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Introduction

Sustainability is defined as meeting the needs of the present generation without jeopardizing the ability 
of future generations to meet their needs. The global sustainability initiative encompasses efforts by 
government agencies, environmental and scientific organizations, community groups and individuals to 
alter the current course of human activities that are limiting the opportunuties for future generations to 
acheive a reasonable standard of living and economic security.

It is assumed that patterns of resource consumption and waste production by both post-industrial and 
developing societies are compromising the well being of the planet. Energy generation, agriculture, 
transportation, and industrial processes are reducing the atmosphere’s ability to block ultraviolet 
radiation and release excess heat, limiting the future productivity of farmland, polluting remaining 

. sources of clean water, eliminating potentially valuable genetic information in both animal and plant 
life, and consuming finite material resources at catastrophic rates. Actions of humans are adversely 
affecting life and the future quality of life across borders, across continents, and across hemispheres; 
influencing patterns of life in places where few humans have even trod.

This report attempts to describe the relationship between the building industry in the Unites States and 
the global sustainability initiative. Research once limited to the use of energy resources in buildings 
rapidly expanded to include the use of many material resources and the effects of that resource con
sumption on the environment.

By quantifying resource consumption, the building industry’s contribution to national resource utiliza
tion is established. By identifying tendencies in design and construction that dictate such consumption, 
the responsibility of architects, designers, owners, and builders as stewards of our resources is also 
established. By identifying opportunities to conserve resources and introducing means and methods to 
realize those savings, our ability to acheive sustainable building is asserted. And by relating acts of 
desing and building to the global sustainability initiative, a different perspective on the roles and re
sponsibilities of the building industry is offered.



Part One

The Environment is not an issue or a set o f issues. It is the context in which all issues occur.
- Andrew St. John, Architects for Social Responsibility (0

Picture a bright, blue ball just spinning, spinning free, 
dizzy with eternity.
Painted with a skin o f sly; 
brushes o f clouds and seas.
Call it home for you and me.
A peaceful place, or so it looks from space.
A closer look reveals the human race.
Full o f hope, full o f grace 
is the human race;
but afraid we may lay our own to waste.. .

- The Grateful Dead, “Throwing Stones” (2)

1. REALIZATION

In a commentary on the United Nations Conference on Environment and Development, A1 Gore 
emphasizes a “powerful learning experience” shared by many of the summit’s participants. With the 
debate and discussion on a broad range of issues came the realization that, ultimately, all the issues 
were interrelated. The slashing and burning of tropical rain forests, alarming rates of species extinc
tion, desertification, air and water pollution, global warming and ozone depletion were seen as “out
ward manifestations of the same underlying global crisis,. . .  different consequences of the collision 
between worldwide civilization and the ecological system of the earth." (3) This awareness of relation
ships created a new perspective on the environmental crisis, revealing the opportunity to solve many 
problems under the auspices of a larger, concerted effort.

Similarly, a seemingly disparate set of problems is being addressed within the building industry today. 
Indoor air pollution and the sick building syndrome, the urban heat island effect, lighting quality.
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inordinate water use and solid waste production are all receiving attention in both periodicals and 
public fora. The perennial problem of the last two decades in the United States, high energy use, is 
enjoying a revival as a topic of discussion and research. What architects and builders need to realize is 
that all these things are related symptoms of a much larger problem. At a fundamental level, architec
ture and building currently exist at odds with the natural forces of the earth. The inability to design 
and build in an ecologically balanced manner is simply manifesting itself in different ways. A new 

. perspective is needed to treat these symptoms simultaneously.

This architectural “crisis” and the global environmental crisis are similar at a structural level. Both 
have many apparently unrelated manifestations of a larger inherent disorder. The building industry 
also relates to the global civilization on a scalar level; one is a microcosm of the other. Too many 
resources are tom from the earth, too much unused or unusable waste is thrown back, and a great 
many basic human needs remain unmet. But this microcosm interacts continuously with its counter
part. A light burning in Cincinnati causes acid rain in the Adirondacks. Aluminum siding installed in 
Sheboygen is the result of strip mining in Africa. The air conditioning in Tucson is contributing to the 
ozone hole over Antarctica while electric heating in Buffalo is contributing to global warming. Build
ing has always been intimately connected to the earth. Only recently has this relationship become 
inequitable.

The same can be said for energy production, transportation, and most forestry and agriculture. But 
none of these industries exist in a vacuum; they are all pieces of the same puzzle. The material comes 
from the same ground and the pollution is dumped into the same air and water. Building, transporta
tion, and agriculture, these basic components of human endeavor, are the manifestations of our civili
zation. If sustainability is to occur at the global level, if the needs of the present are to be met without 
jeopardizing the ability to meet the needs of the future, then fundamental changes must occur in all 
aspects of human endeavor.

The recognition of interrelationship is essential to the global sustainability initiative. When an industry 
acknowledges that it is part of the problem, then it can immediately become part of the solution. 
Industries can then influence other industries, just as nations can influence other nations. Solving 
common problems becomes a common goal. We are not only playing in the same game, we are on 
the same team. For the team to win, each player needs to be on the same page, working towards the 
same goals. Communication is the key.

§ § §



As communicators and artists, architects have the opportunity to link science and culture.
-Robert Simmons, Environmental Protection Agency (4)

"The Population Census has got him down as "dormanted. "
The Central Collective Storehouse computer has got him down as "deleted. ”
Information Retrieval has got him down as "inoperative. ”
Security has got him down as "excised. ”
Administration’s got him down as "completed"........ ”
“ .........H e’s dead."

-Mr. Kurtzman and Sam Lowry in “Brazil” (5)

2. COMMUNICATION

After years of prodding by the likes of Amory Lovins and Malcolm Wells, the building industry in 
America is initiating serious dialogue on the environment. Sustainable design was a major topic at the 
American Institute of Architects 1992 convention (6) and the primary focus of the 1993 convention. (7) 
In the past three years, all of the major architectural periodicals have devoted entire issues to environ
mentally conscious design and “green” building. (8) The issue of sustainability brought planners, 
scientists, and architects to a September, 1992 symposium at Ball State University, sponsored in part 
by the Environmental Protection Agency. (9) Architects have begun to recognize the impact of build
ing on the environment and are soliciting input from others both inside and outside the building indus
try. But this sudden flurry of activity and attention begs the question: What have architects been up to 
for so long that environmental consciousness is news? What has been lacking in this profession of 
communicators and artists? Has artistic success occurred at the expense of communication? What, 
exactly, are architects refusing to hear?

The breakdown in communication can largely be blamed on specialization in modem industrial soci
ety. There was a time in America when the architect/builder moved from place to place, creating the 
objects of the built environment. Preconceived notions about the building type in question were 
tailored to the particular program, site, materials, and climate of the project. Industrialization brought 
mass production and division of labor to the building trade. Architects graduated to the level of 
professionals, leaving the physical creation of architecture to contractors. By 1909, the American 
Institute of Architects code of ethics forbade member architects from engaging in construction. (10) 
Modem practice encompasses architects, a variety of professional engineers, and constructors whose 
actions and interactions are dictated by law. Specialized languages have evolved to protect the “turf! 
of the many players. It is these proprietary and special languages that have distanced professionals 
from each other, the whole of society, and particularly from nature.01)

In The Timeless Wav of Building. Christopher Alexander reintroduces the concept of buildings and 
towns which are alive: places that evolve as they are constructed according to the nuances of program, 
site, materials, and climate. Alexander emphasizes the qualities of the patterns which are common to 
such places and attempts to define the shared language of patterns which makes the creation of such 
places possible. Many of the qualities of “alive” patterns can be extrapolated to the level of global 
sustainability.
One quality common to patterns which are “alive” is the ability to resolve forces so there are no 
conflicts which cause stress.(12) Alexander offers as examples the "too enclosed courtyard," the "long,
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skinny seminar room," and the room with a “holes in the wall” versus a room with “window place.”
The "window place" resolves both the human tendencies to move toward the light and to sit down if 
any time is to be spent in the room. The "room with holes in the wall" offers only a conflict between a 
place to sit and a place near the light and, therefore, causes stress. Forces in thermodynamics are as 
natural as forces in the human psyche. Most buildings in existence today are totally inept at tempering, 
let alone resolving, the thermal forces which act on them constantly. The difference is made up by the 
input of energy from some external source. But the “stress” removed from the leaky building does not 
disappear; it is translated into the realm of energy generation which, in turn, passes the stress onto the 
environment. So like the room with holes in the walls, the too enclosed courtyard, and the long, 
skinny seminar room, the leaky building, the commercial strip, and the sprawling suburb are “bad” 
patterns; they are unable to contain the natural forces which occur in them and, as a result, create 
stress upon the environment.

A pattern which is “alive” will also have the quality of stability, or sustainability/13) An eroding gully, 
by its own action, gradually destroys itself. It is unstable by nature and unable to maintain itself. Its 
ripple effects cause the destruction of life both along its banks and further downstream. In a larger 
context, the extracting of petroleum from the earth is an unstable pattern. The entire industry devoted 
to this practice will ultimately destroy itself by virtue of its own existence and action. Meanwhile, its 
ripple effects are causing stress and damage upon other systems; oil spills and destruction of ecosys
tems being among the more direct consequences. And petroleum-dependent “patterns,” such as the 
heating and cooling of buildings, transportation, and agriculture, share in this instability. Unless there 
is proper preparation for the eminent demise of such an unsustainable pattern, interrelated patterns will 
suffer catastrophic disruption.

Alexander proposes nothing less than the discarding of unstable, self-destroying, and dead patterns and 
the rediscovery and universal use of patterns that are both alive and able to give life. The Pattern 
Language, (14) to be shared by everyone who interacts with the built environment, (everyone), would 
be the tool used to communicate the patterns of life.

When the language is shared, the individual patterns in the language are profound. The patterns are 
always simple. Nothing which is not simple can survive the transmission from person to person. There
is nothing in these languages so complex that someone cannot understand it___ Every facet o f human
experience is covered, in one way or another— The entire culture, and the environment which
supports it, form a single unbroken fabric. (Eventually), each person___ knows that his own small acts
help to create and maintain the whole. Each person feels tied into society, and is proud because o f  
it.(15)

The universal benefit in dispensing with the specialized languages we find so amusing in the film 
“Brazil” becomes obvious. A common communication tool can evolve into a team strategy for both 
local and global sustainability. Architects have the unique opportunity to help create a language of 
sustainability. The breadth of their education and experience will allow for communication not merely 
limited to the building industry. As Alexander concludes, “.. .the central role of “architecture” is the 
creation of a single, shared, evolvingpattem language, which everyone contributes to, and everyone
canuse.”(l6)
The seeds of a common communication are being sown as the entire building industry begins to speak 
of sustainability. The language is emanating from groups such as the Center for Maximum Potential 
Building Systems, from catalogs like the Soucebook for Sustainable Design, out of periodicals includ
ing the Green Building News, and from associations such as the American Institute of Architects. The
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evolving vocabulary includes such things as geocomposite membranes (soil stabilization fabrics made 
from recycled plastics), autoclaved cellular concrete (made from fly ash, a by-product of coal-fired 
power plants), oriented strand board (sheathing made from smaller, faster growing tree species), 
phenol binders (glues with significantly less off-gassing than urea-formaldehyde), and wood chip 
gasifiers (which bum pellets and scrap cleanly and efficiently).

Although rooted in the ideal of global sustainability, the evolving language for building is only slightly 
broader than traditional builder-speak. The engineered wood products, alternative aggregates, natural 
ingredient finishes and chemical-free components are still largely products of forestry, mining and 
manufacturing. To their credit, many of these innovations utilize the solid waste stream as a major 
resource. As the building industry positions itself for sustainable practices, talking “trash” is a signifi
cant step forward.

The next level of sustainable practice must involve both supply-side and waste product integration.
The truly sustainable building will have straw, hemp and byproducts of agriculture as material re
sources; wind, micro-hydro and photovoltaic as electricity sources. Increased use of earthen building 
materials and broader applications of all forms of solar energy will help complete the mix. The lan
guage of conservation will even cover construction site practices, reducing a large component of the 
solid waste stream. Architects will share jargon with sanitation engineers as methods of dealing with 
organic waste, greywater, and runoff move from the realm of afterthought engineering to site plan
ning. A panel at the AIA convention acknowledged that in order to “manage resources effectively, 
architects must be able to communicate with everyone involved in the design and building process, and 
with people involved in managing natural resources around the world.” (17) A great deal of education 
and understanding is required before such universal communication can exist and function effectively. 
Fortunately, research is underway to create a universal language of sustainability.

Developed by Pliny Fisk III and the Center for Maximum Potential Building Systems in Austin, Texas, 
Biom-metric™ design and planning proposes a methodology for “talking” sustainability and regional 
economic development. Biom-metric™ design presumes sustainable development as a common goal, 
an understanding the resource pool as diverse and multi-dimensional, and the use of unique computer 
models such as object oriented programming. As a communication tool for the designers of the built 
environment, Biom-metrics™ integrates existing information from many disciplines, considers auto
matically the diversity of resources, and becomes a language of icons to be used among both design 
professionals and users.

Inventories of natural resources, identification of climatic patterns, and surveys of land characteristics 
already exist at many scales and within many disciplines. At one step below the global ecosystem are 
biomes, areas which display like patterns of flora and fauna. Similarities in climatic, hydrological, and 
soil patterns can also constitute biomes.
Currently, the sharing of sustainability information by over 250 organizations worldwide operates 
according to fourteen biome classifications established by UNESCO. More specific data appropriate 
for regional and local land planning is available from a number of on-line resource inventory networks. 
08) These established databases and communication links are to be utilized by the designers of the 
built environment. The overlaying of information on plant life, geological features, drainage, soil 
types, and land use patterns will allow designers to visualize the “big picture.” According to Fisk, “the 
advantage of this mapping approach is that it is the only available means to accurately incorporate the 
range of topics necessary to be covered in the realm of sustainable development.” (19)
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These mapping techniques have been in use for years in the practice of resource conservation. Fisk 
proposes an expanded view of resource diversity for sustainable use to supplant current “hands-off* 
policies. The value of land and resources classified according to singular uses is a product of fossil 
fuel-based economies and needs to be discarded. “Today we find that spatial mapping needs to be 
extended much further and in a manner that enables people to become “partners” with surrounding 
natural systems.” (20) Support of all life, not limited to human, should be central to any region’s land 
use. Any land use policy must recognize multiple values available in resources, such as plant produc
tion for food, fiber, biomass, building materials, and industrial feedstock. “The concept of resources 
being diverse and dissipative is the “mind shift” necessary for (the Biom-metric™) methodology to 
take root.” (21)

Once resources are spatially mapped, the technologies of extraction, transportation, processing, formu
lation, use, and re-use are pictorially represented with icons. Icons are then assembled in Life Cycle 
Assessment “ladders”, in which each process (and its particular by-products) can be viewed simulta
neously and then integrated with other LCA ladders. The scale of a process represented by an icon is 
seen as appropriate to the project being studied, but input and output processes associated with specific 
icons remain the same. For example, a plumber’s “schematic for a house and a civil engineer’s plan 
for a city’s water and wastewater system should be written in the same language, using the same basic 
vocabulary and conceptual tools to accomplish consistent environmental goals of using water and 
wastewater wisely.” (22) Although this “synchronicity” is lacking because of professional specializa
tion, its acceptance will permit design by Biom-metrics™ and use of a common language of icons at 
virtually any scale.

Fisk's methodology for-the total integration of resource utilization and the cooperation among the 
planning disciplines complements current thought in sustainable communit)’ design. The Ahwahnee 
Principles (23) emphasize resource efficiency in the built environment, calling for energy efficient 
building design, comprehensive and accessible mass transit, integration of uses (building types), distri
bution of those uses to encourage walking, bicycle riding, and use of mass transit, and limitation of 
civic service areas to discourage urban sprawl. Also included are permanently protected grccnbelxs 
and preservation of natural geological features. This "language" of community design orginated in the 
Seventies and has been successfully implemented in cities such as Davis and Sacramento, California 
and Portland, Oregon.(24) While one may perceive a conflict in the role of undeveloped land between 
the Ahwahnee Principles and Fisk, it is because Fisk is concerned with the sustainable use of all land, 
including the land left unbuilt. Adoption of either theory would require re-examination of the deci
sion-making that influences current zoning and comprehensive planning practices.
We see that a constructive dialog is underway in the building industry. Consideration of “alive” 
patterns will help designers orient themselves properly to the forces at work in nature and in human 
beings. The assimilation of a new vocabulary of sustainability will reopen channels of communication 
that wasted away under specialization. The familiarization with the languages of energy efficient 
community design, resource diversity, and global interaction can occur while the computer tools 
required to support new sustainable methodologies are being developed. In the meantime, there are 
pieces of the sustainability puzzle that are of specific and immediate concern to architects. Examina
tion of the energy and resources called upon in the name of building will highlight the responsibilities 
most in need of recognition by the designers of the built environment.
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Part Two

People tend to be intimidated by energy.. .to say we have to leave it to the experts, it 
has to do with all these big, complicated machines that we can 7 understand. It isn 7 
like that at all. The energy1 problem is the cracks around my window.

- Amor)' Lovins U)

A penny saved is a penny earned.
- proverb (2)

3. ENERGY

In 1952, the Paley Commission, advising President Harry S. Truman, predicted that as many as 
thirteen million American homes would be solar heated by 1975. A year later, President Eisenhower 
introduced “Atoms for Peace" at the United Nations (3), reinforcing the American commitment to 
centralized, high volume, high technology energy production.

Architecture fell quietly into step with the rest of American business, industry, and culture. Even after 
the relative thrift of the fifties, the use of energy became wildly prolific. William Caudill, a principal of 
the reputable national firm Caudill Rowlett Scott even admitted “the design profession picked up 
sloppy methods during the affluent sixties. Our firm, too.” (4) The marriage of technology and cheap 
energy had made anything possible. Heat gains from unprotected windows could easily be removed 
by plenty of air-conditioning. Overdesign of mechanical and lighting systems was common; com
plaints about spaces being too hot or too cold or too dark were avoided in a trade for energy consump
tion. Many large buildings were equipped with terminal reheat air-conditioning, where the air was 
over-cooled by central chilled water and reheated to the comfort level at the point of supply; an energy 
double-dip. Architects, engineers, and planners developed an array of other bad habits as the glass 
boxes sprung up and the suburbs sprawled out.

As early as 1972, the American Institute of Architects was aware of the energy being wasted in mod
em buildings. It estimated that energy saved in buildings could, by 1990, create an energy supply
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greater that all domestic petroleum production or all domestic and imported natural gas.(5) Consider
ing the events of the following autumn, one would think greater efforts would have been made to 
realize those savings.

