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I want to begin by thanking you for invitingme to address this distinguished
group and your focus session on electricity and sustained development.

I was asked to speak on the subject of ‘What do we mean by sustainability
and what factors have the most impact on it?” I am afraid I must admit that
if there is a generally accepted definition of sustainability, at least as applied
to mankind and terrestrial systems, then I am not aware of it. But I expect
you know that, or you would not be having this session.

The subject of sustainability is one that interests us all. In fact, I think that it
fascinates us all because the concept is one to which we can intimately relate.
Sustainability implies eternal life; and throughout history, humankind has
sought, sometimes secretly, sometimes openly, eternal life, if not for ourselves
at least for our progeny.

What I will try to do is (1) briefly discuss some of what has been said about
this topic, (2) propose a definition that I believe is workable, and point out
some of the issues that derive from it, and then (3) suggest what I think we
can all do to ensure the sustainability of the planet. I confess to you at the
outset that I am an optimist on this subject, and a technological optimist at
that. By that I mean that I believe that humans and technology are
inextricably hnked and that technology provides one of the great keys to
helping human beings achieve their goals. I also believe that sustainability is
an achievable goal and that it is not a concept to be feared, either intrinsically
or economically.

As a concept, sustainability owes its origins to biological scientists who early
recognized that biological systems could over time become unstable, that they
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were inextricably linked to the entire system around them, and even to the
systems removed from them, and that over time they could perish because of
events beyond their immediate scope or control. An early definition of
sustainable development that contrasted the need for human societies to
develop economically with their ultimate ability to sustain themselves was
proposed in 1987 by the World Commission on Environment and
Development, known as the Brundtland Commission, in a report entitled Our
Common Future.1 It ssid that sustainability was “development that meets
the needs of the present without compromising the ability of fiture
generations to meet their own needs.” I think we all immediately recognize
that this definition is general enough to snow for a wide range of
interpretations. Forgetting for the moment whether even present development
meets the needs of present populations, different social classes and political
constituencies will likely have different interpretations about who should
bear the responsibility for attaining this goal, let alone about how it should be
accomplished.

Now, on the subject of energy, we are clearly on the verge of great changes in
the world (deregulation, concern for the environment, economic growth,
particularly in Asia where more than 3 billion people, or half the world’s
population, live). I am sure that I do not have to tell this audience that. But
the question is: Is the energy growth that we are witnessing sustainable?
Before I go on, let me remind everyone that the developing world, which now
consumes about 25% of the world’s energy every year, has 80% of the world’s
population and is well on its way to becoming 90%. But the developing world’s
energy needs are growing three to four times faster than those of the
developed world. Few people realize that two years ago China became the
world’s second-largest energy-consuming country (after the United States)
and is now the number three oil-consuming country in the world (after the
United States and Japan).

None of this sounds inherently sustainable. Without going into the details,
suffice it to say that the world will be hard-pressed to meet the demands of
people for energy over the next 50 years unless we use all forms of energy at
our disposal coal, oil and gas, renewable, and nuclear. And this assumes
continued improvements in energy efficiency, where we still have a great deal
of progress to make. (The average energy efficiency for transportation is still
less than 25%.) The really important thing to remember is that there is no
parallel in the past for the changes that will take place in the world over the
next 50 years. This may seem trivial but is important because there is a
fundamental human tendency to “fight the last war.” The last war in this case
was the oil crises of the 1970s. However, because there is no parallel in
human history, we must view the challenges ahead with a fresh perspective
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and not fall victim to the tendency to look at past solutions for future
problems.

Now let me return to the issue of sustsi.nability and what it is. I would
suggest that sustainability not only is, but must be, compatible with the
development of human economies. I say this because I simply do not believe
that the fimdamental desire of people to increase their standard of living will
ever go away. I would submit to you that most people will always strive for
certain basic things once they have satisfied their concerns for food, water,
and shelter. These things are (1) to increase their standard of living (although
I admit that at some point they may not try as hard) and (2), compatible with
a reasonable standard of living, to live in the healthiest environment possible,
which is basically the human desire to live as long as possible. You can argue
that the environment is really part of the standard of living, but I was in
China last week, and it seems to me that, at least there, the two are
separated in time. Clearly, the more nearly the basics of standard of living
(recreation, leisure, excess capital) are taken care of, the more important the
environment becomes. What differentiates the concern for standard of living
and for the environment from the more basic human needs is the time factor.

So when we say sustainable development, we are taking the long-term view
and to take the long-term view, we must understand how the world works-
economically, physically, environmentally, socially, and even militarily in
terms of dynamic interlocking systems. Man is not an island, but we are
dependent on each other and on every other thing around us, especially in the
long term. The long-term view means we are looking beyond the typical time
fixune for a return on an economic investment-in fact, it means letting our
children and their children profit tim our investments. This does not mean
that we leave enough of everything so that our children’s needs can necessarily
be fulillled as well as ours were. Rather it recognizes that time will change
the detitions of those needs and that humans will also improve the ways of
meeting those needs.

