 
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PAAT 3 EXECUTION 

3. 1 RECYCLING ANO REUSE 

E IFIER NOT : IDEN IFY YP S F MAT IALS O BE R CYCLE R RE S D. 
VERIFY AVAILABILITY OF LOCAL FACILITIES CAPABLE OF PROCESSING THE 
MATERIAL$ ANO NOTE ANY SPECIAL LIMITATIONS IMPOSED BY LOCAL FACILITIES 
ON THE CONDITION OF MATERIAL$ ACCEPTED. 
CONSIDER HIGHEST ANO BEST USE OF EACH MATERIAL (REUSE IS MORE 
EFFICIENT THAN RECYCLING); FOR EXAMPLE, MANY BUSINESSES COLLECT ITEMS 
SUCH AS USED PAINT, BRICK. OR METAL FABRICATIONS FOR REUSE. ALSO. SOME 
MANUFACTURERS ACCEPT USED PACKAGING FROM THEIR PRODUCTS FOR 
REUSE. CONSIDER RECYCLING OR REUSING MATERIAL ON SITE; FOR EXAMPLE, 
CRUSHED GYPSUM MAY BE USED AS SOIL AMENDMENT IN SOME AREAS. 
COORDINA TE WITH SPECIFIC PROJECT MA TERIALS ANO REQUIREMENTS. THE 
FOLLOWlNG IS AN EXAMPLE. 

A. Collectlon: lmplement a recycllng/reuse program that lncludes separate collectlon of 
waste mataríais of lhe followlng types: 
1. Asphall. 
2. Concrete. 
3. Porcalaln ptumblng nxturas. 
4. Metal. 

e. Ferrous. 
b. Non•ferrous. 

5. Wood, nails and staples allowed. 
6. Oebris. 
7. Glass, cotored glass allowed . . 
6. Red clay brick. 
9. Paper. 

a. Bond. 
b. Newsprfnt. 
c . Cardboard and paper packaglng materials. 

10. Plasllc. 

SPECI I R N T : MANY PE LA TI MA Y BE MIXE 0G THE MAKE 
PLASTIC LUMBER HOWEVER, SOME FACILITIES OPERATE PREDOMINANTLY FOR 
THE CONSUMER SECTOR ANO REQUIRE SEPARA TION OF PLASTIC BY 'CONSUMER' 
TYPES. MILK JUGS ARE GENERALLY FABRICATED FROM HOPE; PLASTIC WRAP 
ANO PLASTIC BAGS ARE GENERALLY FABRICA TED FROM LDPE: PLASTIC SODA 
BOTTLES ARE GENERALLY FABRICATED FROM PET. 

a. Hlgh denslty polyelhyiene (HOPE). 
b. Low density polyethyfene (LOPE). 
c. Polyethylene terephthalale (PET). 
d. Polystyrene. 
e . Other. 

11. Gypsum. 
12. Painl and palnt cans. 
t 3. Others as approprlale. 

PECI I NOT : 1 EN FY LO AL RE Y UN T ANO WAST HAULERS. 
SOURCES FOR THIS INFORMATION INCLUDE STATE SOLIO WASTE OFFICES ANO 
ENVIRONMENTAL PROTECTION AGENCY (EPA) REGIONAL OFFICES - WASTE 
MANAGEMENT DIVISION. LIST CENTERS THAT ACCEPT MATERIAL IDENTIFIED 
ABOVE FOR RECYCLING/REUSE. THE FOLLOWING IS AN EXAMPLE. 
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B. Recycllng/Reuse Centers: The followtng Is a partlal 11st for Contraclo~s lnformatlon only. 
For more lnf01matlon. contact the lntegrated Solld Waste Management Office, Clty Hall. 

1. Asphall: 
2. Concrete: 
3. Potcelaln plumblng fixtures: 
4. Metal: 

5. Wood. clean and mlxed (nalls and staples allowed): 
6 . Oebris: 
7. Glass: 
6 . Red e lay brlck: 
9 . Paper: 

: A , 
CONT ACT THE VINYL ENVIRONMENTAL RESOURCE CENTER OF THE VINYL 
INSTITUTE AT (800) 969-8469; THE ASSOCIATION OF FOAM PACKAGING 
RECYCLERS (202) 822-6424: ANO, THE AMERICAN PLASTICS COUNCIL AT (800) 2-
HELP-90. 

10. Plastlc: 
11. Gypsum: 

SPECI : 1 A 
USED PAINT CANS FOR REUSE INCLUDE THE GREEN PAINT COMPANY (800) 527-
8866 ANO MAJOR PAINT CO. (31 O) 542-7701 . GREEN PAINT HAS PROGRAMS TO 
ACCEPT USED PAINT FROM CONTRACTORS. MAJOR PAINT HAS PROGRAMS TO 
ACCEPT USED PAINT FROM PUBLICANO PRIVATE AGENCIES (NOT 
CONTRACTORS), FOR MORE INFORMATION ON FACILITIES THAT ACCEPT USED 
STEEL CANS, CONTACT THE STEEL CAN RECYCLING INSTITUTE (SCRI) AT (800) 
YES-1-CAN/ 800 937-1226. 

12. Palnl and palnt cens: 

C. Handling: 
1. Clean materlals whlch are contamlnated prior to placlng In collectlon contalners. 

Oellver materlals free of dltl, adhesivas, solvents, petroleum contamlnaUon, and 
olher substances delelerlous to recycllng process. 

2. Arrange for conectlon by or dellvery to the approprlate recycllng or reuse faclllty. 

PE I IER N : A "C\~IVl"ll"'\L. • A , 
IDENTIFY NON-PROFIT ORGANIZATIONS SUCH AS SCHOOLS, LOCAL HOUSING 
AGENCIES, ANO PUBLIC ARTS PROGRAMS. THAT ACCEPT USED MATERIAL$. 
IDENTIFY SPONSOR AGENCY ANO CONT ACT FOR EACH PROGRAM. THE 
FOLLOWING ARE EXAMPLES. 
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----------,,.,.,... _________________________ ..:::;.:.,_ ________________________ ;,.,..,__ 

D. Partlclpate In Re-Use Programs: 

1 N T : R INF N N H L T RIALS EXCHANGE 
NETWORK CONTACT THE PACIFIC MATERIALS EXCHANGE (509) 466-1532; 
MOOEM ACCESS THROUGH 509 466-1019/ 800 858-6625. 

1. Calllornla Malerlals Exchange (CAL-MAX) Program sponsored by the Callfornla 
lnlegraled Wasle Management Board. 
a. CAL-MAX Is a free aervlce provlded by the California lntegraled Waste 

Managemenl Board, dlvislon of lhe Calllornla Envlronmental Prolecllon Agency, 
designad lo help buslnesses find markets for materlals that tradlllonally would 
be dlscarded. The premlse of the CAL-MAX Program Is thal malerlal dlscarded 
by one business may be a resource for another business. 

b. To obtaln a curren! Malerlals Llallngs Calalog, call CAL-MAX/Callfornla 
lnlegraled Wasle Management Board. Contacl ______ . 

2. Malerlals For The Arts (MFA) sponsored by lhe Departmenl of Cultural Alfalrs. 
a . MFA Is a materlals exchange thal accepls wasle and excess malerlals from 

prívate donors and distribules them 10 varlous non-profil art organlzatlons 
lhtoughoul !he Clly. Conlacl ------· 

3. Habllat for Humanlty, a non-proflt housing organlz.allon that rehabllllales and bullds 
houslng for low lncome famllles. 
a. Siles requlring donated materlals vary. Conlacl ____ _ _ . 

E. Rebates, ta• credils, and olher savlngs oblained for recycled or re-usad malerlals accrue 
to Contractor. 

3.2 REBATE PROGRAMS 

A. Execule final lmplementatlon of Rebate Programs. Obtaln lnformallon packets from each 
sponsoring agency prior to startlng Work. Document lnstallallon of products eligible for 
rebates under the foliowlng programs: 

P 1 : TI P R Ull A M AL 
AGENCIES UNOER WHICH PROJECT QUALIFIES FOR A REBATE. IOENTIFY 
CONT ACT FOR EACH PROGRAM. THE FOLLOWING ARE EXAMPLES. 

1. Energy Efficlency Incentive Program for Small and Medlum Slze Commerclat and 
lnduslrlal Cuslomers: Sponsored by !he Department of Water and Power (OWP). 

Contacl ------2. Commerclal New Conslrucllon • Deslgn Advantage: Sponsored by lhe Departmenl of 
Water and Power (DWP). Contact ------

3. Commerclal Energy Efflclency Program: Sponsored by ______ _ 
Conlacl ______ . 
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P C I R : IR AL N 1TH O 
01500, ·coNSTRUCTION FACILITIES ANO TEMPORARY CONTROLS: 01700, 
CONTRACT CLOSEOUT; 02070, SELECTIVE DEMOLITION; ANO 02100, SITE 
PREPARA TION FOR REQUIREMENTS FOR ENVIRONMENTAL PROTECTION, 
CLEANING, ANO WASTE DISPOSAL. EDIT BELOW TO SUIT PROJECT. 

3.3 ENVIRONMENTAL CONTROL$ 

A. Protecllon of natural resources: Preserve the natural resources wilhln !he Project 
boundarles and outslde !he llmits of permanent Work performed under lhis Conltacl In 
thelr exlsllng condillon or restore lo an equivalen! or lmproved condlllon as approved by 
Owner, upon completlon of lhe Work. 
1. Confine demolltlon and constructlon ectlvllles lo work area llmlts lndlcaled on !he 

Drawtngs. · 
a. Temporary construcUon: As speclfied In SecUon 01500, Conslrucllon Facllllles 

And Temporary Conlrols. 
b. Saivage operallons: As speclfied In Sectlon 02070, Selectlve 0emollUon. 
c . Dlsposal operatlons: 

1) PrompUy and legally transport and dlspose of removed and demollshed 
llems and waste malerlals lhal are nol ldenllfied lo be recycled or reused. 

2) Do not bum, bury, or otherwlse dlspose ol Nbblsh and wasle malerlals on 
projecl site. 

2 . Water resources: Comply wllh appllcable regulaUons concernlng lhe dlrect or 
indlrect dlscharge of ponutants to lhe underground and natural waters. 
a. Olly substances: Prevenl olly or olher haz.ardous subslances from enterlng lhe 

ground, dralnage areas, or local bodles of water. 
1) Store and servlce conslrucllon equlpment al areas deslgnated for 

collecdon of oll wastes. 
b. Mosquito abatemenl: Prevenl pondlng of slagnant water conduclve to mosquito 

breedlng habita!. 

ISPECIFIER NOTE: COORDINATE BELOW WITH WORK SPECIFIED IN olvlslóN 2, 
_SITEWORK. 

3. Land resources: Prior to construcUon, ldenUfy land resources to be preservad wtlhln 
lhe Work area. Do no! remove, cut, deface. lnJura, or deslroy land resources 
lncludlng lrees, shrubs, vlnes, grasses, top soll, and land forms wlthout permlsslon 
from Owner. 
a. Earthwork: As speclfied In SecUon 02200. Earthwork and as lollow&: 

1) Erodlble soUs: Plan and conduct earthwork to mlnlmlze !he duraUon of 
exposure of unprotected solls, excapt where the conalructed leature 
obscuras borrow • reas, quarrles, and wasle material areas. Clear areas In 
reasonably Ilzed Incremente only as needed lo use lhe areas developed. 
Forrn earlhwork lo final grade as shown. lmmedlately protect slde slopes 
and back slopes upon compleUon ol rough gradlng. 

2) Eroslon and sedlmentatlon conlrol devlces: Conalrucl or Instan temporary 
and permanent eroslon and sedlmentallon control features as requlred. 

b. Tree and plant protecUon: As specified In Sectlon 02100, Sile Preparallon. 

4. Alr Resources: Prevent creaUon ol dust. alr pollutlon, and odors. 
a. Use water sprtnkllng, temporary enclosures, and olher approprlate melhods lo 

llmlt dust and dlrt rislng and scallering ln alr lo lowesl pracUcal leve!. 
1) Do nol use water when tt may crea le haz.ardous or olher adverse condlUons 

such as noodlng and pollullon. 
b. Slore volaUle llquids, lncludlng luels and sotvenls, In closed containers. 
e . Properly malntain equlprnenl to reduce gaseous pollutant emlsslons. 
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d. Tempo1ary Ventilatlon: As specined In Sectlon 01500. Const,ucllon Facilities 
And Temporary Controls, and as lollows: 

SPE IFIER N TE: OST OF T MI IONS FRO WET PROOUCTS WILL OCCUR 
OURING THE FIRST FEW HOURS OR OAYSAFTER INSTALLATION; HOWEVER, MANY 
MATERIALS/PROOUCTS CONTINUE TO EMIT FOR WEEKS, MONTHS, ANO YEARS. 
EMISSION RATES GENERALLY OECREASE OVER TIME. 

1) Provide adequate venUlallon during and arte, lnstallatlon ol Interior wet 
producls and lnterlo1 llnal flnlshes. 

PE I IE NOTE: A O ORY P DU TS EO ENTLY P OOUC A R 
OF EMISSIONS WHEN THEY ARE INITIALLY REMOVED FROM PACKAGING. THE 
INITIAL BURST IS SIGNIFICANTL Y HIGHER THAN THE EMISSIONS A WEEK ORA 
MONTH LATER; FOR EXAMPLE, CARPET BACKED BY STYRENE BUTAOIENE RUBBER 
LATEX (SBR) TENDS TO EMIT SIGNIFICANTLY HIGHER OUANTITIES OF 4-
PHENYLCYCLOHEXENE (4-PC) DURING THE FIRST DAY THAN AT THE ENO OF A 
WEEK, BUT WILL CONTINUE TO EMIT A T LOW LEVELS FOR SEVERAL MONTHS. 
FOR MORE INFORMATION ON CARPET VENTILATION, CONTACT THE CONSUMER 
PRODUCT SAFETY COMMISSION AT (800) 638-2772, PRESS 1, PAUSE. PRESS 000, 
PAUSE, PRESS 129. 

2) P1ovlde adequate venUlaUon or packaged dry products prlo1 to tnstallaUon. 
Remove from packaglng and ventílate In a secure, dry, weH-venUlaled 
space ftee from strong contaminan! sources and resldues. Provlde a 
temperatura ranga of 60 degrees F mlnlmum to 90 degree F maximum 
conUnuousty during lhe venlllatlon perlod. Do not venlltate withln Hmlls of 
Worl< unless olherwtse approved by Archilact. 

S I ER N T : C ROINA L W WIT WNER'S CCUPAN 
REOUIREMENTS ANO WITH INDOOR AIR OUALITY IMPLICA TIONS OF MATERIALS 
SPECIFIED FOR PROJECT. IN GENERAL, THE HIGHER THE VENTILA TION RA TE ANO 
THE LONGER THE VENTILATION PERIOD AFTER INSTALLATION, THE LOWER THE 
RESIOUES WHEN THE SPACE IS OCCUPIEO. HOWEVER, HIGH PERCENTAGES OF 
OUTSIDE AIR MAY NOT BE APPROPRIATE IN HUMID CLIMA TES OR INDUSTRIAL 
AREAS. 

WHERE OWNER REQUIRES AIR QUALITY MONITORING, CONFORM TO STANDARD 
TESTS ANO PROCEDURES. THE EPA HAS PUBLISHEO METHODS FOR AIR QUAUTY 
MONITORING COVERING THE NAAQS CRITERIA POLLUTANTS ANO A 
COMPENOIUM OF INDOOR AIR QUALITY SAMPLING ANO ANAL YTICAL METHOOS. 
ADDITIONAL METHOOS INCLUDE THE STANDARDS THAT HAVE BEEN ADOPTED 
BY ASTM OR NIOSH, ACCOROING TO THEIR AVAILABILITY ANO APPLICABILITY. 

WHERE CHAMBER TESTING IS REOUIRED, SPECIFY TESTING UNOER ASTM 05116 
GUIDE FOR SMALL SCALE ENVIRONMENTAL CHAMBER DETERMINATION OF 
ORGANIC EMISSIONS FROM INDOOR MATERIALS/PROOUCTS. 

3) Pre-occupancy venlllaUon: Alter final compleUon and p,101 to lnlUal 
occupancy, provide adequate venUlallon ro, mlnlmum 5 days P1e
occupancy ventllatlon p1ocedu1es: 
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a) Use supply al, fans and ducts onty: 
b) Temporarily sea! exhaust ducts; 
e) T emporatlly dlsable exhaust fans; 
d) P1ovlde exhaust 1h1ough operable wlndowa 01 tempo,ary openlngs. 
e) P1ovlde temporary exhaust fans as requlred to pull exhaust alr from 

deep Interior locatlons. Stalr towers may be used lor exhausllng alr 
lrom the building durlng the lemporary venUlatlon. 

f) Alter pre-occupancy venUlaUon and prior to final tesUng and 
batanctng ol HVAC system, replace atr nners and make HVAC system 
lully operatlonal. 

5. Flsh and Wlldlile Resources: Manage and control constructlon acUvltles to 
minimiza lnterference wlth, dlsturbance ol, and damege to flsh and wlldüle, 

6. Nolse Control: Perform demolltlon and constructlon operalfons lo minimizo nolse. 
Perform nolse produclng work In less senslUve hours ol lhe day 01 week as dlrected 
by Owner . 
a. RepeUUve, hlgh level lmpact nolse will be permilted onty between the hours ol 

8:00 a.m. and 8:00 p.m. Do not exceed the lollowlng dB llmltatlons: 

b. 

c . 

d. 

SOUnd Level In dB 
70 
80 

Time Ourallon ol lmpact Notse 
More lhan 12 minutes In any hour 

More then 3 minutes In any hour 

Provlde equlpmant, aound-deadenlng devlces, Ind take nolse abI1amant 
measures lhat are necessary ror compllance. 
Maxlmum permlsslble constructlon equlpment nolae levels at 50 reet (dB): 

EARTHMOVING dB MATERIALS HANDLING dB 

FRONT LOAOERS 75 CONCRETE MIXERS 75 
BACKHOES 75 CONCRETE PUMPS 75 
OOZERS 75 CRANES 75 
TRACTOR$ 75 OERRICKS IMPACT 75 
SCRAPERS 80 PILE DRIVERS 95 
GRAOERS 75 JACK HAMMERS 75 
TRUCKS 75 ROCK ORILLS 80 
PAVERS. STATIONARV 80 PNEUMATIC TOOLS 80 
PUMPS 75 SAWS 75 
GENERATORS 75 VIBRATORS 75 
COMPRESSORS 75 

Al leas! once every flve successlve worklng days whlle worl< Is belng performad 
above 55 dB nolse leve!, measure sound tevet lor nolse exposure due to the 
conslructlon. 

ENO OF SECTION 01150 
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!SPECIFIER NOTE: EDIT BELOW TO SUIT PROJECT. 

SUMMABY 9E Sot IP WASTE P15PP5AL ANO PIYERStON 

Project Name: Profect Number. ______ _ 

Contracto, Name: _____________ _ Llcense Number. 

Address; 

Type of Material DlepoHd In Munlclpel Dlverted from Landftll Other 
Solld WHte Landftll by Recycllng/Reu•• 

Asphall 

Concrete 

Porcelaln 

Ferrous metal 

Non-ferrous melal 

Wood 

Oebrls 

Glass 

Red clay brlck 

Bond papar 

Newsprint 

Cardboard 

Plastlc 

Gypsum 

Palnt and palnt cans 

Other. 

Signature: Date: 

TIiie: 

01150/Envl<OMlental Procedures Page 11 ol 11 



BSW lntematlonal One West Third Streel, luisa, OK 74103-3505 (918) 582-8771/(918) 587-3594 

The lollowing documenl Is lurnished by BSW INTERNA TIONAL and Is In tended IO be u sed only as a guida. 
11 should not be usad as a final solulion lor any purpose. Language Is presentad for example only and no 

warranty or guaranly is rnade as lo completeness or accuracy ol lnlormaüon conLalned hereln. 

ENVIRONMENTAL SPECIFICATIONS FORMAT 

SECTION 00000 
TITLE 

P CIFIER NO E: TH S DOCU N IS NTENDED TO E A R AT GUIDE. 
LANGUAGE IS PRESENTED FOR EXAMPLE ONL Y ANO NO WARRANTY IS MADE AS 
TO COMPLETENESS OR ACCURACY OF INFORMA TION CONTAINED HEREIN. 
VARIOUS TOPICS ARE INCLUDEO TO PROVIOE A RANGE OF EXAMPLES. THESE 
TOPICS ARE ITALICIZEDAND ONLY PERTAIN TO THEIR RESPECTIVE 
SPECIFICATIONS SECTIONS. TEXT ANO SPECIFIER NOTES ADORES$ 
ENVIRONMENTAL ISSUES; OTHER SPECIFICATIONS ISSUES ARE NOT ADDRESSED. 

PART 1 GENERAL 

1.01 SUMMARY 

A. Secllon lncludes: 
1. 
x. Envlronmental requirements for worl< of thls ~eclion. 

1.02 REFERENCES 

CIFI N TE: A OS ARE E NG OEVELOPED RAPIDL Y BY MANY 
SEGMENTS OF THE BUILDING INDUSTRY TO SUPPORT MARKET DEMANOS FOR 
PRODUCTS ANO SERVICES THA T ADDRESS ENVIRONMENTAL ISSUES. VERIFY 
CURRENT STANDARD$ APPROPRIATE TO [TITLE OF SECTION]. THE FOLLOWING 
ARE EXAMPLES. 

A. American Soclety of Heal/ng RefrigeraUng and Alr Cond/1/onlng Englneers (ASHRAE): 
1. ASHRAEAES 90.1: Energy Efflclenl Oes/gn of New Bulldlngs Except Low-Rlse 

Resldentlal Bul/dings. 

B. American Soc/ety for Tesl/ng and Matar/sis (ASTMJ: 
1. ASTM C618: Speclflcallon for F/y Ash and Raw or Calcinad Natural Pozzolan for 

Use as a Mineral Admlxture In Por11and Cement Concreta. 
2. ASTM D5116: Guida for Sma/1 Sea/e Environmenlal Chamber Oeterminallon of 

Organlc Emlss/ons from lndoor Materials/Products 

C. Green Sea/: 
1. GS5: Envlronmental Standard for Compact F/uorescent Lamps. 
2. GS6: Envlronmenlal Standard for Water Efflcient Fixlures. 

D. Rainforest A/llanee: 

E. 

1. Smart Woods Program. 

Sclenlific Certifica/ion Syslems (SCS) : 
1. Forest Conservallon PrO(Jram. 

GrHn Seclion Fonnat 
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1.03 SUBMITTALS 

SPECIFIER NOTE: VERIFY GREEN SUBMITTAL REQUIREMENTS. FOR PROPRIETARY 
SPECIFICATIONS, SUBMITTAL OF MANUFACTURER'S PRODUCT DATA MAY NOT BE 
REQUIRED. VERIFY THAT REVIEWER HAS THE EXPERTISE REQUIREO TO ASSESS 
THE SUBMITTALS. 

A. Submit manulacturer's product data, includlng: 
1. Emlsslon data: Conduct malerials tesling accordlng lo the general guldellnes of 

ASTM 05116. 
2. Material Safety Data Sheets. 
3. Recycled canten/ dala: lndicale percentage of pre-consume, and post-consume, 

recycled contents. 
4. Energy parformance data. 
5. Corporate env/ronmenlal statement of manufacturar. 
6. Malntenance data. 

B. Submlt certlncalion evldenclng compllance wilh requlrements for: 
1. Suslalnab/y harvested wood. 
2. Low now water fixturas. 

1.0X ENVIRONMENTAL REOUIREMENTS 

N 
THIS PARAGRAPH. LOCATE PARAGRAPH 1.0XAT ENOOF PART 1. COOROINATE 
FORMAT WITH FORMAT OF ENVIRONMENTAL IMPACT QUESTIONNAIRE. 
COORDINATE REQUIREMENTS WITH MATERIAL$ SPECIFICATIONS UNOER PART 2; 
WHERE PRESCRIPTIVE SPECIFICATIONS ARE USED ANO SUBSTITUTIONS ARE NOT 
ALLOWEO, QUALITY CONTROL REQUIREMENTS UNDER THIS PARAGRAPH MAY BE 
REOUNOANT. 

A. Resource Management: 
1 . Reneweble Resources: 

a. Wood: Provlde products from sustalneb/y harvested woocVsuslalnebty 
managed forest as certlfied under the Ralnforest A/llanee Smart Woods 
Program or lhe ses Foresl Conserve/ion Program. 

b. Water: Provlde equlpment that minimizas water usage. 
1) Water ciaseis, lavatory feucets, end faucet eerators: Certlfled under 

GS6. 
2. Managed Resources: 
3. Recycled Content: Provlde [TITLE OF SECTION) manufacturad from recycled 

materials. 
e. Pre-Consumar recyc/ed content: Mlnlmum _ pareen/ of complete product. 
b . Post-Consumar recycled content: Mlnlmum _ percent of complete producl. 
c . Concrete: Typa F or Typa C fty ash In accordance wflh ASTM C61B mey be 

usad es a substituta far a maxlmum of 20% of portland cement. 
4. ReusefRecyclabUlty/Dlsposal: Provlde [TITLE OF SECTIONJ for whlch secondary 

markets or leasing programs exlst. 

SPECIFI R NOTE: LEA ING O IONS WITH A MANUFACTURE O OMMITS TO 
RECLAIM, REUSE ANO RECYCLE PROOUCTS FURNISHEO UNOER [TITLE OF 
SECTION] MAY BE NEGOTIABLE AS A SEPARATE CONTRACT BETWEEN OWNER 
ANO MANUFACTURER. COORDINATE SEPARATE CONTRACT INFORMATION WITH 
SUMMARY OF WORK. 

a . Carpet: Fumlshed and lnslalled by manufacture, under separata conlracl. 
Coordina/e /nsla//allon wllh carpe/ manufaclurer. 

Green Section Formal page 2 ol 4 
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SP I IE OTE: MANY ENVIRONM N AL IS U S, SP CIALL Y TH S RELATED 
TO HAZARDOUS MATERIALS, ARE BEING ADDRESSED THROUGH 
LEGISLATION/REGULATION AS WELL AS THROUGH INDUSTRY STANDARDS. 
VERIFY APPLICABILITY OF LOCAL, STATE ANO FEDERAL REGULATIONS TO 
PRODUCTS FURNISHED UNDER ITLE OF SECTION . 

B. Toxlclty/Hazardous Malerlals: 
1. Toxlc/Hazardous By-Producls: 
2. ToxlcJHazardous Con1en1s: Producls conlalnlng carclnogens llsled by any ot lhe 

tollowlng wlll nol be permllled. 
a. EPA-CAG 11s1 ot carclnogans. 
b. Clean Alr Acl - SecUons 109. 111, and 112. 
c . The Nallonal Toxlcology Program'a - lalesl publlshed 'Annual Report on 

Carclnogens' . 
d . IARC • Human Carclnogens (Groups 1, 2A, and 28). 

3. Oulgasslng/Reactlvily: 
• · Formakl6hyde: Products conlslnlng urea-formaldehyde wfll not be permltted. 
b. Ch/oro/luoroc8fOOl!s (CFC): Products 811d eqvlpment requlrlng or vslng CFC 

durina the manufac turlna process wf/1 not be permilled. Producls and 
equlpment reqvlrlng or uslnr, CFC durina normal operaflon wf/1 nol be 
permilled. . 

c . Vola/1/e Organ/c C-Ompounds (VOC): 
1) Palnrs, C-Oal/ngs, Seaters: Compl'¡ wfth Sovlh Coesr Alr Quallty 

Management D/strlct (SCAQMD) rutes and regutatlons. 

C. Performance: 
1. Malntenance: 

a. Products lhat requlre toxlc or hazardous materials for malntenance wlll not 
be permltled. 

b. Ourablllty: 
2. Energy Efllclancy: Provlde equ/pment lhat Is energy efflclenr as demonstratod by 

comparatlve lndustry standams. 
a. Lamps and eanasts: 
b . Cornpact Fluorescent Lamps: Certlfled under GS5. 
e . HVAC System: Mlnlmum _ EER (energy efficiancy ratina) as referenced In 

ASHRAE 90.1. 
d . motors: 
e. appHances: 

O. Envlronmental lmpact ot Accessorfes: 
1. Adhesivas: Non-to•lc. water based. 
2. Sotvents: 
3. Concrete plecement accessorles: 

a. Formwork: Rause forms to greatest e,tent posslble wflhout damaalng 
sl/Uctural /ntearilY of concrete and wtthout damar,lna aesthellcs of e,posed 
concrete. 

b . Mlxlna equ/pment: Rotum e,ccess concrate to suppller: minimiza water usad 
to wa.sh equ/pment. 

c . Molature curlna: Ptevent water run-otr. 

PART 2 PROOUCTS 

G<ffn Secllon Fonnat 
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PART 3 EXECUTION 

3.0X ENVIRONMENTAL PROCEOURES 

1 N : S HI 
PARAGRAPH. LOCATE PARAGRAPH 3.0XAT ENO OF PART 3. 

A. lndoor AJr Ouallty: 
1. Temporary venlllatlon: Ourlng and lmmedlately ane, lnstallatlon of 

products/materlals lhat may negatlvely lmpact lndoor alr quallty of completad 
Work, provide temporary venlllallon as specined In SecUon 01150 · Envlronmental 
Procedures. 

2. Cleanlng: Use non-toxlc materlals and procedures. 

B. Constructlon Was1e Management As speclfled In Sectlon 01150 • Envlronmental 
Procedures and as followa: 
1. Reuse of packaglng by manufaclurer: 
2. Reuse of scrap and weste materlals by manufacture,: 

ENO OF SECTION 
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BSW bltemallonal One West Thlrd Slteet, luisa, OK 74103-3505 (918) 582-8771/(918) 587-3594 

The l'ollowlng docllment le fllmlehed by BSW INTERNA TIONAl and ta In tended IO be U1ed only as a gufde. 
lt ahould nol be used 11 • final aolJllon for any pu,pow. Language Is p,ounted for e .. mple only and no warranty 

01 gua,anty Is medo u IO completaness or accuracy ol lnfonnatlon contalned ha11ln. 

ENV!RONMENTAL fMPACT OUESJIQNNAfRE (EtQ) 

l. DIRECTIONS 

A. Complete the followlng end submlt lor revlew to: 

B. Relate lnfonnaUon concemlng only one produc1 per questlonnatre. 

C. Ali quesUons mey nol apply lo every p<oducl or manufacturer. 11 ls nol axpecled lhe 
menuracturer will have addressed en of lhe envlronmenlal concems expressed In lhe EIO. 
1. Respond lo every quesllon even lf response Is 'nol avaRabla", •not app&cable', or 'no' . 
2. Atlach addlUonal sheet.! as requlred. Reference eddiUonat sheets to cooespond wilh the 

quesUon number. 

11. IDENTIFICATION 

A. Material/Product ________________________ _ 

Brand Name: _________________________ _ 

ManuraclUrer. _________________________ _ 

What Is lhe primary use or appUcallon for lhls product? ____________ _ 

B. Conlact for EIO: 

Name: ______________ Tille: ____________ _ 

Address: __________________ ZlpCode: _____ _ 

Telephone: ________ FAX: ________ Date: _ ____ _ 

Enwonmontal lmpact Oue1tlomatra Paga 1 of9 
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111. RESOURCE MANAGEMENT 

A. Renewable Resources: 

B. 

1. llst renawable rasOU<ces usad as producl raw malarfals. Provkle percentage amounls In 
relallon to complete (100 percenl) producl. 

renewable msource percentage 

2. Coas manufacturar oblaln producl raw materfals or fabrlcate thls pr~uct oul!lde of lhe 
Uníted States: _y __N1 
a. 11 yes, are Unlted States envlronrnental slandards or more sll1ct stendards followed 

In lhese countrfes: _y _ N? 
b. Llst counlrles lnvolved. 

Managed Resources : 
1. Ooes extracUon of producl raw malerlals or fabrlcaUon of lhls product attecl endangered 

apecle(a): _y _N? 
a. 11 yes, 11st specles and describe ettact, lncludlng mltlgaUon melhods for negaUve 

effecl!. 

endangered specles affacf 

2. Producl! Containlng Wood: Are wood malerials obtalned rrom certlned sustalnable 
rorastry operaUons: _y __N? 
a. 11 yes, provlde name or certincauon organlzatlon for each wood specles befng used 

In lhls proJecl • 

cerl/f/ca/Joo organlzaf/on 

b. 11 no, state where lhe p<oduct resources are produced and describe foreslry 
operatlons. 

producf msources foresl,y operations 

Erwlronmenlal lmpect Ouestlomalre Paga 2019 
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C. Recycted Conlent : 
1. Llst recycled materlals used as product raw materlats; dlslingulsh pre-consume, and 

post-consumar meterlals. Provkle percenlage amounts In ralallon to complele (100 
percent) product 

recyc;lsd malerfal % pre-consume, % post-consumar 

D. Embodied Energy: 
1. Product Transport: 

e. Where are raw meterlals acqulred? ldenUfy state a.nd country. 

2. 

raw malertar sourca (siete and count,y} 

b. Describe means of transportlng raw materlals to the manufacturing planl. 

raw marertat transportatlon 

c. Where Is product manulaclured/fabricaled? ldenlify siete and counlry. 

d . Is lhe product warehOUsed locally, reglonany, or nalionally? _______ _ 

e. Describe meaos ol transportlng product to dlslribulion lacllltles .• 

Productlon Energy: Ust energy sources used In productlon process; lndlcale whlch ere 
reneweble energy sources (e.g . wlnd, soler). Provlde percentage amounts In relalion to 
complela (100 percenl) producl. 

enerr,y sources renawab/a 

_ Y _ N 

_Y_N 

_Y _ N 

parcentage 

Enwonmental lmpect Ouesdonnalfo Page 3 ol 9 

3. Provlde an ambodled energy study ol 1118 product lrom extractlon ol raw malerlals 
through productlon and assembly. lnclude en esllmale lor 1118 total number or eru·s 
requlred per pound ol finlshed producls. ldentlfy parametars for study. 

4. Describe measuras the manulacturer has taken to mlnlmlze energy usage In the 
productlon procesa. 

E. Reuse/Recyclability/Olsposal: 
1. Reuse: 

2. 

3. 

a. Can product be reused dlreclly (In same or similar un): _y _N? 
b. 11 yes, dlscuss posslbility ol dlrecl reuse ol the producl aner project demollUon. 

RecycUng: 
a. Can product be recycled: _y _N? 
b. 11 yes, 11st th8 parts ol the product whlch can be post-consume, recycled lnto raw 

materlals lor lhe product and lhe parts whlch can be post-consumar recycled lnto 
other types of ltems. Provlde percenlage amounlS In ralatlon to ,complete (100 
percent) producl 

posl-consumer - ,uw post-consume,• other percenlege 

c . 11 yes, describe the procesa ol aeparatlon ol lhe parts tor posl-consumer recycllng 
lrom lhe producl 

d . 11 yes, 11st current merl<ets uslng recycled meterlals lrom the product. 

e. 11 yes, estlmata lhe practlcal number ol times thls ltem can be recycled. 

Describe the manulacturer's pollcy and program to racllllste tha recytllng or reuse ot ll1 
product by ecceptlng product retums al the end ol thelr '\Jselul lile". 
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rv. TOXICITY/HAZAROOUS MATERIAL$ 

A. Toxlc/Hazardous By-Producls: 
1. Ust lile productlon wasles tnvolved willl lhe manufacture of lllls llem. Distingulsh the 

produc:Uon wastes between toxlc and non-toxlc. Provlde percentage amounts In relatlon 
to complete (100 percent) producL 

fox/c non-foxic percentsge 

2. Estlmale lile quantlty of produc:Uon waste produced per unil of Hnlshed product. 

3. Is reclamatlon of p,oductlon waste done on slte: __ y _N7 wllh oolside servlces: 
_y _N? 
a. lf oolSlde servlces ere used, Nsl companles lnvolved. 

4. Is waste water reclalmed by manufacturar. _ _ y _ _ N? 
a. lf yes, describe process ol recycllng/reuse of waste water. 

5. Describe the manufacturets acllve steps lo mlnlmlze or ellmlnate productlon wastes; 
lnclude process of Kquid and solld waste material trealment °' rectamauon lf performed at 
manulacturtng slte. 

6. Describe lha manufacturfng procedures and chemlcals lnvolved lllat woold be 
considerad better than lndustry standard. 

Enwonmontal lmpact Oueallomelre Paga 5of9 
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B. Toxlc/Hazardous Contents (carcinogans and olhar hazards lnherent In produc:Vmaterlal): 
1. . Provlde a complete chemlcal proHle of lha llem; lnclude ali chemlcal components and 

provlde percentage amoonlS In relatlon to complete (100 percent) product; ldentlfy 
blocldes (mildewcldes or ln-een preservallves) and carclnogens llsted by any of lha 
followtng: 
a. United Siete Envlronmental Protectlon Agency (EPA) Carctnogen Assessment Group 

(CAG) 11st of carclnogens. 
b. Claan Alr Act Sectlons 109, 111, and 112. 
c. The NaUonal ToxlcolOgy Program's letest publlshed "Annual Report on 

Carclnogens·. 
d. IARC Human Carctnogans (Groops 1, 2A. and 2B). 
e. Callfomla Proposltlon 65 

chemlcaf 

C. Malerlel Safety Data Sheet (MSDS): 
1. Provlde Material Safety Data Sheet (MSDS). 

carclnogen 

_Y_N 

_ Y_N 

_Y_N 

_Y_N 

_Y_N 

percenfaga 

a. Mlctes: Ftnlshed produclS whlch are manufacturad off-slte and ahlpped to the 
project f0t lnstattatlOn whlle conformlng to TIUe 29 of lha Coda of Federal 
Regulatlona, OSHA Hazard CommunlcatlOn Regulatlon 29CRF 1910.1200, SectlOn 
(b)S and SecUon (c) are defllled as arflclea. lf by belng dellned asan artlcle, a 
MSDS has nol been developed lor a particular product, lhan provlde MSDS on raw 
marerials, goods, and llems used In the labrlcatlon of that artlcle. 

D. Outgasslng/ReactMty: 
1. ChloroftUOtOCarbon (CFC): 

a. Are CFC's °' HCFC's used In the manufaclure and/0t content of the ltem apeclfled: 
_Y__N? 

b. lf CFC's or HCFC's were prevfoosly used In lile product and/0t lls manufacture, 
describe measures taken by manufacturar to ellmlnate lhelr use. 

2. lndoor Alr Ouality: 
a. Ooes the producl ootgas (emlt) carctnogens or other hazardoos aubstances lnto the 

alr aner lnstaHallon, lncludlng final curirlg/drytng: __ y _N'I 
b. lf yes, submlt IAO test report. 

E. ElactromagneUc Radlatlon: 
1. Ooes lile product emll electromagnetlc radlatlon: __ y __ N? 
2. lf yes, et what rate perhoul'1 _________________ _ 

3. lf yes, describe methods for lnslallatlon, use. and malntenence of producl lo mlnlmlze 
generatlon of and occupant exposure to electromagneUc radlatlon. 

Enwonmenlal lmpact OueslloMalre Paga 8 ol 9 
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F. Compllance with Regulatlons (Environmental Statutory CompHance): 
1. Does the manulacturer meet ali federal. slale, and local environmenlal laws, including 

laws govemlng alr emlsslons, waste water trealment, and solld wasle disposaVlreatment: 
_y _N7 . 

2. Has the manulaclurer mel the above crilerla lor tha pravlous flva yaars: __ y __ N7 
3. Lisl these applicable standards. 

4. Does the producl mael appllcabfa induslry standards, auch as ASTM, Green Seal, 
manulacturing slandards, LA or NY research report numbers, and UL approvals: 
__ y __ N7 Lisl these slandards~-----------------

V. INSTALLATION 

A. Environmenlal Procedures/Precautlons: 
1. Describe special procedures and precaulions lo be used whlie handling and inslaliing 

the product: 

2. idenlify accessories, such as lastaners, sealars, end adhesivas lhal are non-toxlc (or less 
toxic than industry standard), anargy efficlenl, or racycied or racyclable producls7 

B. lnslaliaUon Energy: 
1. Producl Transport: Lisl the means to lransport the flnishad producl lo lhe construclion 

sita. 

2. lnslaliation: Lisl energy maans and describe energy requlremenls lor inslalialion ol the 
producl 
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C. Conslructlon Wasle : 
1. Lisl the recommended mathod(s) lor proper products dlsposal; stlpulala prafarred 

melhod and reslrictlons whk:h mlghl apply. · 

2. Commenl on lha anvlronmenlal impacl ol the producl as a wasle material. 

3. Packaglng: 
a. Describe packaglng lor tha producl. 

b. Does manulaclurer accapt relum ol used packaging lor reuse: __ y __ N7 
c. 11 yes, slala limHatlons and procadures for packaglng ratum. 

VI. PERFORMANCE 

A. Malntanance 
1. Describa tha racommended claanlng and mainlenanca procedures for the producl uslng 

producls which have mlnlmal VOC emlsslon. 

2. Eslimale the 'useful lile' expactancy lor thls producl. 

3. /ve replacemenl parta avaliable: __ y __ N7 
a. 11 yes, Can replacemenl parts be lnslalled In the fleld: __ y _N7 

4. Provlde a copy ol the llfa cycle analysis for lhls producl. 
5. Prevido a copy of the manufaclurer's warranly lor thls producl. 

B. Energy Efficiency (energy required lo operate/mainlaln): 

1. Eslimale BTUs required to operale the product whan new7 ------~· aner nve 

years7 ------~· afiar len yeers7 _______ _ 
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C. Compllance wilh Regulalions (Envtronmontal StalUlo,y Compllance): 
1. Does lhe producl meel ali federal, slale, and local anvtronmental iaws, including laws 

goveming energy efficlency and alr emlssloos: _ _ y __ N7 
2. Has lhe product met lhe above cñterta ror the prevtous five years: _y _ N7 
3. Llsl lhese appllcable standards. 

VII. CORPORATE COMMITMENT 

A. Corporate Envtronmental Policy: 
1. Provlde copy ol manulaclure(s staled envlronmenlal pollcles. 

END OF ENVIRONMENTAL IMPACT OUESTIONNAIRE 
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BSW lntematlonal One Wesl Thlrd Streel, luisa, OK 7•103-3505 (918) 582-8771/(918) 587-3594 

The loltowlno doeument II fumlshed by BSW INTERNATIONAI. and II lnlended lo be used only as a gulde. 
h ahould not be used as • llnal aolullon fot any purpose. Langoage Is p,esenled fot example only and no warranty 

o, ou..-.nl'f 11 - 11 lO compfeteness o, accun,cy ol lnlormallon conlalned he<eln. 

INPQOB AIB Ol/AUJY EMISSIQN TEST REpoRT 

OIRECTIONS 

A Complete the followtng and submlt for ravlew to: 

B. Relala lnformetlon coocamlng only one product, malarlal, or accessory ltem per tasi raport. 

C. 11 Is nol expectad the manufecturer wlll have addressad ali of the envlronmental concems 
expressed In the lndoor AJr Qualily Emlsslon Test Report. 
1. Respond to every questlon even 111esponse Is 'not available', 'not appllcabla', or 'no' . 
2. Attach addltlonal sheels as raqulred. Referanca addlllonal shaels to correspond with 

the quesllon number. 

11. IOENTIFICATION 

A Malarlal/Product: ________________________ _ 

Brand Name: _________________________ _ 

Manufacturer. _________________________ _ 

What Is the prlmary use or appllcallon lor thls produc17 ____________ _ 

B. Testlng Labofatory: 
Name: _______ _______ _____________ _ 

· Phone number. _________________________ _ 

Address: ____________ _______________ _ 

Contact person: ____________ ___________ __ _ 

lndoot Alt QuaJily Emtulon Test Repo,t 

.. ::!:'\ 
-: • · 1 
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111. TEST PARAMETERS ANO PROCEOURES 

A Tesl Objectlves: Describe tha purpose of the tastlng and the lntended use of tha results: 

B. Facilities and Equlpment 
1. Describe the faclUUes and equlpmenl; lndlcale sensUMly of the analy11cel syslem. 

C. Experimenlal Deslgn: 
1. Describe test condltlons lncludlng temperalU<e, humldlly, alr exchange rete, end tesl 

malerlals loadlng.· 
temperalute: __________________________ _ 
humldily: ___________________________ _ 

alr exchange rate; ________________________ _ 

tesl matarlals loadlng: _______________________ _ 

general test condlllons: ______________________ _ 

O. Sample Oescripllon: 
1. Describe lhe sampte(s) testad lncludlng lhe lype o/ materlal(s) or product(s). brand 

name or otilar ldanUllcatlon as epproprlate, slze or quanUly testad, and sample selectlon 
process (e.g. random). 

maleriaVproduct: __________________ ,;._ _____ _ 

brand nema: _________________________ _ 

manufacturar. _________________________ _ 

slze/quanllly: __________________________ _ 

sample selectlon process: ______________________ _ 

2. For wet samples or samples applled to a aubstrate, describe lhe aubalrale and methods 
to allach the sample to lile substrate and to seat the aample edges. 

subslrale: ___________________________ _ 

allachmenl methods: _______________________ _ 

seallng melhods: __________ ______________ _ 

lndoot Alr Ouallly Emlsslon Tesl Repo,1 



E. Experimental Procedures: Describe the experimental procedures used durlng tesllng 
lncludlng details ol lhe sampilng and analysls technlques. 
1. ldentllydate(s) ol tesllng: _________ _ _ ________ _ 

2. tdentlly durallon ol exposure: ___________________ _ 

3. Were standardlzed test procedures such as ASTM 051116. Gulde for Sman Sea/e 

Environmental Chambar Datarmínallon of O<Qanlc Emlss/ons from lndoor 

Matarlals/Products, used: ___ y ___ N7 
a. ti yes, cHe standards: ___________________ _ 

b, lf no, describe lhe experimental procedures used durlng tesUng and analysls: 

IV. TEST RESULTS 

A. Dala Analysls: Describe lhe accuracy ol the tesl results. 

B. Dlscusslon and Concluslons: 
1. Dlscuss lhe relevance of lhe flndlngs and provtde concluslons. For example, describe 

lhe ellecl of temperature and/or alr exchange rata on emlsslon ractors. Nole any 
anomaUes and describe data treatment to address such data. 

lndoo< Alr Ouallly Emlsslotl Test Report Page 3ol 4 
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2. Ust an substances ldenlllled In a sample ol the alr emltted from producl; lndlcate 
amounts detected In parts par mHllon (pprn); ldenllly carclnogens lhat appear on any ol 
lhe followlng Usts: 
a. Unlled Siete Envlronmental Prolecllon Agency (EPA) Carclnogen Assessmenl 

Group (CAG) Nsl of carclnogens. 
b. Clean Alr Act Sectlons 109, 111, and 112. 
c. The Nallonal Toxlcology Program's lates! publlshed "Annual Report on 

Carclnogens•. 
d. IARC Humen Carclnogens (Groups 1, 2A. end 28). 
e. California ProposiUon 65. 

au1"1ance carclnooan 

_Y_N 

_Y_N 

_Y_N 

_y __J,j 

_y __J,j 

_y __J,j 

_y __J,j 

ppm 

3. Provlde lnslruetlons, requlrements, or recommeodallons on mlnlmlzlng the lmpacl of 
emlsslons from lhe producls on workars lnstalllng the Hems and on lndoor sir quailty In 
lhe completed building. lnclude lnformallon on original lnstallellon of lhe ltem, 
malnlenance, and eventual removal frorn lhe faclllty. 

lnstallallon: __________________________ _ 

malntenance: _________________________ _ 

removaVdlsposal: ___ __________________ ___ _ 

C. Olher reports: lf olhar reports and evaluallons havo been performed for lhe producl, submit 
copies. 

END OF INOOOR AIR OUAltTY EMISSION TEST REPORT 
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SECTIOND 

Local Government 

There are numerous examples of local govemment actions to integrate passive solar 
design, energy-efficient building systems, and environmentally sound materials into new 
building construction and renovations. These opportunities yield positive financia! bene
fits to local govemments through lower operating costs and can enhance community per
ception of the effective management of financia! and environmental resources by public 
officials. Chapter 18 provides examples of local govemment initiatives in the area of 
building design . 
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CHAPTER18 

Local Government 
Information: 
Building Design 
Passive Solar Design 
IMPLEMENTATION ISSUES 

Passive solar design is based on optimizing the "whole-building" concept by integrating site 
conditions, building materials, and mechanical equipment. Local govemments around the 
countiy are building facilities that integrate these factors while meeting functional require
ments, operating cost-effectively, and providing occupants an improved work environment. 

When municipal project managers are informed about and understand the benefits of 
passive solar design principies, it enhances the design team's efforts to utilize these princi
pies in local government construction projects. In addition, the cooperation of local gov
emment departments in addressing siting issues for optimum solar access or other 
potential policy or regulatory issues will help ensure success. 

A local government's adoption of life-cyde cost analysis for construction projects will also 
help the design team convey the benefits of design and material innovations that may be 
necessary to gain Iong-term energy cost savings and potential gains in occupant satisfac
tion and productivity. 

LOCAL ACTIONS 

• Valmeyer, Illinois, and Pattonsburg, Missouri, two Midwestern towns that are rebuilding 
after major floods in August, 1993, have embraced passive solar design concepts for resi
dential and municipal buildings. Through a state and federal educational effort, local 
residents in Valmeyer leamed about the value of this approach. Toe state Department of 
Energy and Natural Resources provided design assistance to residents to implement 
super insulation and passive sol~ features with high-effi.dency heating and cooling sys
tems. As a result, 40 percent of Yalmeyer's new homes are being built to stringent stan
dards and are predicted to ha{,e annual heating bills of less than $200. Valmeyer's 
munidpal/emergency services ~uilding is a model passive solar building, designated as 
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an Exemplary Building by the U.S. Department of Energy (DOE). A downtown senior 
center and multifamily complex are both passive solar and super-insulated. In 
Pattonsburg, a passive solar land-use plan was developed. A village center there has also 
been designated as a OOE Exemplary Building project, and residents are learning about 
the energy-effidency potential of passive solar structures as they select home designs. 

• San Jose, California, has taken steps to encourage the use of solar systems in buildings 
by protecting solar access for new housing. At the direction of the City Coundl, the 
Environmental Services Department researched the costs and benefits of adopting solar 
access guidelines and found that such a move would result in significant energy savings 
and reduced carbon dioxide emissions. Toe City Coundl adopted solar access guide
lines in December 1992. Since the guidelines are voluntary, the dty provides work
shops for architects, builders, developers, and dty staff to encourage their use in 
building design and siting. With implementation of this measure, the city hopes to 
boost the local economy through increased local business activity and lower energy 
bilis, bringing more profits and disposable income to the area. 

• St. Mary's Parish School in Alexandria, Virginia, built a 9,000 square foot gymnasium/ 
auditorium using severa! passive solar design features, induding a 22-foot-high Trombe 
wall that stores the sun's heat. Daylight enters the structure through a pair of roof moni
tors-openings fitted with translucent insulating panels. Ventilation is provided by opera
ble windows and four roof fans that circulate heat stored in the floor and walls. Toe fadlity 
uses only about one-third of the energy consumed by a typical school gymnasium. 

• Toe roof monitor system at Abrams Elementary School in Bessemer, Alabama, cuts 
down on the school's lighting energy needs by admitting glare-free, diffuse light. 
Beneath each roof opening are water-filled pipes that also serve as baffles to intercept 
and diffuse the light as it enters each of 20 hexagonal dassrooms. Overheating is mini
mized because heat remains at the top of the roof monitors. Fluorescent lights used for 
backup are equipped with light-level controls to reduce energy consumption. Other 
energy conservation features at the school indude the use of thermal mass in the walls 
and floors to store heat and minimize temperature fluctuations, a well-insulated roof, 
and a mínimum amount of vertical glazing to prevent unwanted heat gain or loss. 

• Toe Portland, Oregon, Bureau of Environmental Services' new Water Pollution Control 
Laboratory is designed to integrate passive solar features-induding site orientation, 
daylighting, energy effidency, and building overhangs for shading-into a high-quality 
building environment. Toe complex contains diverse use areas, including an office 
complex, a laboratory complex and a field-operations complex, that require distinct 
applications. For example, heat exchangers are being evaluated for use in the laboratory 
areas due to the large volume of ventilation required. 

• Jordan Commons is a Habitat for Humanity project being built in Metro-Dade County, 
Florida, to provide far the development of affordable homes, community buildings, 
and parks. Toe designers have worked with county offidals to develop a site plan, 
obtain proper zoning and identify highly energy-effident plans, using a range of tech
niques to reduce cooling and other energy costs. Houses are designed for maximum 
cross-ventilation and feature ceiling fans, reflective window tints, and extended over
hangs. Trees will be strategically planted for shade, and white reflective roofs and walls 
will reduce heating load. Homes will be fitted with energy-effident appliances (such as 
air conditioners), solar water heaters, and photovoltaic lighting. 

LOCAL OPTIONS 

• Educate municipal and prívate building owners about the cost and comfort benefits of 
passive solar design. 

• Ensure that design team members are knowledgeable about passive solar prindples and 
computer design tools. 

• Develop passive solar guidelines far building design that indude updated ordinances, 
codes, and polides to remove barriers to passive solar design and protect solar access. 
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(¡_ Building Systems 
IMPLEMENTATION ISSUES 

Energy effictency is related to whole-building performance and depends on the effictent 
design and operation of integrated systems in keeping with the specific function of the 
building. Building system components indude the building envelope, heating and air 
conditioning, lighting, plumbing, and ventilation. These are affected by the operational 
requirements of the occupants. A lighting system that employs energy-effictent lighting 
designs is ineffective if it does not meet the needs of occupants. 

Local governments can take advantage of cost-effective, energy-effident systems and 
lighting by specifying them in plans for new buildings or renovation of existing build
ings. Public awareness about resource-effictent technologies for commerctal and residen
tial building can be increased when localities join with utility companies and state and 
federal entities to provide educational opportunities or incentive programs in the com
munity. Sorne local governments have passed ordinances or guidelines to require 
increased energy effidency in municipal, commerctal, or residential buildings. 

LOCAL ACTIONS 

• Toe county of Santa Barbara, California, has established a voluntary program to promote ener
gy-effictent building design by aeating a Building Review Com.mittee that can provide assis-
tance on cost-effective design methods that exceed California energy standards by 15 percent 
or more for residential buildings and 25 percent or more for commerctal developments. 

• In 1981, San Francisco, California, adopted the Residential Energy Conservation Ordinance 
(RECO), which has reduced by 15 percent the amount of energy used by average homes 
in the dty. RECO may be triggered during the sale of a home or when major improve
ments are implemented. RECO requires the installation of energy-saving measures fol
lowed by a compliance inspection to ensure that the work was completed. 

• Montgomery County, Maryland, enacted a set of energy-design guidelines that have 
been in use since 1989 and have resulted in up to 50 percent lower energy consump
tion in new and retrofitted government buildings without an increase in initial con
struction costs. These comprehensive technical and procedural guidelines, designed to 
exceed existing codes and standards, were developed through life-cyde cost analysis 
techniques. They indude the use of high-effidency lighting systems, control of build
ing energy use through integrated electronic energy-management systems, variable-fre
quency drives to reduce air-handler fan speed, high-performance glazing systems, and 
innovative devices such as ice-storage systems instead of conventional cooling systems. 
Toe guidelines are accompanied by a uDesign Contract Package" that indudes sample 
request-for-proposal forms, contract dauses, scope-of-services documents, and an ener
gy report format to aid county departments in implementing the guidelines. 

• Houston, Texas, established a building utility use procedure in 1983 for municipal 
building operators to reduce energy consumption and utility costs without adversely 
affecting employee productivity or comfort. Toe procedure indudes development of an 
operations plan for energy management and addresses heating and cooling, ventila
tion, lighting, domestic hot water, and general maintenance. In the 1990s, the ctty 
made a continuing commitment to effective energy management through its involve
ment with the Green Lights and Energy Star programs, EPA initiatives designed to pro
vide technical assistance to public and private partners interested in upgrading the 
effidency of lighting and building systems. Toe dty pioneered the use of private sector 
energy-performance contracts to upgrade energy systems in public facilities and has 
establisbed its own Green Lights Revolving Fund to recapture energy savings without 
the use of private performance contracts. Toe dty is also working with the local electric 
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utility on a number of facility-based demand-side reduction projects, induding power 
factor correction, cool storage, and cost savings from interruptable rates. 

• The Maryland Department of Education and the Maryland Public School Construction 
Program have a variety of initiatives and policies related to energy and environmental 
impacts of school construction and operation. To manage energy consumption at schools, 
the state requires monitoring and annual reporting of usage. Energy targets have been 
established for new and renovated schools, with new-school energy goals of no more than 
45,000 Btu per gross square foot per year for a typical operating schedule. The actual energy 
performance of finished schools is used as a factor in selecting architects for subsequent pro
jects. For new construction or renovation, designs must incorporate life..cyci.e cost analysis 
for mechanical and other systems and must employ energy-effi.cient lighting and integrate 
daylighting where possible. Designers are also encouiaged to follow the indoor air quality 
guidelines developed by the Department of Education School Facilities Branch. These 
guidelines also address acoustics for classroom settings and suggest sound-attenuating 
techniques or internal duct lining, where necessary. In addition, they recommend a com
prehensive commissioning of the heating, ventilating, and air-conditioning (HV AC) system 
to balance components, ensure projected performance levels and train operating personnel. 

• The Clark County, Nevada, Government Center was carefully planned and built to 
minimizP. impact on the environment and the use of non-renewable resources. The 
building was designed for maximum energy efficiency with six-inch fi.berglass insula
tion, a tapered and insulated roof, and dual-pane windows with high reflective value. 
This reduces the amount of heat gain and loss and requirés less space conditioning in 
summer and winter. Heating and cooling needs are met through the use of high effi
ciency equipment. Cooling is obtained through a variable-speed chiller that tailors the 
chilled water supply to the immediate level of demand. 
Out of concem for employees and the general public, the designers of the Clark County, 
Nevada, Government Center paid a great deal of attention to indoor air quality (IAQ). 
The architect specifi.ed materials (such as carpet, carpet glue, paint, sealants, adhesives, 
and modular furniture) with very low emission levels. This is expected to improve 
indoor air quality and reduce the amount of outside air required for ventilation-there
by lowering requirements for conditioning the air and reducing building energy usage. 
The county government is gathering data to measure the actual dollar savings and ener
gy efficiencies achieved through the incorporation of these design features. 

• The new San Francisco, California, main library, completed in early 1996, is a large 
public project where indoor air qtiality was a major design criterion. The building man
ager and staff worked with the design team, which included the architects and engi
neers, as well as an IAQ specialist, to design an environment that prometes health, 
inaeases productivity, and reduces potential liability. Items identifi.ed as needing spe
cial focus included the HV AC system, the use of particle board, the potential for miao
bial growth, and the choice of carpet, adhesives, paints, furniture, and copy machines. 
Steps were taken during design, construction, and material selection to miuimizP. prob
lems. The team worked closely with the construction coutractor to review the IAQ con
cepts and priorities. Commissioning procedures were instituted for the system, and a 
scheduled maintenance plan for the building was recommended. 

• The state of Washington Department of General Administration, which plans and man
ages state facilities, developed strict design requirements in 1990 aimed at averting 
building-caused health problems. The requirements for new state government office 
buildings were developed to supplement existing IAQ standards that addressed only 
industrial work areas. Requirements include a 90-day flushing-out period to help rid 
buildings of potentially harmful products, careful selection of non-toxic carpets and fur
niture, placement of copy machines in well-ventilated rooms, designs to provide greatest 
access to daylight, a smoking ban, and increased outside-air requirements for ventilatiou 
systems. In addition, the department stresses the importance of good operations and 
maintenance practices for HV AC systems as well as educating and training staff in state
owned and managed facilities to recognize, report and track IAQproblems. 
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LOCAL OPTIONS 

• Adopt local guidelines, standards, or codes for energy efficiency and indoor air quality 
in new construction or building retrofits. 

• Involve local building, architectural, neighborhood, and utility representatives in 
developing energy-efficiency goals for the community. 

• Develop building-design guidelines and specifications that include high standards for 
energy efficiency and indoor air quality for municipal buildings. 

• Institute life-cyde cost analysis for local government construction projects. 

• Designate or create a lead office to monitor and oversee municipal energy consumption. 

• Promote whole-building design and performance training in the local community 
through partnerships with building diagnostic and heating and air-conditioning con
tractors, green building associations, utilities architects, and builders. 

Building Products 
IMPLEMENTATION ISSUES 

An increasing number of architects, engineers, builders, contractors, local community 
associations, and local governments are seeking techniques and materials that improve 
the built environment, reduce impact on the natural environment, and improve local 
quality of life. Building green can promote energy and water efficiency, encourage recy
ding and use of recyded-content products, add to the local economy, and protect the 
natural resources. Education, training, and creating a sustainable marketplace in the com
munity are vital in developing and utili.zing green materials and products. 

Many opportunities to use green building materials and products exist in today's market
place. Local governments can take the lead in identifying these opportunities, utilizing 
green products, and promoting local entrepreneurship. 

LOCAL ACTIONS 

• Fort Collins, Colorado, and the cities of Crowley and Austin, Texas, no longer allow 
municipal projects to use cement produced in kilns that bum hazardous waste. Austin, 
however, promotes the use of cement that contains coal ash from power-generating 
facilities for construction of municipal projects. 

• Some local governments have banned the use of tropical woods or have developed vol
untary guidelines for avoiding their use. They include Austin, Texas; Harrisburg, 
Pennsylvania; Santa Monica and San Francisco, California; and Key West, Florida. 
Howard County, Maryland, has prepared a list of prohibited tropical woods for archi
tects and builders. 

• In Metro-Dade County, Florida, bid documents for county projects encourage bidders 
and product manufacturers to use environmentally safe materials, manufacturing 
processes, and installation methods when providing goods and services. This indudes 
products that are made from recyded materials or are recydable, have reduced levels of 
volatile organic compounds (VOCs), or need fewer wet adhesives for installation. 
Bidders are encouraged to offer removal and recyding of existing carpet as part of their 
bid response. The request for proposals for the development of the Miarni International 
Airport required bidders to indicate products with Green Label certification as part of 
the bid subrnittal. 

• The Maryland Department of Education has published an overview of green design 
principies, Building Ecology and School Design, a technical bulletin for use by facility 
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planners and arcbitects in the state's public school system when making product and 
material choices for construction. Toe bulletin prometes the use of environmental life
cycle assessment and provides a decision-making model to assist in this process. 
Application of these concepts is illustrated through a detailed examination of options 
for flooring, induding vinyl-composition tile, linoleum, carpet, terrazzo, wood, and 
cerarnic tile, and their assodated impacts. 

• As part of its Sustainable Building Guidelines, Austin, Texas, prepared a sarnple material
selection matrix for archltects and builders to assist in the selection of building prod
ucts. The matrix incorporates conventional selection criteria, such as availabillty, 
certification, and cost-effectiveness, with weighted sustainability criteria, such as life
cyde qualities, regional impacts, post-consumer recyded content, indoor air effects, 
durability, and cost. The guidelines also provide information on locating material man
ufacturers and suppliers, with an emphasis on regional sources. 

• In metropolltan Portland, Oregon, the Solid Waste Department of Metro (the directly 
elected regional government), has published a Guide to Recycled Products for the Building 
and Construction Industry. Toe guide is organized using Masterformat, the construction 
industry's standard order format, developed by the Construction Specifications 
Institute. 

• A Sustainable Design Resource Guide was developed in 1994 by the Denver, Colorado, chap
ter of the American Institute of Architects Committee on the Environment and the 
Colorado chapter of Arcbitects, Designers, and Planners for Social Responsibility. Toe 
guide, developed for Colorado and the Western Mountain Region, identifies local and 
regional product sources. lts purpose is to benefit the regional economy, reduce transporta
tion pollution, encourage local environmental businesses, and stimulate awareness and 
control of local resources. Users are asked to first consider whether the material is needed, 
and then to analyze function, environmental impact, health considerations, aesthetics, 
cost, and operations and maintenance factors when considering options. The guide lists 
regional construction and demolition waste recyders along with suppliers and mari.ufac
turers of resource-conserving or recyded-content materials and building products. 

LOCAL OPTIONS 

• Establish an advisory group of local architects, builders, product suppliers, waste 
haulers, and government representatives to research and establish recommendations 
for green materials and resources for the region. 

• Set aside a percentage of the design and construction budget of local government pro
jects for alternative/green materials. 

• Establish an environmental purchasing policy that indudes life-cyde cost analysis; pro
motes the use of post-consumer recyded, energy-effident, and water-conserving prod
ucts; and prometes the use of local/regional goods and services. 

• RESOURCES 

Resources for the Local Government Information chapters are located in the Appendix. 
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lntroduction 
This section of the manual higblights specific guidelines for the management of site 
issues, indoor air quality (IAQ), source control practices, and resources during the con
struction process. Although construction design documents typically define the responsi
bilities of a contractor during the:construction process, they mainly focus on the design 
elements that compose the finished product. Rarely do they set environmental guidelines 
to be followed during the const:ruction phase. Therefore, the design team should work 
with a construction professional to ensure the adoption of guidelines for this aspect of 
the project. Typically, these guideµnes will appear in a construction contract with specifi
cations that spell out requirements for their implementation (see Chapter 17, 
"Specifications"). ' 

Many of the guidelines and practices identified in this section should be considered in 
conjunction with the strategies addressed in other sections of the manual; for example, 
guidelines for indoor air quality in construction should be coordinated with those for 
environmentally sound materials selection and ventilation-system design. The integra-

' tion of such guidelines across the design, development, operations, and maintenance of a 
building is critica! to their .successfu.1 application. 
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Enviromnental 
Construction Guidelines 

General Considerations 
* SIGNIFICANCE 

The construction process can have a significant impact on environmental resources. 
Environmentally conscious construction practices can markedly reduce site disturbance, the 
quantity of waste sent to landfills, and the use of natural resources during construction. lt 
can also minimize the prospect of adverse indoor air quality in the finished building. In 
addition to yielding environmental benefits, ali of these actions can lower project costs. 

In many cases, construction dears and disturbs the site's existing natural resources
native vegetation and wildlife, natural drainage systerns, and other natural features-and 
replaces thern with artificial systerns such as non-native vegetation and artificial drainage. 
Waste generated from construction and dernolition accounts for about 28 percent of 
landfill volume. Emissions from new construction materials as well as dust, particulates, 
and other airbome contaminants generated during the construction process are suspected 
of causing health problerns. In addition, most construction projects today require the use 
of new virgin materials (adding to the depletion of limited natural raw materials ü such 
materials are not renewable), even when recyded-content, reused, or refurbished materi
als are sufficient for the intended purpose. 

When approaching construction from a sustainable perspective, a builder should ensure 
that the construction contract and specifications address the design and construction 
teams' environmental requirements for the construction process. Many of these issues 
and practices are typically under the direct control of the construction contractor, who 
was most likely selected by competitive bid. 

The construction professional's responsibility is to fulfill the project objectives in accor
dance with the construction contract, construction drawings and specifications, project 
schedule, and project budget. The contractor's goal is to build the project for the lowest 
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cost, within the tightest time-frame, and at the highest profit. Toe contractor is 
not likely to implement environmental practices unless they involve almost no Í 
additional cost, have been required contractually, or are economically benefi- %\<? 
cial to the contractor. 

Teamwork is the key ingredient in a successful construction project. Together, 
a building's owner, architect, engineers, and contractor should develop guide
lines, plans, goals, and practices for the construction process. Toe joint 
approach will ensure that the contractor understands-and embraces-a pro
ject's general and environm.ental goals and specifi.cations before the work begins. 

r.- SUGGESTED PRACTICES AND CHECKLIST 

• Toe design team can establish and enforce environmental guidelines for 
construction by doing the following: ~ 

- Incorporating such guidelines into the construction drawings and specifi
cations and monitoring the contractor's compliance during construction. 

- Incorporating environmental responsibilities into the construction 
contract and monitoring the contractor's specific compliance during 
construction. 

- Indicating, in the above guidelines or statements of responsibility, prac
tices required by local, state, or federal environmental regulation. 

• In some cases, contractors may need education about environmentally 
preferable practices in order to take advantage of them. 
Toe design team can help the contractor understand that an environmental-
ly preferable process can be more economical than-or equivalent in cost I' , , 
to-a conventional one, and can be implement~ without a regulatory or \_ 
contractual requirement. · 

Site Issues 
* SIGNIFICANCE 

Toe construction process can cause a signifi.cant amount of site disturbance. To 
minimize such disturbance and maximize the use of site resources, a project 
team should recognize a site's existing natural, cultural, and constructed fea
tures and preserve those features through sound design, construction, and 
management practices (see also Chapter S, "Sustainable Site Design"). 

Despite their up-front expense, practices that plan and control site access-and 
promote efficient and environmentally sensitive use of site features--often 
translate into cost savings to the contractor, induding lowered site-restoration 
costs after completion of work. For example, preservation of existing trees or 
geological features in the site design and construction can lessen the need for 
replanting and other landscaping to achieve shading or privacy goals. 

Bear in mind, however, that opportunities to reduce site impacts and tap exist
ing natural resources through environmentally sensitive design vary widely 
among urban, suburban, and rural sites. Urban sites typically have more design 
constraints. Rural sites, usually much larger than their urban counterparts, pre
sent more opportunities for environmental disturbance-along with more 
options for resource utilization. 
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~ SUGGESTED PRACTICES AND CHECKLIST 

o The owner, design team, and contractor should develop, collectively, a staging 
plan for the project. 
Toe goal of this plan is to balance the contractor's desire to build cost-dfectively with the 
owner's long-term need to protect valuable site resources and amenities. In many cases, it 
is in the contractor's best interest to take actions that curb construction's impact on a site, 
because such actions can sharply reduce site-restoration costs after project completion. 

o Develop specific site-protection requirements that the contractor should follow, 
and require the contractor to subm.it plans for meeting them. 
lndude specific language in the contract and construction documents that tells the 
contractor how to meet requirements, and develop monitoring and verification criteria. 
- Specify requirements for site utilization. Site-utilization specifications ensure a dear 

understanding of which areas of a site are to be used, and of how the site will be 
managed. Often, contractors do not tightly control site utilization by subcontractors 
and workers, so the site is used on a first-come, first-served basis. Such lax site man
agement tends to cause unnecessary site disturbance and discourage efficient use of 
existing site resources for construction purposes. It requires the constant movement 
of materials and equipment to allow completion of work. Toe more often material 
and equipment are moved, the higher the risk of damage, to both the transferred 
items and the site itself. 
Typically, site utilization specifications require a contractor to address the follow
ing issues: 

a. Where contractors and trades will locate their trailers; 
b. Which areas of the site will be protected, and which areas used for storage and staging 
c. How waste will be handled and removed; and 
d. How the site will be isolated from public entry. 

- Designate specific vegetation for protection throughout the construction process. 
Specifications must indica te not only the types and locations of vegetation to be pro
tected, but also the methodology for protection. 

- Specify requirements for site access. Issues to consider indude: 
a. Access requirements of the different trades, for deliveries, installation, and 

other needs; 
b. How workers access the site and enter the building during the construction process; 
c. How access will change over the course of construction; and 
d. Vehide-parking accommodations available to workers. 

- Specify requirements for site clearing and grading. lssues to consider indude: 
a. How the site is to be deared and graded; 
b. Toe environmental impacts that may ensue; 
c. How to minimize the square footage areas to be deared and disturbed and still 

meet construction, design, and economic needs and requirements; and 
d. Whether the removed topsoil and/or excavated material can be stockpiled 

for reuse. 
- Review the stormwater management plan. Preplanning and management can mini

mize surface stormwater resulting from construction. Increasing the on-site stormwa
ter-absorption capacity of a building-through the use of piping systems, for 
example-can reduce flow of stormwater off-site. Other options indude the develop
ment of an on-site pond that accumulates and releases surface water over time, or the 
construction of a retention system (such as a retention tank) in the building that 
slowly releases water into the drainage system or allows water to dissipate naturally. 
Check local regulations to see if they require a stormwater management plan. Many 
jurisdictions mandate such plans to protect surrounding sites from anticipated addi
tional surface water and contaminants generated by construction projects. 

(See also Chapter 5, "Sustainable Site Design," Chapter 6, "Water Issues," and Chapter 7, 
"Site Materials and Equipment. ") 
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Construction-Related lndoor Air Quality and Health 
* SIGNIFICANCE 

Indoor-air-quality (IAQ) problems caused by construction may be due to (1) dust created 
by the disturbance of building materials and systems during renovation or demolition; 
(2) emissions of volatile organic compounds-(VOCs) from materials and products; or (3) 
emissions of combustibles and VOCs from construction equipment or construction 
processes (for example, welding). 

Many construction and building materials emit VOCs or particulates that are potential 
health hazards or nuisances at low concentrations and require special safety precautions. 
Introduced into a building during the construction process, such air contaroinants can 
migrate through the building's interior via natural and mechanical ventilation path
ways, and linger there well after construction has been completed. 

IAQ contaminants move through a building in a variety of ways: 

• Through the heating, ventilating, and air-conditioning (HVAC) system (from both the 
interior and exterior of the building); 

• Through pressurization differentials in the interior spaces of the building; and 

• Via workers' dothing, where VOCs and combustibles can settle and be released in 
other sections of the building. 

Airbome contamination from various sources--induding, for example, VOCs emitted 
during roof installation-also can filter to nearby buildings, ü high concentrations of 
polluting substances are released near fresh-air intake vents. 

Indoor air contaminants may affect building occupants' and construction workers' 
health and comfort, as well as their productivity. The degree of impact is a function of 
the type, concentration, and duration of the contaminant exposure. Allergies and hyper
sensitivities of individuals to spedfic pollutants are also factors. Typically, indoor conta
mination associated with construction activities causes short-term acute reactions--eye, 
nose, throat, or skin irritation, for example. Some short-term exposures may have serious 
effects--as when, for example, a person is overcome by fumes from a toxic solvent. 

It is important to note that each project's construction presents its own unique circum
stances, which must be considered on an individual basis. Health concerns, for instance, 
are generally similar in new construction and in renovation; renovation, however, may 
be complicated by the presence of occupants throughout the project, raising health 
issues that demand special consideration. 

Guidance for the protection of construction workers is provided by the Occupational 
Safety and Health Administration (OSHA) as well as by construction-product manufac
turers' Material Safety Data Sheets (MSDSs). lndeed, OSHA Hazardous Communication 
(HAZCOM) regulations (Standard 1926.59) require that MSDSs for a1l toxic or potentially 
hazardous materials proposed for use by each construction trade be available at a project 
site. Building occupants and employers, however, are generally not privy to this infor
mation and are thus unaware of potential risks. (See Chapter 13, "lndoor Air Quality," 
for more information.) 
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_.. SUGGESTED PRACTICES AND CHECKLIST 

Administrative Practices 
O Develop an IAQ construction management plan. 

Toe plan should consider the unique drcumstances of the project-such as whether it 
is a new construction or a renovation (with or without building occupants), the 
planned phasing of activities, and the possible irnpacts of activities on adjacent build
ings-an,d the cost and benefits of available options and approaches. In many cases, 
the specifics of a plan used for one building may not work for another. However, the 
practices noted below may be applied to any building or project. 

o Identify potential health hazards and take necessary safety precautions, comply 
with ali "right-to-know" requi.rements, and obtain MSDS information as necessary. 