Between 1973 and 1986, conservation kept the American energy appetite relatively level, the economy 
enjoyed an expansion of forty percent,(6) and end use energy prices actually dropped/?) Official 
government policy still focused on locating more sources of fossil fuels and developing nuclear energy 
generation. The meager government subsidy of renewable energy all but vanished in the Reagan-Bush 
years, the automobile mileage standards were rescinded, and the threat to drill for oil in sensitive areas 
such as the Arctic National Wildlife Refuge nearly became reality. Meanwhile, in the building indus
try, token energy codes were implemented and some optional rating standards were created. The 
creators of the built environment continued to assume a future of fossil fuel-based energy.

As architects begin to orient themselves to the practice of sustainable building, energy consumption 
represents the largest problem and the greatest opportunity. The building industry can take credit for 
nothing less than the creation of a vast, new energy supply.

§§§

In 1990,4.67% of the world’s population managed to consume 24.5% of the world’s energy. The 
sources if this American consumption were roughly 41% petroleum, 24% natural gas, 23% coal, with 
the remaining 12% a mixture of nuclear, hydroelectric, geothermal, and “other”/ 8) Of those 81.5 
quadrillion Btiis, just over 36% was used in the residential and commercial sectors for space heating 
and cooling, lighting, domestic hot water, equipment and appliances. (9) But an architect’s responsibil
ity doesn’t end there. The sustainability initiative requires that we think of building’s relationship to 
the rest of the energy and resource picture. As early as 1977, architect and energy researcher Richard 
Stein stated that one fifth of the industrial sector energy use is for the manufacture of products des
tined for the building industry. He believes that the building industry even has a stake in the transpor
tation sector.

The proliferation o f  the spreading suburb.. .has been based on and has further encouraged our com
plete dependence on private transportation. Certainly the aiding, abetting, and glorification o f  the 
suburban shopping center as our contemporary successor to the agora must be laid partly at the door o f  
the architects, planners, and their magazines. For better or for worse, let us say that a fifth o f transpor
tation uses o f  energy has been made necessary by the planning decision. (10)

With Stein's methodology, add 7.32% and 5.44% of the national total for industrial and transportation, 
respectively, and the building industry share is just under 49% of all energy consumed in this country, 
or about 40 quadrillion Btus.O l) The number “4,” with sixteen zeroes, British thermal units. One Btu 
is the amount of energy needed to raise the temperature of one pound of water one degree Fahrenheit. 
Forty quadrillion Btus is the amount of energy in 6000 Exxon Valdez oil tankers, twice our annual 
petroleum imports, or two and one-half times the energy in all the coal consumed annually in Ameri
can electric power plants.
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Residential / Com m ercial

Industria l

FIGURE 2.1: SIMPLE ENERGY USE DISTRIBUTION
Statistics from El A, Monthly Energy Review, July 1992.

I
E

T ransporta tion

Transportation: Building Industry Share 

Residential / Commercial 

Industrial: Building Industry Share 

Industria l

FIGURE 2.2: ENERGY USE DISTRIBUTION PER STEIN
Statistics from El A, Monthly Energy Review, July 1992.

The impact that efficient use of energy in buildings can have on the national energy situation is enor
mous. Understanding where to find this energy is the first step toward "mining" it. A comparison 
with energy use with other sectors of the economy is illuminating.

Residential /  -------------- Industrial .....................Transportation
Commercial

2.5 — —

M J J A S O N D J  F M A M J  J A S O N D J  F M A
91 92

FIGURE 2.3: CONSUMPTION BY END-USE SECTOR, MONTHLY
(QUADRILLION BTU)

From EIA, Monthly Energy Review, July 1992. Page 22.
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The summer and winter energy use peaks reveal that the response to climate in buildings is mechani
cal, not architectural. A comparison by sources is equally telling.

Natural G a s -------------Electricity ..................Petroleum

J F M A M J  J A S O N D J  F M A M J  J A S O N D J  F M A M J
90 91 92

FIGURE 2.4: RESIDENTIAL AND COMMERCIAL CONSUMPTION, MONTHLY
(QUADRILLION BTU)

From EIA Monthly Energy Review, July 1992. Page 24

So much for harmony with nature.

Sixty percent of the residential-commercial sector energy consumption can be attributed to two build
ing types, the single- and multi-family housing. 02) Residences are envelope-dominated buildings; 
most of the energy input compensates for conductive and radiant heat gains and losses through the 
skin of the conditioned space. The overall thermal resistance of the envelope is determined largely by 
the level of insulation in the roofs and walls and influenced heavily by the total area and resistance of 
windows. Infiltration, the uncontrolled ventilation through cracks and joints in the building skin, is 
another major contributor to conductive heat loss. Heating and cooling loads due to solar radiation are 
the product the orientation of the building’s walls and windows to the sun. Furthermore, the determi
nants of energy consumption are not limited to the structure itself. Conduction and infiltration are 
influenced by exposure to winds; solar radiation can either be reflected or absorbed by landscape and 
paving materials.

The good news about this country’s most energy-intensive building type is that low energy design is 
relatively straightforward and low-energy construction is easily accomplished. The means and meth
ods for building residences with little or no lifetime energy investment, not to mention successful built 
examples, exist for almost any climate. Conductive gains and losses are managed through proper 
insulation and appropriately designed and sized glazing. Infiltration is reduced or eliminated by 
thoughtful detailing and careful construction. Proper orientation and shading of windows puts solar 
radiation to work when it is needed and shuts it out when it is not. Shape can capture breezes and 
volume can induce natural air movement. Compared to commercial design and construction, we are 
further along the learning curve at the residential scale, owing to the grass-roots nature of early “solar 
home” experiments and the wherewithal of the average American to build a house and not an office 
building.

Low-energy design concepts are simple and, by now, well known. Charged with designing an energy 
efficient house or apartment building, most architects would at least know where to start. In America, 
though, the problem is that architects design less than five percent of all the houses built and, in most 
of those, lifetime energy investment is rarely a consideration.
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Our nation’s homebuilders have been slow to incorporate low energy design and construction in their 
building and selling techniques. Residential construction as a whole has not come very far in the last 
several decades. Speaking on the topic of affordable housing, Eric Damian Kelley of the University of 
Iowa, Ames, blames “stifled innovation” in homebuilding; useful here if one considers energy effi
ciency to be congruent to affordability. “Marconi’s eyes would bulge at a Radio Shack, and so would 
the Wright Brothers’ at the sight of a modem jet, but the house seems to have stood still. Today’s 
builders have worked under the old rules so long that it will take time for them to begin to innovate 
even if we tear up the rules'tomorrow.” (13) California is the only state that currently requires compli
ance with an energy code in both commercial and residential construction. Arizona is due to imple
ment its Model Energy Code sometime in 1994. Other programs for the construction and rating of 
energy-efficient homes are largely optional. Most of the energy standards in existence today simply 
prevent the construction of homes with no insulation at all. For example, the norm in central Florida 
remains uninsulated concrete block walls and single paned windows which enclose space that is air- 
conditioned up to six months out of the year. Research from funding by Southwest Gas and con
ducted by Dr. Nader Chalfoun of the University of Arizona House Energy Doctor® program tells the • 
same story for Arizona homebuilders/14) The annual energy use for space heating and cooling was 
analyzed for one hundred model homes using computer energy simulations. None of the models met 
HUD’s standards for the Energy Efficient Mortgage program (15). Further study found envelopes too 
lean on thermal resistance, a lack of thermal storage mass (essential for taking advantage of the 
desert’s diurnal temperature swing), and a direct correlation between area of fenestration and energy 
consumption. Many of the model homes were even analyzed for optimum orientation, a factor of little 
relevance in the selling and building of tract homes.

At this point it is apparent where most of the energy in the residential sector is going: through the walls 
and out the windows. But the contribution of electrical appliances cannot be overlooked as poor design 
again leads to energy waste. The best illustration of this is the story of the modem refrigerator often 
told by Amory Lovins/16) Pre-World War II refrigerators had the motor on top, allowing the heat 
generated to dissipate upwards into the room. Since then, clever designers put the motor underneath 
(the heat now rises into the food), made the insides bigger without making the outsides bigger 
(skimped on insulation), made the insides frost-free (put an electric heater inside which comes on 
periodically to melt the ice), prevented frost build-up around the edge of the door (put an electric strip 
heater there, too), and located the condensate radiator up against the backside if the unit (giving the 
heat the shortest path back inside). House planners inevitably placed the refrigerator (if it can be 
called that) next to either the oven or the dishwasher (so that when the former comes on, so does the 
latter). With all that, the “modem” household refrigerator easily spends half its energy just taking 
away the heat of its own motor and, ultimately, uses four to six times the energy of a sensibly-designed 
version. In a home without electric water heating, space heating, or air-conditioning, the refrigerator is 
the biggest user of electricity. Similar designed-in inefficiencies, the legacy of the era of cheap energy, 
exist in other electric appliances and equipment. This is evidenced by the growing demand for com
pact fluorescent light bulbs and the national effort to reduce power consumption by personal comput
ers/17)

The other forty percent of the Residential-Commercial sector energy consumption occurs in our office 
buildings, hotels, stores, schools, restaurants, churches, and hospitals. Here, the distribution of energy 
use is much more complex, varying significantly by building type and by climate. As a rule, commer
cial buildings are dominated by internal loads, removing sensible (heat) and latent (humidity) loads due 
to occupants and sensible loads due to equipment and artificial lighting. Even in moderate climates.
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the removal of internal loads may require mechanical cooling year-round. The conditioning of ventila
tion air contributes to large cooling loads in warm climates and large heating loads in cold climates.

Some aspects of commercial energy use are simple necessities. Removing occupant loads is one; we 
cannot ask that people stop using their buildings. However, utilizing that heat gain for other purposes 
is an underused energy-saving strategy. Like people, the computers, copiers, coffee makers and other 
equipment must be reckoned with, not removed. Again, the heat generated by machines has other 
potential uses. The conditioning of ventilation air is another necessity. Certain volumes of fresh, 
outside air are required to maintain a healthy internal environment. This means heating or cooling that 
make-up air to comfort levels before introducing it to interior spaces. It is interesting to note that a 
popular energy-savings strategy of the Seventies, reducing percentages of ventilation air, accentuated 
the phenomenon now known as sick building syndrome and alerted the industry to off-gassing by 
interior framing and finish materials. Strategies for tempering ventilation air include exchange of heat 
with the air being thrown away or by means of heat-storage media.

The biggest opportunity for reducing commercial energy use is in the area of artificial lighting; here the 
benefits are actually two-fold. Proper levels of light can be supplied by fewer of today’s advanced 
fixtures. This saves direct energy consumption and requires less air-conditioning. In 1977, Richard 
Stein reported that sixty percent of electricity (not total energy use) was for lighting in commercial 
buildings, sixty-five percent in schools. (18) He estimated that, throughout the commercial sector, 
every two kilowatt-hours of electricity used for lighting required the expenditure of another kilowatt- 
hour for cooling. (19) More recently, Amory Lovins reports that one-third of electricity used in office 
buildings is directly for lights, two-thirds if the associated cooling load is considered. (20) The differ
ences in these estimates (and with many others) can probably be attributed to variations over time of 
mechanical system and lighting efficiencies and percent share of electricity use in commercial build
ings. Regardless, lighting represents most of the unnecessary energy use, and therefore most of the 
savings opportunity, in the sector. Savings in any application of elecrical energy should be easily 
accomplished; of the $150 billion saved annually in America through conservation, only one percent is 
from saving elecricity.(21)

§§§

Since the Arab oil embargo, our ways of thinking about energy have matured. At first, conservation 
was for conservation’s sake; an effort to reduce American dependence on foreign oil. (Petroleum 
imports averaged 6.25 million barrels per day in 1973, peaked at 9.2 mb/d in early 1990, and were 
7.54 mb/d in June of 1992.(22)) Then the financial incentive was discovered; energy not purchased 
made money available in other parts of the ledger, for purchase of other consumer goods or for profit. 
As the side-effects of converting fossil fuels to energy became known, saving energy also meant 
reducing emissions of various pollutants such as sulfur dioxide (S02) and nitrogen oxides (NOx) 
which cause acid rain. Then evidence began to suggest that emissions of “greenhouse” gasses like 
carbon dioxide (CO2) were leading to the gradual warming of the atmosphere, so saving energy 
generated by fossil fuels was indirectly “saving” the planet. Meanwhile, organizations such as Ameri
cans for Energy Independence and the Union of Concerned Scientists began to focus on the total 
economic impact of energy conservation. It is argued that energy saved once by capital improvements 
like insulating and weatherstripping is energy saved forever. For example, UCS estimates that if the 
ten billion dollars spent building the Alaska oil pipeline were spent insulating oil-heated homes, there 
would never be a need for any of the oil coming through the pipeline. (23) (That money spent insulat
ing homes would also create thousands of low-skill jobs in communities throughout America instead of
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a few specialized jobs in Alaska.) Finally, energy savings would reduce pressure to exploit potential 
reserves in environmentally sensitive areas. Conservation alone has created seven times more “new” 
energy than all net increases in supply since 1980. (24) Imagine the economic benefit if those of us 
responsible for using half the energy in this country used it wisely.

All of these energy conservation concepts are essential in the movement toward sustainability. Of all 
the energy now consumed by the building industry, only part is actually required; the rest should be 
considered a resource. Every megawatt not used lighting buildings and every tanker full of oil not 
used heating buildings are megawatts and tankers made available for something else or, better still, left 
ungenerated. By limiting the need for more generating capacity and the construction of expensive 
power plants, those resources are made available elsewhere in the economy as well.

Ultimately, the conservation of current fossil-based energy resources will allow time for the implemen
tation of existing renewable energy technology on an economically viable scale and the integration of 
those energy resources with the sustainable processes in other industries and the rest of the economy. 
We now have an idea how many megawatts and tankers are at stake. If we play our cards right and in 
a timely fashion, we won’t have reason to care when the (oil) well runs dry.

§§§

It is easy to see that the three forces: ecology, energy and raw materials, should be 
handled as one integrated system. . .none o f them can really be completely separated 
from the others.

- Dietrich Altenpohl, Swiss Aluminum Ltd. (25)

When the world is running down, you make the best o f what’s still around. ..
-The Police (26)

4. MATERIAL RESOURCES

Discussion at the March of 1993 Xeriscape Conference in Tucson centered on our new, chemical
laden Central Arizona Project water and its effects on landscape maintenance and design. During a 
lecture on the history and possible futures of water use in the desert, a realization about all of our 
resource uses occurred. Habits of water use, like those of energy use, are driven by two factors: 
designed-in requirements of the built environment and ignorance. We inherit both from the days of 
plenty, when all types of resources were considered unlimited.

Much of the built-in waste of water in this country can be attributed to the common flush toilet. Five 
gallons of clean water per flush is the price paid for habit, the continued use of a design inconsistent 
with modem times. We are in the process of remedying this situation; the newest plumbing codes call 
for toilets needing only a gallon or so of water per flush. It remains to be seen who will pay for the 
replacement of all the five-gallon models still in service.

Waste due to ignorance is another matter. Few people know the proper watering requirements of their 
plants, trees, and turf. The net result is a great deal of unhealthy landscaping and an enormous waste 
of both water and money. A professional consultant presented a survey of a local high school which 
scheduled the sprinklers on the athletic fields based on how they had always scheduled the sprinklers 
(unconscious management). With knowledge of the turf s real needs and a modest control upgrade,
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the school’s annual savings were estimated at $30,000. (Imagine every school having an extra 
$30,000 a year to spend on students instead of unneeded water.) Another striking example of uncon
scious management was an apartment complex groundskeeper’s “Marlboro method:” he timed his 
daily watering cycles, regardless of the plant material being watered, by opening one valve, smoking a 
Marlboro, then closing the valve and moving on to the next one.

This is the sort of resource “management” needing revision if sustainable practices are to become 
realities. Ways of designing, building, or maintaining anything “the way we always used to” must be 
rigorously examined. The energy, resource, and money investments built into refrigerators, tract 
homes, and sprinkler systems must be reconsidered on the basis of actual heed. The days of plenty are 
consigned to history; wise stewardship of the earth’s remaining resources is our responsibility.

§ § §

The efficient use of all material resources is the logical extension of efficient use of energy resources. 
The interrelationships of petroleum drilling, coalmining, centralized energy generation, air pollution, 
acid rain, global warming and wasted economic potential that are part of the heating, cooling and 
lighting of buildings also exist for the making of the buildings themselves. Our acts of building encom
pass the stripping of minerals from the earth, the harvesting of old-growth forests, the transportation of 
raw materials, energy-intensive manufacturing processes, and waste disposal. In attempting to achieve 
sustainable building practices, the connection of the building industry to all other material processes 
will be of constant consideration.

Like the burning of an electric light or the operation of a gas furnace, the uses of steel, wood, con
crete, aluminum and plastics have local, regional, and global implications. Among localized issues are 
land degradation due to clear cutting of forests and strip mining of mineral deposits. Mining and 
manufacturing waste products, such as contaminated water, furnace slag and unusable ores have local 
impact or, if considered hazardous, regional impact due to transportation and storage measures. The 
energy inputs for mining and manufacturing entail the regional and global implications of any fossil 
fuel conversion: air pollution, acid rain, and emission of greenhouse gasses. An examination of these 
issues and their pertinence to the primary materials in use in the building industry will follow shortly, 
after an overview of two central concepts in the language of sustainable building: embodied energy 
and environmental auditing.

