
Issues 

The Role of Engineers 
in Creating an 
Environmentally 
Sustainable Future 

An ever-expanding world 
population demands that 
engineers discover ways to 
sustainably manage both 
interaction with other humans 
as well as human interaction 
with the environment. 

structure on which modem society depends. 
Historically, civil engineers were the first prac
titioners of the engineering profession, and 
civil engineers continue to be dedicated to tech
nology development for the common good and 
the general public. 

Basic public works projects have helped re
duced the death rate dramatically, which is one 
of the principal reasons that world population 
has been able to grow so dramatically in the last 
150 years. Improvements in transportation also 
have enabled the rapid migration oflarge num

----------------- · bers of people all over the world and increased 
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Civil engineering has played a critical 
role in increasing the quality of life 
over the last 50 years. From developing 

better water supplies, municipal sewer sys
tems, wastewater treatment plants to the de
sign of buildings to protect us from natural 
hazards and provide health care, to improved 
agriculture through water resource develop
ment and distribution projects to rapid and 
dramatic changes in transportation systems, 
civil engineers have developed the basic infra-

the volume of raw materials and finished prod
ucts in international trade 800 times in the last 
century. Also, economic output has increased 
over 20 times, fossil fuel production 30 times 
and industrial production 100 times in the last 
century. Along with this phenomenal growth 
have come some undesirable environmental, 
health and social impacts, particularly in the 
last half century. 

The Need for a 
New Human Perspective 
In the last five decades, the population of the 
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world has more than doubled to 5.9 billion peo
ple and the world's economic output has in
creased fivefold. This astonishing growth has 
no parallel in history and is altering the face of 
the earth and the composition of the atmos
phere. Pollution of air and water, accumulation 
of wastes, destruction of forests, erosion of 
soils, depletion of fisheries and damage to the 
stratospheric ozone layer threaten the survival 
of humans and thousands of other living spe
cies. We are conducting an uncontrolled experi
ment unprecedented in scope and scale that 
represents the reversal of the "natural" evolu
tion that produced clean air and water as well 
as increasingly complex and diverse ecosys
tems - systems that made human evolution 
possible. , 

These changes are the result of unsustain
able and inequitable patterns of production 
and consumption, and are likely to accelerate 
with the addition of 81 million people to the 
planet each year. In Changing Course: A Global 
Business Perspective on Development and the Envi
ronment, Stephan Schmidheiny, chairman of 
the Business Council for Sustainable Develop
ment, points out that we are a society living off 
its natural capital, not its income.1 We are act
ing like a planet in liquidation. Schmidheiny 
calls this behavior bad business. 

These trends prompted the United Nations 
(UN) Conference on Environment and Devel
opment in Rio in 1992, from which emerged a 
declaration of action, "Agenda 21," and some 
treaties and conventions designed to move so
ciety on a path for sustainable living.2 Also rec
ognizing that these trends placed humankind 
at a profound crossroads, scientists around the 
globe (including 102 Nobel laureates) signed 
the World Scientists' Warning to Humanity in 
1992, which reads in part:3 

"Human beings and the natural environ
ment are on a collision course. Human ac
tivities inflict harsh and often irreversible 
damage on the environment and on critical 
resources. If not checked, many of our cur
rent practices put at serious risk the future 
that we wish for human society and the 
plant and animal kingdoms, and may so al
ter the living world that it will be unable to 
sustain life in the manner that we know. 
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Fundamental changes are urgent if we are to 
avoid the collision our present course will 
bring about. 

"WARNING. We, the undersigned, sen
ior members of the world's scientific com
munity; hereby warn all humanity of what 
lies ahead. A great change in our steward
ship of the earth and the life on it is required, 
if vast human misery is to be avoided and 
our global home on this planet is not to be ir
retrievably mutilated." 

Despite these warnings and the rhetoric of 
commitment to address environmental prob
lems, since the Rio Conference in 1992 all of the 
world's living systems have continued to de
cline. Moreover, the degradation of natural sys
tems is likely to accelerate due to the high an
nual growth rate of human population unless 
strategies to meet human needs are made more 
sustainable and just. 