O Isolate construction sites from occupied areas. 
Use barriers to prevent the migration of airbome pollutants from areas under construc
tion, and to mitigate any construction noise that may disrupt occupant activities. 
Coordinate the installation of a barrier with ventilation measures so that airbome con
taminants are not dispersed through the HV AC system. 

O Schedule noxious work during off-hours. 
If effective controls for potential emissions cannot be practically irnplemented, sched
ule activities involving significant airbome pollutants during off-hours, when occu
pants of the building or adjacent buildings will not be present. Coordinate this 
measure with ventilation measures, since pollutants need to be flushed out and away 
from the affected area prior to reoccupancy. Ventilate the site with fresh outside air 
during and immediately after the noxious activity. 

O Tailor IAQ management to the varying requirements of the construction 
phasing plans. 
Toe construction process often requires different phases of work (different portions of a 
building renovated over time, or demolition of a portian of a building at a specific 
point in the schedule). Toe IAQ management plan needs to address the varying 
requirements of the phasing plan. 

O Sequence construction steps to minimize contaminant "sinks." 
Wet construction materials-products such as paints, glues, and sealants-release their 
highest levels of VOCs during the curing period immediately after application, with 
levels dipping sharply as curing progresses. Certain construction materials-fabric pan
els, carpets, ceiling tiles, furniture, and movable partition systems, for example-can 
actas "sinks" for these emissions, absorbing contaminants and then slowly releasing 
them back into the building over time. Scheduling the application of wet materials 
prior to the installation of materials known to be "sinks" can reduce the levels of cont
aminants remaining after construction is completed. Ventilating the building during 
the application of wet products is equally critica! to contamination reduction, as such 
materials emit high levels of VOCs. 

O Test and inspect for potential contaminants (VOCs, particulates, and others). 
Perform tests and inspectio~s to assess the effectiveness of contamination-mitigation 
strategies and to make necessary adjustments to the IAQ management plan and its 
irnplementation. 

(See also Chapter 12, "HVAC, Electrical, and Plumbing Systerns," Chapter 13, "Indoor Air 
Quality," and Chapter 15, "Building Commissioning.") 
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HVAC System Practictis 
• Flush out newly constructed interior spaces prior to occupancy. 

Flushout of newly constructed spaces with fresh air (at as high a percentage as possible 
or practica!, with 100 percent as the goal) can effectively remove high levels of air
bome contaminants prior to occupancy. This acti.vity should be coordinated with mea
sures to protect the HV AC distribution system (for example, the supply-air ductwork 
and air-handling equipment) so that contaminants are flushed out of the building and 
not recirculated in the process, contaminating distribution systems and equipment as 
well as other areas throughout the building (see Chapter 13, "Indoor Air Quality"). _ 

O Flush out occupied areas during off-hours. 
When occupancy schedules make flushout impracti.cal, perform the procedure during 
off-hours (for example, weekends and evenings) for a period of time until co:ritamioant 
levels are reduced. Complete prior to scheduled occupancy. 

O Depressurize the construction work area. _ 
Keeping the constructi.on area under negative pressure, especially in an occupied build
ing, can help prevent airbome contaminants from migrating into occupied areas. A 
combination of measures can depressurize the site, such as supplying ventilation into 
the space under constructi.on, using temporary or existing building exhaust systems to 
siphon pressure out of the constructi.on area, or supplying positive pressure to occu
pied portions of the building. 

O Pressurize occupied areas. 
Maintaining occupied areas under positive pressure in relation to the space under con
struction (by ensuring that the air volume supplied to the occupied space is greater 
than that supplied to the area under constructi.on) can prevent the migration of conta
minants from the construction area into occupied sections of the building. 

O Increase outside air. 
Increasing outside-air ratios in the air supply to a building dilutes airbome contami
nants instead of recirculating them into the building. Increased ventilation, although 
an appropriate measure for reducing potential contaminants in indoor air, may not be 
sufficient on its own and may have to be combined with other measures for effective 
IAQ mitigation. 

• Protect ventilation systems and components. 
A building's ventilation system consists of three components: a supply-air distribution 
system, a retum-air distribution system, and air-handling equipment, which also per
forms filtration. Toe retum-air system recirculates indoor air back through the air-han
dling equipment and back into the building through the supply-air system. For this 
reason, the retum-air system in a construction area should not be used to exhaust the 
space unless airbome contaminants are filtered prior to entering the return-air system. 
Sealing off retum-air inlets and establishing alternative exhaust measures (such as 
removing windows) that work in tandem with the building's supply-air system to pro
vide ventilation can be an effective mitigation strategy. Care must be taken to ensure 
that the construction space is kept under negative pressure relative to the occupied 
portion of the building. 

(See Chapter 12, "HV AC, Electrical, and Plumbing Systems.") 

Source-Control Practices 
O Use low-emission products. 

Concerns about indoor and ambient air quality have spurred the development of low
VOC-emission products. Consider low-emission products when they are cost-and-per
formance-effective; when a building under construction is partially occupied; and 
when the potential impact of higher-ernission products on occupant health and safety 
is a concern. 
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O lnstall a temporary local exhaust. 
Installation of temporary exhaust in a construction area prevents contaminated air 
from entering the building's retum-air system and helps protect the ventilation sys
tem's filtration and supply-air d.istribution channels. Two effective temporary exhaust 
strategies are (1) removing windows in a space, and (2) using available or dedicated 
exhaust systems (for example, kitchen or toilet exhaust) that are not tied into the 
building's overall retum-air system. 

o lnstall localized cleaning and filtration equipment. 
When the temporary local exhaust measures mentioned above are not practical, the 
installation of localized cleaning and filtration equipment to remove contaminants from 
the air befare they enter a building's retum-air system can be an effective altemative. 

O lnstitute sound housekeeping procedures. 
Good cleaning, storage, and waste handling and removal procedures can significantly 
lower the concentration of contaminants in a building. Mechanical rooms (which may be 
plenums) are often used for storage of construction materials, sorne of which contain 
highly toxic substances or high-emission paints, glues, and drywall compounds. If con
tainers of these materials are left open and spill, the potential for contaminating a build
ing's supply-air system and ventilation equipment is great. Thus, attention to storage of 
potentially polluting materials is an important contamination-control strategy. Frequent 
cleaning of construction sites with anti-dust sweeping compounds and avoidance of con
struction-waste storage in certain building areas also help control IAQ contamination. 

(See Chapter 13, "Indoor Air Quality," Chapter 16, "Materials," and Chapter 22, 
"Housekeeping and Custodia! Practices. ") 

Resource Efficiency 
* SIGNIFICANCE 

Construction projects typically use large quantities of material, energy, and water 
resources. Environmental performance improvements can reduce waste, increase efficien
cy and water conservation, and reduce consumption of natural resources. Potential 
improvements indude the following: 

• Efficiently satisfying temporary power and water requirements; 

• Reducing waste production with less packaging; 

• Reducing waste production through use of materials with recycled content; 

• Reducing waste by reusing building materials and demolition debris on the con-
struction site; 

• Recycling demolition debris off-site; 

• Recycling construction debris; and 

• Developing overall efficiency guidelines. 

,_.. SUGGESTED PRACTICES AND CHECKLIST 

O Include language in construction documents that promotes energy and water conser
vation and holds the contractor financially responsible for resource consumption. 
When a contractor is responsible for payment of a project's utility costs, and energy and 
water permit fees, it is more likely to curb consumption and reduce associated costs. 

O To conserve resources, the contractor should: 
- Monitor energy and water usage to identify areas of waste and abuse, then reduce 

resource consumption and cost. 
- Install temporary lighting so that most other lighting can be tumed off during non

construction hours. 
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- Install motion sensors for security lighting. Sensors can activate security lighting 
only as necessary, eliminating the energy waste of round-the-dock lighting. l :..:-· 

- Use two different circuits for temporary lighting, one for OSHA-required work lighting 
and the other for temporary emergency lighting kept on at night for security purposes. 

- Wue temporary lighting with the conduit systems installed for the project. Note that 
the use of new conduit systems is often not allowed for temporary construction light
ing, requiring the installation of temporary distribution wiring that is later discarded. 

- Use energy-effident lamps and equipment for temporary lighting. Most temporary 
lighting on construction projects is incandescent. Consider the use of compact fluo
rescent lamps, which offers paybacks in reduced consumption (although compact 
fluorescent lamps are more expensive than their incandescent peers, they use con
siderably less energy to produce the same quantity of light) and reduced mainte
nance (compact fluorescent lamps last significantly longer than incandescent lamps, 
redudng the time and cost assodated with lamp replacement and maintenance). 
Bear in mind, however, that cost-effectiveness varíes, depending on .such factors as 
hours of operation, utility consumption rates, replacement costs, and material costs. 

- lnstall low-flow fixtures and appliances for reduced water use during construction. 
Install a temporary drip watering method for exterior landscaping. Consider rainwa
ter for irrigation (see Chapter 7, "Site Materials and Equipment"). 

- Reuse captured stormwater and/or construction wastewater on the project site. 
Settling ponds, for example, can be used during construction, then made into per
manent site features. 

- Use the building's new or existing HV AC system to provide temporary ventilation 
or conditioning (heating and/or cooling). Coordinate this use with good IAQ prac
tices so that systems are properly maintained and deaned. Note that the use of new 
or existing HV AC systems to provide temporary ventilation for construction is often 
not permitted (see Chapter 13, "lndoor Air Quality"). 

• Use products and materials with recycled content, as appropriate and consistent 
with construction plans and spedfications, good IAQ practices, and health recom
mendations. 
Toe use of building materials with significant recyded content helps divert recydables 
from disposal at the landfill. lt also reduces the use of raw materials and, in turn, the 
depletion of natural resources. 

• Use products and materials with reduced packaging and/or encourage manufac
turen to reuse or recycle their original packaging materials. 
Such strategies help divert materials from disposal at the landfill and reduce the use of 
raw materials. Toe assodated reduction in waste and disposal cost can also result in 
savings to the contractor and developer. 

• Purchase materials in a manner that minimizes waste and unnecessary costs. 
For example, purchase nine-foot sheets of drywall if the ceiling height in a building is 
just under or exactly nine feet. 

• Require an ·on-site recycling system for waste materials (for resale, in the case of 
metals, or for giveaway to local programs or at curbside). 
Recyding waste materials on-site requires the development of a plan to accumulate, 
separate, and store the materials until they can be transported to an appropriate mar
ket. As part of the plan, identify markets for recydable materials to determine the eco
nomic feasibility of construction waste recycling. Markets far recycled building 
materials vary throughout the country; typically, however, markets for recyded steel 
and other metals, masonry, concrete, untreated dimensional lumber, corrugated card
board, and asphalt exist. In all cases, on-site separation and stringent monitoring of 
recydable materials are critica!. Contact the local waste management board for more 
recyding information. (See Chapter 1, "Toe Econornics of Green Buildings," for a con
struction-waste savings example.) 

• Require the recycling and reuse of materials salvaged from demolition. 
Building materials salvaged from demolition may be used as building fill material or 
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insulation, and salvaged ornamental metals, fixtures, and windows may be refurbished 
and reused. Yet, owners and designers often do not consider recycling materials 
obtained from demolition, perhaps because they are unaware of potential markets for 
those materials or are concemed about the potential higher costs and inferior perfor
mance of salvaged materials in construction. As more manufacturers demand recyded 
materials, however, the economic viability of demolition resources is becoming more 
attractive, and their performance less of an issue. 

O Track the actual wastes produced from construction, measuring waste-generation 
levels against project guidelines for materials' recycling and reuse. 
An effective morutoring program that tracks the actual wastes produced by construc
tion can help ensure that storage bins (when used) are not contaminated by foreign 
materials and that construction materials scheduled to be recyded are, in fact, being 
separated. Morutoring the destination of construction materials can also help a project 
team evaluate the cost-effectiveness of waste disposal versus waste recyding. 
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CHAPTER20 

Local Government 
Information: 
The Construction Process 
IMPLEMENTATION ISSUES 

When local govemments adopt green policies for the building or renovation of their facil
ities, they must address a number of issues. First, they will need to educate ali parties 

[

. volved in a green construction project. Next, they will need to ensure that appropriate 
ternal mechanisms-ordinances, procurement practices, building codes, and permitting 

rocesses-are in place. Finally, they will need to pay attention to externa! factors, such 
access to environmentally sound materials and an infrastructure for recycling construc

tion and demolition debris, that help to ensure successful results. 

Local government environmental _professionals should educate policymakers about the 
life-cyde benefits versus initial costs of a green building project to minimize the potential 
for later misunderstandings. Elected officials and city or county managers will often 
understand and support the complexities and benefits of such a project better if they 
receive an early explanation of its innovative policies and practices. 

Building-code offi.ces, procurement offi.ces, and permitti.ng departments, in tum, need infor
mation about the nature and scope of a green building project and about altemative build
ing materials and practices in order to facilitate the construction and inspection processes. 
These government agencies can examine codes and permits to identify any barriers to sus
tainable construction strategies and, if necessary, assist in securing waivers or devising alter
native plans. Their review of local ordinances may reveal that existing policies can address 
and enforce such factors as watershed protection and native-plant preservation during the 
construction process, or that updated ordinances need to be put in place. 

A jurisdiction's construction manager should be part of the design team that is assernbled 
to develop and implement a green approach. Education of the building contractor by the 
construction manager and the design team is also necessary if the jurisdiction is to suc
cessfully translate its design plans into reality. One approach to this education effort is 
the use of specifications that clearly delineate environmental practices to be followed dur
ing construction (see Chapter 17, "Specifications"). 

Author 
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In addition, if the contractor is not familiar with green building techniques or materials, 
it may not adhere to the desired sustainable practices. If the contractor cannot locate (J(=·· 
green products in a timely fashion, for example, the construction timetable is likely to 
suffer, resulting in increased cost to the contractor and to the local government from 
extended leases on existing facilities or lost revenue from proposed occupants. The local 
government can take steps to assist the contractor in locating distributors and manufac-
turers of recyded<ontent materials and other green products so that purchase and deliv-
ery schedules can be met. 

Finally, the jurisdiction should ensure that the infrastructure for the recyding of con
struction and demolition debris is in place from the beginning of construction. If recy
cling strategies are implemented after construction has begun, recyding rates are likely to 
be far from optimal, and land.fill costs are likely to go up. On-site r.ecycling depends on 
the ability to collect and sort construction waste and a system to either reuse materials at 
the site or recyde them within the community. 

Other issues local govemment construction managers should consider are the efficient 
use of energy and water resources on construction sites and the application of practices 
and products that promote good indoor air quality during construction. These practices 
can both save money and provide a safer workplace for construction workers. 

LOCAL ACTIONS 

• Toe city of Austin, Texas, has conducted over 10 years of education and outreach relat
ed to the adoption of green building practices. Beginning with the Green Builder 
Program, Austin sought to provide homeowners and builders with the tools to evaluate 
the benefits of green practices and products. Since the program's implementation, a city 
home rating system has provided a market advantage to green builders; local citizens 
have organized an advocacy group interested in green buildings, and Oty Coundl has 
embraced green building policies for municipal facilities. A commercial Green Builder 
Program, introduced in December 1995, now targets the private business sector and 
indudes waste reduction and demolition recyding in its checklist of suggested practices. 

• In a related sustainable building initiative, Austin's construction team for its new air
port indudes an individual responsible for finding recyding opportunities during the 
demolition phases of thé project, which is taking place at the former Bergstrom Air 
Force Base. F.arly phases of the project were implemented without recyding guidelines 
in place, resulting in lost opportunities; however, later phases have been more success
ful. So far, demolition recyding and the relocation of homes have yielded positive eco
nomic consequences. 

• The city of Portland, Oregon, enacted a city policy in 1995 that requires municipal 
bureaus, contractors, and subcontractors working on dty-sponsored construction and 
demolition projects to aggressively recyde and salvage building materials. Toe dty goal 
is to recyde or reuse 100 percent of building materials such as wood, cormgated card
board, metal, drywall, rubble, excavated earth, and land-clearing debris from construc
tion sites. For roadways, underground utilities, and similar projects, the city has set a 
90 percent goal for the recyding of asphalt, concrete, crushed rock, and dirt; in demo
lition, it encourages the salvage of all possible materials, and 90 percent recyding of 
other materials. Recyding is not required where the practice is not profitable and prac
tica!. An important aspect of Portland's policy is the "Bidders Recyding Economics 
Worksheet," which all bidding contractors must use to evaluate the cost difference 
between on-site recyding and land.fill disposal. 
Effective January 1996, Portland enacted Ordinance #169103, requiring all companies 
that request a construction or demolition permit with a value greater than $25,000 to 
comply with a requirement to recyde waste on the job site. To help companies com
ply, Metro, the regional government in the Portland area, has developed Consbuction 
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Site Recycling: A Guide for Architects, Builders and Developers, which provides specific pro
ject examples and a listing of recycling facilities and the materials they accept. Waste 
haulers are also adapting to the policy change, facilitating compliance by giving con
tractors the option of using multiple drop boxes at the construction sites. Future plans 
in Portland indude standards for using recyded aggregates in public works projects, 
thereby completing the recycling loop. 

• In compliance with the state of New Jersey's 1987 recycling law, Passaic County, New 
Jersey, requires commercial and government contractors to recyde waste materials 
generated during construction and demolition. To facilitate cooperation with this 
requirement, the Clean Builders Association of Passaic County educates contractors 
about recyding issues and serves as a resource for the county. Rather than merely pro
moting the county's mandate, the association emphasizes incentives for compliance, 
such as reductions in landfill use and associated fees. 

• The Triangle J Council of Governments in Research Triangle Park, North Carolina 
established a Construction and Demolition Waste Task Force in 1993. Toe task force is 
made up of 33 members representing state and local governments, architects, builders, 
developers, and recycling companies. Its mission is to initiate, encourage, and coordi
nate efforts to reduce, reuse, and recyde construction and demolition waste in the 
region. So far, the task force has produced two publications to assist builders: a guide 
to construction and demolition waste recyding, and WasteSpec: Model Spedfications for 
Construction Waste Reduction, Reuse, and Recycling, a manual for architects and engi
neers. Toe manual contains model specification language, a checklist of 135 materials 
typically found in demolished buildings, a model waste management plan, informa
tion on estimating recyding costs, and additional green building resources. 

• Orange County, Florida, opened the Orange County Community Distribution Center 
(OCCDC) in 1993. Launched with private-sector technical support, the center distrib
utes recyded building materials to non-profit organizations in the community. Toe 
center also trains county inmates in marketable skills related to the handling and sort
ing of recyded materials. In 1994 alone, the center's operations diverted over $600,000 
worth of materials from local landfills and reused these materials in the community. 

• Habitat for Humanity International has set up several community recycling centers 
around the country, called Habitat for Humanity Re-Stores, that recyde doors, windows, 
sinks, and other building-related materials and products. Profits from this activity are 
used to fund new home projects. In 1994, the Austin, Texas, Re-Store diverted 300 tons 
of usable materials from local landfills, and generated enough sales to build 31 homes. 

• Toe city of San Diego, California, Ridgehaven Green Building renovation project 
requires the contractor to follow specific environmental procedures during demolition 
and construction. Project guidelines call for deaning, ventilation, and protection proce
dures to prevent contamination of the new heating, ventilating, and air-conditioning 
(HV AC) system and interior space; use of environmentally sensitive building products, 
non-toxic deaning materials, and least-toxic pest-control methods; and reuse or recy
ding of demolition and construction refuse. Toe procedures provide dear information 
on local materials-reuse programs and sources of non-toxic deaning products. 

LOCAL OPTIONS 

• Educate public and private construction-related entities about green building practices. 

• Review your jurisdiction's codes and ordinances to identify and remove barriers to 
green construction practices. 

• Establish a task force to review local government building and renovation policies and 
procedures and develop specifications that accelerate green construction efforts by 
including environmental procedures. 

• Promote the establishment of a community building-materials recyding center. 
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• Establish a public/private task force to promete construction- and demolition-waste 
recycling. 

• Direct contractors to local oi regional environmental product sources and material
recycling vendors. 

• RESOURCES 

Resources for the Local Government Infonnation chapters are located in the Appendix. 

lrJll'II CHAPTER 20: LOCAL GOVERNMENI' INFORMATION: THE CONSI'RUCTION PROCESS 
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PARTVI 

lntroduction 
Building operations and maintenance (O&M) significantly impact a building owner's 
costs, and affect the interna! and externa! building environment. 1bis section describes 
practices that can enhance environmental quality and the performance of building oper
ations. Used routinély, these practices can lead to substantial economic and environmen
tal benefits, such as reduced energy consumption, better indoor air quality, resource 
effidency, and occupant satisfaction. 

Building O&M plays severa! important roles. It should maintain proper building tempera
ture and humidity; promote the ventilation, dilution, and removal of airbome contami
nants; and provide other important environmental conditions, such as appropriate 
lighting and acoustics. It should also ensure the safety and deanliness of building sys
tems so that they do not generate pollutants and hazards. For example, a ventilation sys
tem must suffidently exhaust and dilute contaminants. It must also be kept dean and 
free from excessive moisture so as not to generate contamination. Finally, O&M policy 
and practices can promote resource effidency by tenants and building occupants. 

Operations and maintenance practices are shaped by professional standards, fadlity char
acteristics, and an organ.ization's general management policy. For example, an organ.iza
tion's smoking policy determines the extent to which environmental tobacco smoke, an 
occupant-generated contaminant, needs to be addressed by O&M. The U.S. 
Environmental Protection Agency (EPA), the U.S. Green Building Council (USGBC), 
Building Owners and Managers Assodation (BOMA), and other organizations recom
mend the prohibition of smoking in buildings. However, where management policy 
allows smoking in designated areas, the American Society of Heating, Refrigerating, and 
Air-Conditioning Engineers (ASHRAE) Standard 62-1989 prescribes local exhaust with no 
recirculation to other parts of the building . 

• 1 
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Building use; office equipment, such as computers and copiers; and facility management _ /_A--
technologies and practices are constantly changing. Building O&M needs to ensure the \ 
quality of the indoor environment when such changes take place during the life of the 
building. For example, space renovations demand changes in heating, ventilating, and 
air-conditioning (HV AC) systems and lighting; and the addition of desktop computers, 
which increase building cooling loads, require corresponding HV AC capadty enhance-
ment. Even changes in the number of people in a space require mechanical and electrical 
modifications to properly ventilate, heat, cool, and light the space. 

Toe chapters in this section outline procedures for managing a green building through
out its life. Chapter 21, "Building Operations and Maintenance," outlines basic facility 
management and maintenance practices for indoor environmental quality, and energy 
and other resource effidency. In addition, it provides guidelines for redudng environ
mental impacts during renovation. Chapter 22, "Housekeeping and Custodial Practices," 
provides step-by-step procedures for managing and maintaining a green building, as well 
as guidelines for selecting environmentally sensitive deaning products. Both building 
manager and maintenance staff can use the chapters to develop their own on-site, envi
ronmentally based O&M manual. Chapter 23, "Local Government Information," offers 
examples of sound O&M practices that local governments have implemented. 
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CBAPTER21 

Building Operations 
and Maintenance 

Maintenance Plans 
* SIGNIFICANCE 

Toe O&M costs throughout a building's useful life far exceed its initial design and con
struction costs. Expenditures related to the salaries and health of employees working in a 
building often equal or exceed O&M costs annually. When these factors are considered, 
together with the impact that sound O&M practices can have on occupant satisfaction 
and productivity, it is dear that the financia! benefits of creating and maintaining quali
ty building environments surpass the costs directly related to fadlity operations alone. 

Codes and professional standards for building design and construction exist to ensure 
quality buildings. But they alone are not suffident, because even a properly designed and 
constructed building will not provide a cost-effective, healthy environment unless it is 
properly operated and maintained. Unfortunately, implementation of professional stan
dards for quality building environments usually ends upon completion of building con
struction; sound building O&M is not assured by codes or other regulatory authority. 
This section is intended as an overview of practices that promote quality indoor environ
ments while conserving resources during a building's operational phase. 

:..- SUGGESTED PRACTICES AND CHECKLIST 

• Train facility staff to observe standards of care for a building. 
Modern buildings are complex, costly, and likely to expose occupants to risk. ldentify 
and communicate to facility staff applicable American Society of Heating, 
Refrigerating, and Air-Conditioning Engineers (ASHRAE) standards, codes, and regula
tions that minimize such risks. 
- Develop polides and procedures for compliance with these standards and documen

tation of compliance. 

Author 
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o Ensure fadlity staff have enough qualifications and tmining to operate spedal equipment. 
Develop a plan for continuing education and keep equipment operations manuals 
readily available. 

o Establish written O&M pollcies and procedures for inspection, preventive mainte
nance, cleaning, and repair of mechanical system components. 
Operate and maintain the facility according to its design intent and equipment needs, 
but change practices as the building itself changes and obsolete equipment is replaced. 
- Periodically assess occupancy loads, types of space use, and corresponding ventila-

tion, temperature, and humidity requirements. 
- Establish methods for airflow and thermal parameter measurement. 
- Develop plans and schedules for checking operation of mechanical system components. 
- Develop plan and schedules for checking system deanliness. 
- Establish a documentation system for repairs and replacement. 

o Include Material Safety Data Sheets (MSDS) and information on cleaning and 
pest-control methods in the building's environmental services and housekeeping 
policies and procedures. 

lndoor Environmental Quality 
* SIGNIFICANCE 

Indoor environmental quality is of great importance to the health and productivity of 
building occupants. lt encompasses indoor air quality (IAQ), thermal comfort, lighting, 
and acoustics. Addressed initially during building design and construction, these issues 
need to be carefully considered in the ongoing operations and maintenance of a building. 

Building IAQ has emerged as one of the most significant building operational issues 
because of its potential health impacts to building occupants. A building is considered to 
have good IAQ when contamination levels in its indoor air are below those that cause 
health problems, ensuring the safety and comfort of building occupants. However, much 
confusion concerning the definition of IAQ and acceptable levels of contaminants is 
prevalent in the building industry, and further research and guidance are necessary. 
Despite this uncertainty, a prudent building manager can use existing industry-accepted 
practices to address this important environmental issue. 

An environmentally sound building not only supplies healthy indoor air, but also pro
vides effective shelter from heat, cold, and moisture. Proper thermal and humidity condi
tions are as essential as good IAQ to the health, comfort, and productivity of building 
occupants. Llghting is another factor affecting the quality of the indoor environment, 
and one directly linked to employee productivity. Good lighting reduces the risk of eye
strain or other discomfort assodated with performance of a given task. Acoustics can also 
be a significant indoor environmental factor. Noise of certain types and intensities can 
create environmental stress, leading to reduced employee satisfaction and productivity. 

(See also Chapter 9, "Daylighting," Chapter 12, "HVAC, Electrical, and Plumbing 
Systems," Chapter 13, "lndoor Air Quality," and Chapter 14, "Acoustics.") 
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,_. SUGGESTED PRACTICES ANO CHECKLIST 

lndoor Air Quality 
Tenant Complaints 
• Pay careful attention to the resolution and coordination of tenant complaints. 

In many cases, these complaints indicate potential or actual problems. Early preven
tion can spare building management future occupant-related problems and liability, 
including the risk of litigation, worker's compensation claims, poor publidty, lost rent, 
and lower occupancy levels and renta! rates. 
- Investigate every complaint. 
- Develop polides for communicating with occupants regarding pollutants, use of 

space, and activities. 
- Develop a complaint response form. Refer to EPA's Building Air Quality Guide for 

examples. Aside from helping diagnose facility problems, accurate recordkeeping 
can document responsiveness to occupant complaints and help protect building 
management from potential negligence claims . 

. - Develop follow-up procedures to ensure complaint resolution. 
- Bring in IAQ expertise to investigate complicated complaints. 

Building Monitoring 
• Monitor your buildings for compliance with the latest environmental guidelines. 

It is important to keep up with technical, regulatory, and professional-practice 
developments; to review adherence to established O&M polides and procedures; 
and to monitor the physical parameters associated with a safe and comfortable 
indoor climate. 
- Stay informed of the latest IAQ developments by subscribing to the trade joumals, 

programs, and resources of ASHRAE, the American Society for Testing and 
Materials (ASTM), Intemational Facilities Management Assodation (IFMA), BOMA, 
and other assodations. 

- Establish measurable environmental guidelines for variables such as outdoor air
flow, temperature, humidity, and filtration efficiency. Monitor performance 
against these guidelines. 

- Continuously document the operation of the building's heating, ventilating, and 
air-conditioning (HV AC) system, particularly outdoor air measurement, filtration 
performance, exhaust system performance, temperature, and humidity. Use build
ing-control-system technology to assist in this process. 

- Follow the Ventilation-Rate Procedure of ASHRAE Standard 62-1989 (Ventilation for 
Acceptable Indoor Air Quality) to monitor, control, and document minimum outdoor 
airflows, even with variable-air-volume (V A V) systems. Consider available automat
ed technologies such as indirect outdoor-air measurement and closed-loop control 
technology or outdoor airflow measuring stations for this purpose. 

- In spaces with known hazards, such as areas adjacent to indoor parking garages, 
monitor specific contaminants like carbon monoxide (CO) and radon, the latter 
espedally in below-grade areas located in geographic regions with high radon. Also, 
use carbon dioxide (COJ high-lirnit alarms for areas with hard-to-predict occupan
cy, such as conference and assembly areas, where periodic high occupancy levels 
may result in unhealthy conditions. 

IAQ Practices and Maintenance 
• Perform regular maintenance on the major components of HV AC systems. 

Regular maintenance keeps HV AC components operating properly to control potential 
IAQ contaminants and sustain appropriate environmental conditions. Exhausting 
fumes and odors from a building, filtering out dust and other particulates, maintain-
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ing proper humidity, and diluting occupied spaces with outside air are ali practites 
with a proven record of preventing and solving IAQ problems. · 

Outdoor-Air Intake 

- Clean outdoor-air-intake plenums, louvers, screens, dampers, and other compo
nents, and check for necessary screening to ensure protection from outside ele
ments. If necessary, retrofit the outdoor-air intake so that it is properly located 
outside and distanced from building exhausts and outdoor contaminants. When air 
is exhausted from special odor and contaminant areas (such as restrooms, smoking 
lounges, and printing areas), enough replacement air must be brought in to prevent 
the building from becoming negatively pressurized and drawing in outside contami
nants through leaks and openings in the building envelope. 

- Repair malfunctioning outdoor-air dampers to provide sufficient outdoor air for 
proper ventilation and exhaust-air makeup, to produce positive air pressure, and to 
prevent excessive influxes of outdoor air in cold weather from adversely affecting 
temperature control · · 

- Continuously measure outdoor airflows through installation of outdoor airflow sta
tions or outdoor-air controllers with V AV systems, ensuring compliance with 
ASHRAE Standard 62-1989. 

Indoor Ventilation and Air Ducts 

- Evaluate heating, cooling, and ventilation capacity to see if such capacity matches 
up with occupancy and equipment loads. 

- Check supply fans for coordinated fan size and duct layóut, as well as the size of 
the duct opening and resistance in air velocity, to ensure proper static pressure in 
the ventilation system. Periodically test, adjust, and balance the system to 
achieve proper airflow and air distribution to ali zones and occupants within the 
building. Check fans and damper modulation to promote proper space pressuriza
tion. Periodically maintain components, filters, and controls in accordance with 
manufacturers' recommendations. 

- Provide sufficient exhaust to areas with significant contaminant-source activity. 
Instan separate ducts from such spaces as laboratories, chemical storage areas, and 
restrooms to the outside, supply sufficient outdoor air to make up for local exhaust 
from these areas, and pressurize the areas properly. 

- Check diffusers and retum-exhaust grills for proper air distribution. Test, adjust, and 
balance air to reflect the impact of space modifications. 

- Use CO, sensors as á supplementary ventilation strategy for variable or unscheduled 
occupancy. This strategy delivers outdoor air to a space when its occupancy pro
duces a certain leve! of CO,, triggering a sensor that opens the outdoor-air damper to 
increase ventilation. lt is suggested only as a supplement to other ventilation mech
anisms because, by itself, it does not meet provisions of the Ventilation Rate 
Procedure of ASHRAE Standard 62-1989. 

- Inspect ventilation systems for supply-duct leaks and water damage. Repair leaks to 
prevent short-circuiting of supply and retum air, and dean any areas where accumu
lated dirt may restrict airflow and encourage moisture to accumulate. 

- Inspect and periodically replace or clean filters of air handlers and related equip
ment. Inspect filter tracks for gaps and repair them to prevent bypass of dirty air. 
Use the control system to monitor air pressure across filters and to determine timely 
filter servicing; particle counters may also be used for better filter maintenance. 
Clean clogged coils for umestricted airflow and heat transfer. 

- Provide sufficient outdoor air for combustion to achieve proper pressurization of the 
boiler room and functioning of flue-gas and exhaust systems. 
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Temperature and Humidity Control 

- Check temperature controls far proper location and design the building zones far 
proper heating and cooling distribution. 

- lnspect duct thermostats, designed to prevent cold outside air from freezing heating 
coils. Unnecessary activation of these devices could result in thermal discomfort 
from automatic shutoff of the system. 

- Perform preventive maintenance and repair on chillers to ensure sufficient cooling 
and dehumidification in the building. lnsulate piping to prevent condensation and 
mold and microbial growth. Retrofit or upgrade chillers far quick capture of refriger
ants, induding those from the building's exhaust room. 

- Check and maintain appropriate humidity levels during heating and cooling seasons 
to ensure occupant comfort and to prevent condensation that could lead to micro
bial growth. Retrofit systems to provide appropriate humidification or dehumidifica
tion capacity as required. Use clean steam rather than treated boiler water far 
humidification. 

Cleaning and Pollutants 

- Inspect and test ducts far microbial contamination; replace duct lining in air han
dlers with deanable liners treated with antimicrobial additives. Do not leave residue 
of contaminated lining on the duct metal. 

- lnspect return-air systems far integrity and deanliness to prevent the spread of pol
lutants from plenum areas such as mechanical rooms. 

- Inspect and dean HV AC system components, such as drain pans, to prevent mold 
and fungus accumulation. 

- Inspect and dean self-contained heating and cooling units to prévent and correct 
contamination from dirt and moisture. 

- Clean cooling towers to prevent sediment and film accumulation. Clean and chemi
cally treat water to prevent the growth of microorganisms such as Legionella. Install 
drift eliminators to prevent water-mist release and re-entrainment of contaminant 
mists into outdoor-air intake systems. 

- Adjust boilers far proper combustion to minimize production of CO and nitrogen oxides. 
- Inspect and maintain gaskets and prevent fuel-line leaks and resulting contami-

nants, fumes, and odors. 
- Develop and implement source:.Control strategies in addition to the above ventila

tion practices. A comprehensive source-control program needs to address potentially 
high-pollutant items such as carpet, paint, adhesives, and adhesives and preserva
tives in furniture. 

(See Chapter 12, "HV AC, Electrical, and Plumbing Systems," and Chápter 13, "Indoor Air 
Quality.") 

Thermal Comfort 
O Establish temperature and humidity setpoints in accordance with occupancy pat

tems, scheduling, and outside climate and seasonal variances; follow ASHRAE 
Standard 55-1992 (Thennal Environmental Conditions for Human Occupancy). 

O Use building-control systems (computerized temperature-sensing and control 
technology) to establish, maintain, and document building climate conditions. 

(See Chapter 12, "HV AC, Electrical, and Plumbing Systems.") 

Light Quality 
O Adjust lighting levels to types of space use and occupancy, following Illuminating 

Engineering Sodety standards. 
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• Repair lighting fixtures that produce glare, flicker, insufficient illumination on 
work surfaces, and other conditions that can cause eyestrain, headaches, and 
other discomfort. 

(See Chapter 9, "Daylighting, n and Chapter 12, "HV AC, Electrical, and Plumbing Systems.") 

Acoustics 
• Control noise based on the needs of occupants rather than industrial exposure 

limits (decibels), which are geared towanl protection from hearing Ioss. 

• In open offices with little or no privacy, consider noise-masking technology such 
as "white-noise" generation. · 

• Inspect and repair or replace noisy HV AC systems, which not only can be stressful 
and distracting to occupants, but may also indicate mechanical problems or inap
propriate design or capacity. 

(See Chapter 14, "Acoustics. n) 

Energy Efficiency 
* SIGNIFICANCE 

Perhaps the single greatest building O&M challenge is to roiuiroize consuroption of ener
gy and other resources in heating, ventilation, cooling, lighting, and other equipment 
while providing a comfortable, healthy, and productive indoor environment. 
Fortunately, opportunities for substantial reduction of energy use, and cost savings, 
abound across all building systeros, and energy-efficiency technologies are continually ( 
improving, ensuring a steady flow of viable alternatives. It is the facility manager's ··--
responsibility to identify and impleroent such energy- and resource-efficient options on 

, an ongoing basis. 

HV AC performance, for example, can be improved by replaceroent or repair of wom-out 
or inefficient equipment with energy.efficient components. Many new, highly efficient 
HV AC technologies are continually being introduced. These coroponents-which include 
occupancy sensors, variable-speed drives, · autoroated ventilation control, heat exchang
ers, and efficient motors--<an reduce energy consumption by adjusting the levels of 
heating and cooling to maintain a healthy and comfortable environroent. 

Llghting also offers numerous opportunities for energy conservation. In some office build
ings, it can represent 40 to 60 percent of total energy costs. Toe major approaches for sav
ing lighting energy indude using natural daylight whenever possible, reducing excessive 
illurnination levels, limiting hours of operation, and increasing lighting efficiency. 

Additional energy savings can be found in a building's water treatment and distribution 
systeros. In general, water-heating energy is conserved by reducing load requireroents 
and distribution losses and improving the performance of water-heating equipment. 
Finally, building owners and managers can conserve energy by encouraging occupants to 
select appliances and office equipment with high energy.effidency ratings. 

(See Chapter 12, "HVAC, Electrical, and Plurobing Systeros.n) 
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,... SUGGESTED PRACTICES ANO CHECKLIST 

HVAC 
Operation Schedules 
• Adjust operating hoUl'S of heating and cooling systems to levels appropriate for 

time of year, type of use, and occupancy pattems of the facility. 

• Adjust operating hoUl'S of ventilation systems according to potential contaminant 
levels and the need to balance exhaust air. 

• Use timing devices to operate exhaust fans only when needed; coordinate with 
supply fans and building pressurization requirements. 

• Use programmable thermostats to schedule and establish heating setpoints for 
various building occupancy pattems. 

• Schedule, control, and document ventilation rates to meet levels prescribed by 
ASHRAE Standard 62-1989 for type of facility, occupancy lead time, and load. 

• Use building-control systems to operate HV AC equipment based on need, mini
mize sim.ultaneous heating and cooling, and supply thermal conditioning from 
the most effident sources. 
- Set automatic temperature control based on pre-established ranges. 
- Use time-of-day and occupancy-based controls. 
- Supply air-temperature reset control for V A V systems. 
- Supply hot- and chilled-water temperature reset controls based on outside-air tem-

perature and hot- or chilled-water demand. 
- Use econom.izer control system to bring in outside air for cooling. 

Adjustment Control 
• Adjust space temperature and hurnidity setpoints to minimize space-conditioning 

requirements. 
Do not set these limits below the lowest heating temperature-or above the highest 
cooling temperature-required to satisfy occupants' needs, in accordance with the 
thermal requirements of ASHRAE Standard 55-1992. 

• Lower hurnidification and raise dehurnidification setpoints based on time of year, 
occupant-generated moisture, and equipment- or material-protection needs, such 
as those required by wood finishes and electronic components. 

System-Efficiency lmprovements 
• lnstall air-to-air heat exchangers, which preheat cold outdoor supply air by trans

ferring heat from warm exhaust air. 

• lnstall air-cleaning devices, such as particulate filters, activated carbon, electronic 
air deaners, and other mechanisms that clean recirculated air. 

• Improve chiller efficiency. 
- Clean evaporator and condenser surfaces to maintain their heat-transfer capabilities. 
- Treat drculating water in cooling towers with chemical filtering to control scale, 

algae, and other deposits. 
- Implement control strategies that raise evaporator or lower condenser water temper

atures to reduce the d.ifferential between them. 
- Install evaporation-cooled or water-cooled condensers rather than repladng air

cooled evaporators. 

• lmprove boiler or fumace efficiency. 
- Properly adjust fuel-air ratios by installing flue-gas analyzers. 
- Reduce cooling effect of combustion air and cut energy consumption by preheating 

combustlon air and redaiming waste heat from feed water and fuel oil. 
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• Prevent overcapacity by isolating off-line boilers with control valves and dampers, 
and replacing equipment with modular units whenever possible. 

O lnstall automatic vent dampers. 

• Install automatic boiler blowdown control to remove contarninants that can reduce 
heat traDSfer; for oil-fired systems, iDstall air-atomizing and low-excess-air bumers. 

O Replace constant air-volume systems with variable-air-volume systems. 

O Install economizer cooling systems that bring in extra ventilation air when feasible. 
This system will work in temperate climates, for example, or in those with large 
day/night temperature clifferentials. Control supply-air and hot- or chilled-water tem
peratures according to heating and cooling load schedules. 

O Use fans to increase air movement and enhance cooling. 

O Reduce fan and pump energy requirements by reducing flow rates (for steam, air, 
and water) and resistaDce to the miDimum required for operation. 

• Use one or more of the following heat-reclamation systems and strategies: 
- Air-to-air recovery systems; 
- Hydronic recovery systems; 
- Chiller-condenser heat for coincident space- or water-heating needs; 
- Boiler blowdowns and combustion-system flue-heat recovery; 
- Heat-pump systems; or 
- Steam condensate through a heat exchanger. 

System Upkeep 
O Maintain boiler or fumace efficiency. 

- Clean heat-transfer surfaces. 
- Chernically treat boiler water to prevent build-up of scale, sediment, and sludge. 
- Check flues for proper draft. 
- Check for air leaks in combustion chambers. 

O Reduce energy losses fiom the HV AC distribution system. 
- Repair duct and pipe leaks. 
- Insp~ and maintain stream traps to prevent condensate build-up. 
- Insulate ductwork and HV AC system piping. 

O Replace air filters. 

• Remove scale from water and steam pipes. ( 
• Rebalance pipe and duct systems. 

(See Chapter 12, "HV AC, Electrical, and Plumbing Systems. ") 

Lighting 
O Reduce illumination to the level most suitable for a given task. 

- Clean and maintain lenses, reflectors, and lainps. 
- Reduce lighting levels in accordance with Illuminating Engineers Society (IES) 

guidelines. 
- Implementa task lighting and ambient lighting strategy. 

• Adapt lighting levels to occupant needs. 
- Tum off lights when not needed. 
- Use controls that dim or tum off lights automatically, based on occupancy. 

O Install the following energy-efficient lighting systems: 

, 

\;,,,,,,· 

( 
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- Fluorescent lighting; . ··,/.:. 
- High-pressure sodium lighting, to replace mercury-vapor lamps; 
- Low-pressure sodium lighting, for night-time security; or 
- High-efficiency ballasts. 
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• Maximize use of daylight. 
' • Install dirnrning controls for use with windows and skylights. 

(See Chapter 9, "Daylighting," and Chapter 12, "HV AC, Electrical, and Plumbing Systerns. ") . . . 

Plumbing 
• Reduce hot-water consumption by restricting flow rate with restrictors and low-

flow faucets, showers, and other fixtures. · -

• Lower hot-water temperatures by setting thennostats at the lowest temperature 
that meets occupant needs. 
For special needs that require additional heating, install a booster heater. 

• Preheat feed water with reclaimed waste heat, such as boiler-flue heat and chiller
condenser heat, from other building equipment processes. 

• Reduce hot-water heating system losses by insulating hot-water pipes and water 
storage tanks. 

• Use energy-efficient water-heating systems, such as decentralized water heaters that 
operate only when needed and'provide water only at the required temperature. 

• If possible, use smaller water heaters for seasonal requirernents. 

O Replace old electric resistance water heaters with heat-purnp models. 

• Install automatic flush systems on toilets and urinals. 

• Install automatic shut-offs on sinks. 

(See Chapter 12, "HV AC, Electricai, and Plumbing Systems.") 

Plug Loads 
• Consider the energy usage of electrical appliances and building equipment in pro-

curement specifications. · 

• Select office equipment based on EPA's Energy Star energy-efficiency ratings. 

• Retrofit older equipment with EPA Energy Star-approved controls. 
Such controls can optimize the energy efficiency of older computer monitors, central 
processing units, printers, and fax machines. 

(See Chapter 12, "HV AC, Electrical, and Plumbing Systems.") 

Resource Efficiency 
* SIGNIFICANCE 

Operation and maintenance of commercial buildings generate substantial amounts of 
solid waste, much of which can be mitigated by an integrated waste management pro
gram. A successful program should first reduce "upstream" waste, such as unnecessary 
packaging associated with deliveries to a building. Next, it should reduce the waste associ
ated with building operation; that is, paper, glass, newspaper, and other iterns. Finally, it 
should rnioirnize the "downstream" to the landfill by reusing or recycliog waste materials. 

Water conservation is another miportant issue in building O&M. Reducing water con
sumption, through retrofitting individual fixtures during regular maintenance or replac
ing systems during major building renovation, can cut operating budgets and conserve 
water resources (see Chapter 6, "Water Issues"). 

' 
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¡..- SUGGESTED PRACTICES AND CHECKLIST 

SolidWaste 
• Establish an efficient waste reduction, recycling, and reuse program. 

Any building owner can establish a recycling program. Tenants should assess their 
operations to determine where source-reduction and reuse programs can be imple
mented, then take the following steps to launch an effective program: 
- Obtain top management support; 
- S~ect a program coordinator and team; 
- Analyze all waste streams; 
- Identify one or more ways wastes can be reduced, reused, or recycled in each 

waste stream; 
- Plan the program process; 
- Train employees and tenants; and 
- Continually monitor the program. 

• Lower costs of waste disposal through source reduction-that is, purchasing prod
ucts with less packaging and producing less waste. 
- Purchase supplies in bulk to reduce packaging. 
- Work with suppliers to reduce packaging and use retumable packing pallets. 
- Set standards for on-site deaning services, requesting use of only minimal amounts 

of cleaning chemicals and reusable cleaning rags. 
- Photocopy on both sides of paper. 
- Use electronic mail to reduce use of paper. 
- In the cafeteria, replace disposable plates and utensils with ceramic plates and silverware. 
- Provide reusable coffee mugs to employees. 

• Miuiroize toxic waste by recycling items such as lighting ballasts, mercury-con
taiuiug fluorescent and high-intensity-discharge (HID) lamps, used oil, unusable 
batteries, and mercury.,containing instrumentation.: 

Water Conservation 
O Reduce building water use. 

- Establish leak-detection programs for air and water distribution systerns. 
- Reduce water-flow rate and subsequent waste by installing low-flow, water-effident 

faucets and other fixtures and appliances. 
- Educate fadlity maintenance staff and occupants about water conservation goals. 

O Reduce outdoor water use on grounds. 
- Repair and replace sprinkler heads to avoid watering paved areas. 
- Minimize evaporation waste by watering in the morning. 
- Shorten watering times to avoid runoff. 
- Capture and use rainwater and graywater as practical, when approved by local and 

state health and environmental authorities. 

(See Chapter 6, "Water Issues. ") 

Renovation 
* SIGNIFICANCE 

Toe green building guidelines, design process, and team approach developed for new 
construction can also apply to building renovations. Green renovation practices include 
use of natural design elements, such as increased daylighting; installation of resource
conserving materials and systems; recycling and reuse of construction and demolition 
waste; and maintenance of good indoor environmental quality during construction. 
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While renovation often provides an opportunity to improve indoor-air-quality problems 
and upgrade HV AC, electrical, solid waste, and water equipment and systems, the process 
can also have extensive environmental impacts on building occupants. Primary impacts 
indude indoor-air-quality contamination, waste, noise, and hazardous conditions. These 
can be addressed by scheduling work when occupants are away from a building, placing 
barriers between the renovation and occupied areas, and providing adequate ventilation. 

Of special concem during the renovation process is the increased risk of occupant expo
sure to hazardous waste. Toe most common types of hazardous waste indude asbestos, 
lead paint, PCB in the lighting ballasts, PCB transformer fluid, and mercury-containing 
fluorescent lamps. Proper handling, disposal, or recyding of these materials is critical to 
ensure compliance with federal environmental regulations. Hazardous materials that are 
moved off-site can bring long-term environmental liabilities to the building owner or 
operator when not disposed of properly. A thorough discussion of hazardous-waste tapies 
is beyond the scope of this manual. Refer to EPA and ASTM regulations, standards, and 
guidelines for additional information. 

(See also Part IV, "Building Design," and Chapter 19, "Environmental Construction 
Guidelines. ") 

:.- SUGGESTED PRACTICES AND CHECKLIST 

Work Scheduling 
• Isolate occupants from environmental contaminants generated by construction

related activity in partially occupied areas; and if necessary, relocate hypersensi
tive occupants from the work site. 

• Schedule work around occupancy times to minimize contamination. 
Contaminants indude dust and emissions from paints and chemicals used in wall and 
floor coverings and their adhesives. It is best that the application of paints and adhe
sives, carpet installation, and generation of construction dust and other debris not occur 
while areas are occupied. If this is not feasible, then altemative measures need to be 
instituted that minimize adverse impacts on the health and productivity of occupants. 

Barriers 
• When renovation takes place during periods of building. occupancy, use the fol

lowing methods to isolate construction activities: 
- lsolate the occupants and the HV AC system serving them from the renovation zone; 
- lsolate the renovation zone from occupied areas with physical barriers, such as plas-

tic sheeting, that limit air movement to those areas; 
- Take special precautions to keep allergic or sensitive occupants away from the reno

vation area; and 
- Attempt to minimize disruptive noise and other factors that interfere with normal 

work patterns and hinder comfort. 

Ventilation 
• Mitigate air contamination with temporary ventilation measures. 

Even with physical barriers in place, renovation-related air contaminants such as dust, 
paint, and adhesive fumes can circulate through a building vía its ventilation system 
(see Chapter 13, "lndoor Air Quality''). 
- Exhaust air from the renovation zone directly outdoors. Change ventilation and 

thermal capadty to match the reconfiguration of space. Keep the area negatively 
pressurized with respect to other areas. 

- Remove window panels or other apertures, if necessary, to manage and dispose of 
construction-related debris and direct temporary exhaust outdoors. 
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- If an air-handling system serves both the renovation zone and occupied areas, sea! 
off the potential retum-air paths to prevent dust and fumes from circulating. 

- Ensure that filtration is suffióent to deal with particulate debris during the renova
tion. Tiús is best achieved by supplying the renovation area with 100 percent out
side air. Inspect and replace filters frequently. Keep the ductwork of the renovated 
space free of construction-generated debris. 

• RESOURCES 

INDOOR ENVIRONMENTAL QUALITY 

American Soóety for Heating, Refrigerating, and Air-Conditioning Engineers. ASHRAE 
Standard 62-1989, Ventilation for Accept.able Indoor Air Quality. Atlanta: American Society for 
Heati.ng, Refrigerating, and Air-Conditioning Engineers, 1989. Toe existing HV AC stan
dard for ventilation. Presaibes outdoor airflows for various types of spaces. 

American Soóety for Heating, Refrigerating, and Air-Conditioning Engineers. ASHRAE 
Standard 55-1992, Thennal Environmental Conditions for Human Occupancy. Atlanta: 
American Society for Heati.ng, Refrigerating, and Air-Conditioning Engineers, 1992. 

Bearg, David W. Indoor Air Quality and HVAC Systems. Boca Raton, Fla.: Lewis Publishers, 
1993. Very technical guidance relating HVAC systems to IAQ. Appropriate for the engi
neering professional. 

Kirihara, Jay, ed. 75 Ways to Impruve Your Facility's IAQ. Milwaukee: Trade Press, 1995. Small 
paperback compendium of practica! IAQ tips from a variety of U.S. experts. 

U .S. Environmental Protection Agency, Office of Air and Radiation, Office of 
Atmospheric and lndoor Air Programs, lndoor Air Division. Building Air Quality: A 
Guide for Building Owners and Fadlity Managers. Washington, D.C.: GPO, 1991. A guide 
for facility managers and owners defining good management practices that promete 
indoor air quality. Toe guide indudes useful forms and checklists to be used in devel
oping an IAQ profile of a building, performing an analysis of building IAQ indicators, 
and mitigating problems in buildings. 

ENERGY EFFICIENCY 

American Society far Heating, Refrigerating, and Air-Conditioning Engineers. 1991 ASHRAE 
Handbook: HVAC Applications. Atlanta: American Society for Heating, Refrigerating, and 
Air-Conditioning Engineers, 1991. Detailed information on energy conservation measures 
pertaining to HV AC systems. Appropriate reference far the engineering professional. 

illuminating Engineering Society of North America. Lighting Handbook. 8th ed. New York, 
N.Y.: illuminating Engineering Society of North America, 1993. Professional handbook on 
lighting requirements and measurement. 

Thwnan, Albert, and Robert Hoshidet. Energy Management Guide for Govemment Buildings. 
Fairmont Press, 1994. Practica! rationales for and guidance on energy management. 
Indudes case studies. 

U.S. Department of Energy. Architect's and Engineer's Guide to Energy Canservation in Existing 
Buildings. Vol. 2 of Energy Conservation Opportunities. Washington, D.C.: GPO, 1990. 
Detailed technical handbook on 118 energy conservation opportunities (ECOs), induding 
installations, retrofits, and operational practices. Discusses major building systems such as 
HV AC, lighting, and water, as well as building envelope. 

RESOURCE EFFICIENCY 

U.S. Environmental Protection Agency. Lighting Waste Disposal. Washington, D.C.: GPO 
1994. Discusses management of PCB ballast and mercury-containing lamp waste generat
ed at lighting retrofit projects. Discusses current regulations, costs, packaging, transporta
tion, and record keeping. 

--. Waste Minimization Opportunity Assessment Manual. EPA Technology Transfer Doc. 
625/7-88/003. Washington, D.C.: GPO, 1988. Describes a procedure developed by the 
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Hazardous Waste F.ngineering Reseaich. l.ab for identifying waste minimization applications. 
1 

Will be of interest to those respo~le for reducing waste streams and to those interested in 
leaming about waste roiniroizatton in general. 

Wisconsin Department of Natural Resources. Business ami Commercial Recycling: A Guide to 
Recycling in the Workplace. 1992. · Booklet on waste reduction, reuse, and recycling programs 
for commercial buildings and other types of businesses. It also describes how to locate mar
kets for recyclable materials. 

RENOVATION 

American Sodety for Testing and Materials. Subcommittee on Green Buildings. Standard 
Practice for Green Buildings. ASTM Standard E-50.06, draft docurnent no. 4.0.1. West 
Conshohocken, Pa.: American Sodety for Testing and Materials, 1993. Presented at U.S. 
Green Building Coundl, March 6-7, 1995. Washington, D.C. Covers design, operation, 
and demolition of commerdal buildings using practices to promete environmental per
formance and energy effidency 

· Carson, H. Tom,-and Doye· B. Cmc; Hazardous Materials Management. West Conshohocken, 
Pa.: Institute of Hazardous Materials Management, 1992. Study guide for the Hazardous 
Materials Management certification exam. Covers sdence prindples, federal environ
mental regulations, and environmental management issues. 

Coryell, John, and Jack Cearley. PCB Compliance Guide for Electrical Equipment. Washington, 
D.C.: Bureau of National Affairs, 1991. Reference guide for PCB regulatory requirements 
assodated with electrical equipment used in power distribution systems. 
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CHAPTER22 

Housekeeping 
and Custodia! 
Practices 
* SIGNIFICANCE 

Soils, partides, gases, and biocontaminants enter a building in many ways, and their con
centration is directly proportional to the level of human activity in the building. 
Maintaining a quality indoor environment requires special attention to these sources of 
pollution, which can affect the health of building occupants and maintenance workers. 
Poor housekeeping can lead to environmental health problems such as Sick Building 
Syndrome, Building-Related 11.lness, and Legionnaires' Disease. Adjustments to a build
ing's heating, ventilating, and air-conditioning (HV AC) system, environmentally sound 
housekeeping procedures, and proper selection of deaning and other chemicals used and 
stored in the building can control contaminants, promote healthful surroundings, and 
preserve a building's appearance. 

This chapter provides information that can help building owners and managers establish 
and maintain a good indoor environment. It suggests key management prindples, specif
ic housekeeping and custodial practices, and selection criteria for cleaning products. 

1_.. SUGGESTED PRACTICES AND CHECKLIST 

Management 
• Adopt the following 10-point list of suggested management principies as a basic 

framework for adm.inistering an environmentally sound building housekeeping 
program: 

l. Commit to the continual education of building occupants and custodia! staff. 
2. Clean to protect both health and appearance. 
3. Clean and maintain the building in an integrated manner. Cleaning and mainte

nance in one area of a building can have majar impacts on other areas . 
4. Schedule routine housekeeping and custodial services. Frequent, thorough, regu

larly scheduled housekeeping is the most effident and effective means to achieve 
high building performance. 

Author 

Stephen P. Ashkin 
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5. Develop procedures to address acddents--for example, air contamination caused 
by noxious chemical reactions, spills, and water leales. (;._:_,_.-._,_:, 

6. Minimize human exposure to harmful contaminants and cleaning residues. ~ 

7. Minimize chemical and moisture residue when cleaning. 
8. Ensure the safety of workers and building occupants at all times. 
9. Minimize the pollutants that enter the building. Dilution of chemicals does not 

eliminate contamination; control at the source is recommended. 
10. Dispose of cleaning waste in environmentally safe ways. 

Green Housekeeping and Custodial Practices 
• Tailor cleaning procedures to building activities, and avoid scheduling conflicts. 

Different areas of a building require area-specific cleaning. A day-care center in an 
office building, for example, requires different housekeeping procedures--at a different 
frequency-from those for a conference room in the same building. 
- Inform building occupants about scheduled major cleanings and any other events 

that may affect their health and comfort. 
- Coordinate housekeeping with the operation of building air-handling systems to 

ensure that work performed in one area does not affect others, and that adequate 
ventilation is available for housekeeping and custodia! workers. When possible, 
schedule tasks so that the building can be fully ventilated after cleaning and prior 
to occupancy. 

• Always follow proper dilution, use, safety, and disposal directions for cleaning 
products. 
The products selected (see "Cleaning Products," later in this chapter) should be the 
least toxic possible for the specific cleaning task. When using cleaning products, post 
appropriate safety signs, such as "Wet Floors" or "Construction Area." 

• Develop a baseline as the first step in detPmJiuiug a building's cleaning requirements. 
Not only will a baseline help establish a strategy for the building's custodia! program, but 
it will also identify weaknesses in the program, encouraging continua! improvement. 

• Conduct an annual baseline review or survey, paying particular attention to 
changes in adjacent properties, building renovations, or changes in building use 
(such as requirernents of new tenants). 
- Inspect the outdoor environment for contaminants, then inspect the building's inte

rior. Outside ppllution sources may include dirt surfaces such as roads, walkways, or 
shrubbery; fields where pestiddes, fertilizers, or other chemicals may be used; soils; 
poorly draining surfaces, such as flat roofs, roads, and parking lots; trash, including 
the building's and neighboring trash-collection sites; automobile traffic; and local 
industries. 

- Analyze the building's exterior to determine the routes by which pollutants enter 
the building. Make sure to look for standing wat~ on roofs, which can seep into a 
building and create breeding grounds for biocontaminants. 

- Inspect the entire building to identify sources or conditions that contribute to 
pollution, espedally biopollutants and particles. Areas to inspect include the fol
lowing: evidence of living organisms, mold, and mildew in the basement; general 
dust levels; condensation or paint distortion on or around windows and door
ways; discolored ceiling tiles (an indication of water leakage); and odors or musty 
smells. If- any of these conditions exist, perform maintenance and increase the 
frequency of cleaning. 

( -~-
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Targeted Building lnspection Areas 
1 

Basements, Crawl Spaces, and Areas Containing Mechanical Systems 
• Examine the basement and ~wl space for dust, debris, insects, standing water, and 

moistme damage or seepage. ' 
Basements or other areas containing a building's mechanical systems require special atten
tion, since such unsanitaxy areas tan promete the spread of pollutants throughout the entire 
building. Simple problems may require only better ventilation, deaning. and clisinfection; 

· more serious or structural problems, the services of an out:side contractor. To test that sump 
pumps and drains are working properly, simply run water in them for at least five minutes. 

• Examine flues, vents, back-dJ:aft dampers, fans, and filters, noting their general condi
tion and any obstructions, and making repaiis as required. 
Regularly inspect, dean, and replace filtas for humidifias and air-<leliveiy systems. 

• Ensure that basements and areas containing mecbanical systems have no water leales 
or standing water,-which could spread biocontamination by way of the HV AC system. 
Remove standing water with a wet/dry vacuum and dispose of it properly. Keep floors dean 
and dust free. Control high humidity and excessive heat to further prevent the growth of 
biocontaminants. (Specific maintenance requirements for HV AC systems are found in 
Chapter 12, "HV AC Flectrical and Plumbing Systems," Chapter 13, "Indoor Air Quality, n 

and Chapter 21, "Building Operations and Maintenance.") 

Garages, Loading Docks,. and Shop Areas 
• Examine gamges, loading docks, shop areas, and any other areas below ground or at 

ground level. 
Tracked-in soils, vehide exliaust, and equipment fumes from these areas can affect the 
indoor environment; garbage dumpstas, often located in these areas, can be a major source 
of biocontaminants. Toe maintenance of these areas is especially critical if they are located 
near fresh-air vents and heating or cooling towers. If they are, relocate either the trash con
tainer or the HV AC component. Also, to avoid contamination from exhaust, ensure that 
fresh-air intakes are not adjacent to truck-loading areas. 

• To keep pollutants out of the • living and worlang spaces of a building, keep gamges 
and loading areas free of excemve wastes, especially dusts, oil, and grease that can be 
tracked inside. 
- aean exterior surfaces with high-pressure washas. 
- Collect and remove trash frequently. 
- Provide adequate ventilation (direct exhaust) as needed to control volatile organic compound 
• (VOC) emis.sions, especiallyvapozs from stored fuels, lubrlcants, and solvents. 

- lf local filter traps and absoxbents are used, maintain them regularly. 

Floor and Carpet Care 
• Pay special attention to carpeted entryways, carpeted entry mats, and carpet

ing in general. 
An estimated 85 percent of the soil deposited in carpets is brought in by foot traffic, so pay 
special attention to the first six to nine feet of any carpeted area, where the majority of 
tracked-in soils aré likely to be deposited. Pay dose attention also to carpeted areas under 
any vent fed by unfiltered out:side air. 

1 

O Base cleaning frequency on the types of activities conducted in a building, as well as 
on its traffic levels, soil load, and desired appearance. 
High-traffic and prominent areas typically require daily vacuuming-in many cases, severa! 
times each day. For effidency, concentrate on the traffic lanes, which often represent only 

1 

25 percent of the total floor ~ 
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• Remove dust. -
Use a vacuum with high-effidency vacuum bags and High Effidency Particle Air f , 
(HEPA) filters, which capture particles rather than spread them. · -~.;,. 

• Avoid overwetting carpets. 
Too much water can damage caxpets and create ideal environments for biocontaminant 
growth. Carpeted ennyways as well as other high-traffic areas should receive interim 
cleanings with a bonnet system. Highly effective, these cleanings can be done as fre
quently as necessary, and require an area to be closed off to traffic for less than an hour. 

• To remove particles and biocontaminants deep in carpet backing, periodically 
perform deep cleaning with a carpet extractor. 
The deep cleaning process requires long drying times and can potentially damage the 
carpet, so do not deep-clean more than twice a year. Check the carpet manufacturer's 
instructions. 

• Dust-mop hard floors frequently. 
Dust-mopping with a water-based mop dressing is the single most. effective way to 
maintain hard floors. Damp-mop and buff or burnish floors as required. A base of six 
to 12 coats of floor finish is long-lasting and reduces the frequency of floor stripping 
and re-coating. , 

• lmmediately remove spills on hard floors and carpets. 
Removing spills minimizes tracking to other areas and prevents the formation of hard
to-remove or permanent stains. 

• Routinely clean window coverings. 
In effect, window coverings serve as filters for outside pollutani:i 

Entrances and Lobbies 
• Pay special attention to entrances and lobbies. 

Keep as much soil outside the building as possible by trapping dirt and dust at entries . 
Furnish entryways with mats, grates, and other devices to remove soil from foot traffic 
entering the building. Also, use effective air filtration devices. 

• Both entryways and air-filtration devices require routine maintenance. 
Establish a procedure for cleaning them regularly, and a plan for keeping them clean and 
dry in severe weather and during spedal events, when foot traffic is unusually heavy. 

Stairs and Elevators 
• Keep stairs and elevators free of pollutants. 

Stairs and elevators act as chimneys or breezeways that draw pollutants from lower to 
upper floors. These areas must be kept free of dust, bacteria, particles, gas emissions 
from cleaning products, and, in the case of elevators, emissions from lubricants and 
other products used in their operation and maintenance. Because of potentially heavy 
foot traffic, these areas often require frequent inspection and cleaning. Maintain the 
floors, whether carpeted or hard-surface, as described earlier in this chapter in "Floor 
and Carpet Care." 