Embodied energy is an accounting of all the energy conversion required to deliver a certain quantity of 
a certain material to a construction site. It is the sum of the indirect energy (or energy’ intensity) 
consumed in the production and processing of materials and the direct energy consumed during final 
transportation and erection. While research into the embodied energy of construction materials has 
existed has existed since the mid-70’s, (27) the idea is relatively new to architects and builders. Material 
selection is still largely governed by more tangible monetary issues like initial cost, availability and 
maintenance requirements. While apparent cost and serviceability are not to be disregarded, the 
economics of sustainable building will expand and include the energy expended by machinery, equip
ment, trucks, and trains in the actual creation, delivery and erection of building components. The costs 
of either disassembling or demolishing buildings will also enter the material selection matrix. At this 
time renewed interest in embodied energy, there seems to be little agreement in how many levels or 
layers of calculation are significant. As successive levels of material and transportation relationships 
are included, the complexity of the process increases exponentially. In Gentle Architecture. Malcolm 
Wells gives the following example:
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Here is what Warren Stetzel had to say after I asked him how much energy goes into the making and 
delivering o f  a yard o f concrete: Thinking about the matter makes one realize what a complex business 
that kind o f  calculation is going to be. Do you go all the way back on the route lines, what it took to 
manufacture the truck and the fuel as well as the cement itself? Or the processing o f  the sand and 
gravel, their transportation, and so on? Is the concrete type 1 or type IT? Type IT cuts energy use 20 
percent per bag o f  cement unless you count the energy invested in the fly ash that was used to make 
the special cement. But do you do that, or assign that to the production o f  electricity or styrene? A 
polymer company that produces plastics in Pennsylvania produces 80 tons o f fly ash per day in just 
one o f  its factories. (28)

As expected, the quantities of energy assigned to a unit of building material (usually expressed in terms 
of Bm per pound or megajoules per kilogram) vary by methodology. “A stated value is a direct 
function of what was included and what was excluded from its derivation” (29) These “system bound
aries,” the reliability of source information, and international differences in reporting methodology all 
contribute to differences in energy intensity calculations. The theoretical thermal energy content of the 
petroleum used as feedstock in the manufacture if synthetic resins is also included in energy intensity 
values.

TABLE 2.1: ENERGY INTENSITIES OF SELECTED MATERIALS. (MJ/kg)

Material Canada United States

Metals
A lum inum 236.3 192.0
N ickel 168.3 58.0
Steel (general) 25.7 39.0
Zinc 64.1

Non-m etallic minerals
Glass (sheet) 10.2 19.8
G ypsum 7.4 ' 7.2
Brick 4.9 5.8
Glass Wool 22.3 14.0

Cement products
Cem ent 5.9 9.4
Concrete 1.2 1.3
Mortar 2.2

Plastics
Polyethylene 87.0
Polystyrene 105.0
Paint (water base) 76.0 77.7

Author’s note: MJ/kg x 500 = Btu/lb.

New Zealand Switzerland Finland

145.0 261.7 189.0
486.0

32.0 27.7
68.4 68.4 43.2

16.7 21.6 16.5
1.4
3.1 2.8

18.0 23.4

7.4 4.9 4.9
2.0 0.9

1.4

49.3
122.8 188.8

76.7

From Cole, p25.

But even this “new” concept is maturing based on inherent interrelationships of sustainable theory. 
Now that “resource use i s . . .  discussed within a broader environmental agenda, particularly in the 
context of global warming, ozone depletion, and local and regional pollution,” (30) identification of 
embodied energy only becomes one-dimensional. “An environmental audit for building construction is 
an accounting of the quantifiable environmental factors that will be incurred in building production and 
use, reducing them to equivalent terms and presenting them in meaningful categories.” (31)

In attempting to establish an embodied energy database, Ray Cole and other architectural researchers 
at the University of Vancouver School of Architecture Environmental Research Group realized that
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the total environmental impact of material production is fuel-type dependent. (32) (For instance, 
manufacture of a material with hydroelectric power is less detrimental to the environment than manu
facture of the same material with coal-fired electric power.) This requires identification of emissions 
from both energy conversion and manufacturing processes such as smelting, kilning, distilling, drying, 
grinding, and casting. Secondly, “material selection in the building industry is rarely made in isolation. 
Materials used in building can only reasonably be compared in the context of their performance in 
building assemblies.” (33) Based on these criteria, the initial environmental auditing study (1992) 
compared four different non-load bearing wall assemblies with similar thermal resistance commonly 
used in commercial buildings. Identified characteristics included the total embodied energy per unit 
area of the wall assembly, the embodied energy components by fuel type, carbon dioxide emissions 
from energy conversion, an air emissions index which quantified total emissions of nitrogen oxides, 
sulfur oxides, and carbon monoxide relative to national air quality standards, non-energy related 
particulate emissions, and total fugitive hydrocarbons from both energy and non-energy processes. (A 
summary of this audit appears in the Notes)

At this time, environmental auditing is limited by types of data accumulated in the manufacturing and 
energy conversion industries. Researchers presume that “comprehensive auditing methods will eventu
ally become available, which evaluate broader aspects of resource consumption, environmental pollu
tion, habitat loss and other ‘difficult to quantify’ environmental factors.. ( 3 4 )  With further research 
in total environmental impact of building and wider dissemination of such data, issues of material 
selection will inevitably become more complex. This consideration of energy-based and region- 
specific environmental side-effects will require broader knowledge (and greater understanding?) of the 
ingredients of the built environment.

§§§

The number of materials in use in modem society is staggering: 42 of the 92 basic elements exist in 
the common telephone. (35) This variety is also inherent in modem building. In the 1930’s, the Sweets 
Catalog was contained in four volumes; today the entire set is 21 volumes and measures five feet on 
the shelf. New permutations of building products appear as fast as cold remedies, each generation 
more specialized than the last. It is at times difficult for architects to keep pace with the array of 
building products and their desirability based on “conventional” criteria. The sustainability initiative 
asks that they also understand the environmental impact of the use of these products.

The following section begins to cover the architectural share of resource use; how much material we 
are responsible for. The concern here is component raw materials, by-products of processes, and 
utilization of materials by the building industry. Complete life cycle analyses are discussed in detail in 
the AIA’s Environmental Resource Guide. The Sourcebook for Sustainable Design, published by the 
Architects for Social Responsibility in Boston, contains extensive product listings and design recom
mendations not limited to wood, masonry, insulation materials, and finishes.

WOOD
Wood holds a unique position among all other major building materials, both for its environmental 
qualities and its architectural appeal. It is environmentally benign; an acre of forest, while producing 
four thousand pounds of wood fiber in a year, will consume 5880 pounds of carbon dioxide and emit 
4280 pounds of oxygen. (36) Wood is a low-energy material; a pound of finished wood product 
requires the expenditure of 1450 Btus, 1/3 of the expenditure for a concrete masonry unit, 1/17 of that
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for steel, and 1/70 of that for aluminum. (3?) Wood is the ultimate sustainable building material; in the 
United States, the net growth of timber has exceeded removals since the 1930’s. (38) The forest 
products industry is a leading innovator in the reuse of waste material, both for usable product and 
energy cogeneration. Architecturally, wood is suited for many construction applications; most of the 
wood products sold in this country are used to build or renovate homes. And, of course, wood has 
earned the reverence of builders and architects alike. “The cultural and emotional place it holds in our 
collective consciousness is evident in every part of the globe, from the weathered wood of the Japa
nese temple to the icon of the wood grain vinyl on the dashboards of American cars.”(39)

On the global scale, the sustainable production of wood is far from a reality. In developing nations, 
ninety percent of deforestation results from population pressure and the need for arable land and 
firewood. Of the 2.7 billion acres of tropical forest, about 42 million acres (1.5%) are lost each year. 
(40) Deforestation reduces the net supply of biomass, releases carbon into the atmosphere and, espe
cially in the tropics, destroys the habitat of hundreds of yet-to-be documented plant and animal spe
cies. This situation is not entirely beyond the realm of the American building industry; tropical hard
woods are long-time favorites for interior woodwork. Mechanisms are already in place to certify the 
sustainable management of the seven billion dollar per year hardwood trade. The Rainforest Alliance 
and other similar organizations research tropical production and publish lists of sustainably-harvested 
products and their sources. (41)

At home, wood has every potential to become a primary element in the sustainability matrix. Realizing 
this potential, by virtue of resolving the current timber “crisis,” will be a test of our ability to manage 
domestic resources in a global context. The issues are far more complex than owls versus jobs.

The American demand for wood products is expected to increase 50% by 2040 while stumpage prices 
double by 2020 and decline through 2040. (42) The trend in prices worries architects and builders, but 
must be kept in perspective. The force driving current prices is demand, not lack of supply; housing 
starts are up after the recession and the average new house is 25% larger than in 1980. (43) Wood 
constitutes only 15% of the cost of a house, the same as in 1960. (44) Meanwhile, the wood industry, 
the self-proclaimed stewards of our timberlands, should accept blame for the shortage of privately-held 
timber, due in part to neglect of replanted areas. “The so-called ‘timber crisis’ in the Northwest stems 
not from environmental intransigence over the spotted owl but from the fact that timberlands owned 
by the giant corporations have been mowed down. These companies must now resort to federal 
timber in the name of jobs and regional economy.” (45) The industry’s “chainsaw logic” blames 
harvest restrictions on “stricter regulations related to endangered species, water quality, and other 
noncommodity interests. ” (author’s italics)(46) They go on to argue that restricting domestic harvests 
will promote substitution with more energy-intensive materials and apply added pressure on the al
ready poorly-managed forests around the world. (47) Environmentalists contend that loggers have had 
their way with old-growth forests for a century and that the remaining acreage must be preserved at all 
costs.

The next thirty years are critical to our forests; maturing Southern pine plantations will not come “on
line” until 2020. (48) In the near future, necessarily higher prices will encourage more efficient use at 
the drawing board, in manufacturing, and in the field. Intensified recycling of paper and wood can 
offset demands on timberland. More land can be dedicated to industrial tree farming. The immediate 
need is to establish a national timber policy that balances larger environmental goals with domestic 
consumption.
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In 1986, that domestic consumption was 57.2 billion board feet (3.42 billion cubic feet) of lumber. 
34% of that was for new housing units, 17% for renovation and upkeep of existing housing units, 12% 
in the shipping industry, 9% in non-residential and railroad use, and the remaining 19% a mixture of 
various retail sales. (49) The two housing sectors accounted for 1.75 billion cubic feet, or the amount 
of timber in 700,000 acres of national forest.

Contrary to their own arguements for continued logging of old growth, the forest products industry is 
successfully developing more efficient use of wood in building products by utilizing smaller and faster
growing tree species. Plywood web I-joists, oriented strand board, glue laminated beams, and other 
engineered products are supplanting solid sawn sections, sheathing, structural timbers, and framing and 
finishing components. Because of the depletion of larger trees, these new products are also less 
expensive than their predecessors. Improvements in preservatives and glues are greatly reducing the 
harmful effects of off-gassing from the entire range of wood products.

Architects and builders should regard forest products as essential to sustainable building. Aside from 
its architectural qualities, wood is renewable, reusable, and biodegradable. The forest products indus
try should continue to develop more material-efficient and environmentally sensitive building supplies 
while the consumers reduce demand through conservation. If properly managed on the global scale, 
wood will be an economical and environmentally friendly resource for building indefinitely.

IRON AND STEEL
Iron has been in use by humans for 5000 years. Widespread use, beginning about 1200 B.C., marked 
the start of the Iron Age. With the introduction of the Bessemer process in 1865, steel helped to 
propel the Industrial Revolution, fostering Western civilization as we know it today. As a building 
material, steel has made possible a whole range of modem building types, most notably the skyscraper.

Architecturally, steel is utilized for its versatility, durability, and incredible strength. Environmentally, 
steel probably has a reputation not entirely deserved by the state of the art production methods. Like 
the timber and paper industries, iron and steel manufacturers have significantly reduced the environ
mental impact of their manufacturing. However, steel remains a resource- and energy-intensive 
material.

Iron ores are typically strip mined, requiring extensive restoration of mined areas. Beneficiation of 
ores prior to shipping generates tailings, dust, and contaminated water. Ores are transported by sea 
and overland via railroads and slurry pipelines. Steelmaking requires energy to both reduce iron oxide 
into iron and for process heat. A pound of steel embodies 19,200 Btus,(50) an energy input account
ing for 25% of the cost of the finished product.^ 1) Coal, used to make metallurgical coke, is the 
industry’s primary fuel. Use of coal in steelmaking is expected to rise with the depletion of petroleum 
and natural gas reserves. By-products of steelmaking include slags, flue dust, contaminated water, 
acids, and gaseous emissions like sulfur dioxide and carbon dioxide.

To its credit, the steel industry has always been a major recycler. Scrap iron accounts for 45% of raw 
material input for new steel production in the United States/52) Energy optimization developments 
have shown 50% reduction in blast furnace coke consumption while waste heat from coke production 
is used in cogeneration. The inefficient and polluting Bessemer process has been replaced by a variety 
of leaner and cleaner methods.
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The building industry directly consumes about 14.5% of the iron and steel production in the United 
States. (S3) In 1991, this consumption totaled 11.5 million tons;(54) by weight, about four and one-half 
Eiffel Towers per day. Reductions in this consumption will naturally reduce material and energy use 
and their side effects. While we may consider our current uses of steel to be efficient, Richard Stein 
contends otherwise. He describes the structural beam as wasteful by design. The properties of the 
sophisticated cross-section of an I-beam are only required, typically, at the location of the maximum 
bending moment; most of the material in other portions of the beam is unnecessary. He points to 
structures where weight is a significant concern, ship hulls and tower cranes, as truly efficient uses of 
steel.(55) However, efficiencies in the production of rolled sections typically compensate for the labor 
costs of fabricating complicated assemblies. Since steel building products are generally sold by weight, 
the steel in conventional buildings is engineered based on weight, whether the members are solid or 
mass-produced truss-joists. Ultimately, “wasteful” amounts of steel used in buildings will probably be 
recycled. Opportunities for savings do exist in tensile structures, which may receive more attention as 
resource efficiency extends greater influence on design.

ALUMINUM
Aluminum is the “newest” of the common metals in building and the second most widely used metal in 
the world. Made commercially economical in 1886 by electrolysis, aluminum use has grown enor
mously. Since 1950, global consumption has risen over 8% every year, doubling every nine. (56)

In construction, aluminum’s advantages include corrosion resistance, versatility, and a high strength-to- 
weight ratio. Its many uses include non-structural framing, window and door frames, curtain walls, 
gutters, flashing, and ducts. The trade-off for this versatility is an extremely high embodied energy of 
85,000 to 103,500 Btu/lb.(57) A popular illustration of aluminum's high energy intensity originated 
with Richard Stein: the 5.75 million pounds of stainless steel needed to clad a mid-rise building would 
require .77 million kWh of electricity for manufacture, whereas an equal weight of aluminum would 
require 3.02 million kWh. (58)

Like iron and steel, aluminum is a metal processed from ore. Bauxite is strip-mined, causing the 
associated land degradation. Both processing stages, the extraction of alumina from the ore and the 
electrolysis that produces the aluminum, are electricity intensive. (The aluminum industry is quick to 
point out that most of the electricity used in the production of aluminum is from hydro, not fossil fuel, 
sources.) The primary solid by-product, bauxite residue or “red mud”, has no commercial value and is 
discarded. Newer aluminum plants employ emissions abatement and reuse fluorides and particulates. 
The aluminum material path is global; ore reserves are mostly concentrated in the Third World, far 
from primary consumers, requiring expenditure of transportation energy.

Secondary, or recycled, aluminum has become an industry unto itself. The combination of mill scrap 
and material reclaimed from the waste stream (old scrap) feed a process that uses only 5% of the 
energy required of primary aluminum production. Much larger quantities of old scrap will be available 
as the first generation of industrial aluminum products, those 10 to 30 years old, become eligible for 
recovery and reclamation rates from municipal waste streams rise. Aluminum loses little if any of its 
properties in remelting, so products made from beer cans have the same integrity as those from baux
ite.

Construction in America made use of 8.2 million tons of aluminum in 1989, (59) compared to 11.5 
million tons of steel. Close to all of this was first generation product, considering that building compo
nents claiming recycled content have only been marketed for a year or so.
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CONCRETE
Modem concrete consists of Portland cement (a hydraulic binder), aggregate (typically crushed stone, 
gravel or sand), and water. Crude versions of this recipe were used by the ancient Romans. Rein
forced concrete marries the high compressive strength of concrete with the high tensile strength of 
steel. “Ferroconcrete” found architectural application at the end of the nineteenth century and ranks 
with steel as the major structural material of modem construction.

Portland cement is a product of limestone, clay and gypsum. The limestone and clay are crushed and 
heated to a clinkering temperature of2700°F, mixed with gypsum, and finely ground. Cement pro
duction occurs world-wide, owing to the common availability of limestone and clay. Aggregates are 
washed, screened, and occasionally crushed. The average batch of concrete contains seven parts 
aggregate to one part cement, so aggregate sources are best located closer to final points of use. Steel. 
bars, cables, and wire mesh make up 99% of all reinforcing used; concrete’s mechanical bond to steel 
is excellent and the two materials have nearly identical thermal expansion coefficients.

The production of concrete has its share of environmental impacts. Limestone, clay, and gypsum are 
either surface mined or quarried. Clinkering is energy intensive, accounting for 45% of the cost of 
cement, and usually relies on fossil fuels. Portland cement embodies almost 3000 Btu per pound, 
finished and delivered concrete products average over 10,000 Btu per pound. (60) The major by
products of cement and aggregate production are noise, dust, and waste heat. As with other heavy 
industries, worker safety, emission control, and energy cogeneration are now typical components in the 
American concrete industry.

In recent years, more industrial waste products have found their way into various concrete formulas. 
Bauxite ore refuse, rice hull ash, blast furnace slag, and fly ash are replacing binders and aggregates 
that are otherwise mined and processed.

World concrete production was 6.9 billion tons in 1978, a volume equal to a cube 1.4 kilometers on a 
side.(6l) Europe was responsible for 36% of the total, Asia 25%, the U.S. and Canada 10%. In 1990, 
the American building industry cast 90 million tons of concrete.(62) If that were all made into a four 
inch slab of average density material, we could pave 283 acres every day of the year.

§§§

The raw material and associated energy requirements of the building industry are immense and, if 
based on the outdated thinking that determines our direct energy use, extravagant. For architects, the 
efficient use of all remaining natural resources and increased utilization of alternative materials are part 
of our role in the global sustainability initiative. We must begin with consideration of where building 
materials come from and take care with how they are placed, assembled and reused.

Naturally occurring raw materials, whether bauxite or iron ore or gravel, will become increasingly 
scarce. The deposits in production now are inevitably the most profitable. As less pure and more 
remote deposits of ore are mined, the energy required to distill and transport usable metals increases. 
Simultaneously, conventional fossil-based energy sources will themselves become more scarce and 
expensive. The economic viability of all the major mining industries will decrease; the only temporary 
reprieve for higher costs being expanded use of renewable energy in processing.
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To this end, architects should consider greater reuse of existing materials in renovation projects. 
Detailing for planned disassembly, not demolition, of new buildings can be weighed against additional 
labor during construction. In all use of materials, virgin or recycled, more attention should be paid to 
appropriateness, utilizing a material to take best advantage of its inherent qualities.

The above descriptions of wood, steel, aluminum, and concrete by no means encompass all the mate
rial options characterized by modem construction. They are used here simply to illustrate the contri
bution, hence responsibility, of the building industry in the global resource and energy picture. Glass, 
plastics, solvents, refrigerants, and fibers all possess their own raw material and energy input require
ments, environmental side-effects, and potential human hazards along with their architectural qualities. 
Each should be scrutinized based on all these criteria.

