'_ ‘ ‘ If societies a-century from novi have managed. .
to learn how to live peacefully. modestl‘,{. and -
sustainably. it may be at t2ast pactly because
the advice in this timety book was heeded. , ,

Thom Hartmann, author of The Last Hours of Ancient Sunlight
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FOREWORD

World War, when the oil industry was in its infancy, there was a certain

focus on oil in, for instance, the German pressure in the Middle East. The
French premier of the day commented, “A drop of oil is worth a drop of
blood.” Japan came into the Second World War in order to control Indonesian
oil. Hitler aimed at Baku on the Caspian with a desperate need for oil to
support his war machine, which still relied heavily on horse drawn transport.
The invasion of Kuwait in the second Gulf War had its origins in Kuwait's
action in producing above its agreed OPEC quota, which depressed the price
of oil and therefore seriously reduced Iraq's legitimate revenue. The United
States, its own indigenous production having been in terminal decline for more
than thirty years, has long explicitly stated that access to foreign oil is a vital
national interest justifying military intervention. By the time these words come
into print, such a policy may have been implemented with apocalyptic conse-
quences; at best it will have been only narrowly averted by world opinion.

This remarkable book therefore comes at an opportune time.

It is indeed a remarkable book, bringing deep insight into the state of a
world that has come to rely on cheap oil-based energy, the fundamental driver
of its prosperity and economic growth. Yet, as the author points out, oil is a
fossil fuel, which means that it was formed in the geological past and is con-
sequently subject to depletion. Accordingly, we started running out of oil when
we produced the first barrel. But running out is not the main issue, as the tail
end of production can drag on for a very long time. What matters much more
are the date of the peak and the onset of the decline, which are likely to con-
stitute a historic discontinuity as the growth of the past gives way. It will affect
all aspects of life as we know it since oil is critical for transport, trade and agri-
culture. The world’s population has expanded six-fold during the first half of
the Qil Age. What will it do during the second half?

The book opens with a discussion of energy in general, explaining in lucid
terms, its characteristics and physical laws. It cannot be created or destroyed,
merely transformed. Thus, plants grow by using the energy from the sun to

IT 1S WELL SAID that oil and politics are never far apart. Even during the First
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convert nutrients and minerals in the soil into stalks and leaves, which in turn
provide food for animals. The Laws of Entropy cover the essential balances
that determine the success or failure of every environmental niche. That per-
ception in turn has led to the discipline of ecology where scientists study the
viability of the life systems of the very finite planet on which we live. As the
early dustbowls of America confirmed, every system has its limits: plants can't
grow if the soil has been blown away or the natural aquifers drained dry.

This is, however, sensitive territory, as understandably people prefer not
to hear about natural constraints that intrude on their belief in Man as Master
of His Environment. These limitations even touch on religious doctrine, which
elevates Man to a special status in the eyes of God. The passions of the eco-
warrior may be rightfully raised but ironically prove self-defeating if he is
stereotyped as a crank with sandals and beard. It is refreshing, therefore, to
find the author of this book presenting such a level-headed account, free from
any extreme opinion or bias. He makes a very compelling argument that
should appeal as much to the boardroom as to the passionate environmen-
talist.

Speaking of the boardroom, we learn how relatively recent the corporate
world in which we live actually is. It arose out of the Industrial Revolution of
the 18th century, when we learned to harness energy, first from mill streams
and then later from coal, oil, and gas to manufacture goods and products. This
in turn led to surplus capital that stimulated growth and created new markets.
The saturation of home markets led to overseas empires by Britain, France and
Russia, followed today by US economic hegemony and globalism, driven by
the dollar and backed by unprecedented military might. Capitalism itself has
evolved through the development of unseen financial instruments dominated
by debt and usury, as commercial banks lend money they neither have nor
own in an almost virtual system built on confidence in perpetual growth. All
of this has been achieved in the span of only a few generations: my father was
born before the advent of the automobile and long before the first tractor
ploughed its furrows.

But, as the book explains, empires fall as well as rise, and do so quickly,
with collapse often being triggered by some ecological event. The Roman
Empire crashed when the silver mines in Spain flooded upon reaching the
water table, so there was no money to pay the mercenary troops to defend the
realm. The Rhine froze in 410 AD allowing Aleric the Goth to march south and
sack Rome, bringing to an end an empire that had lasted a thousand years.

Whether we like it or not, we live within a natural environment — and we
ignore its impacts at our peril. Did Darwin get it right when he proclaimed that
evolution was achieved by the survival of the fittest? In fact, the record of life
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on Earth over 500 million years shows how species thrived when they adapted
to environmental niches, but died out when the environment changed, leaving
simpler forms to survive and later branch out to exploit new environments,
only to die out in their turn.