Offices, Work Spaces, Classrooms, Libraries, and Living Areas 
• Develop a cleaning plan for interior spaces. 

lndoor air pollution can actually be many times higher than pollution outside. 
Organize cleaning and maintenance schedules to meet a building's required standards 
of health and appearance, basing plans on the types of activities performed in the 
building, the number of people occupying it, and other factors that influence soil 

~~~ ~ 
- Trap dirt, dust, and other soils at entryways of offices, work spaces, and living areas 

with proper matting. 
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- Control dust on interior surfaces. Use a dampened or treated dustdoth rather than a 
feather duster, to catch and hold dust instead of just moving it around. Periodically 
dust or dean walls. Make sure that vacuum deaners are in proper working order, 
and use high-efficiency bags and HEP A filters. 

- Clean telephone receivers frequently with a disinfectant (see "Cleaning Products," 
later in this chapter), taking care not to damage the equipment. Clean doorknobs, 
light switches, and other surfaces that come in frequent contact with hands. 

- Clean windows and light fixtures to improve lighting. 

Food-Preparation and Eating Areas 
O Thoroughly clean food-service areas after each food-preparation or eating period. 

Thorough deaning of food-service areas thwarts biocontamination. 
- Clean the undersides as well as the tops of tables. 
- Wash floors in these areas daily. 
- Vacuum carpets and fabrics daily and deep-dean them monthly or more frequently, 

as needed. Check the carpet manufacturer's instructions regarding deep cleaning. 
- Routinely inspect walls, ceilings, and vents and dean them as required. 
- Be sure to remove any food scraps and standing wastewater that can become hosts 

for fungi and bacteria. Check for these under sinks, dishwashers, refrigerators, and 
trash cans. 

- If the site includes a restaurant or a mid- to high-volume food-preparation area, 
have perishable refuse picked up daily. Ensure that trash containers are covered, and 
that pest control is effective. 

Washrooms, Restrooms, Showers, and Bath Areas 
O Develop a cleaning and maintenance plan for lavatories. 

Lavatories pose special deaning problems because they offer ideal environments for 
bacteria and fungi to develop and spread throughout a building. Building occupants 
often judge the quality of an entire building by the condition of its lavatory facilities. 

Toe frequency of lavatory deaning should be based on the number of people using the 
facilities. In high-traffic public washrooms, deaning may be required many times 
throughout the day. 

O Pay particular attention to any standing water, which can be a source of biocont
amination and create unsafe conditions. 
- Regularly mop floors with a disinfectant solution, especially in areas around urinals 

and toilets. 
- Check floor drains for proper function. 
- Sanitize fixtures inside and out, along with countertops, mirrors, and any metal surfaces. 
- Regularly dean and sanitize showers and bathtubs, induding the shower heads, faucets, 

and handles. Clean the build-up of mold and mildew on bath and shower walls. 
- Remove trash daily and sanitize the receptacles. Inspect supplies in paper-towel, toi

let-paper, and soap dispensers daily. 

Mail, Copy, and Computer Rooms 
O Remove dust and other particles from walls and other surfaces with a clamp (but 

not wet) cloth. 

O Damp-mop floors with a neutral-pH quaternary ammonium disinfectant solution 
that cleans, saniti.zes, and minimize$ potential static build-up. 

O Periodically vacuum the rooms' ventilation systems to prevent the spread of parti
cles from paper products throughout the building and coordinate removal of 
paper waste with building recycling efforts. 
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• Remove stains caused by inks, glues, gums, oils, and toner, and remember to clean 
light switches and doorknobs to ensure that these chemicals are not spread 
throughout the building. 
Establish a procedure for occupants and cleaning crew to follow to remove spills as 
quickly as possible. Carefully select appropriate cleaners. 

Custodial Closets and Storage Areas 
• Carefully select and properly store potentially hazardous cleaning materials. 

Kept in large quantities in custodial closets and storage areas, cleaning supplies and 
equipment can themselves become a source of contamination within a building. This 
is especially true if the supplies are flammable, corrosive, or reactive. (See "Cleaning 
Products," later in this chapter.) 

• Store only ¡:iroperly maintained cleaning equipment and supplies. 

• Remove trash and waste products from storage areas, and wash and disinfect their 
floors, walls, and sinks regularly. 
Check drains fer proper operation. Keep storage areas well-ventilated and dry. Malee 
sure that all waste products-liquid, sofi:d, and gas-are disposed of properly. 

Attics and Upper Areas 
• Frequently check attics for leaks, standing water, dust, and debris. 

• Check for pests, birds, and rodents. 

Pest Control 
• Plan and implement an integrated pest management (1PM) program. 

IPM is a coordinated approach to pest control that is intended to prevent unacceptable 
levels of pests (see Chapter 7, "Site Materials and Equipment") by the most cost-effec
tiye means and with the least possible hazard to building occupants, workers, and the 
environment. 

• Eliminate ali sources of food, such as scraps from eating areas and grease in 
stoves, hoods, and vents. 

• Keep refuse in tight containers away from the building. 

• Add physical barriers, such as chimney screens and air curtains, where necessary, 
to prevent pest entry and movement: 

• When traps are necessary, use light traps, glue boards, and map traps. 

• When chemical pesticides are necessary, apply them only in targeted locations, 
using minimal applications on exposed surfaces. 

· Schedule pesticide application during the building's unoccupied hours. Notify occu
pants in advance, as some particularly susceptible individuals could develop serious ill
ness. Adjust the HV AC system to prevent contamination of other areas, and flush out 
the affected area with ventilation air before occupants retum. Pesticides should be 
species-specific and of minimal toxicity to humans and non-target species. 

Cleaning Products 
• Select cleaning products whidt miniroize waste and harmful chemicals using the 

following guidelines: 
- Reduce the quantity and toxicity of materials and packaging; 
- Purchase products that are durable, reparable, reusable, or rétumable; 
- Purchase fer recyclability, and coordinate recycling with an established collec-

tion system; 
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- Select products derived from renewable sources, such as detergents and solvents 
made from comstarch, coconut oil, and orange peels; and 

- Select chemically benign products that minimize harmful exposures, potential 
health risks, and adverse environmental impacts. 

o Keep Material Safety Data Sheets (MSDSs) on file and available for review 
byworkers. 
Toe U.S. Occupational Safety and Health Administration (OSHA) requires MSDSs for 
a1l chemical products used in the workplace. In addition, OSHA requires annual safety 
training and training in the proper use of all new chemical products. Always follow 
the manufacturer's recommendations for product use, storage, disposal, precautions, 
and first aid. 

O Consider the following health and safety factors when selecting cleaning products: 
- Look for controlled or moderate pH. Extremely high-pH products (caustics) or 

extremely low-pH products (acids) are more hazardous than those of moderate pH. 
Products that are doser to pH 7 are safer than those with extreme pH. 

- Identify hazardous ingredients using the MSDSs. In many cases, products containing 
no OSHA-designated hazardous ingredients are available. 

- Avoid products contain,ing a known or suspected carcinogen. 
- Select products that are non-irritating or mildly irritating. Sorne users may be espe-

cially susceptible to skin and eye irritation. If information about this hazard is not 
available, follow the guidelines for controlled pH. 

- Select products that protect against accidental poisoning. Typically, products with 
an LD(Lethal Dose),. above five grams per kilogram are outside the range of acciden
tal poisoning risk. (LD10 indicates the amount of material, which, if ingested, would 
cause 50 percent of test subjects to perish.) 

- Choose non-reactive products. This minimizes the risk of mixing two products that 
produce a toxic gas, fue, or other dangerous reaction. For example, mixing a prod
uct containing chlorine with an acid or ammonia gives off poisonous gases. 

- Select products containing the mínimum amount of fragrance and dye needed for 
safety reasons. While fragrances and dyes have little deaning value, they help users 
differentiate between products by color and smell, thereby reducing the risk of inad
vertent product rnisuse. Sorne fragrances, however, may cause allergic reactions. 

- Wear gloves, masks, and other appropriate personnel protective equipment (PPE) 
according to MSDS and manufacturers' directions. 

O Consider the following environmental factors when selecting cleaning products: 
- Select products whose constituent ingredients have been tested for easy biodegrad

ability, the measure of a product's ability to be reabsorbed into the environment. 
Most cleaning products--at sorne dilution and over an extended period of time-
can be termed "biodegradable. n 

- Avoid products with demonstrated aquatic toxicity, indicated by a warning against 
contact with soil or wildlife. 

- Eliminate use of ozone-depleting compounds (ODCs). ODCs, considered a major 
cause of global warming, can still be found in many shops and maintenance 
garages, especially where painting is done. Closely scrutinize product information 
for the presence of chlorofluorocarbons (CFCs) and other chlorinated solvents. 

- Consider switching to solvent-free or water-based products. Many solvent-based 
products contain volatile organic comounds (VOCs) that cause smog. lnstead of an 
alcohol-based glass deaner, use one that is detergent-based. Use water-based wood 
and gym-floor coatings, and replace chlorinated cleaning solvents with citrus-oil
based, aqueous, and semi-aqueous products. 

- Avoid heavy metals, such as lead, cadmium, and zinc, which can cause severe health 
problems and have a potentially negative upstream impact on the environment. 
Heavy metals in floor finishes, for example, may enter sewer treatment facilities 
through disposal in building plumbing. For housekeepers, an added benefit of conver-
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sion to non-heavy-metal altematives is that the stripping solutions necessary to 
remove metal-free polymers tend to have a mild pH and less assoáated health risks. 

- Avoid products that require disposal as a hazardous waste. Review MSDSs to deter
mine if products require disposal as hazardous wastes. 

- Avoid products that require special respiratory protection. However, always use the 
PPE specified on the MSDS. 

O Consider reduced packaging of deaning products. 
- Select concentrated products and dilute them on-site. Compared to ready-to-use 

products, concentrated products significantly reduce packaging. 
- Utilize portian-control equipment to reduce chemical misuse and waste and to 

enhance user safety by minimizing user exposure to concentrated chemicals. 
- Find out if the product supplier takes back product packaging for reuse. 
- When considering the recydability of packaging, check with your local recyder. 

• RESOURCES 

Berry, Michael A. Protecting the Built Environment: Cleaning far Health. Chapel Hill, N.C.: 
Tricomm 21st Press, 1993. Outstanding resource book covering definitions and causes 
of indoor pollution, corrective action, and housekeeping procedures. 

U.S. Environmental Protection Agency. Glossary of Terms Related to Health, Exposure, and 
Risk Assessment. EPA/450/3-88/016. Washington, D.C.: GPO, 1989. A straightforward 
glossary of terms. 

U.S. Environmental Protection Agency and National lnstitute of Occupational Safety and 
Health. Building Air Quality Guide: A Guide far Building Owners and Facility Managers. 
EPA/400/1-91/033. Washington, D.C.: GPO, 1991. Very popular and readable practica! 
guide to overall indoor environmental quality in commercial buildings, especially 
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office spaces. \ 
U .S. Environmental Protection Agency and U .S. Consumer Protection Safety •· 

Commission. The Inside Story-A Guide to Indoor Air Quality. EPA/400/1-88/004. 
Washington, D.C.: GPO, 1988. A guide to the issues relating to indoor air quality. 
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CHAPTER23 

Local Government 
Information:Operations 
and Maintenance 
IMPLEMENTATION ISSUES 

Many buildings owned or operated by local go~emments have no guidelines or cost esti
mates for operations and maintenance (O&M) activities. Yet, developing dear O&M pro
cedures can help localities operate facilities more effectively and maintain the integrity of 
building systems. Requests for proposals (RFPs) and specifications for new municipal 
buildings can require that architectural and engineering firms, in conjunction with the 
building manager, provide an O&M plan. For existing buildings, developing plans to 
maintain quality or upgrade space and function will help assure an extended life cyde 
and improve occupant satisfaction. Preserving systems through sound O&M practices can 
allow local dollars to be used for expenditures other than the early replacement of equip
ment. 

O&M practices cover a range of areas, including indoor air quality; heating, ventilat
ing, and air-conditioning (HVAC) system upkeep; recycling and resource efficiency; 
repairs and renovation; and cleaning practices and products. 

LOCAL ACTIONS 

• Toe Ridgehaven Green Building renovation project being carried out by the city of San 
Diego, California, features highly efficient energy systems and environmentally sensi
tive products, and also includes the development of an O&M manual for the building. 
Toe manual will focus on maintaining good indoor air quality, waste minimization, 
ongoing energy efficiency through monitoring and building controls, and water con
servation practices. 

• Toe Maryland Department of Education's School Facilities Branch has developed a 
· ·•: series of technical bulletins on indoor air quality for the secondary school system. One 

( . ,;_,.·· of the bulletins, "The Maintenance of Heating, Ventilating and Air-Conditioning 
Systems and lndoor Air Quality in Schools," addresses O&M practices for HV AC sys
tems. Toe bulletin also discusses the development of O&M manuals as a valuable tool 
for staff training and for the continued proper use of the HV AC system. 

Author 

Michael Myers 
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• Toe Environmental and Conservation Seivices Department in Austin, Texas, produced 
the Sustainable Design Guidelines Manual for the new Austin Airport. Toe chapter on { 
chemical use emphasizes reduction in the use of potentially dangerous chemicals for · <:~,,,;,:." 
pest control and deaning. While all chemicals cannot be éompletely eliminated, the 
use of termite shields and sand barriers, caulking of windows and saeens, and kitchen 
designs that facilitate deaning, can decrease the need for chemical extermination. Toe 
manual recommends that deaning products be carefully saeened for toxic chemical 
content and that they be biodegradable, if possible. It also encourages education of 
deaning staff about the products they use. 

• The Pennsylvania-based Slippery Rock Foundation has produced Guidelines for 
Sustainable Development to explain and promote green building practices to building 
owners and renters. Toe O&M section of the manual provides suggestions regarding 
energy systems, lighting, appliances, water conservation, recyding, indoor air quality, 
and the purchase of environmentally sound products. 

• Effective operations and management of facilities enables Denver International Airport 
to reduce the generation of waste, instead of merely dealing with waste that has 
already been produced. Toe airport's source-reduction program indudes low-flow toi
lets, drought-resistant grass, energy-efficient lighting, recyding of ethylene glycol from 
centralized de-icing facilities, and employee "flexn time and telecommuting to reduce 
vehicle miles traveled. 

• Toe 1990 Energy Policy adopted by Portland, Oregon, calls for a 10 percent inaease in 
energy efficiency in city-owned facilities by the year 2000. The city is working to 
achieve this goal by retrofitting existing facilities and changing the way they are oper
ated and managed. Portland also offers cash rebates and tax aedits as incentives for 
apartment owners to weatherize. In 1990, Portland began offering O&:M training to 
the operators ofboiler heating systems in 10 low-income apartment complexes. Simple 
maintenance and training at the sites focused on adjustrnents that could be made at 
an average cost of $850 per unit. Apartments involved in the project showed an aver
age 10 percent savings compared to operations before the O&:M training. This success 
led to the expansion of the prograrn to other buildings with oil-bumer heating sys-
tems. 

• In 1988, the Municipal Council of Newark, New Jersey, approved an ordinance requir
ing that proposals for development of SO or more new single farnily units, 25 or more 
new multi-farnily units, or 1000 square feet or more of commercial/industrial space 
must incorporate provisions for the separation, collection, and disposal of recydable 
material. Toe city also adopted legislation requiring the purchase of recyded products 
and launched a business development prograrn, called Planet-Newark, for companies 
in the recyding business. 

• Albuquerque, New Mexico, recydes latex paint and uses it for graffiti removal from 
buildings. Albuquerque projects an annual savings in excess of $12,000 in disposal costs 
even after the reprocessing of the paint, and saves an additional $15,000 in new paint 
costs. This project diverts potential groundwater contarninants from the landfill, pro
vides a less costly disposal method, makes use of an otherwise unusable product and 
results in a less costly product being available for an important community project. 

LOCAL OPTIONS 

• Set up an advisory tearn to evaluate the capital and operating costs of effectively main
taining existing public buildings and provide annual reports on building O&:M to doc
ument practices and costs. 

• Incorporate O&:M costs and procedures into the overall cost projections for any new 
building development. 

• Require O&M plans for all municipal or govemmental buildings. 
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• Develop an O&M manual for local govemment buildings that incorporates green 
maintenance practices and non-toxic deaning products. 

• Provide information to building occupants on IAQ and water conservation polides and 
practices. 

• Provide training in green O&M practices on an ongoing basis to maintenance staff and 
building occupants. 

• Designate recycling areas as part of floor plans in new or renovated buildings in a man
ner that promotes effident recyding 

• RESOURCES 

Resources for the Local Government Information chapters are located in the Appendix. 
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PARTVII 

ssues an en s 

lntroduction 
While progress is being made in achieving sustainability, even greater levels of energy 
and environmental efficiency, durability, and renewability are possible as green build
ing practices continue to move forward. The benefits of economic savings and 
increased occupant productivity provide additional incentives to cémtinue research and 
development in this field. As more public and prívate entities invest in sustainable 
practices, even greater opportunities for savings and optimal use of limited resources 
will emerge. 

Sustainable building practices are being adopted by an increasing number of building 
owners, both public and prívate, for both new construction and renovations. At the 
local government level, green building initiatives, induding the adoption of public pol
icy and practices, are expanding each year in cities and counties across the United 
States. Many of these green building initiatives serve as models for future residential 
and commercial green programs. In the prívate sector, building owners and operators 
from majar corporations to small businesses, along with product manufacturers, con
struction companies, and financiers, are discovering the economic and environmental 
benefits of green buildings. 

Toe final chapters of the manual address issues that affect the adoption and success of 
green building practices. Chapter 24, "Local Govemment Financing," describes green 
building financing and cost issues for local govemments. Chapter 25, "Toe Future of 
Green Buildings," discusses developing green building trends and standards, as well as 
upcoming issues for consideration by building developers, owners, and managers. 
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CHAPTER24 

Local Government 
Financing 

Deciding to use green building methods and selecting energy- and resource-efficient 
building materials are only the first steps in the green building process. As with any capi
tal investment project, local governments must also secure the funds necessary for a 
state-of-the-art green building-often without drawing from already sparse budgets. This 
section highlights local govemment financing issues, suggested options, and local gov
emment examples. 

IMPLEMENTATION ISSUES 

Political and lnstitutional Support 
Local government leadership is essential for a successful sustainability project. If elected 
officials and city or county managers are willing to support potentially larger up-front 
project costs and the use of innovative technologies and products, the retum can be 
reaped through future economic and environmental savings. 

Yet, many institutional barriers exist. For example, in the area of energy use, the extent 
of consumption may not be apparent if each department, agency, or district is responsi
ble for its own energy bilis. Expenditures for energy use may represent only a small 
amount of each department's budget (usually one to two percent). However, if the ener
gy costs for an entire municipality are taken into account, this can be a sizable expendi
ture (for example, a S358 million electric utility bill in New York City). Having one 
person or office coordinate ali energy use and track the cost-effectiveness of new mea
sures, such as retrofits of energy-efficient lighting or heating and cooling systems, is a 
proveo way to increase efficiency and profitability. 

Another barrier to implementing energy conservation programs occurs when a depart
ment's cost savings lead to a reduction in its operating budget for the next year. An alter
native is to retum part of the savings to the operating or capital budget and apply the 
rest to programs in the departrnent that implemented the energy-saving measures. 

Editors 

Daniel J. Goldberger 
and Pbilip Jessup 
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Front-End Costs 
One of the greatest hurdles to green building is securing the finandal resources to pur
chase energy-saving systems and environmentally sound building materials that may 
have higher front-end costs than traditional building products. Local govemments with 
ever-decreasing budgets are reluctant to spend more for building components than would 
be necessary in the standard "low-bid" system in which the bid with the lowest front-end 
costs is chosen. While this is a conventional govemment purchasing practice, it can dis
courage innovation and reduce a building's life-cyde cost-benefit outcome. Local govem
ments can view finandng green products and systems as an investment in long-term cost 
savings, as well as in the improved health and productivity of building occupants and the 
environment (see Chapter 1, "Toe Economics of Green Buildings"). 

Life-Cycle Costs and 
Full-Cost Accounting Methods 
One way to factor in the long-term benefits of resource-effident buildings is to analyze 
life-cyde costs of materials and systems as part of local govemment procurement ded
sion-making. While some materials or systems may have relatively high purchase prtces, 
their durability, safety, and effidency over the life cyde of the building can ulti.mately 
increase their value over low-cost options. Despite the tremendous pressure for local gov
emments to reduce expenses wherever possible, adopting life-cyde cost analysis as a crite
rion for procurement can produce long-term savings. 

Full-cost accounting is another method of assessing the envirorunental costs of products 
or systems. For example, when evaluating the cost of investing in an energy-efficient sys-
tem, a local govemment can take into account the cost imposed upon the environment ( __ 
when a less efficient system is chosen. When the cost borne by the environment is added 
to the purchase prtce for goods or services, the true cost impacts may alter local govem-
ment dedsions. Using life-cyde cost analysis and full-cost accounting systems, the eco-
nomic viability of energy-efficient and environmentally friendly buildings will be assessed 
in a more comprehensive manner in comparison to conventional buildings. 

Cream Skimming Versus Deep Retrofits 
Local govemments may tend to invest in energy-efflciency projects with relatively fast 
payback times, a practice known as "cream skimming." While these projects initially have 
much lower investment costs and, therefore, quicker payback, they may have a lower per

1 2 3 4 5 1 7 1 9 10 11 12 13 14 15 11 17 11 19 2D 
Yeanlromlnitiallnftstment , __ _ 

centage savings in the long run. For example, the use 
of high-efficiency light bulbs has a payback time of 
about three years. A short-term payback project is often 
very attractive to a local govemment that is hesitant to 
invest a large amount of capital (or undertake a large 
debt) for a project. 

Sourcl! IClll: ProQttoc FnPrn Entra Efflctmsy. 

A more extensive retrofit of energy-effident systems or 
the extensive use of green building fixtures and materi
als in new construction is usually associated with con
siderably higher initial cost, but the energy savings and 
environmental benefits are much greater than with a 
short-term retrofit. Toe result is a longer payback peri
od with much higher energy- and resource savings. 
Figure 1 compares the two types of energy retrofits. As 
illustrated in the graph, the energy savings of the more 
comprehensive rettofit becomes significantly higher 
over time than those of a simple retrofit. 
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Financing Options 
There are many altemative forms of finandng available to local govemments, indud
ing sorne that provide positive cash flow from the outset. Traditional finandng meth
ods indude allocating local government funds for building systems, issuing bonds, or 
taking out loans. Altemative financing can include third-party finandng and lease
purchase agreements. 

LOCAL OPTIONS 

Self-Financing 
Self-finandng of resource-effiáent buildings is achieved through budget allowances from 
operating or capital funds. This option expends scarce finanáal resources, but also allows 
the local govemment to retain control of system operation and to receive ali of the sav
ings, which can be used to retire the debt on the project. For environmental measures 
such as energy effiáency, funds can be allocated to the capital budget so that expendi
tures are carried as an investment rather than an operating cost. 

Sorne local govemments or muniápal utilities have established revolving funds in which 
a percentage of energy savings are reinvested for new effiáency projects. Thus, an initial 
investment essentially becomes an environmental endowment whereby energy savings 
from one project fund the creation of another. This allows energy savings to grow 
through continued building retrofits and purchasing of high-end energy effiáency sys
tems in new buildings. 

Direct Borrowing 
Direct borrowing allows for project funding without increasing the govemment's capital 
budget. Local governments can borrow money from commeráal banks, pension funds, 
insurance companies, or other finanáal institutions, and then use the savings from the 
funded project to pay the finandng costs. While the local govemment maintains control 
of the project and receives all of the potential savings, it also assumes the entire risk for 
the project. 

Bonds are similar to loans and can generally be offered at lower interest rate since the 
interest on them is true-free. Bonds are generally more complex to arrange than loans 
since legal fees and processes can be extensive. General obligation bonds are a typical 
means of issuing debt and usually require a referendum vote. Revenue bonds are issued 
in direct antiápation of future savings from the financed project and are typically 
reserved for large projects, such as co-generation plants where the energy savings and 
sales can be projected with relative certainty. 

Third-Party Financing 
Utilities, large energy equipment manufacturers, or other private businesses often under
take performance contracts with public or private entities as a means of finandng ener
gy-efficiency retrofits. These third parties will finance and instan an energy-saving 
system in retum for a share of the energy cost savings for that site during the length of 
the contract. After the expiration of the contract, the local govemrnent owns a more effi
áent system and can allocate savings to other portions of its budget. Toe following table 
(Table 1) shows the varying finanáal methods available to local govemments to work 
with a third-party finanáer under a performance contract. 
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Table 1 

F"IXed Percentage - practia of •sfwtd savings" wbere the cuntractor/provider 
reairu a set pemntage of the savings over the previous energy consumption for a set 
peñod of time. 

There is a definite inantive for the cuntnctor to 
maximin efliótncy. The income for tbe loal 
gonmment incnasts with that of the cuntnctor. 

Direct Payout - the contractor receivts all of tht savings for a set peñod of time. 
Commonly known as a "fast payout • 

Fixed Saving - •chauffage" agreement wbere the loal govemment is guaranteed a 
1ml of saving, with any shortfalls met by the cuntractor or any excesm paid to the 
cuntnctor for a set period of time. 

Aat Fee - in this •energy savings" agmment the contractor is paid a set fee for energy 
ttrvim. lf the buiding uses less energy, the contractor keeps the difference. lf !he buiding 
uses more, the cuntractor pays the difference. 

The loal gonmment is divtsted from the contractor 
as quicldy as possible and receives al of the savings 
from that point onward. 

The loal gonmment an set precise budgets during 
the length of the contract and then adjust to real 
lmls at the end of the contract 

This is contncted service deírvery that allows loal 
govemments to set their budgets weD ahead of time. 

Since newer, energy-efficient systems are much more cost-effective over their life cyde than 
older systems, an improved system will usually result in energy savings that are greater 
than monthly payments for the system improvements, thus resulting in a short payback peri
od. After the payback period, the new system continues to be a source of finand.al savings. 

Energy Service Companies 
Many prívate companies are realizing the potential profits of energy financing and have 
specialized in energy-efficiency equipment financing and installation. These enterprises 
are known as energy service companies (ESCOs) that spedalize in retrofitting buildings 
with state-of-the-art energy equipment. In most cases ESCOs are for-profit companies 
that can finance, plan, and manage a retrofit project. 

Energy-effidency projects are generally arranged so energy savings are greater than 
monthly financing costs, thus establishing a positive cash flow for the project. In sorne 
cases the munidpality arranges for its own financing and then pays the ESCO to instan 
and possibly manage the system. In this case, the ESCO serves as a spedalized engineer
ing firm and is paid for its services. In many cases, the ESCO arranges for finandng 
(either through its own resources or through a third party). Financing through an ESCO 
may result in higher finandng costs since ESCOs do not receive interest rates as favorable 
as municipalities. 

ESCOs are interested in achieving the highest efficiency possible, not only as a means to 
secure future contracts but also because their payment from the building owner is gener
ally arranged as a portien of the energy savings (as described in Table 1). In a typical pro
gram, the ESCO will usually split all of the savings, or any savings above a guaranteed 
level, with the owner. For higher-risk projects and unusual situations, the ESCO may ask 
for a higher percentage of the upside profit. 

ESCOs will usually audit energy expendifure before the retrofit project and monitor after 
the project's completion to guarantee energy savings. Additionally, sorne ESCOs will 
assume responsibility for all or part of building operations. Municipal managers may be 
uncom.fortable with this arrangement and may fear displacement of municipal workers. 
lf municipal employees are involved with the ESCO from the beginning, the subsequent 
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sharing of knowledge and experti.se can actually increase the retrofit's effectiveness and 
the facility managers expertise in the long run. Involvement of municipal managers and 
their staff during the entire retrofit (from audit through commissioning) is considered 
essential for project success. 

Toe ESCO industry has matured tremendously over the past few years. A range of compa
nies now offers a wide variety of services to municipalities and private building owners. 
Municipalities that contract with the ESCOs will find that they: 

• offer spedalized financia! and technical expertise and experience; 
• guarantee energy savings and therefore miniroize the financia! risk; 
• offer a range of creative finandng options; 
• perform building energy audits and suggest cost-effective energy technologies and 

measures; and 
• assume the administrative burden of monitoring and verifying energy costs. 

Lease-Purchase Agreements 
Lease-purchase agreements offer the local govemment a "save now, pay later" option for 
energy-efficiency projects. Through this arrangement, a third party provides the equip
ment for the efficiency project, and the local govemment makes payments on the equip
ment from the savings achieved by the program. At the end of the lease agreement, the 
local govemment assumes ownership of the equipment or may purchase it for a greatly 
reduced price. Toe two primary benefits of this option are that leases to local govem
ments are tax-deductible and, therefore, can often be obtained at a low price. In addi
tion, the lease can be carried off the balance sheet by the local g~vemment. (See Chapter 
25, "Toe Future of Green Buildings," for more information on green leases.) 

LOCAL ACTIONS 

Toe following section is an overview of sorne local govemment programs that have suc
cessfully used a variety of finandng options far green buildings. 

• The city of Phoenix, Arizona, established the Energy Conservation Savings 
Reinvestment Plan in 1984 to promote continuing energy improvements in the 
municipal sector. Toe program received $50,000 in seed money from state oil over
charge funds. Each year, half of the documented savings from each project is returned 
to the city's general fund. Toe other half is reinvested in the energy-efficiency program 
fund. By 1986, annual energy savings were over S 1 million, which allowed the fund to 
reach its allowable limit of S500,000 ayear (recently raised to $750,000 to compensate 
for inflation). Toe fund has financed retrofits resulting in $18 million of audited sav
ings from 1978 to 1992. 

• Toe Sacramento Municipal Utility District in California established the Conservation 
Power Financing Program (PFP) in 1990. Toe PFP provides rebates and loans to private 
sector businesses for energy-efficiency projects. Toe utility began this demand-side 
management program because it realized that financing projects that reduce consumer 
demand (through retrofit of high-efficiency systems and conservation measures) is 
more profitable than increasing energy production to meet demand. While the rebates 
from this program are being phased out (already down from 75 percent credit on 
investment to 35 percent), building operators throughout the municipality are realiz
ing the potential energy savings and positive environmental impacts that result even 
without the rebate. 

• The city of Chicago, Illinois, is currently undertaking a comprehensive energy retrofit 
program for its buildings. Part of this program includes a Department of General 
Services retrofit of 45 pollee stations and city librarles, funded by bonds and utility 
vendors. Debt on the project will be repaid by short-term savings from lighting retro
fits and long-term savings from the installation of digital controls for HV AC systems. 
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A unique feature of the installation contract is the direct involvement of the dty build
ing management tradespeople, who will also receive training in the ongoing mainte
nance and operation of the control systems. Estimated energy cost savings for just five 
of these retrofitted facilities are $273,700 annually. 

• Toe Environmental and Conservation Services Department in Austin, Texas, assists 
municipal planners by providing guidelines for energy efficiency systems and green 
building practices and products. The city uses life-cyde cost analysis when determin
ing budgets and funding for new buildings and the retrofitting of existing buildings. 
This allows Austin to look beyond the initial costs of materials and systems and focus 
instead on long-term sustainability. 

•U•HI 
This chapter was adapted from Profiting from Energy Effidency: A Finandng Handbook for 
Munidpalities, Dan J. Goldberger and Philip Jessup, editors (Toronto: lntemational 
Coundl for Local Environmental lnitiatives, 1994). 
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CHAPTER25 

The Future of 
Green Buildings 

lntroduction 
To many in the building industry, investment in green building practices may be a leap 
of faith. Further research and successful examples of sustainable building will advance 
th.is developing technology and provide direct proof of its economic and health-related 
benefits, encouraging its greater adoption. More research is needed in life-cyde cost 
analysis over the full spectrum of building fabrication, ownership, operation, and 
reuse/disposal. As the data become more widespread and the impacts-including exter
na! costs assodated with pollution, waste, and environmental-resource consumption
of conventional practices become better known, green building practices will become 
more widespread. 

Toe green building movement has started to gain momentum. Each year yields addition
al demonstration projects; dozens of new efficient and healthy technologies; and 
expanded research, standards, codes, and regulations. This chapter provides information 
on new developments in these areas and new issues that should be considered by the 
building industry and building owners. 

These include rating systems to evaluate a building1s enviren.mental performance, certi
fication programs for green building products, and the adoption of green building stan
dards and practices by recognized standard-setting organizations. Toe availability of 
increasingly sophisticated computer software programs also fosters the growth of green 
building practices by making it easier to identify and evaluate options for a building 
project. Other new trends and emerging concepts affecting the building industry 
indude performance-based contracts, remanufacturing and product leasing, telecom
muting and "virtual offices," and efforts to mitiga te natural-disaster losses through 
improved building practices. 

Author 

David A. Gottfried 
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Building-Rating Systems 
Green building-rating systems are used to evaluate new or ex:isting buildings based on 
their environmental performance. Reviewers issue credits in each performance category 
and assign an overall environmental performance rating to the structure. With public 
acceptance, rating systems can change the way designers, building owners, and tenants 
evaluate buildings. Following is a brief review of severa! rating programs. 

Building Research Establishment Environmental Assessment 
Method/New Offices 
Toe Building Research Establishment in England has developed a voluntary assessment 
method for new building designs, known as the Building Research Establishment 
Environmental Assessment Method (BREEAM)/New Offices, Version 1/93. Its objectives 
are to encourage designers to become more environmentally sensitive; create a demand 
for buildings that are "friendlier to the environment"; stimulate a market for environ
mentally sound buildings; raise awareness about large-impact buildings and lessen their 
burden on the environment; and improve the indoor environment and health of occu
pants. Toe assessment covers three main areas of environmental issues: 1) global issues 
and the use of resources, 2) local issues, and 3) indoor issues (Figure l).1 

Other BREEAM assessment methods have been established for existing offices, industrial 
. units, supermarkets, new housing, and other building topics. Toe version for existing 
offices assesses the operation of buildings based on their environmental polióes and 
management, and is supported by an Environmental Management Toolkit. 

Global Issues and Use of Resources 

• CO2 emissions resulting from energy use 
• Add rain 
• Ozone depletion from CFCs, HCFCs, and halons 
• Natural resources and recyded materials 
• Storage of recydable materials 

Local Issues 

• Legionnaires' Oisease arising from wet cooling towers 
• Local wind effects 
• Noise 
• Overshadowing of other buildings and land 
• Water economy 
• Ecological value of site 
• Cyclists' facilities 

Indoor Issues 

• Legionnaires' Oisease from domestic water systems 
• Ventilation, passive smoking, and humidity 
• Hazardous materials 
• Lighting _ 
• Thermal comfort and overheating 
• Indoor noise 

Figure 1 

EllE!I CHAPTER 25: nu: FU11JRE OF GREEN BUILDINGS 

( .::-.-

t_ 

. : . 



.. . ·· 

Building Environmental Peñormance Assessment Criteria 
Toe Building Environmental Performance Assessment Criteria (BEPAC) is a voluntary 
Canadian method for evaluating the environmental performance of both new and exist
ing office buildings.2 It was developed in collaboration by many sectors of British 
Columbia's building industry. Toe method indudes criteria to assess ozone-layer protec
tion, environmental impacts of energy use, indoor environmental quality, resource con
servation, building and siting considerations, and transportation impacts. BEPAC is 
intended to advance standard practices and achieve efficiencies beyond those required by 
building codes. BEPAC standards are consistent with the current best practices and are 
intended to lead industry toward a higher level of environmental responsiveness. 

BEPAC is applied in the field by trained assessors and offers a certificate of design and man
agement performance for qualifying buildings and tenancies. Four modules-base building 
design, base building management, tenancy design, and tenancy management-offer crite
ria ranging from interior to local and global issues. Toe BEPAC certificate tallies points across 
the individual criteria and provides a comprehensive profile of the building's performance. 
BEPAC also recognizes innovations in design and management with a special citation. 

ISO 14000 
Toe lnternational Organization for Standardization (ISO) is a non-governmental organi
zation comprised of national standards bodies.3 More than 120 countries have full voting 
membership in ISO, with the United States represented by the American National 
Standard lnstitute (ANSI). ISO has traditionally sought to harmonize existing technical 
national/regional standards and more recently is moving towards promulgation of 
process standards. ISO standards are voluntary and mainly technical in nature; they are 
written on a consensus basis by Technical Committees made up of voting members. 

ISO 14000 is a series of environmental standards and guideline documents in the areas of 
environmental management systems, audits, performance evaluation, labeling and prod
uct standards, and life-cyde assessment. Because of the intemational focus of the stan
dards, they are expected to have wide-ranging impacts in the global marketplace by 
becoming a condition of doing business intemationally. In the United States, the federal 
government anticipates that establishment of these international standards will help 
level the playing field between American and intemational businesses and will result in 
progress toward worldwide environmental improvement. 

Toe Environmental Management Standard (ISO 14001) has been adopted by ANSI in the 
United States and is expected to be adopted internationally in 1996. Certification to ISO 
14000 standards will require governments and industry to systematically manage, mea
sure, improve, and communicate the environmental aspects of their operations. Toe 
standards will influence the design, manufacture, and marketing of products; the selec
tion of raw materials; the types of environmental data that is gathered; and how this data 
is communicated to governments and to the public. 

U.S. Green Building Council - Proposed National Rating System 
Toe U.S. Green Building Council (USGBC) is a nonprofit coalition formed by the building 
industry in the United States. Its membership indudes approximately 100 organizations
both public and private-representing major national product manufacturers, building own
ers, utility companies, research institutions, and universities. Participating cities indude 
Aus1:in, Texas; Phoenix, Atizona; and San Diego, California. Toe council has drafted a pro
posed national commercial environmental building rating system.4 Toe goal is to strike a 
balance between known effective practices and emerging concepts regarding environmental 
performance and energy efficiency, with the intent that it will be updated as technology and 
knowledge advance. Toe proposed rating system, undergoing development through the 
USGBC consensus process, will apply to both new and existing commercial office buildings. 



Product Certification 
Several entities specializing in product certification for the building industry have recent
ly emerged in the United States. Two of the-principal organizations, Green Seal and 
Scientific Certification Systems, adopt standards for building products based on their 
own guidelines. Both entities solicit varying degrees of public comment, although nei
ther follows a full and open consensus process such as that followed by the American 
Society for Testing and Materials (ASTM). Once a standard has been. developed, Green 
Seal and Scientific Certification Systems review manufacturers' product information. If 
the product information and associated specifications and performance data exceed the 
standard, a product receives the organization's certification and associated seal. · 

Green Seal 
Green Seal is a nonprofit organization devoted to environmental standard setting, prod
uct certification, and public education.5 Green Seal's intent is to reduce, to the extent 
technologically and economically feasible, the environmental impacts associated with 
the manufacture, use, and disposal of products. Underwriters Laboratories Inc., is Green 
Seal's primary testing and inspection contractor. Green Seal certifies products in over 50 
categories and has awarded its seal of approval to nearly 240 products, induding sorne . 
building industry products, such as compact fluorescent lamps, water-efficient fixtures, 
paints, windows, window films, water heaters, sealants and caulking compounds, adhe
sives, luminaries, and anti-corrosive paints. 

In addition to identifyiri.g products that are designed and manufactured in an environ
mentally responsible manner, Green Seal offers scientific analysis to help consumers 
malee educated purchasing decisions regarding environmental impacts and encourages 
manufacturers to develop environmentally sound products. 

Scientific Certification Systems 
Scientific Certification Systems (SCS) is a private scientific organization. lts mission is to 
advance the private and public sectors toward more environmentally sustainable policies, 
product design, management, and production. 6 ses has created the following programs 
relevant to sustainable building practices: 
• Environmental Claims Certification-A system for verifying the accuracy of environmen

tal claims about products. 
• Life-Cycle Assessment ami the Certified Eco-Profile-A procedure for assisting organiza

tions in performing life-cycle assessments, including an environmental profile, review 
of advantages and tradeoffs, development of improved strategies, and documentation 
of achievements. The Certified Eco-Profile provides an environmental profile of a prod
uct and its packaging. 

• Forest Conservation Program-A project that identifies sustainable forest management 
practices and uses an indexing system to rate forest operations. 

U.S. Environmental Protection Agency-Proposed Guidance for 
Environmentally Preferable Products 
To carry out its commitment to roiuiroizing the environmental impact of products and 
servié:es it purchases, the federal government, under Executive Order 12873, is develop
ing a guidance for executive agencies to use when purchasing goods and services.' The 
guidance is being prepared by the U.S. Environmental Protection Agency (EPA), which 
has encouraged public comment to ensure that the final document is comprehensive, 
reasonable, and practical. Toe proposed guidance is not regulatory, but is designed to 
help federal agencies apply their $200 billion-a year-federal purchasing power toward cre
ating a demand for environmentally preferable products. General guiding principies have 
been established, along with recommendations for issuing policy directives and applying 
the principies to pilot acquisitions.7 
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Building Standards 
Environmental concerns are becoming increasingly im.portant elements in the develop
ment of standards. Severa! building-oriented standard-setting activities and develop
ments are discussed below. 

American Society for Testing and Materials-Green Building 
Standard Activities 
Toe American Society for Testing and Materials (ASTM) is a voluntary, consensus-based 
standard-setting organization. Its membership indudes approximately 30,000 technical 
professionals from the public and prívate sectors. In 1992, ASTM's Green Building 
Subcommittee, E-50.06, was formed. Toe subcommittee is working on green building-ori
ented standards for both commerdal and residential buildings and operations. Sorne of 
the ASfM standards under development are listed in Figure 2.8 

American Society of Heating, Refrigerating, and Air-Conditioning 
Engineers Standards 
The American Society of Heating, Refrigerating, and Air-Conditioning Engineers 
(ASHRAE) is a technical sodety of engineers and other parties. lt conducts research and 
technical programs and develops standards. ASHRAE has severa! green building-oriented 
standards that are referenced throughout this manual. Figure 3 indudes a brief discussion 
of severa! standards that are being revised.9 

The Construction Specifications lnstitute 
Toe Construction Specifications lnstitute (CSI) is a membership organization of techni
cal specifiers and manufacturers' representatl:ves that provides guidance on specifica
tions and other technical matters.10 CSI has begun to indude environmental issues in its 
programs and services. One of its projects is the preparation of a guide for incorporating 
environmental concerns into contract documents. Toe guide, when complete, will focus 
on environmental terminology, research and development (with regard to manufactur
ers' product information), design and construction, and project evaluation (induding 
operations and maintenance and monitoring). CSI is also expanding its standard Spec
Data sheet of manufacturers' product information to indude environmental criteria. 
(See Chapter 17, "Specifications," for more discussion on environmentally oriented 
spedfication format.) 

llluminating Engineering Society 
Toe lliuminating Engineering Sodety (IES) of North America is a technical membership 
sodety of lighting design and provider professionals, that provides standards for lighting 
systems within the building industry.11 It is co-sponsor of standards with ASHRAE, such as 
90.1-1989 (Energy-Effident Design of New Buildings). IES is working on new standards for 
better lighting quality, as well as working on upgrading the lighting and power sections 
addressed in the new ASHRAE 90.1 standard. Credits will be given for lighting controls 
and daylighting; the measures will be performance-based (see Chapter 9, "Daylighting"). 

Design Tools 
Toe U.S. Department of Energy (DOE), in cooperation with industry groups, has devel
oped computer-based tools for building design as well as research. Toe tools are used by 
designers, builders, professionals, utilities, and government to analyze buildings and 
building systems and their inter-relationships, and to compare alternatives. Toe design 
tools model the building envelope dynamics required for passive solar strategies, day
lighting, HV AC, and lighting, based on occupancy requirements. Toe tools enable predic-
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Ufe-Cycle Assessment-E-50.06.01 
• Guide for Environmental Life-Cyde Assessment of Buildings and Building Materials. 

Provides general guidance for a com.mon framework to use life-cyde assessment as a tool for evaluating the 
environmental implications of buildings and building products. 

• Guide for Conducting an Environmental Life-Cyde Inventory Analysis of Buildings and Building 
Materials. 
Describes methods for carrying out an environmental life-cyde inventory analysis. 

• Guide for Conducting an Environmental Life-Cyde lmpact Assessment of Buildings and Building 
Materials. 
Recommends a framework for carrying out an environmental life-cyde impact assessment. Outlines a pro
cedure to characterize and assess the effects of resource requirements and environmental residuals previ
ously identified through a life-cycle inventory. Provides guidance on defining and analyzing 
environmental impacts. 

• Terminology for Life-Cyde Assessment of Building Materials. 
A standard compilation of the terminology used in this area. 

Commercial Green Building Standard Practice-E-50.06.02 
A compilation of standard practice for the design, construction, operation, and demolition of commerdal 
buildings using environmentally sound energy-effi.ciency techniques. 

Residential New Building Guide-E-50.06.03 
A guide to improving the environmental performance and sustainability of low-rise residential buildings in 
the areas of specification, construction, operations, maintenance, renovation, adaptive reuse, recyding, and 
demolition. 

Sustainably Harvested Wood-E-50.06.05 
A guide to assessing whether wood is sustainably harvested through environmentally sound forestry manage
ment practices. 

Environmentally Preferable Cleaners/Degreasers-E-50.06.06 
A guide to assist in the development of environmentally preferable products following a life-cyde-improve
ment approach. 

Sustainable Site Planning-E-50.06.08 
A guide for green landscaping, Xeriscaping, and pollution prevention. 

lnternational Standard on Energy Efficiency-E-50.06.09 
Standard provides a method for calculating the costs and benefits of energy decisions. 

Source Separation of Recyclables in Commercial and Multi-Tenant Buildings- E-50.06.1 O 
A guide for source separation programs. 

Figure 2 
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Energy-Efficient Design of New Buildings-90.1-1989 
Toe new version of this standard entails a complete revision that will incorporate life-cyde factors. Two tiers of 
energy design are induded. Tier 1 is more conventional and will provide for approximately 25 percent higher 
energy efficiency than the 1989 version of the standard. Tier 2 is for utility rebate programs and higher-than
code performance Ievels and will provide for SO percent higher energy efficiency than the 1989 version. Toe 
revised standard was scheduled to be issued for public review in early 1996. 

Ventilation for Acceptable lndoor Air Quality-62-1989. 
Ventilation rates in this updated standard will be revised for densely and sparsely occupied spaces. Ventilation 
calculations will take into consideration the number of occupants and building components that contribute to 
source contarninants. Toe standard was expected to be issued for public comment in spring 1996. 

Thermal Environmental Conditions for Human Occupancy-55-1992 
A standing standard project comm.ittee (SSPC) has been recently formed for the purpose of maintaining and 
revising the standard to conform with new technology as it develops. 

Figure 3 

tion of the effect of architectural design on energy use, peak loads, and other performance 
variables. Toe goal is to determine design and system solutions that yield energy savings 
within project budgets, and thus provide positive cash flows over the life of the incre
mental investment. 

During the previous decade, energy software development concentrated on upgrading 
existing algorithms to properly model solar ·energy systems, daylighting, thermal storage, 
and other emerging technologies and systems.12 More recently, load-calculation software 
has replaced the utilization of tables. Toe increased capability of computers is enabling 
the use of hourly energy simulation software and sophisticated analysis for all building 
types. Energy software tools have moved away from line input-based user interfaces to 
Windows-based interfaces, and computer-assisted design (CAD) systems now include 
extensive databases and object-oriented graphics. Toe following sections describe severa! 
software programs currently in use or under development. (Additional information is pro
vided in the "Resources" sections of Chapters 9, 10, 11, and 12.) 

DOE-2.IE 
DOE-2 is a public-domain computer program for energy analysis developed by 
Lawrence Berkeley National Laboratory (LBNL), a DOE laboratory operated by the 
University of California. Well-suited for large commercial buildings, the program calcu
lates a building's energy use and life-cyde costs based on its location, construction, 
operation, and HV AC systems. It is useful in evaluating building system design, build
ing retrofits, energy budgets, and life-cycle costs and benefits. Toe program can explore 
trade-offs between design altematives and allows for performance of detailed paramet
ric studies of building system variations to allow designers to increase savings and 
reduce first costs. 

DOE-2.lE, released in January 1994, includes four main calculation sections: loads, sys
tems, plant, and economics. Toe program calculates the hourly heating and cooling 
loads for up to 128 zones. lt uses hourly weather data and incorporates thermal-storage 
effects of building elements. lt also simulates select daylighting systems and electric
lighting controls. 
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Toe systems module simulates the operation of secondary HV AC distribution systems, 
incorporating outside-air requirements and operating and control schedules. Multiple t-· 
system options are provided. Toe plant component of the program simulates the opera- . \, 
tion of a building's HV AC systems, including conventional central plants and plants with 
on-site generation, waste-heat recovery, and electricity sell-back. 

Toe economics section of the program analyzes the cost of a building's energy sources 
and calculates the present value of the building's life-cycle costs including fuel, electrid
ty, equipment, operations, and maintenance. These features are very useful in determin
ing the costs of different design and renovation alternatives and calculating of utility 
rebate incentives. 

BWT 
Toe U.S. Army Construction Engineering Research Laboratories (USACERL) developed 
the Building Loads Analysis and System Thermodynamics (BLAST) system to help 
designers calculate building loads and select the optimal HV AC systf!I). for a building. 
Toe BLAST farnily is a comprehensive set of computer programs that create energy mod
els, perform energy analyses, and predict energy system performance and life-cycle cost 
in buil~s. 

Specific programs in the BLAST farnily, in addition to BLAST itself, include: BTEXT, a 
BLAST input pre-processor; LCCID, the Life-Cycle Cost in Design program; SOLFEAS, a 
solar feasibility program; WfHRPT, weather data reporting; and REPWRT, a report writer 
for BLAST data. There are other supporting programs as well, such as comfort reporting 
on an annual basis and assisting in defining inputs for their chillers, heat pumps, and 
other equipment. Toe BLAST Support Office (BSO) was established at the University of 
Illinois at Urbana-Champaign, Department of Mechanical Engineering, to provide strate~ 
gic support for users of the BLAST farnily of programs. 

SERI-RES 
SERI-RES is a general purpose thermal analysis program for residential and small com
mercial buildings. It was developed by a team from the National Renewable Energy 
Laboratory (NREL) and Ecotope Group for use by architects, engineers, consultants, 
building researchers, building code offidals, utility analysts, and others. Toe method of 
analysis used in the program is simulation. A thermal model of the building is created 
by the user and translated into mathematical form by the program. Toe equations are 
then solved repeatedly at time intervals of one hour or less for the period of simulation, 
usually one year. Toe program allows the user great flexibility in choosing the level of 
detall to be used in modeling a building. lt can be used in a quick and cursory way to 
evaluate general options at low cost and, at a later stage, to perform detailed analysis of 
the final design. 

Toe program is meant to have enough generality to accurately model almost all residen
tial buildings and most small commerdal buildings. It is particularly suitable for the 
analysis of various types of passive solar buildings. Spedal provisions are made for the 
analysis of.attached sunspaces, thermostatically controlled fans, rockbin thermal storage, 
and vented Trombe walls. 
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PowerDOE 
PowerDOE is a new building-energy simulation program being jointly developed by DOE 
and the Electric Power Research lnstitute. Toe program is based on DOE-2 with a graphi
cal user interface, making it easier to operate than DOE-2. Key interface features indude 
on-line help, mean-driven input, graphical results, building-component libraries, CAD 
package linkage, and building description option. Toe program can be linked to the 
Building Design Advisor, a multimedia-based design support environment that can assist 
in making energy-related design decisions. 

PowerDOE is designed with an open architecture, allowing third-party users to add 
modules to the core program. One example is a link to the SPARK HVAC simulation 
program (described below). Results can be displayed as graphs, tables, or spreadsheets. 
Competing energy-efficient measures can be reviewed vía a graphical comparison of 
parametric runs. A Windows-based version of PowerDOE was scheduled to be available 
in Spring 1996. 

SPARK 
Toe Simulation Problem Analysis and Research Kernel (SPARK) is under development 
by LBNL and California State University at Fullerton. Toe program will malee it possible 
to construct plant and innovative system models beyond the scope of DOE-2. It wm· 
accomplish this by graphically connecting HV AC components, such as fans, coils and 
chillers, from a library. A beta test release of the product was expected in the first quar
ter of 1996. 

ENERGY-10 
ENERGY-10, Version LO software, along with design guidelines was developed by 
National Renewable Energy Laboratory (NREL), the Passive Solar Industries Council 
(PSIC), Berkeley Solar Group, LBNL, and DOE. It is an hourly simulation Windows-envi
ronment program for low-rise buildings allowing design evaluation of 16 passive solar 
and energy-efficient options early in the design process. This allows designers to methodi
cally but quickly evaluate the combination of features that results in the greatest savings 
of energy and money for a given project. Toe format compares a reference or base case 
against a low-energy case that the user modifies with the desired passive solar and energy
efficient optións. ENERGY-10 also keeps pace with the evolving building design, allowing 
the user the determine the effect of proposed changes on energy use during any stage of 
the process. 

Many other energy-related software products, which often use one of the above public 
domain tools as their simulation engine, are being developed by prívate vendors and 
product manufacturers. LBNL is working with the Industry Alliance of Interoperability 
(IAI) to ensure that energy-design tools can interoperate with all other building-related 
CAD systems. IAI's goal is to significantly increase the sharing of information in the plan
ning, design, construction, and management of buildings. Future versions of vender CAD 
systems will provide an object-based development environment to allow sharing of infor
mation across disdplines.13 

Performance-Based Contracts 
Performance-based contracts are emerging as a way of compensating a building's design 
team based on actual building performance. Toe performance approach rewards the team 
for the effort required to produce effident buildings. Rewards may be determined by com
paring the building's actual energy bill with established building energy baseline targets, 
such as the energy level for a code-compliant building. 
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City of Oakland - Energy Perforrnance-Based Example 

A new 450,000-square-foot building in Oakland, California, provides an innovative 
example of energy-performance-based contracting.1• Toe design/build project set a 
baseline standard of exceeding California's Title 24 Energy Code by 20 percent. Toe 
performance data will be analyzed after two years of building operations. If the build
ing performs better than the baseline goal, the design/build team will receive the 
sum of five years' worth of energy savings. In the event that the building's perfor
mance is below the baseline, the team is liable for fifteen years' worth of the short
fall. Both the potential bonus and downside liability are capped at a maximum of 
$250,000. A DOE-2 energy simulation model was used to determine the baseline fig
ures. Toe design team was allowed to develop its own design approach and equip
ment selectipns to achieve the energy goals. Toe energy-related improvements are 
projected to result in other benefits, induding a quality environment with improved 
comfort, indoor air quality, and satisfaction among building occupants. 

Under the traditional practice, design and construction fees are usually based on a per
centage of building costs. This provides a disincentive for effident design since a super
effident scheme that results in significant downsizing of a building's mechanical system 
would lower the professionals' fees. In contrast, performance-based contracts are an inno
vative way for a building owner to share the investment risk and assodated energy sav
ings with the design/constp.1ction team. 1n sorne cases, the design team will finance the 
cost of the additional energy effidency measures via a shared savings approach (see also 
Chapter 24, "Local Government Financing''). 

Remanufacturing and Product Leasing 
Remanufacturing is a process in which wom-out products are restored to "like-new" con
dition. Remanufacturing is estimated to use one-fifth the energy and one-tenth the raw 
materials needed to make a product using virgin materials. Toe process is labor-intensive, 
which leads to higher employment levels, as opposed to higher levels of resource con
sumption.15 Purchasing of remanufactured products such as furniture or light fixtures can 
yield substantial cost savings compared to the purchase of new products. 

Toe emergence of environmentally based equipment and product leases is another new 
development. In these leases, manufacturers provide for the full installation, operation, 
and removal of their equipment or products. Given the totality of these responsibilities, 
the manufacturer is likely to ensure that the product or equipment operates at the high
est level of effidency over its life. Since the manufacturer is also responsible for the ulti
mate disposal of the product, the firm will likely attempt to obtain the lowest disposal 
costs. This creates incentives for reuse and/or recycling of the product. These leasing con
cepts are now just emerging in the carpet and mechanical equipment fields. Over time, it 
is anticipated that they will carry over to other building products such as ceiling tile and 
systems fumiture. 

Leasing arrangements can also involve mechanical and utility companies providing "con
ditioned" air to building owners. In lieu of having to purchase and maintain their own 
mechanical systems, building owners pay fixed monthly fees in exchange for receiving 
conditioned air within a certain comfort range. This monthly payment is analogous to 
payment for utility and telephone services. In these cases, the user does not need to 
worry about the mechanism or costs for providing the service, but only whether or not 
the service is received as expected. 
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Toe purchase and maintenance of all required equipment and distribution system.s is 
included in the scope of the vendor's service. Toe vendar is also responsible for payment 
of all associated utility bilis, thus having an incentive to integrate energy-efficiency mea
sures to achieve lower costs. Toe consumer of the service benefits by being able to incor
porate fixed annual payments in its budgets, and by reducing the risk associated with 
fluctuating utility rates (see Chapter 24, "Local Govemment Financing"). 

Telecommuting and "Virtual Offices" 
Toe development of mixed-use communities incorporating work-home options is an 
important new concept for the building industry. With the expansion of telecommuni
cations capabilities, the option of working at home either on a full- or part-time basis has 
become a viable and compelling option. In 1994, full-time telecommuters reached 9.1 
million in the United States, up 20 percent from 1993.16 lncreasing application of this 
new trend will the impact of commercial buildings and the requisite infrastructure on 
employers and local govemment resources. Resulting building square-footage reductions 
should also occur, allowing organizations to lower their capital expenditures, while max
im.izing their usage of workspace. 

Toe benefits to employees of telecommuting are many. By working at home, employees 
are able to cut down on commuting time. Economic savings result from lower gasoline 
and auto maintenance costs, in addition to the associated personal time savings and ben
efits. For the concept to take hold, however, employers will have to develop new ways of 
evaluating employee performance. 

LargE!!-scale national pattems of telecommuting on office-building design could result is a 
new definition of the use and need for buildings. By eliminating the requirement for 
employees to commute to work to perform typical office functions, the result is an entirely 
different office-building layout. Workers might come to the site to attend meetings or dis
cuss projects, which would influence office design to enhance networking and conferenc
ing. Private offices assigned to one employee would rarely be needed. Shared offices, or the 
new concept of "hoteling" (temporarily assigning) work spaces, could become the norm. 

Natural Disasters, Property lnsurance, and 
Green Buildings 
Since 1986, the insurance industry has paid approximately $68 billion in catastrophe 
losses associated with natural disasters. Toe losses are primarily due to wind-related per
ils, such as hurricanes, tropical storms and tomadoes (representing 70 percent of the 
total losses), as well as earthquakes and fires. Hurricane Andrew in the Southeast United 
States in 1992 and the Northridge earthquake in California in 1994 resulted in losses of 
billions of dollars. In 1994, the second-worst year on record, losses totaled $13 billion. 
Much of the nation's population growth is occurring in coastal areas where there is 
greater risk of hurricanes and other wind perils. Experts have predicted a rise in sea leve! 
over the ensuing decades. Significant coastal erosion is already occurring, affecting prop
erties insured at an estimated $3 trillion in the Atlantic and Gulf regions alone.17 

New practices to mitigate future losses to the insurance industry are being advocated pri
marily due to the leadership of DOE Office of Energy Efficiency and Renewable Energy, 
the Federal Emergency Management Agency, the lnsurance Institute for Property Loss 
Reduction (an insurance industry assodation), and the Electric Power Research Institute's 
(EPRl's) Disaster Recovery Business Alliance. An insurance industry study sponsored by 
EPRI examines types of electric power-related losses after natural disasters. It identifies 
technologies that could mitigate loss and enhance recovery. In certain regions, for exam
ple, renewable energy could serve as an uninterruptible back-up system for power users, 
including communications systems, buildings, and equipment.18 
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Studies have indicated that increased global warming trends may be linked to the 
increase in natural disasters. There is growing support within the insurance industry for 
an increase in energy-effident practices that could help reduce greenhouse gases. Toe 
insurance industry is also advocating disaster-resilient and environmentally sound con
struction methods. 

Toe financia! impacts of natural disasters dwarf many other risks assodated with build
ings, such as poor indoor air quality. Building insurers, local governments, and building 
owners will benefit from an investigation of green building practices that minimizP the 
risk of future disasters through careful consideration of siting, materials, and design fac
tors. Reviewing building economics on a life-cyde basis should indude a consideration 
of these increased natural-disaster risks, espedally in high-risk areas such as coastal com
munities and earthquake-prone sections of the United States. 
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13 Additional lnformation on tbe lndustry Alliance of Interoperability can be obtained by calling (800) 798-3375. 

14 Charles Eley, Ann Peterson and Scott Wentworth, New Building Eneixy Per(armance Contracting (dty, state: pub-
llsher, year) · 

1s JosephJ. Romm, Lean and Clean Management (New York: Kodansha America lnc.,1994), 144. 
16 Sherri Meri, artide in New York Tunes (October 22, 1995):14 

17 Ann Deering and Stephen P. Leatherman, •1nsure,s Must Do More to Survive Disasters, • Bests' Review (Marcb 1995). 

18 Anne Deerlng, An Insurance lndustry Sa,ping Study: Elearlc P11WeT Researrh Institute (New York: Environmental 
Tecbnology &: Telecommunications, Ltd., Marcb 15, 1995) 

ll!m CHAPTER 25: THE FU1URE OF GREEN BUILDINGS 



Contents 
l. Resources for Local Government ...................... . ........... . 1 

2. Glossary ... .. .............. . ..................... . ... . ....... . 3 

3. Abbreviations ...... . .... .. . .... .................... . ..... . ....... 9 

4. Contributing Writers . . ...... . ............ . ... . . . .. . .... .. . . ..... 10 

S. Advisory Committee ...... . . . ............. .. .. . .............. . ... 12 

6. Reviewers . ............ . ... . . .. .............. . .. . .. . .. . ....... . 13 

-: -... :-: 

APPENDICF.S ... 



(__ 

-- ·APPENDICFS 



Appendix 1 Resources for Local Govemment 
Alliance for Downtown New York. What's Up-Downtown, 

Summer 1995. 

American Institute of Architects. Committee on the .Environment. 
"Environmental Design eharrettes." Washington, o .e.: 
American Institute of Architects, October 1995. 

American Institute of Architects, Denver Chapter, Environmental 
Committee; and Architects, Designers & Planners for Social 
Responsfüill.ty, Colorado Chapter. The Sustainable Design Resourre 
Guide, Colorado and the Western Mountain Region. Denver: 
American Institute of Architects, 1994. 

American Solar .Energy Society. Savings from the Sun-Passive Solar 
Design for Institutional Buildings. Boulder, Colo.: American Solar 
.Energy Society, June 1990. 

"Banking on Tecbnology, (PortLmd, Ore.) Bureau of .Environmental 
Services Plans for the 21st century." Dai1y Jaumal uf Commerce, 
Mayl995, 54 

Austin Habitat for Humanity. Re-Smre Rmews, VOL 3, no. l. Austin: 
Austin Habitat for Humanity, Februa.Iy 1995. 

Bower, John. Healthy House Building. Unionville, lod.: Healthy 
House Institute, 1993. 

Center for Resourceful Technology. A Re(erence Guide to Resource 
E{ficient Building Elements. 4th ed. Missoula, Mont.: Center for 
Resourceful Tecbnology, 1994. 

City and County of Denver, Colorado. Stapleton Developmmt Plan. 
Denver: City and County of Denver, March 1995. 

City and eounty of San Francisco, California. Achieving Full 
Munidpal DSM Potential: An Assessment of DSM Potential, 
Financing Opti.ons, and Program Design. 94-311. Washington, O.e: 
Public Tecbnology, loe., Urban Consortium .Energy Task Force, 