Ultimately, the material and energy requirements of the building industry must be integrated with all 
other human activities, including farming, waste treatment, transportation, and water use. Sustainable 
living, in synchronicity with all the natural systems that support our life in the first place, is indeed a 
lofty ideal. Architecture should embrace and pursue that ideal with all the creativity and intellectual 
rigor which has marked our progress from the caves.

The early Modems claimed that the architectural tradition to which they were heirs was not valid in 
their new era. The solution to both the demands and the opportunities of a new century could not be 
found in eclecticism and stylistic rhetoric. On the threshold of the Twenty-first Century, we find the 
architectural tradition of the previous decades also lacking in validity. The creativity and intellectual 
rigor of Modernism has been diluted by stylistic rhetoric, compromised by a short-sighted economy of 
consumption, and bankrupted by designed-in waste.

It is time to reassess the thoughts, actions, and consequences of our architecture and establish a livable, 
sustainable built environment for future generations.
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The following is a portion o f Cole and Rousseau's “Environmental Auditing for Building Construc
tion: Energy and Air Pollution Indices for Building Materials/' reproduced here to partially illustrate 
an energy and air pollution audit of wall assemblies. Illustrated here are four wall assemblies of 
relatively equal thermal performance with the unit quantities and weights of their components. The 
following page tabulates the energy consumed and emissions generated in the creation of one square 
meter of the building components.

Material Mass/m2
75mm precast concrete panel 180.0 kg/m2
Steel reinforcement 7.2
Steel anchors (galvanized) 3.0
Weather barrier (polyolefin) 0.07
Steel flashings (galvanized) 0.5
Steel flirtings (galvanized) 2.5
75mm polystyrene instil, board 3.8
15mm interior gwb. (finished) 11.8
3 coats latex paint (0J litres) 0.4
TOTAL 209.3 kg/m2

W all #1

Material Mass/m2
100mm face brick (clay) 165.0 kg/m2
Mortar 28.0
Steel shelf angle (struc. steel) 4.0
Steel bes and screws (galvanized) 1.0
Weather barrier (polyolefin) 0.07
Sheathing (wp. gwb.) 9.8
150mm steel studs (galvanized) 10.0
150mm fiberglass bau insulation 5.4
Vapour barrier (polyethylene) 0.05
12.5mm interior gwb. (finished) 10.0
3 coats latex paint (0.3 litres) 0.4
TOTAL 233.8 kg/m2

Wall #2

Material Mass/m2
2 coats acrylic mod. stucco 6.0 kg/m2
Glass fiber mesh 0.8
19mm polystyrene insul. board 0.6
Steel fasteners and flashings (galv.) 1.0
Weather barrier (polyolefin) 0.07
Sheathing (wp.gwb.) 9.8
100mm steel studs (galvanized) 6.9
100mm fiberglass bait insulation 3.6
Vapour barrier (polyethylene) 0.05
12.5mm interior gwb. (finished) 10.0
3 coats latex paint (0.3 litres) 0.4
TOTAL 39.3 kg/m2

W all # 3

Material Mass/m2
Porcelain steel, or 9.6 kg'm2
Anodized aluminum, or 5.3
6mm glass sheet 16.0
Aluminum mullion/rail/spandrel 22.0
Weather barrier (polyolefin) 0.07
150mm steel studs (galvanized) 10.0
150mm fiberglass bait insulation 5.4
Vapour barrier (polyethylene) 0.05
12.5mm interior gwb. (finished) 10.0
3 coats latex paint (0.3 litres) 0.4
TOTAL 57.6 kg'm2 (Steel)

53.3 kg'm2 (Alum.)
64.0 kg/m2 (Glass)

W all #4

Sections of non-load beanng wall assemblies used in commercial construction.



Environmental characteristics of different wall assemblies

Mass
kg/m2

Energy Emissions

Total
energy
MJ/m2

Feedst.
MJ/m2

Ref.
Pet.

MJ/m2

Nat.
Gas

MJ/m2
Coal

MJ/m2
Elect.
MJ/m2

Other
MJ/m2

CO.
t

Air
Emits.
Index

Part.: 
Non- 

Energy 
g

HC
g

Wall #1 209.3 1148 317 125 254 246 169 37 52200 2810 1230 310
Wall #2 233.8 1799 115 221 930 214 297 22 90260 2850 2230 560
Wall #3 39.3 929 300 90 263 95 166 16 36700 1610 420 220
Wall #4 : steel 57.6 6235 42 691 543 236 4715 8 113200 7710 650 370
Wall # 4 : alum. 53.3 7263 42 766 411 170 5866 8 110700 7640 560 260
Wall #4 : glass 64.0 5974 42 639 510 * 120 4656 8 94500 7240 580 260

Notes:
•  Total Energy, energy of wall assembly including feedstock energies.
•  Feedstock; gross thermal content of petroleum used in feedstocks for synthetic resins.
•  Fuels; fuel use, by type, used in production of the component materials.
•  C02: total mass of C02 created by fuel combustion in the production of the assembly.
•  Air Emissions Factor; mass of particulates S02, NO,, and CO, divided by their respective Canadian national ambient air quality 

maximum concentration limits.
•  Non-energy related particulates; summary of all particulates from processes.
e //C ; all fugitive hydrocarbons from both energy and non-energy related processes.

The energy summary includes:
Total The total embodied energy of 1 m2 of wall
Energy: assembly including feedstock energies.
Feedstock: The feedstock energy represents the gross

thermal content of petroleum used in syn
thetic resins. Feedstock energy is not 
included in the calculations of emissions 
from energy use.

Fuels: . These represent fuel use by type con
sumed in production of the component 
materials. Other fuels represents mainly 
the wood waste used in paper production 
for gypsum wall board and the waste rub
ber, wood etc. burned in cement kilns.

The emissions arc presented according to the four 
categories:

COz :

Air
Emissions 
Index:

Non-energy 
related 
particulates:
HC:

A summary of the mass of C 02 created 
by fuel combustion in the production of 
the assembly.
Generated by summing all particulates 
and NO, from energy use, S 0 2, and CO 
from both energy and non-energy proces
ses, and dividing them by their respective 
Canadian national ambient air quality 
maximum concentration limits 
A summary of all particulates from pro
cesses based on the emission factors and 
typical control efficiencies from the data. 
All fugitive hydrocarbons from both 
energy and non-energy related processes, 
also incorporating • typical control 
efficiencies. These reflect emissions from 
boilers, coal coking, polymer production, 
degreasing etc. Both particulates and 
HCs represent far too wide a range of 
chemical compounds to readily convert 
to air emissions factors at this time, and 
are therefore presented separately.

Emissions from fuel use arc calculated from the fuel

factors given in Table 2 except the electricity used in 
primary aluminum production which is assumed to be 
all hydro in Canada.

6.1 Key observations 
The following observations can be made:

•  It is often assumed that low mass construction 
implicitly has low environmental consequences. This 
comparison shows that, although the lowest mass 
assembly (Wall #3) does indeed demonstrate this 
point, others with similar mass (Wall #  4) have energy 
and air emissions that are greater by an order of mag
nitude.

•  Even within the family of non-metallic mineral 
materials with similar mass, there are distinct differ
ences in energy intensity and C 02 emission. Wall #  l, 
for example, entails the emission of 52.3 kg of CO: . 
Wall # 2 , despite having similar mass, entails 90.25 
kg. However the Air Emissions Index of these two 
wall assemblies is almost identical.

• The very high embodied energy figures for the walls 
which are largely composed of steel and aluminum are 
also reflected in proportionally higher CO: production 
and Air Emissions Index. However, what is not 
reflected in these figures is the inherent capacity to 
eventually reduce a significant portion of future 
environmental costs through recycling.

• Although the selection of a glass cladding panel in 
Wall # 4  has little effect on mass, there are distinct 
reductions in embodied energy. CO; emission and the 
Air Emissions Index.



Part Three

We ’re not talking about just another glib exercise in artifice. We ’re talking about a " 
fundamentally new principle o f design.

-William McDonough, AIA Committee on the Environment (1)

Heave out the fiction - The fact is this friction 
Will only be worn by persistence.
Leave out conditions - Courageous convictions,
Will drag the dream into existence.. . .
Everybody got mixed feelings - About the function and the form;
Everybody got to elevate From the norm.

-Rush, “Vital Signs” (2)

5. SUSTAINABILITY IS NOT A STYLE

The reassessment of architecture in sustainable terms will be both a reintroduction of age-old funda
mentals of building and a discovery of the new materials and methods of the "green" revolution. The 
environmentally benign techniques of the past, such as heating via radiant energy, temperature control 
via thermal mass, lighting via sunshine and ventilation via draft and convection, will become central to 
the design palette. Innovations from environmentally-conscious industries of the present will comple
ment these traditional tools. Architects have at their disposal solar aquatics (multiple stage water 
treatment using the sun, aquatic plants, and microbes), waste sludge bricks (recycled sewage sludge 
combined with clay), and high-tech glazings (window films that admit solar radiation and retain low - 
level heat). The new architecture can be simultaneously purified by simplicity, invigorated by com
plexity and bristling with technology; all this, independent of style. The opportunities for inspiration, 
livability and delight are available as never before.

§§§
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Energy-conscious design (in modem architecture) has been popularized by the "solar" home. While 
most examples were built during the Seventies, homes utilizing active and passive heating and cooling 
date from the Forties. Dominated visually by south-facing solar collectors and greenhouses, these 
harbingers took form-follows-function to rather clumsy extremes. And while the aesthetic established 
was not readily embraced by the architectural community or the public, the groundwork was laid for 
the marriage of solar-oriented design and modem building. The designers and builders of these 
projects provided the research and experience base to which we are indebted today.
Contemporary to the solar houses o f the early Seventies but working with much less fanfare was the

F IG U R E  3.1:
Peabody House, Dover MA, 1949.

Eleanor Raymond, Architect. 
Features direct gain heating, active 

hot air collectors, and thermal 
storage. 80% solar contribution over 

5634 heating degree days.

F IG U R E  3.2:
Masterson Studio, Santa FeNM. 1973.
R. Masterson with Steve Baer, designers. 
Features 24 inch adobe walls, direct gain 
heating.and an underfloor rockbed charged 
by the low er set of window s. 80% solar 
contribution over 5586 heating degree days.

F IG U R E  3.3:
Caivano House, Bar Harbor ME, 

1976. R. Ciavano, Architect. 
Features emu walls with external 

insulation, insulating curtains a nd a 4 
foot deep greenhouse fronting a first 

floor Trombe wall. Heated air is drawn 
through pipes within the floor 

slab.Wood stove for late-night heating.
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design-build firm Jersey Devil, a collection o f four architects their “traveling band o f . . .  artists, 
craftsmen, and inventors.*’(3) Conceiving and executing house projects in a number of different 
climates, the group utilized both low-tech principles and high-tech features. Thermal mass, earth 
cooling and orientation are mixed with Trombe walls, heat-reflecting membranes and "roto-lid" sky
lights. The components are assembled based on specific responses to local climates and packaged in 
radically modem garb that belies ecological sensitivity.

F IG U R E  3.4:
Airplane House. Colorado. 1980. Jersey Devil, Architects.
Heat stored in concrete slab and water walls, space cooled with earth tubes. Dark 
walls absorb heat from low winter sun, silver roof reflects heat from high sumer sun. 
Also features inslated window coverings and an airlock enrty.

F IG U R E  3.5:
Hoagie House, Virginia, 1987. Jersey Devil, 
Architects.
Features shaded south-facing window s for direct 
solar gain in winter and concrete slab heat storage. 
First installation of the "Roto-Lid” skylight, 
patented by Devil Jim Adamson. The Roto-lid 
opens to the south on w inter days, opens to the 
north and vents indoor air on summer days, and 
seals closed at night. The house also includes 
motorized w indow shades and an indoor plant 
watering system.

Energy-conscious design also matured in scale, informing commercial buildings large and small. 
Simpler solutions incorporated sun-shading devices and selective window placement. More complex 
projects respond to the entire diurnal cycle, utilizing high mass with thermal storage and nighttime 
cooling, sophisticated air distribution systems, solar space and water heating and time-specific window 
shading. The differences between these buildings and their curtain-walled cousins goes beyond form 
and image; their response to nature generates its own interest and aesthetic.
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Georgia Power Bulding. Atlanta GA, 1981. Heery and Heery, Architects. 
The stepped and shaded south facade limits solar gain. Elevators, toilets, storage, and mechanical rooms are 

located on the windowless east and west w alls. Four hours of daily peak cooling needs are met w ith a 300.000 
gallon chilled water thermal storage system; installed for $250,000, it saves $52,000 in cooling costs each year. The 
parabolic trough solar collectors atop the low-rise portion of the building supported a lithium-bromide absorption 

chiller that provided ten percent of annual heating and cooling needs. Use of the collector system has been
discontinued due to high maintenance costs.

FIG U R E  3.7:
Gregory Bateson Building. Sacramento CA. 1980. Sim Van der Ryn / Office of the State Architect. Architects.
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F IG U R E  3.8:
Gregory Bateson Building. Sacramento CA, 1980. Sim Van der Ryn / Office of the State Architect. Architects.

Section / isometric drawing highlighting energy-saving features.

Today,"green" architecture is pushing the 
boundaries on all fronts, moving steadily 
towards holistic sustainable design. The sys
tems are integrated, the controls sophisticated, 
the finishes inert, and the required construction 
and operational resources minimized. Design
ers are paying close attention to relationships 
between natural and artificial lighting, heat gain 
and loss, mechanical systems and the building

FIG U R E  3.9:
National Audubon Society Headquarters. New York 
NY, 1992. The Croxton Collaborative. Architects. 
Perhaps the most renowned green" project and 
Manhattan's most energy-efficient building. This 
renovated 1890's brownstone features CFC-free 
cooling, daylighting, chemical-free finishes, and a 
recycling center that recovers 80% of office w aste. 
Renovation cost: $14 million, 10% above conven
tional construction. Annual energy savings: S100.000.
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occupants. Office buildings, retrofitted brownstones, department stores, schools, technology centers 
and sports facilities are all embodying aesthetics, environmental sensitivity and innovative design.

F IG U R E  3.10:
Child Care Center. Frankfurt-am-Main. Germany. 1993. William McDonough. Architect. 

Designed with McDonough's "low-entropy" principles; energy calculations support predeiction that the 
building will be a net provider of energy. "Multi-purpose integration" exemplified in the roof glazing and its

movable reflector/insulator; shelter, warmth, insulation, light.

This new wave of creativity is receiving due coverage in the industry magazines and outside the archi
tectural community. The interest and appeal o f the 'green' building movement is manifested in articles 
in Om ni, Time, USAToday, the C h ristian  S cien ce M o n itor  and the W all S tree t Journal. These and 
other publications reassuringly point out the technical and environmental attributes together with the 
positive aesthetic results and livability.

Aesthetics need not be limited by environmentally sensitive design; the two are not mutually exclusive. 
Rather, it is the harmony between the two which offers opportunity and excitement for architecture. 
Design with sustainable concepts, methods and materials will evolve and mature and in so doing 
inform andredefine quality architecture. According to William McDonough, “the continuing develop
ment of materials and systems allows for considerable freedom in design theory and aesthetics while at 
the same time making it possible to reapply time-honored techniques of making buildings pleasant 
places to be in."(4)

§§§

Principles of sustainable building set no rules with regard to form, finish, or style. Unlike other 
“movements" in modem architecture, energy- and resource-consciousness is not an antithetical reac
tion to another “style.” It does not aim to abandon technology; while the technology of the industrial 
revolution has helped create the current environmental crisis, properly applied technology is essential.



for instance, to sophisticated building system controls. It does not propose to discard Modernism out 
of hand in favor of the forms and methods of indigenous building; while earth and stone possess 
essential thermal qualities and evoke a romantic appreciation of the vernacular, their use must be 
congruent with elements of human safety. Sustainable design is another phase in the continuing 
evolution of Modernism.

The global sustainability initiative asks all designers ofthe built environment, regardless of stylistic 
persuasion, to consider and act on three essential concepts. They aic realization, acknowledging both 
the environmental and architectural crises at hand; education, becoming conversant with the options 
and opportunities offered by environmentally sensitive design; and commitment, promoting sustainable 
practices in all endeavors relating to the built environment.

§§§

6. BEYOND STYLISTIC CONTEXT

Contexturalism, in its many interpretations, is a popular concept influencing modem building design. 
How well a building “fits in” among neighboring buildings or “responds to” its surroundings is often a 
matter of debate and criticism. Whole books are dedicated to the judgment of effective architectural 
coexistence. Buildings are said to relate to their neighborhood context, their urban context, their 
historical context and so on; they may be of similar materials, sympathetic in scale, consistent in form, 
in the same style. Unfortunately, this sort of contexturalism is limited to criteria relating to other 
elements of the built environment. This interpretation is certainly valid and important to successful 
architecture, but is often considered ahead of a set of larger issues.

In holistic environmentally conscious design, acts of building should take place within a global mindset 
and ecological setting. Much of Modem architecture neglects the path of the sun through the sky and 
the forces of the local climate. Sustainable design dictates response to both global and local implica
tions of energy and resource utilization.

ASTRONOMICAL CONTEXT (OR SUN ANGLES REVISITED)
A common presumption would be that architects’ knowledge of solar geometry extends beyond “the 
sun rises in the east and sets in the west.” We assume that it is second nature to any architect practic
ing in the middle northern latitudes that a winter sun rises south of east, tracks low through the sky, 
and sets south of west; that a summer sun rises north of east, quickly establishes a high-altitude track, 
and sets north of west. We expect that they can explain the midnight sun in high latitudes. But these 
essential concepts, grasped with some three-dimensional visualization and quantified with some slightly 
tedious trigonometry, rarely informs practice. The path of the sun is either the first-forgotten or most- 
ignored force affecting the built environment. The cost to architecture in both lost delight and wasted 
energy is incalculable.

Ancient cultures maintained physical and mythical relationships with the sun. They knew the sun to be 
the governor of the seasons, the source of light, warmth, life itself. Knowledge of the sun’s reliable 
annual cycle influenced the basics of culture: sowing and harvesting, myths and building practices. 
Radiant energy and light from the sun had fundamental power and utility in everyday life; today that 
sense of power and utility is lost.
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F IG U R E  3.11:
"Cliff Palace." Mesa Verde National Monument. Colorado.