Current strategies to meet human needs are 
not sustainable. Eighty percent of the world's 
resources are being consumed by 20 percent of 
the world's population. The world's poorest 20 
percent earn 1.4 percent of the world's income. 
According to the UN, the income ratio of the 
richest 20 percent to the poorest 20 percent was 
28:1 in 1960; it rose to 74:1 in 1994. For 30 per
cent of the world's population, poor sanitation, 
malnutrition and air pollution are still the ma
jor causes of illness and death. The rural poor 
will increasingly migrate and be transformed 
into an urban poor, and environmental, health 
and social problems will multiply. It is forecast 
that by the year 2005 more people will live in 
urban than in rural areas for the first time in 
history. 

In the United States, air pollution is believed 
to kill more people than automobile accidents 
- more than 60,000 premature deaths per year 
according to the Environmental Protection 
Agency (EPA). By the time population growth 
stabilizes in the twenty-first century, a five- to 
sevenfold increase in the consumption of en
ergy and goods will be needed just to raise the 
consumption level in the developing world to 
that in the industrialized world. Agricultural 
production must increase threefold in the next 
forty years for all humans to have adequate nu
trition even though we are already appropriat-



ing the most productive 40 percent of the land
based biomass for human purposes. Simply to 
maintain the current unhealthy levels of pollu
tion and waste loadings will require an 80 to 90 
percent reduction in pollution generated per 
unit of economic output. This reduction cannot 
be achieved by building more waste treatment 
plants or air pollution control devices. 

The world will need an unprecedented two 
billion jobs in the next twenty to thirty years to 
employ the current 1 billion underemployed 
and unemployed people as well as any new 
job seekers that will enter the market. These 
jobs cannot be provided by economic activity 
that substitutes capital for labor, consumes 
large amounts of materials and energy, and 
creates large volumes of pollution and waste, 
particularly with the current geometric 
growth in population. Paul Hawken points 
out that with a sextupling of population and 
increasing economic output over a hundred
fold, there will arise the reverse of the situa
tion at the start of the industrial revolution, 
which was an abundance of natural resources 
and the ability of the biosphere to assimilate 
wastes: "Our thinking is backwards: we 
shouldn't use more of what we have less of 
[natural capital] to use less of what we have 
more of [people]."4 

There is increasing social and political insta
bility worldwide despite the end of the Cold 
War and despite increased economic globaliza
tion (which many argue contributes to the in
stability). According to Worldwatch Institute 
there is abundant evidence of global' instabil
ity. 5 Some indicators are: 

• There are 27 million environmental refu
gees; 

• There is unprecedented migration of peo
ple from East to West and South to North; 
and, 

• There are 68 regional military conflicts. 

Contributing to the instability are the facts 
that the United Nations has seen its influence 
erode and there is increased isolationism on 
the part of major powers such as the United 
States.5 

As the astronauts said in Apollo 13, "Hous
ton, we have a problem!" There is a societal 

problem caused by the "design" of an eco
nomic and social system that lives off its sup
port system in a degrading, unhealthy and un
sustainable manner. Paradigm shifts in the 
relationship of humans to the environment as 
well as the relationship of humans with each 
other are needed. These shifts must result in a 
societal framework in which humans live in 
harmony with both natural systems and each 
other. However, these results cannot be 
achieved with current thinking. Being the vi
sionary that he was, Thomas Camp recognized 
this in 1963 when he said in his book, Water and 
Its Impurities:6 

"Neither water treatment nor waste treat
ment can be a satisfactory remedy for pollu
tion of our watercourses by pesticide sprays 
or by salt used for melting snow and ice on 
our highways. These materials must be con
trolled at their point of use, because they are 
damaging to land, plants and animals, as 
well as to water. Similarly, excess soil erosion 
cannot be abated by water or waste water 
treatment. Better land use is needed. In wa
ter quality problems, the whole environ
ment must be examined." 

As Albert Einstein has observed, "problems 
cannot be solved at the same level of awareness 
that created them." In the next twenty to forty 
years, society must adopt new strategies that 
allow the needs of an expanding population to 
be met in an environmentally sustainable and 
equitable manner. But current response to the 
situation has been irresponsible and danger
ously inadequate. The prevailing ideology of 
growth has captured Western society's imagi
nation to the degree that much of Western soci
ety continues to believe that more of the same 
resource-intensive and pollution-creating eco
nomic growth remains the best way to serve the 
common good. 