1994. 

--. lnteM!ntion Strategies for Energy E{ficient Municipal Buildings: 
lnfluendng Energy Dedsions Throughout a Building's Ltfetbne. 93-
301. Washington, o.e: Public Technology, loe., Urban 
Consortium .Energy Task Force, 1993. 

City of Albuquerque, New Mexico. Photovoltaic Purchasing Guidebook 
for Local and State Govemments. 94-307. Washington, O.e : Public 
Tecbnology, Inc., Urt>an Consortium .Energy Task Force, 1994. 

eity of Austin, Texas. Department of Public Works and 
Transportation, and .Environmental and Conservation Services 
Department. Sustainable Building Guidelines. Austin: eity of 
Austin, 1994. 

--. Environmental and eonservation Services Department. 
Guidelines for a Sustainable New Austin Airport. Austin: City of 
Austin, 1994. 

--. Green Habitat Leaming Project: A Green Builder Model Home 
Project. 93-305. Washington, o.e: Public Technology, Inc., 
Urban Consortium .EnergyTask Force, 1993. 

--. Environmental and eonservation Services Department. 
Sustainable Building Sourcebook. 92-311. Washington, D.C: Public 
Tecbnology, Inc., Urban Consortium .Energy Task Force, 1992. 

eity of ehicago, Illinois. Department of Environment, and 
Department of Planning and Development. Brownfields Fonun: 
Final Report and Action Plan (Executive Summary ). Chicago: City of 
Chicago, October 1995. 

--. Downtown District Cooling: A 21st Century Approach. 93-323. 
Washington, o.e: Public Tecbnology, Inc., Urt>an Consortium 
.Energy Task Force, 1993. 

--. Intl!grating Innovative Supply and Eflidency Techniques. 91-308 
Washington, o .e : Public Tecbnology, Inc., Urt>an Consortium 
EnergyTaskForce, 1991. 

Oty of Chula Vista, California. "Teleworking from Chula Vista." 
Chula Vista: Chula Vista Telecenters, n.d 

City of Houston, Texas. EstDblishing a Green Lights Revolving Fund. 
93-303. Washington, o.e.: Public Technology, loe., Urban 
Consortium .Energy Task Force, 1993. 

--. "City Building Use Procedure." Administrative procedure. 
Houston: Oty of Houston, November 29, 1983. 

City of New York, New York. Marketing F.nergy Etfi.ciency Programs to 
Commcda1 and Industrial Firms: Lighting Incentives and Rebates. 
88-322. Washington, o.e.: Public Technology, loe., Urban 
Consortium .Energy Task Force, 1988. 

City of Philadelphia, Pennsyivania. Light Emit:ting Diet:les for Traffic 
Signa] Displays. 93-312. Washington, o .e.: Public Tecbnology, 
loe., Urban Consortium Energy Task Force, 1993 . 

City of Phoenix, Ariz.ona. Public Works Department. City uf Phoenbt. 
Energy Management 1994 Report. Phoenix: Oty of Phoenix, 
December 1994. 

--. Impact uf Urban Heat I.sland on Cooling and F.nvironmmt. 91-
323. Public Tecbnology, lnc., Urban Consortium .Energy Task 
Force, 1991. 

--. HVAC E,quipmmt Replaament for Best Size and Effidency: A 
Technology Transfer Report. 88-306. Public Technology, Inc., 
Urban Consortium .Energy Task Force, 1988. 

City of PortLmd, Oregon. .Energy Office. "Policy for Construction 
and Demolition Site Recycling" (Draft). Portland: eity of 
PortLmd,January 1995. 

--. Sustainable City Prindples. Portland: eity of Portland, 
November 1994. 

--. Businesses for an Environmenta11y Sustainable Tomorrow. 93-
307. Public Tecbnology, lnc., Urt>an Consortium Energy Task 
Force, 1993. 

--. Energy Saving;s from Operation and Maintenance Training for 
Apartment Boiler Heating Systems. 91-320. Public Technology, 
lnc., Urban Consortium EnergyTaskForce, 1991. 

City of Portland, Oregon; Oty of San Francisco, California; and City 
of San Jose, California. Sustainable Energy: A Local Govmunent 
Planning Guide for a Sustainable Future. Washington, D.C.: Public 
Technology, Inc., Urban eonsortium Energy Task Force, 
December 1992. 

City of SanJose, California. Energy Master Planning: 1nnavative Design 
and Energy Analysis for New Commercial Construction. 92-311. 
Washington, D.C.: Public Tecbnology, Inc., Urban Consortium 
.Energy Task Force, 1992. 

--. The Cify-Utility Partnership to Inaease Energy Conservation in 
New Construáion in San fose. 91-312. Washington, D.C.: Public 
Tecbnology, Inc., Urban Consortium EnergyTask Force, 1991. 

City of Seattle, Washington. Integrating Energy Effidency into 
Municipal Purchasing Decisions: Computerizing Procurement 
Choices. 88-319. Washington, O.e .: Public Technology, Inc., 
Urban Consortium .Energy Task Force, 1988. 

City ofTucson, Ariz.ona. Tucson Solar Vdlage-Project Management. 91-
304. Washington, o .e .: Public Technology, loe., Urban 
Consortium .Energy Task Force, 1991. 

Colorado Green Program. "A Guide to the Green Construction of 
Homes and Subdivisions." Denver: Governor's Office of Energy 
Conservation and Homebuilders Assodation of Metro Denver, 
July 1994. 

Comwall's Energy Effidency Team. Errviropedia: A Guide to Solid 
Waste Management, Altemative Cleaners, Water and Energy 
Conservation. eomwall, Ontario, Canada: eomwall's Energy 
Effldency Team, n.d . 

"Enviro-Friendly Community Breaks New Ground in South Dade." 
Dade County Environmmtal Impact, September 1995. 
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"Establlshing Piiorities with Green Buildings. n Envlronmental 
Building News, September/October 1995. 

GeIIace, Ann Jones; Rebecca Flora; Robert Kobet, et al. Guidellnes 
for Sustainable Development. Pittsburgh, Pa.: Sllppery Rock 
Foundation, n.d. 

Herinepin County, Minnesota. Municipal Strategies far 
Implementation of the Mmneapolis-St. Paul C02 Reduction Plan. 94-
314. Washington, D.C: Public Technology, lnc., Urban 
ConsortiumEnergyTaskFmce, 1994. 

Hennepin County, Minnesota. Parks and Publlc Works 
Co~on. Hennepin Community Woro. Minneapolis, Minn.: 
H~epin County, June 1994. 

Intemational Clty/County Management Assodation. Pollution 
Prevention: A Guide for Local Gavemment. Washington, D.C.: 
Intemational Qty/County Management Assodation, 1994. 

Toe Intemational Env!ronmental Agency for Local Govemments. 
Saving the Climate, Saving the Cities--A Munidpal Agenda: A 
Brlefing-Book on Climate Change and the Environment. 
Intemational Environmental Agency for Local Governments, 
1993. 

Ivanovich, Michael; J~es Wise; Judy Heerwagen; and David 
Lantrip. Development of a Protocol for Identifying and Assessing 
Potmtial Benefits ofGrem Buildings. U.S. Department of Energy, 
Pacific Northwest.National Laboratory, January 1996. 

Jacl<sonville Community Council Inc. "Life in Jacl<sonville: Quality 
Indicators for Progress. n Jacl<sonville, Fla.: Jacl<sonville Chamber 

.\ " ofCommerce, November 1994. 

'.' · 'lJessup, Philip S.A SurveyofMunidpal Measures ID Reduce Fne,gy Use in 
·.: ' · ~:. ' Buildings. Toronto, Ontaiio, Canada: Intemational Coundl for 
-- Local Environmental Initiatives, 1992. 

. ·i ,,:I<ansas City, Missouri. Modemization of Lighting in Munidpal 
_ ~:: Auditorium. 89-304. Washington, D.C: Public Tecbnology, Inc., 
.. f UibanConsortiuinEnergyTaskForce, 1989. 

," 

· · Lewis, Eleanor J., and F.Iic Weltman. Forty Ways ID Make Gavemment 
· Purchtises Green. Washington, D.C.: Center for Study of 

Responsive Law, 1992. 

Maryland State Department of F.ducation. Technical Bulletin: Building 
Ecology a¡id School Design. Baltimore, Md.: Maryland State 
Department of Education, November 1995. 

--. Technical Bulletin: Maintaining Acaptable Indoor Air Qµality 
During the Renovation of a School. Baltimore, Me!.: Maryland State 
Department of Education, July 1995. 

--. Technical Bulletin: The Matntenance ofHeating, Ventilating and 
Air-Conditioning Systems and Indoor Air Quality in Schools. 
Baltimore, Md.: Maryland State Department of Educatlon, 
Julyl995. 

--. Technical BuI1etin: SciDu:e I.aboratories and Indoor Air Qµality 
in Schools. Baltimore, Md.: Maryland State Department of 
Education, March 1994. 

--. Technical BuI1etin: Self-Evaluation Instrument: Awards Program 
fbr Indoor Air Qµality Management in Schools Program. Baltlmore, 
Me!.: Macyland State Department ofEducation, 1996. · 

Minnesota Sustainable Development Initiative. Redefining Progress: 
Working Toward a Sustainable Future. St. Paul: Mlnnesota 
Environmental Quality Board and Minnesota Plannlng, 
February 1994. 

Montgomery County, Maryland. Energy Efficient Building Design: A 
Transfi:r Guide for Local Govemments. 91-317. Washington, D.C.: 
Public Technology, Inc., Uiban Consortium Energy Task FOice, 
1991. 

--· ·; Integrated Energy Planning for a New Detmtion Center. 90-303. 
Washington, D.C.: Public Technology, Inc., Uiban Consortium 
EnergyTask Force, 1990. 
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"Passlve Solar Catches on In Re-Plannlng of 'Flood Towns.'ª 
Buildlngs lnside & Out (Passive Solar industries Council), 
Summer 1995, 4, 7. 

Petrovich, Nina L. Introduction to Sustainable Development. 
Washington, D.C.: National Association of Counties, July 1994. 

Public Technology, Inc. Cilies and Counties: Thinking Globally, Acting 
Locally. Washington, D.C.: Public Technology, lnc. 1996. 

--. Wmning Solutions 95. Washington, D.C.: PublicTecbnology, . 
Inc., 1995. . 

~ W11171ing Solutions 94. Washington, D.C.: PublicTecbnology, 
Inc., 1994. 

--. Solutions 93. Washington, D.C.: Public Technology, Inc., 
1993. 

~ Managing Asbesto.rContaining Material: A Manual for l.ocaI 
Govemments. Washington, D.C.: Public Technology, Inc., 1993. 

Public Technology, lnc., and U.S. Green Building Council. LocaÍ 
Govemment Sustainable Buildings Guidebook: Environmentally 
Responsible Building Design and Management. Washington, D.C.: 
Public Technology, lnc., 1993. 

Sustainable Seattle. The Sustainable Seattle 1993 Report: IndicalDrs of 
Sustainable Community: A Report ID Citizens on Long Term Trends 
in Our Community. Seattle, Wash.: Sustainable Seattle, 1993. 

Trlangle J Coundl of Govemments. "Trlangle REPORT.n Reseaxch 
Triangle Park, N.C.: Trlangle J Council of Govemments, 
Autumn 1995 • 

Trlangle J Coundl of Govemments, Design Harmony Arcbitects, 
and Abacot Architecture. W asteSpec: Model Spedfications for 
Construc:tion W aste Reduction, Reuse, and Recycling. Research 
TI!angle Par!(, N.C.: TrlangleJ Coundl of Governments, 1995 . 

U.S. Department of Energy. Sustainable Fne,gy Strategy: Cleim and 
Secure Energy for a OJmpetitive 1!.amomy. Washington, D.C.: GPO, 
July 1995. 

U.S. Department of Energy. National Renewable Energy Laboratory. 
Build up Energy Savings with Residential Standards. DOE/G0-
10095-073. Golden, Colo.: U.S. Department of Energy, February 
1993. 

--. Solar Access: A Winning Strategy. DOE/CH100093-256. 
Golden, Colo.: U.S. Department ofEnergy, December 1993. 

. --. Sustainability Protects Resources far Future Generations. 
Washington, D.C.: U.S. Department of Energy, April 1995. 

U.S. Department of the Interior. National Park Service. Denver 
Service Center. Guiding Principies of Sustainable Design. Denver: 
U.S. Department of the Interior, September 1993. 

U.S. Environmental Protection Agency. lndoOI Alr Division. Indoor 
Air Qµality Tools for Schools. EPA 402-K-95-001. Washington, 
D.C.: U.S. Environmental Protection Agency, September 1995. 

--. Offlce of Research and Development. Center for 
Environmental Reseaxch Information. Handbook: Urban Runoff 
Pollution Prevention and Control Planning. EPN625/R-93/004. 
Cincinnati, Ohio: U.S. Environmental Protectlon Agency, 
September 1993. 

Washington State Department of General Administration. "General 
Administration Guards Against 'Sick Building Syndrome."' Press 
Release. Olympla, Wash.: Washington State Department of 
General Administration, August 14, 1990. 

~ "Indoor Alr Quality Spedfications for Washington State 
Natural Resources Building and Labor Industries Building. n 

Olympla, Wash.: Washington State Department of General 
Administration, December 1989. 

"What's New in Constructlon Waste Management." Envircmmenta1 
Building News, November/December 1995. 
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Appendix 2: Glossm 
Absorption-The process by which inddent light energy is con

verted to another fonn of energy, usual1y heat 

Acid leachate-Water that has become addic after seepage through 
landfills; potentially very damaging to fish habitats and drinking 
water supplies. 

Active noise cancelJatiOT1 (ANC}--Redudng a sound field through 
the interaction of a primaiy sound soura: with an actively c:on
trolled identical secondary sound that is 180 degrees out of pbase. 

Adaptation-In lighting design, the process by which the human 
visual system becomes accustomed to more or less light, result
ing from a change in the sensitivity of the eye to light 

Adsorption-Adhesion of the molecules of a gas, liquid, or dis
solved substance to a swface. 

Allergen-A substance capable of causing an allergic reaction 
because of an individual's sensitivity to that substance. 

Ambient lighting-Llghting in an area from any source that pro
duces general illumination, as opposed to task lighting. 

Ancillary Materials-All those additional inputs, materials, items, 
and things necessary to complete the process and result in the 
"Primary Output" (J.A. Tshudy, PartN, Seáicm C) 

Artificial sky-An endosure that simulates the luminance distribu
tion of a real sky for the purpose of testing physical daylighting 
models (e.g., a hemispherical-dome or mirror-box artificial sky). 

A-Weigh~ystem of modifying measured sound-pressure lev
els to simulate the response of the human ear to different sound 
frequendes. 

Bacteria sink-Porous material that allows the growth of biological 
contaminants within the material. 

Baffle-A single opaque or translucent element used to diffuse or 
shield a surface from direct or unwanted light 

Bakeout-A process used to remove VOCs by elevating the temper
ature in an unoccupied, fully fumished, and ventilated building. 

Ballasts-Flectrical "starters" required by certain lamp types, espe
cially fluorescents. 

Bioaerosol-An aerosolized partide originating from a living thing. 

Biodiversity-Toe tendency in ecosystems, when undisturbed, to 
have a great variety of spedes forming a complex web of interac
tions. Human population pressure and resource consumption 
tend to reduce biodiversity dangerously; diverse communities 
are less subject to catastrophic disruption. 

Bioengineering-Toe use of living plants, ora combination of living 
and non-living materials, to stabilize slopes and drainage ways. 

Biological co11tarninants-These indude bacteria, viruses, molds, 
pollen, animal and human dander, insect and arachnid excreta. 

Blackwater- Wastewater generated from toilet flushing. 
Blackwater has a higher nitrogen and fecal colifonn leve! than 
graywater. Some jurisdictions indude water from kitchen sinks 
or laundry facilities in the definition ofblackwater. 

Blown-in batt-A method of insta11ing loase insulation in wall cav
lties, using a powerful blower and a fabric containment screen. 

Brightness.-Toe subjective perception of relative luminance in a 
space or on a SUiface. · 

Building-Toe complete, outfitted, and fumished "Structure," 
operational in every way, and ready for immediate occupancy 
and use. (J.A. Tshudy, Part N, Sedion C) 

Building commissioning (C;c:)-Toe startup phase of a new or 
remodeled building. This pnase indudes testing and fine-tuning 
of the HV AC and other systems to assure proper functioning 
and adherence to design criteria. Commissioning also indudes 

preparation of the system operation manuals and instruction of 
the building maintenance personnel. 

Building pressurization-Toe air pressure within a building rela
tive to the air pressure outside. Positive building pressmization is 
usually desirable to avoid infiltration of unconditioned and 
unfiltered air. Positive pressurization is maintained by providing 
adequate outdoor makeup air to the HV AC system to compen
sa te for exhaust and leakage. 

Building-Related Illnesses (BRl)--Oioically verlfiable diseases that 
are attnbuted to a spedfic sowce or pollutant within a building 
and are more serious than Sick Building Syndrome ('SBS) condi
tion. Toe symptoms of the disease persist after the occupant 
leaves the building, unlike SBS in which the occupant experi
ences relief shortly after leaving the building. 

Candela {cd)-The SI unit of luminous intensity (formerly called 
the "candle"). One candela equals one lumen per steradian-a 
spedfic measure of luminous intensity, in a given direction. 

Ceiling cavity-Toe cavity formed by the ceiling, tbe plane of the 
luminaires, and the wall surfaces between them. 

Checkdam-Low dam of stone, wood, or other material used for 
holding and spreading runoff and sediment in a swale. 

Oerestory-Toat part of a building rising above the roofs or other 
parts, whose walls contain windows spedfically intended to pro
vide lighting to the interior. 

Oosed-loop control-A control system that utilizes measurement 
of a controlled variable for feedback. Based on the measured 
feedback, the control system alters its output in an attempt to 
force the controlled variable to reach a given setpoint. 

COz-based high-limit ventilation control-A ventilation strategy 
that monitors the C02 concentration in a building zone or in 
the retum air duct from the zone. If the COz concentration 
approaches a predeterrnined high limit, the outdoor airflow 
controller is reset to provide additional ventilation. Tois process 
supplements standard ventilation-control strategies by provid
ing additional ventilation for unexpected occupancy. 

c.oetficient of utilizatioo (CU)-The ratio of light energy (lumens) 
from a source, calculated as received on the workplane, to the 
light energy emitted by the source alone. 

Color (temperature of a source)-In general terms, a means of 
defining the relative whiteness of a light source, spedfically the 
absolute temperature (degrees Kelvin) of a blackbody radiator 
having a chromaticity equal to that of the light source. 

Commission Intemationale de l'Eclairge (CIE)-International 
lighting commission whose standards, procedures, and defini
tions are in general use in Europe, but less widely accepted in 
North America. 

Constructed wetland-Any of a variety of designed systems that 
approximate natural wetlands, use aquatic plants, and can be 
used to treat wastewater or runoff. 

Construction-Toat complete sequence or series of activities and 
actions that begin with the building "Site" and results in the 
completed "Structure." (J.A. Tshudy, Part N, Section C) 

Contrast sensitivity-Toe ability to detect the presence of lumi
nance differences. 

Co-product-All those things that result from the process that 
undergo some further procesmig to be converted to materials or 
things that have subsequent use and/or value. (J.A. Tshudy, Part 
IV, Section C) 

Cradle-to-grave analysis-Analysis of the impact of a product from 
the beginning of its source gathering processes, through the end 
of its useful life, to disposal of all waste products. Ciadle-to<ra
dle is a related tenn slgnifying the recycling or reuse of materials 
at the end of their first useful life. 
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Critical zone-Any location in a building with contaminant 
sow:ces suffidently strong enough that proper control of ventila
tion, with no margin for error, is aucial for maintaining the 
immediate comfort of occupants. Critica! rones may indude 
conference rooms, smoking rooms, cafeterias, washrooms, audi
toriums, or anywhere occupancy can rapidly change. 

Cullet-Crushed, waste glass that is retumed for recycling. 

Cut-off angle-The critica! viewing angle beyond wbich a SOUICe 

can no longer be seen because of an obstruction (such as a baffle 
or overhang). 

Daylight factor (DF)-The ratio of daylight illumination at a given 
point on a given plane, from an obstructed sky of assumed or 
known illuminance distribution, to the light received on a hori
zontal plane from an unobstructed hemisphere of this sky, 
expressed as a percentage. Direct sunlight is excluded for both 
values of illumination. Toe daylight factor is the sum of the sky 
component, the extemal reflected component, and the intemal 
reflected component. Toe interior plane is usually a horiz.ontal 
workplane. If the sky condition is the CIE. standard overcast con
dition, then the DF will remain c:onstant regardless of absolute 
exterior illuminance. 

Dedbel (dB)- Unit of sound level or sound-pressure level. It is ten 
times tbe logaritbm of the square of the sound pressure divided 
by the square of reference pressure, 20 micropascals. 

Demand<0ntrolled ventilation (DCV) (C02 based)-A ventila
tion-control strategy in wbich the c:oncentration of C02 is the 
measured variable that is controlled to a setpoint by modulating 
outdoor airllow. With this strategy, only human SOUICe c:ontam
inants are considered. C02DCV will not comply with either 
procedure of ASHRAE Standard 62-1989. 

Densitometer-A photometer for measuring the optical density 
(the opposite of transmittance) of materials. 

Detention-In stormwater management, ponding of runoff in 
pools and basins for water-quality improvement and flood 
prevention. 

Direct component-That portion of light energy, from sources 
such as the sky or sun, that reaches a specified location without 
any significant diffusion. 

Direct sunlight (beam sunlight)-That portion of daylight arriving 
at a specified location directly from the sun, without diffusion. 

Disuse-That complete sequence and series of activities and actions 
that eliminate the "Building" in its present form. There are basi
cally two options: (1) demolition and retum of the "Building," 
"Site," and all of its components to the natural environment; 
and (2) renovation. Toe renovation option essentially leads 
back to the beginning of the building lite cycle model or to 
some intennediate stage within that model. (J.A. Tshudy, Part W, 
Section C) 

Economizer controls-HV AC system c:ontrols that operate mixed 
air dampers to mix retum and outdoor air to obtain air of a tem
perature appropriate for "free cooling." Economizer controls are 
used during periods when outdoor air requires less cooling ener
gy input than retum air. 

Effi.cacy-In lighting design, a measure of the luminous effidency 
of a specified light source, expressed in lumens per watt. For 
daylighting, this is the quotient of visible light inddent on a sur
face to the total light energy on that surface. For electric sources, 
this is the quotient of the total luminous flux emitted by the 
total lamp power input. 

Electromagnetic spectrum-A continuum of electric and magnetic 
radiation encompa.ssing all wavelengths from electridty, radio, 
and microwaves at the low-frequency end of the spectrum, to 
infrared, visible light, and ultraviolet light in the midrange, to x
rays and gamma rays at the high-frequency end 

Embodied energy-The total energy that a product may be said to 
"contain," including all energy used in growing, extracting, and 
manufacturing it and the energy used to transport it to the 
point of use. Toe embodied energy of a structure or system 
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indudes the embodied energy of its components plus the ener
gy u.sed in construction. 

Emmion rate-Determined by pladng a material or fumiture into 
a small or large stainless-steel environmental chamber and mea
suiing the release of volatile vapors from the item over a speci
fied time period. Measured in mg/m2/hr (micrograms per square 
meter per hour) or mg/m2/hr (milligrams per square meter 
perhour). 

Emissivity-By I<irchoff's l.aw, for a given wavelength of the elec
tromagnetic spectrum, emissivity of a surface equais its absorp
tivity and is the reciproca! of its reflectivity. 

Energy-All those energy materials and sources required to carry 
out and complete the process or series of activities for which 
they are inputs. (T.A. Tshudy, Part N, Section C) . 

Environmental chamber-A stainless-steel, nonreactive testing 
device with a known air volume and dynamically controlled air 
change rate, temperature, and humidity. 

Environmental releases-All those outputs and things tbat result 
· from the process that have no further use or value and are dis

posed of, emitted, released, lost, or otherwise returned to the 
environment. (J.A. Tshudy, Part W, Sec:tion C) 

Equivalent sphere illumination (FSI}-The level of sphere illumi
nation that would produce task visibility equivalent to that pro
duced by a specific lighting environment. Toe presence of 
veiling reflections on a task SUiface reduces the FSL 

Erosion-control fabrics--Clothlike materials used to prevent soil 
loss. They indude geotextiles and fabrics u.sed in silt fences. 

Evapotranspiration system-One of the most common forms of 
wastewater drain fields. This type of system utilizes both evapo
ration and plant transpiration to dispose of wastewater. 

Extemal reflected component-That part of illuminance mea
sured inside a space, on a given plane (or of a calculated daylight 
factor), that is dueto contribution of light reflected from exter
nal surfaces. 

Feedstocks-The raw material used in manufacturing a product, 
such as the oil or gas u.sed to make a plastic. 

Fenestration-Any opening, or arrangement of openings, in a build
ing (normally filled with glazing) that admits daylight and any 
devices in the immediate proximity of tbe opening that affect 
light distribution (such as baffles, louvers, draperies, overhangs, 
light shelves, janibs, sills, and other light-diffusing materials). 

Fiber optics-Optical, dear strands that transmit light without elec
trical current; sometimes u.sed for outdoor lighting. 

Fmger-jointed-High-quality lumber formed by joining small 
pieces of wood glued end to end, so named because the joint 
looks like interlocked fingers. 

Floor cavity ratio-A number indicating floor cavity proportions 
calculated from length, width, and height Toe floorr cavity is 
formed by the workplane, the floor, and the wall surfaces 
between them. 

Flushout-A process u.sed to remove VOC.s from a building by 
operating the building's HV AC system at 100 percent outside air 
for a specific period of time. 

Fly ash-The fine ash waste collected from the flue gases of coal 
combustion, smelting, or waste incineration. 

Formaldehyde--A gas u.sed widely in production of adhesives, 
plastics, preservatives, and fabric treatments and commonly 
ernitted by indoor materials tbat are made with its compounds. 
It is highly irritating if inhaled and is now Usted as a probable 
human carcinogen. 

Fungi-Parasitic lower plants (including molds and mildew) lack
ing chlorophyll and needing organic material and moisture to 
genninate and grow. 

Fumishing and outfitting-That complete sequence or series of 
activities and actions tbat begin with the "Structure" and results 
in the completed "Building." (J.A. Tshudy, Part W, Section C) 
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Generally regarded as safe (GRAS)-A designation given to prod
ucts (originally foods) that bave been in use for many genera
tions without apparent toxic effects. 

Geotextiles--Ooth or dothlike materlals intended for use in the 
soil, usually for filtering or containing soil water. Some types are 
used to prevent or control erosion. 

Glare-Tbe effect produced by luminance within one's field of 
vision that is sufficiently greater than the luminance to wbich 
one's eyes are adapted; it can cause annoyance, discomfort, or 
loss in visual performance and visibility. 

Glare index-A value for predicting the preseoce of glare as a result 
of daylight entering an area. Toe glare index is affected by the 
size and relative position of fenestiation, oóentation to the sun, 
sky luminance, and interior luminances. Toe glare index is simi
lar to the index of sensation and the discomfort glare rating, 
wbich are used for electóc lighting applications. 

Graywater-Wastewater that does not contain toilet wastes and 
can be reused for irrigation after simple filtration. Wastewater 
from kitchen sinks and dishwashers may not be considered 
graywater in all cases. See Bladcwater 

Ground light-Visible radiation from the sun and sky, reflected by 
exterior surfaces below the plane of the horiz.on. See External 
reflectzd component. 

High-dfidency particulate air (HEPA) filter-A designation for 
very fine air filters (usually exceeding 98 percent atmospheric 
ef:fidency) typically used only in surgeries, dean rooms, or other 
specialized applications. 

Humus-Decomposed organic material that is an essential compo
nent of fertile soil; produced through composting. 

Hydrogen sulfide-A very odorous, toxic, and explosive gas pro
duced by some bacteria in the absence of oxygen. It produces 
adds on contact with water. 

Hypersensitivity-F.xt:remely high sensitivity of an individual to 
certain substances. 

I joists-A manufactured wood product so named because its sec
tion looks like an upper case L Toe top and bottom chord are 
lumber or laminated wood, and the vertical web is plywood or 
oóented strand board. 

lluminance---The density of the luminous flux inddent on a sur
face, expressed in footcandles or lux. This term should not be 
confused with illumination (Le., the act of illuminating or state 
og being illuminated). 

Impact isolation class (IIC)-A_ single-number rating system 
designed to provide a compaóson between different floor/ceil
ing constructions for structure-bome impact transmission 
between vertically adjoining spaces. Toe ne is cahbrated so that 
comparable ratings for sound transmission class (STC) give 
equivalent degrees of protection. Toe ne is measured with a 
standardized tapping machine to generate impact noise, mea
suring it in the space below at the one-third octave bands 
between 100 and 3150 hertz. Toe ne is calculated using the 
ASfM E989-84 "Standard Classification for Determination of 
Impact lsolation Class. • 

lndoor air quality (IAQ)-According to the U.S. Environmental 
Protection Agency and National Institute of Occupational Safety 
and Health, the definition of good indoor air quality indudes 
(1) introduction and distribution of adequate ventilation air; 
(2)control of airbome contaminants; and (3) maintenance of 
acceptable temperature and relative humidity. According to 
ASHRAE Standard 62-1989, indoor air quality is defined as "air 
in which there are no known contaminants at hamúul concen
trations as determined by cognizant authorlties and with which 
a substantial majority (80 percent or more) of the people 
exposed do not express dissatisfaction." 

Indoor Air Quality Procedure-One of two procedures listed in 
ASHRAE Standard 62-1989 to determine appropriate ventilation 
rates for buildings. Toe IAQ Procedure provides a method of 
measuring and controlllng outdoor airflow in order to keep 

hamúul substaoces diluted to acceptable levels. It is inherently a 
more rigorous strategy than the Ventilation Rate Procedure 
because it considers all contaminants. Implementation of this 
procedure is difficult because of monitoring cost:s and insuffi
dent knowledge about acceptable concentration level.s for the 
thousands of combinations of potential indoor contaminants. 

Infiltration-In stormwater management, entry of runoff into 
the soil. 

Integrated pest management (IPM}-An environmentally sound 
system of controlling landscape pests, wbich includes well-timed 
nontoxic treatments and understanding of the pests' life cydes. 

Interior furnisbíngs--lhose temporary or semi-permanent systems 
and components wbich are generally required for the normal 
utilization of the "Building" for its intended purpose. Examples, 
interior design elements, paint, fumiture, some types of floor
ing, ceilings, and walls, etc. (J.A. Tshudy, Part N, Seaion C) 

lnvasive vegetation-An exotic plant adapted to very similar grow
ing conditions as those found in the region to which it is 
imported. Because such a species usually has no natural enemies 
(pests, diseases, or grazers), it flourishes, di.srupting the natiVe 
ecosystem and forcing out native plant species, resulting in babi
tat loss, water-table modification, and other serious problems. 

Invme square Jaw-In lighting design, the law that states that the 
illuminance ata point on a surface varles proportionately with 
the intensity of a point source, and inveISely to the square of the 
distance between that -source and that surface. 

lrradiance (E)-The amount (or density) of light energy inddent 
on a surface. 

Iaminat:ed veneer lumber-A manufactured wood product similar 
to plywood but made in thick sections with all the grain oóent
ed one way for use as beams. 

Lead ventilation-Ventilation of an unoccupied building space 
immediately prior to its occupancy. Lead ventilation is per
formed to dilute contaminants from building and HVAC 
sources to acceptable levels by the time occupants arrlve. 

Legionnaires' Disease-A sometimes fatal lung infection caused by 
the Legicne11a bacteria, fiist identified at a Legionnaires conven
tion in Philadelphia in 1976. 

Level spreadas-A stormwater management device installed paral
lel to a slope that changes concentrated flow to sheet flow. 

life<ycle--The consecutive, interlinked stages of a product, begin
ning with raw materials acquisition and manufacture and con
tinuing with its fabrication, manufacture, construction, and use, 
and conduding with any of a varlety of recovery, recycling, or 
waste management options. 

Life.cycle éWeSSDlent (LCA)-A concept and a method to evaluate 
the environmental effects of a product or activity holistically, by 
analyzing the entire life cycle of a particular product, proces.s, or 
activity. Life<ycle assessment is typically desaibed in three 
complementary phases: inventory analysis, impact assessment, 
and improvement assessment. 

Life<ycle cost (LCC) of material-Toe costs accruing througbout 
the service lite of a material. Life<yde costs address the capital 
costs involved in production, maintenance, and disposal, and 
can also include other environmentally related capital costs and 
sodetal costs. 

Light adaptation-The process by which the retina becomes 
adapted to a luminance greater than about 1.0 footlambert. 

Light shelf-A horizontal device positioned {usually above eye 
level) to reflect daylight onto the ceiling and to shield direct 
sunlight from the area immediately adjacent to the window. 
Toe light shelf may project into the room, beyond the exterior 
wall plane, or both. Toe upper surface of the shelf may be specu
lar or nonspecular but should be highly reflective (that is, hav
ing 80 percent or greater reflectance). 

Lignin-The naturally occuróng polymer in wood that binds the 
cellulose fibers together. 
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Louver-A series ofbaffles used to sh!eld a light somce from view at 
certain angles ar to absorb unwanted light. Toe baffles are usual
ly arranged in a geometñc pattem. 

Lmnen (lm}-The lwninous flux emitted (within a unit solid angle 
ar one steradlan) by a point soun:e having a uniform lwninous 
intensity of one candela. 

Lmnen method (daylighting)-A method of estimating the interi
or illuminance from window daylighting at three locations 
within a room, based on emplrlcal studies. 

Lmninaire--A complete electrlc lighting unit, induding housing, 
lamp, and focusing and/or diffusing elements; informally 
reíerred to as fixture. 

Luminance-Lumlnous intensity of a surface in a ~ direction. 

Luminous flux-Toe rate of flow of light, analogous to the rate of 
flow of a fluid. 

Material Safety Data Sheets (MSDSs}-OSHA-required documents 
supplied by manufacturers of potentially hazardous products. 
MS~ contain lnformatlon regarding potentially significant air
bome contaminants, precautions, steps for inspection, health 
effects, odor descriptlon, volatility, expected contaminants from 
combustion, reactlvity, and procedures for deanup. 

!VIatte surface-..Surface from which the reflection is predominantly 
diffuse, with or without a negligible specular component. 

:Mineral fibers-Very fine insulation fibers made from glassy min
erals that have been melted and spu and are. hazardous to 
inhale. 

.. Mixed air-The mixture of outdoor air and retum air in an HV AC 
system. When filtered and conditioned, mixed alr becomes sup

¡ plyair. 

··Mo~-A raised section of roof that indudes a vertically (ornear-
- .. :' vertically) glazed aperture, for the purpose of daylight 

.. illumination. 

~ative vegetatio~Á. plant whose presence and survival in a spe-
, .• ., , cific region is not due to human intervention. Certain experts 

argue that plants imported to a region by prehistoric peoples 
should be considered native. Toe term for plants that are 
imported and then adapt to survive without human cultivation 
is naturali7.ed. 

Natural cooling-Use of environmental phenomena to cool build-
~~:-- · · ings, e.g., ~tural ventilation, evaporative cooling, and radiative 

cooling. 

.. . Nit (nt}-Unit of luminance equal to one candela per square meter. 

::, · . No-build optlon-In planning and deslgn, a decision that a site is 
best used by not building structures ar systems on it. Used as a 
scenario against which the true environmental cost-éfectiveness 
of building concepts can be evaluated. 

Noise criteria (NC}--Señes of curves of octave-band sound pressure 
levels from 63 to 8000 Hertz. They are commonly used in the 
United States to rate interior noise levels. 

Noise mluction (NR}-The simple loss of sound leve! that occurs 
in passing through a medium. Most often noise reduction refers 
to a single octave or one-third octave-band noise. 

Noise reduction coeflident (NRC}-Average of the sound absOip
tion coeffident of the tour octave bands 250, 500, 1,000, and 
2,000 Hertz rounded to the nearest O.OS. 

Non-point-source pollution-Runoff contamination from an over
all site or land use and not discharged from a single pipe, such as 
sediment from construction sites, oils from parking lots, or fertil
izers and pestiddes washed from farm fields. 

Obsolete building-A "Building" that for one reason or another 
has reached the end of its cwrent useful lite. (l.A. Tshudy, Part 
rv, Sed:ion C) 

· Octave band-A group of frequendes whose lower boundary Is 
one-half of the upper boundary. In acoustlcs, the first nine 
octave bands are ldentified by their center frequendes of 31.S, 
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63, 125, 250, 500, 1,000, 2,000, 4,000, and 8,000 Hertz. Toe 31.5 
band is also referred to as the band number O, and 63 Hertz is 
bandnumber l. 

Offgas/outgas--A process of evaporation or chemical decomposi
tion through which vapozs are released frolil rnaterials 

Open-web wood joists-Wood joists built as flat trusses, using 
small-dimension lumber far web pieces. These are also available 
with stamped steel webs. 

Orientation-,-The_ relation of a building and lts associated fenestra
tion and interior surfaces to compass llirection and, therefore, to 
the location of the sun. 

Oriented strand board (OSB}-A manufactured wood sheet prod
uct made from large fJakes of wood pressed together with glue, 
usually a dry phenolic type. OSB is used for structural sheathing 
and subfloors. 

Oxidizer-Any agent or process that receives electrons during a 
chemical reaction. 

Pasme solar design-Designing a building's aichitectural elements 
to collect, store, and distribute solar resources far heating, cool
ing, and daylighting. 

Perlite--A lightweight, expanded mineral bead; higbly flame-resis
tant and with good insulating value. 

Phenolic ]aminare-A high-pressure laminated sheet made from 
paper and phenol fonnaldehyde resin, commonly used for fur
niture and kitchen cabinet surfaces: 

Photocells--Ught-sensing cells used to activate controllers at dawn 
ordusk. 

Photometer-An instrument for measuring photometñc quanti
ties, such as luminance, lwninous intensity, lwninous flux, and 
illuminance . 

Photovoltaic--Generation of electrldty from the energy of sun
light, using photocells. 

Plasticizers-Chemicals added to soft plastics to preserve their flexi
bility. These agents offgas slowly, eventually rendering the plas
tic brittle. 

Point method-A method of estimating the illuminance at various 
locations in a buildmg, using photometric data. 

Polyethylene terepthalate (PE'I}-A polyester plastic used widely 
in soft drink bottles. 

Polym~Any molecule chain made up from repeated elements, 
for example, plastics and adhesives. 

Polypropylene-A common flexible plastic usually spun into fiber 
for rope and woven goods. 

Post<OIISUlller recycled material-A reclaimed waste product that 
has already served a purpose to a consumer, such as used news
paper, and has been diverted or separated from waste manage
ment systems for recycling. 

Powder coating-A durable finishing method for metals using a 
dry, powdered plastic that is heat-fused onto the surface. No sol
vent is required and practically no waste produced. 

Pre-consumer recyded materlal-A material that Is removed from 
source gathering or production processes (such as scrap, break
age, or returned inventory) and retumed to the original manu
facturing process or an altemative process. Pre-consumer 
recyded materials have not yet reached a consumer for the 
intended use. 
~ dose-A method of pumping wastewater to subsurface 

leaching fields in which soils or slopes are a limiting factor. 
Typical leach fields operate with gravity. 

Primazy input-A thing or things that represent the key or funda
mental elements that are operated upon by the process and lead 
to the "Primary output" of the process. For a specific lite cyde 
analysis, the "Primary lnputs" of each process in the lite cyde 
sequen ce need to be dearly defined in terms of what, when, and 
where. In general, the "Primary input" of one process will be 
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the •Primary output" of the previous process. (JA. Tshudy, Part 
N , Section C) 

Primary output-Toe thing, ítem, or artide that represents the 
intended goal of the process. For a specific life cycle analysis, 
the "Primary outputs" of each process in the life cycle sequence 
need to be dearly defined in terms of what, when, and where. 
(J A. Tshudy, Part N, Section C) 

.Radiant energy (radwion)-Energy traveling In the form of elec
tromagnetic waves, measured In llllits of energy such as joules, 
ergs, or kilowatthours. 

Rainsaeen--A method of cxmstructlng walls In which the daddlng 
is separated from a membrane by an aiispace that allows pres
sure equalization to prevent rain from being torced in. Often 
u.sed for high-rise buildlngs or for buildlngs In windy locations. 

Recycled material-Material that would otherwise be destined for 
disposal but is diverted or separated from the waste stream, rein
troduced as matetial feed-stock, and processed lnto marketed 
end-products. 

Reflectance-Toe ratio of reflected light flux to lncident light flux. 

Reflected ~lare resulting from specular reflection of high 
luminances in polished, or gl~, surfaces In the field of view. 
See also Veiling reflection. 

Reflection-Toe process by which incident light flux leaves a sur
face, or medium, from the lncident side, without a change In 
frequency. 

Releasable adhesives/dry adhesives-A dry, tacky adhesive that 
holds a carpet or other finish In place but can be easily removed. 
After removal it leaves no residue and can be reattached. 

Remanufacturing--Industrial proces.s In which wom-out products 
are restored to -uke-new" condition. 

Renewable-A renewable product can be grown or naturally 
replenished or deansed at a rate that exceeds human depletion 
of the resource. 

Renewable energy technologies-Active, passive, and photovolta
ic strategies integrated into building design. 

Retum air-Air that has circulated through a building as supply air 
and has been retumed to the HV AC system for additional con
ditionlng or release from the building. 

Reverl:>eration time (RT)-Toe amount of time it takes for sound 
to decay 60 decibels In a given space. It is a function of room 
volume and amount of sound absorption provided by surface 
finishes In the room. Optimum levels are determlned based on 
room volume and space usage. 

Rhiniti.s-lnflammation of nasal mucous membrane. 

Room cavity-The cavity formed by the plane of the luminaires, 
the workplane, and the wall surfaces between these two planes. 

Room aiteria (RC)-Similar to NC and NR, but from 16 to 8,000 
Hertz and more recent. RC also rates noise for rumble or hiss. 

Room ratio (RR)-A number lndicating room proportion.s, or the 
ratio of room length to width. Room ratio is equal to 5.0/room 
cavity ratio. 

Sediment basin-A depression In the soil that is placed to retaln 
sediment and debris on-site. 

Shallow trench system-A type of draln field u.sed In conjunction 
with a graywater system that allows for shallow placement of 
distribution pipes and use of the graywater for irrigation. 

Shear braces-A bradng system, usually uslng metal brackets or 
straps, which eliminates most structural wall sheathlng. 

Sick Building Syndrome (SBS)-According to the EPA and NIOSH, 
Sick Building Syndrome is defined as •situation.s In which build
ing occupants experience acute health and/or comfort effects 
that appear to be linked to time spent in a particular building, 
but where no specific illness or cause can be identified. Toe 
complalnts may be localized In a particular room or zone, or 
may be spread throughout the building." Occupants experience 
relief of symptoms shortly after leaving the building. 

Sinks--Suifaces that tends to capture volatile compouncls from air 
and release them later. Cupets, gypsum board, ceiling tiles, and 
upholstery are all sinks. 

Site-Toe natural location intended for the •Building," altered, 
modified, and prepared to the polnt where "Construction" 
activities for the •structure" can be initiated. (J.A. Tshudy, Part 
W, Section C) 

Site selection ami preparation-Toat complete sequence or series 
of activities and actions that beglns with the natural environ
ment and results In some specific geographic location defined In 
terms of boundaries, and altered and modified to the polnt 
where it has become the building •site" ready for 
•Construction" to begin. (J.A. Tshudy, PartN, Section C) 

Skylight-A relatively horizontal, glazed roof aperture for the 
admission of daylight. 

Slipforms-C.oncrete forms that are advanced for another pour 
after the concrete has set. 

Sludge composting-Process of composting treated municipal 
sewage waste with Oiganic matter for use as a soil amendment. 

Sodium silicate--A liquid u.sed In asbestos encapsulation, concrete 
and mortar waterproofing, and high-temperature lnsulation.s 
(also called •water glass"). This substance is nontoxic when 
cured but caustic when wet. 

Solar altitude-In solar analysis, the vertical angular distance of a 
point in the sky above the horizon. Altitude is measured posi
tively from the horizon to the zenith, from O to 90 degrees. 

Solar azimuth-In solar analysis, the horizontal angular distance 
between the vertical plane containing a polnt In the sky (usually 
the sun) and true south. 

Solar radiation-The full spectrum of electromagnetic energy 
lnduding visible light from the sun. When solar radiation strikes 
a solid surface or a transparent medium such as air or glass, 
some of the energy is absorbed and converted lnto heat energy, 
some is reflected, and sorne is transmitted. All three of these 
effects are important for effective passive solar design. 

Sound power level--Reported In decibels, it is 10 times the loga
Iithm to the base of 10 of the ratio of the total sound power In 
watts to a reference power of 10-12 watts. 

Sound pressure level (SPL)-Reported In deabels, it is 20 times the 
logarithm to the base 10 of the ratio of sound pressure to a refer
ence pressure of 20 micropascals. 

Sound transmission c1ass (STC)-A single-number rating designed 
to provide a comparison between the noise losses of di.fferent 
structures for building-design purposes. Toe src is calculated 
from the noise reduction at the 16 one-third octave bands 
between 125 and 4,000 Hertz. Toe American Sodety for Testlng 
and Materials has published a standard, ASTM E413-73, 
"Standard Classification for Determination of Sound 
Transmission Qass. • 

Sound-Mlnute changes in air pressure of 2 x 10-10 to 2 x 10-3 of an 
atmosphere at the rates of from 20 to 20,000 times per second 

Spectrophotometer-An instrument for measurlng the transmit
tance and reflectance of surfaces and media as a function of 
wavelength. 

Stressed skin--A structural panel with the sheathing permanently 
bonded to the frame or core to lncrease its strength. 

Structure-The completed building envelope on the •site," exter
nally and internally complete, including all opeating systems 
ready for its •Interior fumishings." (JA. Tshudy, Part W, Section C) 

Sun-bearing angle-The solar azimuth angle relative to the hori
zontal direction a building surface is facing. Often referred to as 
the •relative solar azimuth." 

Superabsorbent materials-Various artificial materials capable of 
holding severa! times their own weight In water. Used In granu
lar form, these are mixed with earth to lnaease the amount of 
water held in the soil, the length of time it is held before c1rying, 
and its availability to plants. Humus serves this purpose. 
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Supezplastic:izeis--Chemical additlves for amaete that inaease 
the fluidity of the mix without excess water. 

Supply air-The total quantlty of air supplied to a space of a build
ing far thermal conditloning and ventllatlon. Typically, supply 
air consists of a mixture of retum air and outdoor air that Is 
appropiiately filtered and amditloned. 

5nstainable--The condlt!on of being able to meet the needs of pre
sent genaatlons without compromlslng those needs far future 
genaations. Achieving a balance among exttaction and renewal 
and environmental inputs and outputs, as to cause no overall 
net environmental burden or defldt. To be truly sustainable, a 
human community must not deaease biodiveISity, must not 
COilSl!llle resomces faster than they are renewed, must recyde 
and reuse virtually ali matertals, and must rely primarily on 
resources of its own region. 

Synergy-Action of two or more suhstances to acbieve an effect of 
which each is individually incapable. As applied to toxicology, 
two exposures together (far example, asbestos and smoking) are 
far more rlsky than the comhined individual risks. 

11linset-A modified portland cement and sand mortar used far 
tile setling. May contain an aaylic additive far strength. 

'Tight" huildings-Buildings that are designed to !et in min1ma1 
infiltration air in arder to reduce heatlng and cooling energy 
costs. In actuality, bulldings typically exlñbit leakage that is on 
the same arder as required ventilatlon; however, this leakage Is 
not well distn1ruted and cannot serve as a substitute far proper 
vent!lation. 

Topsoil-The uppermost so11 horizon (!ayer), amtaining the high
est amounts of organic material; depth varies greatly from 
region to region. 

Tl'i!nsmisslnn loss (11.)-Noise reduction corrected far wall area 
and room absorpt!on. 

.Ti:ansmission-The process by which inddent flux leaves a smface, 
or medium, on a side other than -1:le inddent side, without 
change in frequency. 

T1"ililSmittance--The ratio of transmitted flux to inddent flux; 
measured by a tr.msmissometer. 

Tromhe wall-A south-fadng masonry wall that is covered with 
glass spaced a few inches away. Sunlight passing through the 
glass is transformed into heat at the wall's surface, which either 
migrates into the building interior or is thermosyphoned to 
interior spaces through vents. 

· ·:.' IDtraviolet ?adiatlon (UV}-Any radiant energy within the wave
.. length range of 0.001 to 0.38 miaon; high~ergy components 

of light capable of damaging materials and inaeasing skin can
cer risk. 

~;;: Unit factors-An est!mate of the environmental costs (far example, 
raw materials, energy pollutlon, and salid waste) assodated with 
a unit of a material, such as a ton of steel or a cuhic yard of 
concrete. 

Urethanes-A family of plast!cs (polyurethanes) used far vamish 
coatings, foamed insulations, highly durable paints, and rubher 
goods. 

Use and operation-That complete and ongoing sequence and 
series of act!vit!es and act!ons that are required and occur during 
the llfe of a "Building" from the point where occupancy and 
operat!on begin to the point where it becomes obsolete, and as a 
result, is no longer oa:úpied or used. (J.A. Tshudy, PllTtW, Section C) 

Variable-air-volume (VAV)-A method of modulatlng the amount 
· of heating or cooling effect that is delivered to a building by the 

HVAC systern. Toe flow of air is modulated rather than the tern
perature. VAV systems typically consist ofVAVboxes that throt
tle supply airflow to Individual zones, some mechanism to 
control supply-fan flow to match box dernand, and the inter
connecting ductwork and components. 

Vieiling lumlnance--Luminance superimposed on the retina! 
lmage that reduces its contrast. 
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Veiling reflectlon-Specular reflection supertmposed upan diffuse 
reflect!on from an object that part!ally, or totally, obscures the 
details to be seen by redudng the contrast. Controlled by dis
tributing the source over a larger area, relocatlng the source out 
of the reflected field of view, cbanging the task surface specuiar 
reflectance (or tilt), or relocating the observer. 

Vermiculite--A naturally occurring silicate mineral that cm be 
expanded by heatlng into a noncombusti"ble insulating pellet. 

VlSWII. angle--The angle subtended by an object, or detall, at the 
point of observat!on. 

VlSWII. performance-Toe quantltative assessment of the perfor
mance of a visual task, taking into consideratlon sp~ and 
accuracy. 

Volatile organic compound (VOC)-Chemical compounds based 
on caibon and hydrogen structures that are vaporized at room 
ternpaatures. VOCs are one type of indoor alr contaminant. 
Although thousands have been ldentified in lndoor air, only a 
few are well undeistood and regulated. 

Water budget....:.The estimated water use wlthin a fadlity. Flow 
rates of fixtures and appliances, OCOipancy, and landscape needs 
are calculated. 

Water harvesting--O>llectlon ofboth rtmoff and rainwater far var-
ious pwposes, such as irrlgat!on or fountains. · 

Water reclamatlon-Reuse of effluent from wastewater treatment 
fadlit!es through irrlgat!on, land application, or other recycling 
methods. 

Wateished--Area of land that, as a result of topography, drains to a 
single point or area. . 

Wetland::-In stomiwater managenient, a shallow, vegetated, pend
ed area that serves to improve water quality and provide wildlife 
habitat. 

White noise-Sound that has amstant energy per frequency. · 

Wmdow-to-floor ratle>-The ratio of total, unobstructed window 
glass area to total floor area served by the windows, expressed as 
a percentage. This value can also be further suhdivided by solar 
orientation (such as south-fadng window-to-floor ratio). 

Workplane--The plane at which work is usually done and on 
which the illuminance is spedfied and measured. Unless other
wise indicated, this is assumed to be a horizontal plane, 30 inch
es (0.76 meter) above the floor. 

XerlscapeT>LA trademarked tenn refeIIing to water-effident choic
es in plantlng and irrlgat!on design. lt refezs to seven basic prin
cipies far conserving water and protectlng the environment. 
These include: (1) pianning and deslgn; (2) use of well-adapted 
plants; (3) soil analysis; (4) practica! turf areas; (5) use of 
mulches; (6) appropriate maintenance; and (7) effident 
irrlgat!on. 

Zenith-The polnt on the skydome dlrectly overhead, the 90-
degree solar altltude angle. 
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... .¿_. Appendix 3: Abbreviations 
ADR 
AIA 
ASID 
ASIA 
ASHRAE 

AS1M 

BEPAC 

BOMA 

BREEAM 

BRI 
B1U 

al 
CIE 
CFC 
CPU 
ClIT 
CSI 
crrc 
cu 
ex 

dB 
dB(A) 
DDC 
OOE 
DSM 

E 
EMF 
EPA 
ERC 

GRAS 

HAZCOM 
HCFC 
HID 
HEPA 
HVAC 
IAQ 
IES 
IFMA 
ne 
1PM 
KWH 

IAN 
LCA 
LCC 
1m 

MCS 
MDF 
MSDS 
MVOC 

NAAQS 
NIOSH 

NlST 

O&M 
ODC 
OSHA 

Altemative dispute resolution 
American Institute of Architects 
American Society of Interior Designers 
American Society of Landscape Aichitects 
American Society of Heatiog, Refrigerating, and 
Air-Conditioning Eoginem 
American Society for Testing and Materials 

Building Environmental Peiformance ~ent 
Critei:ia 
Building Owners and Managers Association 
Intemational 
Building Research Establishment Environmental 
~entMetbcxl 
Building-Related lllnesses 
British theanal units 

Candela 
c.ommission Intemationale de l'Eclaiige 
Q:llorofluorocarlJon 
Central proces.sing unit 
Cathode ray tube 
Construction Specifications Institute 
Ceiliog sound transmission class 
Coeffiáentofutiliz.ation 
Building roIIlillis.goning 

Deábel 
A-weighted deábel 
Direct digital control 
U.S. Department of Energy 
Demand-side management 

Irradiance 
E'lectric and magnetic fields 
U.S. Environmental Protection Agency 
Environmental report card 

Generally regarded as safe 

OSHA Hazard c.ommunication Standanl 1926.59 
Hydorchloroflourocarl>o 
High-inteosity disdJaige (lamps) 
High~áency particulate air (filter) 
Heating, ventilating, and air<Onditioning 
Indoor air quality 
Illuminating Engineering Society 
International Faálity Management Association 
Impact isolation class 
Integrated pest management 
I<ilowatt-bour 

Local area network 
Life.cyde assessment 
Ufe-cyde rost 
Lumen 

Multiple chemical sensitivities 
Medium-density fiberooaid 
Material Safety Data Sheet 
Miaobial volatile organic compound 

National Ambient Air Quality Standards 
National Institute of Occupational Safety and 
Health 
National Institute of Standards and Technology 

Operations and maintenance 
Ozone-depleting compound 
Occupational Safety and Health Adminlstration 

PC 
PCB 
PET . 
PPE 
PUC 
PV 
PVC 

RFP 

SBS 
ses 
SI 
SOLF 
sow 
src 

TFS 
TMY 
lVOC 

uv 

VAV 
VCP 
VCM 
VDT 
voc 

Pez:sonal computer 
Polychlorinated biphenyls 
Polyethylene terepthalate 
Pelsonnel protec:tive equipmeot 
Public utility CQIIlillis.gon 
Pbotovoltaic 
Polyvinyl chloride 

Request for proposal 

Sidc Building Syndrome 
Sáeotific Certification System 
Systeme Intemational (Metric System) 
Solar optic lens film 
Statement of work 
Sound transmission class 

The:rmal energy storage 
Typical meteorological year 
Total volatile organic compounds 

Ultraviolet radiation 

Vaiiable-air-volume 
Visual comfort probability 
Vinyl chloride 
VJ.SUal display terminal 
Volatile organic compound 
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Appendix 4: Contributing Wrtters 
• l.Dren E. Abraham, AIA, IDSA, president of Environmental 

Resean:h Group in Charlottesville, Vuginia, has over 20 yeais of 
professional experience in the building and construction indus
tzy. His primaiy expertise lies in the fields of daylighting, energy 
effidency, and life-cycle assessment (LCA) protocols for build
ings and building products. He is a licensed architect; researcher, 
and successful Industrial designer with numerous patents for 
innovative dayllghting systems, computer-!ntegrated manufac
turing software, and vanous hardware systems. He is aJso a lead
ing proponent and practit!oner of sustainable design, having 
served on the President's Task Force "Greening of the White 
House," and as chairman nt the Passlve Solar Industries Council 
(PSIC). He has served on ASIM Green Building and Life Cyde 
Committees and is a foundlng member of the U.S. Green 
Building Council. 

11 Sal Agnello is manager, Indoor Quality Environments for 
Johnson Controls, Inc. His responsibilit!es !nclude developing 
and marketing new products and serv:ices for lndoor environ
mental control, and management of commeICial and lnst!tu
tional buildings from the perspective of occupant health, 
comfort, and productivity. His Input to the development of IAQ 
pract!ce In the building operations area has lncluded testimony 
at the OSHA:Indoor Air Quality hearings, partidpation at !nter
national forums on !ndoor environmental research and pract!ce, 
and publicat!on of facilities managernent articles. He holds a 
B.A. degree from Marquette University, and master's degrees 
from the University of WISCOnsin-Madison. He is a member of 
the International Sodety for Indoor Air Quality and Climate. 

•11 Stephen P. Asbldn is a Ieading authoñty on environmentally 
~-- .·2: preferable chemical products an advocate for the use of renew
,,,,., ·:;:. able resources. He is active In the Ameñcan Sodety of Testing 
· · ·· Mateñals (ASI'M), where he serves a• chairman of the task group 

that is writing the standard on environmentally preferable 
cleansers/degreasers. He is involved at the !nternational, fedeial, 
state, and local levels, helping to develop environmental and 
safety ~ relating to chemical deaning and malntenance 

,,:¿_ , products. He serves as Vice President of the Rochester Midland 
,:·o, Corporation, headquarteredlnRochester, NewYork. 

',_,:,. 11 Luda Athens is an assistant professor of landscape architecture 
in the School of Environmental Design at the University of 

.. ,, . Georgia; where she speclalizes In sustainable design theory and 
technology. Sbe holds a master's degree in architectural studies 

.e-:,,;;,' from tbe·University of Texas at Austin and an undergraduate 
degree in' landscape architecture from Texas A &: M University. 
Ms. Atbens has partidpated In the development of tbe City of 
Austin Green Builder Program and currently is collaborat!ng 
witb the Center for Maximum Potential Systerns on the Green 
Builder Advanced Dernonstration Home. 

n Anthony Bemheim, AIA, is a pñndpal witb the architecture, 
interior design, and planning firm of Simon Mart!n-Vegue 
Wmkelstein Moñs (SMWM) in San Frandsco. He has been the 
project manager for SMWM on numerous large public projects, 
induding, most recently tbe new San Francisco Main Library. 
He is an advocate for tbe design of green and sustainable build
ings and has recently developed indoor air quality strategies and 
a building commissioning process for tbe San Francisco Main 
Library. Mr. Bernheim has presented and published papers and 
conducted seminars and workshops on lndoor air quallty and 
building commissioning. He is a member of the American 
Institute of Architects and tbe Intemational Sodety of Indoor 
Air Quality and Climate. He is aJso an adjunct professor at the 
School of Architectural Studies, California College of Arts and 
Crafts, and has taught dasses in building technology (induding 
indoor air quallty) and professional pract!ce. 
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• CJark C. Bisel, P.E., is a principal at Flack &: Kurtz Consulting 
Englneers, ll.P, In San Frandsco. He spearheads the design of 
large scale projects in tbe San Frandsco office, and leads the 
mechanical/electñcal design team during tbe preliminary design 
phase to ensure that all spedfic project requirements are met He 
is actively lnvolved in the analysis and implementation of 
mechanical and electñcal ~. including the applicat!on of 
state-of-tbe-art technology such as tbeIIDal storage, daylighting, 
passlve solar and central heat-pump design, and building sys
tems automation. Mr. Bisel has completed design projects 
exceeding 30 mlllion square feet of space for vanous building 
types induding mixed-use, high-rise commerdal developments, 
data centers, museums, and hospitality facilities. 

• William Burke, AJA, is an architect and writer who lives in San 
Frandsco. He is currently working on tbe Vl_tal Signs Currlculum 
Mateñals Project, which aims to improve enezgy and environ
mental awareness among architecture students. Mr. Burke is a 
staff member at tbe Center for Environmental Design Resean:h 
at tbe University of California, Berkeley. He was the 1995 Chair 
of tbe Ameñcan Institute of Arcbitects San Francisco Chapter's 
Task Force on the Environment and was the pñndpal autbor for 
PTI's "Local Government Sustainable Buildings Guidebook." 

• ·Nicholas T. Dlnes, FASLA, is a professor and director of the 
:Graduate Program in landscape Arcbitecture at the University 
·of Massachusetts at Amberst. He is a ca-editor of Time-Saver 
Standards for landscape Arcbitecture, and has written and lec
tured for the Ameñcan Sodety of landscape Arcbitects on tbe 
,subject of energy-effident site planning and design. 

• Bruce K. Ferguson is professor of landscape Arcbitecture at the 
University of Georgia. Hls projects include goals for urban water 
conservation in the California Water Plan, and conservation of 
irrigation water on the White House lawn. He is the author of 
130 professional artides and tbe book Stormwater Infiltration. 
He eamed a B.A. degree at Dartmouth College and an M.LA. 
degree at the University of Pennsylvania. He is a past president 
of tbe Coundl of Educators In landscape Architecture and a 
Fellow of tbe Ameñcan Sodety of landscape Architects. 

• Daniel J. Goldberger is director of the Green Buildings Program 
' for the International Council for Local Environmental Initiatives 

(ICLEI). Toe program helps local governments overcome tech
nical and financia! barrlers to upgrading their facilities' energy 
effidency. He has been involved witb the aeat!on and supervi
sion of tbe Ontaño Municipal Energy Improvement Fadlity pro
gram, as well as witb U.S. EPA's voluntary programs. He has 
co-authored Profiting from Fne,xy E{ficiency!, and is co-autboñng 
a similar publication for U.S. DOE's Rebuild Ameiica program. 
Mr. Goldberger has over 12 years of commerdal banking, real 
estate development, energy and environmental experlence. He 
holds a Masters Degree in International and Public Affairs, witb 
a concentration In International Flnance and Banking from 
Columbia University in NYC. 

• David A. Gottfried is president of Gottfried Technology Inc. 
Toe firm provides consultation to managernent on buildlng
related environmental and resource-effidency issues. It aJso per
forms environmental building seminars and education and is 
involved in tbe development and promotion of ernerging indus
tiy technologies. Mr. Gottfried is a co-founder and vice-dlair
man of the U.S. Green Building Council, and founder and past 
chairman of ASI'M's Green Building Subcommittee. He has a 
degree in engineeñng aod resource management from Stanfoi:d 
Unlversity. 

• Gerard Heiber is chlef operating officer of Slgal Environmental, 
Inc., and is responsi"ble for directing consulting services provided 
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to building owners, designers, and managers in the areas of 
energy conservation, indoor air quality, and green building 
materials and practices. His experience indudes over three yem 
of green building consulting, over twelve years in the imple
mentation and construction administration of large commercial 
projects, and five yeazs of public works management consulting. 
Mr. Heiber has been a major partidpant in the development of 
national programs to promete the concept of green buildings in 
the building industry, integrating indoor air quality, energy per
formance, and the environmental perlormance of materlals into 
the construction and design process. Mr. Heiber's efforts have 
induded the founding (along with other Slgal Environmental, 
loe. staff) of the ASfM Green Building Subcommittee E-50.06 
under the Pollution Prevention Committee wbich is currently 
developing standards and guidelines in green buildings. He is 
also an active partidpant in the Green Building Coundl, devel
oping a market-based green building rating system for the build
ing industry. 

• lisa Heschong is an architect and partner of the Heschong 
Mahone Group in Fair Oaks, California. She received her mas
ters degree in architecture from the Massachusetts Institute of 
Technology and has specialized in all aspects of energy effiden
cy in buildings. She is the author of Thermal Delight in 
Aichitecture and has taught at various universities. Most recent
ly she has been teaching the Federal Relighting Wotkshops for 
the U.S. Department of Energy. 

• Philip Jessup is responsible for the overall management and 
direction of the International Coundl for Local Environmental 
Intiative's (ICLEI's) Cities for Climate Protection Campaign, a 
project whose pwpose is to strengthen the capadty of local gov
ernments to reduce energy use and greenhouse gas em.issions. 
His work with ICLEI also indudes project development and 
management of the Green Buildings and Green Fleets programs; 
organiz.ation of workshops and summits; aeation of publica
tions; and fundraising. Mr. Jessup has worked for dose to 10 
years on energy and environment issues in a variety of profes
sional capadties in the U.S. and Canada. He has been with 
ICLEI since its inception five years ago. 

• Barbara C. Llppiatt is an economist in the Office of Applied 
Economics, Building and Fire Research Laboratory, at the 
National Institute of Standards and Technology (NIS!). She is 
developing economic decision-making software tools to effi
ciently design and manage buildings. She has applied these ded
sion tools to a wide variety of building problems, induding 
selecting environmentally benign building materials, measuring 
productivity impacts of design decisions, identifying cost-effec
tive fire-safety strategies, rating historie buildings, and selecting 
cost-effective energy and water conservation investments. Two 
of her software publications have been on the National 
Technical Information Service's Bestseller 1ist; another is being 
distributed by the 65,000-member National Fire Protection 
Association. She serves on the ASTM Green Buildings 
Subcornmittee, and is leading the development of a standard for 
evaluating environmental and economic impacts of building 
materials over their life cycle. 

• John D. Longman is a principal with the international acousti
cal and audiovisual consulting firm, Cerami & Assodates, based 
in New York City. He specializes in architectural and building 
services acoustics consulting with major developers, architects, 
engineers, and interior designers on a wide range of commercial, 
residential, industrial, and environmental projects-both within 
the United States and throughout the world. Mr. Longman was 
educated in London and has speciallz.ed in building acoustics for 
over 12 years. 

• Dru Meadows is manager of the "Green Team" at BSW 
International. Ms Meadows chairs the American Society for 
T~ Materials Committee on Green Buildings, and represents 

BSW on the Board of the U.S. Green Building Council She 
served on the Construction Spedfications Institute's Ad Hoc 
Environmental Issues Committee and is an bonorary member of 
the CSI Los Angeles Olapter Environmental Affairs Committee. 
She serves on the advisory board for the Product Emission 
Testing Laboratory and on the local construction board for 
Habitat for Humanity. In 1993, Ms. Meadows received an 
Appredation Awaid from the City of Los Angeles in recognition 
for her contributions to the dty's environmental affairs. 

• Michael Myers is a Program Manager with the Department of 
Energy, and is a Team Leader for the Residential Building 
Programs. He manages research initiatives and management 
practices to improve new and exist:ing bousing. Previousl.y, Mr. 
Myers was the Director of Energy Services for Austin, Texas, and 
managed the development of the City of Austin's Green Builder 
Program which received international honors at the United 
Nations Conference on Environment and Development He pre
viously worked for the dties of New York and San Antonio. 
Mike is on the Washington, D.C. Habitat for Humanity's 
GreenHome Advisory Board of Directois, and is a member of the 
Chesapeake Sustainable Coundl. Mr. Myers has a M.S. degree in 
Urban Studies from the University of Texas at San Antonio. 

• William G. Reed, AIA is the studio prindple of the Hillier 
Group's Washington, D.C., office and specialist in green build
ing and sustainable planning initiatives firm-wide for the fourth 
largest architectural firm in the nation. Mr. Reed regularly lec
tures and consults on green building and community sustain
ability design issues to organizations, govemment agencies, and 
private developers. He serves as co-chair of the ASlM Residential 
Green Buildirig Subcommittee and as a regular instructor for the 
Passive Solar Industries Coundl, and is a member of the U.S. 
Green Building Coundl. 

• David Rousseau is president of Archemy Consulting Ltd. in 
Vancouver, Canada, and Senior Research Assodate at the 
University of British Columbia School of Architecture 
Environmental Research Group. His training is in environmen
tal studies, architecture, planning, and health sciences, with 
many years of practica! experience in the building industry as a 
specialized design consultant in the fields of environmental 
planning and healthy buildings. In addition, he Wiites and lec
tures extensively and has won severa! design and research 
awards, induding a 1995 Progressive Architecture Research 
Citation for the BEPAC Program (co-recipient); a 1992 Joel 
Polsky Research Award from the Foundation for Interior Design 
Education Research; the 1992 fust prize in the Canada Mortgage 
and Housing Corporation Healthy Housing Design 
Competition, Infi.11 Category, (co-recipient); and the 1990 
National Research Coundl, Canadian Construction Research 
Board awaid for research innovation (co-redpient). 

• IGm Sorvig is a licensed landscape architect and professor at the 
University of New Mexico's School of Architecture and 
Planning. He was trained in botany and ecology at the Royal 
Botanic Gardens in London (I<ew Gardens) and received his 
Master of Landscape Architecture degree from the University of 
Pennsylvania. He is contributing editor of Landscape 
Aichitecture Magazine. In practice and research, he specializes in 
landscape design that conveys interpretive infonnation, such as 
botanic gardens, historie sites, memorials, and saaed spaces. 

• Dr. James A. Tshudy is a manager of environmental product 
performance for Armstrong World Industries where he is 
responsible for the environmental perlormance of all Annstrong 
products worldwide. His efforts focus on understanding and 
applying environmental life cyde concepts to product perfor
mance, indoor air quality issues, and strategic environmental 
management systems for corporations. Dr. Tshudy serves as the 
Chairman of ASTM Subcommittee ES0.06.01, Llfe Cycle 
Assessment of Building Materials. 
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fl1ppendix 5: Advisory Committee 
Svsan Anderson, Director 

Portland Energy Office 
1211 SW 5th Avenue, Suite 1170 
Portland, OR 97204 

, 503.823.7223; 503.823.5370 Fax 

Joseph Azmlello, Manager 
' P!ant and F.nvironmental F.ngineedng 
Herman Miller, Jnc. 
855 East Main Avenue 
2.eeland, MI 49464-0302 
616.654.5180; 616.654.5117 Fax 

Kathy Bakin, Director 
Govemment/Public Affalis 
American Sodety of Interior Designas 
608 Massachusetts Avenue, NE 
Washington, DC 20002-6006 
2025463480; 202.546.3240 Fax 

larry Blackstad, Principal Planner 
Training and Employment Assistance 
Hennepin CountyGovemment 
300 South 6th Street 
Minneapolis, MN 13221 
612348.5859; 612348.3932 Fax 

William Bobenhausen 
Steven Wmtor Associates 
50 Washington Street 

: Norwalk, cr 06854 
: 203.8520110; 203.8520741 Fax 

Helen English, Executive Director 
,_ ..... Passive Solar Industries Council 

' 1511 K Street, NW, Suite 600 
Washington, DC 20005 
202628.7400 ext 205; 202393.5043 Fax 

Susan Everett, Director 
Environmental Affalis 
American Sodety of l.andscape Architects 
4401 Connecticut Avenue, NW, 5th Floor 
Washington, DC 20008-2369 

- 202686.2752; 202686.1001 Fax 

Richard Fedrizzi, Director 
NAO F.nvironmental Marketing 
Carrier Corporation 
P.O. Box4806 
Syracuse; NY 13221 
315.4326000; 315.4323213 Fax 

David Gottfrled, President 
Gottfrled Technology Jnc. 

, 90 NewMontgomery Street, Suite 1001 
San Francisco, CA 94105 
415.957.5800; 415.957.5890 Fax 

Richard Hays, Director 
Environmental Services Department 
Oty of San Diego 
202 C Street, MS 8A 
San Diego, CA 92101 
619.236.6844; 619.236.6056 Fax 

Gerard Heiber, Cbief Operatlng Officer 
Siga! Environmental, Jnc. 
3299 K Street, NW 
Washington, DC 20007 
202944.6637; 202333.7840 Fax 

Mary-Margarel:Jenior, Senior Program Manager 
Office of Building Technologies, State and local Programs, OEERE 
U.S.OOE 
Washington, DC 20585 
202586.2998; 202586.1628 Fax 
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Randy Johnson, County ComroissiODPI' 
Hennepin County Govemment 
A-2400 Govemment Center 
Minneapolis, MN 55487 
6123483088; 612348.8701 Fax 

Dimitrios Laloudakis, Eneigy Management Superlntendent 
Public Works Department 
2631 South 22nd Avenue 
Phoenix, AZ 85009 
602.261.8813; 602.534.1519 Fax 

StevenJ. Piguet, Deputy Director 
Government Relations 
Amlstrong World Jndustrles, Jnc. 
1025 Connecticut Avenue, NW, Suite 1007 _ 
Washington, DC 20036 
202.296.2830; 202.293.4337 Fax 

William G. Reed, AJA, Principal 
Studio Principal, Toe Hillier Group 
5110 Ridgefield Road, Suite 402 
Bethesda, MD 20816 
301.654.0999; 301.654.2385 Fax 

Douglas Seiter, Manager 
Green Builder and Sustainable Communities Program 
P1anning, Environmental, and Conservation Services Department 
Oty of Austin 
Municipal Building 
P.O.Box 1088 
Austin, TX 78767 
512.4993506; 5124993518 Fax 

David Scott Smith, Associate Director 
Safety, Health and Environmental Management Dlvision 
Office of Administration, U.S. EPA 
Washington, DC 20460 
202.260.1647; 202.260.0215 Fax 

Wade Smith, Manager 
Environmental Solutions for Building Controls 
Honeywell Jnc. 
Honeywell Plaza 
Minneapolis, MN 55440 
612.9513907; 612951.3465 Fax 

Ross Spiegel, FCSI, ces 
Constructions Specifications Jnstitute 
2701 Oakland Parlt Boulevard, Suite 300 
Oakland Park, FL 33311 
305.486.7500; 305.486.6109 Fax 

A!an Traugott, Principal 
Flack & Kurtz Consulting F.ngineers 
475 FifthAvenue 
NewYork,NY 10017 
212.9513966; 212.689.7489 Fax 

Paul Tseng, Cbief 
F.ngineerlng/Eneigy Services 
Department of Facilities and Services 
Montgomery County, MD 
110 N. Washington St, 3rd Floor 
Rockville, MD 20850 
301.217.6071; 301.217.6003 Fax 

Doug Yoder, Asslstant Director 
Department of Environmental Resources Managernent 
Metro-Dade County 
33 SW Second Avenue 
M!aml, FL 33130 
305.372.6789; 3053726760 Fax 
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Appendix 6: Reviewers 
1 

Loren E. Almlbam, AIA, IDSA, President 
Enviromnental Research Group 
418 Second Street, NE 
Charlottesville, VA 22902 
804.9793001; 804.9713095 Fax 

Antbony Bernheim, AIA . 