For a ‘‘reorientation" to the sun and its influence on all human activity, including acts of building, we 
may again refer to Christopher Alexander. Several of the patterns set forth in A Pattern Language 
deal specifically with the relationship between the sun, people and their buildings and serve as remind
ers of the forces at work in that relationship. South F acin g  O u tdoors  says that outdoor activity in 
most climates invariably occurs on the south sides o f buildings, where the sun is. This tendency exists 
for all buildings, from homes to high-rise office towers and their “civic" plazas. “If a building is placed 
right, the building and its gardens will be happy places full of activity and laughter. If it is done wrong, 
then all the attention in the world, and the most beautiful details, will not prevent it from being a silent 
gloomy space." (5) In door Sun ligh t draws relationship between South F a c in g  O u td o o rs  and the 
rooms on its edge. Spaces to the north are “dark and gloomy," spaces along the south become “bright, 
sunny and cheerful;" and functions specific to certain times of the day become organized along the 
sun’s east-to-west path. Getting “the sun right in your design" usually means having a building long 
on the east-west axis, which also happens to make “buildings more pleasant and cheaper to run." (6) 
This is exemplified by S leep in g  to  the E ast, a pattern tied to a fundamental cycle in human physiology. 
(7) Finally, The N orth  F ace  recommends how to alleviate the inevitable shadowed spaces on the 
north sides of buildings. (8)
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Alexander reinforces the inherent human relationship to our nearest star. Of course, fully utilizing the 
sun has equally important technical aspects. Daylighting, controlled solar gain, thermal collection and 
storage and other tactics of low-energy design rely on proper building orientation. As the source of 
radiant energy, the sun exerts powerful forces on envelope-dominated buildings like houses; as the 
source of light energy, it is most beneficial in internal load-dominated buildings like offices. The 
responsibility of the architects and builders is striking a balance between the technical and the human: 
trombe walls and holographic glazing films on one hand, Sumy Place and Tapestry o f Light and Dark 
on the other.

GLOBAL CONTEXT
If we are truly living in a global village, then everyone else on the planet is a neighbor. Ignoring 
smokestack emissions that disperse in the wind, dismissing chemicals and waste that travel down
stream, considering garbage “gone” when it is hauled away to some landfill is simply no longer ethical; 
everything eventually ends up in or over a backyard somewhere. Making buildings, like driving 
automobiles, turning on lights or buying overpackaged products, doesn’t occur in a vacuum. We 
presently have only one globe to habitate. We should consider our acts of building in global context.

Both energy and resource use extend to the global scale. First, the implications of energy use, borrow
ing an analogy from A1 Gore to analyze “environmental threats.” The military classifies actions as 
“local skirmishes, regional battles and strategic conflicts. (This) third category is reserved for 
struggles that can threaten a nation’s survival and must be understood in a global context. (9) Like
wise, environmental problems fall into categories. Water pollution and waste dumping can be consid
ered local, acid rain and oil spills regional, ozone depletion and the greenhouse effect strategic. The 
conversion of fossil fuels has produced a 25% increase in the level of heat-absorbing compounds, such 
as carbon dioxide, in the atmosphere since World War II. The resulting warming of the earth consti
tutes a strategic threat. 0°) (Over the same period, concentrations of chlorine have increased 600% 
due to chlorofluorocarbon emissions from propellants and refrigerants. (11)) The potential for disrup
tion of global climate patterns increases with the earth’s retention of heat that otherwise would re- 
radiate into space. Hence the conversion of fossil fuels to heat, cool and light buildings is a problem of 
global proportions.

The interrelationship of causes and effects, of biomes and ecosystems, is reinforced by the fact that 
energy use also has regional and local implications; acid rain and leakage of underground fuel tanks are 
examples. For architects and builders, reducing the amount of energy used to construct and operate 
buildings is a global mandate with benefits at all levels of the environment.

Mindless design of west-facing glass is paralleled by mindless product specification. Our material use, 
aside from process energy requirements, has global implications based on transportation energy.
Many of the raw materials that go into building products are part of world-wide resource streams. The 
existing resource “infrastructure,” including mining operations, railroad and port facilities and manu
facturing and fabrication plants, was put in place during the era of cheap energy. Patterns of resource 
flow became established because the location of raw materials rarely coincided with where their end 
products were finally consumed. As consumers, we became accustomed to having available products 
which originated half a world away; our habits now demand the continued expense of energy for 
intercontinental transportation. The inevitable rise in energy costs due to depletion of fossil fuel 
reserves will inflate transportation costs and, ultimately, end product costs. Another issue at hand in
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the global resource/manufacturing picture is the exportation of environmental damage by developed 
nations to “Third World” countries with less stringent pollution controls. The unwillingness of unde
veloped nations to absorb the pollution associated with our consumption is growing. (12) Lastly, the 
economies of nations and their material industries are susceptible to fluctuations in or elimination of 
resource streams as unsustainable depletion continues.

Africa

South
Am erica

Europe

Oceania • N orth  
Am erica

Bauxite Production Production Production Consumption
Reserves o f Bauxite o f  Alumina o f  Aluminum o f  Aluminum

FIGURE 3.12: Western World Aluminum Industry Structure (1974)

REGIONAL CONTEXT
From the standpoint of energy use, thermal comfort and usability of outdoor spaces, cli
matic context is paramount. In conjunction with the pat of the sun, seasonal cycles of 
temperature, humidity, wind and precipitation exert the strongest thermal forces on build
ings. Like solar geometry, climatic harmony seems disregarded in most buildings. Archi
tects go about their business, executing their various priorities, leaving “response” to the 
weather to their mechanical engineers. As if they don’t know any better.

The literature connecting architecture and climate abounds. So much so that Susan 
Ubbelohde proposes that it has generated "The Myth of the Ecological Vernacular." In an 
essay of the same title, she examines a series of works published between 1963 and 1972.(13) “Collec
tively, the literature creates an ethical stance, an iconic set of images, and a series of how-to manuals 
that tie vernacular design with an ecological awareness and responsibility.”^ )  The principles outlined 
in these books vary. Amos Rappoport (House Form and Culture. 1969) discusses building “without 
theoretical or aesthetic pretensions,.. (working) with the site and microclimate rather than against, 
and (respecting) people and hence the total environment.” O5) Fry and Drew (Tropical Architecture. 
1964) submit that “we should learn to draw sensible inferences from past habits and styles of building. 
.. that will help us to solve our current problems.” (|6) James Marston Fitch (American Building 2: 
The Environmental Forces That Shape It. 1972) expresses interest “for technical information that has 
been lost or confused in the industrialized world and with the technological advances of post-war
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construction.” O7) Ubbelohde does not refute the existence of the “myth” created by these writings, 
nor deem it detrimental to modem design and building. Rather, that it “has powerful implications for 
the world of design, for it tells us that architecture can be as exciting as dancing with wolves, and 
certainly as politically correct.” (18)

Ubbelohde states that “nearly all that we teach in schools o f architecture is based on the work of 
Victor Olgyay as put forth in Design With Climate U 963V’ (19) One would think such an array of 
writings would have some influence on practice. But a survey of American downtowns, strips and 
subdivisions reveals that architectural response to climate is the exception rather than the rule. O f the 
six newest buildings on the University o f Arizona campus, in a desert climate that both mandates and 
allows for energy-conscious design, only one building extends its “contextural” gestures beyond the 
use o f red masonry.

F IG U R E  3.13:
Life Sciences South. University of Arizona. Tucson AZ. 1991.

Anderson DeBartolo Pan. Architects. 
South elevation featuring small, punched openings.

F IG U R E  3.14:
Life Sciences South. University of Arizona. Tucson 
AZ, 1991. Anderson DeBartolo Pan. Architects. 
Larger openings in the north elevation for daylighting. 
Openings are protected from the summer afternoon 
sun by sloped wing w alls.
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Architects need to get over equating vernacular wisdom with retro-pastiche. “Non-pedigreed architec
ture” (20) is in harmony with nature because it has to be. Its hints need to be heeded, not its forms 
copied, and integrated with the technological benefits of modem building.

Regional context in material use is connected to energy concerns but has other implications in sustain
able economies. Transportation energy is a consideration, this time intracontinental instead of inter
continental. Minimizing the environmental cost of shipping becomes a principle of sustainable prac
tice. Mats Myhrman of Out On Bale, (un)Ltd.,(2l) a Tucson-based purveyor of plastered straw bale 
construction, rejects “cheaper” bales available out of Oregon in favor of material sold at a slightly 
higher price from Yuma. This decision is based strictly on the principle of environmental cost, that 
such inexpensive and useful material need not be trucked 1200 miles if 240 miles will suffice.

It is the exercising of these sorts of principles about material choice and energy use that will encourage 
integrated sustainable economies as described by Fisk.(22) Such economies would feature regional 
diversification' or the local production of materials, products, etc. previously “imported” from outside 
the region. Another characteristic is material substitution, or making do with a comparable alternative 
to a material or product not available from local diversity. It is thought that these market demands can 
promote regional economic development, innovation in utilizing local resources and by-products and 
ultimately support local entrepreneurial efforts.

Fisk’s scenario presumes regional equilibrium in resource management. One issue needing equilibrium 
in sustainable practice is a particular material’s economic range. Such circles of integration may exist 
at varying scales. For example, Tucson’s adobe blocks are made locally, its straw bales are likely to 
originate from Red Rock or Yuma, while its wood products originate from the Pacific Northwest. The 
federal government may have little regard for Tucson’s supply of clay, but a sensible national forestry 
management plan must exist to insure a sustainable supply of wood to the area. Concern with such 
national resource policies is definitely within the realm of architects in the practice of sustainable 
building.

§§§ 7

7. A NEW ECONOMY OF MEANS

The ideal of material economy in construction has been traced by Peter Collins to the founding of the 
Ecole des Fonts et Chaussees (School of Bridges and Roads) in Paris in 1747. The origin of civil 
engineering, or the design of structure based on scientific principles and calculations, can be attributed 
to Rudolphe Perronet, the school’s first director. Perronet “seems to have been the first person to 
perceive that, when designing spans of unusual length or flatness, it was not enough to estimate dimen
sions by rule of thumb, but that calculations needed to be made based on the principles of mechanics 
and strength of materials.” (23) Such refinements were before their time, finding application in the iron 
bridge construction of the following century. Later construction classes in French engineering schools 
emphasized Durand’s ideal of economy, “never (admitting) in the planning or decoration of a building 
any combination which is not in perfect harmony with the usages, climate, and constructional materials 
ofthe locality.” (24)
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F IG U R E  3.15:
Church of Ste. Genevieve (The 

Pantheon), Paris, 1756-92. 
Germain Soufflot. Architect. 

Possibly the first building subjected 
to the principles of civil engineering. 

The known crushing resistance of 
stone influenced the design of the 
bunched columns supporting the

dome.

Such “rationalism*" exerted varying influences on architects until, in the 1890s, commercial availability 
o f steel and reinforced concrete provided media for full exploitation. Material economy became part 
o f the Modernist “commitment to rational use of all building components and forms and responsive
ness to program, site, and surroundings.*' (25) Today, having structure calculated by engineers under 
the direction of architects is part of this rationalist legacy.

Material economy takes on other layers of meaning in holistic resource-conscious design and in inte
grated sustainable economies. The first goes beyond calculated material quantity to scrutiny of a 
material's appropriate use; the second maximizes the utility of a material or system by means of 
thorough systems integration in the traditional sense and advanced multiple use systems.

A P P R O P R IA T E  M A T E R IA L  U SE
Resource-efficient construction begins with an understanding of material qualities and the specific 
tasks that materials are being asked to perform. Qualities traditionally considered include strength, 
durability, serviceability, ease of construction, thermal performance, availability and low first cost. 
Resource-efficiency requires consideration of a materials natural source and means of manufacture, 
embodied energy, chemical ingredients, recycled content, ease of disassembly, possible reuse and. if 
necessary, safe disposal. Much of the new literature and product information related to resource- 
efficient construction provides recommendations for material use based on a synthesis of both tradi
tional and sustainable characteristics. (The advice which follows is found in The Environmental 
Resource Guide (ERG) by the American Institute of Architects, the Sourcebook of Sustainable Design 
by Architects for Social Responsibility and the Guide to Resource Efficient Building Materials 
(GREBE) by the Center for Resourceful Building Technology.)

The first step in appropriate material use is maximum utilization of a material's inherent qualities. All 
application should take advantage of as many of a material's positive qualities as possible; i.e. getting 
more bang for your buck. For example, using brick in an exterior wall of modular dimensions utilizes



the brick’s fire resistance, ease of construction, bearing capacity, durability of finish and thermal 
performance. A less successful example would be a precast concrete spandrel panel in a tall building, 
where its compressive strength and thermal mass may go unused.

Consideration must be given to the means and methods o f construction associated with a 
material. One-off concrete forms and non-dimensional installations o f wood framing, 
sheathing and masonry units require added labor and generate unnecessary construction 
site waste. The E&G makes several recommendations regarding the conduct o f contractors, 
asking architects to specify disposition of rinse water, surplus material, construction waste 
and chemicals on jobsites.

F IG U R E  3.16:
Historic Preservation Workshop, The 

Joesler-Loerpabel House, Tucson AZ,
1992-3.

To form the concrete bond beam atop 
the reconstructed adobe walls, 

students utilized used formwork on 
loan from a local contractor.

Health concerns require that architects be aware o f chemicals, toxic additives, and adhesives present in 
building materials and their potential effects on workers, building occupants, the site and the atmo
sphere. This is one area in which the building products industry has responded with enthusiasm, 
developing materials free of chlorofluorocarbons (CFCs). hydrochlorofluorocarbons (HCFCs), volatile 
organic compounds (VOCs) and urea-formaldehyde (UF). Architects should keep up to date on the 
new generation of “green” materials and avoid unnecessary chemical use altogether.

Coincident with the new generation o f building materials are those containing recycled matter and 
alternative fillers and extenders from sources outside the building industry. Recycled tires show up in 
rubber matting, solar collectors, and resilient floor tile and trim. 100% recycled newsprint makes 
excellent carpet underlayment panels and insulation. Some of the 84,000,000 tons o f fly ash produced 
in year in this country’s power plants and incinerators can be used to replace 30% of the Portland 
cement component in both poured and block concrete. Waste alumina powder will expand the volume 
o f concrete units cured in autoclaves. The resulting materials are lighter, more workable, better 
insulating and just as strong as conventional concrete. The range o f alternative materials is immense, 
from 100% remelt steel nails to complete foundation systems, from recycled PET plastic carpeting to 
complete wind and solar power systems.
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It should be acknowledged at this point that specification of the new "green" materials may not appeal 
to many architects. They may fear the liability exposurein the use of unproven products. Such trepida
tion is only slightly justified. A number of the “new” materials are simply new to America; autoclaved 
cellular concrete has been in use in Europe for fifty years. Many products come from the same 
reputable manufacturers that the industry has trusted for decades. The balance of the new products 
come from upstart companies that are filling resource stream niches by creatively combining waste 
materials, new technology, and good old American know-how. These entrepreneurs deserve fair 
consideration; they earn the same industry ratings and may be more inclined to monitor and report on 
the performance, of their products. Such innovators are providing the link between the building 
industry’s present and its sustainable future. In all cases, regardless of brand names, architects owe it 
to themselves and their clients to investigate and understand the full array of options and opportunities 
available in any material selection.

Finally, appropriate material use includes simple moderation. One notable area worthy of restraint is 
exotic wood finishes. Architects’ limited use of tropical hardwoods is now a reality because of the 
popular concern over rainforest depletion. Keeping both egos and transportation energy in check will 
further moderate the use of imported materials and provide support for regional sources. The granite 
cladding in and around the lobby level of Skidmore, Owings & Merrill’s World Wide Plaza, the 
building popularized in the public television series Skyscraper, was quarried in Brazil and cut in Italy, 
requiring two legs of intercontinental transport and a trip by an SOM team to Venice for sample 
approval. A more sensible application is the stone used for flooring, benches and desks in William 
McDonough’s project for the headquarters of the Environmental Defense Fund. “Relatively inexpen
sive” Vermont stone was used throughout the project (after being tested for radon emissions).

Another aspect of our built environment that could well use some moderation is paving, or as archi
tects prefer, hardscaping. To borrow from Gentle Architecture by Malcolm Wells:

Each year, we withdraw another 10 million acres from the green side o f  the national ledger. As those 
acres are turned into what we call improved land they become very efficiently paved, if  not with 
blacktop or concrete or roofing materials, then paved with closely mowed turf - lawn grass - which is 
no slouch as a paving material, either. Neatly trimmed grass can be counted on to repel almost half as 
much rain water as a shingled roof. We’ve called ourselves the Affluent Society, the Effluent Society, 
and the Great Society, but 1 think o f  us simply as the Pavers. Never before has man or any other 
creature gone about the waterproofing o f this planet with such a vengeance. (26)

Overpaving reduces natural water percolation, diverting usable rain water, with all the cigarette butts, 
motor oil and litter that get in its way, into sewers and eventually into creeks and rivers. Paving ab
sorbs short wave solar radiation and gives it back as the long wave variety, contributing to the heat 
island effect at microclimate and urban scales. And it’s an unattractive waste of embodied energy. 
There are alternatives. Designers of a strip mall in my hometown of Winter Park, Florida used open 
cell concrete pavers inside the drip line of an old live oak “saved” in the middle of the parking lot. The 
open pavers would allow water to reach the root system and give the tree a fighting chance in a sea of 
asphalt. Why not extend the same gesture to a majority of the lot? Why not let a little grass grow 
among all those cars? Perhaps putting down blacktop is another old habit needing some examination 
as we think holistically about the earth and the use, not misuse, of its resources.
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CONCRETE
Applications of concrete and reinforced concrete should take advantage of its positive inherent quali
ties: strength and load-bearing capacity, fire resistance, thermal storage capacity, and durability. Struc
tural use should be reserved for long-life buildings, as demolition of concrete is labor- and energy- 
intensive. Precast members, such as double Ts, have a transport energy premium offset by efficiencies 
in central forming, batching and casting. Formwork for in situ  concrete is the third leading use of 
plywood; cast-in-place configurations should utilize repetitive shapes and relate dimensionally to 
forming material to reduce waste. Fiberglass and steel forms are becoming more common, but the 
resulting finish is regarded as less acceptable in exposed locations. Preferred form lubricants are 
natural waxes and non-stick solutions instead of petroleum products, especially used motor oil. Use of 
cements or aggregates not produced or stockpiled in the project's region is discouraged. Careful 
specification can prevent unnecessary rejection o f concrete batches. Admixtures should be non-toxic. 
Alternative binders and extenders, like wood chips, sawdust, fly ash and recycled expanded polysty
rene (EPS), produce a concrete comparable in durability and strength to conventional concrete with 
lighter weight and improved thermal resistance. Cellular foaming additives and autoclave curing have 
similar advantages. Alternative foundation and bearing wall systems include permanent EPS and 
wood waste composite forms which are filled with lesser amounts o f concrete. The ingredients in 
conventional concrete are non-renewable. Currently, recycling is rare; the questionable quality of 
crushed concrete precludes its use in new product and it is ordinarily consigned to road bed fill.