A healthy environment is essential to human 
existence, health and well-being. Humans can 
live for about four minutes without air, four 
days without water, and four weeks without 
food. Plants, animals and the habitats they oc
cupy provide the food that sustains human life. 
The earth and all its living organisms supply all 
of the raw materials needed for human activity. 
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All economic and social systems derive re
sources from, and are a part of, the biophysical 
system called the biosphere. There is no inher
ent conflict between protecting the environ
ment and a strong human economy since the 
environment is the support system for all hu
man activity. As Peter Dunne said in a New York 
Times editorial, "The environment is not a com
peting interest; it is the playing field on which 
all other interests intersect."7 

How We Got Here -
Western Human Beliefs 
Prevailing Western beliefs about humanity 
and our relationship to our environment in
clude: 

• Humans are separate from nature, and are 
the highest and most dominant species on 
evolutionary scale; 

• A denial of the existence of any threats to 
humanity or the environment on a global 
scale; 

• Resources are free and inexhaustible; 
• Technology fixes most problems; 
• Nature has an infinite assimilation and re

mediation capacity; and, 
• Material acquisition and accumulation 

are the most important determinants of 
success. 

As a result, the general public has little 
awareness that a healthy natural environment 
is essential to our very existence. We see our
selves as separate from the natural world and 
are unaware that it provides all the resources 
that make life possible while absorbing our 
wastes and enriching our lives with its incredi
ble diversity of plants and animals. Much of the 
population has little idea about where goods 
come from and where they go. There is also too 
little common knowledge about the destruc
tive impact of pollution on human health. We 
believe that natural and physical resources are 
free and inexhaustible and that the environ
ment can assimilate all our pollution and 
waste. The general public has little idea that it is 
not just industrial enterprise, but the aggregate 
of all human activities - all of the individual 
and the collective daily decisions- that are ir
reversibly changing the earth. 
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Vision for a Just & 
Sustainable Future 
How do we create a life that allows all present 
and future humans to be healthy, have their ba
sic needs met, have fair and equitable access to 
the earth's resources, have a decent quality of 
life and preserve the biologically diverse eco
systems on which everyone depends? Future 
scientists, engineers and business people must 
design technologies and economic activities 
that sustain rather than degrade the natural en
vironment, and enhance human health and 
well-being. Human "systems" must mirror 
natural systems by having us live within the 
limits of these natural systems. We must dra
matically reduce the resource and energy 
throughput of our economies and minimize 
our ecological footprint to maintain the life 
support system that will make a sustainable fu
ture possible. This impetus calls for a New In
dustrial Revolution that builds on the informa
tion and biotechnology revolutions of the past 
half century. 

The vision of a sustainable future is one in 
which: 

• The world population is stabilized at a level 
that is within the short- and long-term car
rying capacity of the earth's finite re-

. sources. What this level should be is the 
subject of much debate. Most agree that 
this level is between eight and nine billion 
people - a level we will reach in the next 
twenty-five to forty years. 

• Resources are used efficiently. Leading or
ganizations (such as the Wuppertal Insti
tute and the Factor 10 Club) and a grow
ing number of individuals (such as Ernst 
von Weizsacker, Paul Hawken and Am
ory Lovins) have been calling for a huge 
increase in resource productivity - by a 
factor of 4 to 10 in order to increase wealth 
for 80 percent of the world's population 
and to decrease environmental impact. 
This increase is critical because the 
world's heavily industrialized economy 
is incredibly wasteful in its use of re
sources while the planet has a finite 
amount of resources and a finite ability to 
absorb and process wastes. For example, 



only 3 percent of the total energy pro
duced by a nuclear or coal-fired power 
plant ends up lighting an incandescent 
bulb. In their recently released book, Fac
tor Four: Doubling Wealth, Halving Resource 
Use, Ernst von Weizsacker and Amory 
and Hunter Lovins call for a revolution in 
energy and resource productivity and 
provide over 50 demonstrated examples 
of factor 4 increases in energy, material 
and transportation productivity from a 
variety of institutions around the world.8 

With a few exceptions, the examples cost 
less than conventional means of doing 
business and they resulted in increased 
social and economic as well as environ
mental sustainability. From 1973 to 1986, 
the U.S. economy grew by 40 percent, yet 
energy consumption did not increase. 
Higher prices in oil led to industrial con
servation and government efficiency 
standards for automobiles, refrigerators 
and electric motors. The economy saved 
$160 billion a year. However, there is still 
room for improvement. Germany and Ja-