Now let me return to the concept of increasing one’s standard of living. To
increase the standards of living of burgeoning populations, we need ample
supplies of the basic elemen~food, water, materials (shelter and trade)-
and of energy. I submit to you that, of these commodities, energy is the only
one that is both necessary and sficient. The others are all necessary but not
sufficient. What do I mean? Except for some isolated populations, there are
abundant examples of countries that have few indigenous resources but that,
when able to secure energy, can increase their standard of living. (The reverse
is also true.) A wondrous thing then happens. Their birth rates stabilize, and
they become concerned about the entionment. So I would suggest that a truly
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sustainable world has a stable population, some might say a static
population, where the standard of living of most inhabitants is good enough
that people worry about things of a longer-term nature, rather than about
where the next meal will come iiom or whether there will be enough children
to care for them in their old age.

This brings me to the next concept—that the conversion of energy to usefd
work or heat demands technology, and I am pleased to report that, despite
reports to the contrary, technology is alive and well. And no technologies are
more alive and well than energy technologies. Just as the world is different
today than it was 50 years ago, it will be different in the fidmre. In fact, it is
likely that the amount of change we have seen in the last 50 years will take
place in the next 20 years or so. We can already see the changes taking
placbfor example, fhel cells that turn fiel into ener~ at conversion rates
that, ifit could be done economically in the United States today, would save
$20 billion a year in fuel costs alone. The technologies now in the laboratory
promise to manufacture a low-cost fuel cell, and I am thinking primarily of
miniaturization technologies. Fuel cells use hydrogen, and we are finding
ways to make hydrogen available economically, particularly when the electric
and gas networks in place today are used to transport the energy to the site
where hydrogen is needed. Hydrogen does cost more, but it returns some of the
cost in greater &iciency and the rest in a cleaner environment.

We will also see the ability to turn dirty fiels into clean ones. I would suggest
that we wiU not waste the abundant coal resources of the world but will turn
them into clean fhel. And we must not forget transportation. One third of U.S.
energy goes into transportation, and that is a good model for the fiture world.
But the fraction will be higher in the warmer parts of the world. I think we are
at the beginning of a revolution that will see 100-mile-per-gallon cars (four
times today’s rates) with the room, range, and performance of todays cars.

Clearly there are diiferent opinions on these matters. The differences involve
such things as the amount of resources we have left and the amount we should
pay to keep the environment clean. On resources, there is a constituency that
feels we are using our resources up. But we know that technology, in effect,
creates more resources by making now-unprofitable resources profitable. The
proof is that the real prices of raw materials, almost without exception, have
steadily fallen in this century, and in fact throughout the last 300 years.

On the issue of the environment, we have steadily made it better inmost of
the world, particularly in the developed world. I think most of humankind is
ready to pay some price to reduce the amount of urban air pollution. The big
debate now is about the introduction of C02 into the atmosphere. But we
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should not approach the possibility of global warming with fear, either for our
energy businesses or for the consequences of global warmin g. Rather we
should set a goal of using energy technologies to improve the future at a
reasonable cost, much as we have done with SOXemissions. For COZwe need
to find a way to use coal and sequester C02. Where do we sequester it? Let
me remind you that the oceans are only 0.2% saturated in COZ, and they could
take much more without any si~cant change. If all of the COZproduced in
the world in a year were to be dissolved in the oceans, it would increase the
concentration of COZby only 0.014V0.That is just one option, and I am only
advocating that we study it. If we want to deal with global warming, we have
many options at our disposal.

Now there is an aspect of sustainability that I haven’t talked about but which
I think lies at the heart of what we mean by it. That aspect is security. Most
of us immediately think of military security when we hear the word, but we
should not forget about social, economic, and environmental security. I would
like to suggest that sustainability is the avoidance of conflict-whether
conflict over resources, over economic benefits, or over environmental issues.
Except for despots and people who are fundamentally insecure, most large
human conflicts have arisen over one or more of these sustainability issues.
(Even then, most of the despots have taken advantage of issues around
resources or economies.)

So we might consider that sustainability is really the stabilization of
population through the increase in their standard of living. And that energy is
the key ingredient by providing the means to increase that standard of living.
The stakes are high. People have high expectations, and the lack of economic
growth can lead to a very unstable situation, just as it did in Germany after
m.

If we accept that technology can provide the means to sustainability, and that
the avoidance of conflict is the goal, then we should all go away agreeing that
we will each work in our own way to minimize the risks of conflict, and that in
energy technology we have the most direct means of providing that. We can be
the leaders who show the world that it can progress and that it can do so in a
sustainable way. In a marvelous book entitled How Many PeopZeCan the
Earth Support? the author, Joel Cohen, said it very well when he titled a
chapter, “People Control the Growth of Human Populations.nz One hundred
and twenty-five years ago my great-grandmother came to this country by
herself at age 16 to improve her standard of living. I think we might ask today
whether it is possible to have a world where no emigration takes place for
that reason, and where populations are sustainable?
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In summary

1. Sustainability is compatible with development.
2. Sustainability implies that we think long-term.
3. Energy is necessary and probably suf%cient to enable sustainabdity.
4. Technology is the key to utilizing energy, yet energy R&D (public and

private) is suffering at a time when we need it most.
5. Everyone’s security (economic, social, and environmental) is at the

heart of sustainability.
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