Simon Martin-Vegue Wmkelstein Morls 
501 SecondStreet 
San Francisco, CA 94107 
415.546.0400; 415.882.7098 Fax 

William Burke, AIA, Architect 
1485 Waller Street, #103 
San Francisco, CA 94117 
415.972.5931; 415.896.1290 Fax 

Nancy Carlisle, Senior Project Cootdinator 
National Renewable Energy I.lboratory 
1617 ColeBoulevard 
Golden, CO 80401 
303.2753000; 303384.7540 Fax. 

Anne Spnmt Crawley, Program Manager 
Federal F.nergy Management Program 
U.S.DOE 
1000 Independence Avenue, SW 
Washington, o.e. 20585 
202.586.1505; 202.586.3000 Fax 

Michael O'Reilly, Qñef 
Document Production 
Recycling and Mail Management Branch 
Facilities Management and Serví.ces Division 
U.S.EPA 
401 M Street, SW 
Washington, DC 20460 
202.260.4928; 202.260.2118 Fax 

Patricia Plympton, Staff Project Coordinator 
National Renewable Energy I.lboratory 
1617 Cole Boulevard 
Golden, CO 80401 
303.2753000; 303384.7540 Fax 

Adam Sallng, FJ.SCal Administrator 
F.nvironmental Serví.ces Department 
City of San Diego 
9601 Rldgehaven Court, Suite 210 
San Diego, CA 92123-1636 
619.492.5018; 619.492.5021 Fax 

Dr.JamesA. Tshudy, Manager 
Product F.nvironmental Perfomlance 
Amlstrong World Industries, Inc. 
P.O. Box 3001 
l.ancaster, PA 17604 
717396.5326; 717396.5865 Fax 

Donald Wabon, FAJA, Architect 
54 Larkspur Dñve 
Trumbull, CI' 06611 
203.459.0332; ¡!03.268.9248 Fax 
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ASEXMA 

ASIMET 

BID 

CCHEN 

CEPAL 

CEPRI 

CIMM 

CNE 

CONAMA 

CONICYT 

CORFO 

CPC 

FONDEF 

FONTEC 

INDICE DE SIGLAS 

Asociación de Exportadores de Manufacturas AG. 

Asociación de Industriales Metalúrgicos y Metalmecániccos AG. 

Banco Interamericano de Desarrollo 

Comisión Chilena de Energía Nuclear 

Comisión Económica para América Latina y EL Caribe 

Centro de Productividad Industrial 

Centro de Investigacón Minera y Metalúrgica 

Comisión Nacional de Energía 

Comisión Nacional de Medio Ambiente 

Comisión Nacional de Investigación Científica y Tecnológica 

Corporación de Fomento 

Confederación de la Producción y el Comercio 

Fondo de Fomento al Desarrollo Científico y Tecnológico 

Fondo Nacional de Desarrollo Tecnológico y Productivo 

I & D Investigación y Desarrollo Tecnológico 

INFOR Instituto Forestal 

INTEC-CHILElnstituto de Investigaciones Tecnológicas 

MINECOM Ministerio de Economía, fomento y Reconstrucción 

MINVIU Ministerio de Vivienda y Urbaniso 

ONG Organización No Gubernamental 

PYME Pequeña y mediana industria 

SENCE Servicio Nacional de Capacitación y Empleo 

SERCOTEC Servicio de Cooperación Técnica 

SESMA Servicio Metropolitano de Salud del Medio Ambiente 

SISS Superintendencia de Servicios Sanitarios 

USACH Universidad de Santiago de Chile 



ANEXOS 

CAPÍTULO 3: MECANISMOS DE FINANCIAMIENTO 

TRANSFERENCIA E INNOVACION TECNOLOGICA NACIONAL 

3.1 Instrumentos de CORFO 

3.2 Atributo: Fondo de Asistencia Técnica (FAT) 

3.3 Atributo: Proyectos de Fomento (PROFO) 

3.4 Líneas de Financiamiento del Fondo Nacional de Desarrollo Tecnológico y 
Productivo (FONTEC) 
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ANEX0 3.1 

INSTRUMENTOS DE CORFO 

La Corporación cie Fomento de la Producción, CORFO, dispone de 
una seri e de instrumentos de apoyo técnico y financiero rara la PYME 

en distintas áreéls. 

Aunque no han si clo diseñc1clos específicc1mente para la solución de 
problemas ambientales, muchos ele estos instrumentos pueden adaptar
se a élpl icaciones en este campo y son de gran utilidad para los peque
ños y medianos emrres;-irios, que desean mejorar su comportam iento 
ambiental y no cuentan con suficientes recursos. 

En este c;-ipítulo se present;-in los r r inci r c1 les instrumentos que pue
clen usarse en gestión élmbienta l, sus característ icas princ ipa les y las 
aplicaciones más comunes. 

AREAS DE APOYO 

M O DERNIZACION 
PRODUCTIVA 

INSTRUMENTOS 

Fondo de Asistencia Técnica - FAT 

Programa de Apoyo a la Gestión de 
Emrresas Exportadoras - PREMEX 

Proyecl~s de Fomento - PROFO 

DESARROLLO E INNOVACION Fondo Nacional de Desarrollo 
TECNOLOGICA Tecno lógico y Productivo - FONTEC 

INTERMEDIACIO N 
FINANCIERA 

Créditos intermediados a través 
de banca µrivada 

CORFO, Guía Empresari? l del Medio Ambiente , 1997 
., .. -.,. .. 
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FONDO DE ASISTENCIA TECNICA (FAT) 

El FAT es una subvención que cofinancia la contratación de consulto

res con el propósito de integrar técnicas modernas de gestión empresa

ri al a la operación de las empresas. 

El FAT se aplica a la real i?ación de programas en las sigu ientes .lreas: 

• Calidad 
• Diseño 
• Finanzas 
• Producción 
• Comercialización 
• Plan ificación Estratégica y Desarrol lo Organizacional 

• Gestión Ambien tal 
• Sectorial Especializado. En general, en todo tipo de materias que 

aµunten a optimizar la gestión global o aspectos específicos de las 

empresas 

La asistcnci,1 técnica puede ser individual o co lectiva. 

Para la as istencia técnica individual, el monto de la subvención 
varía entre un 30% y un 85% de los costos de la asesoría, correspon
diéndole al empresario c1portar la parte restante. L.i subvención máxima 

por consultoría es de hasta 75 UF. 

La asistenciJ técnica indiv idual se aplica a una empres.i en un área 

temáti ca específica. Cada empresa puede acogerse a un máximo de 6 
asistencias técnicas individuales con objetivos diferentes, con una tasa 
decreciente de subvención, que empieza con un 75% para empresas 
con ventas de más de 50.000 UF anuales y de 85% para las de ventas 

inferi ores a esa ci fra. 

La asistenc ia técnica colectiva se aplica ;:i un grupo de cmµrcs.:is sec
to rial o temáticamente afines y cada empresa puede participar en sólo 

I una de ellzis por ziño, recibiendo una subvención máxima por consulto
! ría de hasta 75% de su costo y por un monto máximo de 75 UF anua-

les. 

• 

. .. :,· 



Los requisitos exigidos para opta r a este subsidio son: 

• Demostrar ventas anuales netas super iores a 2.400 UF e in fe riores 
a 100.000 UF. Excepcionalmente, se podrán autor izar subvencio
nes a empresas de menor tamaño. 

• En el caso de empresas exportadoras, deberán demostra r exporta
ciones en el año anterio r no superiores a US$ 2.500 .000. Para 
estas empresas, las ven tas netas en el mercado in terno no pod rán 
superar las 100.000 UF al año . 

• No tener deudas morosas con CORFO ni con SERCOTEC. 

El F-<AT es adniinistrado p or los agentes intennediarios, 
quienes disponen de un registro 

de consultores especializados, entre los cuales 
el empresario puede elegir su consultor de 

acuerdo a las necesidades esp ec[ficas 
de la ernpresa. 

• Aplicaciones Ambientales 

• 

• Di agnósticos y audito ría s ambientales: la ap l icació n de l FAT 
puede ser útil para detectar los probl emas ambienta les ele una 
determ inada activ idad producti va, con el fin ele visua li zar oportu
nidades de mejoramiento, que tiendan a una producción más li m
pia y sitúen a la empresa respecto del cumplimiento de la ·norma
ti va vigente. 

• Estudios técnico-económicos para el diseño de soluciones a los 
problemas ambientales: esta consultoría debe evalua r la factibili
dad técnica, ambiental y económica de la o las soluc iones dispo
nibles, a fi n de se leccionar la mejor alternativa . El estudio debe 
partir por analizar aquellas técnicas ' o tecnologías de prevención 
de la conta minac ión o producc ión más limpia y luego considera r 
los métodos de tratamiento o contro l de emisiones o res iduos, que 
perm itan avanza r hacia el cu mplimiento de la legislac ión vigente, 
como tJm hién hac ia el mejo ramiento continuo de l desempeño 
amb iental de la empresa . 

• Declaraciones de Impacto Ambiental: en el marco de las nuevas 
regulaciones legales, será obligatorio realizar una DIA para todo 
proyecto nuevo, que por t ipo, tamaño o naturaleza de los impac- ~ 
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tos esté sujeto al Sistema de Evaluación de Impacto Ambienta l. El 
FAT puede ser un valioso aporte a su cofi nanciami ento para 
empresas de tamaño mediano o pequeño, en funcionamiento, que 
quieran desarrollar una nueva línea de producc ión, una amplia

ción o un nuevo proyecto, en general. 

• Estudios de reconversión de procesos o relocalización industrial: 

la modificación de los planos reguladores, y en particular la pues
ta en v igencia del nuevo Plan Regulador Metropolitano de 
Santiago, obligarán a numerosas industrias a modificar sus proce
sos para cumplir con el ,uso de suelo permitido o, si esto no es 

posible, a reinstalarse en otras zonas de la Región o incluso fuera 
de ella. El FAT puede financiar parte de estos estudios. 

• En forma colectiva: industrias similares, con líneas de producc ión 
semejantes y con emisiones de contaminantes relativamente pare
cidas, pueden presentar opciones de so lución del mismo tipo, lo 
que hace que al menos algunas etapas de la asesoría, en particular 
en lo que se refiere al diseño conceptual de las soluciones, pueda 
ejecu tarse para un grupo de empresas en conjunto. Lo más pro
bable es que el diseño de detalle de la solución específica deba 
desarrollarse nuevamen te caso a caso, en consideración a las 
características propias ele las emisiones corno J las c<1 racleríst icas 
físicas de la industria (disponibilidad de espacio, altura rle las ch i-

meneas, etc.). 

• 



PROGRAMA DE APOYO A LA GESTION 
DE EMPRESAS EXPORTADORAS (PREMEX) 

El PREMEX tiene como propósito mejorar la compet itiv idad de 

empresas expo rtad o ras, introduciendo cambios en su gestión que les 

permitan incrementar su producti vi dad y calidad, a través de asesorías 

subvencionadas por una sola vez. 

Está destinado a empresas exportadoras de manuíacturJs o softwa re, 

con exportac iones mínimas (directas o indirectas) por US$ 200.000 suma

dos los últimos dos años, con ventas netas no superi ores a US$ 10.000.000 

durante el último año. 

• 

Consta ele dos fases : Di agnósti co e Intervención. 

Etapa Diagnóstico: 

• Propós ito: Detectar aspectos defic itarios en la gestión empresa

ri JI. 
• Duración: Hasta dos meses. 

• Subvención: 60% costo consu ltoría con un tope ele 80 U.T.M . 

Etapa Intervención: 

• Propósito: Corregir aq uellos aspectos vinculados a producción 
y ca lidad , detectados como defi c itari os en la íase de d iagnós ti

co, cuya su perac ión signifique aumentos el e eficienc ia en áreas 

como procesos productivos; procesos de pl anificación y organi

zación ele la producción; tecnologías de procesos; sistemas de 
información v incu lados a la producci ón; mejoría en ca lidad de 

productos ; automatización de procesos; instalaciones; manejo 
de inventarios; integración vertical; relJción con p roveedores; 
influencia ele clientes en la gestión de producción; Cél nJ les de 
di str ibució n; otros vinculados a producción, ca li dad y medio 

ambiente . 
• D uración: Definida en el Plan de Trabajo incorporado al con

trato . 

• Subvención: 50% costo de la con su ltoría con tope ele 870 U.T.M. 

' 1 
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El PRElvl'EX es operado por CORFO, y la empresa 
beneficiaria elige librem ente a la consultora que le 

p resta la asesoría , de ell tre aquellas que se encuentran 
inco,poradas al registro de consultores de CORFO. 

• Aplicaciones Ambie ntales 

• Este instrumento es es·pecialmente aplicable para empresas que 

deseen introduci r el aspecto ambienta l como un elemento más de 
la gestión empresarial, esto es, diseñar e implementar un sistema 
de gestión ambiental (SGA), dado que este será un requerimiento 
importante para empresas exportadoras. El diseño de un SGA 
contempla una etapa de revisión inicial o diagnóstico y luego una 
etapa de planificación e implementación, pudiendo llegarse a la 
certificación del SGA según las normas ISO 14000, si los clientes 

de la empresa así lo requirieran. 

• Otra aplicación interesante del PREMEX es la certificac ión de 
pl<1ntas elaborador<1s ele alimentos, segú n los criterios HACCP 
(Hazarc.l Analysis Cri ti ca! Control Poi11l), lo c.¡uc es u11a exigencia 
de varios mercados, especialmente los europeos y norteamerica
nos. Esta aplicación se refiere más específicamen te al asegura
miento de la inocuidad de los productos alimenticios, pero está 

íntimamente ligado a la problemática ambiental, de modo que se 

pueden abordar en conjunto. 

• Otra import,mle c1µlic¡:¡ción es el ues¡:¡rrullo clcl ¡:¡nálisis clc l ciclo de 
vida del producto, a fin de generar nuevos diseños o nuevos produc
tos. Ad icionalmente, esto podría conducir a la obtención de un sello 
ambiental según los criterios del mercado ue destino, lo que también 
es aplicable a los envases y embalajes, cuya reciclabilidad puede ser 

condición de e:-..portación hacia algunos pZ1íses. 

• 
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PROYECTO DE FOMENTO (PROFO) 

Los PROFO tienen ror objetivo fomentt1r lr1 asocir1tiv id t1cl entre 
emprest1rios ele rubros similares o complemenlt1rios y ele unzi mismJ 
localización, para que busquen la so lución a problemas comunes que, 
por su naturaleza o magnitud, no pueden (o no resulta conven iente) ser 
resueltos individua lmente por cada uno de ellos y, en última instancia, 
potenciar conjuntamente su partic ipación y competitividad en los dife-

rentes mercados. 

Benefic iarios potenciales de este instrumento son los empresarios 
pequeños y medianos, de giros similares o complementarios y loca liza
ción regional común, que demuestren ventas nett1s anuales no superio
res a 100.000 UF. En el caso de empresas de reciente creac ión, se 

requiere acredita r una proyección ele ven tas que no supere di cho 
monto. Sin embargo, pueden incorporarse a un PROFO empresas de 
rnayor nivel de venI,1s, siempre que no sobrep;isen el 30% clel total de 

las empresas integrantes. 

C1cl.1 PROFO puede ;icccder ;i una subvención por p;i rte de CORFO 
equivalente t1 un 70°/4) de sus costos tota les anuales. El 30% restante 

debe ser financiado por los empresarios. La subvención otorgada por 
CORFO apunta a cubrir la etapa de puesta en marcha de un PROFO; en 
la actua lidad, este período es de hasta dos años, pudiendo renovarse 
por un tercer año, pero con un porcentaje menor de subvenci_ón . 

L:is t1cti viclades y tipos de gastos que pueden ser iinanciadas son: 
• Remuneraciones del gerente de l PROFO y otro personal ele 

apoyo. 
• Seminr1rios de trnnsferencia tecnológict1 y otros. 

• Exposiciones. 
• Muestras y con tramuestras. 

• Consultoría. 
• Viajes. 
• Capacitación. 
• Adquisición de libros y revistas especia lizados. 

• Estudios. 
• Adquisición de equipamiento menor. 

• O tros gastos de operación. 
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El PROFO es operado por agentes intennediarios de 
CORFO. Una vez aprobada la constitución de un 

PRUFU, los e/JljJresarius JlUJJtúran llJL gere,tle, (J lle 
desarrolla la labor de articulación del grupo y facilita 

el cu111plinúe1Zto del progrania de t1·abajo. 

• Aplicaciones Ambientales 

• Programas grupales de imµlemen tación de sistemas de gestión 
ambiental y certificacipn de normas ISO 14000 (y también ISO 
9000): abordar esta temática a través de grupos de empresas con 
algunJs célrJcterísticas comunes, ya sea rubro, locéllización u otro, 
puede disminuir considerablemente los costos mediante IJ contra
tación de un solo consultor o empresa consu ltora, de la ejecución 
de programas de entrenJmiento colectivos, etc. 

• Programas grupales de minimización de residuos: es útil para 

empresas de diferente tipo con cercanía geográfica, para dar ori
gen a bolsas de residuos que incentiven el reciclaje y reutiliza
ción, entre otros, experiencia bélstante común en Europél. 

• PlantJs colectivas e.le tratamiento de residuos: dacias las economías 
ele escala que una sola instalación ele tratamiento de residuos para 
un grupo de c111¡ncs;is puede significar en co111paraci(rn con la 
suma ele las soluciones individuales, esta es una buena aµl icación 
del PROFO, particularmente en el tratamiento de residuos líqui

dos simi lares o complementarios. 
• Progra mas colectivos de reconversión ele procesos industriales: es 

aplicable a empresas de un mismo rubro, y en particu lar ele una 
misma comuna, con el fin ele encontrar soluciones tecno lógicas 
1x1ra adaptar sus procesos a los nuevos requerimientos ele planiíi

cación de uso del suelo y evitar la relocalización. 
• Programas grupales de relocalizac ión industrial: cuando no sea 

posible reconvertir los procesos, empresas ele distintos rubros pue
den asociarse para buscar e implementar un proceso de Célmbio 
ele locali zación hacia barrios industria les yJ establecidos o para 
preparar las condiciones de un nuevo terreno. 

• Programas grupales para prospcct;,r nuevt1s tec11ologí,1s a111l>ic11t ;1lcs: 

esto puede ser realizado ya seél por parte de un grupo de empresas 
de manufacturn que deseen cambiar su tecnología actua l, como 
también por grupos ele emprest1s ele servicios, en particu lt1r ;imbicn
tales, que decidan potenciar su acción en el mercJdo nacional (por 

ejemplo, gestores de residuos, proveedores de tecnologías, etc.) 

• 
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FONDO NACIONAL DE DESARROLLO 
TECNOLOGICO Y PRODUCTIVO (FONTEC) 

FONTEC es un organ ismo el e CORFO que tiene por objetivo promo

ve r, or ientar, f in anc ia r y subvenc ion ar la ejecución el e proyectos de 
innovac ió n tec no lóg ica, el e transferenc ia tecn o lóg ica asoc iat iva, de 

implementac ión de infraestru ctura tecno lóg ica y, en general, fom entar 

tocia s las etapas de desarro ll o y la fa se de esca lamiento productivo y 

comerci al de proyec tos deri vados de un proceso innovador, llevado a 

ca bo po r empresas productivas ele bienes y servic ios. 

El FONTEC está abi erto a toci as las empresas, no exc lusiv,1 mente 
media nas y pequeñas, y admin istra las siguientes l íneas: 

• Proyectos de Innovación Tecnológica 

Los proyectos de innovac ión tecno lóg ic,1 consisten en la ejecuc ión 
prác ti ca el e acti vidades de investi gac ión y desa rro ll o ele tecno logías el e 
productos, ele p rocesos y de serv ic ios, in cluyendo modelos, proto tipos y 
µrueb,1s µi lota el e introducc ión al merc.1elo. Ade111 ,1s, inc luye el clesJ rro

ll o el e proveedores, moelaliclad que co nsiste en br indar apoyo fin ancie ro 
a proyectos de graneles empresas para que potencien tecno lóg ica mente 

a proveedores de b ienes y servi c ios que in tegran su ca dena produ cti va y 
están en condici ones de desarro llar un proyecto innova ti vo . 

El financi am iento otorgado por FONTEC consiste en una subvenc ión 

que va entre un 20% y un 50% del costo total del proyec to, lo que 

depende del monto de éste y de sí es pr~sentado en fo rma individual o 

asoc iativa, siendo más ventajosa de esta última manera. 

• Proyectos de Infraestructura Tecnológi ca 

Los proyec tos de In fraes tructura Tecnológica corresponden a inver
siones tales como instalaciones, equipamiento y el entrenam iento técn i

co de los recu rsos humanos asoc iados a la exp lotac ión del proyecto de 
~ 

infraestructu ra tecno lógica que cumple fun c iones de apoyo a los proce- , 

sos productivos . Se trata de unidades de cert ificación y contro l de ca li - ~ 
dad o l,1boratorios de servic ios tecno lóg icos, entre otros. l 

1 
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El financiamiento otorgado por FONTEC corresponde a una subven
ción máxima de 20% del costo total del proyecto si es presentado en 
forma individual, y de 30% si es presentado en forma asociativa por 3 ó 

más empresas no relacionadas, con tope de US$ 400.000 en ambos 

casos. 

• Proyec to s de Transfe renci a Tecn ológica prese ntados Asociali va

mente, Misiones Tecnológicas y Consultorías Especializadas 

Los proyectos de Transferencia Tecnológica Asociat iva comprenden 

la ejecución de actividades destinadas a prospectar, d ifundir, transferir o 

adecuar tecnologías de gestión o producción con el fin ele contribuir a 

su modernizació n productiva. Pueden ser presentados en la forma ele 
misiones tecnológ icas al extran jero, por 5 ó más empresas no relaciona

das; o en la forma de contratación ele expertos internaciona les, por 3 ó 
más empresas no relacionadas. FONTEC otorga una subvención ele 

hasta un 50% de l costo total , con un monto máximo de US$ 100.000. 

• Entidades de Gestión y Centros de Tra nsferencia Tecnológica 

Son proyectos presentados en forma asociativa, por 5 ó más empre

sas no relacionacl;:1s, clestinaclos a la creac ión de Ent idades o Centros 
cuyo objetivo es la µrospección, desarro ll o, difusión, transferenc ia y 

adecuación de tecnologías en las empresas . 

FONTEC otorga una subvención máxima de un 50% de l costo tota l 

del proyecto, con un aporte máximo ele US$ 400.000. 

• Estudios de Preinversión para Escalamiento Prod uctivo en Proyec tos 

de Innovación 

Esta línea tiene por objeto estimular el emprendimiento de proyectos 

de inversión con alto contenido innovativo, destinados a introducir a 

esca la comercial o industrial innovaciones tecnológicas, ya sea a nivel 
de produ ctos y procesos o a nivel organizacional, que pueden ser con-

¡ secuencia ele proyectos exitosos anteriores finJnci;:iclos por FONTEC o 

~ 

1 
' . 
1 

nuevos. 

El financiam iento otorgado por FONTEC contemp la una subvención 

de hasta 50% del valor del estud io ele pre inversión contratado, con un 

máximo de US$ 15 .000 

• 
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• Aplicaciones Ambientales 

La solución de problemas ambien tales de las empresas puede ser 
cubierta por algunas de las líneas de financiamiento de FONTEC, en la 
medida en que tal solución esté v incu lada a la innovación tecnológica. 

Algunas aplicaciones son: 

• Modificación de un proceso tendiente a reducir la generación de 

residuos, introduciendo nuevas tecno logías, automatización, etc. 
• Desarrollo de un sistema innovativo de recuperación o tratamien

to de un efluente o residuo. 
• Creación de un nuevo producto a partir de residuos del proceso. 
• Creación de nuevos productos amhient;ilmente amigables, a partir 

del análisis del ciclo de v icia del producto. 
• Creación de actividades de servicios a terceros para el reciclaje/reuso 

de residuos. 

También es posible usar este mecanismo para la creación conjunta 

por parte de varias empresas de un laboratorio ele análisis específico, 
que permita la verificación permanente de los niveles de emisiones de 
las distintas empresas que componen el grupo y su cumpl imiento ele las 
normas establecidas. Esta infraestructura podría incluso prestar servicios 
de anál isis a terceros, contribuyendo ;isí a su finilnci;imicnto posterior. 

Las misiones tecnológicas pueden ser sumamente úti les para grupos 
de empresarios, así como la traída de expertos extranjeros. Las feri as de 
tecnología ambiental son bastante frecuentes en el mundo, y una ade
cuada organización de la misión puede hacer posible tanto la búsqueda 
de soluciones ya probadas por parte de empresas con problemas 
ambicnt;1les, como t;imbién la gener;ición de asociaciones entre empre

sas chi lenas y extran jeras dedicadas al rubro ambiental. 

._;,;{.-" • · ; : ' : . 
• I'". · • •. 
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CREDITOS 

CORFO ha establecido un programa de líneas de crédito ele mediano y 
largo plazo, que operan a través de los bancos comerciales. Estas líneas 
están orientadas especialmente a las empresas medianas y pequeñas y a 
los exportadores no tradicionales. Las principales son: 

• Fin a nciam i ent o de In versiones de las M edianas y Pequeñas 

Empresas (Línea B.1 1) 

Se orienta a proyectos de inversión de todo tipo: para maquinarias y 
equipos, instalaciones, construcciones, obras civ iles, p lantac iones, 
ganado, servicios de ingeniería y montaje, incluyendo capital de trabajo 
asociado. Es adecuado para inversiones en descontaminación y mejora
miento del medio ambiente. 

Sus pri ncipJ les CJ racterísticas son: 

• Es multisectori.:il: permi te fin;-incia r inversiones ele empresas pro
ductivas de la industria, la agricultura, la ganadería, la silvicu ltura, 
la pesca, la minería , el turismo, la educación y la salud. 

• Gran ílexibilidad de condiciones: plazos de pago ele 2 a 1 O años, 
con períodos ele grac ia ele hasta 24 meses, que permiten estructu
rar el plan de pago más adecuado para cada inversión. 

• Opción en Unidades de Fomento o en US dólares, con tasas fijas 
o flotantes. 

• Orientado a empresas con ventas anuales de hasta US$ 30 mi llones. 

• Monto del préstamo hasta por US$ 5 millones, de lo cual hasta un 
30% puede destinarse a capita l de trabajo. 

• Financiamiento de Inve rsiones de Pequeñas Industri as. Crédi to 

CORFO - Alemania (Línea 8.12) 

Fue creado especia lmente para la pequeña industria manufacturera, 
con cond iciones preferentes de tasa de interés y plazos de pago. Permite 
el financiamiento, a mediano y largo plazo, de activos fijos (maquinarias, 
equipos, construcciones) y servicios de ingeniería asociados, sin restriccio
nes acerca del país de origen de los bienes. 

• 

i 



• 

r:,·• . . .., ~,. ; . 

Sus princ ipales características son: 

• Es un financiamiento integra l : hasta el 30% del préstamo puede 

destinarse a capital de trabajo y otro 30'¼, a la adqu isición de 

inmuebles requer idos para la actividad productiva; esto lo hace 

rarticularmente adecuado pa ra empresas que necesitan trasladar 

sus ins talaciones, situacit'ln que se dJ crecientcmcnte en la Región 

Metropolitana con motivo ele la puesta en vigencia de l Plan 

Regu lador Metropolitano de Santiago. 

• Opción en Unidades de Fomento o en US Dólares, con plazos de 

pago entre 3 y 1 O años. 

• Orientado a industrias con ventas anua les de hasta UF 50 .000, 

incluidas aquellas que prestan servicios de mantención y repara

ción industrial. 

• Montos del préstamo hasta por UF 1.0.000 o su equiva lente en US 

Dólares. 

- ,~ · -· 
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Nombre 
Sigla 
Familia 
Modalidad 
de Apoyo 
Modalidad 
de Operación 
Descripción breve 

Utilidad 

Descripción al Cliente 

Descripción al agente 
operador 

ANEXO 3.2 

Atributo 

Fondo de Asistencia Técnica 
FAT 1 

1 
- 'ó . I Apoyo a 1~ modem1zac1 n empresaria 

Subsidio 

Tercer Piso 
Es una subvención para la contratación de servicios de consultoría, orientadas a 
integrar modernas técnicas de gestión a las operaciones de las pequeñas y medianas 
empresas, : y facilitar asi la incorporación de nuevas tecnologías a sus procesos 
productivos, con el objeto de modernizarse y mejorar su competitividad. Las 
empresas pueden acceder en forma individual o colectiva, en este último caso deben 
ser al men9s tres (3) empresarios de rubros similares , 
Los empresarios solicitantes de la subvención deben tener un alto grado de interés y 
compromiso con el proyecto, lo que se manifiesta a través del co-financiamiento 
creciente en el tiempo, asumido en forma contractual. 

Integrar a ,la operación de las empresas en forma individual o colectiva técnicas de 
gestión empresarial o nuevas tecnologías a sus procesos productivos y de 
comercialización, en áreas temáticas tales como Calidad; Diseño;· Finanzas; 
Producció~; Comercialización;Planificación Estratégica; y Desarrollo Organizacio_nal; 
Sectorial Especializada; Gestión Ambiental,con el objeto de modernizarse y mejorar 
su productividad y por ende su competitividad. · 

Mecanismo de subvención para la contratación de servicios de consultoría, orientada 
a mejorar la gestión empresarial de las empresas que están buscando alternativas de 
solución a. un determinado problema o problemas para mejorar su competitividad, la 
cual se solicita en forma individual o asociativa. Puede ser impulsada por 
Asociacio~es gremiales, cooperativas regionales, corporaciones de derecho privado_ 
instituciones públicas y por los propios empresarios. Dichos programas deben 
presentarse a un agente operador CORFO. 

Instrumento de fomento productivo individual o colectivo para empresas 
productivas, principalmente del estrato industrial pequel'lo y mediano, estratificado 
según ventas netas anuales expresadas en UF. El propósito de dicho instrumento es 
facilitar el'acceso a consultoría destinadas a integrar a la operación de las empresas 
técnicas de- gestión modernas e incorporar nuevas tecnologías a sus procesos 
productivos para aumentar su competitividad. Dichos solicitudes deben presentarse 
a una Dirección Regional de CORFO. --

Descripción al Proveedor Instrumento de Fomento administrado por CORFO, individual o colectivo para 
· empresas productivas, principalmente del estrato industrial pequeño y mediano, 

segmentada según ventas netas anuales expresadas en UF. El propósito de dicho 
instrumento es facilitar el acceso a consultoría destinadas a integrar a la operación 
de las empresas técnicas de gestión modernas e incorporar nuevas tecnologías a sus 
procesos ¡:¡roductivos para aumentar su competitividad. Para ser usuario· de este, 
deben estar incorporados en el Registro Unico de Consultores CORFO, al cual se 
accede a ¡través de sus Direcciones Regionales. Podrán incorporarse a dicho 

1 



Gerencia responsable 

Datos responsable 

Agentes operadores 

Otras Instituciones 
Relacionadas 

Destinatarios 
Elegibles 

Aporte Empresarial 
Proyectos Elegibles 

Limitaciones a la 
Elegibilidad 

Operación destinatario 

Operación Agente 
Operador 

registro empresas de consultoría, institutos ,un iversidades, profesionales y 

técnicos, entre otros. 

Gerencia•de Fomento de la Corporación de Fomento 

Sr. Claudio Maggi Campos, Gerente de Fomento 
Dirección : Moneda 921 Piso 6 Santiago 
Fono : 63l 8512 
Fax : 6717735 
Copeval, Tratkin , Sercotec, Corpadeco; Corporación de Desarrollo Productivo 
(CDP), Centro de Productividad Industrial (CEPRI). 

Prochile, Sence, Sematur, Semapesca, Otras unidades CORFO, Sistemas de Institutos 
CORFO, Consultores., Centros de investigación, Universidades 

Empresas pequeñas y medianas que demuestren individualmente ventas anuales netas 
entre 2.400 y 100.000 UF. En caso de empresas exportadoras deberán exportar 
individualmente durante el aflo anterior ventas que no excedan las US$ 2.500.000.
Empresas de menor tamaflo pueden acogerse con aprobación expresa de CORFO. 

Del registro de consultores CORFO, es seleccionado el consultor por el o los 
empresarios participantes. 

La asistencia técnica individual para una empresa, podrá acogerse a un máximo de 
seis asistencias individuales con objetivos diferentes , las que suman un monto total 
máximo de UF 450, que son el complemento del aporte empresarial que es creciente 
en el tiempo, adicionalmente cada empresa podrá elegir. participar en asistencias 
técnicas colectivas. 

La as istencia técnica colectiva se aplica a un grupo mínimo de tres (3) empresas 
sectorial o tematicamente afines. Cada empresario puede participar en una asistencia 
técnica colectiva al aflo. CORFO subvenciona hasta el 75% del costo total de la 
consultorfa , con un tope de 75 UF por cada empresa. Los FA T colectivos cuyo 
monto exceda las 500 UF deberán tener aprobación expresa de CORFO. 

Este deberá ser creciente en el tiempo. 
Solicitud de Asistencias Técnicas presentadas en forma individual o asociativarnente. 
a través de algún agente operador CORFO, en cualquier sector de la economía, en las 
areas tematicas señaladas anteriormente. 

La empresa y cada uno de sus socios no podrán tener obligaciones morosas con 
CORFO o SERCOTEC. 
Las limitaciones de tamaño establecidas en base a las ventas de las empresas. 

Presentación de solicitud de asistencia técnica en formatos de postulación , entregados 
por el agen_te operador . 

Recepción y revisión de los antecedentes de cada Asistencia, presentada por los 
empresarios, aprobando o rechazando fundamentadamente . 



Acceso destinatario 

Acceso Agente 
Operador 

Acceso Proveedor 

Hitos 

Slogan 

Instrumentos 
Relacionados 

Antecedentes Básicos de 
Postulación Destinatario 

Antecedentes Básicos de 
Postulación Operador 

Solicitud y recepción de los fondos para asistencia técnica de parte de la Dirección 
Regional de CORFO, otorgamiento de las subvenciones en los terminos del contrato 

CORFO-agente. 
Recepción del aporte empresarial. 
Supervisión Asistencia técnica 
Recepción conformidad de la empresa con la Asistencia tecnica recibida 
Recepción aporte administrativo de CORFO 
Entrega de documento en garantía por los fondos recibidos de CORFO 
Trimestralmente entrega a CORFO informe de avance y rendiciones de cuentas. 
Recepció~ de informe final consultoría, aprobación o rechazo de este. 
Solicitud de información al empresario y consultor. 
Control de la consultoría. 
Pago al consultor 

A través de los Agentes Operadores CORFO de su región. 

A través de las Direcciones Regionales CORFO. 

A través del Registro Unico de Consultores CORFO 

Los empresarios pueden presentar su solicitud en cualquier momento al Agente 

Operador. 

Una via para modernizar la gestión de su empresa 
Un instrumento flexible para multiples necesidades 

Primer nivel 
Todo los instrumentos de Fomento de CORFO y su sistema de institutos. 

Segundo rrivel 
Los instrumentos y programas de apoyo de que disponen : 
PROCHlLE. SERNA TUR, SENCE, Sistema Bancario, Organizaciones Públicas y 
privadas, Organizaciones No Gubernamentales, entre otras. 

Llenar fonnulario establecido para tales propositos, provisto por el Agente Operador 
Demostrar Ventas anuales netas en los rangos señalados anteriormente 
En caso exportadoras, demostrar exportaciones individuales durante el año anterior 
que no excedan los US$ 2.500.000.-

- Ser organismo público o privado cuya función u objeto sea compatible con la 
recepción y asignación de recursos CORFO, para ejecutar programas de fomento . 
- Acreditar adecuada capacidad profesional y técnica para formular y administrar 
programas de fomento . 
- Ambito de acción caracterizado por variables como:cobertura territorial, sector 
productivos, tamaño beneficiarios. 
- Las asociaciones gremiales, que postulen como agentes nacionales deberán tener 
como mínimo 150 empresas asociadas distribuidas en a lo menos cuatro regiones., las 
que postulen en la Región Metroplolitana acreditarán 100 empresas. Para el resto del 



Antecedentes Básicos de 
Postulación Proveedor 

Agentes FAT 

1 

1 

país SO 6mpresas en cada región, las empresas deberán encontrarse con sus cuotas al 
día 1 

- Disponer de organización e infraestructura que pennitan administrar programas de 
Fomentó por un total de a lo menos 12.000 UF a partir del segundo afio de operación 
para el caso de la región metropolitana y un total de a lo menos 6000 UF, a partir del 
segundo aflo para el resto de las regiones. 

Los datos y antecedentes para completar la ficha empresa consultora son:Inicio 
actividades (Sil); Número de fax; Escritura legalizada;Rut socios, nombre completo 
socios, participación socios(%);Monto ingresos ultima declaración de impuestos; 
garantía. (Poi iza) vigencia paliza Numero monto($) fecha inicio y de tennino, 
compaf!ia, Curiculum, titulo legalizado, fecha titulación o egreso,experiencia en 
consultoría, fecha inicio y de tennino, Rut beneficiario consultoría, nombre 
contraparte, telefono y fax, experinecia laboral fecha inicio y de termino, rut empresa, 
cargo d.es1empet'iado, nombre supervisor, telefono, fax empresa. 

Copeval, Trafkin, Sercotec, Corpadeco, Corporación de Desarrollo Productivo (CDP), Centro de Productividad 
Industrial (CEPRI). 

Copeval 
Sr. Dario Polloni-Presidente 
Avda. Manuel Rodríguez 1099 
San Femando VI Región 
Fono :072 -714255- 714080. 
Fax 072-711073 

Trafkin 
Sr. Santiago Araya -Presidente 
Balmaceda 1129 
Temuco IX Región 
Fono :045-237532-327612 
Fax : :045-237532-327612 

· Sercotec Central y en todas las Direcciones regionales del Pais 
Sra. Isabel Pinochet Gerencia Operaciones Santiago. 
Huérfanos 1117 Piso 9. ' 
Santiago 
Fono:6981853-6727191 
Fax:6972002 

Corpadeco 
Sr.Jorge Valenzuela 
Juan de Dios Peni 250 
La Serena 
Fono :OSI 215788 
Fax: :051-215788 

CDP 
Sra. Erika Gruttner Directora de Programa 
San Martín 2331 Piso 2 Oficina 4 
Antofagasta 
Fono :055 226996-251149. 



Fax :055-268966 

CEPRI I 
Sr. Enrique Roman Director Program~ 
Las Hortensias 271 O 
Santiago 
Fono:2315336-2315433 
Fax:2322416 



Nombre 
Sigla 
Familia 
Modalidad 
de Apoyo 
Modalidad 
de Operación 
Descripción breve 

Utilidad 

Descripción al Cliente 

Descripción al agente 
operador 

Descripción al Proveedor 

Gerencia responsable 

Datos responsable 

Agentes operadores 

ANEXO 3.3 

1 

Atributo 

Proyecto~ de Fomento 
PROFO i 
Apoyo a 'ta modernización empresarial 

Subsidio( 

Tercer Piso 
Es un instrumento al cual acceden al menos cinco (5) empresarios de rubros similares o 
complementarios, generalmente ubicados en una misma localización geográfica, fomenta la 
asociatividad entre empresarios, para que busquen solución a problemas comunes que por su 
naturaleza' o magnitud no pueden ser resueltos individualmente y que una vez resueltos 
potencian 'su competitividad. Los empresarios asociados y solicitantes de la subvención deben 
tener un alto gradó de interés y compromiso con el proyecto, lo que se manifiesta a través del 

co-financiamiento creciente en el tielllpo, asumido en forma contractual. 

Integrar a la operación de las empresas asociadas técnicas de gestión empresarial o 
nuevas tecnologías a sus procesos productivos y de comercialización, con el objeto de 

lograr m~tas comunes al grupo y a cada empresa en forma individual. 
' 

Mecanismo de subvención para proyectos desarrollados en-forma asociativa, por un 
conjunto ¡de empresas que estén dispuestas a comprometerse en la materialización de 
un proyecto compartido, que les permite mejorar su competitividad y resolver 
problema,s de gestión y comercialización que por su naturaleza o magnitud no pueden 
abordarse individualmente. Puede ser impulsada por Asociaciones gremiales, 
cooperativas regionales, corporaciones de derecho privado, instituciones públicas y 
por los propios empresarios. Dichos programas deben presentarse a un agente 
operadór,CORFO. 

Programa de fomento productivo colectivo para empresas productivas, 
principalmente del estrato industrial pequeño y mediano, segmentado según ventas 
netas anuales expresadas en UF. El propósito de dicho instrumento es facilitar el 
acceso a innovación productiva, asistencia tecnica y capacitación, que le permitan 
incorporar modernas técnicas de gestión, solucionar problemas especificas 
asociados a la producción, capacitarse , entre otras de tal forma de eliminar o 

reducir las ineficiencias que le hacen perder competitividad. Dichos programas 
deben presentarse a una Dirección Regional de CORFO 

Gerencia de Fomento de la Corporación de Fomento 

Sr. Claudio Maggi Campos, Gerente de Fomento 
Dirección : Moneda 921 Piso 6 Santiago 
Fono : 631 8638 
Fax :6717735 

Copeva1,¡ Asexma Bio-Bio, Cor¡ioarauco,Asimca, Tiafkin, Sercotec, Asexma 
Santiago¡ Asimet,Instituto Textil, Codesser, Corpadeco, Fedefruta .. 



Otras Instituciones 
Relacionadas 

Beneficiarios : 

Aporte Empresarial 

Proyectos Elegibles 

Limitaciones a la 
Elegibilidad 

Prochile, Sence, Sematur, Otras unidades CORFO, Sistemas de lnstitutos CORFO, 
Organismos de capacitación, Consultores., Centros de investigación, Universidades 

Empresas pequeñas y medianas de cualquier sector productivo de biens y servicios 
exluyendo.educación ..... . ,que demuestren individualmente ventas anuales netas entre 
2.400 y 100.000 UF. En caso de empresas exportadoras deberán exportar 
individualmente durante el ai'lo anterior que no excedan las US$ 2.5000.000.
Empresas de menor tamaño pueden acogerse con aprobación expresa de CORFO, 
hasta los porcentajes permitidos. 

El grupo' puede ser articulado por un Gerente, seleccionado por los propios 
empresarios participantes. El gerente además de la administración de los recursos del 
Profo, es responsable de asegurar la realización del programa de trabajo y del 
cumplimiento de los compromisos asumido con los empresarios, dentro de un 
período de 12 meses prorrogable anualmente. El Profo puede ser subvencionado por 
un periodo total de hasta 3 años. 

La selección , despido y condiciones laborales del Gerente del Profo corresponde a los 
empresarios del proyecto de fomento exclusivamente. 

La CORFO subvenciona hasta el 70% del costo total que representa el programa de 
trabajo del primer año, las empresas beneficiarias deben co-financiar un monto inicial 
mínimo del 30% del costo total del proyecto, debiendo aumentar este porcentaje 
progresivamente en el tiempo. 

Se considerán como gastos propios del PRO FO : Remuneraciones personal Pro fo , 
seminarios de transferencia tecnológica y otras areas vinculadas al programa 
aprobado, exposiciones, muestras y contramuestras, consultorías , pasajes para 
misiones comerciales, viáticos del personal del Profo, capacitación, arriendos oficinas 
y equipos, contratación de servicios, servicios básicos, adquisición de libros y revi stas 
especializadas, estudios, adquisic ión de equipamiento y materiales para oficina. 

El monto .anual de subvención a cada PROFO no podrá superar las 3000 UF ni 
exceder las 400 UF por empresa incluido el gasto por administración del agente 
operador privado. En aquellos casos en el Profa provenga de un agente operador 
público el monto de subvención anual no podrá superar las 2.250 UF ni exceder las 
300 UF por empresa. 

Para asegurar su continuidad los empresarios deben asegurar por escrito su asociación 
a una agrupación formal, dentro de un plazo a ser convenido con el agente, que no 
podrá ser superior en ningún caso a un aí'lo. 

El aporte inicial mínimo es dec 30%, este deberá ser creciente en el tiempo a partir 
del segundo año. (40% y 50% en segundo y tercer año respectivamente). 

Todo proyecto presentado asociativamente, coherente entre los objetivos .las 
actividades consideradas y el presupuesto solicitado. 

La empresa y cada uno de sus socios no podrán tener obligaciones morosas con 
CORFO o SERCOTEC. 
Las limitaciones de tamal'lo establecidas en base a las ventas de las empresas. 

I 
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Operación Beneficiarios El agente operador de CORFO identifica a un grupo de empresarios, quienes 
manifiestan su disposición e interes por trabajar asociativamente. Para lo cúal deben 
generar una presentación de un Plan de trabajo, que indique el objeto de la 
asociatividad, las actividades, y estructura de co-financiamiento en los Fo1111atos de 
postulación , entregados por el Agente Operador de CORFO . 

Operación Agente 
Operador Recepción y revisión de los antecedentes de cada PROFO presentado por los 

Acceso destinatario 

Acceso Agente 
Operador 

Acceso Proveedor 

Hitos 

Slogan 

Instrumentos 
Relacionados 

Antecedentes Básicos 

empresarios. 
Postulación de uno o más PROFO a la Dirección Regional de CORFO 
Si Comite de Asignación de Fondos.(CAFF ) aprueba proyecto, firma de convenio 
con Dirección regional para la operación del PRO FO. 
Firma de Contrato entre empresarios y el Agente 
Solicitud de fondos a CORFO 
Recopilación y acreditación de aporte empresarial. 
Supervisión. seguimiento, administración, contabilidad y Giro de Fondos a los 
PROFOS. 
Informes de avance del funcionamiento del programa. 
Rendiciones de los Fondos a CORFO. 

A través de los agentes operadores CORFO de su región. 

A través de las Direcciones Regionales CORFO. 

Los empresarios pueden presentar su solicitud en cualquier momento al agente 
operador, y este último deberá presentarlo en cualquier momento a la Dirección 
Regional, la cual los presentará a Gerenc ia de Fomento, en los plazos que esta le 
indique, para ser presentados a el Comite de Asignac ión de Fondos .(CAFF), según el 
calendario informado por la Gerencia de Fomento . 
Un día después del CAFF, la Dirección Regional es informada del resultado de su 
postulación . para que la informe al Agente y este a los Empresarios. 

Para solucionar integralmente sus necesidades de modernización. 
Un mecanismo para llevar a cabo grandes proyectos. 
Aproveche las ventajas del trabajo asociativo. 

Primer nivel 
Todo los instrumentos de Fomento de CORFO y su sistema de institutos. 

Segundo nivel 
Los instrumentos y programas de apoyo de que disponen : 
PROCHILE, SERNATUR, SENCE, Sistema Bancario, Organizaciones Públicas y 
privadas, Organizaciones No Gubernamentales, entre otras. 

postulación destinatario Presentar asociativamente en fo1111ato Provisto por Agente Operador CORFO. 

Antecedentes Básicos 



postulación operador 

Antecedentes Básicos 
postulación proveedor 

- Ser organismo público o privado cuya función u objeto sea compatible con la 
recepción y asignación de recursos CORFO, para ejecutar programas de fomento. 
- Acreditar adecuada capacidad profesional y técnica para formular y administrar 
programas de fomento. 
- Ambito de acción caracterizado por variables como: cobertura territorial, sector 
productivos, tamai'lo beneficiarios. 
- Las asociaciones gremiales, que postulen como agentes nacionales deberán tener 
como mínimo 150 empresas asociadas distribuidas en a lo menos cuatro regiones., las 
que postulen en la Región Metroplolitana acreditarán 100 empresas. Para el resto del 
país 50 empresas en cada región, las empresas deberán encontrarse con sus cuotas al 
día. 
- Disponer de organización e infraestructura que permitan administrar programas de 
Fomento por un total de a lo menos l2.000 UF a partir del segundo año de operación 
para el caso de la región metropolitana y un total de a lo menos 6000 UF, a partir del 
segundo año para el resto de las regiones . 

Direcciones Agentes PROFOS 
Asiva,Copeval, Asexma Bio-Bio, Corparauco, Asimca, Trafkin, Sercotec, Asexma Santiago, Asimet,lnstituto 
Textil, Codesser, Corpadeco, Fedefruta, CDP. 

Asiva 
Sr. Pablo Pastene Director Programa 
5 Norte Nº554 
Vii'la del Mar -V Región 
Fono: 032-692520-692521 
Fax :032-971259 
Copeval 
Sr. Dario Polloni-Presidente 
Avda. Manuel Rodriguez 1099 
San Femando VI Región 
Fono :072 -714255- 714080. 
Fax 072-71 1073 

Asexma Bio Bio 
Sr. Alfredo Meneses-Director Programa 
Ohiggins 1671 
Concepción VIII Región 
Fono :04 l-232879-232880-243298. 
Fax : 041-232878 

Corparauco 
Sr. Andres Sanhueza-Director Programa 
Esmeralda 363 Piso 2 
Arauco- VIII Región 
Fono :041-551713-551 1422. 
Fax : 04 l-551713-5511422 

Asimca 
Sr. Femando Bedregal-Director Programa 
Presid.General Cruz 579 
Temuco- IX Región 



Fono :045 212106. 
Fax : 045 212106. 

Trafkin 
Sr. Santiago Araya -Presidente 
Balmaceda 1129 
Ternuco IX Región 
Fono:045-237532-327612 
Fax: :045-237532-327612 

! 
1 
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Sercotec Central y en todas las Direcciones regionales del País 
Sra. Isabel Pinochet Gerencia Operaciones Santiago. 
Huérfanos 1117 Piso 9. 
Santiago 
Fono:6981853-6727191 
Fax:6972002 

Asexma Santiago i 

Sr. Alberto Martinez-Director Programa 
' Avda Nueva Tajamar 481 Piso 3 Torre Sur 

Santiago - Región Metropolitana 1 

Fono :2036699. 
Fax : 2036730 

Asirnet 
Sr. Raul Alvarez-Director Ejecutivo, 
Avda Andrés Bello 2777 Piso 4 
Santiago - Región Metropolitana 
Fono :2033002 2033454. 
Fax : 2033025 

Instituto Textil 
Sr. Maria Angelica Vega Director Pr9grarna 
Las Hortensias 271 O 
Santiago Region Metropolitana 
Fono :23225 l 8-2324721-2332465 
Fax : 2323458 

Codesser 
Sr. Rodrigo Martino Director Programa 
Avda Condell 495 , 
Fono :3413408-3413407 
Fax :2092376 

Corpadeco 
Sr.Jorge Valenzuela Perez Director Programa 
Juan de Dios Peni 250 ' 
La Serena IV Región 
Fono :051215788 
Fax: :051-215788 

Fedefruta 1 

Sr.Juan Carlos Sepúlveda Director Programa 
San Antonio 220 Ofic.301 Piso 3 1 
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Santiago Region Metropolitana 
Fono:6325274 
Fax:6327327 

CDP 
Sra. Erika Gruttner Director de Programa 
San Martin 2331 Piso 2 Oficina 4 
Antofagasta H Región 
Fono :055226996-251149. 
Fax :055-268966 
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Anexo 3.4 

Innovación l ecnoló~ica 
os proyectos de 1nnó vació n re r., 1ulc'.l~J1ca c o n •, i-;1 en e n actividades de inves tigación 

y c/esar-roll o c1e tec:nolog lcl S ele p 1oc1uc 10 s. cJe pro c c<;oS, de servicios, inc luyendo 

·modelos, prot_ot:ipo.s y prue b.-:1s p ilot o de 1ntroclucc16n a / m e rcado . Se refieren ram

bién a estudios de: p rospf:-c. c 1ó11. np1l1c;-1 c ic'Jn y c u ;c1nnfic;,ición de recursos naturales. 

siempre que la rner<::>cjo/oDI; , ,, cJe•, ,•11 ro ll,~r o el rec urso a explotar con stituya una 

novedac! te cnoló~Jic.,:1. 

Esta linea de 1nno v r1Ción rc~c.nolr':>q1 c, 1 inc luye. ,.1cJc m t.1s, e l c.Jes<1 rro llo eje proveecJo

r e s. Consiste e n l:::i rind,,1r ;-1po yo lin, 11 1r ier o ; , p 1 oyc c l os de graneles empresas para 

que potencien 1:ecnológicr11TH_•nl'P ;i pro v eecl or<'s cJe bie n e s y servic ios, que 1nte 

g r·c1n su ccidena produc t1v r1 y qu(' c:.i An en concli c: ic,nc s de des.=i rr o lla r un proyec

to innovativo . 

El fina n ciamienro o torcyido pClr FO NTfc·c .:-1 Id \ t~rT1presas postulantes. ya sea e n 

forrTla inc::!ividu éétl o c o rn o g rupo <J(• (' rnprcs;-1~ , ,~;oc i,:1cJas no relac ionr1das I consisre 

e n unél sul:Jvenc tc') n r·Je n-1n,1ro I n:1x 1n ,o e n h ,1~1 · ,·t fu d~~f'in1do e n 1¡1 siguiente Ta bla : 

: É'(é~flna;.,c,amiento e mpresarial podrá incluir aportes e n dinero, recarsos profesio

nales y seNicios va/oriz.,1dos según sed e l costo real para la empresa; o · bienes va /o-

::¡:~:d°os-a precio d e mer.cado, que /21 e mpresa destine para la ejecución. d e / proyecto. 
,_'.•1·/,, .•• 

l.'• 

( 1 } r'. 11 : , 1, ., , ("• te< l.< J\ ( Jt.•f r .... 1, - ~ JI. 11 rv ·n1 ,_, 1 ·r ) r· J 11 < • ·., , e ·nt 1r •, 11 1, • ( ·, . ,rH l < •rr1prr· •~.-.1 ~ re _•J.:-ir_ ion;;,c-J.-Vi , 1<7uel/, t~ 

en q l 1( • 1 11 t .1 r nI\ n ,. 1 ¡ )c•I ·,e H ,. 1 , ,. 1! u, , 11 <, 11 11 i, _1 ,( , 1 , r• r ,11 <>I, , n •/t\ rJ, ·f ,> •·~1it , ,. lt .•1 c.r.1p1t,1I 

'. ,'•,, 

¡, 

.r. 

1 , 
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ONT[C:, r-unc1 ,.l N, ·,c.1on. t i <. I , · Dr-•<., 1rr o li o T ,'c n o l c'JCJ IC0 

y Producrivo. e· un u r,J. ,n 1, rno e.Je r.o r~FO , Ju<' 

(lene por o l )JC't1vu pr o r1..1c ,'."'1. •J11c 111, 1r·. hn,·11, r 1,• r y 

'.,ubvr.:nc1un,.1r l,t <.'' JCl . trur'.11 <le.· 1>r uycctc 1s c lt:' 111 n o 

v .. :1uó11 1:ec n o1r.,qic, 1 , 1e · ¡,. ,n•; I ( ·r ( ·ncrc1 1 <. •e 1 ·1n lc '>CJií <1 

,· )•;<.)(. l.11"P✓d , el ( ' r-tc l,: 1t11·,rc. 11 >n ( /(.' 11 1 f(, ·1C':.. I /LH . ." t U l / f ( (~r 

n o l ó eJI C.J y, C/1 q<'. r H·r.11, fe ; n1t· 1·ir, 11 IOclrts 1,.IS <'! ,t fkt'·, 

cJc-~ ( l e,,;.1rro ll o y 1, 1 f, 1<,c ele · , ·,c,:1J .-1 rn11·•n 1 u prurlur..t rvo 

y cornc'.1 c. 1,1 1 ,·Jv µr oy, •< t , )', r.Jc•1 iv, 11 In·, r ·Jc t 1n p1 ,-,e t·' ' , <.J 

1rir,ovc11.i o r li (~V, tCI0 : 1 c. 1t) r, ¡.1ci r c•1npr<.',..-tS proc lt 1ct1· 

v::,') cJ c • i)1 c n ec.; '-/ S. t .. 1·v1c rt_1<, 

lnf rnestructura ·1 ecnoló~ica 
(. ( ·r 1f l (' t ·•: t, ' f )r .• / " · r ]I ·'~ ''l.. · '. I JI ; , •1 , 11 1(, ·;, ¡:; . 1 , 1e p ,, •/1 , r·. u lVi ·r · ,1 1 lf t< ··, r ~. · .: 11 1, i r L r . , i 11 /! 1r 1r ,n1 ", 

r J<. • , q )f 'V' 1 • 1 1, >'. 1 " " .' r ·' , 1 ,. ¡ ,. r -1 11 11v, ,•, •.,: 1 ·l ( f¡ " .. H r t ,llr r / 1 •r I ,e Jlr'u Jlf '• 

\ l11, · 11v.1•. < !1 l ' IC'f'', e, ',l'I ·,· 1, ( , ,11 1¡ 111 ·r l< !1 • 11 1lr, ,, ··.111 ir Ir JI, 1 Ji·.,, 

I ;. ,rr 1rc· ·1 1¡ ¡ ., rt •r ,1.:l 1, r 1 \/ f 1 ·1 , r• ir, ¡:, < , . • t',t , , ,11 r< 1 t ·1 111 ( ·r 1. 11 • 11, ·1 1l 1 , ; , 

f lU/ l l, 11 "'!< 1·. · 1·.c >< 1 , ,.. J •·• , ,1 j ' ' , ,y, ·· . • 1 1 J1' JI 1/ t, H ••,f I ! H 11 11 . 1 

l. I ', ( ' / f 11 H ( ''., ! ', j ,/ / J 

I• ¡', I. "· !( /1 )1 1( ·• ,, (•(ji JI 

· 1· t; , / 1 • /t ! ' ·, 11 ·( 1 // ', ()', 

C<_ll 4 1!1•r•1¡>1.1 l. 1 1rn:.', ·11H·11;, , 11 · • · 1 J1· / . 1l 1<J1 . 1l<H l<J ' . /1 ),J11•,/r t,d 1 " ,. I;: ,r:.• t :, ... rir· e i·111t1 r ,1 c1<)11 

y ( " (JI ll/1 J f lt' \ .. 1'1, j .l( 1 ( : '! •¡, . , 11. /1 'd e Hfll, ,, f(· \ , 1 ,! .. ( r 1(( ' '/ ,•,lit 1'., ',1 ·; ,"( ,r,•. ( l t ., 11if11 ()' .. y f('C 

1101, )q1r , ,,, 

F() ('\JTl."( : ·, 1 d )vt. ·r H 11 1r1. t c·. 11 · 11 ; n, , J, · ¡ l l < 1yc•, I < )'-. t J, 111 ) r le 1•, 1111 ,rJ. r/1< !. • ! !1 " ,, , le ·¡ Je •1 1rJ1c·1 )<I<) <,t 

t ~-' ';l t(.)':) ~(Jr) pr<:•-.c_·n1 .1,:f<)'-i. { ';) l( )í ' "' I, l Ir }1 /1 v,, ·1t J," (l JI 1; ) f ) ( 1, )', 1 ' /llf }/(" ., t· 

[/V,1 ifr(•<,.; (J rn. ·,·. ('fi l j)T(' ' u 1· . 1 \ i ,! •. 1( l.1·, 11( 1 ' ( ·L ! ( l()fl, 1( le I',, 1 ) 1 ·r 11 /fl , irh•' 

¡u1r , /11 r :1 1•111 r. ¡rr·•, 1·t l'lll(" .. 1 . ¡ 1r 1v. 1<l 1·.J 

2 . 1 Prese ntación Individual 

< ) 1 ·r l I{ 1/ 111.1 c lor>, )( _Jr1 

1 1\/, H 1, t ' r I H 1',{lll J/r J, 1\ 

FC.)NTF( . , ,1 r>rr ld 111 1. 1 •, 1 Jl )v1-• 11r1,·111 1n ,'1>~u , ·1, t c J, , t Jt1 ,) ( ) 1
~ : rl<·I <c>', 1 f 1 1,11 .. d r l,·I ¡ 1r c)\/<'c f c 1 

p,011. 1 ..iqr" ·11, 1··, , :·n·rpr, .. , ,.r• , , , ;•¡. , '·" 1, H . " t< 'll 1 " ' 11 1, 11 ,,,., , 1111, ·11 1.>1 ,. , 1 JI /ílO ( H 1( J f°l () ¡ >t iCJH ·11-

do c•xcccJ, ·r , ·1,c r 1, ; ·,, ,1 JV< ·n, rr)n , Je· U \ •:, 4 00 000 . 

2 . 2 Pre s e ntación Asociativa 

FC)NT[C <> !.tJ:"í] ,· ' 1.1 n,1 •,1 rl ."1e •r><.·1,'·,r, ,n:1x 1< r1,1 , 1,, t .H'l 3() '/., c id c,,•, 1n ,01, 111 1(') r,1e;yc·(to. no 

puc1 1c ndu r·•xu:cJ<.:r r J1c l ,,1 ·:uJ·A·e ·11c1()n ,t,· l J\S 400 OCIO 

r~ n t1 1 nt .. >rY~ , ,·t',<Y·, . ·. ,. •• 4
, c 1u < 4 . , 1 · 1 r ri t < • e J, .· pre JY< ·e t < ) ·-. p , ( ·',< ,, ,r. ,r 1, ,..., e: , -, f r..)rt 11,_1 1ncJivicJu. ,1 , ) c,,c_, 

c 1.:it1v .i , e l ( .o lin,· 1nr r.-'t 1nic1 11 n (_' /l IJ)I ( .", , 111, ti r )0( J1 r1 1n<:lu1: 'IJ )( ;r 1 ( ><; en ( ) 11°1( '((J, ' ('(. l./ 1 '.,O~ p1 o 

fCS I0 17dl<.>S y •;c1v 1c 10, v,:1lu r• ;,. 1()0'> ',(.'(JI ·1n ',( 'el (' I C0SI0 ,. , _., 11 P,·ll .-1 1,-t c rnpí(.'S,~. O 1.)1(:'nC'', v,11,-,.. 

r -.H'.! 0<; .01 p ,·cc: ío de rnr-r<::, 1ClD. q1 ,e ict '. c n1p1·cs:1s cJe·, r1n f'n p:H ; 1 l, 1 t-Jr:ct 1r. 1ó 11 rjc: I proye:cto. 

t:fl!t~::".;_ 
·1,¡ ,1,4.,, . 
. -:~:, .;F,: 

-~·./:,.}i; 

,,ji:/i .. l y {;;J'l 
fít•,,J' 
.'~lit-4 ' 
~I~ i .:·i}:'. 

·' :I 
... _¡ 
J¡< 
\1. 1 

íi!l 
.:1 
(\ 
'I 

J 
,.¡ 

.1 
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e c·rll lt·~nr.Je pu, 1, ..ir 1·,fr ·r r ·r" ,. , 1 r•r , ",1, i, J" . , . , .. , ,, ,. 1 

LÍV, 1 1 1 t.."Jl .,(.tJCl<t)(l ,J,, rH IIIJl(f,1th", 1pH 0 I H'IH'íl fH lí 

r, l~J('l!Vl'> J)iü\f)C ·CJ,tr. 1l1f111i,l r• 11. 11 1•,11•111 r, ,11 lr• 

Cl 1.-11 r l:< r 1olu<Jí, 1', c.h · e J( •\! ,,·,n < , < h · 1 ., , ,, 11 11 r 11'11 1 . t 

fc-!t"i. ( "n lJ )t c:s:ts ,.l~()í I< lt 1, 1,. , ( Jf) '·l i )U >J ,,·,·.,:,)' Ir. ( e H 1 

frllJUlf", l ',IJ lllOfl<•llll/,HH.lll f ll'J< lri<J1v. 1 

ESli >'. J ,, nyc-1<· I <><, 111•11, •1, 1 :n. 1 , l1 1r. 11 ,,·11, rP, tYIJ ,,, 1 e,, · 
10 nl(",(.''> y (lt'l)<'I) ',l"I JJlf•',l'll,,ir J, ,·, l'll r,,1111,1 

,J'...( J( 1, H IV, 1 I JI Jf l., 1 lf )1 f .... 1·, 1 "' J lt f j I t 11' I' , h. ' H( ., 11 .,. 

O ",f'íVI< H)<.., •pi(! 1111 llll',lll'J ',('f 1 H f, •.t ·< I' ,11 ••,, iftr h'', 

1 r1 · • • ,e ttvrc lr-u Jt ·.t. • it e., e. 1t, • 1 í11 1. u u ,. 11 1 11 ·t ,: , • J II u ., 1, ., 1 

( < 11 l' 1°,l lt ( 'I l 

1) f'-'rt>t(l d lY'l,1f'rt'"11, y ,c•,d1."11<1,·ir1 ,11• ,, •,11u11•·, l •·t 

n,Jl, ',c_JH , t ';, .11 <'Ylr,rr lJC·tr J ¡,.•(•',f lll , 1tJ 1•, 1,,u, IIH '> <> 

rn,..·r1 , ·, n ¡ ,1 , ..... :,1c.. , 1<J , t •!. 1( 1<J1 1, t< r. 1·.. , -, , l. i-, , I' "• 

porJr.11 ·1 p,1r1 1c1p,tr t'Jr•r1J11V<1' , I" '''' •,, 111, ,,, ... y 
lé'< f)lr CJ ', cJ,• 1.-t'... e t1 l r>1r•· .. 1 ,,, •• •1 1,11 J ,• . 

/) ( lll ll 1 ,iJ. rr l<'>n rlt · r •;- í" 'l J r 1, te 11 ,, 111 I H l. 1 t 11 • 

171Vt •f H 11 t ·r r h 1( I • H 1, 1f , 'I • lf •( I I f, 1' Ji, J 1 ll ( H f '',t )' 

1, ! ,".11. p11>Cl11cffVfJ'. ,tlt 11n1 rite •"•I'' r ,.1 1
,.",1r l•• 

r, t.<•. 1 ·I , ,1·111 u 1 • > , 1• · , •11 ·¡ ! 1 • .. 1· , t , : 1, ír r 1 11 ,. , •• 

de ·I -H ·r, ·, •.< 1 el'-· 11, ·". e J 1, t , • 

1:n c·J rr 1',(I t Jf• ,., •• ,,,,•.1,,1 u·· .. ,,., /1 ,1,·,p, t' ,. 1 ( >N 

I I· ( t )1, ,r, l < 1 1 11 1, 1 ",I JI JVI •r ,, 11 )1 

r lr·I '"'•"' rur.il ,1.-1 ,,, ,,·.¡, ~, 
rn:1x1111,, 11< • l J <, S 1 00 , H H > 

rJ, · ! 1.1 ·.,, lt) ' ,(J , 

1 r H 1 1 ;l l , lf )CH f f' 

f"",lr .- t C'l ,·.1\r) d 1 · < c)nlr.11 H 1t'>1' r lt• r•;.-¡.11 •r l 11·, (> r , u 1 

~uflorí,1~ P<l I<", 1,il,)rJi,1, y¡ ,r111, ... , , ·. 1 ;rr ,r ll" 11vry, 

, 111,trll(."lll(' l.H, f ) ( ' t I ill/,• t f l ••,. f l Jí~JIJ (- l1I Jlfj, I llllr l 

,ulJV( 'lll lí)ll rJ(• t1 ,·.r., 1)( ', () , J , ·I , < , .1 • , r, ,r. if , 11 ·f 

p,ny(•r Jr,, COll 1111 ••Jl•ll J,· 111.'P'llr i•, rlc· 1 1' ,S 

1 uo ouo. y ', IC 'I n, )í(. ( I' JI. 1 . , l l re ,r ,r (, ( 1,' .,, ll ,ve ' l l 

,_11 ·,n JJUI r•rnp1('',,l J J,ll(IC l )>,lll ( (• ' "' ·''l""l(' 111•. 

U ~$ l.'5.000 



.Entidades de gestión ~ centros 
de transferencia tecnológica 

on dquclfos proyectos prcscntc1dos en 

forn1 c1 ..:1soc1ativc1 por cinco o I nc"is <·: rnpn'

sas nu re lc1c1onc1dclS. dC~tlnclcfo; el 1,1 r r (', I · 

uón e.le F.nt1clc1clc; o C.:enll, >,. c .,yu u l ;jcri

vo e•, 1,7 prospección. cJcs,'H roll o. : j i fu,ión. 

rran,lerencia y r1decuc-1c1c'>n e.Je ,t~cno!,)qí

.J~ en las ernprcsc1s. a fin el e c o , >rnbL 11 r c1 

,u rnoclcrnizac.ión . 

F1nc1nc1.-1. entre u trus ír~:n 1\, ol J' , 1, civdes. 

construcción. 1nst,:1l¿1c1ún y 1,1C)',tdJC cJc 

111tr .. _1cstrucrurn; r.1ctqu1s1cón de• IJ,é'nc, C(' 

<.r1µ 1r:• I cJe e ¿;r ,:1crer· ncrri ·T o y 1, r riu!r'.lCJ, 

C o, E'(ju 1p,1micn ro p,.-ir,, 1'1VC'~ lo <JrlC' IÓ '1 y 

dCSi:lrro llo: y ~:J<.lS[OS (J(' Vl ! lCU l,'l( 0:)~l o ,·,r l i 

c u l,:1c 1ón e::ntre ctcmanda y ofcr·i,• tt'( no 

l<'JCJ1Cel As1rnismo. gastos gencr. ,1c, y e te 

, 1cin1 in1str,,c1ón .~soc,.=:icJus ,:i I; 1 L, '...'Cl ,ciór, 

clel proyecto: ,crv,c ios. r.1,1t<>r1,1!c •, y o ~ro'> 

li,cnc\ fun01ble::s ; C<J,tu ::.e CJ<',! :- -n el , , 1,, 

í k lrJSfcrenc íd rccnoló<_;¡ 1Cr:1. c...'nl re ·r' 0 •n~ :csll D 

r(•cn1co de· los rvcur;os h :..,m, 1n u, / CJ,,,ro s 

e.le opc:,·cic1ón tv 1sr,:1 por !, is ctn , ,~· 1n:v1 u•; 

,-,nos. dSOCkldos ,11 tunno11c1n11C'rro e:<: lci 

Ent,cJnd ele Gestión o C e ntro ele ,r~n~lc

renc,a Tecnológicc1 . 

f-'ONTEC otorsF' und subvencic',r-; ·11,i x; n1,• 

ele un 50U..1, d el co~ ro to r,11 cJcl proyecto. 

con u n aporre rnAximo cJc U'>$ 400 000. 

El cofinancié1r111 ento e rnprc,-),.-1rrc1I pocJr;, 

rnc lu1r dportes en cJinero. recursos p r ofe

s1on;c11es y servicios val01·i.tc.1dos secJú n seri 

el costo real par;i lr1 emprc:s,-1. o ~,enes 

v ,1lorados a pr ec io cJe mcrc,·rci o. que la•, 

crnp1·esas destinen para lc1 Ejecución del 

proyecto . 

: ... : 

11 Estudios de preinversión para 
escalamiento productivo en 
pro~ectos de innovación 

.S ta lín ea de f1né:mciamiento t iene por ObJC· 

to est1'l1ular e l emprendimiento de proyec

to, de inversión con alto contenido 1nno

va tivo. destinados a introducir a escé, la 

comcrc:al o indu strial innovaciones tecno

lógicr1 s. ya sea a nivel de productos. ele 

procesos u orgc.1n izac,onal; o la conc.reción 

de proyectos innovr1nvos que sean capaces 

etc ge:1erar irnpc:ictos s,gnifica rivos. d nrvcl 

nacionc1í o reg ,onal, en étmbil os produn,

vos. e:::onómicos o de c1pertura de nuevos 

merca~os . 

Estos proyectos de inversión pueden ser 

consecuenc,a de proyecros de inn ovación 

tecn ológica. financiados por FONTEC en su 

c.c tapc1 oc 1nves11g.=,ción y desarrollo. y que 

l1<'ly,.ir, ~esu lrc1do exitosos: o bien proyectos 

que. ro h ab iendo ,,oo financiados po r 

FONTEC en su et;,rp a de desarro llo tecnoló-

0 1c o. •eúnan lo, requisi tos de e legibilida d 

que calificará la lnst1tuc1ón . 

Se enr:ende por estudro de p reinversión la 

dplicac1ón de un conjunto de récnicr1s dest1-

nad¿1s a recopila r. proyectar, analizar y eva

luar en Formc1 s1s temél tica. antecedentes téc

nic o s y económicos que perm itan juzgar. 

cué1li tc1riva y cuanti ta tiva mente. las ventajas y 

desven tajas de re;ci lizar inversiones especifi

cas. y as ignar recursos p a ra e llo. ya sea pro

pios o proven,enres de fuentes externas de 

financiamiento . 

El financiami e nto otorgado por FONTEC 

contempla una subvención de hasta el 501Vo 

. del valor del estudio de pre,nv ersión contra

tado. con un aporre mélximo de USS l 5 .000 . 
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FONTEC 

D irecció n Ejecutiva : Santiago. Moneda 92 /. 

Sto Piso. Teléfon o 638052 1 

CORFO 

Ofic inas Gen erales: Santiago. Moneda 92 1 

Te lé-:Fon o: 63805 2 1. 

Té/ex 2 4 042 I CORFO CL 

Fax : 67 l / 058 - 6727246 

DIRl!CCIONES REGIONALES CORFO 

/ Región 

/1 RCCJIÓ<1 

111 Req:ón 

IV Req1ón 

V Rei:¡:t,n 

V1 Re<,;1611 

VIII l<'eg:ón 

( Reqión 

XI Re~,ié,.-, 

XII Re,¡,ó'7 

lqurque 

AJ,ca 

MtOfd<:j<'Stél 

Cap,apó 

LJ Serena 

11/c!pel 

Vdl,.-,arairn 

R(1ncagua 

ralea 

Concepción 

Tt'fTIUCü 

Puerto Montt 

VdÍÚMil 

Cierno 

Coyt.11que 

P·,n;¿ Aren,-i; 

Balmaceaa 560 

Av Cclre San Martín 149 

Baquedano 340 

Va/eme Piz,wo 813 

Cordovez 260 

F.drf Goberncroón 

Av Errjzunz / 1 78 

Alc<izar 40 

Uno N()(le 7 39 

Rengo 476 

/vlanuel Rodrlguez 71,¡ 

Anton,o Varas 59::J 

Marpú 187 

Mdckenna 85 1 

Simón [lojivar 262 

Roca 8 11 

,;22aíl 

,''j2J.72 

??52:!4 

2 1336ü 

, 2 l 1985 

';l2008 

2~201 7 

;JOSOJ 

226226 

2~6677 

2; i',72 

2S3674 

2i3)83 

.' ~4 ✓-0 1 

_:31 15J, 

_?}JJJ I 

,1 
CORFO 

CORPORACION DE FOMENTO 
DE LA PRODUCCION 
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ANEXO 3.5 

Fundación Chile 

PLAN DE DESARROLLO PARA LA -
INDUSTRIA 

, 

DE LA CONSTRUCCION EN MADERA 

CUARTA LICITACIÓN FDI 

PROGRAMAS DE MEJORAMIENTO 
TECNOLÓGICO Y PRODUCTIVO 

INDUSTRIA DE ELABORACIÓN SECUNDARIA 
DE LA MADERA 

ISM 

CÓDIGO 

¡ ! 
1 

! 

,i 1 

¡ ¡ 
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RESUMEN 

·i· J1li: 
:.:;ü :~ 

' ' ! 

Los objetivos del proyecto son aumentar el desarrollo y fortalecer al sector de la industria de la construcción en mader~ 
mediante la adopción de transferencias tecnológicas que adecuadas a la realidad nacional permitan producir mejoras · l 
en los procesos constructivos y de gestión. i :¡ 
Al término del período de 30 meses de duración del proyecto, se habrán obtenido los siguientes resultados: l, 

1 

- La existencia y fortalecimiento de un equipo en Fundación Chile y Empresas e Instituciones cuya experiencia ; 
compartida permita investigar, incrementar, difundir y transmitir enseñanza tanto a los ejecutores como a los 1 
actores de proyectos de construcción en madera. '¡ 
- A su vez, se crearán instancias de vinculación interempresas mediante la creación de un comité de Gestión 
Tecnológica en la zona Sur del país, el que en estrecha colaboración con el grupo ACIM y entidades 
institucionales y de enseñanza procurarán mejoras normativas y luego difundirán la experiencia. 

1 ., 

.! 
1 

l 
·' ' l 

. 1 

- Se obtendrá una estandarización y tipificación de los sistemas constructivos en orden a adecuar la oferta de , 1 
madera de los productores. · · ! 

PRESUPUESTO 

_.y-; "':: 
APORTES 

·· J :· , ... . -·; 
:' ".: . 

TOTALES 273.44 

SOLO PECUNIARIOS 208.01 12.90 273.44 

IMPACTOS ECONÓMICOS ESPERADOS 

<~-~ VAN ··._ \ .. ;VAN/FONSIP . ''.~,. 
-J"{~c) •· ol,1-1'1:: : ' .. · :',, 

i}~,1~ '.\\ 

u 

o o 
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META-MISIÓN CUANTITATIVA DEL PROGRAMA 

Con la interrelación de un conjunto de grofesionales de Fundación Chile, de la Asociación de Industriales de la Mader9 
(ACIM), de otras empresas constructoras y organizaciones, se plantea la adecuación y transferencia de tecnologlas : 
que, empleadas desde la perspectiva de la experiencia nacional del sector, conlleven a un aumento progresivo de la 
productividad, educación y difusión, de modo tal de lograr: 

' ! 
- Aumentar la construcción en madera en Chile en un 58 % por sobre el crecimiento del país (actual 6% anual), en un ¡ 

plazo de 1 O años. ¡ 
- Disminuir, adicionalmente, el co~to de la construcción en madera, en un 5% al término del presente Proyecto, y de •¡ 

un 10% adicional como resultado de (F.D.I. 2) un programa asistido de entrenamiento y de soluciones tecnológicas y 
paralelamente, de revisión y adecuación de las normas y ordenanzas que rigen al sector. · ¡ 

- Consolidar al grupo ACIM, aumentando en un 50 % el número de asociados, al término del presente proyecto, de ' 
modo tal que su capacidad productiva y de gestión les permita proyectarse a nivel de exportación y de la creación de ! 
un grupo en la zona sur, permitiendo la participación de otras empresas no inscritas en ACIM. ! 

PROBLEMA U OPORTUNIDAD 

El diagnóstico que realizó Fundación Chile hace 14 años, respecto de la industria de la madera, y que la convenció de l 
entrar a apoyar el desarrollo de esta área económica, es válido aún, a pesar del gran desé:lrrollo que esta ha tenido, , 1 

El avance ha sido notable pero en cada una de las seis grandes áreas de trabajo que se iciéri_tificaron en esa 
oportunidad quedan obstáculos de importancia que es necesario remover para poder progresar en ella . 1 

'I 
! 

. , '. . · .:. ; 
El primer obstáculo está en las construcJoras mismas. Existen empresas que ofrecen solu~tó~es, ~~nstructivas de bue~ 
nivel sin embargo aún existen empresas que ofrecen soluciones constructivas de dudosa oJ nala ·calidad. Utilizan, · 
materiales que no se van a comportar adecuadamente porque o son de mala calidad o que por-~f aito costo de los :. 
buenos prefieren no incluir. Además la calidad constructiva debido al mal entrenamiento de ·Ia mano de obra resulta en , 
un producto que demora en construirse ya que se dan dos pasos adelante y uno para atrás. Existe una interesante 
oportunidad a través del entrenamiento de quienes dirigen las obras inicialmente de dar dos pasos adelante y ninguno '.: 
atrás. Este tema esperamos atacarlo más globalmente a través de la presentación de otro proyecto al concurso del FDI 
del próximo año. ' ' 

La compra a destiempo y poco profes ional de materiales y el desconocimiento de algunas técnicas constructivas 
encarece las obras y las alarga innecesariamente. Existe una oportunidad y necesidad de ·trabajar para introducir 
nuevas tecnologías y formas de aprovisionamiento orientados a disminuir los costos de construcción que nos permitan · 
acercarnos a los de países como Canadá donde una vivienda que aquí cuesta entre 20 y,25 ·UF/m2 allá cuesta entre · 
15 y 20 UF/m2. Impactos de corto plazo existirían al introducir los·estándares mínimos qüe· explicaremos más adelante 1. 

y de mediano plazo a través del trabajo orientado a la readecuación y estudio de normas y '.ordenanzas que permiten 
no realizar diseños con exceso de costos sino que además el adecuarlos a las nuevas solucionés constructivas 
existentes. 

La llegada de viviendas importadas a precios competitivos a permitido capturar a clientes que no consideraban el 
comprar una vivienda con estructura de madera nacional pero si'estarían dispuestos a hacerlo por el hecho de ser 
importado. Esto genera una sana competencia y un enriquecimiento de la experiencia ya que los empresarios 
empiezan a mirar con atención estas experiencias y a copiar ciertos materiales que se imponen con estas soluciones. 
Además el que puedan competir por precio es un incentivo fuerte a mejorar lo propio para-.dejar al otro fuera de 
competencia. Hoy no podemos competir ·con los plazos de tiempo que esas soluciones plantean. La oportunidad que 
existe para que la industria Chilena cierre la brecha existente a la fecha es obvia y constituye un gran desafío que 
habrá que materializar mediante la rebaja de costos de construcción de ellas. · 

Fundación Chile en estos ar'los ha estado concentrada en promover ·" El Uso responsable de la madera en la 
construcción " que postula que la única forma de prestigiar a este sistema constructivo que tiene importantes ventajas; 
térmicas, de rápida construcción, fácil industrialización y mejor comportamiento ante sismos entre muchas otras es 
utilizar materiales adecuados, que después se van ' a comportar en buena forma eón sistema·s con.structivos 
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que permitan capitalizar )as fortalezas de este noble material y que contemplen el precaver las debilidades que esta 
tiene. En este sentido en estos años, Fundación ha ayudado a remover múltiples ;obstácülos e introdujo el concepto ·¡: 
energitérmico que implica generar una estructura constructiva que se hace cargo: de las· debilidades del sistema. 
Sin embargo muchas de·las empresas constructoras no respetan .necesariame1¡Ie1_el está~dar mír:,imo que debiese 1 
existir para distintos niveles de precio. Aquí radica el segundo obstáculo. El estáridl=lr rnlnJmo fijar la el tipo de , ! 
soluciones constructivas aceptables en cuanto al ordenamiento, especificación y tÍpo de.lÓs:·.materiales que deben ., 
utilizarse por rango de precios. Este tema es crucial para avanzaren darle tranquilidad ~ 'úri::cliente en general 1 
escéptico con respecto al éxito de utilizar madera en la estructur<:1. de la casa y a la real posibilidad· de esta de asegurar. ¡ 
eficiencia térmica, acústica, en relación al fuego, aspectos sfsmico:3, termitas y otros pató"genos y de que no se ; 1 
deterioren a través del tiempo. La discusión que hemos tenido de este tema con las constructoras miembros de ACIM ¡ 
son un requisito mínimo. e indispensable para abordar esta iniciatiy~. El adoptar este estándar permitiría diferenciar por. ¡ 
primera vez en la historia del desarrollo de este tema·a las constructoras que están _orientadas al tema de calidad ¡ 
introduciendo un elemento diferenciador para el cliente que lo tranquilizarla. Sería necesc1rio difundir este nuevo · ¡ 
concepto, además de crear un sistema de inspección de obras que permita a su vez garantizar que este estándar se . , 
cumpla. El compromiso obtenido de los socios de ACIM de aceptar·la introducción de un estándar mínimo es un hecho·¡ 
relevante. · · · • !; 

¡ 
•. ,· . .. . .... . . k 

En Santiago a la vivienda con estructura de madera le ha sido muy. difícil insertarse. debidó .. a. que muchas personas no :! 
la ven como una vivienda .definitiva y han preferiqo.la de albañil~rl.éf Las constrú9~cfrc3s est~~,!,l~g~a~ao a través de la ij 
captura de personas ql:J,e hari viajado y c~nocido,es_tos sistema_s en-otros palse(p~_r:1etrB(lfQt~rn~ .. ri,f,e la construcción ¡j 
en los barrios tradicionales. El alza en los precios de los pocos sitios que quedan~'.que en¡i ilgúriosicasos ya ha : ' i 

- - - • • • • • # • ~ ,J: r' , . ; , ., ~ • . • • - .. ·" t-: .. ' i 

producido que el costo del sitio sea el equi'{alente al costo de c~nstruirse una c?s~,C:suma_cfb,} ~!-é~JJ.? de algunas , : 
constructoras en proveer de soluciones aceptables o muy buenas a ra segunda vivienda .. ha~al:iiert?tmás aún las . ¡: 
mentes de los potenciales _clientes. Este sistema constructivo además compite fuertément,fer{ los:n'tievos barrías: que ; j 
se están constituyendo en l_o~ alrededores de Santiago. Esto porqu~ las constru,c_téiras ~h'~fü~d

0
~.ri(?fr~cen una .'solución: '. 

a un costo total conocido con prescripciones predefinidas que permite obviar el desprestigiado··sistema de construirse : 
por administración. Entonces la gente que ya está sometiendo a sus familias a uri cambio(de 'ésti'ló de vida al irse a :· 
estos barrios y tener mayores tiempos de traslado están buscando capturar el máximo & ?plusvalía del concepto. esto : . 
se logra con estas soluciones que hoy son un 20 a 25% más económicas que las de albañilería y con tiempos de 
construcción de 3 a 8 meses versus 9 a 14 meses de la de albañilería. ·· · · · 

.... ~ .. 
. ' 

El tercer obstáculo está en la Universidades. En las carreras de formación de profesionales que se desenvuelven en la . 
construcción, Arquitectos y Constructores, no se da a conocer la m'adera como materiat de' construcción y mal pueden · 
entonces especificarlo o considerarlo a futuro. Esto se produce debido a que en muchas a_e ·ellas no existen cátedras 
de madera o cuando las hay no son obligatorias y son las menos en las cuales el tema está debidamente abordado. En 
cuanto a motivar a arquitectos a construir en madera Fundació·n 'Ctllle. realizó tres concursos para premiar a las : 
mejores construcciones y a los mejores proyectos de tesis lo que: fue exitoso y esperamos 'poder reiniciarlo el año 
1998. Existe una gran oportunidad para atacar este tema por cuanto la Universidad de Chile tiene muy bien articulado 
el tema, lo mismo que las Universidades Central y Bio Bio. Las otras Universidades que no tienen· estos programas 
desean tenerlos pero no h·ay gente entrenada ni con atractivas soluciones que hagan que esto 
ocurra. Si existe mucho interés. Este es la base de la existencia de una oportunidad real de además de realizar una 
cátedra, vincular a las·. Universidades a la empresa·, a través. de visitas a ellas, programar c_harlas de empresarios, 
desarrollar memorias con las empresas, además de prácticas profesionales. 
La oportunidad que tiene Í.Jna industria que está consciente del es.lado del arte y. ventaja de costo. de otros países es, lo ., 
antes posible, dedicarse a _cerrar ·1a· brecha. . • · . :. :·· • . · ':'. ·· · '- .·:. :.'·,' . . ; 

M... :. '• • r : . · .. ·· ·. 
• •,' •: • • o'. • ;.•):~~: , • ,•• , .•:•: ii _.: •, • 

~I cuarto obstáculo :st,~ en F._i.J_nda~_ión ~hile. Esta a apoyado, a trayés de los ai)~_s;:::esteJ ~i;n._a co~ __ mucha fuerza y con 
ingentes recursos, sin en:,bargo las·_restncclones que ésta enfrenta, hacen imposlb_li3· segtJir haciéndolo y el contenido 
temático es muy desafiante y'requiere de ejecutivos de primer nivel: La salida dé1EñriquÉrMé Manus de Fundación al 
área privada hace ímperioso·e1 fortalecer el equipo.base de Fundación radicado '•~~· Albertf/~·dwa

0

rds y un arquitecto 
Juan Cristóbal Pérez. Hemos seleccionado para dirigir este proyecto _a Renzo SQíl'}igli un ·a.rquitectó de más de 30 años 
de trabajo en las empr~s'as Qalm~_tl. Délano y como dueño deDomus. Este proy~cto perrnit¡ra crear una red de 
profesionales del mejor-' nivel al seleccionar al interior de las empresas al menos,;.a.:dn profesiÓnaf:que actúe como . .. ,. , . . ' , . •.. ·. ~;~::i~s~·--. ,. \\'f~: (~; . ::l: . 
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contraparte del equipo de Furidación que es un esquema que permite involucrar además•de los·dueños y Gerentes i · 
.Generales á personal técnico'.que eventualmente pueda el día de mañana potenciar las capacidádés internas. El j-
trabajo que hemos realizado_cie formación de ACIM es necesario ampliarlo a más de las26:émpresas hoy presentes ¡ 
en el. Es~o. porqu~ el s~i::tor r$qui~re de un urge~te progreso tecnólógic~ para có~peUr ~I8,i9~ª9~/1Jente y no _ . ·_ J 
desprestigiar el sistema constructrvo.-ACIM fünc1ona con fuerza en Santiago pero _es nece$ano Incorporar a los -· -· . ¡ r 
constructores del sur del __ país;·Esté grupo de transferencia tecnológica de const~é:tore$;~~:fü~iS.pehsable para ampliar!. 
los resultados a empresas fuera de ACIM y que le permite a Fundación estructurarse cori:u;;a,fod'de apoyo a esta· :¡ 
labor de modernización yJogró de mayor competitividad de un sectc;,(económiéo qtie al 9_tfi~erreí'_sóluciones más :! 
económicos incorpora a mayores· compradores arrastrando con ello una demandir_derivadá- que genera muchísimos : ¡ 
empleos productivos y de servici~. · · · --.. · · : l 
En éste sentido la exislfimc:ia•gel ~oncurso y la disponibilidad de C_ORFO de financiar adÍt;~;des:c¡ue le permitan a !! 

este sistema· constructivo, qué es más económico, validarse en el medio nacional, es uriá oportunidad real de '! 
profundizar el trabajoqu. e hablamos tenido que dejar por problemas es_ ti-u. cturalés interno~Y:é!e 'ª. e~istencia en este ¡ ¡ 
sector de muchas empresas pequeñas con un ritmo muy básico. La existencia de ACIM es una oportunidad especial y-¡ 
su consolidación sería para [iosotros urr logro de la mayor relevancia. · · · · · · · ·· -¡ . . ¡ 
El avanzar en remover otros·obstáculos, como los existentes a nivel de normasy~rden~rizés, dé:~oluciones 
tecnológicas específicas más allá de los aquí planteados, de entrenamiento de pe_r_sonal Qperariify de la retirada en 
que está la madera de los usos al exterior; son ternas que pretendernos atacar_sóí~ inicialrnénteJr¡;este proyecto a 
nivel de diagnóstico, exameri del estado del árté o pruebas piloto cómo en el entrenamie~to;y presentación a futuros 
proyectos FDI. · · · · · · · · · ;:;f:L . · 

.. 
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IDENTIFICACIÓN DE OBJETJVOS Y RESULTADOS 

OBJETIVOS GENERALES 

A partir del programa d,el Uso Responsable de la Madera desarrollado por Fundaqión c~ii~} -e; i~ ~-trecha 
integración con el sector de la construcción en madera, organizado én ACIM, más ·Ia p·rógresiváf ii;'j: 
incorporación de otras instituciones productivas, de ·enseñanza, iíor.mativas, de}jestión .. y'oe_:'ffitu~¡'ón, se 
fortalecerá el actual equipo interno, orientándolo a áumentar la competitividad dé.la consfrucé:ión;con 
estructura de madera para luego ~ifundir la experiencia, a través·.~e(}a. formación•~~ un_s,e.g~'.t1doj :j'.upo de 
producción industrial el que, junto con el actual, permitirá la incorporación de los demás :actores, como son 
constructores , proveedores, usuarios, col~gi~s profesionales y_uhive~sidades . . ::- ' ''. e':' . :,. 

OBJETIVOS ESPECÍFICOS 

1 Fortalecer internamente al equipo interdisciplinario. :- ,Conformación de un eqµip_o·deJres 
Creando el interés por compartir las experiencias y personas de ~undacióá'.Gt.ii,l~-'e'Wel 
adaptar los avances tecnológicos deJransfe,rencia . ··p·r.oy~cto, más:un-profesi<,qal) :ie(c·ada · 
externa. - . · · . ', :~- :.·;: \ :: : E~ p'résa parti~lpante~~(2~i if!.PL~~:f ~· de .. 

. . , .i • ·, ., ... ;:: '.. ·• 'ACIM;.'como mínimO):;t;i~ '.~Wf· · . °' 

2 · Mejorar procesos y gestión en las Empresas / a· través de :.:;.creación de un curso.défentreñamiento. 
la creación y desarrollo de capacidades que' pe rmitan, " ,} f seminarios°d~1'difus~fl~ ~J~!6'69 . . 

3 

introducir cambios técnicos y de calidad controlada.. _;3 Seminarios de trabájii°éerraaos: : 
,. .-:iJ~6oración d1t progra·rri~if ca'gtfol de 

.. .. c··a-llda·d · ".· : . ~- -' :' ·.;·:r::-. ' - .•. ; .. ,,. ,,-. " :, ·-:·' 

Educar y orientar.técnicamente a proveedore~. , _':: •Fórtalecimientó''del GTC.de·santiago . 
constructores, profesionales, mano de obra y usuar[os, a -G~ acíón del Gfc· de 1a:·~9.'na:_$ü,t ; •' 
través del Comité de Gestión Tecnoló'gica '(GTC) de · -:·~-~r:1ual de us~>/ manter ·~_í9n :~-~-la 
Santiago y de la creación de un GTC zonal eri la zona · 'vivienda. - ~~:~ .:.· ~-r:.,\·;~:f~ .. . 