MASONRY
Brick and concrete masonry units share the qualities of fire resistance, thermal mass, durability of 
finish and bearing capacity with concrete, while their small, modular dimensions allow for ease of 
design and construction. In America, brick's economy as a structural material is generally limited to

44



single story buildings, CMU’s to three or four stories. Too often brick and CMUs are used as curtain 
walls or veneers, their bearing capacity passed off to steel or reinforced concrete and their thermal 
mass compromised (in many climates) by interior insulation. To prevent unnecessary waste and labor, 
brick and block should be dimensioned and detailed carefully. Make informed choices about chemical 
mortar additives. New masonry products are utilizing wood waste, fly ash, EPS and agricultural waste 
as fillers and extenders. (See above.) Concrete blocks offer the option of filling with earth, sand or 
insulating materials to achieve desired thermal performance; know the merits of insulation v. mass and 
relate added initial cost to lifetime energy investments. Some block designs feature “lopsided” mass/ 
void configurations and insulating fill to meet specific thermal criteria. In curtain wall applications, 
provide adequate insulation behind the masonry. All uses in paving should be examined for modera
tion. Because of their value, reuse of bricks is common; CMUs are more susceptible to damage in 
demolition. The recycling potential of concrete block is similar to that of cast concrete.

STEEL
Steel is probably the most efficiently utilized material in modem construction. Steel components are 
rigorously engineered and then precisely prepared at fabrication shops, centralizing the generation of 
scrap and waste. Columns, beams, bar joists, and door and window frames arrive on construction 
sites exactly the size and shape they need to be. Exceptions to this are reinforcing bars and corrugated 
decking, which may be configured and trimmed on-site. Steel’s primary disadvantage, its susceptibility 
to damage by fire, require that it be protected with other materials. Concrete and gypsum board are 
the most common fireproofings. Asbestos was the primary protection for steel until its carcinogenic 
properties became known. (Any retrofits involving the disturbance of asbestos must be handled by 
licensed abatement contractors in accordance with EPA regulations.) Paints and metallic coatings, 
such as nickel and zinc, are use to protect steel from oxidation. Choices in steel protection involve 
trade-offs between added material and manufacturing processes, installation and finishing labor, and 
future maintenance. Steel has excellent potential for reuse and recycling since it is the only metal 
which can be separated magnetically. As stated previously, 66% of the raw material used to make new 
steel is recycled. Architects can make use of 100% recycled steel products, from nails to framing 
studs, and carefully detail new steel installations for ease of disassembly.

ALUMINUM
Applications of aluminum should make maximum use of its resistance to rust, light weight and high 
strength. Like steel, many aluminum building components arrive on site ready to install; stud, coping, 
and trim scraps can be and should be collected on the job and recycled. The Guide to Resource 
Efficient Building Elements discourages the use of aluminum entirely because if its high embodied 
energy, but other sources find merit in the potential for recycled aluminum building products. We can 
expect that a greater percentage of aluminum products will contain recycled material in the future.
The building industry can contribute its fair share by enhancing efforts to reclaim aluminum from 
demolition and renovation projects. Architects can aid future recycling by avoiding mixed-material 
assemblies, most notably wood and aluminum composite window frames.

WOOD
While the declining quality and increasing price of wood products are frustrating to many architects 
and builders, the forest products industry is well advanced in efficient use of its raw material. The 
now-common engineered wood products are being supplemented by components made from chips, 
scrap and waste once bound for the landfill. The structural qualities of solid sawn sections are now 
found in glue laminated (glu-lam) beams, laminated veneer lumber (LVL), and plywood web I-joists.
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Smaller dimension framing members are now finger-jointed from smaller pieces and actually provide 
better resistance to warping and stress. Solid wood, once common in doors and mill work, has been 
replaced by veneered particle and fiber board; plywood is being supplanted with oriented strand board 
(OSB). Typically, these engineered wood products are made from smaller, faster-growing, second and 
third generation trees and offer equal or better performance at a lower cost. In some cases, new 
products may lack a proven record of service; architects should seek testing results for specific applica
tions and exposures. (At present, testing of fire-rated assemblies with plywood web joists is not 
keeping pace with increased use in the industry.) Overall, the use of lumber from old growth forests 
should be avoided and rarer woods should be acquired from the certified sustainably-managed sources 
that already exist. Any use of wood, from structural to framing to millwork, should respect the dimen
sions of available wood products to reduce or eliminate waste.

Also of concern in the use of wood is the presence and off-gassing of preservatives and glues. Tradi
tional detailing focused on keeping wood dry and ventilated. The proliferation of “inexpensive” 
preservatives has allowed for installations of wood in damp or uncontrolled conditions. But the hidden 
costs of creosote, pentachlorophenol and inorganic arsenicals are the ill effects on workers and build
ing occupants. All contain carcinogens; the use of creosote and penta is no longer permitted indoors.
If preservatives are desired, copper napthenate, copper-8-quinolinolate and borax salt are less toxic 
alternatives. The glues that make plywood and particleboard possible are urea formaldehyde (UF) and 
the less potent phenol formaldehyde. Use of formaldehyde, a “possible human carcinogen” is being 
reduced dramatically. Numerous sheathing substitutes, free of formaldehyde, are available. If ply
wood or particleboard is a must, phenol binders should be specified.

GLASS
Windows are the weakest thermal element in any building envelope, and so offer the biggest opportu
nity for energy savings. The industry has responded and the last decade has seen great improvement 
in the thermal performance of windows. Much of that improvement is due to low-emissivity (low-e) 
coatings, which reflect low-energy radiant heat and essentially increase the thermal resistance of glass. 
The attributes of the many low-e coatings on the market vary greatly, so each application should be 
analyzed based on climate, solar gain needs, internal heat loads, the efficiency of the surrounding wall 
assembly and orientation. (Optimized window design requires different coatings for different expo
sures in the same building.) Argon and other inert gasses are often vacuum sealed in multiple layer 
windows to increase thermal resistance. “Heat mirror” films will reflect infrared radiation, but the 
reduced internal heat loss should be weighed with reduced solar gain and optimized for year-round 
performance in residential applications. The new generation of windows is complex, but architects can 
now receive assistance from the National Fenestration Rating Council. As of 1992, standardized U- 
value ratings are available and the prediction is for expanded criteria including solar gain factors. 
Detailing needs to keep pace with frame technology; thermal breaks common in advanced windows 
should not be compromised by infiltration pathways protected only with caulk.

PLASTICS
There are many natural and biodegradable plastics from sustainable sources, such as casein from milk, 
cellulose from wood and rubber latex. In the modem building industry, plastics are of the petroleum- 
based organic polymer variety. All plastics fall into three categories: thermoplastics, like 
polyvinylchloride (PVC), polystyrene and polypropylene, can be softened with the application of heat; 
thermosets, like epoxy resin and melamine resin, are created via a chemical reaction and resist defor
mation from heat after manufacture; and elastomers, like silicone and natural rubber, which undergo a
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thermosetting reaction but remain elastic or flexible. Most rigid insulation products are thermoplastics; 
common plastic laminate is a thermoset; roofing membranes and vapor barriers are generally elas
tomers.

Suggestions for the use of petroleum-based plastics in energy and resource efficient building are multi
faceted. Plastic’s rot resistance, waterproofing capabilities and long life make it an appropriate mate
rial where those characteristics are needed. Plastic production does depend on a non-renewable 
resource and creates toxic wastes, so alternatives should be considered whenever possible. But while 
the use of “new" plastic is discouraged, the building industry has found numerous uses for post
consumer and post-industrial material. These products of “dead end recycling" include landscape 
timbers, car stops, bollards, decking, fencing and even plastic lumber. Considering that this material 
has already been manufactured and used (probably once), it is better to put it into lawn furniture and 
lampposts than into landfills. Architects should stay informed about the recycled content of plastic 
products and help recycling efforts by both utilizing these products and avoiding assemblies that would 
hinder future retrieval.

Of special environmental consideration are rigid insulation materials manufactured with CFC or HCFC 
foaming agents. Isocyanurate, urethane, and phenolic foam insulation contains up to .018 pounds of 
CFC-11 per board foot. Extruded polystyrene is made with HCFC-142b, which still carries 1/2 to 1/3 
of the environmental penalty of CFC-11. (Chlorofluorocarbons remain stable until reaching the 
stratosphere, where the high-energy radiation releases chlorine atoms. Once free, a chlorine atom can 
destroy 100,000 molecules of ozone, which shields the earth from ultraviolet radiation. CFCs also 
absorb longwave radiation for as long as sixty years, giving them a “global warming potential” 1500 
times an equal weight of C02). The primary alternative in rigid insulation is expanded polystyrene 
(EPS), which is foamed with milder pentane. As a rule, CFCs and HCFCs should be avoided alto
gether, since off-gassing continues over the life of the material. Once CFCs are banned completely, 
old rigid insulation will remain an emissions source for decades. Other insulation options include 
cellulose from wood chips, shredded newspapers and telephone books, mineral fiber from waste slag 
provided by the metals industry, and composite boards containing combinations of perlite, cellulose 
and EPS. Insulation is now being made from renewable cotton, bound with polyester and treated for 
fire resistance; it compares thermally to fiberglass batts, costs less to produce and can be installed 
without protective clothing.

§§§

Environmentally damaging insulation is perhaps a paradox offered by this “fundamentally new prin
ciple of design.” Appropriateness in material use requires holistic thinking and a synthesis of tradi
tional and environmental responsibilities. In one sense, economy is derived from getting the most from 
a material’s capabilities, in another it calls for reducing embodied energy and in a third it mandates a 
reduction of environmental costs. At present, economy is too often equated with lowest initial cost. 
Architects, engineers, contractors and owners need to make concerted efforts to look beyond value 
engineering and let life cycle assessments, lifetime energy budgets and environmental penalties define 
the costs of materials and systems.

Value engineering, or material substitution based on availability, transportation costs and labor require
ments associated with particular products, often influences decision making between design and 
construction. It is desirable to limit transportation costs and shorter construction time can reduce an



owner’s finance costs. But short term thinking can also compromise real long term benefits. The 
question then becomes how the building industry considers all of the costs related to the creation of the 
built environment.

We can safely presume that the building industry functions like any other segment of our economy; 
“externalized” costs are eventually borne by society as a whole via social spending, health care, and 
environmental clean-up. It is estimated that $300 billion in social costs due to the operation of auto
mobiles are paid for in other segments of the American economy each year. The construction and 
maintenance of roads, damage and health problems due to pollution, lost productivity due to traffic, 
and a military presence in the Middle East, if paid for at the pump, would drive up the price of a 
gallon of gasoline by several dollars.^?) The Union of Concerned Scientists, et al, “assume a modest 
national security premium of $2.50 per barrel of petroleum.. .(and the).. .total price ‘adder’ to 
account for environmental, security, and other externalities for petroleum based transport fuels is 
$0.50 per gallon.”(28) Our nations primary “economic totem,” the Gross Domestic Product, puts the 
clean-up of the Exxon Valdez oil spill on the positive side of the ledger since it was an expenditure of 
goods and creation of services/29) So just as the proposed Index of Sustainable Economic Welfare 
would “measure how well off we are, not how fast the wheels are rotating on a car that’s up on 
blocks” (30), Ray Cole’s environmental auditing and Pliny Fisk’s Life Cycle Assessment are the types 
of tools needed to calculate the dividends and penalties of our acts of building. In the global environ
ment, resource streams have complex relationships in which toxic emissions cannot be externalized. 
The creation of architecture must conform to the same rules.

Economy in sustainable design and construction may very well mean a higher dollar cost in the cre
ation of a building. But the economy gained through integrated and multiple use systems often gener
ates instant payback; natural heating, cooling and lighting would require smaller initial expenditures for 
light fixtures and mechanical systems. Those elements will then reduce energy costs for the life of the 
building. The global paybacks for smaller lifetime energy obligations are slower depletion of fossil fuel 
reserves and reduced emission of greenhouse gasses. We can work toward making buildings that cost 
the environment nothing. The ultimate goal is making buildings that turn an environmental profit.

Such a viewpoint toward the cost of constructing and operating a building is the economic analogy 
used by William McDonough to explain “low-entropy” design. One may consider all the solar energy 
embodied in fossil fuels as the planet’s capital reserves and the daily allowance of solar radiation as 
income. “Under our present system of consumerism, we are operating almost exclusively from our 
capital reserve”(31) and throwing away our daily income. A low-entropy building will actually create 
more.energy than it consumes, in effect “returning the amortization on our embodied energy mortgage 
(and promoting) sustainable human habitation of this planet.”(32)

§ § §

INTEGRATION AND MULTIPLE USE SYSTEMS
In current architectural practice, relationships between building systems are coordinated by architects 
during design development and preparation of construction documents. Architects examine the work 
of their consultants to prevent conflicts of space; to insure that both ductwork and lights fit above a 
ceiling, that beams don’t penetrate elevator shafts, or that x-bracing doesn’t block an exit door.
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Energy and resource efficient building calls for integration of systems beyond their physical dimen
sions in order to prevent waste and redundancy. For example, the benefit o f a 90% efficient steam 
radiator located in front of a floor-to-ceiling single glazed window is lost when half of the heat from 
the radiator flows directly to the outside.(33) Gang-switched light fixtures in a large room with win
dows prevent occupants from responding to varying exterior light levels. The radiator and the lights 
may be coordinated, but are far from being integrated with the totality o f the building and its environ
ment. Holistically integrated systems strike a balance between natural and artificial heating, cooling 
and lighting and allow for variation and individual control of artificial systems. Integrating a building, 
its systems and the environment is an opportunity for both creativity and profit for designers of sus
tainable architecture.

The effective integration and complementary relationship of traditional architectural elements is exem
plified in the new headquarters for the Natural Resources Defense Council in New York City. Archi
tects from the Croxton Collaborative and their consulting engineers created an office environment 
using a quarter o f the lighting energy considered “efficient" by the local code with commonly available 
components. State o f the art fixtures and ballasts supplement daylight and task light and are controlled 
by occupancy sensors. Operable windows with orientation-specific low-emissivity coatings and a 
sensibly insulated skin limit thermal losses. The mechanical systems has individually controlled radia
tors and diffusers at one end and an economizer at the other to reduce heating and cooling costs.(34)
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The integration of building systems can also be accomplished through sophisticated engineering 
methods. Computer modeling of light, wind, thermal conditions and even fire now make possible 
accurate predictions about relationships between buildings and the environment. Design phase simula
tions save money by eliminating guesswork and assumptions that would ordinarily lead to overdesign 
o f  mechanical and lighting systems. At the Munich Airport Center, by Murphy/Jahn Architects with 
the Ove Amp Partnership, high technology design meant a more affordable, lower technology build
ing. The Center is a seven story u-shaped office block surrounding an open-air rail and air transporta
tion concourse. Daylight levels, winter solar gain and summer shading in the concourse were opti
mized by modeling the roof structure with vary ing ratios o f fabric and glass. 50,000 thermal “cells" in 
the concourse were simulated with solar gain and waste heat from the buildings; the Amp engineers 
expect temperatures of 40°F (+4°C) “inside” when “outside” temperatures reach 25°F (-4°C). 
Knowing that commuters would be dressed for the weather, the expense of installing and operating 
climate control was omitted entirely. The cost of sprinklers was saved when computer models o f fires, 
wind and smoke in the concourse convinced building officials that adequate escape time existed even 
in the event of a train fireX35)

F IG U R E  3.19: 
Munich Airport Center, Munich, 

Germany, 1992. Murphy/Jahn 
Architects and Ove Amp 

Partnership. 
View of model.

Traditional architectural elements serving multiple functions allow William McDonough to create a 
low-entropy building in a child care center for Frankfurt-am-Main. Germany. (Fig. 3-11) The gabled 
roofs, glazed with superinsulating glass and equipped with movable insulation, supply the building w ith 
warmth by day, insulation by night, hot water, southern light in the winter and northern light in the 
summer. The solar water heating system, powered by photovoltaics, provides domestic hot water and 
charges 44 thermal storage tanks in the foundation. These in turn warm the building through 
underfloor radiators on cold winter mornings. Calculations revealed that the system will create more 
hot water that the building needs, so a proposed laundromat can be supplied during the summer. To 
McDonough, entropic design also means paying a building's "oxygen debt;" the trees required to 
consume the carbon dioxide generated in the making of the building and its components will be do
nated by the center's children to Leipzig, Frankfurt's sister city in the former East Germany .(36)

These projects are snapshots of the future of sustainable architecture. Systems are modeled and 
optimized through computer simulation. Age-old devices of daylight and thermal mass are applied 
in concert with the high technology of advanced glazings and computer control. Current functional 
requirements are met with added breathing room for future retrofits. The materials are selected for 
long term usefulness and human health. Oxygen debts are paid, projects become net producers of 
energy and ultimately enhance the environment rather than destroy it. All of this accomplished w ith 
today's architectural palette.
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Part Four

1 would speculate that when the energy conservation movement in architecture is seen 
in historical perspective, it will resemble the eclectic period prior to the modern 
movement - very early stirrings which were then smothered, and re-emerged. I  think 
when we (architects) approached the energy issue..  .a  window vim opened, and it- 
scared the hell out ofpeople. It means an investment in the future and a realignment 
o f institutional relationships, and it means we have to think really hard.