. pan obtain twice as much economic out
put per unit of energy consumed as the 
United States and ten to twelve times as 
much as China. Since 1986, the price of oil 
has fallen to a historical low due to the 
success of conservation. As a result, in the 
United States, the size (witness the 
growth in gas-guzzling sport/utility ve
hicles that now make up 45 percent of new 
car sales) and number of automobiles and 
the number of miles driven has continued 
to grow, driving energy consumption up 
steadily each year. The United States now 
imports more oil just for gasoline than the 
total amount of oil imported during the 
1973 oil crisis. 9 

• We mirror, learn from and live within natural 
systems. Humans are the only species on 
earth that produce waste that cannot be 
used as a raw material or a nutrient for an
other species. Also, we are the only spe
cies to produce wastes that can be broadly 
toxic and that are toxic for long periods of 
time. A sustainable society would elimi
nate the concept of waste. Waste is not 
simply an unwanted and sometimes 

harmful byproduct of life; it is a raw mate
rial out of place. Waste and pollution dem
onstrate gross inefficiency in the eco
nomic system since they represent 
resources that are no longer available for 
use and/or create harm in humans and 
other species. A sustainable economy 
would mirror nature's "circular" method 
of using matter and employ the concepts 
of design through which all waste would 
be the "food" (waste= food) for another ac
tivity. This idea is illustrated in the con
cept of industrial ecology. Metal extraction 
and conversion would be replaced by 
strategies to continuously cycle existing 
metals through the economy. For exam
ple, recycling aluminum rather than using 
virgin bauxite ore cuts energy use by 95 
percent and pollution by 99 percent. 

• We use renewable resources at a rate less than 
or equal to the natural environment's ability 
to regenerate the resource. This practice 
means living off environmental income, 
not capital - for example, utilizing sus
tainable forestry, sustainable fishing and 
sustainable agriculture. Every ton of pa
per made from recycled fiber saves sev
enteen trees and cuts air and water pollu
tion 30 to 50 percent. Organic farming 
and agricultural production that mini
mize the use of pesticides and fertilizers, 
while conserving soil and water, are safer 
and more sustainable. 

• We rely directly on solar energy to drive our 
economic system. Over 85 percent of the 
world's energy comes from fossil fuels. 
This form of energy use causes major en
vironmental and health problems such as 
black lung disease, air pollution, acid rain, 
oil spills and global climate change. The 
desire for a continuing "cheap" supply of 
fossil fuels historically in the last half
century has had enormous military and 
economic costs to keep oil and gas flowing 
around the world, especially from the 
Middle East. Moreover, this fossil fuel de
pendence is economically unsustainable 
for more than a few decades - it takes 
10,000 days for nature to create the fossil 
fuels that we currently consume in one 
day. 
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• We increase production of durable, repairable 
goods and eliminate persistent, toxic and bio
accumulative substances. At the same time, 
we eliminate disposable goods as much as 
possible and detoxify the production pro
cess by minimizing the use and discharge 
of toxic substances. Products are designed 
for "disassembly" so that the materials 
can be utilized in making new products. 
For example, several automotive manu
facturers are redesigning automobiles so 
that 90 percent or more of the materials 
can be recycled into new automobiles. In 
1993, one of the world's leading manufac
turers of shaving equipment-had reduced 
its Toxic Release Inventory wastes 
(United States EPA definition) in this 
country by 97 percP,nt from the company's 
1987 level. According to Factor Four, be
tween 1981 and 1993, a large chemical 
manufacturer developed a division-wide 
directive wherein 2,400 workers imple
mented 1,000 projects (costing under 
$200,000) to save energy or reduce waste.8 

For the 575 projects subsequently audited, 
the average annual return on investment 
was 204 percent and the annual savings 
was $110 million. 

• We focus on providing the ultimate ends of 
products or services not the products or services 
themselves. German chemist Michael 
Braungart and Bill McDonough have in
vented the concept of products of service.10 A 
key to resource efficiency is to understand 
products as a means to deliver a service to a 
customer. For example, people do not want 
energy, they want the service it provides 
such as heat or light. Similarly, people want 
access to people, places, things and experi
ences not necessarily increased transporta
tion. One example of a company that has 
adopted this concept leases carpeting. The 
lessee gets the service of the product -
warmth, softness, acoustic value and aes
thetics for a fee. When the carpet is worn 
out, the company takes it back and recycles 
it into new carpet. 