. ' · t , _. ': ~ • ~- , ,- · "' • ·, •fh •; ' "'· · ~•·, .. •; • 

Sur del país y difundir los conceptos de con'strucción, ·sus :::1'4:·charlas técniéas a"Qrgar;iiz~~¡ones y 
fortalezas y como precaver sus debilidades. Profesionales de 'distintas:· á_fé&°i;f(} 

• . . •. .. - · . ·--..t· ·~· t ~·- ·t""! ,._' 

- · 1 o::charlas técnicas a ·Universidades . 
,, .: ,. :·· · - . : • - <' • .... tt};;JY~/:·-:-.• ¡,:tot 
--1:iMódulo de D1fus1ón .. :•,,k:•·•,?·~.,;~;-,: 

. • '> . • . , . j •;"p,. Jf' 1}:: ·•;,, ., 
-··1 Video sobre métodos :ccinsfructivos en 

4 Generación de r~des de apoyo o vincLJlación . · . :·-:Creación de ün:tomité:té'chicol:f:n 
interempresas e interinstituciónales de largo plazo. 'iñterinstituciorÍa( perm;JhéntEf :tóh1sede en 
Creando opciones' para diálogos. que·permitan romper la ' 'F-~ndación Chile . . ~· ,_·_ 1ttt',)'_;;,( 
tradicional falta de apertura hacia la intercomunicación de: . ,·· .' · ·~:,: \. ·:'.. ~:,: , 
conocimientos. < · · · .: ' · ·::·"' ''\fi:> · \· 

5 Estudiar las alterrja,tivas y métodos de acabado para la · . ;·-. formación de_ un ·equip~fde t~a,bajo con 
madera en usos7ixteriores, aumentando as! su uso .' .. .·. Fiindación Chile~(3 personas) .uña··de las 

, 'porcentual.en la.ccihstrücción:: : "" ? ;cuales 'es un e-xp'Jrto en* íri'í'sh1'ñ?f 
6 -- Diagnosticar las t íécesidades'de mejoras o _,... . - , ::;:•Formación di:l'grupo·de:.estlrdio.;, 

, modificacíones eó1Jrdenanias y Normas de' la . : :,: 'il:1terdi'sciplinari6~cón MINV.Ü '.~Cc>légio de 
construcción, reád~~ándolá\, y actual izándolas. 

0

i .Ár quTtectos, INF.fY: D.OiM~~ gn'itic'ativas. 
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Tema 5.- Estándar mínimo de construcción en madera 

Se definirá un-estándar mínimo para la construcción en madera, el que será aceptado y í:ldoptado por las 1 

Empresas constructoras asociadas. La estandarización se podrá realizar de acUerdo a distintos criterios, entre ellos, 1 

diferentes tipologías de construcción, materiales y otros. Se realizará un diagnóstico entre las Empresas participantes [ 
del proyecto, de tal forma de generar un sistema de tipificación de la construcción en madera · que permita, a su vez, · 1 

configurar un manual con el que se podrá evaluar y controlar permanentemente_ el sistema. · · ¡ 
Este manual será ta base d~ trabajo para la generación de \os manuales de construcción para jefes de obra, :\ 

-supervisores, ingenieros de obra y producción, vendedores y operarios, así como se pretenderá realizar un manual de 
diseño para arquitectos. ·, · 

Tema 6.- Desarrollar metodologías de inspección de calidad de la construcción . . 

Se generará una metodología de trabajo para desarrollar un programa de inspección y asesoría de calidad 
para ser implementado en las empresas. Esto implicaría que las empresas vayan_ introduciendo mejoras de acuerdo a : 
los términos establecidos como estándares mínimos de c_onstrucción y las mejorías que la empresa ofrezca como t 

producto. Del mismo modo permitirá establecer una metodología de inspección de .calidad que iri:corporará la 11 
introducción de las nuevas soluciones tecnológicas planteadas,-o que se presenten en es!e proy~cto como de aquella~¡· 
soluciones que vayan apareciendo en el futuro, mas allá de este proyecto. . .. _. , : ¡ 

. . ., . ". 1 
Se buscará desarrollar la sistematización de los procesos de revisión municipal. .>·:.; · '. f 

. . . .. _. ,,;~ ~1 . 1 ¡ 

Tema 7.- Mejoramiento continuo de calidad y proceso_s. 

Se pretende definir una estrategia de trabajo que permita a la empresas generar 'llf!\ jes~r::rollo permanente en ; . 
el tiempo. Fundación Chile estructurará un programa de evaluación técnico de las·empre~¡i~ con' un metodología de 
trabajo enfocado a un . mejoramiento continuo de la calidad y procesos productivqs. / t.-.; : _ .: 

,.;·1·· •.· , 
~._._..1\;:: -(t ') .. • 

. ,:. ~· ..... 
. ,r, } <. ~~ -~•·· 

Tema 8.- Sistematización en la obtención de pe~misos de edificación_. 

Se estudiará una sistematización de la obtención de permisos municipales. Se id~~tific~'b~-~ las áreas críticas ' 
. . ~ ~ ,. •,,; ,1r,'f!•;:. 

en este proceso, a partir de información solicitada a las empresas durante el diagnóstico ydel dé$arrollo de dos 
seguimientos que se llevarán a cabo con dos empresas distintas del grupo del proyecto. Url'a ·y_ei:~nalizada la 
información se formulará un método de trabajo estandarizado y se llevará a efecto realizando dós1j:iruebas pilotos en 
otras dos empresas. Se evaluará el tiempo utilizado en esta tramitaciones antes 'del proyeéto;y .. se verificarán 
monitoreos después del proyecto. · 

·;·t 

Como elemento de apoyo se elaborarán dos manuales dirigidos a las persona~ ~-cargo'(é{~ la tramitación en la : 
empresas y otro dirigido a las direcciones de obras de tal forma que entiendan bien los req'úerimie'ntos que deben tener: 
las construcciones en madera. El manual dirigido a las direccione!> de obras municipales será difüñdido ampliamente. 

.. .. . ,.1 

Tema 9.- Estudio de la Ordenanza General de Urbanismo y Construcción y de la 
Normativa vigente. 

El objetivo de este tema es elaborar un propuesta fundamentada sobre 1/relación ~ntrn) ~:Ordenanza y 
Normativa y la construcción en madera. Esta Propuesta entregará un ~rnálisis corisensuadoy;discutido con la, 
experiencia de las Empresas participantes, lo cual puede servir ·de base para el .-desarrolio dé-uri'.proyecto 
específicamente destinado a promover y producir un cambio en la Ordenanza y NormatiiÍa,·,con _le> cual necesariamente 
sednteractuará con el MINVU y el INN. ·• ··, >- · •,:, · 

':"·': ,.,. 
>I, ,, ~; • 

,"i' ~......... 
1 -; 

,-, .. . 
. ... . 
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Este trabajo definirá los problemas y dificultades que existen en torno a la construcción en madera y, 
consecuentemente, los-cambios que debieran realizarse a- la Ordenanza y a las Normas. _ 

. - l 
De este tema se derivará un proyecto FDI que se formulará para ser postulado en esta área temática 

específicamente. 

Tema 10.- Preparación proyecto FDI sobre la modificación de la Ordenanza y Normas. 

.¡ 

Esta tema cont~mplará la formulación de una continuación ampliada del tema de la Ordenanza y Normas a la ! 
próxima licitación de FDI la que se abocará específicamente al tema de la modifi~ación de la Ordenanza y Normas en : 
forma amplia. Durante el estudio de la Ordenanza y Normas se establecerán cuales son las áreas· prioritaria queise: : 

-· - - •• • 1 
deben atacar con urgencia y se elaborará un programa de trabajo para las restantes . El proyecto será elaborado ¡ 

buscando una alianza con el INN y _el MINVU, con quienes ya se habrán sostenidos reuniones durante el desarrpllo de. 
este tema. · · · -; ·. · ¡ 

! 
Tema 11.- Manual del Propietario, Uso y Mantención 

i 
. . ¡ 

Con el fin de educar la demanda de los consumidores finales se elaborará un manual, que estará dirigido-hacia 
los usuarios finales en el cual habrán indicaciones de la habitabilidad de una casa de madera y cuales son las ·. - ! _ 
recomendaciones de mantenimiento que el propietario debe ejeé~tár en forma periódica. . , ._ · 

' - ' - ' . ·.·' . ' : - . • ,:. : :. • : ; 1 

En conjunto con los representantes de las ·empresas se·~elaborará la tem_áti_ca que_deber(( a,barcar est~ manuar ¡ 
con material que será desarrollado por ellos en base a información y experiencia acumulada por;las empresas y : 
Fundación Chile. - ·. · ·· ' .·-.. ·:: · , r 

Tema 12.- Generación y reforzamiento de las cátedras_en madera 

Se buscará generar en conjunto con las Universidades i,ntéresadas en el t~ma un p(~grar:n9 de trabajo qtje _ 
permita la creación de una cátedra en madera con una trayectoria permanente en el tiempo.: Sé- P,rE!_tende crear,-_desde :! 
la generación de los conocimientos universitarios, una inqui.etud. e11 los futuros pr?f~sionalés_por·~esarrollar sus ! j 
proyectos en madera. La experiencia de Fundación Chile en el tema de la madera le permit_é dirigir-la organización : 
para generar estas cátedras, donde se pretende relacionar el qu_ehacer universitario con ~f"'qeseíJlpeño empresarial. Se 
potenciará la distinción de los mejores proyectos en madera comprometiendo a la 'empresá·privada:·en la promoción y : 
desarrollo en estas cátedras. ·' · · · 

,• .. 
; 

Tema 13.- Plan de acción de difusión 

Este plan de acción apunta a difundir la experiencia obtenida de este proyecto, infqrí}1ado y fortaleciend~ el uso\ 
y la construcción en madera. ·- ·· · · 

: Se pretende acceder a los medios de información con programas sistematizados donde.~-~-desarrolle:n\~mas 
que abarquen desde la tradición histórica, las construcciones destacadas, las ventajas y habitabílidad, su mantención 
hasta los métodos constructivos para prevenir e impedir el deterioro_de la construcción debido a agentes externós·. 

Se estructurará un plan de difusión del proyecto que abarcará cuatrnárea~'principales: · -:. 
' 1 ·_ .. 

- Plan de trabajo dir.igido a la prensa y medios informativos;: .. ·-- . • -.:> .· -;" ,. . • -
- Construcción de un modulo de difusión informativo deÍ pr~yecto y sus r~sultados 'pára participar en -ferias y 

exposiciones · __ ·_ · · . . \,:·:· ,: · _. _ . 
- Se realizará un programa de charlas técnicas orientadas a los distintos:~ctores ·der área-_de la construcción . . 
- Se realizarándos·yideos sobre la construcción en madera.' . -:r·": '\'..·:_ · "<\· .. :._:, .. 

' .: 
-·•1. 

t_.:;~ : . 
. > ~·: 
.·_,. ~ 
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. .,,.. 
El temas de trabajo a ejecutar en la etapa de implementación y difusión en USO DE LA MADERA EN 
TERMINACIONES EXTERIORES es: 

Tema 14.-Terminaciones en la construcción y acabado en maderas exteriores 

Este tema pretende potenciar y revitalizar el u~o de la madera en las terminaciones exteriores de las viviendas. 
En la actualidad existe poca información de los productos que protegen el deterioro de la madera a la intemperie. 
Además de introducir mejoras tecnológicas, resultado de la experiencia de otros países, se realizará un estudio: del 
comportamiento histórico de la m~dera en revestimiento exteriores y su empleo en las distintas ·zonas del país . . 

El uso de la madera en revestimientos exteriores proyecta.una imagen de alternativa en lá construcción;que 
pretende hacerse valedera si se protege y emplea adecuadamen'.e. 

El objetivo planteado en este tema será establecer las áreas de trabajo, mediante diagnóstico,. donde se harán lbs 
cambios tecnológicos para potenciar el uso de la madera en exteriores, lo que pennitirá determinar los temas de 
importancia para el estudio para los cuales se deberá buscar el financiamiento de dichos proyecfos. 

Reuniones con Proyecto FDI-INFOR 

Existiendo elementos de interés mutuo entre el proyecto FDI del INFOR y el presente, se establecerán 
reuniones de trabajo e información en conjunto. 

FACTORES CRÍTICOS 

Factor Crítico 1.- . 
Se considera como factor crítico de éste proyecto el que no se pueda constituir el GPI de la zona Sur. 
Pero con la experiencia acumulada en Fundación, la participación de Alberto Edwards y"_eL permanente consejo de 
Mario Hermosilla, conocedores de la organización y funcionamientÓ de ellos, más el apoyo:orQanizativo del grupo 
ACIM ya constituido, se asume que el riesgo podría ser bajp, pese a ser una actividad crítica. ·_, · . 

. . .... ·· .,._t. 

Factor Crítico 2.-
Un segundo factor crítico es la posibilidad de desmotivación que determine que algunas _Em¡:,resaf pudieran retirarse 
del proyecto. . . · . · 
Frente a ésta posibilidad, se considera . como ya se ha dicho, que ACIM es una fortaleza del Proyecto, dado que _está 
constituida desde el año 1995, lo que le ha permitido delinear claramente cuales son sus· nebesidades prioritarias las 
que han sido ,en su mayor. parte, coincidentes con las del -Proyecto, lo que determina que'. r.io:habrían factores de 
ocurrencia que las hiciera desbancarse en el transcurso del Proyecto. . . ··_._ .. · ,:. 

,..; . .. . 

Factor Crítico 3.- . 
Otro factor importante consiste en que la participación, por aporte, de personal especializ_a_do, por _Empresa, no sea 
continuo, y signifique pérdidas de continuidad, entorpeciendo la planificación del proyectci'·~n .ei-tiempo · 
presupuestado. · · 
Se supone que el compromiso asumido por las Empresas, determinado en el tiempo por la carta ~antt, debería . 
permitir a cada Empresa programar sus tiempos de aporte al Proyecto. En caso de ocurrir imprevistos, el alto número 
de Empresas involucradas.(._sólo en ACIM_ hay 26) permitirá read_ecuar la programación. ·, ·· .· 

. :· .. , : . :- . ;.:: 

Factor Crítico 4.- . . . ~,-_ ·. , . 
Se considera crítico, por. désconocimiento-, cómo responderán los organismos oficiales á";Ja" proposición de integrarse 
a éste Proyecto, especialry1~·nte respecto_del estudio de Normas°y f{eglamento{y:sus·posi~(es r~.a·decuaciones a Ía 
realidad actual -··· . ·1 :.·. 1i. ·..•. . ~: · ···:<.:'.:•'·· _ .. · .• ~:~;:: _., 

Este factor req~iere de uha-;eitápa a~ acercamiento e información 's-~mamente s~n~ible, e(q1
u~.:~~~~rá ser enfocado 

por el equipo de Funda~lón.:con criterio ce>nsensual.y diplornátiéo para obtener la 'i:ipertura~süficiénte de parte de lbs 
:. ~ , . ~ .... 1, , • • 1 - , ';' .• 

0 
• .- • ' f 

organismos oficiales . .- · ·· · ~,: · ·· ... 
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PLAN DE TRABAJO 

ETAPAS 

ETAPAS 

Diagnóstico 

Implementación y Difusión 

DESCRIPCION . 

En esta etapa se desarrollará la búsqueda de nuevas 
empresas ínteresa·das en incorporarse en proyecto, 
para lo cual se realizarán visitas. 

~: ';. . ,, . 

áe realizará un ~econocimiento de las empresas 
participantes, recabándose información de distintos 
aspectos. Para'ello se efectuará el siguiente trabajo: 
a):Taller de diaánó.stico 
b) Elaboración Metcidologla , 
c) Preparación de )nstrumentos : -
dYVísitas a Empresas · 
e) Procesamiento·de Información 
f) .Elaboraéión .Informe 
g).Taller de TrabaJó Final - -

Los. tema~,en r;q_~j-~[~mien,t() de.~.rqcesos y gestión, en 
esta etap9 .se enfocarán en: - •,; /~·; .,, . 
a) .identific'aciórf 'de'soluciones teénólógicas 
b) Formül?Cióri:de'.un curs·o de entrenamiento 
c) ·MetodÓÍogla_ ~~{cómpra' conj~:nta_: 
d) Elaboración de Proyecto FDI en ·entrenamiento 

• - -~---:: . : - ·'· . ! 
.. ·•,· .. :•.-- . - · ..... ' : : 

En ·cuarito ·:a la edi.Íc~ción d~ 1á derrianda, normas\, . 
estandarización(sé'.'~onsíderan· los"s_iguientes temas: 
a) Estándar mínimo de construcción y soluciones 'i 
asociadas ,·: /. • ,,. ?; .. 
b) Metodología de"i'nspección a·e.éalidad conjunta 
c) Mejoramíentó:'<fontinuo de caÍidad ' -
d). SistematizacióiÍ:~e obtencióij ~e 'permisos 
municipales i· )}\ · · · / .1~ · , 

e) Estudio' d~ 1á ·o i denanza y f-j'¿¡.¡;:;~s Vigentes " 
f) Elaboración de .P,,royecto FDI para la Modificación de 
la· Ordena.~ia y,:fJ2rrnas ·.":" · ~-: :' / -. . . · 
g) Manuar'·del ~r-0~pí~tario , , · · ·;. , ~ · 
h). Generación:y,:r~forzamíento de cátedras de madera 
i) Plan de ~cción:;de'. difusión -

; :;·· 

Se desarrollarátambién un trabajo en el área de los 
usos de madera- en exteriores . .. 

DURACION 
.(MESES) 

5 

:-,;· 

., .-, 

·¡,- ,. 

' ' ,.; 

,_ ~- 1 

,_ .;, 

; ·:;. · .. , .:..\~.'. 
; -~ ·- .. 
,--!, .• 

--~- ·- ·/\.:}:. 
} . . , 

' 

18 



·' 
RESULTADOS DE CADA ETAPA 

RESULTADOS 
NOMBRE 
Conocimiento de las_ empresas 9el proyecto y _ _$e generará_\-itlnfcirmación -!;i;:( el~van__te~ :i:júe~ permitirá 

del seétor construccion . ~-: ~ .entregar.·un sopo'de técnico der!~~ctó~ e:acú;;tdo a las 
·:-·necesidades di:{'.clesafrollo. ··r.;ff~- '. · ··{,;_i~.;:, ;-'.(f~i:, 

Convenios con las empres_~s., 

Equipo fundación chile .y- vinculo . con 
e?(tranj~_ras. · · ·· · 

~ .. 

NOMBRE·· 

Estándar mlnimo de c~:~st~u_cció~ : .n. ma~~~~-.- /i --~-e est~~-l~C~J~fiWgpi_ye_l_ f.Tl.Í_~i~¾~~-.. 9,9.~~~R$.g,Q·_,fºn un 
.. · - . - ·· · 2': -·-: _sistema ae .tlpt 1cac16n.de:Jas.:empresa_~~~-:-1:,;:)r;-;Jt,::-;. 

_Met~dología de inspec~i~n" ~~-.cali~~d co~j~-~ta. :· ;! ;~~, cre.~~ª\~~f ~~ n-daci?n __ : ~f .. ~M~ :~~gfJ~r:R-~~:!~n de 
. ._ ... ·.. --, . · ., ,._.- · , ._calldad,para lal *13mpresas que,.constfü _er.ve~ adera. 
Curso entrenamiento ~-· '., !· .·.,:· • • • ,_ :. _;:<S.. ·. -:J S§e_. realltaráJ i.alffif,s_o,:de __ ~_11It,,eQ}ll))i~f lcff afat+(f.r ·grupo 

:, · ·:if-.__. · .. . ·: :.·_ ,:::::..~~: '.:f1f .- :"_~ '.Óbjetivo'.:proye1ta --ao··está-<tñfpéjb~co i§fclilción de 
.• • ¿• · .· ·"-/¡ . . • . , , · :::,?.' h~ !·ifri ~· provecto:{[ó1 '.espedtfoó~ql:rit {áfu ír~rüpo de 

: :·}> -·:1 ?§1tciónii~-:c:ap·~1tiác1 de.'.'éri"~t~~n~ad.·. i1l·t : 
Estudio de ordenanza y normas. 

·, ·. 
.,)' .. -: 

Plan de acción de difusión. 

.'·. ·• 

Manual del propietario. _· , -~_on e~·flh:der~dp~r.a los usü/fr!q.s·d~l~ .i;9:l°:-~}P,t~·e 
d1fl.mdiráeste,111anual. ~ , ... .f ; ·~:;:-,tt~t;;__~'.~: 

Cátedra de madera. . ( ' 

---~ 
Se elaborará y-reforzarán cátearas de~·-·- "· .... 

1.•l • - r, • l.,• ;•~ • f~J\'-,~• t • • ; • ;¡_~~•1i1 .. ,__.. .~ 
:con¡unto, con. las\un1vers1dades.~·-:; -,_~ 
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EVA LUACIÓN DE IMPACTOS ECONÓMICOS ESPERADOS 

HORIZONTE DE EVALUACIÓN 

AÑOS: 

IMPACTOS ECONÓMICOS A CUANTIFICAR 

Núm # DESCRIPCION DEL IMPACTO 
1 1. Aumentará el nivel de ventas 
1 

2 . Disminuirá el costo de construcción por la aplicación de tecnologías de producción y montaje y, 
• 1.__ __ _.__ad_i_c_io_n_a_lm_e_n_t_e_,_p_ó_r_la_si_s_te_m_a_t_iz_a_c_ió_n_d_e_l_o_s_in_s_u_m_o_s~y'-'-p_ro_d_u_c_to_s ____________ _., 

DESCRIPCIÓN DE LA SITUACIÓN SIN PROGRAMA 

1 

La situación sin programa_ prevé que la demanda de viviendas Industrializadas en madera se mantendrá 
estáble, creciendo a un ritmo menor que el crecimiento del pals, actual 6% anual. · · 

¡ Adicionalmente el sector se verá afecta~{ por 1a 'creciente impor1a~ión de viviendas industrializ~das. 

i ' . • " • 1 ' • , ,, ,',~· • • I • ' 

: Consecuente con ésta descripción, no se prevé un incremento en el número de Empresas interesadas 
en participar del mercado existente; pése a ser interesante debido al interés de los posibles usua·rios y 

, al crecimiento sostenido del pa is , 'esto debido a la desinformación existente y al poco entrenamiento de 
· los actores. 

DESCRIPCIÓN DE LA SITUACIÓN CON PROGRAMA 

La situación con programa revierte el actual estancamiento del sector, permitiéndole desplazar la 
1 ' • 

ingente importación , obteniendo transferencias tecnológicas que adaptadas a nuestra realidad permitan 
al sector posesionarse de un segmento cada vez mayor de la demanda de viviendas y, a su vez · 

¡ proyectarlo a la aventura de exportar. • ,, 
Asimismo, deberá impulsar el conocimiento de las técnicas de construcción a los proyectistas.con lo 

1 

cuál se creará u11 adlestrámiento de profesionales que podría permitir , además, la exportacÍón del know
how a países que sean' deficitarios· en viviendas. 

BENEFICIOS ECONÓMICO· SOCIALES NO CUANTIFICADOS 

1 Se beneficiará necesariamente el sector productivo-industrial, tanto maderero cqmo el de la industria 
1 secundaria de la 'constn.Ícción debido al incremento del sector. .:, .. 
1 Deberá valorarse e! lmp~éto en el sector obrero como un resultado de éste proye4~?.· tani,c(~or I~~ 9reación 
de nuevas fuentes de trabajo, .como por la expectante posibilidad de lncursionar.e"n él campo dé ,la .'.' 

1 vivienda social con soi'uciones ingéniosas\i económicas que intenten revertir en p~1
rle ei déficit d·el 'sector. 
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ANEXO& 3.8 

CRÉDITO MULTISECTORIAL 

BANCO DEL DES~BROLLO Linea do Cridlm CORFO Bl 1 

OBJETIVO DE LA LlN.EA 

EMPJUBAS BLECIBLES 

NIVEL DE VENTAS 

TIPOS DE OODITOS 

PLAZOS 

MONTO DE LOS WDITOS 

TASA DI INTERI!.S 

Inversiones en; 
• M4.quinaria. 
• Equipos. 
• Instalaciones. 
• Compn de bienes de Capi!Jll usado, 

siempre que no hayan sido internados 

• Construcciones. 
• Obras Civilea. 
• Servicios de ingeniería y montaje que se 

requieran para el desarrollo de actividades 
pnxl:uctiv1111. 

al pais y que cuenten con \UI • 

certificado de una entidad idónea 
respecto a 11u buena calidad y 

Inversionc. requetidu para 
descont.aminoci6n y mejoramiento del medio 
ambiente. 

·condición de eficiencia. • Plantaciones (excepto los cultivos anuales). 
• Ganado ( excepto el de engorda). 

AdctnÁS incluye Capital de Trabajo asociado a estas invcrsi0rtcs. 

Empresas privadas productoras de bienes y servicios, que desarrollen sus actividades en los 
s.iguientes sectores: 
• ~tria. • Minería. 
• Agricultura. • Turismo. 
• Ganadería. • Edut11ci6n . 
• Súvicultura. • Salud. 
• _Pesc;a. • Servicios de lnge:nierla y otros Servicios. 

• Ventas anuales no superiores n USS 30.000.000 6 UF 940.000, excluido el NA. 
El respaldo de las ventas esblr! dado por el ejercicio inmcdiWlmente anterior, scg(Jn balance 
auditado o, en su defecto, segun las Declaraciones de IVA de los último& 12 meses. 
En el caao de las empresas nuevas, se considerarán las ventas estimada! :mualc.s para los 3 
primeros afias de oper8.Ción, según proyCGOi0rtcs evaluadas por el Banco sobre la bue de 
antecedentes fundados, 

• Créditos E:n cuotas, por todo el período que dure el crédito. 
• Créditos en US$ o UF. 

• De 2 a 1 O años. 
Con periodos de gracia de 6 meses para intel'e3cs y de 6 hasta 24 meses para Capfüu: 

• . De 2 a 5 afias: l o 12 me~. 
De 6 a 8 años: l a 18 meses. 
De 9 a 10 años: 1 a 24 meses. 

Financia ha.ata el 100% del monto total de la inversión, considerando los sjguientes monto, 
tope.s: 
• De,de UF 500 hasta UF 150.000. 
• Desdo US$ 16.000 hasta USS 5.000.000. 
Ambos tramos, incluyen hasta un 30% para Capital de Trabajo. 

Las tasas variarán. de acuerdo a los pw.os y reajuatabilidad por la que opte el cliente. 

INVBRBlONES O GASTOS NO • Cooipra de terrenos e inmuebles y la • 
FINAN'CIABLES ejecución de proyecto& inmobiliarios , • 

Pago de deudas. 
Compi:a de acciones o participacio~s en 
empl"e8lls o sociedades o de otros valores 
mobiliarios. 

• Compra de vehículos de transporte de 
pasajeros o carga. 

• Compra o instalnción de equipos que • 
usén tccnoJogín contaminante. 

• Compra de bienes de capital usados, 
que ya se encuentren internados en el 
oaíl!. 

Av. Uiertador Bemardo O'Higg~ 949 
Te~,o; 8745000- Casilla 320 • 1/ 
Tx: 340654 aANDES CK • Fax: (56 • 2) 671554 i 
Santiago • Chile 

Pago de impuestos, salvo aquello, 
correspondientes al rv A derivado de compra 
de los bienes financiados con 101 recursos de 
los créditos. 
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ANEXO 3.9 

CRÉDITO MANUFACTURERO 

BANCO DEL DESARROLLO 
Línea de Crédito CORFO B12 

OBJETIVO DE LA LINEA 

EMPRESAB ELEGIBLES 

NIVEL DE VENTAS 

TIPOS DE CRÉDITOS 

PLAZOS 

MONTO DE LOS CREDITOS 

TASA DE INTEIIBS 

Invcniones en: 
• Maquina.ria. • Con11trucdones. 
• Equipos. • Obras Civiles. 
• Compra de bienes de Capital uiiado, • Instalaciones. 

• si~ que no hayan sido internados • Servicios de .ingeniería y montaje que se 
al país y que cuenten con un requieran para el desarrollo de actividades 
certificado de una entidad idónea productivas. 

·respecto a su buena calidad y 
condición de eficiencia. 

AdcmáJ incluye: 
• 30% para CApital dé trabajo asociado a estas inversiones. 
• 30% oara compri bien raíz o terreno destinado a la función productiva. 
Pequeñas y medianas empresas privadas y de servicios de mantención y reparación 
complementarios de In industria manufacturera., según la C.I.I. U. 
FABRICAS . EMPRESAS 
• Texti1C4, ;opa y calzado. • Conservación de alimentos. 
• Alimentos. • Imprentu. 
• Mueblca. • Editoriales. 
• Producto~ plásticos • Aserrad.eros. 
• Swtancias Quimicas. • Empresas de reoatación v mantención. 
• Ventas anuales no superiores n UFI00.000, excluido el NA. 
El respaldo de las ventas estará dado por el ejercicio inmediatamente anterior, según balance 
audita.do o, en m defecto, scgón las Declaraciones de IVA de los últimos 12 meses. 
En el cuo de las empresas nuevas, se oonsidmrán las ventas estimacw: anuales para los 3 
primeros años de operación, según proyecciones cvalU!ldas por el B8:nco sobre la ba,e de 
antecedentes fundado, . 

• Créditos en cuotas, por todo el periodo que dure el crédito . 
..- Créditos en USS o UF, 
• De 3 a 10 afios. 
Con periodos de gracia de hasta 24 meses para la amortización de capital. 

De 3 a 4 afios: l a 12 meses. 
De 5 a 8 afias: 1 a 18 meses. 
De 9 a 10 afios: 1 a 24 meses. 

Financia hasta el 85% del monto total de la inversión, considerando los siguientes montos 
topes: . 
• Desde UF 500 hasta UF 15.000. 
• Desde USS 15.000 hasta USS 450.000. 
Ambos tramos, incluyen hasta un 30% para Capital de Trabajo y un 30% para compra de 
Terreno o Bien Raíz. 

Las tasas variarán de acuerdo a los plazos y reajustAbfüdad por la que opte el cliente. 

INVERSXONES O GASTOS NO • Compra de terrenos e inmuebles y la • 
FINANCIABLES ejecución de proyectos inmobiliarios. • 

Pago de deudas. 
Compra de acciones o particip11ciones en 
empresa!! o soci.odades o de otros valores 
mobilillrios. 

,._..12 - 160.~ f't.Jf, - ._ .. ..., . ~, . u," 

• Compra de vclúculos dé trmsporte de 
pasajeros o carga. 

• Compra o instalación de equipos que • 
usen tecnología contaminante. 

• Compra de bienes de capital usados, 
que ya se encUCntl'en intemAdos en el 
D&ÍS, 

Av. Libertador Bernardo O'Higglns 949 
Telélooo: 674.5000 • Casilla 320 • V 

• · Tx: 3'W&54 BANDES C)( • Fax: (56 • 2) 8715547 
SanUago • Chile 

Pago de irnpueBtos, salvo aquellos 
correspondic.ntes al' NA derivado de compra 
de loa bienes financiados con los recursos de 
los créditos. 

' 
~ ¡ 
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ANEXO 3.10 

l. MUNICIPALIDAD DE LA FLORIDA . 
DlRECCION DE qBRAS 

Modificación a la Ordenanza Local sobre Derechos Municipales de 
la J _ Mnnicipalidad de I.a Florida_ 

TIJ"ULO IX 
Derechos relativos a Urbanizació-:,__y ~onstrucción_ 
-- • . ---'---"---'-=-"-~·----. .. - - - -

Agrégase aJ_Artículo 202: 

En caso de permisos de edificación por obras nuevas de viviendas, 
ampliaciones de viviendas, establecimientos de salud, sus ampliaciones y 
establecimientos educactonale-s y sus ampliaciones, de las clases e 3, e 4, e 5, 
E 3, E 4 y E S; podrán obtener rebajas en sus derechos de edificación cuando 
su coeficiente global de pérdidas térmicas por transmisión de la envolvente 
Gv 1( NCb.1960 ), denominado para efectos de esta Ordenan.za como factor ·G-, 
sea menor que el que se indica para cada caso en la tabla siguiente: 

c3 C4 c5 E3 E4 E5 
Vivienda aislada. 3,0 3,0 3,0 3,5 3,5 3,5 
Vivienda pareada. 2,7 2,7 2,7 3,2 3,2 3,2 
Vivienda continua extrema. 2,6 2 6 -, 2,6 3, 1 3,1 3, 1 
Vivienda continua media. 2,3 2,3 2,3 2,8 2,& 2,8 
Establoomientos salud. 2,5 2,5 2,5 3,0 3,0 3,0 
Establecimientos educación. 3,0 3,0 3,0 3,5 3,5 3,5 

No podrán acogerse a este beneficio los permisos de edificación por 
regularizaciones de los casos mencionados. 

Descuento_ 
El porcenta¡e de descuento (D), corresponderá a la cifra que resulte de la 

solución de la ecuación, que para cada caso establece la siguiente tabla, en la 
cual se deberá incorporar el factor "G~: 

c3 

Vivienda aislada D == 100 - G/0,03 

Vivienda pareada . D = 1 O 3,e,4 - G/0~026 

E 3 

D = 87,5 - G/0,04 

D = 66,6 - G/0,036 

p 2 
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, 

Vivienda continuo ext.rema_ D"' 100 - G/0,026 D = ei6, 1 - G/0,036 

Vivienda continua media _ D,.. 104,54 - G/0,022 D "' fJ7,5 - G/0,032 

Establecimientos salud. D = 104,16 -G/0,024 D = 38,23 - G/0,034 

Establecimientos educación. D;:: 125 - G/0,024 D = 145,63 - G/0,024 

C4 E4 

Vivienda aislada. D = 120 - G/0,025 D = 105-- G/0,03 

Vivienda pareada. D = 124,61 - G/0,0216 D = 106,6 - G/0,03 

Vivienda continua extrema_ D = 120 - G/0,0216 D == 103.3 - G/0,03 

Vivienda continua media . D :::: 125, 45 - G/0,0163 D = 107,69 - G/0,026 

Establecimientos salud. D ::: 125 - G/0,02 D == 125 - G/0,02~ 

Establecimientos ~ucación_ D = 150 - G/0,02 D = 107 - G/0,028 

C5 -E 5 

Vivienda aislada. D = 140 - G/0,0214 D = 122,8 - G/0,02'55 

Vivienda pareada. D = 145,39 - G /0,0185 D"' 124,51- G/0,0257 

Vivienda continua extrema_ D = 140,54 - G/0,0165 D= 120,62- G/0,0257 

Vivienda continua media_ D= 146,49 - G/0.0157 D =122,8 - G/0,022~ 

Establecimientos salud_ D::: 147 -G/0,017 D = 125 - G/0,024 

Establecimientos educación . D"' 17'.>,43-G/0,0171 D.: 145,&.3 - G/0,024 

En los casos que ras edi!icaciones contemplen combinactones de clases de 
consuucctón, sus descuentos se calcularán separadamente para cada cla*-

cátculo del tactor -G~_ 

p 3 



El ci.lculo del factor -G- se deberá realizar en conformidad a 10 que 
establece Ja Norma Chilena Oficial NCh 1960 para el cálculo d el coeficiente 
volumétrico global de pérdidas térmicas por transmisión d~ la envolvente 
·Gv 1 ·; el que considE-rará para su cálculo, la transmitancia tármica de muros. 
de la solución de techumbre, de las ventanas y del piso, asimilando la 
transmitancia térmica de puertas a la transmitancia térmica del muro en la 
cual ésta e-sté in%rta, a no ser qn~ 0c;t~ ~~~ v idri;\d~, r0d11ciéndo:.0 et cálcuJo 
del factor -G- a la siguiente fórmula : 

G (Gv 1) .: .filJm..K_~ + EUt X s + EUv X s -t EUp x_j 
V 

En dónde: 
G 

EUm 
EUt 
EUv 
EUp 
s 
V 

"' CoMiciente volumétrico global de pérdidas térmicas por 
transmisión de la envolvente. 

= Transmitancia térmica de muros. 
= Transmitancia térmica de la techumbre. 
= Transmitancia térmica de las ventanas. . 
= Transmitancia térmica del piso. 

Superficie de los elementos constructivos. 
= Volúmen de la edificación. 

Procedimiento para obtener el descuento. 
Para efect:os de la aplicación de este articulo, la Dirección de Obras 

entregará a los proyectistas un;:,. paut.a de cálculo del fact.or "G·, documento que 
formará parte del expediente del ~rmiso de edificación correspondiente. 

El cálculo del factor G podrá ser realizado por arquitectos, ingenieros, 
constructores civiles o por el Instib.lto de Investigaciones y Ensayes de 
Materiales de la Universidad de Chile, IDIEM, quienes serán profesionalmenté 
responsables de su cálculo. 

La pauta de cálculo que se entregará incluye algunos valores de 
transmitancia térmica para soluciones constructivas de muros, techos, 
vent.anas y pisos, que deberán usarse para dicho cálcul_o. _ 

En caso que las soluciones especificadas _Por ~-1 o los P_f ~!~:tistas ~o 
estén incluidas eu 1a pauta en~egada por la .. ~m:.'<:c1~_n d~ Jb:,~/ ' ~!-.. ~o<lr~ 
d:-wrminar 1-:)s va1ores r <?~p-?.chvos 7 n;;r.es::i., ios p~ ... a el • ... ,h , .'.J. , ), · • ·o in la 

Normas Chilenas Ohciales, NCh 350, NCh 351 Y NCh 853-

Los elementos y solucion~s constructivas utiUzadas para el cá1cw~ del 
factor G, deberán corresponder exactamente a los materiales Y solucrones 



1 
1 
1 
1 

1 

indicadas y espúdficadas tanto én los planos como en las especificaciones 
recnícas del proyecto correspondiente. 

lnsp~dones y sanciones_ 
En caso de verüicarse ~n ins¡x:cciones que se realizarán a las obras de 

ooificacionéS que se hubiesen beneficiado por este Articulo, el incumplimiento 
de lo espe>dfic.1.do c-n los plano~ o E·sp0cificacionE-S t.é<:n1u:1e;, en particu1ar en lo 
ref erent:e a materiales o soluciones atingentes al cálculo del factor G~ no se 
poorá solicttar la recepción final de dicha edificación hasta cumplir con lo 
inicialmente especificado. 

En el caso de incumplimiento con lo especificado en el proyedo, 
particularmente en lo relativo a las especificaciones mediante las cuales se 
ot,t,uvo e-1 <les-<;uent.o, se proc€-~!•rá a devolvér el beneficio conce<lido 
;::~t.a~o .ª la suma 9-ue en ese momento hubiéra obtenido y sin perjuicio i 

n?r~ se debera pagar una multa de 1 U.T M. por cada 50 m2 y al 
porcen~Je que corresponda por fracciones de éstos~ considerando el total d 1 
supertiCle-del permiso de edificación. e a 

La Florida, Enero de 1991. 

p 5 
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ANEXO 3.11 

ESTA0ISTICAS OFICIALES DE COOPERACION OTORGADA A CHILE 
PROYECTOS OFICIALIZADOS EN 1996 

CIFRAS POR FUENTES DE FINANCIAMIENTO 

FUENTES DE DONACION N!! CREDITO N2 TOTAL N2 

FINANCIAMIENTO US$ PROV. US$ PROY. US$ PROV. 

1. BILATERAL 
Alemania 6.409.156 11 6.409.156 11 
Bélgica 870.585 18 870.585 18 
Canadá 372.594 4 372.594 4 
España 3.188.363 · 15 3.188.363 15 
Finlandia 242.366 9 242.366 9 
Francia 7.875.540 10 7.875.540 10 
Holanda 1.416.525 2 1.416.525 2 
Inglaterra 988.717 5 988.717 5 
lrolio 6.701.011 15 20.000.000 26.701 .011 16 
Japón 13.700.000 12 13.700.000 12 
Luxemburgo 4.687.741 6 4.687.741 6 
Noruego o 1 1·1 1 
Suecia 1.336.349 11 l .336.349 11 
Suizo 2.635.774 17 2.635.774 17 

Total Bilateral 50.424.721 136 20.000.000 70.424.721 137 

2. MULTILATERAL 
U.Europea 34.813.129 23 34.813.129 23 
O.N.U. 1.311.972 37 1.311.972 37 

Total Multilateral 36.125.101 60 o o 36.125.101 60 

• TOTAL ·"··~¡_.,·., 85.549.822 196 20.000.000 1 106,549.822 197 

[') Proyeclos que corresponden o Cooperación Técnico no cuantificada o proyectos donde no se dispone de información financiero 
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MEMORIA 1996 
ANEXO 3. 12 

Lo Cooperación en Cifras 

ESTADISTICAS OFICIALES DE COOPERACION OTORGADA A CHILE 
PROYECTOS OFICIALIZADOS EN 1996 

POR SECTOR INSTITUCIONAL 

SECTOR DONACION N!! CREDITO N!! TOTAL N!! 
INSTITUCIONAL US$ PROY. US$ PROY. USS PROY. 

hS(ctOÍi~ , 
FUNDAt:'.1. -COR~ORAC 3.515.025 9 3.5r5.92s 9 
ONGY.CÁI . 8.724.835 40 8.724.835 40 
UNIVERSIE>ADES 10.434.479 23 10.434.479 23 

TOTAL SECTOR.PRIVADO 22.674.339 72 o o 22.674.339 72 

2. SEGTOR•PUIUCO - -- ·~· .. 
COM. NAC;-ENERGIA 2.633.288 3 2.633.288 3 
CORFd · .... 7.830.360 7 20.000.000 27.830.360 8 
LEGiStÁTIVOºº : 14.200 2 14.200 2 
MEDIO=AMBIENTE 5.008.287 9 5._008_.287 9 
MID_E.Pl:ft..!'I· . ·. 17.283.289 16 17.283.289 16 
MNt AGRIGULTURA 4.693.481 7 4.693.481 7 
MIN. ECONOMIA 2.439.739 3 2.439.739 3 
MIN. EÓUCACION 576.618 16 576.618 16 
MlN. HACIENDA o 1 (*! 1 
MIN. INT,ERIOR 358,000 3 358.000 3 
MIN: JUSTÍ.CIA 685.763 9 685.763 9 
MIN": ~ .NERIA 3.320.000 A 3.320.000 4 
MIN'. R~lÁC. EXTER. 374.312 1 37 4.312 1 
MIN. SALUD 20.000 2 20.000 2 
MIN. SG-. ºGOBIERNO , 150.000 1 150.000 l 
MIN. TRABAJO o 1 (*l l 
MIN. TRANSPORTE 109.816 1 109.816 l 
MIN. VIVIENDA 206.844 3 206.844 3 
MIN·.08RAS PUBLICAS o l (*! l 
MULTISECTORIAL 14.981.443 23 14.981 .443 23 
MUNICIPALIDADES 2.970.850 8 2.970.850 8 
SERNAM 219.193 3 21~;193 3 

TOJA(:SKrOR:·PUBuco 63.875.483 124 20.000.000 1 a3.alf:4a3. 125 
:.i,..._ -. 't· ··- .· · .... 

TOTAL SECTOR 86.549.822 196 20.000.000 1 106,549.822 197 

(*) Proyectos que corresponden o Cooperación Técnico no cuontificodo o proyectos donde no se dispone de información 
financiero 

AGENCIA DE COOPERACION INTERNACIONAL 
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El enorme desarrollo que han tenido las políticas 
ambientales en Suecia ha puesto a este país en 
la vanguardia mundial en el desarrollo de proce
sos, métodos productivos y diseño de productos 
que apuntan a la prevención, reducción. y correc
ción de los problemas ambientales. Desde 1969, 
las inversiones ambientales realizadas en Suecia 
ascienden a los 300.000 millones de dólares 
aproximadamente. 

El proyecto "Alianzas Empresariales Chileno
Suecas en el Area Medio Ambiental", surge 
precisam_ente como una forma de acceder a 
esta experiencia, transferirla a nuestro país con 
el fin de contribuir a la solución de los proble
mas existentes en la industria y fortalecer la 
oferta tecnológica y de servicios ambientales 
en Chile. 

Este programa es apoyado y financiado por 
la Agencia Sueca de Cooperación Internacio
nal para el Desarrollo, ASDI, y la Corpora
ción de Fomento de la Producción de Chile , 
CORFO. 

ANEXO 3.13 

OBJETIVO GENERAL 

Promover la concreción de alianzas estratégicas 
entre empresas chilenas y suecas en el área del 
medio ambiente, a fin de generar negocios conjun
tos que beneficien a ambas economías, así como 
el mejoramiento de la situación ambiental de 
Chile. 

OBJETIVOS ESPECIFICOS 

• Promover la creación en Ch ile de nuevas 
empresas de tecnolog ías y servicios ambienta
les, así como ei fortalecimiento de las existen
tes. 

• Facilitar la transferencia de tecnología ambien
tal de Suecia para apoyar el mejoramiento 
ambiental del sector productivo chileno. 

RESULTADOS ESPERADOS 

• Generación de al menos 8 alianzas estratég1 
cas entre empresas suecas y chilenas. 

• 2 Misiones de carácter técnico-comercial ; 
Suecia, para 40 empresas chilenas. 

• Encuentro Empresarial sobre Oportunidade: 
de Negocios en Tecnologías y Servicio: 
Ambientales en Chile, con participación de 2< 
empresas Escandinavas (Suecas, Danesas 
Finlandesas) . 

• Encuentros empresariales de carácte 1 
técn ico-comercial en Chile y Suecia , co r 
participación de especialistas suecos y 
empresarios del sector de tecnologías y ser
vicios ambientales. 
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Proyecto financiado por la CORPORACION DE FOMENTO DE LA PRODUCCION (CORFO) 
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ANEXO .3.15 

ÉL-BRE< 
BUREAU DE RAPPROCHEMENT 

DES ENTREPRISES 

(Centro de cooperación Empresarial) 

El BRE, creado en 1973, es el primer instrumento utilizado por la Comisión de las 
Comunidades Europeas para ayudar a las PYME que buscan socios en le extranjero. 

Su objetivo es fomentar la cooperación transnacional de carácter no confidencial. 

FUNCIONAMIENTO DEL BRE 

El BRE actúa de forma descentralizada, por medio de una red de corresponsales 
establecidos en los Estados miembros de la Comunidad y en-··numerosos terceros 
países. 

Su funcionamiento es sencillo y se basa en el intercambio de documentos entre: 

1. La PYME, cualquiera sea el lugar en qué esté situada su sede. 

2. El CORRESPONSAL, que actúa localmente como representante de la red y 

3. 

cuyas tareas principales son las siguientes: 

- ayudar a las empresas de su región que buscan un socio a escala 
transregional o transnacional, por medio del BRE; 

- difundir en su región las solicitudes de cooperación procedentes de 
empresas de otros países y favorecer los contactos; 

- en caso necesario y una vez efectuado el primer contacto, apoyar y 
asesorar a los empresarios durante la fase de negociación de los 
acuerdos de cooperación. 

La UNIDAD CENTRAL BRE 

El procedimiento funcional del sistema consta de cuatro etapas: 

ETAPA 1 

La empresa interesada sln una posible cooperación en el ámbito técnico, financiero o 
comercial con una PYME situada en otro país enviará a la unidad central del BRE, 
establecida en Bruselas, qirectamente o por medio de un corresponsal, un impreso de 
solicitud de cooperación denominado "PERFIL DE COOPERACIÓN" en el que figuran 
los datos siguientes: 

* 

* 

información general sobre la empresa, 

descripción de la cooperación propuesta (texto de 100 palabras 
::mmxim;:idamente\. 



* zona geográfica que abarca la solicitud. 

ETAPA 2 

La Unidad Central del BRE acusa recibo del impreso, le atribuye un número de 
identificación único e introduce las características de la solicitud en su base de datos. 
Simultáneamente, prepara un ANUNCIO con la descripción de la solicitud de 
cooperación y el número de identificación y lo envía a la red de corresponsales de los 
países a que se refiere la solicitud . 

ETAPA 3 

Los corresponsales destinarios hacen público el anuncio y lo difunden ampliamente 
recurriendo a sus propios medios: periodísticos especializados, revistas , boletines, 
bases de datos, etc. 

C·· ETAPA 4 

1 

' ' ·~ · 

Gracias a esta publicación, muchos operadores económicos tienen conocimiento de la 
oferta de cooperación. Las empresas o los corresponsales interesados se ponene en 
contacto con el BRE para obtener los datos correspondientes. 

El BRE les envía entonces un PERFIL DE EMPRESA, documento en el que figuran: 

* el nombre y la dirección completa de la empresa , los números de teléfono, 
fax y el nombre de la persona responsable . 

* los datos generales que haya comunicado la empresa (actividad, volumen de 
negocios, número de empleados, referencias bancarias, etc) . 

A continuación , la empresa o el corresponsal se pondrán en contacto con la empresa 
que ha hecho la oferta. 

Los servicios del BRE cuestan 5 UF y no existe restricción alguna en cuanto al número 
de solicitudes de cooperación que puede enviar una empresa. 
La vigencia de estas ofertas está limitada a 6 meses, pero previa solicitud de la 
emrpesa, se podrá prorrogar por período de 6 meses. 

CARACTERISTICAS DEL SISTEMAS 

1. NO ES CONFIDENCIAL: permite una amplia difusión de las solicitudes de 
cooperación . 

2. ES SENCILLO, ya que se concibió en origen para las empresas de pequeña y 
mediana dimensión. 

3. Las empresas pueden ACCEDER DIRECTAMENTE. 

4. COBERTURA GEOGRAFICA: la red de corresonsales BRE ya está establecida en 
numerosos países fuera de la Comunidad y sigue extendiéndose gracias a la 
flexibilidad del sistema. 



ANEXO 3.16 
EUROCHILE 

Memoria de Actividades 1997 

Servicios empresariales 

Bajo esta rúbrica se esconden dos tipos de actividades ampliamente 
desarrolladas durante 1997: la organización de encuentros empresariales, 
tanto en Chile como en Europa, y la difusión de oportunidades de negocios 
entre Europa y Chile. 

Ruedas de negocios chileno-europeas 

En el tema de las ruedas de negocios , a EuroChile le correspondió organizar 
en Santiago cinco de ellas, en las áreas metalmecánica, al imentos procesªdo~. 
infraestructura, med io ambiente y muebles . En dichas ruedas participaron 157 
empresarios chilenos y 98 europeos de distintos países miembros de la Unión 
Europea . 

Al mismo tiempo, participamos enviando delegaciones empresariales a siete 
foros de diversos sectores económicos en distintos países del viejo continente. 
Es así como durante el mes de mayo estuvimos presente junto a 13 empresas 
chilenas del sector fore_stal en la Ligna World Fair de Hannover. En junio 
organizamos una misión empresarial con el fin de difundir las oportunidades 
en el sector infraestructu ra en Londres y Milán. Mientras que en el mismo mes 
estuvimos en el partenariat de Hellas, Grecia, en agosto, en asociación con 
lntec, 21 empresas viajaron a Góteborg, Suecia, a la feria sobre tecnologías 
medioambientales. En septiembre enviamos una delegación empresarial a 
Finlandia a una feria de productos forestales . Y por ültimo, en el mes de 
diciembre acompañamos a 15 empresas de distintos sectores al encuentro 
Unión Europea-Mercosur sostenido en Montevideo. 

En total , 62 empresas chilenas viajaron fuera de Chile bajo el impulso y 
coordinación de EuroChile. 

Los resultados obtenidos por las empresas participantes de estos encuentros 
serán evaluados durante 1998. 

Una segunda vía de aproximación entre empresas es la difusión de 
oportunidades de negocios -tanto desde la Unión Europea a Chile como de 
nuestro país al viejo continente- que se reúnen y transmiten a distintos lugares 
del mundo a través de las redes Bre y BC-Net de la Unión Europea . 



Estas redes difieren en cuanto al grado de confidencialidad y profundidad con 
que transmiten las oportunidades. 

Es así como a través del sistema BC-Net, EuroChile envió 104 perfiles de 
cooperación solicitados por siete empresas chilenas que se acercaron a 
nosotros , lo que originó 11 respuestas de empresas europeas interesadas en 
las propuestas presentadas. 

En cuanto a las oportun idades Bre se procesaron y se enviaron 11 perfiles de 
empresas chilenas, generando la respuesta de 25 empresas europeas . A su 
vez, se seleccionó del total de ofertas europeas que llegaron a nuestros 
servicios especializados 174 oportunidades de negocios que fueron publicadas 
en distintos medios en Chile, despertando el interés de 250 empresas locales. 

Estas actividades de intercambio de información generaron hasta fines del 
período 97, ocho acuerdos de cooperación empresarial entre empresas 
europeas y chilenas de diversas áreas, entre las que destacan 
representaciones en Chi le de empresas europeas y. de empresas nacionales 
en el viejo continente. 

Las cifras de contactos empresariales directos o a través de estas redes nos 
hablan aproximadamente de mil empresarios que han sido atendidos por 
EuroChile. 

Esperamos durante 1998 acrecentar este trabajo de apoyo a los contactos 
empresariales, vía una mayor integración de los distintos instrumentos 
disponibles y una mayor visibilidad externa del trabajo real izado . 

Formación, Capacitación y Asistencia Técnica 

En el campo de la form.ación y capacitación , EuroChile consolidó un largo 
trabajo que comenzó junto con la creación de la Fundación. Durante 1997 
trabajamos en tres direcciones. Por un lado, se permitió a jóvenes 
profesionales europeos realizar sus prácticas en empresas chilenas, y por otro, 
se entrenaron recursos humanos de sectores específicos, al mismo tiempo que 
se trabajó en la preparación de nuevos proyectos educativos en el país . 

Se encuentra en plena marcha el programa de pasantías que permite a 
jóvenes egresados de escuelas de negocios belgas realizar prácticas en 
empresas chilenas. Cada año, entre ocho y diez profesionales vienen a 
trabajar por un período de seis meses en empresas nacionales. El desafío para 
1998 es lograr enviar un número equivalente de profesionales chilenos a 
Europa. 

En el terreno más preciso de la formación , y bajo el programa de formación en 
turismo denominado Formatur, se realizaron diez cursos y/o seminarios 



durante 1997. Cinco de ellos tuvieron lugar en Santiago y otros cinco en 
regiones , comprendiendo ciudades tan alejadas como !quique, Calama, Talca, 
Linares , Temuco y Punta Arenas. Todos ellos fueron dictados por destacados 
profesores europeos. El número total de participantes alcanzó a 205, 
provenientes principalmente de hoteles , restaurantes, agencias de viajes, del 
sector público y del mundo de la enseñanza. 

Ad icionalmente , y dentro del marco de apoyo al desarrollo de las zonas 
extremas del pals, rea lizamos varias asistencias técnicas a grupos de 
empresas o instituciones públicas de la reg ión de Magallanes, utilizando los 
conocimientos y experiencia de destacados especialistas europeos en campos 
tales como , desarrollo de productos agroturísticos , marketing turístico , 
planificación estratégica para el sector y otros tópicos afines. Nuestro rol como 
"broker tecnológico" en este campo, ha sido apreciado de manera muy pos itiva 
por los empresarios y organismos del área, contando para el año 1998 con una 
nutrida demanda de servicios de esta natu raleza . 

. 
En esta actividad estamos cosechando el fruto de largos años de trabajo, que 
nos permite contar con una extensa red de expertos europeos del más alto 
nivel, lo que a su vez nos faculta para dar respuesta prácticamente a todo tipo 
de demandas en estas materias . 

Area de Proyectos 

Durante 1997 se trabajó en el estudio y desarrollo de distintos proyectos, 
algunos de los cuales verán la luz en el transcurso de 1998. Dentro de ellos 
tenemos los siguentes: 

Fondo de Capital de Riesgo 

EuroChile, en conjunto con el Fondo de Invers iones (Fomin) del Banco 
Interamericano del Desarrollo y la Fundación Chile , trabajó durante 1997 en el 
desarrollo de un proyecto de Fondo de Ca pital de Riesgo, denominado 
Chiletec, diseñado para apoyar inversiones de pequeñas y medianas 
empresas en sectores de tecnología avanzada, medio ambiente, y en la 
explotación de oportunidades de exportación . 

El objetivo de los socios estratégicos es reunir 30 millones de dólares . Este 
fondo será capitalizado y debería estar operando a partir del primer trimestre 
de 1998, abriendo así enormes posibilidades para el desarrollo de estas 

empresas. 

Nuestro compromiso con el Fondo, además de nuestro aporte de capital , 
incluye la detección de compañías europeas interesadas en establecer 
relaciones con socios chilenos, lo que implica un gran potencial en lo que se 
refiere a transferencia de tecnología , acuerdos de licencias, y otros negocios, 
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que en la práctica se materializarán en la introducción de nuevas tecnologías 
en las empresas chilenas. 

El Fondo utilizará los contactos de EuroChile con el sector empresarial europeo 
para promover relac iones entre compañías europeas y las que formen parte 
del portafolio de Chiletec. 

Biotecnología 

En esta área, durante 1997 se puso en marcha un proyecto denominado 
"Estrella " -que cuenta con el apoyo financ iero y técnico de la Comisión de la 
Unión Europea- cuyo objetivo principal es la ejecución de un total de 15 
negocios biotecnológ icos entre empresas europeas y ch ilenas. 

El proyecto busca , en particular, la conformación de empresas conjuntas Uoint 
ventures) chileno-europeas, el desarrollo de mercados para la venta de 
productos, la negociación de patentes de invención y licencias, y la 
transfe rencia de tecnología a través de mecanismos de mercado. 

Durante 1997, EuroChile, con el concurso del coordinador europeo del 
proyecto , seleccionó , evaluó , completó y organizó la cartera de proyectos para 
ser promocionados en Europa . La difus ión se real izará en el 98, a través de un 
sistema de contactos que posee el consorcio de empresas europeas 
encargado de la ejecución de esta actividad . 

Este proyecto de nuestra Fundación será de gran ayuda para las empresas , 
universidades o centros de investigación que tengan proyectos o productos 
innovadores, y que busquen establecer relaciones con Europa. 

Nuevos proyectos 

Además, en el curso del 97 detectamos nuevas posibilidades de proyectos 
empresariales y rec ibimos ofertas de participación en otros, que van desde el 
desarrollo de ideas originales para el sector turismo hasta la generación 
alternativa de energ ía, pasando por materias como, la utilización innovadora de 
maderas nativas en nuevos productos o los nuevos sistemas de certificación 
de calidad . 

Todos estos proyectos cuentan con el respaldo técnico, y en algunos casos, 
con el respaldo empresarial europeo. Nuestra área de estudios se encuentra 
trabajando en todos estos temas, de manera que durante el 98 nuestro 
Consejo se pueda pronunciar acerca de la participación de EuroChile en 
alguno de ellos. Nos sentimos, en todo caso, satisfechos por el ritmo de 
crecimiento de los proyectos que identificamos o son aportados a nuestra 
institución. Ello nos asegura contar en el futuro con distintas alternativas de 
participación de nuestra institución en relevantes proyectos chileno-europeos. 



Actividades de Difusión 

otra de las áreas que EuroChile desarrolló durante 1997 fue la difusión de los 
instrumentos de coopen¡ición empresarial de la Unión Europea hacia América 
Latina. Es así, como en conjunto con la Dirección General de Relaciones 
Económicas Internacionales del Ministerio de Relaciones Exteriores de Chile, 
se elaboró un documento explicativo con estos instrumentos, que tiene como 
destinatarios a los embajadores de Chile en los países de la Comunidad 
Europea y que pretende ser de ayuda en el trabajo de acercamiento 
empresarial chileno-europeo. 

Distinciones Recibidas 

Durante 1997 EuroChile se hizo acreedora a una distinción otorgada por el 
Servicio Nacional de Turismo. Se trata del premio al mérito turístico 1997, con 
el que se galardonó a nuestra Fundación por "su relevante gestión en la 
promoción de inversiones extriJnjeras en el sect9r tl!rf stico nacional, por la 
valiosa realización de diversos estudios e investigaciones destinados a 
promover y desarrollar el turismo chileno en forma sustentable, y también por 
su rol en la transferencia de los avanzados conocimientos y tecnologías 
europeas a nuestro país, capacitando a los recursos humanos del sector". 

Esto se suma a la distinción con que, en diciembre de 1996, la Asociación 
Chilena de Gastronomía (Achiga) premió a EuroChile por sus aportes a la 
formación y capacitación de los empresarios del sector. 

...... ····-- -··· ·- -,- -- . -·· ·-·-
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FONDO· PARA EL 
MEDIO AMBIENTE 

MUNDIAL: 

Proyectos 
de tamaño mediano 

lntroducc_ión 

-FMAM · 



El Fondo para el Medio Ambiente Mundial (FMAM) ayuda a los países en desarrollo y a los 
países con economías en transición a proteger y utili zar racionalmente el medio ambiente 
mundial. 

El FMAM ayuda a financiar actividades y programas que se concentran en una o más de 
las cuatro esferas de actividad s iguientes: di versidad biológica, cambio climático, aguas 
internac io nales y agota miento de la capa de ozono. Las actividades relacionadas con la 
degradación de tierras --fundamentalmente la desertificación y la deforestación-- también se 
financian cuando se relacionan con las esferas de actividad mencionadas·. 

El Programa de las Naciones Unidas para el Desarrollo (PNUD), el Programa de las 
Naciones Unidas para el Medio Ambiente (PNUMA) y el Banco Mundial son los Organismos de 
Ejecución del FMAM. Se encargan de ayudar en la preparación, el desarrollo y la evaluación de 
los proyectos financiados por el FMAM. 

1 ¿Qué son los proyectos de tamaño mediano? 

Los proyectos de tamaño mediano son proyectos para los cuales el financiamiento del FMA.i\1 no 
excede de US$1 millón. Los proyectos de inversión o asistencia técnica del FMAM suelen 
requeri r en promedio US$5 .5 millones de financiamiento de l Fondo. Las in iciativas de esta 
envergadura suelen ser complejas y pueden requerir exámenes. aprobaciones y negociaciones 
prolongadas. Reconociendo que los proyectos más pequeños pueden contribu ir eficazmente al 
logro de las metas y los objetivos programáticos del FMAM, el Consejo, que es el órgano rector 
del Fondo. aprobó procedim ientos para agilizar la tramitación y la ejecución de proyectos de 
tamaño mediano. 

Los procedimientos acelerados permiten que las propuestas avancen más rápidamente a 
través del proceso de examen, desde la presentación inicial de la idea hasta la aprobación del 
documento del proyecto. 

Al igual que todas las iniciativas que el FMAM incluye en su cartera, los proyectos de 
tamaño mediano deben basarse en las prioridades nacionales de los países en que habrán de 
realizarse. En consecuencia, deben ser aprobadas por el gobierno o los gobiernos interesados. 
Deben también reflejar las políticas y los principios operacionales del FMAM. 

El tamaño más reducido de estos proyectos crea nuevas oportunidades para que una gama de 
posibles participantes tengan acceso a los recursos del FMAM y contribuyan al esfuerzo 
internacional por proteger el medio ambiente mundial. Los gobiernos, las inst ituciones 
nacionales, las comunidades locales, las organizaciones no gubernamentales, las instituciones 
académicas, las organizaciones internacion ales y las organizacionfS del sector privado pueden 

participar en esa tarea . 



El FMAM recibe orientación del Convenio sobre la Diversidad Biológica y la Convención Marco 
de las :'Jaciones Unidas sobre el Cambio Climático con respecto a las políticas. estrategias y 
prioridades rara d rinancian1icntn Je las actividades relativas a la bindiversidad y el cambio 

climático. 

La Estrategia Operacional del FMAM orienta el desarrollo Je su programa de trabajo. En 
la Estrategia se han identiricado inicialmente los diez programas operacionales siguientes para 
proporcionar un marco para rrnyectos cnmrlementarios que rueden lograr en conjunto 
beneficios rrograrrníticos específicos y a largo plazo. 

Programas operacionales 

Diversidad biológica: 

Ecosistemas áridos y semiáridos: 

Ecosistemas costeros. marinos y de agua dulce (incluidas las tierras húmedas): 

Ecosistemas forestales: 

Ecosistemas montañosos. 

Cambio climático: 

Eliminación de los obsráculos al uso eficiente y la consen·ación de energía; 

Promoción de la utilización de la energía renovable mediante la eliminación de 
obstáculos y la reducción de los costos de ejecución: 

Reducción de los costos a largo plazo de las tecnologías energéticas con baja emisión de 
gases de efecto invernadero. 

Aguas internacionales: 

Masas de agua: 

Programa operacional integrado sobre tierras y aguas que abarca esferas de actividad 

múltiples: 

Contaminantes. 
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Los proyectos de tamaño mediano financian actividades que requieren menos financiamiento 
que los proyectos de inversión o de asistencia de gran envergadura. Dado que se han aprobado 
también procedimientos acelerados para las actividades de apoyo, que ayudan a los países a 
satisfacer los requisitos de presentación de información previstos en el Convenio y la 
Convención, no deben utilizarse para este fin las donaciones de tamaño mediano. Tampoco 
deben utilizarse los nuevos procedimientos para ampliar proyecws ya existentes. Por último, 
estos procedimientos no han sido diseñados para financiar conjuntos de proyectos pequeños 
relacionados entre sí, en lugar de proyectos en gran escala que excederían el wpe de US$J 
millón. 

1 ¿Cómo se debe solicitar financiamiento para los proyectos de tamaño mediano? 

Se explica a continuación cómo debe desarrollarse una propuesta para un proyecto de tamaño 
mediano. Estos pasos siguen un orden determinado y se supone que cada paso ha sido aprobado 
antes de pasar al siguiente. Una propuesta de proyecto puede rechazarse en cualquier momento 
si se considera inaceptable o inapropiada para el financiamiento del FMAM. 

l. De la idea a la propuesta de proyecto 

Una entidad u organización puede proponer una idea para un proyecto en un país o en. 
países que reúnen las condiciones necesarias para recibir financiamiento del FMAM. La 
propuesta de una idea es el primer paso en el proceso de diseño de los proyectos, que 
empieza con la formulación de un documento de presentación de la idea y .avanza hasta la 
preparación de una propuesta de proyecto cuando la idea se considera admisible para 
recibir financiamiento del FMAM y ha sido aprobada por el gobierno. Se describen a 
continuación los pasos incluidos en este proceso. En todas las etapas del proceso, uno de 
los organismos de ejecución proporcionará asistencia y apoyo al proponente del proyecto, 
y se encargará también de presentar el proyecto para la aprobación del FMAM. 

Una entidad u organización que solicite financiamiento del FMAM debe preparar 
una exposición escrita de la idea de acuerdo con el formulario incluido en la Carpeta de 
material informativo para proyectos de tamaño mediano. La idea debe presentarse 
entonces a uno de los organismos de ejecución para su examen. 

Si el proponente lo desea, la idea puede presentarse primero a la Secretaría del 
FMAM a fin de deter:minar su admisibilidad para recibir financiamiento del FMAM y, en 
caso necesario, obtener asistencia para identificar el Organismo de Ejécución apropiado · 
que ayudará a desarrollar la propuesta de proyecto. 

Cuando una idea de proyecto haya sido considerada admisible para su desarrollo 
posterior, se invitará al:proponente del proyecto a elaborar una propuesta más detallada, 



utili zanJo el Io rmulario de Jatos húsicos incluido en Lt ( arpda de material 

informativo . 

Es posible que en algunos casos se necesite asistencia financier;i para complet::i.r la 
preparación del proyecto. Los proponentes pueden solicitar la anucnci:1 del Organisrfü) Je 
Ejecución para recibir asistencia financiera por un rnú.\imo de LSS25 000 Jel Servicio Je 
Formulación y Preparación de Proyectos del FMAM. Sin embargo. antes de 4uc pueda 
aprobarse el rinanc iamien to del f-'MAM para la prcparaci r'> n de proyectt1s. o antes de que 
d Organismo de Ejecución tramite la propuesta. el c:entro 11acio11ul di! coordinuci<í11 del 
f-'M :\i\l debe aprobar la propuesta. El centro de cnordinacic"l n es la persnn:i o en ti dad 
designada pl r el gl•bicmo del país para actuar cornn cn i:::( :.:- ¡,rincipal r :1ra todas l:1s 
acti\·idades operacionales relacionadas con el f-'\1A\ 1. 

Un elemento importante de la propuesta es la e,·aluación de los costos 
incrementales. El propósito de esa evaluación es determinar el monto del fina nciam iento 
del FMAM para una propuesta de proyecto. Ese financiamiento debe cubrir los costos 
adicionales del proyecto para el logro de beneficios para el medio ambiente mundial. 
Esos costos se denominan costos "incrementales". que ,·an más allá del costo de las 
actividades "básicas" del proyecto. Las actividades básicas son las emprendidas en el 
país que no generarían necesariamente beneficios mundiales. En la Carpeta de material 
informativo para proyectos de tamaño mediano se incluyen deta lles sobre la 
evaluación de los costos incrementales . 

En consecuenc ia. los proyectos de tamaño medi ano nonnalmente incluirán 
cofinanciamiento de otras fuentes. incluso contribuciones del país "anfitrión" y de las 
entidades encargadas de la ejecución. para financ iar las actividades básicas. Esas 
contribuciones pueden hacerse en fonna de donaciones je terrenos . equipo u horas de 
trabajo. 

2. Examen y aprobación de las propuestas de proyectos 

El Organismo de Ejecución que ha ayudado al proponente del proyecto presentará la 
propuesta a la Secretaría del FMAM. Distribuirá también copias de la propuesta, para su 
examen, a los demás Organismos de Ejecución. al Grupo Asesor Científico y 
Tecnológico del F\1AM y a la Secretaría del Convenio sobre la Diversi dad Biológica o 
de la Convención sobre el Cambio Climático. según el caso. 

La Secretaría del FMAM examinará todas las consideraciones y observaciones 
relativas a la propuesta y recomendará al Funcionario Ejecutivo Principal que la 
propuesta: i) sea aprobada, ii) sea devuelta para que se introduzcan revisiones. o iii) no 
siga desarrollándose. Antes de la aprobación de una propuesta de proyecto. el 
funcionario Ejecutivo Principal distribuirá copias al Consejo del FM /\M . El f-'uncionario 
Ejecutivo Principal puede aprobar las propuestas para las 4uc se so li cita un má.\imo de 
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US$750.000, pero aquéllas para las que se solicita entre US$750.000 y US$ l millón se 
incluirán en un programa de trabajo presentado al Consejo del FMAM para su 
aprobación. El Consejo examina cuatro propuestas de programas de trabajo por año. 

3. Preparación de los documentos finales y ejecución de los proyectos 

Una vez que la propuesta de proyecto ha sido aprobada, el Organismo de Ejecución 
responsable trabajará juntamente con el proponente para elaborar un documento final del 
proyecto y otros arreglos contractuales, obtener la aprobación de esos documentos e 
iniciar la ejecución del proyecto. Cada Organismo de Ejecución completa este proceso de 
conformidad con sus propios procedimientos y normas internos. El Organismo de 
Ejecución es responsable ante el Consejo de sus actividades financiadas por el FMA!v1: 

La Carpeta de material informativo para proyectos de tamaño mediano 
puede solicitarse a la Secretaría del FMAM o a cualquiera de los Organismos de 
Ejecución, ya sea a las sedes o las oficinas de esos organismos en los países. 

La carpeta incluye: 

• Una nota informativa en que se explican los proyectos de tamaño mediano 

• Formularios e instrucciones para la presentación de ideas de proyectos 

• Formularios e instrucciones para la presentación de los datos básicos de los 
proyectos 

• Ejemplos de ideas y datos básicos de proyectos 

• - Directrices operacionales para la preparación y aprobación· de proyectos de· 
tamaño mediano 

• Procedimientos de los Organismos de Ejecución para facilitar la realización de 
proyectos de tamaño mediano 

• Direcciones útiles del FMAM 

Se puede obtener más información sobre los proyectos del FMAM en la página 
electrónica del FMAM. La dirección es: http://www.worldbank.org/html/gef. 
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PREFACIO 

La Car1 Duisberg Gesellschaft e.V. (CDG) es una organización alemana sin fines de lucro dedicada al] 

desarrollo, intercambio y perfeccionamiento profesional en el ámbito internacional. Por encargo del 

Ministerio Alemán de Cooperación Económica y Desarrollo, la CDG realiza el programa de capacitación 

"Gestión ambiental en la industria latinoamericana". 

El programa es también respaldado por el Ministerio de Medio Ambiente, Energía, Juventud, Familia y 

Salud de Hesse y la Sociedad de Fomento Fabril (S.F.F.) de Chile. La representación del programa en 

Chile está a cargo de la Corporación de Cooperación Internacional (CCI). 

El objetivo del programa es fomentar la eco-eficiencia de empresas latinoamericanas a través de la 

implementación _de s_istemas de gestión ambiental y tecnologías limpias así como apoyarlas en el esfuerzo 

de modernización de sus procesos de producción y aumentar su competitividad. Al efecto, se capacitarán 

ejecutivos latinoamericanos no mayores de 35 años procedentes de sectores con gran impacto ambiental 

en un curso de 14 semanas. Se enseñarán tanto las bases y métodos de la gestión ambiental a nivel 

empresarial como de la preparación y la realización de auditorías ambientales. 

Francfort del Meno, Diciembre de 1996 Dr. Hans-Jürgen Brandt 

(Director de la Oficina Regional de la CDG de Hesse) 
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DESCRIPCION DEL PROGRAMA 

4 

Qué se enseña en este programa? 

Los participantes llegarán a conocer los instrumentos para establecer sistemas de gestión ambien

tal y aprenderán a aplicarlos en su realidad profesional. Se atribuirá gran importancia en transmitir los 

temas lo más cerca posible a la proctica. 

El programa de enseñanza comprende unidades teóricas y prácticas que se transmitirán en Chile: 

La teoría incluye tanto temas estratégicos de la protección del medio ambiente a nivel empresarial 

tales como: * comercio internacional y medio ambiente, * principios de la legislación ambiental 

nacional e internacional relativa a la industria, * contenido y aplicación práctica de las normas ISO 

14000, del Reglamento de la Comunidad Económica Europea EMAS y de otras normas relativas a 

la gestión ambiental, * métodos del análisis de deficiencias ecológicas y su aplicación * preparación 

de manuales ambientales * metooologias para la realización de auditorías ambientales, * entrena

miento de auditores. 

Además, se enseñarán entre otros los siguientes temas técnicos: * principios de la aplicación de 

tecnologías limpias, * minimización, reaprovechamiento y tratamiento de residuos industriales, * 

control de contaminación atmosférica, * protección de aguas y suelos, • manejo de sustancias 

peligrosas, * seguridad industrial, * minimización de riesgos, * uso eficiente de la energía. 

En el ámbito de la transmisión de conocimientos prácticos, se realizarán varias visitas técnicas y 

una práctica de una semana en empresas chilenas. En el marco de trabajos de proyecto, los par

ticipantes elaborarán documentos aptos para la aplicación inmediata en el proceso de imple

mentación de un sistema de gesJión ambiental en sus propias empresas. 

El programa incluye además una estadía de dos semanas en Alemania a fin de facilitar a los par

ticipantes un amplio intercambio de conocimientos y experiencias con empresas y expertos 

alemanes. Los participantes llegarán a conocer la implementación de sistemas de gestión ambiental 

y la aplicación de procesos de prooucción modernos y tecnologías limpias en empresas alemanas, 

la presentación de instrumentos económicos de la política ambiental tal como "eco-labels" de 

productos, impuestos ambientales y sus efectos, etc. 

Los métodos de enseñanza se basan en el principio "learning by doing". Se trata de métodos parti

cipativos de capacitación a nivel empresarial utilizados en Estados Unidos y Europa Occidental tal 

cómo trabajos en grupo, trabajos de proyecto, juegos de roles, etc. 

Finalización del curso: Certificado de la CDG 
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¿Quién puede participar en el curso? 

Para el programa se seleccionarán profesionales latinoamericanos de sectores industriales con gran 

impacto ambiental preferentemente de entre aquellos dedicados directamente a la producción, la 

seguridad industrial, la protección del medio ambiente o la investigación y desarrollo. Cada 

programa está previsto para 20 participantes. 

¿Qué se espera de los participantes? 

Dado que se trata de una medida de capacitación para futuros gerentes de la industria latinoamerica

na, se requiere de los participantes - aparte de la calificación profesioQal necesaria - un alto grado de 

motivación y de disposición a colaborar en forma activa en el curso así como a trabajar en forma 

,~ independiente. 

A fin de lograr un máximo grado de eficiencia en los trabajos, conviene que en lo posible cada 

participante_traiga los siguie_~t~q~umentos y material de trabajo: 

• regulaciones relativas a la protección del medio ambiente y autorizaciones vigentes para la 

industria de su país 

• manuales existentes en su empresa para las áreas de seguridad, medio ambiente y protección 

laboral 

• organigrama de su empresa 

• diagramas de flujo de proceso 

• documentación de la política ambiental y/o de la política empresarial 

• documentos sobre la auditoría de la calidad (existe un sistema-ISO 9000) 

• calculadora 

• computador portátil ("laptop") 

¿Quién enseña en este programa? 

El programa es realizado por expertos/docentes alemanes y chilenos procedentes de empresas 

consultoras e industriales así como de organizaciones internacionales. Estos docentes disponen 

de amplia experiencia en las áreas de comercio internacional, legislación y gestión ambiental, 

ingeniería del medio ambiente, tecnologías limpias, etiquetado ambiental, comunicación y gestión 

de proyectos. 
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ORGANIZACION 

Cuándo y dónde se lleva a cabo el programa? 

El programa se realizó por primera vez en la segunda mitad del año 1996 y se repetirá en 1997 y 

1998 dos veces al año. La duración de los cursos es de 14 semanas (a tiempo completo) cada uno. 

Están previstas las siguientes fechas para 1997 y 1998: 

• 03.03. - 06.06.1997 • 25.08. - 28.11 .1997 

• 02.03. - 05.06.1998 • 20.07. - 23.10.1998 

El curso se lleva a cabo en Santiago de Chile (Edificio de las Industrias, sede central de la Sociedad 

de Fomento Fabril) y Francfort del Meno/Alemania (salas de seminario de la CDG). 

GASTOS 
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¿Qué gastos asume la CDG? 

Estadía en Chile: 

La CDG facil ita becas para participantes latinoamericanos por un total de 2.750 DM (Marcos 

Alemanes) y para participantes de Chile que no provienen de Santiago por un total de 1.375 DM . 

Estadía en Alemania: 

La CDG asume los gastos de los pasajes (vuelos de ida y vuelta de Santiago de Chile a Alemania) 

de los participantes provenientes de Bolivia, Ecuador, Guayana, Guatemala, Haití, Honduras, 

Nicaragua, República Dominicana y Surinám, y a pedido de los demás participantes en casos 

excepcionales. La CDG asume los gastos de: 

alojamiento y desayuno 

transporte durante el programa oficial 

un intérprete simultáneo durante el programa oficial 

¿Qué gastos asumen los participantes? 

seguro 

viáticos 

Los participantes asumen los costos de viaje (pasaje de ida y vuelta desde su dirección particular a 

Santiago de Chile y desde Santiag'.) a Alemania), si no reciben el subsidio mencionado arriba. 
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SOLICITUD 
¿Qué documentos se precisan para la solicitud? 

Se requieren los siguientes documentos: 

• formulario de inscripción de la CDG 

• curriculum vitae actual (en dos páginas) y una foto 
• comprobante del empleador sobre la liberación durante el curso entero. 

¿Cuáles son los plazos de solicitud? 

Les rogamos envíen sus documentos de solicitud a más tardar tres meses antes del inicio del 

curso a la Embajada de la República Federal de Alemania de su país de residencia y una copia al 

coordinador_~el programa en Chile._ 

¿Qué modo de selección de participantes usa la CDG? 

La selección de participantes será realizada por la CDG en cooperación con la SFF y CCI por medio 

de los criterios anteriormente descritos. A todos los solicitantes se enviará la respuesta afirmativa e- • 
negativa a más tardar dos meses antes del inicio del curso. 

¿Dónde puedo informarme sobre los detalles del programa? 

o 

Si Usted está interesado en participar en el curso, infórmese sobre las fechas exactas y condiciones 
de participación con 

Car1 Duisberg Gesellschaft e.V. 
Attn. Sra. Bettfna von Dungen 
Landesstelle Hessen 

Adolfstras. 16 

65185 Wiesbaden, Alemania 

Tel: (++49 611) 99941-51 

Fax: ( ++49 611) 99941-54 

Dr. Alberto Urquiza 

Coordinador chileno del Programa CDG 

Hemando de Aguirre 162, Oficina 1203 
Santiago, Chile 

Tel: (++56 2) 2333820 

Fax: (++56 2) 2341906 
e-mail: berlín@rdc.cl 
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INFORMACIONES IMPORTANTES PARA LA ESTADIA EN SANTIAGO 

Transporte entre el aeropuerto y la ciudad 

Existen taxis con una tarifa de aproximadamente US $ 20 (utilizando taxímetro}, servicio especial de 

minibuses (generalmente operados por algunas líneas aéreas) de aproximadamente US $ 7 y servicio de 

buses (Metrobus) que conectan a estaciones del metro de aproximadamente US $ 0,5. 

Alojamiento 

Las opciones de alojamiento en Santiago son múltiples y variadas. Debido a la extensión de la ciudad se 

recomienda a los participantes elegir alternativas cercanas a las sedes del Programa que es donde se 

concentra la mayor parte de sus actividades diarias, esto es las zonas de Providencia y Las Condes. Las 

alternativas son sólo una propuesta y su elección será de la exclusiva responsabilidad y preferencia de los 

participantes. La Oficina de Coordinación tiene una lista con las alternativas. Estas son: 

- Arriendo mensual de apartamentos. Con distintos tipos de amoblado y de servIcIos, de 

aproximadamente entre 80 y 100 metros cuadrados y entre US $1.500 y US$ 2.500 mensuales. Son una 

buena opción si se comparten entre varios participantes. La Oficina de Coordinación tiene una lista de 

estos apartamentos los que deben comprometerse con anticipación. 

- Apart-hotel. Tienen la infraestructura y servicios de un hotel, cuentan con kitchenette, servicio de 

limpieza y espacio para acomoclar a dos personas. Sus precios oscilan entre US$ 60 y US$ 150 diarios. 

- Hoteles. Los hoteles identificados se encuentran bcalizados en el sector donde se concentrará la mayor 

parte de las actividades del programa. Sus precios oscilan entre US $ 50 y US $90 diarios y corresponden 

a hoteles de 2 a 4 estrellas. 

Alimentación 

El área de la ciudad donde se realizará el programa cuenta con una gran variedad de restaurantes, desde 

setf-services hasta restaurantes de lujo. Existen opciones a pasos de la sede donde se realizará el 

programa que cuentan con un menú de buena calidad a aproximadamente US$ 5. 

Pasajes aéreos 

La Oficina de Coordinación del programa tiene convenio con agencias de viaje que permiten obtener 

pasajes a precios especiales a Santiago de Chile y desde esta ciudad a Frankfurt en Alemania. 
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Aportes organizativos a los participantes 

A'fX)yo en la contratación de alojamiento, reserva y compra de pasajes aéreos en Santiago, orientaciones 

en la ciudad de Santiago, contratación de trans'fX)rte , obtención de documentación especializada. 

Acceso a las bibliotecas y centros de información 

A los participantes se ofrece libre acceso a las bibliotecas y centros de información pertenecientes a las 

organizaciones empresariales chilenas así como del aparato público y universitario. 

Información práctica sobre Santiago de Chile 

Santiago es la capital de Chile, ubicada a 543 metros sobre el nivel del mar en una_ pl3!1icie a los pies de \a 

Cordillera de los Andes y en la parte superior del Valle Central de Chile. Se encuentra a 100 km de la 

costa y a 40 km de los mejores centros de esquí de los Andes sudamericanos. En Santiago viven 

alrededor de 5 de los 14 millones de habitantes del país. Es el principal centro 'fX)lítico, financiero, 

industrial, comercial y cultural de Chile. 

'Clima 

Santiago íX)See clima mediterráneo de altura, templado. El régimen de lluvias se concentra en los meses 

de otoño e invierno (marzo a septiembre), con un promedio anual de 384 mm de agua caida. La 

temperatura media de invierno es de 9ºC y la media de verano es de 22.7°C. 

• TransíX)rte público 

.El Metro (tren subterráneo) pasa cerca de casi todos los lugares de interés, (aproximadamente US$ 

0,50). La sede de la SFF donde se realizará el Programa y la Oficina de Coordinación están a pasos de la 

Estación Tobalaba. 

El sistema de Buses cubre toda la ciudad. Su costo es de US$ 0,40. Son una buena opción si uno se 

familiariza con sus rutas. 

Los taxis son numerosos y cobran según taxímetro, con tarifas libres que aparecen en el parabrisas. 

• Moneda 

La moneda nacional es el Peso ($). La tasa de cambio aproximada es US$1 = $ 420. Hay libre 

convertibilidad y esta se puede hacer en cualquier banco o casa de cambio. No existe mercado negro o 

paralelo de divisas. 
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CARL DUISBERG GESELLSCHAFT 

La Carl Duisberg Gesellschaft e. V (CDG) es una organización alemana sin fines de lucro dedicooa al 

desarrollo, intercambio y perfeccionamiento profesional en el ámbito internacional. 

En los programas de la CDG y de sus entidades asociadas participan anualmente unos 20.000 

instructores, profesionales jóvenes, directivos y ejecutivos de más de 120 países. 

La actividad de la CDG se centra en dos áreas principales: 

Programas internacionales de perfeccionamiento profesional y de intercambio con países 

industrializados o de industrialización reciente. 

Cooperación en el perfeccionamiento especializado de personal procedente de países en vías de 

desarrollo. 

Gran parte de estas actividades está financiada por el sector público, muy en especial por el Gobierno 

alemán. 

El presupuesto anual conjunto de la CDG y de sus entidades asociadas asciende a unos 180 millones de 

marcos alemanes, contando con una plantilla de 700 empleados (cifras correspondientes a 1993). 

Son miembros de la CDG unas 1.000 empresas, asociaciones empresariales y particulares. La CDG es 

una organización privada sujeta a la legislación alemana, a pesar de que sus estrechas relaciones con las 

autoridades gubernamentales la convierten un un "joint ventura" de los sectores público y privado. 

En cerca de 40 países en vías de desarrollo la CDG apoya asociaciones de técnicos y profesionales que 

rec ibieron entrenamiento en Alemania. 

Mediante sus variados programas internacionales de perfeccionamiento, de intercambio y de desarrollo 

profesional, la CDG fomenta la difusión de nuevas ideas, el intercambio cultural y la mejora de las 