-David Bennett, FAIA (1)

A person has all sorts o f lags built into him, Kesey is saying. One, the most basic, is 
the sensory lag, the lag betM’een the time your senses receive something and you are 
able to react. One-thirtieth o f a second is the time it takes, i f  you ’re the most alert 
person alive, and most people are a lot slower than that.. .  .And there are all sorts o f  
other lags, besides, that go along with it. There are historical and social lags, where 
people are living by what their ancestors or somebody else perceived, and they may be 
twenty-five or fifty years or centuries behind, and nobody can be creative without 
overcoming all those lags first o f all. A person can overcome that much through 
intellect or study o f history and so forth and get pretty much into the present that 
way, but he’s still going to be up against one o f the worst lags o f all, the psychologi
cal. Your emotions remain behind because o f training, education, the way you were 
brought up, blocks, hangups and stuff like that, and as a result your mind wants to go 
one way but your emotions don’t-

-Tom Wolfe, The Electric Kool-Aid Acid Test (2)

8. MAKING THE CHANGE

You may have been embarrassed for our country when the Bush Administration backed out of the 
carbon dioxide emission treaty at the 1992 Earth Summit. You may believe American auto makers 
need to speed production of high-mileage and alternative fuel cars/3) You wish public transportation 
and safe bicycle routes were more convenient to your home and office. You think the city or county
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should come to your home to collect all your recyclables. You are sickened by the damage caused by 
a major oil spill but perhaps unaware of the volume of oil dumped by individuals in this country each 
year. You have difficulty supporting the loss of American lives to “liberate” oil-rich sheikdoms. You 
don’t want another landfill or power plant in your community. You’re nervous about drinking the 
chemically-treated sewage that passes for tap water. You have a desire to remedy these and other 
symptoms of our inequitable relationship with the environment. The trick is starting now, in your own 
backyard and in your own practice, to balance “society’s expenditure of resources. . .  with ‘income.’ 
There may be disagreement on what constitutes such a state, but if we wait for complete agreement 
there will be nothing to balance.” (4)

§§§

Previously, in Part Three, the concepts of realization, education, and commitment were emphasized. 
We have assessed the impact of the built environment upon the natural, and offered a primer for 
sustainable building.

Continuing education is being facilitated, in part, by the building industry press. From the Environ
mental Resource Guide to the Environmental Building News, the publications devoted to sustainable 
design and building are providing a wealth of information on techniques, devices, and materials. 
Professional institutions are contributing to the education of their members about the sustainability 
initiative. The March 1993 Energy Efficient Building Association/Northeast Sustainable Energy 
Association Conference offered over one hundred workshops on building science, marketing, con
struction techniques, and business practices. The American Institute of Architects now offers seminars 
and professional consultations on the environment at its conventions to complement to its standard 
presentations on design, practice, and technology.

Following education, the real effort towards achieving sustainable building begins. Making the “invest
ment in the future” and hastening the “realignment of institutional relationships” will require commit
ment on behalf of architects and all other participants in the creation of built environment.

The building industry has a great deal of inertia in its present consumer-oriented and high-energy 
direction. Richard Stein, in his 1977 book Architecture and Energy, explains how existing practices 
dictated by building codes, lending agencies, trade union practices, industry standards, zoning ordi
nances, utilities regulation, government agencies and even advertising may present “difficulties intro
ducing changes even after they have been determined to be desirable.” (5) Architects must understand 
how each of these entities affect decision-making in the built environment and recognize opportunities 
revise those procedure as part of the sustainability initiative.

In 1993, some trends toward energy and resource efficient building can be observed. More of our 
nation’s electric utilities are discovering that it is more profitable to finance energy conservation that to 
build new power plants. (6) A builder in Nevada new covers modest additional expenses in new 
passive homes entirely on utility rebates. (7) Water use embodies the same logic; the dual-plumbed 
Wells Fargo Bank Building in Irvine, California recovered the cost of additional plumbing when the 
Irvine Ranch Water District waived its standard $20,000 high-rise surcharge. Lifetime savings are 
now built in, as the reclaimed water delivered to the 14-story building to flush toilets costs 13% less 
than potable water.(8) Building codes are evolving to permit or require more resource efficient prac
tices. Research and testing is underway in Pima County Arizona and other communities to approve 
load-bearing plastered straw bale construction for residences.^) Many states now require use of low-
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flush and low-flow plumbing fixtures in new construction. California’s Title XXIV energy code 
requires all new construction to meet strict energy consumption guidelines; compliance of proposed 
projects is facilitated with approved computer energy simulation programs/10) ASHRAE Standard 
90.1-1989, the new commercial energy code likely to be adopted nationally, recognizes advances in 
building technology whose implementation may be hindered by its previous prescriptive method. It 
“offers two new compliance paths: a performance based system/component method; or a building 
energy cost budget method,” an optional path “created to encourage innovative energy saving de
signs.” 0 O The incentives for these changes used to be purely economic; the next generation of 
standards and practices will also be based on ecological incentives. O2) In the interim, incentives will 
likely be a combination of both.

What may be a landmark document in sustainable standards and practices is now under development 
in Tucson, Arizona. Commissioned by the City of Tucson, the Civano Tucson Solar Village Program 
will “establish a common basis from which to measure the amount of reduction in resource use neces
sary to achieve the performance targets’/ 13).. .of the Civano Tucson Solar Village, an 820 acre 
development located east of the city. The conceptual performance targets include a 75% reduction in 
energy use, per capita residential water consumption of 40 gallons per day, a 75% reduction in landfill- 
bound solid waste, a 40% reduction of employment vehicle trip miles, solar-source electricity for 40% 
of local vehicle miles, and the creation of one job in the development for every two housing units. 
These targets bind all land uses, including three neighborhood clusters with low- and medium density 
housing, a city center with commercial, retail, and high-density residential, and employment center 
with commercial and light industrial activity.

The Civano Tucson Solar Village Program will consist of four parts. The first is baseline resource 
use data for Tucson, to be used as the basis of comparison. Second is the e valuation of the conceptual 
performance targets based on achievable goals. Acknowledging the interrelationship of resource use, 
the third part of the Program is the development of equivalency trade-offs, where actual performance 
within a target range for a given area is weighed relative to all other areas, permitting flexibility in 
meeting a minimum performance threshold. Finally, the contents for a Resource Book of energy
saving products, construction methods, and standards of maintenance will accompany the Program. 
Within the document will be “identification and evaluation of current regulatory mechanisms that will 
hinder or preclude the use of the manual with recommendations for amendments to or options within 
the regulations that will enhance and facilitate the use of the manual.’/ M) It is the City’s goal to 
“clearly convey that the intent is to reduce the use of natural resources and mitigate the environmental 
impacts (of the development) in a positive manner that is economically attractive to the development 
community.’/ 15)

(As of this writing, the Civano Tucson Solar Village Program is in progress. The document was 
originally scheduled for completion in early 1994.)

This turning of the tide, this great change in direction, can only occur if the entire building industry 
works to make it happen. It will involve the planners and bankers, the contractors and laborers, 
manufacturers and suppliers, legislators and bureaucrats as well as architects and their consulting 
partners. But it should be led by the architects, exercising their creativity, technical know-how and 
communication skills. The commitment to change means integrating energy and resource efficiency in 
each and every act of building. It means presenting arguments, both economic and ecological, to help 
the building industry and those who finance and regulate it to overcome their historical and psycho
logical lags.

55



§§§

Malcolm Wells relates a successful experience in convincing a potential client to forego “conventional” 
architecture in favor of his “gentle” architecture. After visiting a rural environment center to interview 
for the commission of designing a new facility, he responded not with sketches and plans, but a letter.

. . .  1 came away with so many impressions I hardly know where to begin.
At the beginning, I suppose, and right up there at the top o f the list, is a world environmental 

crisis so severe there’s little chance o f  our pulling through it without first undergoing a disaster o f  such 
proportions I can’t even bear to think about it. But /  don’t have to tell you; that’s what you’re there 
for - to tell the world about the life miracle and its offer o f  a way out o f  our mess.

That being the case, I think the first job o f  the Center is to express  its commitment to that 
way. I’m talking about the visual, outward expression o f an idea, o f  things I didn’t see during my visit 
the other day. All I saw were cars and more cars, acres o f asphalt, more acres o f machine-mowed 
grass, o f eroding hillsides, and o f  buildings that were all-to-obviously heat leaking, sun wasting, rain 
shedding, power burning, and sewage dumping-----

If you’re ever going to make a measurable impact on The Mess, you’re going to have 
to stun us. Thes are desperate times.

Tear up the paving, tear down the buildings, demolish the toilets, grow your own food, discard 
the lawn mowers, use the sun, use the wind, use the earth - not all at once, o f  course, but as soon as 
possible. Five years, ten years, it doesn’t matter, but s e t  th e  g o a l righ t now, and then get started. (16)

This tactic and tone may not be appropriate for every situation. Appealing to sensibilities alone prob
ably won’t win many commissions. Not every client is in the business of teaching schoolchildren and 
their parents about the rural environment and nature. But, most every client is in business. The 
architect can therefore make a case based on the economic benefits of sustainable building, assist the 
client in understanding the long-term benefits and in setting appropriate goals, and then work with the 
client to achieve them. The ecological benefits will simply follow.

Selling the economics of sustainability has several facets. One is overcoming existing “institutional 
relationships,” whether separate construction and operation budgets or the common practices of 
developers. With the issue of where and when to spend money is a change in the concept of payback. 
A less tangible, but no less important point in promoting 'green' architecture is the psychological 
benefit to occupants in healthier buildings. Resource efficiency and human benefit may combine to 
alter the perception of a building’s future value. Finally, the architect must possess the appropriate 
tools to communicate all of these advantages.

One institutional relationship which hinders the creation of resource efficient buildings is autonomous 
design/construction and operation/maintenance (O&M) budgets in public buildings. School districts, 
city, county, and state governments all finance construction through bonds while tax revenues pay 
operation and maintenance costs. These budgets are frequently kept separate by law, and therein lies 
the problem. Offsetting the cost of a highly energy efficient building by supplementing bond money 
with O & M  money, which would guarantee lower O & M  costs in the future, is illegal.
Bond money is typically allotted to a building project based on historical costs of similar “conven
tional” construction. Architects and engineers then become limited by a conventional budget, even if 
they desire to give the client a better building. Major building systems, especially mechanical equip
ment, are often selected based on first cost. A more expensive yet highly efficient system is rejected 
simply because the future energy costs are coming out of another pocket. Ultimately, the school 
district or government ends up with one more conventional building. The accompanying conventional
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energy bills are paid out of tax collection monies, and if the more operational money is needed, it is the 
public that antes up.

There are many strategies for energy efficiency available to architects that are “free;” orientation, 
logical window placement, and proper landscaping, for example. Some strategies allow for payback 
within the construction budget; better insulation can reduce the size of mechanical systems and utility 
rebates can offset the cost of more efficient light fixtures. But in today’s market, a building complete 
with low-emissi vity glass, a wall system with insulation and mass tailored to climate and loads, super
efficient lighting and mechanical systems with variable controls, solar water heating, rainwater harvest
ing, and other resource efficient features will cost more up front than its conventional counterpart. An 
environmentally benign building that is a net producer of energy would be more expensive still. Even 
under normal payback criteria, many resource efficient design strategies ultimately make economic 
sense.

The separation of construction and operation budgets, the reduction of initial costs in exchange for 
higher lifetime energy costs, also permeates the development community. Consider speculative or 
build-to-suit office/distribution or retail buildings. Prospective tenants shop in a market dominated by 
per square foot rental rates, where location and curb appeal only serve to differentiate one cheap space 
from another. Developers offer attractive rates by erecting shell buildings as inexpensively (cheaply) 
as possible. Energy costs incurred during the life of the lease, typically the responsibility of the tenant, 
never enter the equation. And while a tenant will doggedly negotiate pennies on the rent with an eye 
on the total cost of the lease, a historical lag places utility bills in the cost of doing business. That cost 
is passed on to customers in higher prices for goods and services. Again, additional costs for a better 
building can make sense when distributed over the life of a five or ten year lease.

In these scenarios, it is up to the architects, as designers of the built environment and as communica
tors, to paint the big picture for bureaucrats, elected officials, developers, and the public. In public 
work, financing better buildings would decrease future tax burdens. An educated public would con
sider the current relationship gross fiscal mismanagement. In the commercial real estate market, 
tenants would perceive the totality of the cost of business and demand that the market provide better 
buildings.

An examination of the distribution of construction and operation funds in environmental terms will 
also serve to alter the conventional concepts of payback. Typically, a capital improvement (such as 
one to reduce energy consumption) is justified if the savings generated pay for the improvement in five 
to ten years. But such criteria are limited by the cost of money and the consideration of energy con
sumption without externalized environmental side effects. As sustainable thinking exerts more influ
ence on energy policy, once-extemalized costs are likely to be borne in prices paid “at the pump.” The 
idea of taxing energy to encourage conservation is also gaining acceptance. A few years ago, with an 
oil man in the White House, few people would have imagined the possibility of a Btu or carbon tax on 
the consumption of fossil fuels.O 7) Other suggested alternatives in the national energy strategy 
include shifting the federal tax burden toward fossil fuel consumption in order to compensate for 
environmental and national security costs. Such a shift “from productive activities-now taxed in the 
form of payroll-deduction and capital gains taxes-to polluting activities (would benefit) both the 
economy and the environment.”(18)

With fossil fuel cost susceptible to economically justified price increases and the most optimistic 
projections requiring fossil-based fuels for half of the American energy needs in 2030, (19) minimizing
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a building’s conventional energy needs is a sound investment in the future. Architects must therefore 
understand that a design decision can become a twenty, thirty, or fifty year energy investment. Part of 
their commitment to responsible design means looking beyond first cost and conventional payback; in 
other words, thinking really hard.

The industry is beginning to realize the physical and psychological benefits of better, healthier build
ings. Synthetic materials and poor design have rendered the indoor air in one-third to one-half of our 
commercial buildings polluted, “in some cases 100 times as polluted as the air on the other side of the 
window.” (20) The result is less healthy and less productive workers. In 1975, the State of California 
determined that if worker efficiency increased by a mere six and one-half percent, the State could 
afford to quadruple the cost of its office buildings. (21)

The human factor, so lacking in the modem box, perhaps outweighs the environmental advantages of 
daylighting, non-toxic materials, and more open spaces. Designing in harmony with the path of the 
sun adds variety and subtlety to the lighting of indoor spaces and, in so doing, enhances the architec
ture. According to Randy Croxton, “the ability to have a sense of season, weather, time of day. . .  is 
such a basic need. It effects performance, productivity, calmness.” (22) Coincident with the health 
benefit of inert materials, William McDonough believes “when building users. . .  see that care and 
resources were expended on their behalf, their attitude improves dramatically.” (23) The economic 
aspect of healthier buildings and their healthier, happier occupants is not lost to many building owners. 
We can anticipate that the demand for natural, toxin-free materials will parallel the demand for re
source efficient buildings.

Given the intangible benefit of better buildings and the uncertainties of the energy future, 'green* 
buildings have the potential to maintain a higher value over time than conventional buildings. A non
toxic building with a lower annual energy requirement will be more attractive in an enlightened market
place, while those in need of expensive and disruptive retrofits will be at a distinct disadvantage. The 
concern that guides lifetime energy requirements and material selection should also inform the actual 
planning of “buildings that are heirlooms.” William McDonough argues “that a key to getting clients 
to accept design considerations that do not intentionally pack every square foot with cheap, disposable 
fit-out systems will be the development of an appreciation that a building can be a legacy; that human 
comfort levels, reactions, and interactions remain relatively constant overtime, even as building tech
nologies and uses change.” (24) It is up to architects to promote the ideal that architecture is an invest
ment in the future, not a disposable consumer product.

The ability to analyze the complex interrelationships in building systems is essential to effectively 
communicate the advantages of resource efficient design. In order to manage the variables in 
daylighting, active and passive solar design, and mechanical system options, the architect can utilize the 
personal computer and the newest generation of energy software. Unfortunately, integrating the 
newest capabilities of the computer with the design process is another “historical lag” facing the 
profession.
To begin with, many architects easily understand ideas of insulation arid heat transfer while issues of 
orientation, shading, thermal storage, and daylighting are more elusive. Secondly, the early software 
that accomplished the extensive number-crunching of thermal performance required numeric input and 
an engineer’s knowledge of mechanical systems. Finally, energy analysis programs were configured 
with little regard to the architect’s design process; their usefulness was often limited to sizing mechani
cal systems after the building was designed.
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The energy software of the Nineties addresses both the design process and the need for graphic input 
and output. Architecture magazine defines energy software in four categories: energy design tools, 
daylighting tools, compliance tools, and whole building simulations^25) All are pc-based and many 
utilize graphic interface demanded by Macintosh and Windows operating systems. Energy design 
tools (Solar5, Climate Control, Sunpatch, UISUN, REM/Design, Muses) offer an array of input/feed
back options associated with conceptual and schematic design. Also intended for schematic design are 
several daylighting programs (Superlite, Radiance, PWCLite) which often cross over into energy 
performance analysis. With these, the effectiveness of daylighting strategies can be ascertained early in 
the design process with a modest time investment. Compliance tools (WattSunS, Calpas3, Calres, 
SCM ), used to verify the performance of building relative to energy codes, exist for both residential and 
commercial buildings. Whole building simulations (DOE2 and its variations) model the hour-by-hour 
interaction of heat transfer, solar gain, natural and artificial lighting, and internal loads. Output is 
generated using weather data, utility rate schedules, and operation schedules. Such simulations are 
only possible late in design development and are often used to accurately size mechanical equipment.

The primary advantage of computer simulation during design, whether for energy consumption or 
daylighting, is in use of the iterative method. Once a basic input is constructed, any number of minor 
variations can be quickly processed and evaluated. The contribution of variables from orientation to 
window type and size to shape of shading devices can be isolated and examined one at a time. Their 
effectiveness can be measured with respect to the performance of the entire building and then fine- 
tuned with repetitive runs. This allows testing of strategies which might be employed based on intu
ition. It also permits mistakes; ineffective or undeveloped strategies can be judged based on their 
failure in cyberspace, not in a finished building.

Computer simulations can also be utilized to calculate annual energy budgets. It is here that the 
relationship between better up-front design and construction and the resulting energy use reduction can 
be determined. Armed with true life-cycle costs, both economic and environmental, selling resource 
efficient buildings becomes easier. An Atlanta homebuilder complains that he cannot recover the 
“extra” dollar per square foot needed to meet the Georgia Power’s voluntary Good Cents criteria/2 )̂ 
(A typical Good Cents home has R-19 walls, an R-30 roof, double glazing, and a high-efficiency heat 
pump.) Perhaps if the homebuilder utilized all of the tools available, the good sense of an energy- 
efficient home would sell itself.

§ § §

Imagine, in the not-too-dislant future, the creation of a building. The request for proposal dictates that 
offerors be conversant with daylighting, integrated photovoltaics, water harvesting, and waste manage
ment. An appropriate design and construction budget has been authorized; building funds to be made 
available only if lifetime conventional energy requirement is zero.

The architect winning the commission directs and integrated team. Civil, landscape, and plumbing 
consultants interact with the local water district engineer to coordinate the potable water (for drinking) 
and effluent (for toilets) coming into the site, the rainwater collection and use on the site, and the pre
treated wastewater delivered from the project’s solar aquatic treatment pond. Mechanical and electri
cal consultants are interfaced via modem with the architect’s CAD system, frequently analyzing solar 
exposure, energy balance, and lighting needs form three-dimensional models. The architect taps on
line databases to perform regionally-specific environmental audits on proposed building systems.