• We create low-energy-consuming transporta
tion systems. We must accelerate the devel
opment of alternative fuel vehicles that 
minimize and eventually eliminate de-
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pendence on fossil fuels and accelerate the 
use of mass transportation. 

• All people understand their connection to the 
natural world and to other humans. We un
derstand our "ecological footprint" - i.e., 
we know where products and services 
come from, where wastes go, and what 
they do to humans and other living spe
cies. We appreciate that driving a car in 
Ohio may cause flooding in Bangladesh 
through global warming, or that cutting 
down forests in Brazil may deprive some
one in Hungary of a lifesaving drug. For 
all people (led by professionals such as en
gineers), minimizing our ecological foot
print and "walking lightly" on the planet 
is second nature. 

• All current and future generations of humans 
are able to meet basic needs, pursue meaning
ful work and have the opportunity to realize 
full human potential personally and socially: 
The average American receives 3,000 ad
vertising messages per day oriented to
ward consumption. The American public 
is often portrayed as a group of consum
ers, not citizens. But increased consump
tion and material acquisition alone has 
not led to a happier, safer and more se- · 
cure population in the United States, nor 
has it done so elsewhere. The prestigious 
Councils of the Royal Society of London 
and the United States National Academy 
of Sciences issued a statement calling for 
an urgent need for better understanding 
of human consumption and related be
haviors and technologies, so that effec
tive action may be taken to expedite the 
transition to a sustainable, desirable life 
for the world's people in the coming cen
tury.11 In the statement the organizations 
said, "It has often been assumed that 
population growth is the dominant prob
lem we face. But what matters is not only 
the present and future number of people 
in the world, but also how poor or affluent 
they are, how much natural resource they 
utilize, and how much pollution and 
waste they generate. We must tackle 
population and consumption together." 
Sufficiency of resource use and accumula
tion is as important as resource efficiency 



and productivity. Beyond meeting basic 
needs, we must examine non-material 
ways to fulfill our needs for security, be
longing, personal development and hap
piness that transcend materialism - a 
goal of most major spiritual and religious 
movements. 

• We institute timely economic, social and envi
ronmental signals that encourage environ
mentally and socially sustainable behavior. 
The economic measures of success we use 
today, such as the gross national product 
(GNP) and consumer price index, dis
courage conservation and encourage 
waste, consumption and the substitution 
of capital for jobs. The price of goods and 
services reflects all the profits to the pro
ducers but does not include all of the so
cial, environmental and health costs to so
ciety. In a sustainable society, we would 
have more development-i.e., qualitative 
improvement in people and value added 
to resource use than quantitative growth 
in resource and energy intensive econo
mies. Several national and international 
organizations and thousands of individu
als have called for full cost (including so
cial and environmental) accounting for 
economic activities, the development of 
macroeconomic indicators that truly re
flect societal well-being (e.g., Index for 
Sustainable Economic Welfare, Genuine 
Progress Indicator) and taxation policies 
that taxes the undesirables (energy and re
source consumption) and not the desir
able (employment and investment). 

• Nations act like a global family. We must 
change the relationship between the de
veloped and the developing countries. In
dustrial countries must reduce their con
sumption of the world's resources in the 
face of the desperate need of developing 
countries to improve health and to reduce 
poverty, social instability and population 
growth. A child born in the United States 
today will consume as much of the earth's 
resources and produce as much waste as 
more than 100 Bangladeshi children. We 
also need new approaches for transferring 
technology, for training and education, 
and for providing financial assistance to 

developing countries. These approaches 
must address population stabilization, 
improving the educational and social 
status of women, the international debt 
problem and the need for sustainable eco
nomic strategies. 

The Role of Engineers 
Engineers must lead this new industrial revo
lution. There is some excellent leadership by 
professional organizations such as the World 
Engineering Partnership for Sustainable De
velopment, the World Federation of Engineer
ing Organizations (WFEO) and the World Busi
ness Council for Sustainable Development 
(WBCSD) to make sustainable development a 
high priority in engineering and business -
both in practice and in the education of future 
engineers. These organizations are promoting 
codes of practice, education, mentoring pro
grams and policy changes that will encourage 
the engineering profession to lead this revolu
tion. 