relaciones internacionales 
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SOCIEDAD DE FOMENTO FABRIL 

La Sociedad de Fomento Fabril es una federación gremial, sin fines de lucro, que reúne a empresas y 

gremios vinculados al sector industrial chileno fundada hace más de 100 años. Agrupa a más de 2.000 

empresas, 24 asociaciones sectoriales y 7 filiales regionales. Todos estos miembros en conjunto 

representan el 85% de la actividad industrial de Chile. Algunas de sus actividades son: estudios y 

desarrollo industrial, comercio exterior, relaciones internacionales, operaciones (asesoría en relación con 

autoridades e impuestos), desarrollo social, capacitación y educación y medio ambiente. 

La Sociedad de Fomento Fabril, cumple una labor de información y orientación a sus asociados, como 

también de participación y representación del sector, en la discusión de leyes, normas y planos 

reguladores, entre otros, que afecten a la industria en el tema ambiental. Entrega asesoría a sus miembros 

en situaciones puntuales ante organismos ambientales y de salud pública y realiza programas de 

capacitación en temas ambientales, giras de conocimiento al exterior y promueve y participa en iniciativas, 

tales como campañas de reciclaje y campañas para·promover la protección•del medio ambiente. 

La Sociedad de Fomento Fabril aporta su infraestructura y apoyo administrativo al Programa de Gestión 

Ambiental en la Industria en su sede del Edificio Las Industrias, Avenida Andrés Bello 2777, Las Condes, 

Santiago de Chile. 
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CORPORACIÓN DE COOPERACION INTERNACIONAL 

La CorJ:X)ración del Cooperación Internacional, CCI , es una corJ:X)ración privada sin fines de lucro, creada 

en 1991 en Santiago de Chile, autónoma y cuyas funciones consisten principalmente en facilitar la 

transferencia de conocimientos para reforzar el sistema científico, la capacidad tecnológica, el proceso 

productivo y los procesos sociales. Además se dirige a capacitar profesionales, mantener y desarrollar una 

capacidad de excelencia en el análisis, proJ:X)sición y ejecución de acciones de cooperación internacional , 

tanto en el ámbito receptor como oferente de cooperación. Otra actividad imJ:X)rtante es la de facilitar el 

flujo de recursos internacionales y administrar proyectos y recursos en aJ:X)yo operativo de acciones de 

cooperación internacional públicas y privadas. 

En lo que concierne al programa Gestión Ambiental en la Industria, la CCI tiene la representación legal del 

programa en Chile. La CCI coordina las actividades con el Director Académico del Programa. 

OFICINA DE COORDINACION DEL PROGRAMA 

La Oficina de Coordinación del Programa está a cargo del Director Académico y su labor está orientada a 

hacer efectiva la realización del Programa, coordinando las actividades de las personas y empresas 

involucradas en este proyecto. Selecciona los J:X)Stulantes en conjunto con la CDG, la SFF y la CCI y 

coordina las actividades de los docentes y de las empresas que reciben alumnos tanto en práctica como 

en visitas técnicas. 

La Oficina de Coordinación realiza también una labor informativa a los participantes, referente a los 

aspectos logísticos tanto de su permanencia en Chile y Alemania, como en los aspectos académicos, de 

tal manera que los participantes puedan dedicarse plenamente a las actividades del curso. 
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La entrada en vigencia del Sistema de 
Evaluación de Impacto Ambiental está generan
do gran cantidad de información pública relevan
te y, al mismo tiempo, una creciente demanda 
por información ambiental que apoye las decisio
nes de inversión del sector público y privado. 

Este proyecto surge como una forma de articular 
la oferta y la demanda de información ambiental 
en una herramienta única, que facilite el acceso 
a la información y signifique ahorro de tiempo y 
recursos a los usuarios. 

Se ejecuta mediante el trabajo conjunto de 
INTEC-CHILE y un grupo de instituciones rele
vantes del quehacer ambiental del país. 

El SIAi comenzará a operar en 1998 y está dirigi
do al sector inversionista, empresas consultoras , 
consultores especialistas, proveedores de tecno
logía y equipamiento ambiental. 

OBJETIVO GENERAL 
Crear un servicio de información ambiental, 
expedito y económico, que apoye la toma de 
decisiones de inversión y la prestación de servi
cios ambientales en el ·país. 

OBJETIVOS ESPECIFICOS 

• Implementar y poner en marcha una red de 
información de fácil acceso para los usuarios. 

• Crear bases de datos actualizables con infor
mación ambiental de carácter público, junto a 
directorios de datos pertinentes a la oferta y 
demanda de servicios ambientales, nacionales 
e internacionales. 

RESULTADOS ESPERADOS 

Un servicio de información accesible en INTEC-CHILE 
y por INTERNET, que incl~ya: 

• Directorio de organismos que generan informa
ción ambiental en el país. 

• Directorio de Empresas Consultoras en medio 
ambiente, nacionales e internacionales, indi
cando EIA y DIA realizada y su aprobación. 

• Directorio de especialistas en medio ambiente, 
a nivel nacional e internacional. : 

• Directorio de proveedores de tecnologías , 
equipos y elementos en medio ambiente 
nivel nacional e internacional. 

• Bases de datos de patentes ambientales. 

• Proyecciones de inversión por sector, regió1 
año. 

• Listados de potenciales inversionistas. 

• Bases de datos del Sistema de Evaluación 
Impacto Ambiental , SEIA, tales como: presl 
tación , apelaciones, resolución de calificaci 
de CONAMA, recursos legales. 

• Acceso a información de los estudios y dec 
raciones de impacto ambiental realizad é: 
incluyendo: 

- Tipo de proyecto y estado dentro del proc, 
so SEIA 

- Datos principales del proyecto, índices, su 
índices y resumen ejecutivo. 

- Línea de base, impactos relevantes , met 
dología de evaluación, medidas de mitig, 
ción, planes ambientales,etc. 
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Proyecto financiado por el FONDO DE DESARROLLO E INNOVACION de CORFO (ex FONSIP) 
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ANEXO 3.7 

DIVISIÓN 
TECNOLOGÍAS 
AMBIENTALES 

PRODUCTOS Y RESULTADOS DE PROYECTOS RELACIONADOS CON PRODUCCIÓN LIMPIA 
PRODUCTOS 

GUÍA METODOLÓGICA PARA 
LA GESTIÓN AMBIENTAL DE 
LA PYME. 

CURSO DE CAPACITACIÓN 
PARA IMPLEMENTAR GESTIÓN 
AMBIENTAL EN LA EMPRESA. 

TALLER DE GESTIÓN 
AMBIENTAL PARA GERENTES 

PROGRAMA DE ENTRENAMIENTO 
PARA LA IMPLEMENTACIÓN DE 
UN SISTEMA DE GESTIÓN 
AMBIENTAL 

AUDITORIAS AMBIENTALES 

CONTENIDO 

Guía metodológica que facilita la 
introducción de la gestión ambiental 
en la pequeña y mediana empresa 

Curso de 56 horas cuyo contenido 
entrega Conceptos generales, 
Sistemas y Herramientas de Gestión 
Ambiental , junto con una visión 
general de las opciones técnicas que 
permitan mejorar el desempeño 
ambiental de la empresa 

Taller de 12 horas , cuyo contenido 
entrega Conceptos generales, 
Herramientas y Sistemas de Gestión 
Ambiental, además de los 
requerimientos ambientales a las 
empresas. 

Taller consta de 3 módulos 
introductorios sobre gestión 
ambiental, herramientas de gestión 
ambiental y producción limpia, y 5 
módulos específicos sobre el manejo 
de residuos y sistemas de 
información 

Servicio a empresa que consta de un 
Informe-evaluación de los aspectos 
e impactos ambientales de una 
proceso o de la totalidad empresa. 

NECESIDAD 

El mejoramiento en el desempeño 
ambiental exigidos por la actual 
normativa, está llevando a las empresas a 
implantar un sistema de gestión ambiental 

Se requiere que existan profesionales 
capaces de transmitir e incorporar 
conocimientos y tecnologías ambientales 
adecuadas a las empresas, en pro de que 
produzcan bajo el marco regulatorio 
ambiental chileno, cumplan con los 
compromisos internacionales y con la 
creciente conciencia ambiental en todos 
los niveles de la sociedad. 

La creciente demanda que tienen las 
empresas en el tema ambiental requiere 
que sus ejecutivos tengan los 
conocimientos que le permitan tomar 
decisiones frente a esta demanda. 

El marco regulatorio nacional , los 
compromisos internacionales , las 
exigencias de los mercados y la creciente 
conciencia ambiental en todos los niveles 
de la sociedad, exige que las empresas 
establezcan un sistema de gestión 
ambiental. 

Cumplir la legislaciqn vigente 
Imagen ambiental 
Prevención de riesgo ambiental 

BENEFICIOS DEL PRODUCTO 

Permite una implementación en forma 
gradual , por lo que las empresas se 
fijan su propio ritmo de mejoramiento. 
Induce a mejoramientos en todas las 
áreas de la empresa . 

Contar con auditores ambientales 
idóneos y preparados bajo el principio 
de Producción Limpia 

Entrega las herramientas y 
conocimientos para ser mejor lider en el 
proceso de implantación y mantención 
del Sistema de gestión Ambiental e 
influyendo positivamente en los 
resu ltados. 

Mantener un personal consciente de la 
problemática ambiental y con 
conocimiento suficiente para 
implementar opciones de minimización 
de la contaminación y contribuyendo al 
mejor desempeño ambiental. 

Evitar sanciones de la autoridad 
Mejorar imagen 
Minimizar emisiones y descargas 
contaminantes. 
Inclusión de producción limpia dentro de 
los procesos .. 
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PRODUCTOS . 

CURSO LCA ENVASES 
(LIFECYCLEASSESSMEND 

xa información 
en página web 

CURSO PREPARACIÓN DE 
AUDITORES RECONOCIDO 
POR EARA 

GUÍA EMPRESARIAL DEL 
MEDIO AMBIENTE 

>.,, ;n(o~ación J l :ieª;~ en página web 

~ 

CONTENIDO 

Curso basado en la aplicación de 
una importante herramienta medio 
ambiental que permite analizar el 
impacto ambiental que tiene un 
producto durante toda su vida y 
desde su origen hasta que es 
desechado, mediante el estudio de 
su ecobalance utilizando como 
herramienta de apoyo softwares 
especializados. 

Curso, para optar al rango de 
Auditores con Reconocimiento 
EARA, que consta de análisis de 
auditorías ambientales, legislación 
internacional, regulaciones y 
requerimientos de una auditoría, 
actividades post auditorias, Práctica 
de una auditoria. Además SGA , ISO 
14000, Política Ambiental. 

Manual de 85 hojas que informa de 
los problemas ambientales globales 
y locales, la pequeña y mediana 
empresa y el medio ambiente , 
instrucciones y normas ambientales 
que un empresario debe conocer, 
instrumentos de Corfo, y políticas de 
fomento a la Producción Limpia. 
Además cuenta con encuestas de 
auto - evaluación ambiental. 

DIVISIÓN 
TECNOLOGÍAS 
AMBIENTALES 

NECESIDAD 

La necesidad de evaluar el impacto 
ambiental de un producto a través de todo 
su ciclo de vida, desde la extracción y 
procesamiento de materias primas, 
fabricación, transporte y distribución; uso, 
reuso, reciclado y/o disposición final. Esto 
permite evaluar el aprovechamiento 
máximo de un sistema de envasado con 
el mínimo de daño al medio ambiente de 
modo que sea convenientemente técnico 
y económico y justificable desde el punto 
de vista ecológico . 

Las exigencias ambientales vigentes han 
incrementado la necesidad de tener 
profesionales muy bien capacitados, para 
detectar y solucionar problemas 
ambientales . 

El desconocimiento de los empresarios 
sobre las normas medioambientales y los 
efectos que podrían tener sobre sus 
empresas 

BENEFICIOS DEL PRODUCTO 

Capacitación de los asistentes en la 
realización de ecobalances de envases 
y embalajes entregando el conocimiento 
de una metodología de un ecobalance y 
su aplicación en la industria como 
herramienta para desarrollar y diseñar 
envases de mayor eficiencia ecológica o 
de menor impacto ambiental. 
• Determinando criterios de selección 
de materias primas. 
• Determinando las posibilidades de 
mejorarar las propiedades ambientales 
de los productos en sus diferentes fases 
del ciclo de vida. 
• Accediendo a nuevos mercados más 
exiqentes. 

Obtención de un certificado de Auditor 
Ambiental con reconocimiento de EARA. 

Entrega al empresario información clara 
. que lo beneficia al tomar decisiones 
con respecto al cumplimiento de las 
normas Ambientales. 
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PRODUCTOS 

CURSO" PROCEDIMIENTOS 
PARA LA APLICACIÓN DE 
NORMAS PARA CARTÓN 
CORRUGADO" 

CATÁLOGO DE ENVASES DE 
EXPORTACIÓN 

SERVICIOS DE ENVASES 

DIVISIÓN 
TECNOLOGÍAS 
AMBIENTALES 

OTROS PRODUCTOS DE LA DIVISIÓN DE TECNOLOGÍAS AMBIENTALES 
CONTENIDO 

Capacitación para la aplicación de 
las normas para cartón corrugado y 
los procedimientos adecuados para 
el desarrollo experimental, de 
manera de optimizar el control de 
calidad de embalajes de cartón 
corrugado a través de la 
estandarización de los ensayos 
realizados seqún normas. 

Catálogo que contiene los criterios 
de selección de envases y 
embalajes, y los lineamientos de 
uso, con enfoque hacia lo ambiental, 
normativo, técnico legal , mercado, 
aptitud y protección de contenido. 
Para cada tipo de embalaje se 
señalan las implicancias que dichas 
regulaciones y lineamientos pueden 
tener sobre cada tipo de material, 
desde un punto de vista ambiental, 
en el manejo de residuos de 
embalajes y desde un punto de vista 
de la salud humana, en la 
interacción del envase con el 
alimento. 

Ensayos de laboratorio y 
caracterización de materiales de 
envases y embalajes y simulación de 
transporte 

NECESIDAD 

Aplicar procedimientos establecidos 
basados en las normas específicas, para 
obtener resultados válidos comparables 
entre los laboratorios que pueden ser 
tanto de usuarios como de proveedores 
de cartón corrugado y satisfacer la 
necesidad de un control de calidad en la 
empresa. 

Por ser una herramienta de consulta 
permanente para la toma de decisiones 
sobre la selección de materiales de 
envase, y que consolida y ordena la 
información relacionada con materiales y 
embalajes, caracterización técnica, 
normativas ambientales, criterios de 
selección para su uso y un directorio de la 
oferta nacional de proveedores, se hace 
necesario que tanto proveedores como 
usuarios tengan toda la información 
pertinente para solicitar y entregar 
envases y embalajes con la calidad 
requerida de acuerdo a las exigencias del 
mercado de destino, adecuándose al 
cumplimiento de normativas existentes 

Estudiar y determinar las características 
de aptitud al uso de los embalajes y al 
mismo tiempo , dar cumplimiento a las 
normativas de calidad y a las referentes a 
sus desechos. 

BENEFICIOS DEL PRODUCTO 

Alumnos profesionales capacitados para 
operar en un laboratorio respetando la 
metodología oficializada, empleando los 
procedimuientos técnicos adecuados y 
emitir un informe de los resultados 
obtenidos. Capacitados también para 
elaborar un manual de procedimientos 
de acuerdo a las necesidades de su 
empresa. 

Al entregar una amplia información 
técnica de las características de 
envases y embalajes disponibles en el 
país para la exportación hortofrutícola, 
su beneficio radica en que al momento 
de la toma de decisiones, tanto para el 
proveeedor como para el usuario de 
envases y embalajes, estas decisiones 
se toman a la luz de una información 
técnica integral. 

Es un medio para mantener un flujo 
actualizado de información tecnológica , 
legislativa , y normativa que permite 
entregar servicios de control e 
implementación de tecnologías de 
envases, embalajes, manipulación, 
acondicionamiento y transporte, que se 
imponen en el comercio nacional e 
internacional. 
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PRODUCTOS CONTENIDO 

CARACTERIZACIÓN DE Monitoreo y caracterización de 
RESIDUOS INDUSTRIALES. aguas y riles 

SOLUCIONES AMBIENTALES 1 mplementación de opciones de 
EN PROBLEMAS DE RILES prevención v/o tratamiento a riles . 

SERVICIO DE INFORMACIÓN Servicio de información accesible en 
AMBIENTAL INTEC-CHILE y a través de Internet, 

el cual incluye: Directorio de 
proveedores de 

.. 
y serv1c1os 

soluciones en medio ambientes, 
Directorios de organismos que 
generan información ambiental , 
Bases de datos relacionadas con el 
SEIA, Directorios de empresas , etc. 

FOLLETOS DE DIVULGACIÓN Métodos de protección y 
PARA PREVENIR DAÑOS preservación para las construcciones 
PROVOCADOS POR LA s y métodos de control de avance de 
TERMITA SUBTERRÁNEA. la plaga al nivel de usuario. 

DIVISIÓN 
TECNOLOGÍAS 
AMBIENTALES 

NECESIDAD 

Detección de la presencia de agentes 
contaminantes. 

Cumplir normativa para riles . 

La entrada en vigencia del Sistema de 
Evaluación de Impacto Ambiental está 
generando gran cantidad de información 
pública relevante , y a la vez, una creciente 
demanda por información ambiental que 
apoye las decisiones de inversión del 
sector público y privado. 

Prevenir y controlar el ataque de la 
termita subterránea a la madera de 
lasconstrucciones. 

BENEFICIOS DEL PRODUCTO 

Evitar sanciones 
Imagen de la empresa. 

Evitar sanciones, mejorar imagen. 

Acceso expedito y rápido a la creciente 
demanda de datos ambientales. 
Acceso a información nacional e 
internacional Disminuir los tiempos y por 
lo tanto costo de información. 
Evitar la duplicidad de esfuerzos. 
Mejorar la calidad de los estudios. 
Mejorar la toma de decisiones por un 
mejor acceso a la oferta y demanda de 
consultoría v tecnoloqia . 

Entrega información clara para controlar 
y proteger efectivamente las 
construcciones, evitando problemas de 
calidad de vida en los usuarios .. 
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CAPÍTULO 4: PROPUESTAS DE MECANISMOS DE FOMENTO TECNOLÓGICO 
PARA UNA CONSTRUCCIÓN Y VIVIENDA SUSTENTABLES 

4.1 Política de Fomento a la Producción Limpia 

4.2 Convocatoria del Comité Público-Privado de Producción Limpia: resumen ejecutivo 
y descripción general 

4.3 The Future ofGreen Buildings, capítulo 25, Green Building Manual 

4.4 Green Building Challenge '98 and Green Building Conference '98 

4.5 Waste Manage,ment and Recycling Reference Documents for the Construction 
Industry 



ANEXO 14 

11 E e p 
European Community lnvestment Partners -

Tipo 
de operación 

Beneficiarios 

Tipo 
de financiación 

Contribución 
máxima 

Acceso 

Cómo presentar 
su solicitud 

., ,o ,,('n _,,,..¡a ..,nnc 

Facilidad 
1 

Identificación de proyectos 

y socios potenciales para 

empresas conjuntas 

Cámaras de comercio, asociaciones 

profesionales e instituciones financieras 

colaboradoras del programa ECIP 

Las empresas privadas no pueden 

beneficiarse de la facilidad 1 

Sub vención hasta el SO ¾ de 

los costes elegibles 

100 000 ecus 

El beneficiario puede presentar su 

solicitud directamente a la CE o a 

través de una IF colaboradora del 

programa ECIP 

1 
1 

1 

Facil idad 
2 

Estudios de viabilidad 

y proyectos piloto 

Empresas locales o europeas que 1 
i 

deseen comprometerse en un proyecto ¡ 
de inversión ba10 la forma de empresa 

conjunta o en un proyecto 

de privat ización o en materia 

de infraestructuras privadas 

Anticipos sin intereses hasta el 

so,¾ de los costes elegibles 

250 000 ecus 

(dentro de este importe se puede 

conceder hasta un maximo de 10 000 
1 
1 
1 

Facilidad 
3 

Financiación 

de las necesidades de capital 

de la empresa conjunta 

Facilidad 
4 

Formación. asistencia tl?cnic.a 

o asistencia a la gestión 

Empresas conjuntas creadas en los países elegibles por socios 

de la UE y por socios de los países eleg ibles , o empresas locales 

que funcionl!n ba10 licencia y en virtud de un acuerdo de asistencia 

tecni<:a con una empresa de la UE 

Participación en el capital 

o préstamo participativo 

hasta el 20 ¾delas necesidades 

de financiación de la empresa 

conjunta 

Préstamos sin intereses para las 

grandes empresas o subvenciones 

para las pequeñas y medianas 

empresas hasta el 50 ¾ de los 

costes elegib les 

La institución financiera debe cofinanciar el proyecto 

1 

1 000 000 de ecus 
1 

250 000 ecus 

1 ecus para los gastos de prefactibilidad) 
1 

1 
1 

La cantidad máxima de ayuda por proyeClo es de 1 000 000 de ecus 

El beneficiario debe presentar su solicitud a la CE por medio de una institución financ ie ra 

colaboradora del programa ECIP 

1. Utilice los formularios preestablecidos por ECIP. 

Facilidad 
1B 

Preparación de una privatización o 

de proyectos en materia de infra 

estructuras privadas, servicios 

medioambientales o de ut ilidad 

pública gestionados bajo la moda 

lidad B0T (Build 0perate Transfer) 

y 800 (Build 0perate Own) 

Gobiernos u organismos 

públicos de los paises 

e legibles 

Subvención hasta el 100 ¾ de 

los costes elegibles 

200 000 ecus 

El beneficiario puede presentar 

su solicitud directamente a la 

CE o a través de una IF 

colaboradora del programa ECIP 

2. Pida a la Comisión Europea [número de fax en Bruselas: (32 -2) 299 02 041 los formularios y la lis ta actualizada de las instituciones financieras cola boradoras del programa. 

3. Rellene el formulario, inclu idos todos los anexos . 

4. En lo que se refiere a las fac ilidades 1 y 18, presente su solicitud directamente a la Comisión Europea o a través de una institución financiera colaboradora del programa ECIP. 

S. En lo que se refiere a las facilidades 2, 3 y 4, el beneficiario debe presentar su solicitud a la Comisión Europea por med io de una institución financiera colaboradora del programa. 

Las solicitudes presentadas directamente a la Comisión Europea serán automáticamente rechazadas . 
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2 DESCRIPCION DE LAS UNIDADES DEL CUARTO CURSO (02.03. - 05.06.1998) 

País Fecha Lunes Martes Miércoles Jueves Viernes Sábado 
1 

Chile SEMANA 1 · DIA 1 DIA 2 DIA 3 DIA 4 DIA 5 Visita de 

Apertura formal y Comercio Estándares y leyes La importancia de la Introducción al conocimiento 
--

02/03 al análisis de Internacional y ambientales en gestión ambiental Reglamento de la en Santiago 

expectativas protección del medio palses latino- para empresas; lntro- Unión Europea 

07I03 ambiente americanos ducción a ISO 14000 (EMAS) 

' 

' 
Chile SEMANA 2 DIA 6 DIA 7 DIA 8 DIA 9 DIA 10 DIA 11 

Instrumentos de aná- Ejercicio práctico de Trabajos La polftica ambiental: Análisis de deficien- Entrenamiento de 

09/03 al lisis y su aplicación de los preparativos para la •objetivo, criterios, cias en el área de auditores 

Incorporación en el Instrumentos de implementación de requerimientos, organización, comu-

14I03 sistema de gestión análisis ambiental ISO 14000 o EMAS a ejercicios nicaclón y recursos 

ambiental (SGA) nivel empresarial humanos 

Chile SEMANA 3 DIA 12 DIA 13 DIA 14 DIA 15 DIA 16 Libre 

Auditorias Auditorias Objetivos y Documentación de un Métodos para la 

16I03 al ambientales en el ambientales en el programas sistema de gestión evaluación econó-

área del proceso de área del proceso de ambientales a nivel ambiental: mica de proyectos 

-20I03 producción producción empresarial: sistematización, SGA 

criterios, requerimien- criterios, ejemplos, 

tos, elaboración, ejercicios 

' ejercicios 

't" 
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País Fecha Lunes Martes Miércoles Llueves Viernes Sábado 

Chile SEMANA 4 DIA 17 DIA 18 DIA 19 DIA 20 DIA 21 Libre 

Minimización de Minimización, Control de Control de emisiones- Minimización y 
23/03 al residuos: reaprovechamiento y emisiones- visita técnica tratamiento de 

Clasificación, tratamiento de definiciones, A 7-A. 12..e» ce\_ 
RILES, 

27/03 fuentes, principios residuos - visita fuentes, impactos, A '21\ e,.J?~,t\_, 
definiciones, 

técnicos, técnica medición, catastro origen, 

tecnologlas de emisiones caracterlsticas, 
1 

tecnologlas limpias 
: 

Chile SEMANA 5 DIA 22 DIA 23 DIA 24 DIA 25 DIA 26 Libre 

Minimización y Minimización de Preparación de Preparación de Prácticas 

30/03.al tratamiento de riesgos y prevención práctica práctica 

RILES de darlos 
1 

03/04 Soluciones y visita· ambientales 

técnica Seguridad industrial 

y protección laboral 

Chile SEMANA 6 DIA 27 DIA 28 DIA 29 DIA 30 FERIADO Libre 

Prácticas Prácticas Prácticas Prácticas 

06/04 al 

09/04 

':·· ,!,;.'·. ' : 
,; '. 
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País Fecha Lunes Martes Miércoles Jueves Viernes Sábado 

Chile SEMANA 7 DIA 31 DIA 32 DIA 33 ,DIA 34 DIA 35 Libre 

Preparación de Evaluación de Uso eficiente de la Uso eficiente de la Uso eficiente de la 

13/04 al informes de práctica práctica energla energla energla 

y 
17/04 evaluación de 

-- práctica 
1 

i 

Chile SEMANA 8 DIA 36 DIA 37 DIA 38 DIA 39 DIA 40 libre 

Manejo de sustan- Manejo de sustan- Protección contra Protección contra Como motivar a mis 

20/04 al clas peligrosas - clas peligrosas - ruido incendios superiores? 

24/04 
visita técnica 

Chile SEMANA 9 DIA 41 DIA 42 DIA 43 DIA 44 FERIADO VIAJE A 
1 

Como motivar a mis Mediación en Mediación en Evaluación de la (Preparación viaje a FRANKFURT 

27/04 al superiores? conflictos conflictos FASEI : Alemania) 

ambientales ambientales 

30/04 

: 



País Fecha Lunes Martes Miércoles Jueves Viernes Sábado 

Alemania SEMANA 10 DIA 45 DIA 46 DIA 47 DIA 48 DIA 49 Libre 

Legislación Implementación del Tratamiento de papel de las cémaras Etiquetaje 

04/05 al ambiental Reglamento residuos de comercio ecológico y análisis 

EMAS/ISO 14000 en industriales- Verificadores en del ciclo de vida 

08/05 Alemania - visita visita técnica !=MAS 

técnica e ISO 14000 -- -- ---

Alemania SEMANA 11 DIA 50 DIA 51 DIA 52 DIA 53 DIA54 VIAJE A SANTIAGO 

Implementación del Implementación del Implementación del -Transferencia de -Evaluación de la 

11/05 al Reglamento Reglamento EMAS Reglamento EMAS tecnologla Alemania- visita en Alemania y 

EMAS/ISO 14000 en -/ISO 14000 en /ISO 14000 en América Latina discusión final 

15/05 Alemania - visita Alemania - visita Alemania - visita 

técnica técnica técnica 

Chile SEMANA 12 DIA 55 DIA 56 DIA 57 FERIADO DIA 58 DIA 59 

Propuesta de Propuesta de Gestión de 1 Trabajo de Trabajo de proyecto: 
-

18/05 al programa de programa de proyectos y métodos j proyecto: Preparación del 
1 

capacitación capacitación para la evaluación de Desarrollo de análisis de 

' 23I05 proyectos polltica y orga- deficiencias para mi 

nización ambiental empresa 

~-tvW/\: 
! 

para mi empresa ½Sj-_~ ¡ 

---
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País Fecha Lunes Martes Miércoles Jueves Viernes Sábado 

Chile SEMANA13 DIA 60 DIA 61 DIA 62 DIA 63 DIA 64 Libre 

Trabajo de proyecto: Trabajo de proyecto: Trabajo de proyecto: Trabajo de proyecto: Técnicas de visuali-

25/05 al Preparación del Sistema de docu- Trabajo individual, Trabajo Individual zaclón y 

análisis de mentaclón del siste- presentación 

29/05 deficiencias para mi made gestión 

empresa ambiental en mi 

empresa 

Chile SEMANA 14 DIA 65 DIA 66 DIA 67 DIA 68 DIA 69 VIAJE A CASA 
1 

Trabajo de proyecto: Trabajo de proyecto: Trabajo de proyecto: Economla Evaluación del 

01/06 al Trabajo Individual Trabajo individual Perfeccionamiento internacional, seminario entero 

de mi presentación protección ambiental Plenario con 

05/06 sobre los resultados y la estrategia de las discusión final 

del curso empresas 

,, ' 

' . 
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l. RESUMEN EJECUTIVO1 

La producción limpia2 (PL) es una estrategia de gestión empresarial preventiva aplicada 
a productos, procesos y organización del trabajo, cuyo objetivo es minimizar emisiones y/o 
descargas en la fuente, reduciendo riesgos para la salud humana y ambiental, y elevando 
simultáneamente la competitividad. Ello resulta de 5 acciones, sean éstas combinadas o 
no: (i) la minimización y el consumo eficiente de insumos, agua y energía; (ii) la 
minimización del uso de insumos tóxicos; (iii) la minimización del volumen y toxicidad de 
todas las emisiones que genere el proceso productivo; (iv) el reciclaje de la máxima 
proporción de residuos en la planta y si no, fuera de ella; (v) y la reducción del impacto 
ambiental de los productos en su ciclo de vida (desde la planta hasta su disposición 
última). 

Recogiendo las recomendaciones de la Agenda 21 acordada en Río de Janeiro, los 
lineamientos de la política ambiental y los acuerdos del Tercer Foro de Desarrollo 
Productivo realizado en 1997, el Gobierno Chileno ha decidido impulsar la política de 
fomento a la producción limpia, que será un componente básico de la política de desarrollo 
productivo. 

La política de fomento a la producción limpia, tiene como propósito general catalizar, 
incentivar y facilitar el aumento de la competitividad y el desempeño ambiental de las 
empresas, apoyando el desarrollo de la gestión ambiental preventiva para generar 
procesos de producción más limpios, incluyendo el uso eficiente de la energía y el agua. 
En concreto ello implica: promov"er la eficiencia de los procesos productivos mejorando la 
competitividad de la empresa; promover la prevención de la contaminación, minimizando 
la generación de residuos y emisiones lo más cercanamente a la fuente; promover el uso 
eficiente de la energía y el agua; incentivar la reutilización, la recuperación y el reciclaje 
de insumos y productos; contribuir al desarrollo de tecnologías de abatimiento más 
eficientes, cuando éstas sean la única opción económicamente viable. 

La política de producción limpia, representa un eslabón que articula la política 
ambiental con la política de desarrollo productivo, expresando así una importante 
dimensión de la estrategia de desarrollo sustentable. 

1/En su elaboración han participado profesionales y autoridades representantes de ministerios y 
servicios relacionados con la materia e interesados en el cumplimiento de objetivos ambientales en el 
ámbito de la actividad productiva. El documento "Propuesta de Política de Fomento a la Producción 
Limpia" ha sido elaborado en el marco del trabajo del Comité lnterministerial de Desarrollo Productivo 
correspondiendo a directrices emanadas de la Presidencia de la República. 

2/EI término "producción limpia" es resultado de un proceso evolutivo de conceptualizació~ en 
organismos oficiales internacionales (UE, OCDE, EEUU) que lleva casi 20 años. Debe entenderse como 
sinónimo al término "tecnologías preventivas de la contaminación" utilizado en EEUU, o al término 
tecnologías de minimización de residuos utilizada por la Comisión Europea de la ONU. 
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El fundamento de esta política no es sólo la constatación de serios problemas de 
contaminación ambiental, sino la presencia de importantes obstáculos que dificultan una 
asimilación rápida por parte del sistema productivo de prácticas ambientales y 
competitivas eficientes, tanto social como privadamente. Las causas residen en la 
existencia de fallas de mercado, de fallas institucionales e importantes rezagos en la 
dotación de factores, tales como recursos humanos especializados en este tipo 
tecnologías. Sin embargo, Chile aprende con rapidez. Ya hay un núcleo de empresas que 
tiene experiencias exitosas de aplicación de tecnologías de PL. Por su parte, el sector 
público ya ha desarrollado importantes iniciativas de fomento de PL. Adicionalmente, 
existen importantes espacios internacionales, legitimados por la Agenda 21 y la OMC que 
fundamentan el rol del sector público, en tanto agente catalizador y facilitador. 

Esta pol ítica se traduce en un programa de acción para el período 1997-2000 que tiene 
4 grandes lineamientos: 

• Integrar, adaptar y desarrollar instrumentos de fomento de producción limpia, 
basado en acciones tales como masificar acciones de transferencia tecnológica, 
crear mercados de servicios tecnológicos en PL, favorecer la l+D orientada al 
desarrollo de tecnologías de PL; 

• Impulsar la cooperación para el fomento de PL que incluye acciones tales como los 
Prog ramas Voluntarios de Producción Limpia emprendidos por grupos de 
empresas, favorecer la emergencia de una "masa crítica" de empresas con 
experiencias avanzadas (p.e.lSO 14000), formar un Comité Público-Privado que 
analice alternativas de política, emprenda acciones conj untas y defina prioridades; 

• Fortalecer la infraestructura tecnológica y de información que incluye acciones tales 
como el impu lso de una red de centros tecnológ icos de PL, la difusión de 
metodologías estandarizadas de PL, el desarrollo de campañas de sens ibi lización 
con participación privada , la promoción de programas de capacitación, así como 
el uso intensivo de la infraestructura de información (INTERNET) para uso de las 
empresas; 

• Fortalecer la gestión y coordinación pública en el fomento de la PL, que se expresa 
en acciones tales como: la integración de objetivos y metas de PL en todos los 
programas de fomento productivo y de infraestructura; el fortalecimiento del rol de 
información de las entidades de regulación y fiscalización; el impulso del fomento 
de PL a nivel regional; y la adaptación de las políticas de fomento de la PYME y 
MYPE a los propósitos de PL; el impulso de programas de la capacitación para 
organismos públicos 

La política de producción limpia para el período 1997-2000 tiene 5 características 
distintivas: primero, integra y articula las iniciativas y programas que ya están en marcha . 
Segundo, no descarta el fomento de tecnologías de abatimiento eficientes, especialmente 
cuando las alternativas de gestión ambiental preventiva no sean suficientes por sí mismas 
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para asegurar el cumplimiento de normas y estándares. Tercero, aunque está foca/izada 
principalmente hacia PYMEs y microempresas, también se orienta al desarrollo de 
encadenamientos productivos "más limpios", que pueden articular grandes y pequeñas 
empresas. Cuarto, dado que el país recién está incursionando en este tipo de política, en 
su gestión pública se establecerá un enfoque flexible, basada en un permanente diálogo 
público-privado, abierto a incorporar nuevas iniciativas, descartar las que se demuestran 
como ineficientes, y profundizar aspectos que podrían ser relevantes tales como líneas de 
financiamiento para la inversión productiva hacia fines ambientales, basados en criterios 
OMC. Quinto, se orienta a generar un cambio en la sensibilidad social respecto a los 
temas de medio ambiente y productividad, así como un cambio cultural en los actores 
respecto.a introducir en sus prácticas cotidianas una gestión ambiental preventiva. Esto 
es lo que permitirá a las empresas avanzar más allá de las normativas. 

Para el período 1997-2000 la política se traduce en un programa de acción que está 
marcado por el criterio que vivimos una fase de despegue en un proceso de larga 
maduración, que se expresa en cuatro grandes lineamientos con sus respectivas 
acciones, responsables y plazos de cumplimiento. 

11. POLÍTICA AMBIENTAL Y POLITICA DE DESARROLLO PRODUCTIVO 

El desarrollo sustentable es una orientación estratégica fundamental del Gobierno de la 
Concertación Democrática, que tiene alcance de política de Estado. Se basa en un · 
enfoque sistémico que integra tres criterios centrales: primero, un desarrollo económico
social de alto ritmo y sostenible en el largo plazo; segundo, la preservación y mejora del 
medio ambiente y de la calidad de vida para las generaciones presentes y futuras; tercero, 
el progreso hacia una sociedad con más bienestar social, equidad, democracia y 
participación ciudadana. 

El Estado reconoce el derecho ciudadano de vivir en un medio ambiente libre de 
contaminación, lo que está explícitamente formulado en la actual Constitución Política. Ello 
enmarca el conjunto de leyes, normas, regulaciones e instituciones cuyo rol es asegurar 
que la actividad económico-social sea cada vez más armónica con la preservación y 
protección del medio ambiente en Chile. 

1. La política ambiental 

Uno de los fundamentos del desarrollo sustentable es la política ambiental. Casi todos sus 
principios básicos están formulados en la Ley de Bases Generales del Medio Ambiente 
de 1994 (Ley 19.300). Estos son los siguientes:3 

o Principio de gradualidad 

3Ner "Gestión Ambiental d~I Gobierno de Chile", Capítulo 1 "La Política Ambiental de Chile" pgs. 
12-13, CONAMA, 1997, Editorial Públika Impresores, Santiago, Chile. 
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o Principio de realismo 
o Principio preventivo 
o El que contamina paga 
o Principio de la responsabilidad por daño ambiental causado 
o Principio de eficiencia 
o Principio de la participación ciudadana 

Los instrumentos fundamentales de la política ambiental son: la dictación de normas de 
emisión y calidad; el fortalecimiento de las instituciones fiscalizadoras y su cobertura 
nacional; los planes de descontaminación y de prevención; el sistema de evaluación de 
impacto ambiental con sus instrumentos correspondientes; y la sensibilización, educación 
y participación ciudadana entre otros. · 

Entre los propósitos más relevantes de la política ambiental destacan: la recuperación 
ambiental o reducción de los niveles de contaminación del aire, aguas y suelo; y la 
prevención de la contaminación, de la degradación del hábitat y los recursos naturales. El 
comp-onente instrumental central de la política ambiental es el desarrollo de un marco 
regulatorio consistente y orientado a que los mercados internalicen los costos y beneficios 
ambientales. 

2. La política de desarrollo productivo 

Otro fundamento del desarrollo sustentable es la política de desarrollo productivo que se 
orienta a incrementar la competitividad de las empresas chilenas, vía aumentos de 
productividad y calidad, la innovación tecnológica y la capacitación permanente de la 
fuerza de trabajo . Dado que existen importantes fallas de mercado y una elevada 
heterogeneidad productiva que revela los retrasos sistémicos que afectan a un vasto 
segmento de las PYMEs y microempresas, se requiere un rol proactivo y eficiente del 
Estado orientado a apoyar el desarrollo de la competitividad del sistema productivo chileno 
mediante una acción reguladora, catalizadora, descentralizadora y facilitadora . 

El gobierno está consolidando un nuevo perfil de la política de desarrollo productivo, que 
se expresa en un nuevo conjunto de políticas de fomento productivo y tecnológico, con su 
correspondiente instrumental y financiamiento. 

Esta política asimila los siguientes principios y compromisos básicos: 

o Rol protagónico de las empresas. 
o Promoción activa de la coordinación entre instituciones de fomento, regulación, 

agencias y otras entidades operadoras. 
o Articulación de la actividad pública con organizaciones e instituciones privadas. 
o Compromiso con el desarrollo de capacidades y habilidades a nivel de regiones . 
o Desconcentración de funciones en las agencias de fomento. 
o Pertinencia y transitoriedad de las intervenciones públicas. 
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o Facilidad de acceso empresarial a los instrumentos de fomento. 
o Asignación "horizontal" y proactiva de los recursos. 

La política de desarrollo productivo enmarca un conjunto de políticas de fomento orientada 
hacia estratos de empresas, tecnología y calidad, desarrollo productivo regional y 
sectores. Las dimensiones ya aprobadas son las siguientes: 

o Fomento productivo de la PYME y de la MYPE 

o Fomento productivo regional 
o Fomento del desarrollo tecnológico, 
o Fomento del Sistema Nacional de Calidad. 
o Fomento exportador. 
o Fomento productivo sectorial, especialmente hacia los sectores minero, 

agropecuario, pesquero, forestal y turismo, que focaliza los mismos instrumentos 
de las políticas de fomento por estrato, por territorio y por área (tecnología, calidad 
y fomento exportador) : 

3. El desafío del desarrollo sustentable 

Ambas políticas muestran una fuerte preocupación del Estado, en dos dimensiones que 
sin duda tienen un espacio común. 

La primera, que tiene entre sus propósitos recuperar la calidad ambiental y prevenir la 
contaminación, tiene instrumentos que afectan directamente al sector productivo . La 
segunda tiene por objetivo incrementar la competitividad del sistema productivo vía 
aumentos en la productividad y calidad, la innovación tecnológica y la capacitación 
permanente de la fuerza de trabajo, lo que por cierto también tiene consecuencias 
ambientales. 

La experiencia internacional y nacional indica que ambos objetivos pueden ser unidos, 
logrando simultáneamente mejorar el desempeño ambiental y la competitividad de las 
empresas chilenas. Ello puede lograrse a través de la incorporación de criterios de gestión 
ambiental preventiva en las empresas, orientados a incrementar su eficiencia y reducir los 
niveles de emisión y/o descarga, de modo de cumplir con las normas e incluso reducir la 
generación de contaminantes más allá de lo indicado por éstas. 

Sin embargo, para cumplir este gran objetivo, se requiere de una fuerte coordinación de 
las instituciones públicas involucradas, para así potenciar las acciones que actualmente 
realizan y generar otras nuevas que catalicen y faciliten la incorporación de tecnologías 
ambientalmente amigables. Surge así la necesidad de desarrollar una política nacional de 
fomento de la producción limpia, que integre y eslabone la política ambiental y de 
desarrollo productivo. 
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111. ANTECEDENTES 

1. Creciente demanda por un medio ambiente libre de contaminación 

Existe una creciente presión sobre las empresas chilenas para que éstas reduzcan 
significativamente sus emisiones contaminantes. Esta tendencia surge de la confluencia 
de los siguientes factores: 

a) Presión Internacional, dada por convenciones y acuerdos internacionales suscritos 
por Chile, y por la existencia de regulaciones y barreras técnicas en países _ 
desarrollados · que imponen restricciones a exportaciones de bienes 
ambientalmente perjudiciales y/o procesos productivos contaminantes. 

b) Evolución de la regulación y fiscalización a nivel nacional, que se manifiesta 
principalmente en la emergencia de un nuevo marco regulatorio dado por la Ley 
19.300. Esta se ha materializado en la dictación de diversas normas de emisión 
que establecen límites máximos a los contaminantes generados por 
establecimientos productivos, además de una fiscalización creciente de las 
condiciones de trabajo en materia de higiene y seguridad industrial. 

c) Una creciente sensibilidad social, que se traduce en una mayor conciencia de los 
ciudadanos, consumidores, trabajadores y empresarios sobre la existencia de la 
contaminación y su impacto sobre la salud y la calidad de vida. Esto implica que en 
Chile ya terminó un período de indiferencia ciudadana y que las empresas están 
más expuestas a la crítica y a las exigencias de la comunidad. 

2. La respuesta de las empresas 

La creciente presión social, regulatoria y de fiscalización en Chile, está obligando a las 
empresas a iniciar prácticas de reducción de la contaminación, generalmente asumiendo 
las normas de emisión como parámetro de cumplimiento. En las plantas nuevas que 
suponen grandes inversiones, los Estudios de Impacto Ambiental (EIA), incentivan la 
internalización de gestión ambiental. En las PYMEs que recién se instalan, es probable 
que las inversiones se realicen con equipos nuevos y menos contaminantes (p.e. calderas 
y motores más eficientes). Sin embargo el problema mayor se concentra en la masa de 
empresas ya instaladas que se confrontan al desafío de adecuar procesos y productos 
para reducir emisiones y descargas. 

Entre las acciones para reducir contaminación se destacan 6 grupos: (i) pre-tratamiento 
de insumos; (ii) tratamiento de residuos, emisiones y descargas;(iii) disposición, 
remediación y destrucción de residuos; (iv) minimización de residuos a través de 
modificaciones de producto, proceso y gestión; (v) reciclaje dentro de la planta; (vi) y 
reciclaje vía terceros. 
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Es evidente que cada una de estas acciones supone inversiones adicionales, ajustes 
organizacionales y selección de nuevas tecnologías. Se trata de prácticas nuevas que 
obligan a las empresas a tomar decisiones, generalmente con escasa información. Todo 
ello ocurre en un ambiente de intensificación de la competencia y de cambio tecnológico 
acelerado que genera en la mayoría de las firmas (especialmente PYMEs y 
microempresas) problemas de competitividad y de gestión operacional. Adicionalmente, 
el marco regulatorio no es completo, en el sentido de que el conjunto de normas de 
emisión no está aún fijado y el sistema de fiscalización todavía no puede abarcar todo el 
universo de empresas. 

Dado este contexto y considerando informaciones de casos, se puede identificar 3 tipos 
de prácticas empresariales en materia ambiental, que pueden coexistir dentro de una sola 
empresa dado que las emisiones y/o descargas son diferenciadas (sólidas, líquidas, 
gaseosas): 

a) Prácticas de postergación del esfuerzo ambiental, facilitada por dificultades de 
fiscalización o inexistencia de normas. La empresa tiene una actitud negativa frente 
a la temática ambiental y opta por dilatar en el tiempo el ajuste que debería realizar, 
lo que suele ser más frecuente en la PYME y MYPE que en la gran empresa. Ello 
puede implicar acciones deliberadas de evasión y elusión. 

b) Prácticas de tratamiento de la contaminación vía enfoque de tecnologías de 
abatimiento.4 Los esfuerzos de la empresa se orientan a controlar el impacto 
ambiental, en forma exógena al proceso productivo, poniendo filtros a las 
chimeneas para controlar las emisiones atmosféricas o instalando plantas de 
tratamiento para los efluentes líquidos. El propósito es cumplir, sin ir más allá, las 
exigencias de normas y reglamentos. Estas tecnologías son las más extendidas 
dado que ya existe una oferta abundante de éstas, aunque hay restricciones de 
acceso para las PYMEs y MYPEs, dado que las inversiones adicionales pueden ser 
costosas y generar un flujo adicional de costos de producción que presiona sobre 
su competitividad. 

c) Prácticas de prevención de la contaminación ambiental vía enfoque de 
producción limpia, que son menos difundidas que las anteriores. Las tecnologías 
de producción limpia suponen acciones de pre-tratamiento de insumos, y sobretodo 
adecuaciones en las tecnologías de producto, proceso y de gestión orientada a la 
minimización de residuos. También incluye el reciclaje de residuos dentro de la 
planta. Ello implica un cambio de enfoque orientado a optimizar el uso de recursos 
para elevar la competitividad y reducir emisiones y/o descargas. 

4/Las tecnologías de abatimiento abarcan desde el tratamiento de emisiones y descargas; hasta 
la disposición, remediación y destrucción de residuos. También incluye el reciclaje fuera de la planta, vale 
decir, la reutilización de los residuos que acompañan al producto (envoltorios, envases, embalajes) sin 
transformaciones del proceso productivo. Sin embargo, ello no es fácil dado que se requiere de una 
vinculación activa del entorno urbano con la empresa. 
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Hasta ahora, las formas predominantes de comportamiento ambiental de las empresas 
son las dos primeras. En efecto, Chile y sus empresas viven una fase inicial de 
incorporación de tecnologías de producción limpia. Por ello es que esta tipología puede 
reflejar fases de una trayectoria evolutiva de aprendizaje de las empresas en que 
progresivamente superan resistencias, olvidan "malas" prácticas tradicionales, van más 
allá de las tecnologías de abatimiento y finalmente desarrollan nuevas prácticas de 
producción limpia. Sin embargo, este proceso es lento y puede estancarse, dado que 
existen múltiples barreras y obstáculos que dificultan el aprendizaje de las empresas. 

En países desarrollados, la evaluación realizada por la UE, la OECD y la EPA de los 
EEUU, destacan que la aplicación de la estrategia de abatimiento durante los años setenta 
y ochenta, favoreció el desarrollo de una industria de tecnologíás ambientales de gran 
rentabilidad, pero también constituyó un camino altamente costoso para resolver 
problemas ambientales, tanto para la industria como para la sociedad. Adicionalmente, 
constataron que este tipo de tecnologías no eliminaban sino que transformaban la 
contaminación en otros medios, por ejemplo, desde emisiones de aire a residuos líquidos, 
o desde descargas de agua contaminada a residuos sólidos. Numerosas evaluaciones 
señalaron que las soluciones de abatimiento y limpieza no eran completas y generaban 
nuevos problemas de contaminación. La conclusión fue que los problemas de 
contaminación debían ser resueltos en la fuente, a través de medios preventivos, lo que 
supone transformaciones endógenas al proceso productivo. 

Chile y sus empresas no requieren reproducir lineamente una trayectoria de aprendizaje 
ya realizada en países desarrollados. Aunque en muchos casos las tecnologías de 
abatimiento sean las únicas disponibles, es fundamental el reconocimiento de sus costos 
privados y sociales. Ello explica la necesidad de impulsar tempranamente una política de 
fomento de la producción limpia. 

3. Tecnologías de producción limpia (TPL) 

Para efectos de este documento es importante una definición operacional de producción 
limpia. Esta consiste en una estrategia de gestión empresarial preventiva aplicada a 
productos, procesos y organización del trabajo, cuyo objetivo es minimizar emisiones y/o 
descargas en la fuente, reduciendo riesgos para la salud humana y la calidad ambiental, 
y elevando simultáneamente la competitividad. Ello resulta de 5 acciones, sean éstas 
combinadas o no: (i) /a minimización y el consumo eficiente de insumos, agua y energía; 
(ii) /a minimización del uso de insumos tóxicos; (iii) /a minimización del volumen y toxicidad 
de todas las emisiones que genere el proceso productivo; (iv) el reciclaje de la máxima 
proporción de residuos en la planta y si no fuera de ella; (v) y la reducción del impacto 
ambiental de /os productos en su ciclo de vida (desde la planta hasta su disposición 
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última).5 

Una tecnología de producción limpia (TPL) puede ser identificada de varias maneras: O 
permite la reducción de emisiones y/o descargas de un contaminante, o la reducción del 
consumo de energía eléctrica y/o agua, sin provocar incremento de otros contaminantes; 
o logra un balance medioambiental más limpio, aún cuando la contaminación cambia de 
un elemento a otro. Esto último supone evaluar la nueva tecnología sobre la base de las 
normas y estándares fijados por la legislación medioambiental. 

En principio, la producción limpia podría entenderse como aquella que no genera residuos 
ni emisiones. En la realidad esto no es así. Primero, porque en el estadio actual de 
desarrollo son escasas las tecnologías económicamente viables que logren cero emisión. 
Segundo, porque si bien toda emisión puede generar una externalidad negativa (o pérdida 
de bienestar social sin compensación), el nivel óptimo de contaminación no es igual a 
cero, sino aquel en que los beneficios sociales marginales de minimizar residuos, sean 
equivalentes a los costos sociales marginales de lograr tales reducciones . 

Más allá de los beneficios sociales, diversos estudios destacan los principales beneficios 
privados que las tecnologías de producción limpia tendrían : 

a) Genera ahorro en el uso de insumos, agua y energía por unidad producida, 
reduciendo así costos de producción y elevando la competitividad . Más aún , las 
incorporación de tecnologías de producción limpia, puede conllevar importantes 
innovaciones de producto y proceso. 

b) Reduce el costo de so luciones de abatimiento . En los casos en que una vez 
agotadas las oportun idades de preven ir en la fuente, se requiera reducir los niveles 
de emisión utilizando tecnologías de fin de tubo, el costo de abatimiento será 
inferior al que se habría producido sin la utilización de TPL. 

e) Mejora la seguridad y reduce los riesgos a la salud de los empleados. A la vez que 
reduce el riesgo de almacenamiento y disposición de residuos peligrosos, temas 
difíciles de fiscalizar. 

d) Mejora la reputación de la empresa, no sólo porque evita multas sino también 
porque favorece su imagen comercial, cuestión indispensable para su actividad 
exportadora. 

¿Cuál es la aplicabilidad de las tecnologías de Producción Limpia? No existe en Chile un 
diagnóstico de su potencial real de aplicación. Sin embargo, un reciente estudio de la ONU 

5/Esto supone una clara diferenciación entre proceso y producto. En el caso de procesos, la TPL 
supone enfoques específicos por ramas productivas. En el caso de productos, el ciclo de vida atraviesa 
varias ramas económicas (p.e. industria, transporte, comercio, servicios de recolección y disposición). 
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(UNEP) señala que cerca de un 70% de todos los residuos y emisiones provenientes de 
procesos industriales, pueden ser prevenidos en la fuente, utilizando tecnologías 
adecuadas y procedimientos económicamente rentables.6 En consecuencia, aunque no 
existen soluciones de tecnología de producción limpia para todos los productos y 
procesos, es una estrategia que puede tener alto impacto en el sistema productivo. 

Además, en Chile ya se han realizado numerosas experiencias relevantes, que evidencian 
un potencial de alto impacto (ver recuadro). De cualquier forma, la Producción Limpia, 
depende sólo parcialmente de la introducción de tecnologías "duras". También supone 
soluciones costo-eficientes mediante gestión preventiva aplicada a procesos y productos, 
lo que se aproxima al enfoque de calidad total y resulta particularmente beneficioso para 
el desempeño y competitividad de la PYME y microempresa. 

6Ner "Government Strategies and Policies for Cleaner Production", United Nations Environment· · 
Program (UNEP), lndustry and Environment, 1996. 
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central. En Chile existen 165 centros tecnológicos catastrados, de los cuales 82 
tienen capacidades para realizar actividades relacionadas con tecnologías de 
producción limpia y de abatimiento. Por ello es que el eje central de esta línea de 
acción es el fortalecimiento o la creación de nuevas capacidades en TPL en la 
masa ya existente de centros tecnológicos. 

El principal mecanismo de financiamiento de la red de centros tecnológicos es el 
sistema de fondos tecnológicos. Los proyectos deben basarse objetivos tales como: 
capacitación técnica y educación superior en Gestión Ambiental Preventiva; 
proyectos demostrativos en TPL; servicios de información y asesoría técnica en 
TPL; proyectos de l+D en TPL orientados por misión científico-tecnológica, en 
aquellas áreas donde no existan tecnologías económicamente rentables para las 
empresas. La evaluación de los proyectos se realizará en base a criterios regulares 
ya utilizados por los fondos tecnológicos, realizando las adecuaciones y ajustes 
necesarios. 

La operacionalización de -esta línea de acción implica realizar las siguientes 
actividades: (a) realizar un estudio de caracterización de la infraestructura 
tecnológica en TPL. El propósito es detectar necesidades para el período 1998-
2001, analizar requerimientos de ampliación de la oferta existente, identificar 

. prioridades de máximo impacto, y recomendar líneas de acción necesarias; (b) 
diseñar un plan bianual 1998-1999 por fondo tecnológico , considerando acciones 
tales como licitaciones, concursos u otras. 

Acción 11 a : SEPIT. Plazo Agosto 1998. 
Acción 11 b : Equipos Ejecutivos de Fondos Tecnológicos (FONTEC, FONDEF, 
FDI, FIA y FIP). Plazo Enero 1998. 

Promoción de programas de capacitación que incluyen dos acciones: (a) 
Promover la articulación entre el sector público y los organismos oferentes de 
capacitación, apoyando las iniciativas de formación de recursos humanos en temas 
vinculados con la Producción Limpia; (b) impulsar convenios y acuerdos marco 
entre Universidades y/o Centros Tecnológicos con entidades públicas y gremios 
empresariales, para realizar acciones de capacitación, transferencia tecnológica y 
difusión. 

Acción 12a: SENCE y OTIR. Plazo Abril 1998. 
Acción 12b :Comité Público-Privado de PL, CORFO, SERCOTEC, FOSIS, 
MINTRATEL, INDAP y SEPIT. Plazo Julio 1998. 

12. Actividades de difusión, indispensables dado el desconocimiento general sobre 
el enfoque de Producción Limpia, de la política, sus instrumentos y mecanismos de 
financiamiento disponibles. Las actividades principales a desarrollar son las 
siguientes; (a) Publicar un informativo periódico vía Correo de la Innovación y otros 
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4. 

E l'proyecto de l+D cofinanciado por FONDEF y denominado "Bioblanqueamiento de celu losa kraft 
,> y eliminación biológica de ·derivados . dorados . dé.la lignina", orientado a disminuir. el impacto 
\ ambiental de los éflUentes de las plantas de celulosa/ espécialmente de cloro y dioxido de cloro. 

· . La planta Arauco realizó 5 pruebas a escala industrial , y en ellas se confirmó los resultados de 
, .. · laboratorio. El tratamiento enzimático conduce a un ahorro entre 12% y 15% de dióxido sin afectar 

=, - la blancura ni las propiedades fís ico-mecánicas de las pulpas, y la reducción de los · compuestos 
organoclorados en los efluentes es proporcional a dicho ahorro. Otra conclusión muy importante 
es que el bioblanqueamiento no require inversión en infraestructura y es económicamente 
atractivo. 

CODELCO ha desarrollado nuevas tecnolog ías de producción limpia, tales como los hornos flash 
y el Convertidor de El Teniente que concentran contaminantes y ahorran energía, mejorando el 
desempeño ambiental y las condiciones laborales. 

Integración de enfoques de gestión empresarial 

En la última década se han difundido nuevos paradigmas de gestión empresarial que 
modificaron sustantivamente los criterios de gestión que eran predominantes en Chile 
hasta los años ochenta. Numerosos obstáculos se interponen para que éstos se 
constituyan en práctica dominante, especialmente en las PYMEs y microempresas. Sin 
embargo, incide también la confusión que genera la profusión de discursos y recetas que 
destacan uno u otro paradigma, sin que exista una integración conceptual práctica útil para 
las PYMEs y microempresas. 

La política de fomento debe considerar que la difusión de la gestión ambiental preventiva, 
sólo será posible en la medida que no se trate como compartimento estanco respecto a 
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medios; (b) Difusión de metodologías estandarizadas por med io de un Manual 
General de Producción Limpia orientado a las PYMEs y MYPEs, así como 
Manuales orientados a sectores productivos específicos, especialmente aquellos 
que presentan mayores problemas de contaminación; (c) integrar el impulso a la 
productividad, calidad y seguridad industrial con fomento de PL, dada la sinergia 
que existe entre estas actividades. Para ello las instituciones responsables deben 
diseñar un programa de encuentros, seminarios y talleres para 1998; (d) Desarrollar 
una Página WEB que incluya información relacionada con PL y las actividades 
detalladas anteriormente; (e) Elaborar un plan de acción para articular y difundir las 
experiencias nacionales en materia de ISO 9000 e ISO 14000. 

Acción 12a: MINECON . Plazo Diciembre 1998 
Acción 12b: CORFO, INDAP, SERCOTEC u otros. Plazo Diciembre 1998. 
Acción 12c: INN, CNPC y SEPIT. Plazo Diciembre 1998. 
Acción 12d : MINECON. Plazo Diciembre 1998 
Acción 12e : CNPC-INN-SEPIT. Plazo Abril 1998. 

D. Fortalecimiento de la gestión y coordinación pública 

La finalidad principal de esta línea de acción es propender a una mayor eficiencia de las 
actividades del sector público, la que se manifestará principalmente en la incorporación 
de criterios de Producción Limpia en las políticas y acciones de gobierno, que digan 
relación con iniciativas de desarrollo productivo y protección del medio ambiente . En esta 
línea se desa rrollarán las siguientes actividades : 

13. Impulsar la integración del enfoque PL en las políticas y programas del 
Gobierno . Un instrumento para difundir la PL en el sector público será la utilización 
de instancias ya existentes en las diversas reparticiones , en especial los Com ités 
Parita rios de Higiene y Segurid ad establecidos en la ley sobre Acciden tes del 
Trabajo y Enfermedades Profesionales aplicables al sector público conforme a la Ley 
N°19.345 de 1994. 
En el primer año se privilegiará la tarea de información y difus ión a los miembros 
de los Comités Paritarios de Higiene y Seguridad . 

Acción 13 : Subsecretaría del Trabajo-MINECON-CONAMA. Plazo Diciembre 1998. 

14. Impulsar programas de capacitación para los organismos públicos , incluyendo 
instituciones de regulación, fiscalización, fomento, Gobiernos Regionales y 
Mun icipios. Para ello. se deberá: (a) identificar necesidades de capacitación en el 
sector público; (b) definir contenidos y metodologías a imparti r en cada institución, 
cons iderando sus fUnciones y ámbitos de acción. .- • ..._. 

Acción 14a: MINECON-CONAMA y SEGPRES. Plazo Abril 1998 
Acción 14b : MINECON-CONAMA-SEGPRES. Plazo Octubre 1998 



ANEXO 4.2 
Secretaria Ejecutiva de Producción Limpia. MINECON 

I. CONVOCA TO RIA DEL COMITÉ PUBLICO-PRJV ADO 
DE PRODUCCION L.LMPIA: resumen ejecutivo 

1. Las tendencias actuales en gestión ambiental, a diferencia de hace pocas décadas, se 
orientan a la prevención y no al control de la contaminación una vez producida. La razón 
es muy simple, controlarla es más caro que prevenirla. En consecuencia, adoptar sistemas 
de gestión que minimicen o prevengan la producción de contaminación es un factor clave 

_ de competitividad para el desarrollo industrial chileno. Tenemos una oportunidad 
histórica de entrar al milenio incorporando los nuevos enfoques de producción que hoy 
han permitido a nuestros competidores, ir ganando nuevos espacios en la economía 
globalizada. 

2. En consecuencia, la política de fomento a la producción limpia tiene como propósito 
generalcatalizar, incentivar y facilitar el aumento de la competitividad y el desempeño 
ambiental de las empresas, apoyando el desarrollo de la gestión ambiental preventiva para 
generar procesos de producción más limpios. 

La política se divide en cuatro líneas de acción fundamentales: 
• Integración,-adaptación y desarrollo de instrumentos de fomento a la PL ; 
• Cooperación público-privada para el impulso de la producción limpia ; 
• Fortalecimiento de la infraestructura tecnológica y de información; 
• Fortalecimiento de la gestión y coordinación pública. 

3. Un segundo supuesto que determinó el surgimiento de políticas ambientales en el mundo 
desarrollado, fue que el tema ambiental podía ser abordado sectorialmente, con la 
creación de otro ministerio más en el seno del gabinete. La experiencia ha demostrado 
que en los primeros estadios del desarrollo de la gestión ambiental, este enfoque no es el 
más adecuado por cuanto el tema ambiental es esencialmente transversal, abarcando 
dimensiones que cruzan los diversos sectores del quehacer social y público. En esto se ha 
avanzado. La ley de Bases del Medio Ambiente reconoció dicha transversalidad y creó a 
la CONAMA como una institución de coordinación. 

4. Por la misma razón, el Ministerio de Economía a través de la política, ha definido como 
prioridad la creación del Comité Público-Privado, que será una instancia de coordinación, 
diálogo y acción para la implementación y perfeccionamiento de la Política de Fomento a 
la Producción Limpia. 

Por tal motivo, y aún cuando se entiende que este proceso tomará algún tiempo, existen 
expectativas concretas de obtener resultados positivos a un corto y mediano plazo, tales 
como: 

• Obtención de acuerdos voluntarios en diversos sectores; 
• Fortalecimiento de los instrumentos de fomento; 

121 Moneda 921. piso 7°, oficina 705. Santiago-Chile 
-. (562) 631-8738: 631-8200 
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los otros enfoques de gestión empresarial. En efecto, una empresa que es exitosa en TPL 
también habrá obtenido éxitos en productividad y calidad. Por ello es que debe 
considerarse que existe una importante sinergia entre gestión ambiental preventiva con 
actividades de innovación tecnológica, transferencia tecnológica, desarrollo de la calidad 
total, capacitación de recursos humanos, así como con actividades de higiene y seguridad 
industrial. 

5. Obstáculos al desarrollo de la producción limpia 

En Chile, la difusión de tecnologías de abatimiento o de producción limpia, se desarrolla 
vía importación de maquinarias y equipos ambientalmente más eficientes. Sin embargo, 
el sistema productivo arrastra una fuerte inercia histórica en materia de gestión productiva 
no amigable con el medio ambiente. Asimismo, existen importantes obstáculos que 
dificultan la difusión de estas nuevas prácticas en el sistema productivo. 

Los obstáculos pueden ser clasificados en 3 grupos: 

a) Fallas de mercado 

Existen tres tipos de fallas de mercado que justifican una política pública de producción 
limpia: 

o Externalidades ambientales negativas que inducen a una subinversión en 
tecnologías de abatimiento o de producción limpia. 

o Mercados tecnológicos incompletos. Si bien hay un crecimiento acelerado de oferta 
de equipos tales como filtros y plantas de tratamiento (con asistencia técnica 
incluida); no se desarrolla todavía una oferta suficientemente -amplia de 
consultorías y/o auditorías especializadas en tecnologías de producción limpia, lo 
que afecta particularmente a las PYMEs.7 

o Desconocimiento general sobre él potencial de las TPL. Escasez de información 
de fácil acceso sobre diversas alternativas tecnológicas. Ello genera un sesgo 
contra proyectos de producción limpia, dado que a las empresas se les hace difícil 
evaluar costos y beneficios asociados, con lo que la· percepción de riesgo e 
incertidumbre respecto a su efectividad se incrementa. 

7/Para su comprensión, debe considerarse que las tecnologías de producción limpia no se 
resumen en sólo equipo sino un conjunto de prá_cticas dificiles de estandarizar, dado que supone 
transformaciones de producto y proceso específicos a cada planta. 
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b) Fallas Institucionales 

Una política pública no se justifica sólo por fallas de mercados. En materia ambiental y de 
producción limpia, es relevante la acción pro-activa o pasiva de instituciones públicas y 
privadas. Y la experiencia indica que éstas presentan serios vacíos e insuficiencias: 

o El sistema regulatorio y fiscalizador no se ha completado todavía, lo que induce a 
que un segmento importante de empresas todavía no inicie cambios en su gestión 
ambiental y no demande nuevas tecnologías. 

o Las instituciones de fomento productivo ya han iniciado un proceso de asimilación 
de criterios de producción limpia a sus propósitos, objetivos y mecanismos de 
acción. Sin embargo, no existe coordinación ni tampoco información suficiente. Ello 
genera ineficiencias importantes en el uso y asignación de recursos (ver Capítulo 
IV sección 4). 

o Las fallas de mercado en información, todavía no son compensadas por un sistema 
de información tecnológica ambiental, con bases de datos que incluyan tecnologías 
accesibles (sean éstas de abatimiento o de producción limpia), catastro de 
empresas que ofrecen equipos y servicios, así como otras informaciones relevantes 
para las empresas. 

o En el sector privado existen fallas de coordinación entre empresas que retrasan la 
acción conjunta para asimilar tecnologías de abatimiento o de producción limpia, 
así como la colaboración con las instituciones públicas de fomento y regulación . 

e) Retrasos Sistémicos 

Hay retrasos sistémicos relacionados con el insuficiente desarrollo de recursos humanos 
calificados e infraestructura tecnológica descentralizada: 

o Existe un preocupante vacío en materia de formación de recursos humanos 
orientados a la gestión ambiental preventiva. 

o Hay escaso desarrollo de una infraestructura tecnológica o red de centros 
tecnológicos (públicos, privados y universitarios) y empresas que ofrezcan servicios 
tecnológicos en materia de producción limpia. 

o El desarrollo de mercados y de instituciones relacionadas con el impulso de la 
gestión ambiental preventiva o tecnologías de abatimiento, está poco 
descentralizado territorialmente. 
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6. Precedentes internacionales y nacionales 

La importancia de la gestión ambiental preventiva ha sido explícitamente reconocida por 
casi todos los países desarrollados y en muchos países en vías de desarrol lo, como la 
mejor estrategia para cumplir con los requerimientos establecidos en la Agenda 21 , 
acordada en Río de Janeiro. Ella explícitamen.te señala en el capítulo 30 lo sigu iente : "El 
comercio, la industria y las empresas transnacionales deben tratar de aplicar procesos y 
tecnologías de producción más eficaces, de forma que se utilice mejor la energía y los 
recursos, se mejoren las condiciones de trabajo y se reduzcan al mínimo los desechos, 
ya sea mediante prácticas de reciclado o reutilización de los mismos, De esta forma 
estarían brindando un gran aporte al mejoramiento de la salud ·humana y el medio 
ambiente". 

Asimismo, la propia Organ ización Mundial del Comercio, ha establecido el espacio 
legitimado internacionalmente para políticas públicas proactivas orientadas a la adaptación 
ambienfal de las empresas y su modernización tecnológica.ª 

8/En el Acuerdo sobre Subvenciones y Medidas Compensatorias de la OMC, se señala que: 
(i) No serán recurribles las subvenciones "para promover la adaptación de instalaciones existentes a 
nuevas exigencias ambientales" a condición de que dicha asistencia sea: excepcional no recurrente, se 
limite al 20 por ciento de los costos de adaptación; no cubra costos de sustitución y funcionamiento de la 
inversión; sea proporcional a la contaminación prevista por una empresa, no cubra ningún ahorro en los 
costos de fabricación; y esté al alcance de todas las empresas que puedan adoptar el nuevo equipo o los 
nuevos procesos de producción; (ii) Adicionalmente, la OMC establece que no serán recurribles las 
subvenciones para l+D. Esto es importante, dado que numerosas actividades de l+D y transferencia 
tecnológica se orientan al desarrollo de tecnologías ambientales en general, y de TPL en particular. 
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Adicionalmente, debe considerarse que en Chile ya existe experiencia y fondos 
disponibles en materia de política de fomento de la producción limpia (ver recuadro 
anterior). Estas iniciativas demuestran la sensibilización de las instituciones públicas al 
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fomento de la producción limpia. Sin embargo, también se evidencia descoordinación y 
falta de información, lo que genera ineficiencias y desaprovechamiento de oportunidades 
de una acción conjunta con mayor impacto nacional. Ello explica la necesidad urgente de 
avanzar hacia una política de fomento de la producción limpia. 

IV. JUSTIFICACION Y OBJETIVOS DE LA POLITICA 

El sistema productivo chileno enfrenta el desafío de incorporar en forma relativamente 
rápida, las externalidades ambientales de la producción de bienes y servicios que genera. 
Ello se debe a presiones provenientes de mercados, a tratados internacionales firmados 
por Chile (p.e. Tratado de Libre Comercio con Canadá), así como a la existencia de una 
demanda social y una regulación ambiental creciente. 

En el corto y mediano plazo ello generará inevitablemente una tendencia a la 
modernización y reestructuración del sistema productivo chileno, así como 
transformaciones importantes en las tecnologías de producto, procesos y gestión de las 
empresas. Los beneficios agregados de tales transformaciones son: 

o el bienestar adicional para los ciudadanos y consumidores chilenos; 
o el aumento de productividad, calidad y/o disminución de costos que pudieran estar 

asociados a la adopción de tecnologías más limpias; 
. o la mantención o acceso a nuevos mercados internacionales. 

Sin embargo también hay costos agregados asociados a tales transformaciones. Estos 
son: 

o los costos privados y sociales de la descontaminación que incluyen nuevas 
inversiones en reconversión hacia tecnologías de producción más limpias 
(incluyendo capacitación, transferencia tecnológica, l+D, así como costos de 
fiscalización y fomento); 

o los costos adicionales asociados a nuevos proyectos de inversión, enfrentados a 
mayores exigencias ambientales que en el pasado; 

o las eventuales pérdidas de competitividad-precio que éstas mayores exigencias 
pudieran representar para las empresas.9 

A ello debe agregarse dos tensiones adicionales. Por un lado, la caída tendencia! del tipo 
de cambio real que se arrastra desde 1991, que más allá que en la coyuntura se haya 

9/En el caso de bienes no-transables, los costos agregados de la reconversión productiva y 
tecnológica de las empresas tenderá a estar compartido entre productores y consumidores. En el caso de 
bienes transables, el costo agregado de la reconversión tenderá a ser asumida por las empresas 
exportadoras y/o sustituidoras de importaciones. La gradualidad en la aplicación de las regulaciones 
ambientales es un principio que pretende facilitar los costos de adaptación, aprendizaje y absorción de 
costos hundidos de las empresas. Sin embargo, es inevitable que se produzcan tensiones importantes en 
el proceso de reconversión tecnológica y/o ambiental de las empresas. 
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acelerado, constituye una tendencia que continuará en los próximos años. Por otro lado, 
el desmantelamiento de importantes subvenciones para el fomento exportador, hoy 
prohibidas por la OMC, y que tuvieron un impacto positivo relevante en una masa 
importante de empresas exportadoras emergentes. 

Por ello es que la reconversión tecnológica ambiental está generando una presión 
competitiva adicional para las empresas del sector transable, especialmente de tamaño 
mediano, pequeño y micro. Se trata de costos hundidos que las empresas deberán asumir 
y que generarán una nueva corriente de gastos corrientes, afectando su estructura de 
costos. 

En consecuencia, una condición crítica del éxito de la política ambiental y de la política de 
desarrollo productivo es la capacidad del sector público de catalizar y acelerar la velocidad 
de difusión, de adaptación y de aprendizaje de nuevas tecnologías de produción limpia en 
la gran masa de empresas chilenas, especialmente PYMEs y MYPEs del sector industrial. 

Dado que hay importantes fallas de mercado y una elevada heterogeneidad de -la 
estructura productiva que reve la retrasos sistémicos en materia de accesibilidad a 
tecnología, información y recursos por parte de PYMEs y MYPEs, se hace ind ispensable 
un rol proactivo del Estado, para facilitar el desafío que enfrentan las empresas chilenas. 
Ello se traduce en la necesidad de impulsar una política nacional de producción limpia, 
que integre y eslabone la política ambiental y la pol ítica de desarrollo productivo. Su 
propósito central es mejorar el desempeño ambiental y la competitividad de las empresas 
chilenas, mediante la incorporación de criterios de gestión ambiental preventiva, orientada 
a reducir los niveles de emisión y/o descarga de modo de cumplir con las normas e incluso 
reducir la generación de contaminantes más allá de lo indicado por éstas . 

1. Principios 

La Política de Fomento a la Producción Limpia , supone un rol del Estado que crea 
cond iciones, incentiva, cataliza y facilita el protagonismo y compromiso de los actores 
productivos orientado a difundir la gestión ambiental preventiva en las empresa. Los 
principios generales de esta pol ítica (o criterios que la orientan), asumen tanto los de la 
política ambiental como los de la política de desarrollo productivo y ya fueron expuestos 
en el capítulo 11. Los principios específicos son básicamente dos: 

a) Coordinación entre fomento y regulación para la PL 

El impacto y efectividad de la política de producción limpia no pueden basarse sólo 
en esquemas voluntarios e instrumentos de fomento . La experiencia internacional 
indica que las instituciones de regulación y fiscalización tienen un rol fundamental. 
En este sentido se orientan iniciativas tales como: el sistema de evaluación de 
impacto ambiental; los planes de descontaminación que aseguren materias primas 
y combustibles más limpios (p.e. PDDA-RM); los sistemas de r~gistro_ de empresas 
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para disposición de residuos sólidos y RILES; el impulso de mercados de permisos 
transables de emisión; así como la elaboración de normas que establecen plazos 
y metas de cumplimiento. Asimismo, al ejecutar actividades que le son propias, las 
instituciones de fiscalización pueden informar a las empresas no sólo las 
regulaciones existentes sino también las fuentes de información disponibles y los 
instrumentos de fomento a los cuáles podrían acceder. El proceso no es sencillo, 
pero la eficiencia y eficacia de esta política, depende de que las instituciones de 
fomento y regulación rutinicen prácticas de coordinación, cooperación e intercambio 
fluido de información. Existe aquí un amplio espacio para el desarrollo de nuevas 
iniciativas. 

b) Adaptación del instrumental de fomento 

La mayor parte de los instrumentos de fomento existentes son horizontales, no 
discriminatorios y multisectoriales. Por tanto son flexibles a los objetivos de la 
política de Fomento a la Producción Limpia. Además debe considerarse que ésta 
tiene una elevada complementariedad, ya relevada en capítulos anteriores, con los 
fines y medios del fomento productivo y tecnológico. Por ello es que la adaptación 
de los instrumentos del fomento productivo a los requerimientos de difusión de TPL 
en el sistema productivo, es una condición fundamental de su éxito y potencia el 
desarrollo productivo en su conjunto. 

c) · Focalización hacia grupos de empresas 

Las tecnologías de producción limpia deben ser específicas según procesos. Sin 
discriminar contra empresas individuales en su acceso a instrumentos de fomento, 
el impacto y la eficiencia del fomento público será mayor en la med ida que se 
oriente hacia grupos de empresas que presenten las siguientes características: (i) 
pertenecer a una misma rama industrial que por la similitud de procesos 
productivos, faciliten acciones de transferencia tecnológica masiva; (ii) pertenecer 
a un mismo encadenamiento productivo, lo que también permite, en el marco de 
políticas de desarrolllo de proveedores, acciones de transferencia tecnológica 
masiva; (i ii) pertenecer a un agrupamiento territorial de empresas, localizadas en 