59



Audits are forwarded to the landscape architects who estimate the tree-planting required to balance the 
oxygen debt created in constructing the building. The local electric utility provides the latest photovol
taic performance data and rebate structure. It plans a grid connection only to collect surplus energy 
generated on-site. Interior architects, also on-line, update regional sources of chemical-free and 
sustainable-produced building materials. The building is developed and detailed with attention paid to 
the dimensional characteristics of the selected materials.

Contractors for the building are made eligible by meeting construction site waste management stan
dards. Drawings and specifications are sent by modem to eligible contractors, who use computers to 
accurately “estimate” the job. On the construction site, a trash segregation zone is established. The 
surplus wood, gypsum, cement products, metals, and paints, banned from the landfill, are collected by 
the original suppliers or the local recycling coalition.

Upon dedication, the environment is better off than before. A building exists that is a net producer of 
energy. It emits no greenhouse or ozone-destroying chemicals in its operation. Its interior is free of 
irritants and toxins. Many of the materials used to construct it were sustainably produced or recycled. 
And the building, by virtue of its planning, its design, its patterns, and its substance, becomes host to 
human interaction, to delight, to life.

Which psychological lags make this building project sound impossible?
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Part Five

When considering a problem as large as the degradation o f the global environment, it 
is easy to feel overwhelmed, utterly helpless to effect any change whatsoever. But we 
must resist that response, because this crisis will be resolved only i f  individuals take 
some responsibility for it. By educating ourselves and others, by doing our part to 
minimize our use and waste o f resources, by becoming more active politically and 
demanding change —in these ways and many others, each one o f us can make a 
difference. Perhaps most important, we each need to assess our own relationship to 

. the natural world and renew, at the deepest level o f personal integrity, a connection to 
it. And that can only happen i f  we renew what is authentic and true in every aspect 
o f our lives.

- A1 Gore (0

Everybody smash up you seat and rock to this brand new beat.
This here music mash up the nation, 
this here music cause a sensation.
Tell your ma, tell your pa- 
Eveiything’s gonna be all right.
Can’t you feel it?
Don’t ignore it!
Everything’s gonna be all right!

- The Clash, “Revolution Rock” (2)

9. CONCLUSION

Meeting the challenge of the global sustainability initiative will require a concerted effort by individu
als, organizations, and institutions throughout the world. Agreement must be reached that fundamen
tal changes need to occur in all aspects of human endeavor. Balancing civilization with the ecological 
system of the earth must become the “single shared goal” and “central organizing principle” in all 
levels of all societies. A1 Gore believes that the opportunity for victor)' under such a principle is not
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unprecedented. “The long struggle between democracy and communism is in many ways the clearest 
example of how free societies can sustain a shared commitment to a single overarching goal over a 
long period of time and in the face of daunting obstacles.” (3-272) By bringing every treaty, social 
program, geopolitical strategy, institutional policy, and individual effort to bear on achieving a sustain
able human relationship with the earth, victory is attainable.

§§§

We have begun to examine the matrix of issues involved in establishing resource efficient building 
today and sustainable building tomorrow. There is the fundamental understanding of energy use 
purveyed by Amory Lovins. The Union of Concerned Scientists describes a more complex program 
for an energy future that benefits both the economy and the environment. There is Malcolm Wells's 
philosophy of gentleness, Christopher Alexander’s examination of life-giving patterns, and William 
McDonough’s low-entropy design. There is environmental auditing from Ray Cole and totally inte
grated resource utilization envisioned by Pliny Fisk, III. These and other attitudes, methodologies, and 
belief systems must be brought to bear on architecture as our profession’s contribution to the central 
organizing principle.

This fundamental shift toward sustainable building will take time to evolve. There are already mecha
nisms in place within the building industry to encourage or require sustainable practice. Advanced 
electrical and mechanical systems, progressive energy codes, and utility rebates assist in energy conser
vation. Updated manufacturing processes, recycling, and product certification programs promote 
resource efficiency. Still to be realized is integrated resource management in a universal environmental 
context. Cutting edge theory and research is laying the foundation for sustainable building. Putting 
that theory into practice should be the single shared goal of the profession. Naysayers may believe that 
“we can’t get there from here.” The architectural profession and the building industry must prove that 
we can.

Making choices in everyday practice will prove to be a learning experience. It may be argued that 
there are too many factors to consider, no established hierarchy, even conflicting criteria (embodied 
energy V. air emission index, or the environmentally damaging insulation paradox). Conversely, it may 
be argued that there is an absence of criteria or a single governing ideal; Gore’s central organizing 
principle has yet to universally accepted (architecture is client-driven, and many clients still want 
conventional buildings). If responsible design is based on responsible decision-making, what defines a 
good decision?

§§§

10. WIN-WIN-WIN-WIN-WIN

Popular culture is fond of the “win-win situation.” More often than not, situations judged to be win- 
win account for only two facets while externalizing others. A win-win corporate merger does not 
account for the laid-off workers, for instance. In our petroleum-driven, consumer-oriented society, 
judgments and decision-making most frequently neglect the environment. Our habit of externalizing 
the environment is exemplified by common six-pack rings, a few grams of plastic that contribute so 
much to the packaging and sale of soda and beer. From an industrial design and commercial view
point, six-pack rings are win-win; a highly efficient distribution of material is also extremely convenient
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for the consumer. But factor in the environment, the strangled and starved wildlife and the near- 
eternal life of the material in a landfill, and six-pack rings are win-win-LOSE.

Under conventional criteria, the creation of a building might be considered “win-win” if the client 
moves in under budget and the architect makes a profit. But in a long-range, global perspective, a 
conventional building is lose-lose-lose-lose-lose. The owner loses; the building comes with a lifetime 
of conventional energy requirements. The users lose; synthetic materials and chemical pollute the 
indoor air. Society at large loses; non-renewable resources will be committed to light, heat and cool 
the building for decades. The architects lose; an opportunity to integrate the built environment with 
the natural has been thrown away. And the environment loses; the building’s operation will stress the 
land, oceans and atmosphere and then take up landfill space when it is finally tom down.

Buildings like the one described at the end of the previous section are win-win-win-win-win. The 
owner wins; he or she takes charge of a building that will be inexpensive to maintain and operate. The 
users win; the building creates a healthy indoor environment and is pleasant to be in. Society wins; 
many of the resources which might have been expended constructing and operating the building are 
either saved or made available for utilization elsewhere in the economy. The architects win; they have 
made an example for others to follow and designed an object which may very well foster a greater 
appreciation for architecture and a higher regard for the profession. Finally, the environment wins; the 
building’s construction consumed a minimum of non-renewable resources, its operation contributes 
little or no unusable waste, potential greenhouse gasses, ozone-depleting chemicals, or acid rain pre
cursors, and its lasting value will encourage reuse when its original function is removed.

The most important point, the most basic criteria, is the win for the environment. If design and con
struction favor the environment, the other “wins” occur naturally. Those of us here today win; our 
grandchildren and their grandchildren win. The satisfaction of need and the creation of architecture 
has not hindered the ability of future generations to satisfy their needs.

This is the biggest game yet and nobody is on the sidelines. We are underdogs in a must-win situation. 
We can’t let our teammates down.

§§§

Picture a bright blue ball just spinning, spinning free, 
it’s dizzying, the possibilities.....

PART FIVE NOTES

1. Gore, Al. opcit. 1993. p.366.

2. Edwards, J. and Ray, D. Revolution Rock. Dorismo, Ltd. 1979. From the 1979 album London
Calling,

3. Gore, Al. opcit. 1993. p. 272.
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Author's Postscript

Research for this report was begun in the fall of 1992. Perhaps the strongest early concept for this 
report was an investigation of recycled building materials. I was soon introduced to the ideas of 
embodied energy, the consuption of material resources by the building industry, and the evolving 
notions of sustainability at the global scale. The relationship between architecture and the well-being 
of the planet and its inhabitants became obvious.

The bulk of the text was written during the spring and fall of 1993. It became apparent that the 
building industry's interest in the environment was growing rapidly. I found myself attempting to keep 
up with the relevant information from periodic literature. Most of the references, therefore, predate a 
"stopping point" established in late 1993. I offer apologies if this report does not reflect the state of 
the art as presented by the architectural press.

Some of the books cited here have maintained relevancy despite their "age," largely due to America's 
continuing reliance on imported energy. Richard Stein's Architecture and Energy. William Caudill's A 
Bucket of Oil, and anything by Amory Lovins should be considered essential reading. Malcolm Wells' 
Gentle Architecture proves that concern for the environment is not new to all architects.

The principles of sustainable communities, briefly mentioned here, have been documented in a num
ber of books and articles by Peter Calthorpe. For an understanding of the totality of the "global 
sustainability initiative," A1 Gore's Earth in the Balance: Ecology of the Human Spirit is highly recom
mended.

As the title suggests, this report is a perspective, a snapshot taken in time. The research will continue 
for the rest of my professional life.

Mark James McCarthy 
Summer 1994

65



Bibliography

Aitken, Donald W. (Chair, American Solar Energy Society. Member, Union of Concerned
Scientists.) Lecture to the Annual Meeting of the Arizona Solar Energy Association, 14 
November 1992.

Abridge, James M. and Sitz, Joe H. "Technical Tour of the Georgia Power Corporate Headquarters 
Building." ASHRAE Journal. New York: American Society of Heating, Refrigerating, and 
Air-Conditioning Engineers, Inc. December, 1989. p. 34-41.

Alexander, Christopher, et al. A Pattern Language. New York: Oxford University Press, 1977.

—. The Timeless Wav of Building. New York: Oxford University Press. 1979.

Altenpohl, Dietrich and Daugherty, T.S. Materials In A World Perspective: Assessment of Resources. 
Technologies and Trends for Kev Materials Industries. Berlin, New York: Springer-Verlag 
Publishing, 1980.

American Forest Council. “Answers to Some Frequently Asked Questions About America’s Forest 
Products Industry.” (pamphlet) Washington DC: AFC, 1992(7).

American Institute of Architects. Environmental Resource Guide. Washington DC: AIA, 1992.

American Institute of Architects Research Corporation. A Survey of Passive Solar Buildings. 
Washington DC: AIA, 1978.

American Iron and Steel Institute. Annual Statistical Report. 1991. Washington DC: AISI, 1992.

American Wood Council. “Forests and Wood: Environmental and Economic Considerations.” 
(pamphlet) Washington DC: AWC, 1992(7)

66



Architects For Social Responsibility. The Sourcebook for Sustainable Design. Andrew St. John, 
editor. Boston: AFSR, 1992.

Badanes, Steve. (Jersey Devil Architects.) Public lecture held at the University of Arizona College of 
Architecture, February 4,1994

Calthorpe, Peter and Van der Ryn, Sim. Sustainable Communities: A New Design Synthesis for 
Cities. Suburbs, and Towns. San Francisco: Sierra Club Books. 1986.

Caudill, William Wayne, Lawyer, Frank D., and Bullock, Thomas A. A Bucket of Oil. Boston: 
Cahners Books, 1974

Center For Resourceful Building Technology. Guide to Resource Efficient Building Elements. 
Missoula, MT: CRBT, 1991.

Cole, Raymond and Rousseau, David. “Environmental Auditing for Building Construction: Energy 
and Air Pollution Indices for Building Materials.” Building and Environment. London: 
Pergamon Press, Vol. 27, No. 1, 1992.

—. “Environmental Audits of Alternate Structural Systems for Warehouse Buildings.” Canadian
Journal o f Civil Engineering. Ottawa: National Research Council of Canada, Vol. 19. No. 5, 
1992.

Collins, Peter. Changing Ideals In Modem Architecture. Montreal: McGill-Queen’s University Press, 
1965, 1978.

Corbett, Judith. (Executive Director, Local Government Commission, California) Lecture to the Rio 
Salado Foundation on sustainable communities, Tempe AZ, February 11,1993.

Cowan, Henry J. and Smith, Peter R. The Science and Technology of Building Materials. New York: 
Van Nostrand Reinhold, 1988.

Crosbie, Michael J. The Jersey Devil Design/Build Book. Salt Lake City, UT: Peregrine Smith 
Books, 1985.

Energy Information Administration. Monthly Energy Review. Washington DC: EIA, July 1992 and 
September 1993.

Fisk, Pliny, III. “Towards a Theory and Practice of Sustainable Design.” Austin, TX:
Center For Maximum Potential Building Systems, Inc., 1992. (Presented at the National 
Convention of the American Institute of Architects, Boston, June 21,1992.)

Fitch, James Marston. American Building Vol. 2: The Environmental Forces That Shape It. Boston: 
Houghton Mifflin. 1966,1972.

Fry, Maxwell and Drew, Jane. Tropical Architecture. New York: Reinhold Publishing, 1964.

67



Goodland, Robert, ed. Buildings and the Environment. Millbrook, NY: The Cary Arboretum of the 
New York Botanical Garden, 1976.

Gore, Al. Earth in the Balance: Ecology of the Human Spirit. New York: Plume/The Penguin 
Group, 1992,1993.

Grossman, Richard and Daneker, Gail. Energy. Jobs and the Economy. Boston: Alyson Publications, 
Inc., 1979.

Haynes, Richard, coordinator. An Analysis of the Timber Situation in the United States: 1989-2040. 
(USD A Forest Service General Technical Report RM-199.) Fort Collins, CO: USD A, 1990.

Henderson, Hazel. The Politics of the Solar Age: Alternatives to Economics. Indianapolis, IN: 
Knowledge Systems, Inc., 1988.

Jarmul, Seymour. The Architect’s Guide to Energy Conservation. New York: McGraw-Hill. 1980.

Lovins, Amory. World Energy Strategies. New York: Friends of the Earth International, 1975.

—. "The 'Negawatt' Revolution: New Techniques for Electric Efficiency. Site Selection. Vol. 35,
No. 6. December 6, 1990

Olgyay, Victor. Design With Climate. Princeton NJ: Princeton University Press. 1963.

Potts, Michael. The Independent Home: Living Well With Power from the Sun. Wind, and Water. 
Post Mills, VT: Chelsea Green Publishing, 1993.

Rapoport, Amos. House Form and Culture.Englewood Cliffs, NJ. Prentice Hall. 1969.

Rosen, Harold J. and Bennett, Philip M. Materials Selection Handbook. New York: John Wiley and 
Sons, 1979.

Rudofsky, Bernard. Architecture Without Architects. New York: Museum of Modem Art, 1964.

—. The Prodigious Builders. New York: Harcourt Brace Jovanovich, 1977.

Steadman, Philip. Energy. Environment, and Building. New York: Cambridge University, 1975. 

Stein, Richard. Architecture and Energy. Garden City, NY: Anchor Press/Doubleday, 1977.

Toffler. Alvin. Future Shock. New York: Random House. 1970.

Ubbelohde, Susan. “The Myth of the Ecological Vernacular.” The Design Book Review. Cambridge 
MA: MIT Press, Spring 1991.

—. “Spirit of Place: An Argument for Essay Writing to Capture the Meaning of Sun Angles.” 
&Proceedings from the 15th National Passive Solar Conference, 1990.

68



Union of Concerned Scientists, et al. America’s Energy Choices. (A study by UCS, Alliance to Save 
Energy, American Council for an Energy-Efficient Economy, Natural Resources Defense 
Council.) Cambridge, MA: UCS, 1991.

Wells, Malcolm. Gentle Architecture. New York: McGraw Hill, 1981.

Wilson, Forrest. Building Materials Evaluation Handbook. New York: Van Nostrand Reinhold, 1984.

“A Visit With Amory and Hunter Lovins” (Video.) “60 Minutes” segment originally aired on CBS 
Television May 12,1985.

“Lovins on the Soft Path” (Video). Oley, PA: Bullfrog Films, Inc. 1982.

“Skyscraper.” (Video.) Public Broadcasting Corporation series originally aired beginning May 5, 
1990.

Credits
FIGURE 2.1: Simple Energy Use Distribution based on statistics from the Energy 

Information Administration Monthly Energy Review, July 1992.

FIGURE 2.2: Energy Use Distribution Per Stein based on Statistics from the Energy 
Information Administration Monthly Energy Review, July 1992.

FIGURE 2.3: Consumption By End-Use Sector, Monthly based on Statistics from the 
Energy Information Administration Monthly Energy Review, July 1992.

FIGURE 2.4: Residential and Commercial Energy Consumption, Monthly based on 
Statistics from the Energy Information Administration Monthly Energy 
Review, July 1992.

TABLE 2.1: Energy Intensities of Selected Materials from Cole and Rousseau,
"Environmental Auditing for Building Construction: Energy and Air 
Pollution Indices for Building Materials."

FIGURE 3.1: Photo and reference from A Survey of Passive Solar Buildings.
69



FIGURE 3.2: Photo and reference from A Survey of Passive Solar Buildings. 

FIGURE 3.3: Photo and reference from A Survey of Passive Solar Buildings.

FIGURE 3.4: Photo and reference from Crosbie.

FIGURE 3.5: Photo from Omni, May 1993. Reference from Architecture, July 1987. 

FIGURE 3.6: Photo courtesy of Georgia Power. Reference from Aikridge and Sitz. 

FIGURE 3.7: Photo and reference from Progressive Architecture, August 1981. 

FIGURE 3.8: Photo and reference from Progressive Architecture, August 1981. 

FIGURE 3.9: Photo and reference from Architecture, May 1991.

FIGURE 3.10: Photo and reference from the Environmental Resource Guide.

FIGURE3.il: Photo and reference from Watson. Don. Cliff Dwellings of the Mesa Verde. 
Ann Arbor MI: Cushing-Malloy, Inc. 1961.

FIGURE 3.12: Chart and reference from Altenpohl.

FIGURE 3.13: Photo courtesy of Anderson DeBartolo Pan.

FIGURE 3.14: Photo courtesy of Anderson DeBartolo Pan.

FIGURE 3.15: Photo from Fletcher. Sir Banister. A History of Architecture. 18th Ed. New 
York: Charles Scribner’s Sons. 1975. Reference from Collins.

FIGURE 3.16: Photo by the author.

FIGURE 3.17: Photo by Bruce Finchum. Reference from Balling, Robert C., Jr. and Braze), 
Sandra W. "Time and Space Characteristics of the Phoenix Urban Heat
Island." Journal of the Arizona-Nevada Academy of Science, Vol 21, p. 75-81 

1987.

FIGURE 3.18: Photo and reference from Architecture, December 1990.

FIGURE 3.19: Photo and reference from Architectural Record, April 1992.

7 0