A current fundamental problem is the un
derlying assumption (by many) that environ
mental protection should be left to environ
mental professionals such as environmental 
engineers. However, environmental specialists 
alone will not help us move toward a sustain
able path. All humans consume resources, oc
cupy ecosystems and produce waste. We need 
all professionals to carry out their lives and ac
tivities in a manner that is environmentally 
sound and sustainable. In addition, the current 
education and training of most environmental 
professionals who are and will be employed by 
government, industry, academia and environ
mental organizations is narrowly focused and 
incomplete. Most of these professionals are 
trained in dealing with a subset of environ
mental problems such as air pollution, water 
pollution or hazardous waste, but are not 
trained to deal with environmental issues in an 
integrated and comprehensive fashion. The fo
cus of training is on controlling pollution and 
waste once created and in remediating envi
ronmental damage, rather than reducing or 
eliminating pollution and waste generation at 
the source. 

Designing a sustainable future requires a 
paradigm shift toward a systemic perspective 
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that encompasses the complex interdepend
ence of individual, social, cultural, economic 
and political activities and the biosphere. The 
engineers of the future must be much more in
terdisciplinary - the lines between the tradi
tional engineering disciplines must be much 
more fluid or removed completely. Engineers 
will have to join forces with biologists, chem
ists, meteorologists, economists, planners, po
litical scientists, ethicists and community 
leaders in unprecedented ways to lead society 
on a sustainable path. Since it is likely that we 
will double the amount of housing and build
ing construction in the twenty-first century 
(and buildings utilize a tremendous amount 
of materials and energy), it is imperative that 
civil engineers team up with architects, plan
ners and other engineers to revolutionize con
struction. 

There is a special role for civil/ environ
mental engineers in the future. Rather than pri
marily designing technologies to control or re
mediate pollution, environmental engineers 
will be the inter-disciplinary systems special
ists who will bring together, coordinate and 
manage all the specialists to solve complex en
vironmental problems and promote sustain
able development. 

Moreover, all engineers must play a much 
stronger role in the public policy process to pro
vide the right incentives for industry and oth
ers to move on a sustainable path so that engi
neers can be encouraged and supported to 
design sustainable technology. As Don Roberts 
advocates, engineers themselves must become 
better informed of the interdependence of en
vironmental, economic, health and social is
sues, so that we can inform others and become 
leaders.12 Otherwise, the agenda will be set by 
others who neither know the benefits nor the 
limits of technology in a sustainable modern 
society. 

Educating Engineers for 
Sustainable Development 
Such a shift in the thinking, values and actions 
of all individuals and institutions worldwide 
calls for a long-term societal effort to make en
vironmental and sustainability concerns a cen
tral theme in all education, particularly for en
gineers, economists and business people. If we 
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are to achieve a sustainable future, institutions 
of higher education must provide the aware
ness, knowledge, skills and values that equip 
individuals to pursue life goals in a manner 
that sustains human and non-human well
being. This "retooling" is critical since higher 
education prepares most of the professionals 
who develop, manage, teach in and influence 
society's institutions. 

Several prominent engineering schools are 
making important strides, such as the Georgia 
Institute of Technology making sustainable 
technology a core mission and the Massachu
setts Institute of Technology with its Program 
in Environmental Education and Research 
(PEER). Despite these efforts and those of a 
number of colleges and universities that have 
active environmental studies programs and 
train graduate professionals, education and re
search about the interdependence of, and a sus
tainable relationship between, humans and the 
rest of the environment is not a priority in 
higher education. As David Orr has said, "The 
.crisis of humanity and the biosphere is a crisis 
of mind, perception and heart. It is not a prob
lem in education; it is a problem of educa
tion."13 To date, no engineering school in the 
United States (and quite possibly in the world) 
has made design for the environment, indus
trial ecology, pollution prevention or the rela
tionship of technological development to sus
tainability the cornerstone of engineering 
education. 

Future Engineering Education 
The content of learning must embrace an in
terdisciplinary, systemic approach to address 
environmentally sustainable development 
on local, regional and global scales over 
short, medium and inter-generational time 
periods. 