zonas o en parques industriales, que facilite la adopción de procesos comunes de 
tratamiento y reciclaje de RILEs y residuos sólidos. 

Sin discriminar contra grupos de empresas que se asocien para planes de acción 
en materia de producción limpia, este enfoque también permite priorizar la política 
de fomento hacia las ramas y subsectores más contaminantes, según tipo de 
emisión (aire, agua, suelos) . Esto supone un rol proactivo y catalizador del sector 
público, que debe operar en estrecha coordinación con el sector privado. 
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2. Objetivo general y Objetivos específicos 

El objetivo general de esta política es catalizar, incentivar y facilitar el aumento de la 
competitividad y el desempeño ambiental de las empresas, apoyando el desarrollo de la 
gestión ambiental preventiva para generar procesos de producción más limpios, 
incluyendo el uso eficiente de la energía y el agua. 

En concreto ello implica: 

a) Promover el incremento de la eficiencia de los pro,cesos productivos, 
mejorando la competitividad de la empresa. 

b) Promover la prevención de la contaminación, minimizando la generación de 
residuos y emisiones lo más cercanamente a la fuente. 

e) Promover el uso eficiente de la energía y el agua 
d) Incentivar la reutilización, la recuperación y el reciclaje de insumos y 

productos 
- e)--- Contribuir al uso más eficiente de las tecnologías de abatimiento, cuando 

éstas sean la opción económicamente más viable. 

Los objetivos específicos de la política de fomento de la producción limpia son 4, que se 
' traducen en lineamientos de un programa de acción para el período 1997-2000: \__.,, 

\ _: 
~ 

• Integrar, adaptar y desarrollar instrumentos de fomento de producción limpia, 
· basado en acciones tales como masificar acciones de transferencia tecnológica, 

crear mercados de servicios tecnológicos en PL, favorecer la l+D orientada al 
desarrollo de tecnologías de PL; 

• Impulsar la cooperación para el fomento de PL que incluye acciones tales como los 
Programas Voluntarios de Producción Limpia emprendidos por grupos de 
empresas, favorecer la emergencia de una "masa crítica" de empresas con 
experiencias avanzadas (p.e.lSO 14000), formar un Comité Público-Privado que 
analice alternativas de política, emprenda acciones conjuntas y defina prioridades; 

• Fortalecer la infraestructura tecnológica y de información que incluye acciones tales 
como el impulso. de una red de centros tecnológicos de PL, la difusión de 
metodologías estandarizadas de PL, el desarrollo de campañas de sensibilización 
con participación privada, la promoción de programas de capacitación, así como 
el uso intensivo de la infraestructura de información (INTERNET) para uso efectivo , 
de las empresas; 

• Fortalecer la gestión y coordinación pública en el fomento de la PL, que se expresa 
en acciones tales como: la integración de objetivos y metas de PL en todos los 
programas de fomento productivo y de infraestructura; el fortalecimiento del rol de 
información de las entidades de regulación y fiscalización; el impuls_o del fomento 
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de PL a nivel regional; y la adaptación de las políticas de fomento de la PYME y 
MYPE a los propósitos de PL. 

V. LINEAMIENTOS DE UN PROGRAMA DE ACCIÓN 1997-2000 

La política de producción limpia para el período 1997-2000 tiene 5 características 
distintivas: primero, integra y articula las iniciativas y programas que ya están en marcha. 
Segundo, no descarta el fomento de tecnologías eficientes de abatimiento, especialmente 
cuando las alternativas de gestión ambiental preventiva no sean suficientes por sí mismas, 
para asegurar que un grupo específicos de empresas cumplan con las normas y 
estandares oficialmente definidos. Tercero, aunque está foca/izada principalmente hacia 
PYMEs y microempresas, también se orienta al desarrollo de encadenamientos 
productivos "más limpios", que pueden articular grandes y pequeñas empresas. Cuarto, 
dado que el país recién está incursionando en este tipo de política, en su gestión pública 
se establecerá un enfoque flexible, basada en un permanente diálogo público-privado, 
abierto a incorporar nuevas iniciativas, descartar las que se demuestran como ineficientes, 
y profundizar aspectos que podrían ser relevantes tales como líneas de financiamiento 
para la inversión productiva hacia fines ambientales, basados en criterios OMC. Quinto, 
se orienta a generar un cambio en la sensibilidad social respecto a los temas de medio 
ambiente y productividad, así como un cambio cultural en los actores respecto a introducir 
en sus prácticas cotidianas una gestión ambiental preventiva. Esto es lo que permitirá a 
las empresas avanzar más allá de las normativas. 

Para el período 1997-2000 la política se traduce en un programa de acción que está 
marcado por el criterio que vivimos una fase de despegue en un proceso de larga 
maduración, que se expresa en cuatro grandes lineamientos con sus respectivas 
acciones, responsables y plazos de cumplimiento. 

A. Integración, adaptación y desarrollo instrumentos de fomento de PL 

El objetivo de esta línea de acción es por un lado, integrar, coordinar y potenciar las 
iniciativas ya existentes (ver recuadro nº 2) y por otro, impulsar nuevas iniciativas que 
contribuyan al desarrollo de condiciones que permitan masificar la transferencia de 
tecnologías de producción limpia. Las acciones aquí descritas se refieren a las nuevas 
iniciativas: 

1. Optimizar acción de los fondos tecnológicos, dado que ya se están aprobando 
numerosos proyectos de l+D y transferencia tecnológica relacionados con 
tecnologías ambientales. Sin embargo, se requiere realizar dos acciones: (a) 
evaluar la eficiencia e impacto de la asignación de recursos realizada por los 
fondos; (b) adecuar las líneas de financiamiento para incluir proyectos de l+D -
orientado por misión científico-tecnológica, proyectos demostrativos, misiones o 
giras tecnológicas y acciones de transferencia de tecnologías de PL, solicitados y 
co-financiados por grupos empresas que hayan establecido Programas Voluntarios 
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de Producción Limpia (ver B.9); (c) evaluar la pertinencia de que el Fondo para 
· subsid io a la reconversión tecnológica (TECFIN) se integre, articule o asocie al FDI 
de CORFO. 

Acción 1.a : Secretaría Programa Innovación Tecnológica. Plazo Junio 1998. 
Acción 1.b : Comité Técnico del PIT. Plazo Mayo 1998. 
Acción 1.c : CONAMA-CORFO. Plazo Diciembre 1997. 

2. Adaptar y flexibilizar instrumentos de transferencia tecnológica para TPL, 
tales como los FAT y PROFOs que deben: (a) introducir cambios en la gestión u 
otras modificaciones que se consideren necesarias en el FAT y los PROFOs para 
ajustarse a los mayores costos unitarios de las auditorías de producción limpia; (b) 
concretar el acuerdo marco CORFO-CNE en un Rlan de acción con metas Rara 
1998, 1999 y 2000 (ver recuadro nº2) para masificar acciones de auditoría en 
materia de uso eficiente de energía; (c) los Ministerios de Agricultura y Minería, así 
como el FOSIS, deberán señalar las adecuaciones que introducirán a los 
instrumentos de fomento y transferencia tecnológica; pa-ra efectos de adecuarlos 
a los objetivos de la política de fomento de producción limpia . 

3. 

Acción 2.a : CORFO, gerencia de Fomento. Plazo Abril 1998. 
Acción 2.b: CORFO-CNE. Plazo Enero 1998. 
Acción 2.c : Ministerios de Agricultura y Minería, y FOSIS. Plazo Enero 1998. 

Favorecer la expansión y calidad de la oferta de servicios tecnológicos en PL, 
proceso que se verá favorecido por las acciones precedentes, pero que requiere 
adicionalmente de: (a) un conven io CORFO-SENCE-Universidades para cursos 
especializados para auditores en PL con diploma o certificación de asistencia ; (b) 
un sistema de registro unificado de consultores, centros tecnológicos y empresas 
certificadas como auditores o expertos en servicios tecnológicos en PL. 

Acción 3.a : CORFO-SENCE. Plazo Junio 1998 
Acción 3.b : CORFO-SERCOTEC-FOSIS-INDAP y otros. Plazo Mayo 1998 . 

4. Estudio de mecanismos financieros para inversiones en TPL, que consideren 
el diagnóstico y eventual adaRtación de los actuales sistemas de financiamiento y 
de garantía. anal izando otros nuevos, para apoyar la adaptación de instalaciones 
productivas existentes a nuevas exigencias ambientales, en base a criterios OMC. 
El propósito es apoyar financieramente los esfuerzos de inversión en reconversión 
tecnológica o relocalización que una o varias empresas impulsen para reducir 
contaminación de procesos productivos. · 

Acción 4 : MINECON. CORFO y Banco del Estado. Plazo Septiembre 1998. 

5. Estudio de la pertinencia y eficiencia de eventuales incentivos fiscales 
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asociados a Programas Voluntarios de Producción Limpia o certificación ambiental 
de entidades fiscalizadoras, para apoyar la adaptación de instalaciones productivas 
existentes a nuevas exigencias ambientales, en base a criterios OMC, 
considerando la experiencia internacional y las propuestas del sector privado y 
universitario, tales como la presentada por el CEPRI en septiembre 1997. 

Acción 5 : MINECON, Comité Público-Privado de PL. Plazo Junio 1988. 
r 

Introducir a la política y prácticas del gobierno central criterios y objetivos 
ambientales y de PL. Durante 1997, el Gobierno Central gastará US$ 3.500 
millones por compra de bienes y servicios. El Comité lnterMinisterial de 
Modernizáción de . la Gestión Pública ya ha elaborado una propuesta de 
modernización y racionalización. Por ello es que debe considerar la introducción 
progresiva de criterios. objetivos y mecanismos tales como normas y sistemas de 
información. para asegurar exigencias ambientales y de PL a las empresas 
interesadas en vender bienes y servicios al Estado. Ello constituirá un incentivo 
poderoso de difusión de TPL en el sistema productivo chileno. · 

Acción 6 : Comité lnterMinisterial de Modernización de la Gestión Pública. Plazo 
Octubre 1997. 

Introducir en el FNDR criterios ambientales y de PL para los proyectos de 
fomento productivo que se financien. 

Acción 7 : Subsecretaría de Desarrollo Regional. Plazo Diciembre 1997. 

Cooperación para el impulso de la producción limpia 

El objetivo principal de esta línea de acción, es la creación de instancias público- privadas 
con el objeto de definir acciones concretas y prioridades para la ejecución de actividades 
conjuntas y catalizar la cooperación entre ambos sectores. 

8. Formación de un Comité Público-Privado, cuya m1s1on será facilitar la 
articulación entre gremios empresariales, instituciones públicas y otras entidades, 
para efectos de impulsar, catalizar y facilitar la difusión de la gestión ambiental 
preventiva y las tecnologías de producción limpia en el sistema productivo. 

Este Comité estará conformado por las siguientes instituciones: (i) instituciones 
públicas de fomento: MINECON, MINERIA, MINAG, CORFO, MINTRATEL, CNE 
y SENCE; (ii) instituciones de regulación y fiscalización tales como CONAMA, 
MINSAL, SISS; (iii) representantes de asociaciones gremiales y de la CUT. La -
Secretaría Técnica de este comité será ejercida por el Ministerio de Economía. En 
principio, el Comité Público-Privado tendrá las siguientes tareas: 
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Evaluar y proponer proyectos que fortalezcan el fomento y difusión de PL 
Impulsar y perfeccionar los Acuerdos Voluntarios de PL. 
Explorar e identificar sectores prioritarios para acciones de PL. 
Evaluar la marcha de la política de fomento de PL. 
Evaluar las implicancias en la gestión ambiental de las empresas, de 
acuerdos comerciales u de otra naturaleza de tipo bilateral y multilateral. 

Acción 8: MINECON. Plazo Octubre 1997. 

Promoción de Programas Voluntarios (PV) de Producción Limpia, instrumento 
que tiene precedentes internacionales y algunos nacionales, tiene por objeto 
fomentar la asociatividad entre empresarios de rubros similares o complementarios, 
que pueden estar localizados en un mismo territorio, para el desarrollo de 
programas de adaptación de tecnologías de producción limpia u tecnologías de 
abatimiento (en caso que las primeras no sean viables técnica y/o 
económicamente), con el fin de mejorar simultáneamente la competitividad y el 
desempeño ambiental de las empresas participantes. 

Para su operacionalización, se requiere: (a) caracterizar los propósitos y 
modalidades de los PV. Algunos criterios avanzados por el grupo técnico que 
elaboró este documento son los siguientes: 

• Los PV están conformados principalmente por un grupo de empresas que 
se asocian, se identifican y ca-financian el proyecto, aunque pueden 
participar otras instituciones tales como gremios ·empresariales, centros 
tecnológicos, universidades, Gobiernos Regionales o Municipios. 

• Los PV deben tener objetivos precisos entre los cuales pueden estar: 
reducción de emisión (p. ej., CO2, SO2, NOx, COV, ruido, olores, etc.); 
reducción, recuperación o reciclado de residuos; reducción o eliminación de 
determinadas sustancias o materiales; elevar el rendimiento energético o 
minimizar uso de agua; Implementación de Sistemas de Gestión Ambiental 
(p.e. ISO 14000); adopción de códigos de conducta empresariales 
reconocidos internacionalmente. 

• Las empresas generarán un plan de acción que identifique propósitos y 
objetivos, metas cuantificables, plazos de cumplimiento y formas de 
verificación. 

• El plan de acción deberá identificar las acciones a realizar, en forma de 
proyectos debidamente evaluados. Entre las acciones posibles se 
encuentran: proyectos de l+D, Misiones Tecnológicas, proyectos 
demostrativos, contratación expertos, y otras. 

D Como condición deseable pero no indispensable, los PV deberían ser 
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avalados o reconocidos por parte de autoridad.es interesadas en fomentar 
la solución de problemas ambientales (Gobiernos regionales y Municipios). 
Los acuerdos con instituciones de fiscalización o de regulación· son posibles 
cuando: (i) las empresas no han traspasado normas legales; (ii) o si existen 
normas con plazos de cumplimiento o en proceso de elaboración y las 
empresas desean alcanzarlos antes de los plazos definidos. En ambos 
casos habrá verificación y certificación del fiscalizador. 

Los PV pueden conformarse cuando las empresas ya cumplen normas de 
emisión, pero desean mejorar su cumplimiento, por ejemplo para obtener 
sellos de calidad ambiental, certificaciones de ISO 14000, reconocimiento 
de entidades fiscalizadoras de otros países a los cuales deseen exportar, o · 
introducir nuevas tecnologías de producción limpia. 

Para fomentar la conformación de PV, se requiere: (b) Diseñar y adaptar el 
conjunto de instrumentos que incentivarán los PV, analizando posibles 

· adecuaciones a los FAT y PROFOS, la generación de una ventanilla única para la 
recepción de proyectos, y la diseño de certificaciones ecoambientales o de 
cumplimiento de normas oficiales. Adicionalmente, (c) el Comité Público Privado 
debe definir al menos 3 proyectos pilotos que, mediante el aporte de servicios de 
salud regionales y en convenio. con instituciones como CORFO, deben ser 
impulsados para efectos de obtener experiencias, evaluar criterios y mecanismos 
que aseguren la difusión y éxito de los PV. 

Acción 9.a : Comité Público-Privado de Producción Limpia. Plazo Enero 1998. 
Acción 9.b: CORFO, SERCOTEC, INDAP, ENAMI, FOSIS, MINTRATEL. Plazo 
abril 1998. 
Acción 9.c : Comité Público-Privado de Producción Limpia. Plazo abril 1998. 

C. Fortalecimiento de la infraestructura tecnológica y de información 

El desarrollo y difusión de tecnologías limpias o de abatimiento, requiere del impulso de 
una infraestructura tecnológica ambiental, entendida como el conjunto de centros 
tecnológicos (públicos, universitarios y privados), empresas de servicios tecnológicos 
(consultorías especializadas) y organismo fiscalizadores, que disponen de capacidades 
para transferir conocimientos en tecnologías de producción limpia. 

1 O. Impulso de una red de centros con capacidades de transferencia en este 
nuevo tipo de tecnologías, que asumirán funciones que el mercado hoy no 
realiza, pero que posteriormente pueden dar nacimiento a nuevas empresas de · 
servicios tecnológicos creando nuevos mercados. En casos calificados, ello puede 
implicar la creación de nuevos centros tecnológicos en rubros, especialidades o 
regiones donde no exista oferta privada ni centros tecnológicos con capacidades 

·'i--__,. potenciales. Pero en términos generales, ello no debiera constituir la orientación . 
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Desarrollar la cooperación internacional en materia de PL, para ello debe 
elaborarse un plan de acción bianual, que coordine la actividad de diversas 
instituciones. 

Acción 15: MINECON, AGCI, CONAMA, PROCHILE. Plazo Enero 1998. 

16. Evaluación anual del cumplimiento del programa de acción, lo que supone un 
.•,. seguimiento de las acciones que el presente documento ha señalado, afinamiento 

del diagnóstico sobre la situación de las empresas y presentación de un plan de 
acción bianual 1999-2000 al CIDP . 

... 

Acción 16 : MINECON. Plazo Octubre 1998. 
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• Desarrollo de la infraestructura tecnológica de PL ; 
• Al mediano y largo plazo se pretende generar un cambio en la cultura productiva 

nacional hacia una producción limpia. 

5. En este esfuerzo se requiere de la participación y compromiso permanente de quienes han 
sido convocados. Este compromiso debe estar sustentado en la acción y los resultados a 
obtener. 

6. Para hacer posible lo anterior, el MINECON ha desarrollado su mayor esfuerzo tendiente 
a implementar la política. En este sentido, ha dispuesto la creación de la Secretaría 
Ejecutiva de Producción Limpia, para reforzar y apoyar no sólo al Comité Público
Privado, sino también la política de fomento a la producción limpia en su conjunto, 
actuando como coordinadores de acciones, catalizadores de procesos, difusores del tema 
a nivel nacional, así como promotores del diálogo y de acciones público-privadas. 

¡g¡ Moneda 921. piso 7º, oficina 705. Santiago-{:hi!e 
.r. (562) 631-8738; 631-8200 
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II. COMITÉ PÚBLICO-PRIVADO DE PRODUCCIÓN LllVlPIA: descripción 
general 

l. Introducción 

El Comité Público-Privado de Producción Limpia (CPL) se inserta en la Política de Fomento 
a la Producción Limpia (PPL), constituyéndose en un instrumento clave para acelerar el 
proceso de transformación hacia una producción limpia, así como de revisión de los efectos 
de la Política. 

Este Comité estará constituido por el sector público y el sector privado y estará respaldado 
en su acción, por la Secretaría Ejecutiva de Producción Limpia, recientemente creada, que 
hará las veces de instancia coordinadora de las tareas y desafíos que emprenda el Comité, así 
como aquellos que demande la Política de Fomento a la Producción Limpia. 

Es indispensable pensar en un Comité de amplia y efectiva participación. Para ello se han 
definido algunos requisitos, con el fin de que sea una instancia que tenga verdadera 
representatividad, y por sobre todo, con capacidad ejecutora de las decisiones y acuerdos 
que se tomen. Por tal motivo, se. ha-estimado necesario innovar respecto de la constitución 
tradicional de grupos de participación público-privados, generando un espacio de diálogo y 
acción para sus participantes y comprometiéndose ambos en los resultados a obtener y, por 
lo tanto, en los trabajos a desarrollar. 

El Comité claramente privilegia la acción, por ello, tendrá una estructura que facilite el 
actuar y la ejecución de los compromisos. En este sentido se espera obtener como fruto del 
trabajo del Comité, grupos de trabajo sectorial cuya finalidad estará íntimamente ligada a los 
sectores industriales que sean definidos para adoptar cambios hacia producción mas limpia, 
generando acciones para ello. 

2. Declaración de principios: 

"La política de producción limpia supone un rol del Estado que crea condiciones, 
incentiva, cata/iza y facilita el protagonismo y compromiso de los actores productivos, 
orientado a fortalecer el proceso de adopción de tecnologías limpias". 

3. Misión del CPL: 

"Facilitar la articulación entre gremios empresariales, instituciones públicas y otras 
entidades, para efectos de incentivar, cata/izar y facilitar el desarrollo de una gestión 
ambiental preventiva y la adopción de tecnologías de producción limpia en el sistema 
productivo". 
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4. Objetivo General 

Constituirse en un espacio de acción público-privado, que comprometa al sector público y al 
sector privado en iniciativas de interés común, y que tienda al perfeccionamiento e 
implementación de la Política de Fomento a la Producción Limpia, con el propósito que los 
actores productivos adopten las tecnologías de producción limpia. 

5. Características del Comité: 

I. Representación pública y representación privada: el Comité es un espacio común de 
carácter publico y privado. Un objetivo es involucrar a los diversos sectores claves para 
la producción limpia, a saber: representantes de la pequeña, mediana y gran empresa; 
representantes de servicios públicos de regulación, fiscalización y de elaboración de 
politicas ambientales; órganos de fomento y capacitación; y representantes de 
organizaciones sindicales. 

2. Representatividad política y capacidad ejecutora: los participantes del Comité tienen 
autoridad y capacidad para comprometerse en las decisiones que se tomen, así como 
capacidad para ejecutar las tareas que en el propio Comité -se acuerden. 

3. Número de representantes representativo de los distintos sectores, pero no masivo. 
4. Incorpora al sector trabajador: en el proceso de producción limpia cobra especial 

relevancia la fuerza de trabajo, por ello y por su relevancia politica, es conveniente la 
participación activa del sector de los trabajadores en el Comité. 

6. Consejo Consultivo 

Adicionalmente, el CPL poseerá un Consejo Técnico de Carácter Consultivo, el que estará · 
compuesto por personas o instituciones representativas del mundo académico, de las ONGs 
y de organismos de investigación y asistencia técnica. 

Dicho Consejo se relacionará estrechamente a la Secretaria Ejecutiva de Producción Limpia. 

7. Tareas del CPL 

La Política de Fomento a la Producción Limpia ha establecido las siguientes tareas para el 
Comité de Producción Limpia: 

• Explorar e identificar sectores prioritarios para acciones de PL; 
• Evaluar y proponer proyectos que fortalezcan el fomento y difusión de PL; 
• Impulsar acciones de producción limpia ( ej.: acuerdos voluntarios de PL); 
• Evaluar las implicancias en la gestión ambiental de la empresas, de acuerdos comerciales 

o de otra naturaleza de tipo bilateral y multilateral; 
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• Evaluar la marcha de la política de fomento de PL; 
• Explorar otros instrumentos de fomento a la producción limpia y perfeccionar los 

existentes. 
• Mantener estrechas relaciones con organizaciones internacionales o de otros países, con 

miras a establecer canales de información o alianzas que faciliten el trabajo del CPL. 
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ANEXO 4.3 

CHAPTER25 

The Future of 
Green Buildings 

lntroduction 
To many in the building industry, investment in green building practices may be a leap 
of faith. Further research and successful examples ofsustainable building will advance 
this developing technology and provide direct proof of its economic and health-related 
benefits, encouraging its greater adoption. More research is needed in life-cycle cost 
analysis over the full spectrum of building fabrication, ownership, operation, and 
reuse/disposal. As the data become more widespread and the impacts-induding exter
na! costs assciciated with pollution, waste, and environmental-resource consumption
of conventional practices become better known, green building practices will become 
more widespread. 

The green building movement has started to gain momentum. Each year yields addition
al demonstration projects; dozens of new efficient and healthy technologies; and 
expanded research, standards, codes, and regulations. This chapter provides information 
on new developments in these areas and new issues that should be considered by the 
building industry and building ówners. 

These include rating systems to evaluate a building's environmental performance, certi
fication programs far green building products, and the adoption of green building stan
dards and practices by recognized standard-setting organizations. Thé availability of 
increasingly sophisticated computer software programs also fasters the growth of green 
building practices by making it easier to identify and eva!uate options far a building 
project. Other new trends and emerging concepts affecting the building industry 
include performance-based contracts, remanufacturing and product leasing, telecom
muting and "virtual offices," and efforts to mitigate natural-disaster losses through 
improved building practices. 
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Building-Rating Systems 
Green building-rating systems are used to evaluate new or existing buildings based on 
their environmental performance. Reviewers issue credits in each performance category 
and assign an overall environmental performance rating to the structure. With public 
acceptance, rating systems can change the way designers, building owners, and tenants 
evaluate buildings. Following is a brief review of severa! rating programs. 

Building Research Establishment Environmental Assessment 
Method/New Offices 
Toe Building Research Establishment in England has developed a voluntary assessment 
method for new building designs, known as the Building Research Establishment 
Environmental Assessment Method (BREEAM)/New Offices, Version 1/93. Its objectives 
are to encourage designers to become more environmentally sensitive; create a demand 
for buildings that are "friendlier to the environment"; stimulate a market for environ
mentally sound buildings; raise awareness about !arge-impact buildings and lessen their 
burden on the environment; and improve the indoor environment ancI health of occu
pants. Toe assessment covers three main areas of environmental issues: 1) global issués 
and the use of resources, 2) local issues, and 3) indoor issues (Figure 1). 1 

Other BREEAM assessment methods have been established for existing offices, industrial 
. units, supermarkets, new housing, and other b_uilding topics. The version for existing 
-offices assesses the operation of buildings based on their environmental policies and 
management, and is supported by an Environmental Management Toolkit. 

Global Issues and Use of Resources 

• CO
2 

emissions resultin_g from energy use 
• Acid rain 
• Ozone depletion from CFCs, HCFCs, and halons 
• Natural resources and recyded materials 
• Storage of recyclable materials 

Local Issues 

• Legionnaires' Disease arising from wet cooling towers 
• Local wind effects 
• Noise 
• Overshadowing of other buildings and land 
• Water economy 
• Ecological val u e of si te 
• Cyclists' facilities 

Indoor Issues 

• Legionnaires' Disease from domestic water systems 
• Ventilation, passive smoking, and humidity 
• Hazardous materials 
• Llghting _ 
• Thermal cornfort and overheating 
• Indoor noise 

Figure 1 
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Building Environmental Performance Assessment Criteria 
The Building Environmental Performance Assessment Criteria (BEPAC) is a voluntary 
Canadian method for evaluating the environmental performance of both new and exist
ing office buildings.2 It was developed in collaboration by many sectors of British 
Columbia's building industry. Toe method includes criteria to assess ozone-layer protec
tion, environmental impacts of energy use, indoor environmental quality, resource con
servation, building and siting considerations, and transportation impacts. BEPAC is 
intended to advance standard practices and achieve effidencies beyond those required by 
building codes. BEPAC standards are consistent with the current best practices and are 
intended to lead industry toward a higher leve! of environmental responsiveness. 

BEPAC is applied in the field by trained assessors and offers a certificate of design and man
agement performance for qualifying buildings and tenandes. Four modules-base building 
design, base building management, tenancy design, and tenancy management-offer crite
ria ranging from interior to local and global issues. Toe BEPAC certificate tallies points across 
the individual criteria and provides a comprehensive profile of the building's performance. 
BEPAC also recognizes innovations in design and management with a special dtation. 

ISO 14000 
The Intemational Organization for Standardization (ISO) is a non-govemmental organi
zation comprised of national standards bodies;' More than 120 countries have full voting 
membership in ISO, with the United States represented by the American National 
Standard Institute (Ai"\ISI). ISO has traditionally sought to harmonize e.xisting technical 
national/regional standards and more recently is moving towards promulgation of 
process standards. ISO standards are voluntary and mainly technical in nature; they are 
written on a consensus basis by Technical Committees made up of voting members. 

·ISO 14000 is a series of environmental standards and guideline documents in the areas of 
environmental management systems, audits, performance evaluation, Jabeling and prod
uct standards, and lüe-cycle assessment. Because of the intemational focus of the stan
dards, they are expected to have wide-ranging impacts in the global marketplace by 
becorning a condition of doing business intemationally. In the United States; the federal 
govemment anticipates that establishment of these intemational standards will help 
leve! the playing field between American and intemational businesses and will result in 
progress toward worldwide environmental improvement. 

The Environmental Management Standard (ISO 14001) has been adopted by ANSI in the 
United States and is expected to be adopted intemationally in 1996. Certification to ISO 
14000 standards will require governments and industry to systematically manage, mea
sure, improve, and communicate the environmental aspects of their operations. The 
standards will influence the design, manufacture, and marketing of products; the selec
tion of raw materials; the types of environmental data that is gathered; and how this data 
is cornmunicated to govemments and to the public. 

U.S. Green Building Council- Proposed National Rating System 
Toe U.S. Green Building Coundl (USGBC) is a nonprofit coalition formed by the building 
industry in the United States. Its membership indudes approximately 100 organizations
both public and private-representing major national product manufacturers, building own
ers, utility companies, research institutions, and universities. Participating cities include 
Aus1:in, Texas; Phoenix, Arizona; and San Diego, California. Toe coundl has drafted a pro
posed national commercial environmental building rating system.• Toe goal is to strike a 
balance between known effective practices and emerging concepts regarding environmental 
performance and energy efficiency, with the lntent that it will be updated as technology and 
knowledge advance. The proposed rating system, undergoing development through the 
USGBC consensus process, will apply to both new and existing commérdal office buildings. 



Product Certification 
Severa! entities specializing in product certification for the building industry have recent
ly emerged in the United States. Two of the principal organizations, Green Sea! and 
Scientific Certification Systems, adopt standards far building products ba·sed on ·their 
own guidelines. Both entities solidt varying degrees of public comment, ·although nei
ther follows a full and open consensus process such as that followed by the American 
Society for Testing and Materials (ASTM). Once a standard has been developed, Green 
Sea! and Scientific Certification Systems review manufacturers' product information. If 
the product information and associated specifications and performance data exceed the 
standard, a product receives the organization's certification and associated seal. 

Green Seal 
Green Sea! is a nonprofit organization devoted to environmental standard setting, prod
uct certification, and public education.5 Green Seal's intent is to reduce, to the extent 
technologically and economically feasible, the environmental impacts associated with 
the manufacture, use, and disposal of products. Underwriters Laboratories Inc., is Green 
Seal's primary testing and inspection contractor. Green Sea! certifies products in over SO 
categories and has awarded its sea! of approval to nearly 240 products, including sorne 
building industry products, such as q,mpact fluorescent lamps, water-efficient fixtures, 
paints, windows, window filrns, water heaters, sealants and caulking cornpounds, adhe
sives, lurninaries, and anti-corrosive paints·. 

In addition to identifying products that are designed and manufactured in an environ
rnentally responsible manner, Green Seal offers scientific analysis to help consumers 
rnake educated purchasing decisions regarding environrnental impacts and encourages 
manufacturers to develop environmentally sound products. 

Scientific Certification Systems 
Scientific Certification Systerns (SCS) is a private scientific organization. Its mission is to 
advance the private and public sectors toward more environmentally sustainable policies, 
product design, management, and production.• SCS has created the following programs 
relevant to sustainable building practices: 
11 Environmental Claims Certification-A systern for verifying the accuracy of environmen

tal claims about products. 
• Life-Cycle Assessment and the Certified Eco-Profile-A procedure far assisting organiza

tions in perforrning life-cyde assessrnents, induding an environmental profile, review 
of advantages and tradeoffs, development of improved strategies, and docurnentation 
of achievements. The C~@ied Eco-Profile provides an environmental profile of a prod-
uct_ and its pa_ckaging. - · 

• Forest Conservation Program-A project that identifies sustainable forest rnanagement 
practices and uses an indexing system to rate forest operations. 

U.S. Environmental Protection Agency-Proposed Guidance for 
Environmentally Preferable Products 
To carry out its cornmitment to rninimizing the environmental impact of products and 
services it purchases, the federal govemment, under Executive Order 12873, is develop
ing a guidance far exeCÜtivé agencies to use when purchasing goods and services. Toe 
guidanée is being prepared by the U.S. Environmental Protection Agency (EPA), which 
has encouraged public co=ent to ensure that the final docurnent is comprehensive, 
reasonable, and practica!. Toe proposed guidance is not regulatory, but is ·designed to 
help federal agencies apply their $200 billion-a year-federal purchasing power toward cre
ating a demand far environmentally preferable products. General guiding principies have 
been established, along with recoriunendations for issuing policy directives and applying 
the principies to pilot acquisitions.' 

·---· 

--~· 

··---



Building Standards 
Environmental concems are becoming increasingly important elements in the develop
ment of standards. Severa! building-oriented standard-setting activities and develop
ments are discussed below. 

American Society for Testing and Materials-Green Building 
Standard Activities 
Toe American Society for Testing and Materials (ASTM) is a voluntary, consensus-based 
standard-setting organization. Its membership includes approximately 30,000 technical 
professionals from the public and prívate sectors. In 1992, ASTM's Green Building 
Subcorrunittee, E-50.06, was formed. Toe subcommittee is working on green building-ori
ented standards for both commercial and residential buildings and operations. Sorne of 
the ASTM standards under development are listed in Figure 2.ª 

American Society of Heating, Refrigerating, and Air-Conditioning 
Engineers Standards 
The American Society of Heating, Refrigerating, and Air-Conditioning Engineers 
(ASHRAE) is a technical society of engineers and other parties. It conducts research and 
technical programs and develops standards. ASHRAE has several green build.ing-oriented 
standards that are referenced throughout this manual. Figure 3 includes a brief discussion 
of severa! standards that are being revised.9 

The Construction Specifications lnstitute 
Toe Construction Speciiications lnstitute (CSI) is a membership organization of techni
cal specifiers and manufacturers' representat~ves that provides guidance on specifica
tions and other technical matters. 1° CSI has begun to include environmental issues in its 
programs and services. One of its projects is the preparation of a guide for incorporating 
environmental concems into contract documents. Toe guide, when complete, will focus 
on environmental terminology, research and development (with regard to manufactur
ers' product information), design and construction, and project evaluation (including 
operations and maintenance and monitoring). CSI is also expanding its standard Spec
Data sheet of manufacturers' product information to include environmental criteria. 
(See Chapter 17, "Specifications," for more discussion on environmentally oriented 
specification format.) 

llluminating Engineering Society 
Toe Illurninating Engineering Society (I.ES) of North America is a technical membership 
society of lighting design and provider professionals, that provides standards for lighting 
systems withln the building industry.11 It is co-sponsor of standards with ASHRAE, such as 
90.1-1989 (Energy-Efficient Design of New Buildings). IES is working on new standards for 
better lighting quality, as well as working on upgrading the lighting and power sections 
addressed in the new ASHRAE 90.1 standard. Cred.its will be given for lighting controls 
and daylighting; the measures will be performance-based (see Chapter 9, "Daylighting"). 

Design Tools 
Toe U.S. Department of Energy (DOE), in cooperation with industry groups, has devel
oped computer-based tools for building design as well as research. The tools are used by 
designers, builders, professionals, utilities, and government to analyze buildings and 
building systems and theiI inter-relationships, and to compare altematives. Toe design 
tools model the building envelope dynamics required for passive solar strategies, day
lighting, HV AC, and lighting, based on occupancy requirements. The tools enable predic-



Life-Cycle Assessment-E-50.06.01 
• Guide for Environmental Life-Cycle Assessment of Buildings and Building Materials. 

Provides general guidance for a common framework to use life-cycle assessment as a tool for evaluating the 
environmental implications of buildings and building products. 

• Guide for Conducting an Environmental Life-Cycle Inventory Analysis of Buildings and Building 
Materials. 
Describes methods for carrying out an environmenta! life-cycle inventory analysis. 

• Guide for Conducting an Environmental Life-Cycle Impact Assessment of Buildings and Building 
Materials. 
Recommends a framework for carrying out an environmental life-cycle impact assessment. Outlines a pro
cedure to characterize and assess the effects of resource requirements and environmental residuals previ
ously identified through a life-cycle inventory. Provides gtÍidance on definfng and analyzing 
environmental impacts. 

11 Terminology for Life-Cycle Assessment of Building Materials. 
A standard compilation of the terminology used in this area. 

Commercial Green Building Standard Practice-E-50.06.02 _ 
A compilation of standard practice for tliii design, construction, operation, and demolition of commercial 
buildings using environmentally sound energy-efficiency techniques. 

Residential New Building Guide-E-50.06.03 
guide to improving the environmental performance and sustainability of low-rise residential buildings in 
e areas of specification, construction, opérations, maintenance, renovation, adaptive reuse, recycling, and 

demolition. 

Sustainably Harvested Wood-E-50.06.05 
A guide to assessing whether wood is sustainably harvested through environmentally sound forestry manage
ment practices. 

Environmentally Preferable Cleaners/Degreasers-E-50.06.06 
A guide to assist in the development of environmentally preferable products following a life-cycle-improve
ment approach . 

.>Ustainable Site Planning-E-50.06.08 
A guide for green landscaping, Xeriscaping, and pollution prevention. 

lnternational Standard on Energy Efficiency-E-50.06.09 
Standard provides a method for calculating the costs and benefits of energy decisions. 

Source Separation of Recyclables in Commercial and Multi-Tenant Buildings- E-50.06.1 O \ 
A guide for source separation prograrns. 

:¡gure 2 
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Energy-Efficient Design of New Buildings-90.1-1989 . 
The new version of this standard entails a complete revision that will incorporate life-cycle factors. Two tiers of 
energy design are included. Tier 1 is more conventional and will provide far approximately 25 percent higher 
energy efficiency than the 1989 version of the standard. Tier 2 is far utility rebate programs and higher-than
code performance levels and will provide far SO percent higher energy effidency than the 1989 version. The 
revised standard was scheduled to be issued far public review in early 1996. 

Ventilation for Acceptable lndoor Air Quality-62-1989. 
Ventilation rates in this updated standard will be revised far densely and sparsely occupied spaces. Ventilation 
calculations will take into consideration the number of occupants and building components that contribute to 
source contaminants. The standard was expected to be issued far public comment in spring 1996. 

Thermal Environmental Conditions for Human Occupancy-55-1992 
A standing standard project committee (SSPC) has been recently formed far the purpose of maintaining and 
revising the standard to conform with new technology as it develops. • 

Figure 3 

tion of the effect of architectural design on energy use, peak loads, and other performance 
variables. Toe goal is to determine design and system solutions that yield energy savings 
within project budgets, and thus provide positive cash flows over the life of the incre
mental investment. 

During the previous decade, energy software development concentrated on upgrading 
existing algorithms to properly model solar ·energy systems, daylighting, thermal storage, 
and other emerging technologies and systems.12 More recently, load-calculation software 
has replaced the utilization of tables. Toe increased capability of co_mputers is enabling 
the use of hourly energy simulation software and sophisticated analysis far ali building 
types. Energy software tools have moved away from line input-based user interfaces to 
Windows-based interfaces, and computer-assisted design (CAD) systems now include 
extensive databases and object-oriented graphics. Toe following sections describe severa! 
software programs currently in use ar under development. (Additional information is pro
vided in the "Resources" sections of Chapters 9, 10, 11, and 12.) 

DOE-2.1 E 
DOE-2 is a public-domain computer program far energy analysis developed by 
Lawrence Berkeley National Laboratory (LBNL), a DOE laboratory operated by the 
University of California. Well-suited far large commercial buildings, the program calcu
lates a building's energy use and life-cycle costs based on its location, construction, 
operation, and HVAC systems. It is useful in evaluating building system design, build
ing retrofits, energy budgets, and life-cycle costs and benefits. The program can explore 
trade-offs between design altematives and allows far performance of detailed paramet
ric studies of building system variations to allow designers to increase savings and 
reduce first costs. 

DOE-2.lE, released in January 1994, includes four main calculation sections: loads, sys
tems, plant, and economics. The program calculates the hourly heating and cooling 
loads far up to 128 zones. It uses hourly weather data and incorporates thermal-storage 
effects of building elemepts. It also simulates select daylighting systems and electric
lighting controls. 



The systems module simulates the operation of secondary HVAC distribution systems, 
incorporating outside-air requirements and operating and control schedules. Multiple 
system options are provided. The plant component of the program simulates the opera
tion of a building's HVAC systems, including conventional central plants and_ plants with 
on-site generation, waste-heat recovery, and electricity sell-back. 

Toe economics section of the program analyzes the cost of a building's energy sources 
and calculates the present value of the building's life-cycle costs including fuel, electrict
ty, equipment, operations, and maintenance. These features are very useful in deterrnin
ing the costs of different design and renovation altematives and calculating of utility 
rebate incentives. 

BLAST 
Toe U.S. Arrny Construction Engineering Research Laboratories (USACERL) developed 
the Building Loads Analysis and System Thermodynamics (BLAST) system to help 
designers calculate building loads and select the optima! HVAC system for a building. 
Toe BLAST family is a comprehensive set of computer programs that create energy mod
els, perform energy analyses, and predict energy system performance and life-cycle cost 
in buildings. 

Specific programs in the BLAST family, in addition to BLAST itself, include: BTEXT, a 
· BLAST input pre-processor; l:.CCID, the Life-Cycle Cost in Design program; SOLFEAS, a 

solar feasibility program; WTHRPT, weather data reporting; and REPWRT, a report writer 
for BLAST data. There are other supporting programs as well, such as comfort reporting 
on an annual basis and assisting in defining inputs for their chillers, heat pumps, and 
other equipment. Toe BLAST Support Office (BSO) was established at the University of 
Illinois at Urbana-Champaign, Department of Mechanical Engineering, to provide strate
gic support for users of the BLAST family of programs. 

SERI-RES 
SERI-RES is a general purpose thermal analysis program for residential and small com
mercial buildings. It was developed by a team from the National Renewable Energy 
Laboratory (NREL) and Ecotope Group for use by architects, engineers, consultants, 
building researchers, building code officials, utility analysts, and others. Toe method of 
analysis used in the program is simulation. A thermal model of the building is created 
by the user and translated into mathematical forrn by the program. Toe equations are 
then solved repeatedly at time intervals of one hour ar less for the period of simulation, 
usually one year. Toe program allows the user great f!exibility in choosing the leve! of 
detail to be used in modeling a building. lt can be used in a quick and cursory way to 
evaluate general options at low cost and, at a later stage, to perforrn detailed analysis _of 
the final design. 

Toe program is meant to have enough generality to accurately model almost all residen
tial buildings and most small commercial buildings. It is particularly suitable for the 
analysis of various types of passive solar buildings. Spedal provisions are made for the 
analysis of attached sunspaces, thermostatically controlled fans, rockbin thennal storage, 
and vented Trombe walls. · · 
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Next Generation of Design Tools 
PowerDOE 
PowerDOE is a new building-energy sirnulation program being jointly developed by DOE 
and the Electric Power Research lnstitute. Toe program is based on DOE-2 with a graphi
cal user interface, making it easier to operate than DOE-2. Key interface features include 
on-line help, mean-driven input, graphical results, building-cornponent libraries, CAD 
package linkage, and building description option. The program can be linked to the 
Building Design Advisor, a multimedia-based design support environment that can assist 
in making energy-related design dedsions. 

PowerDOE is designed with an open architecture, allowing third-party users to add 
modules to the core program. One example is a link to the SPARK HVAC simulation 
program (described below). Results can be displayed as graphs, tables, or spreadsheets. 
Competing energy-efficient measures can be reviewed via a graphical cornparison of 
parametric runs. A Windows-based version of PowerDOE was scheduled to be available 
in Spring 1996. 

SPARK 
The Sirnulation Problem Analysis and Research Kernel (SPARK) is under developrnent 
by LBNL and California State University at Fullerton. Th~ prograrn will rna_ke i! possible 
to construct plant and innovative system models beyond the scope of DOE-2. lt will" 
accornplish this by graphically connecting HVAC components, such as fans, coils and 
chillers, frorn a library. A beta test release of the product was expected in the first quar
ter of 1996. 

ENERGY-1 O 
ENERGY-10, Version 1.0 software, along with design guidelines was developed by 
National Renewable Energy Laboratory (NREL), the Passive Solar Industries Council 
(PSIC), Berkeley Solar Group, LBNL, and DOE. It is an hourly simulation Windows-envi
ronment program for low-rise buildings allowing design evaluation of 16 passive solar 
and energy-efficient options early in the design process. This allows designers to methodi
cally but quickly evaluate the combination of features that results in the greatest savings 
of energy and money for a given project. Toe format compares a reference or base case 
against a low-energy case that the user modifies with the desired passive solar and energy
efficient options. ENERGY-10 also keeps pace with the evolving building design, allowing 
the user the determine the effect of proposed changes on energy use during any stage of 
the process. 

Many other energy-related software products, which often use one of the above public 
domain tools as their simulation engine, are being developed by prívate vendors and 
product manufacturers. LBNL is working with the lndustry Alliance of Interoperability 
(IAI) to ensure that energy-design tools can interoperate with ali other building-related 
CAD systems. IAI's goal is to significantly increase the sharing of information in the plan
ning, design, construction, and management of buildings. Future versions of vendor CAD 
systems wil1 provide an object-based development envirorunent to allow sharing of infor
mation across disciplines. 13 

Performance-Based Contracts 
Performance-based contracts are emerging as a way of compensat:irig a bullding's design 
team based on actual building performance. Toe performance approach rewards the team 
for the effort required to produce efficient buildings. Rewards may be determined by com
paring the building's actual energy bill with established building energy baseline targets, 
such as the energy leve! for a code-compliant building. 
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City of Oakland - Energy Performance-Based Example 

A new 450,000-square-foot building in Oakland, California, provides an innovative 
e.xample of energy-performance-based contracting.14 Toe design/build project set a 
baseline standard of exceeding Califomia's Title 24 Energy Code by 20 percent. Toe 
performance data will be analyzed after two years of building operations. If the build
ing performs better than the baseline goal, the design/build team will receive the 
sum of five years' worth of energy savings. In the event that the building's perfor
mance is below the baseline, the team is liable for fifteen years' worth of the short
fall. Both the potential bonus and downside liability are capped at a maximum of 
$250,000. A DOE-2 energy simulation model was used to determine the baseline fig
ures. Toe design tearn was allowed to develop its own design approach and equip
ment selections to achieve the energy goals. Toe energy-related improvements are 
projected to result in other benefits, including a qua!ity environment with improved 
cornfort, indoor air quality, and satisfaction among building occupants. 

Under the traditional practice, design and construction fees are usually based on a per
centage of building costs. This provides a disincentive far effident design since a super-.. -

. efficient scheme that results in significant downsizing of a building's mechanical system 
would lower the professionals' fees. In contrast, performance-based contracts are an inno
vative way for a building owner to share the investrnent risk and assodated energy sav
ings with the design/constp.iction team. In sorne cases, the design team will finance the 
cost of the additional energy efficiency measures via a shared savings approach (see also 
Chapter 24, "Local Govemrnent Finandng"). 

........, -· .. --- - - -· ·- - ·- .. 

Remanufacturing and Product Leasing 
Remanufacturing is a process in which wom-out products are restored to "like-new" con
dition. Rernanufacturing is estimated to use one-fifth the energy and one-tenth the raw 
materials needed to make a product using virgin materials. The process is labor-intensive, 
which leads to higher employment levels, as opposed to higher levels of resource con
sumption.15 Purchasing of remanufactured products such as fumiture or light fixtures can 
yield substantial cost savings compared to the purchase of new products. 

The ernergence of environmentally based equipment and product leases is another new 
development. In these leases, manufacturers provide for the full installation, operation, 
and removal of their equipment or products. Given the totality of these responsibilitiés, 
the manufacturer is likely to ensure that the product or equipment operates at the high
est leve! of effidency over its life. Since the manufacturer is also responsible for the ulti
mate disposal of the product, the firm will likely atternpt to obtain the lowest disposal 
costs. This creates incentives for reuse and/or recycling of the product. These leasing con
cepts are now just emerging in the carpet and mechanical equipment fields. Over time, it 
is antidpated that they will carry over to other building products such as ceiling tile and 
systems fumiture. 

Leasing arrangements can also involve mechanical and utility companies providing "con
ditioned" air to building owners. In lieu of having to purchase and maintain their own 
mechanical systems, building owners pay fixed monthly fees in exchange for receiving 
conditioned air within a certain comfort range. This monthly payment is analogous to 
payment for utility and telephone services. In these cases, the user does not need to 
worry about the mechanism or costs for providing the service, but only whether or not 
the service is received as expected . 
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The purchase and maintenance of all required equipment and distribution systems is 
included in the scope of the vendor's service. The vender is also responsible far payment 
of all associated utility bilis, thus having an incentive to integrate energy-efficiency mea
sures to achieve lower costs. Toe consumer of the service benefits by being able to incor
porate fixed annual payments in its budgets, and by reducing the risk associated with 
fluctuating utility rates (see Chapter 24, "Local Goverrunent Financing"). 

Telecommuting and "Virtual Offices" 
The development of mixed-use communities incorporating work-home options is an 
important new concept far the building industry. With the expansion of telecommuni
cations capabilities, the option of working at home either on a full- or part-time basis has 
become a viable and compelling option. In 1994, full-time telecommuters reached 9.1 
rnillion in the United States, up 20 percent from 1993.16 lncreasing application of this 
new trend will the impact of commercial buildings and the requisite infrastructure on 
employers and local govemment resources. Resulting building square-footage reductions 
should also occur, allowing organizations to lower their capital expenditures, while max
imizing their usage of workspace. 

Toe benefits to employees of telecommuting are many. By working at home, employees 
are able to cut down on commuting time. Economic savings result from lower gasoline 
and auto maintenance costs, in addition to the associated personal time savings and ben
efits. For the concept to take hold, however, employers will have to develop new ways of 
evaluating employee performance. 

Larger-scale national pattems of telecommuting on office-building design could result is a 
new definition of the use and need far buildings. By eliminating the requirement for 
employees to commute to work to perform typical office functions, the result is an entirely 
different office-building layout. Workers might come to the site to attend meetings or dis
cuss projects, which would influence office design to enhance networking and conferenc
ing. Priva te offices assigned to one employee would rarely be needed. Shared offices, or the 
new concept of "hoteling" (temporarily assigning) work spaces, could become the norm. 

Natural Disasters, Property lnsurance, and 
Green Buildings 
Since 1986, the insuran_ce industry has paid approximately S68 billion in catastrophe 
losses associated with natural disasters. Toe losses are primarily due to wind-related per
ils, such as hurricanes, tropical storms and tomadoes (representing 70 percent of the 
total losses), as well as earthquakes and fires. Hurricane Andrew in the Southeast United 
States in 1992 and the Northridge earthquake in California in 1994 resulted in losses of 
billions of dollars. In 1994, the second-worst year on record, losses totaled Sl3 billion. 
Much of the nation's population growth is occurring in coastal areas where there is 
greater risk of hurricanes and other wind perils. Experts have predicted a rise in sea level 
over the ensuing decades. Significant coastal erosion is already occurring, affecting prop
erties insured atan estimated S3 trillion in the Atlantic and Gulf regions alone. 17 

New practices to mitigate future losses to the insurance industry are being advocated pri
marily due to the leadership of DOE Office of Energy Efficiency and Renewable Energy, 
the Federal Emergency Management Agency, the Insurance Institute for Property Loss 
Reduction (an insurance industry association), and the Electric Power Research lnstitute's 
(EPRI's) Disaster Recovery Business Alliance. An insurance industry study sponsored by 
EPRI examines types of electric power-related losses after natural disasters. It identifies 
technologies that could mitigate loss and enhance recovery. In certain regions, for exam
ple, renewable energy could serve as an uninterruptible back-up system for power users, 
including communications systems, buildings, and equipment.18 
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Studies have indicated that increased global warming trends may be linked to the 
increáse in natural disasters. There is growing support within the insurance industry far 
an increase in energy-efficient practices that could help reduce greenhouse gases. The 
insurance industry is also advocating disaster-resilient and environmentally sound con
struction methods. 

The financia! impacts of natural disasters dwarf many other risks associated with build
ings, such as peor indoor air quality. Building insurers, local governments, and building 
owners will benefit from an investigation of green building practices that rninimize the 
risk of future disasters through careful consideration of siting, materials, and design fac
tors. Reviewing building econornics en a life-cycle basis should include a consideration 
of these increased natural-disaster risks, espedally in high-risk areas such as coastal com
munities and earthquake-prone sections of the United States. 

l Building Research Establishment, BREEAM/New Offices, Version 1/93, An Environmental Assessment (or New 
Offie< D,signs (Garston, Waúord, United Kingdom: Building Research Establishment, 1993). 

2 Raymond J. Cole, "Building Environmental Performance Assessment Criteria, BEPAC", U.S. Green Building 
Conference-1994, Natianal Institut, a( Standards and T,chnalogy Special Publicatian 863 (Gaithersburg, Md.: 
National lnstitute of Standards and Teclmology, 1994). 

3 This lnformation was derived from the Global Standards Network (GSN). Toe GSN service is developed and 
managed by the Global Environment and Teclmology Foundation and can be found on the World Wide Web 
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Anexo 4.4 

GREEN BUILDING CHALLENGE '98 ANO GREEN BUILDING CONFERENCE '98 

Green Building Challenge '98 is a two-year intemational assessment process of green buildings 
culminating in an intemational conference and sponsored by CANMET Energy Technology Centre, 
other Canadian and intemational agencies and the Green Building lnformation Council. 

¡ 

Contents 
(This page contains information about the intemational process only. For country specific 
information or nomination of buildings for assessment refer to National Teams) 

GBC'98 Summary 
Benefits to the lndustry 
The Conference - October 1998 
The Performance Assessment Process 
Goals and Objectives 
Major Sponsors 
lntemational Framework Committee 
Organiz_ation 
Further lnformation 

GBC '98 Summary _ 

Green Building Challenge '98 (GBC '98) is a two-year process of intemational building performance 
assessments that will be marked by a major intemational conference in 1998. 

The performance assessment process and conference is being led by the CANMET Energy 
Technology Centre of Natural Resources Canada with support by Canadian organizations, the 
Green Building lnformation. Council, and the co-sponsorship of many intemational building 
research organizations. So far, twelve national teams have been formed and severa! other 
countries have expressed strong interest. 

GBC '98 is cooperating actively with relevant working groups of the lntemational Energy Agency 
and the Conseil lntemational dü Batiment in developing the program. A11 lntemational Framework 
Committee coordinates the process. 

The process involves the development of a framework designed to assess the energy and 
environmental performance of buildings. The assessment framework builds on the experience 
developed in first-generation systems developed in the U.K., Canada, U.S.A., Netherlands, Norway 
and elsewhere. 

The system is being developed with a core component reflecting global issues, but this will be 
complemented by overlays reflecting energy, environmental and other priorities in specific 
countries and regions. During1997 and 1998 the system is being used to prepare detailed 
performance assessments of about 24 of the best green buildings from the participating countries. 

The GBC '98 conference presents a unique opportunity and a significant milestone in this complex 
process. Results of the detailed assessments on the 24 green buildings will be presented. A larger 
group of about 100 buildings will also undergo a cursory review and will be presented in a poster · 
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session at the conference. iThe conference will also include technical papers by intemational 
experts on other issues of importance to green building and its assessment. 

Benefits to the lndust¡y 

The GBC '98 process and conference will have several tangible results of enduring value for 
participants and will be of relevance to govemment agencies, the private sector and building users. 

GBC'98 will serve as a synthesis of current thought on the subject and as an on-going test-bed for 
new systems. The assessment framework builds on builds on current work being being undertaken 
in Ganada, U.S.A., Norway, Sweden, the Nethertands, France and other countries. The framework 
is being developed in clase consultation with IEA Annex 31 whose task is to investigate the energy 
implications of building environmental performance assessment systems. 

GBC '98 will provide provide ali participants with second-generation green design guidelines and a 
second-generation tool for building performance labelling. 

GBC '98 will present a unique approach to performance assessments through its use of 
national/regional overlays on top of a global core system. Thus the framework recognizes ab initio 
the importance of regional factors related to climatic, resource, economic and even cultural 
conditions. The "regional layers" will be developed by national teams and will be immediately 
usable by participating countries. 

National research agencies will have access to the -comparable infonnat1on on energy issues and 
environmental priorities at both national and regional levels. This will be invaluable to policy 
makers in the rapidly evolving field of environmental management. 

Research agencies and designers will have access to detailed information (subject to owners' 
confidentiality requirements) and performance data on approximately 24 buildings that are 
comparable in function and size. AII data will be captured and presented in consistent formats. 
Currently, relatively little information or data exists that is directly comparable in terms of building 
element 
definitions or performance measures. 

The conference will do much to raise the consciousness of green building in the minds of the 
building industries in ali the participating countries and be a catalyst for raising awareness and 
stimulate demand for green building design and construction. 

The GBC '98 Conference 

The culmination of the GBC '98 process will be a majar intemational conference, to be held in 
Vancouver during October 26-28, 1998. GBC '98 presents a unique opportunity for participants to 
leam details about sorne of the world's finest green buildings. 

Results of the detailed peformance assessments on 24 green buildings will be presented and a 
larger group of about 100 buildings will be displayed as posters. Technical papers on issues of 
importance to green building performance and its assessment will also be presented. 

Green Building Performance Assessments: 

The presentation and analysis of the buildings that have undergone in-deptti assessments will be a 
main feature of the conference. The assessment framework used in evaluating the buildings will be 
fully described, discussed and challenged. GBC'98 provides a unique opportunity for participants to 
leam about the characteristics and performance of about 24 best practice green buildings from 
around the world. · 
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Analysis of the assessment framework: 

The assessment framework represents a majar milestone in the development of our understanding 
of building performance issues. The framework will be analyzed, scrutinized and its features 
discussed by those who developed it and those who had their projects assessed. 

Technical papers: 

Technical papers will be presented that relate directly to the GBC'98 themes. The papers will 
address a wide range of issues of importance to green building and its assessment, including 
performance target-setting, regional and climatic considerations, technologies and the 
characteristics of current performance assessment systems. Speakers of majar intemational 
stature have already expressed interest in presenting papers and national teams will be designating 
leaders for the tapie areas. 

Poster projects: 

About 100 additional green building projects will be exhibited in a unique poster session. The 
projects will be diverse in building type and will represent the latest in exciting ideas about green 
design around the world. National teams will nominate projects and the GBC '98 Secretariat will 
also accept nominations directly, 

Post-Conference Activities: 

Several meetings of related organizations are planned to coincide with GBC '98, including 
meetings of IEA Annex 31, CIB TG-8, GBIC and the RAIC Environmental Committee. 

The Performance Assessment Process 

The assessment framework. being used to assess the selected projects is being developed by a 
team of intemational experts under the direction of an lntemational Framework. Committee. A draft 
version will be available by the Summer of 1997. 

Starting in September 1997, national teams will begin the work. of adapting the core assessment 
framework to the conditions of their own countries and regions. The regionally adapted systems 
will reflect issues such as regional energy and environmental priorities, cost-effectiveness and 
urban planning issues. 

National teams will then develop benchmarks for the assessment process. These will be 
established by developing hypothetical reference buildings and practices that reflect current typical 
practice relevant to the buildings being assessed. 

Buildings to be assessed will be selected by national teams to represent "best practices", and must 
conform to key criteria of the assessment framework. National teams will supervise the information 
gathering process about these buildings, including a detailed characterization of the building, a 
description of the process followed in its design, construction and operation and planned building 
operation procedures.The teams will then undertake energy simulations using accepted computer 
programs. A central quality control mechanism will ensure that national teams use relatively 
consistent assumptions. 

The heart of the process is the detailed assessment of a.bout 24 "best practice" bu.ildings; on 
average two projects for each sponsoring country. The national teams will assess selected 
buildings relative to the benchmarks already established. The results will be scored, weighted and 
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graphically represented, all assisted by a software program developed especially far the 
purpose. To maximize comparability and to keep the process manageable, the building types 
assessed will be limited to mid-size office or residential buildings, and schools. 

Goals and Objectives 

Advancing green building performance and its assessment by bringing together the intemational 
community of scientists, owners, designers and builders 

To test new methods of assessing building performanceTo establish intemational benchmarks for 
building performance while respecting regional and technical diversity To showcase "best-practice" 
examples of green buildings around the worldTo document the successful elements of individual 
green buildings To offer direction to participating countries in the development of regionally
sensitive assessment models To promote an intemational exchange of information, ideas and 
green building technologies 

Majar Sponsors 

Natural Resources Canada 
Green Building lnformation Council 
American lnstitute of Architects 
ASHRAE 
Aurora Research lnstitute 
B.C. Buildings Corporation 
BEPAC Foundation, Canada 
Building Contractors Society, Japan 
Building Research Establishment, U.K. 
Canada Mortgage & Housing Corporation 
Conseil lntemational dü BAtiment TG-8 
Centre Scientifique et Technique dü BAtiment, France 
EMPA, Switzerland 
Environment Canada 
lnstitute far Building Energy Conservation, Japan 
lntemational Energy Agency Annex 31 
Kungliga Tekniska Hcígskolan, Sweden 
Ministry of Construction, Poland 
Ministry of Housing, Netherlands 
National Research Council of Canada 
Public Works and Govemment Services Canada 
Royal Architectural lnstitute of Canada 
Statsbygg & Byggforsk, Norway 
Tekes and VTT, Finland 
U.S. Department of Energy 
U.S. Environmental Protection Agency 

Members of the lntemational Framework Committee 

llari Aho, Finland 
Roger Baldwin, U.K. 
Sherif Barakat, Canada 
Chiel Boonstra, Netherlands 
Raymond Cole, Canada 
Drury Crawley, U.S.A. 
Steve Curwell, U.K. 
Jom Dinesen, Denmark 



Philippe Duchene-Marullaz, France 
Sverre Fossdal, Norway 
Susanne Geissler, Austria 
Mauritz Glaumann, Sweden 
Wemer Hl!ssig, Switzertand 
Nobuyuki Kimata, BCS team, Japan 
Nils Larsson, Ganada 
Gail Lindsey, U.S.A. 
Günter Léihnert, Germany 
Aleksander Panek, Poland 
Michiya Suzuki, IBEC team, Japan 

Organization 

Conference Chair 
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Dr. Raymond J. Cole, School of Architecture, University of British 
Columbia 

Conference Secretariat 
Staff ofthe CANMET Energy Technology Centre, Natural Resources Ganada. 

Steering Committee: 
Representatives of major Canadian funding agencies plus e-mail 
consultation with others 

National Teams: 
Each participating country is being asked to establish a national team, to provide coordination 
within each country and to develop nationaUregional criteria. Countries participating to date (April 
1997) include Ganada, Denmark, Finland, France, Japan, Norway, Poland, Sweden, Switzertand, 
U.K. and the U.S.A. 

lntemational Framework Committee: 
Function of the Committee is to review and approve development of the assessment 
framework. Ali the national teams will have a representative on this committee, which will be the 
single most important group in the process. 

Performance Verification Groups: 
Three separate groups will review and verify the performance assessments of the final set of 
projects in the three key areas of energy, environmental impact and indoor environment. Each 
group will consist of three subject area experts chosen on !he basis of their expertise and 
geographical regional coverage. 

Technical Papers Committee: 
A committee of distinguished experts nominated by participating countries will lead the process of 
eliciting and reviewing technical papers that will be given at the conference. 

Further lnformation 

About the Conference: . 
The three-day conference will be held at the Hyatt Regency Hotel in Vancouver, British Columbia 
on October 26-28, 1998. The official language of the conference is English. Enquiries from 
potential exhibitors are welcomed. 



Key Dates : 
Paper abstracts due November 3, 1997 
Poster proposals due February 16, 1998 
Early registration deadline June 1, 1998 
GBC '98 Conference October 26-28, 1998. 
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Registration fees :Full registration cost $600 CND 
Early registration cost $500 CND 
Speaker registration cost $400 CND 
Registration fees include two lunches at the conference site and a conference banquet in 
Vancouver. Space is limited, so please register early. 

To register orto obtain further infonnation, contact: 
Darinka Tolot 
GBC '98 Conference Secretariat 
CANMET Energy Technology Centre, NRCan 
13/F, 580 800th street, Ottawa, K1A OE4, Ganada 
Fax: 613 996-9909 
e-mail: dtolot@nrcan.gc.ca 



Anexo4.5 

WASTE MANAGEMENT AND RECYCLINGREFERENCE DOCUMENTS 
FOR THE CONSTRUCTION INDUSTRY 

Reference Documents 

There is no doubt that our environment has changad, but more importantly 
so have our attitudes. Minimizing the environmental impacts of 
construction, renovation, and demolition projects requires new 
approaches in planning, design, material selection, techniques and the 
regulatory approvals process. The development of these new approaches 
has been supported by various levels of government and by private 
industry and trade associations. 

This section contains information on various reference documents that 
have been developed to provide support and encouragement far-building 
practitioners that wish to learn more about green construction 
techniques and C&D waste diversion. 

The following is a list of construction and demolition waste documents 
that are currently available on the C&D Waste Web: 

Regulations 
• A guide to Environmental Legislation affecting the Ontario Construction 
lndustry 
The purpose of the guide is to provide a helpful reference on 
environmental legislation (ie. acts, regulations and guidelines) for use 
by those involved in construction, demolition and renovation activities 
(construction industry management and employees, contractors, site 
superintendents, developers, estimators and consultants) in Ontario. The 
guide will increase the level of awareness of environmental legislation 
and provide a "checklist" of environmental requirements. 

• 3Rs Regulations 102/94 and 103/94 
Regulation 102/94 sets out the requirements for large IC&I 
establishments to develop waste audits and workplans. 103/94 requires 
large IC&I establishments to implement source-separátion programs. 

Documents 

• 3Rs Code Of Practica 
1 

In January 1993 member~ of the Ontario Construction lndustry developed a 
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3Rs Code of Practica that addresses waste management within their 
industry. This Code was not developed as an industry standard, rather it 
was intended to provide members of the industry with a starting point 
far reduction, reuse and recycling activities. 

• Oesigning With The Environment 
Oesigning With The Environment was facilitated by the Ontario Ministry 
of the Environment's Waste Reduction Office in 1992. The Guide addresses 
environmental responsibility during the planning and specification Of 
built environments. Suggestions are provided far concientious reduction 
of construction and demolition waste along with issues relatad to 
material selection and building processes. 

• Guideline far Use at Contaminated Sites in Ontario - June 1996 
This document provides guidance on cleaning up and/or redeveloping 
contaminated property in Ontario. This is essential information for 
developers & demolition contractors. 

Specifications 

• National Master Green Specifications 
The National Master Specification was developed to provide a 
standardized framework far the development of construction, demolition 
and renovation specifications within the Canadian Federal Government and 
the prívate sector. Division 2 contains demolition specifications, three 
which have been 'greened' . 
• Division 2-Sitework 02060- Demolition 
• Division 2 - Sitework 02070 - Sitework Demolition And Removal 
• Division 2-Sitework 02071- Demolition [Short Form] 

Reports 

• Green Renovation Guide 



., 

I 

AUTOR ~ - ~~et@ - ~ . 

TITULO _Bei:.,~lo~ ~~~QA . , . 

N• TOP._Q_:f-i-o°i 