The context of learning must change to make 
the human/ environment interdependence an 
integral part of normal teaching in all engineer
ing disciplines rather than isolated as a special 
course or module in a program for environ
mental specialists only. Because the environ
ment provides the basis for life and is a major 
determinant of the quality of life, it must be a 
fully integrated and prominent part of all edu
cation. Students must understand that we are 



all an integral part of nature and that we are 
coevolving with all the other species in the bio
sphere. All engineers must learn a number of 
concepts and skills such as: 

• Systems thinking; 
• How the natural world (including hu

mans) evolved and works; 
• The interdependence of humans and the 

environment including the relationship of 
population, consumption, culture, social 
equity, health and the environment; 

• How to assess and minimize the ecologi
cal footprint of human economic activ
ity; 

• Technical, design, scientific and institu
tional strategies and techniques that fos
ter sustainable development, promote en
ergy and natural resource efficiency and 
conservation, mirror natur!ll system re
source use and cycling, remediate envi
ronmental problems, and preserve bio
logical diversity; 

• Social, cultural, legal, market and govern
mental frameworks for guiding sustain
able development; and, 

• Strategies to motivate environmentally 
just and sustainable behavior by indi
viduals and institutions. 

It is important that the educational process in
clude an experiential education component to 
provide students with the opportunity to prac
tice these skills on the campus and in the larger 
community, including in industry and govern
ment. 

Recognizing the need to assist higher educa
tion in making this transition, a small group led 
by Senator John Kerry established Second Na
ture, a non-profit organization located in Bos
ton. Its sole purpose is to increase the capacity 
of higher education to make justice and sus
tainability "second nature" in its learning, re
search, operations and community outreach. In 
its four years of existence, it has provided tech
nical assistance, educational materials and 
helped train over 700 faculty and staff and be
tween 25,000 to 30,000 students in 25 universi
ties across the United States. Its sister organiza
tion, the Consortium for Environmental 
Education in Medicine (CEEM), is providing 

similar services to medical schools in Massa
chusetts, Rhode Island and Texas. Both Second 
Nature and CEEM and four other organiza
tions - Management Institute for Environ
ment and Business, Center for Respect of Life 
and Environment, National Wildlife Campus 
Ecology Program and Association of Univer
sity Leaders for a Sustainable Future - have 
formed an Alliance for Sustainability through 
Higher Education to expand each member 
organization's scope and effectiveness to pro
mote education for sustainability. These ef
forts are important but represent a tiny frac
tion of the effort that is needed to move higher 
education and society on a just and sustain
able path. 

Conclusions 
As a society, we have two choices. First, con
tinue business as usual -promote population 
and rapid economic growth that maximizes 
throughput of materials and energy and then 
head for the new horn of plenty, with no time 
for recycling, efficiency or restoration as the 
cure for all our social, health, political and envi
ronmental problems. Let nature set the limits 
that will come through environmental col
lapse, poverty, malnutrition, social instability 
and war. (One definition of insanity is doing 
the same thing over and over again and expect
ing a different result each time.) 

A second choice is for humans (as the most 
self-aware species that can also learn very 
quickly) to take deliberate individual and col
lective steps to find civilized and cooperative 
ways to live in harmony with each other and 
the rest of nature. Accepting this path means 
respecting, mirroring and living within na
ture's limits, using energy and resources as ef
ficiently as possible, maintaining the integrity 
of the life-support system and helping all peo
ple meet their needs. 

The Chinese character for "crisis" is made up 
of two characters, "danger"+ "opportunity": 

Crisis = Danger + Opportunity 

There is danger ahead but there is also great op
portunity. It is hoped that we, as engineers, are 
up to the challenge to make the best of the op-
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portunity to design the technology that will 
lead us to a sustainable future. 

NOTES - This article was adapted from the 
author's Thomas R. Camp Lecture presentation to 
the Boston Society of Civil Engineers, sponsored by 
the BSCES Environmental Technical Group and 
held on March 31, 1998. The three automotive 
manufacturers that are redesigning vehicles so that 
they can be recycled are Volkswagen, Volvo and 
BMW. The Gillette Company reduced its wastes by 
97 percent in six years. The Dow Company's Louisi
ana Division undertook the thousand projects to 
save energy or reduce waste. Interface adopted the 
"Evergreen Lease" program to lease and recycle car
peting. 
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