The prime questions posed by this book are precisely these: Will we be
the first species to use our claimed intelligence to reverse our course when we
discover that we have taken a wrong turn in the road? And can we recover
simplicity and an equitable balance with the resources at our disposal? These
questions touch on human diversity and migration. Some communities may
learn to adapt better than others. Will they be able to exploit their advantage?
Or will they rather be swamped by migrants from less adapted places?

Just how close are we to these fundamental changes of direction?
Economists can readily chart trends, but they are hopeless when it comes to
anticipating discontinuities. The unexpected can happen. September 11th may
have been just such a catalyst. As the days pass more questions are asked
about who exactly was responsible and what motive did they have. Was it the
work of an isolated group, or were there sinister forces operating even in the
United States itself as some of the evidence suggests? The jury is out, but these
events may have been symptomatic of unseen deeper tensions, tensions that
are not unrelated to Middle East oil.

The jury is not out however on the issue of our declining oil supply. Even
the CEO of Exxon-Mobil confirms that less than half the oil needed to meet
demand by 2010 can be supplied by present fields, and that as much as a
trillion dollars would be needed to secure it. This is an oblique way of saying
that demand cannot be met. In an equally oblique reference to the depletion
of its principal asset, British Petroleum says that BP now stands for Beyond
Petroleum.

The authorities and powers-that-be are reluctant to grasp the nettle and
come out to say it the way it is, but this book rightly takes the imminent peak
of oil supply as a given, before exploring the other sources of energy that may
come in. It concludes that there are useful substitutes, although none will be
as cheap or convenient as was oil.

In a final chapter, the author makes some eminently sensible recommen-
dations about how to face the social, economic, political, and individual
lifestyle changes that will be imposed upon us. The strength of these recom-
mendations is that they aim at what people may do at a personal level in their
own lives, especially in the United States. This seems eminently sensible be-
cause however corrupted the democratic system has become, the politicians
do ultimately have to depend on popular support. As personal attitudes
change, so eventually will government policies have to change to meet them.

xi
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The key word here is eventually, as there is much truth in the adage that gen-
erals always plan to fight the previous war, as they are the last ones to perceive
the changed circumstances.

The enormous contribution that the author has made in writing this book
is that he gives us the ammunition with which to identify the new challenges
and wrestle victory from defeat. It should be standard reading for governments
everywhere — and is nowhere more desperately needed than in the White
House. It also deserves a place on every household bookshelf and in schools
and colleges. If it captures the interest and imagination of the youth, as it de-
serves to, perhaps, after all, we will have a good future. The United States is
known for the initiative, individuality, ingenuity and enthusiasm of its people.
They can rise to the challenge once they know what it is. This book will tell
them, and tell them in a very clear, unambiguous, well-argued and unemo-
tional fashion.

C. J. Campbell
Former oil executive (FINA)
Founder of the Association for the Study of Peak Oil (ASPO)

County Cork, Ireland
August 2002
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INTRODUCTION

The skylines lit up at dead of night, the air-conditioning systems
cooling empty hotels in the desert, and artificial light in the middle of
the day all bave something both demented and admirable about
them: the mindless luxury of a rich civilization, and yet of a civi-
lization perbaps as scared to see the lights go out as was the hunter in
bis primitive night.

— Jean Baudrillard (1989)

It is evident that the fortunes of the world's buman population, for
better or for worse, are inextricably interrelated with the use that is
made of energy resources.

— M. King Hubbert (1969)

There is no substitute for energy. The whole edifice of modern society
is built upon it ... It is not “just another commodity” but the precon-
dition of all commodities, a basic factor equal with air, water, and
earth.

— E. F. Schumacher (1973)

HE WORLD IS CHANGING before our eyes — dramatically, inevitably, and

irreversibly. The change we are seeing is affecting more people, and

more profoundly, than any that human beings have ever witnessed. 1
am not referring 1o a war or terrorist incident, a stock market crash, or global
warming, but to a more fundamental reality that is driving terrorism, war, eco-
nomic swings, climate change, and more: the discovery and exhaustion of
fossil energy resources.

The core message of this book is that industrial civilization is based on the
consumption of energy resources that are inherently limited in quantity, and
that are about to become scarce. When they do, competition for what remains
will trigger dramatic economic and geopolitical events; in the end, it may be
impossible for even a single nation to sustain industrialism as we have known
it during the twentieth century.
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What comes after industrialism? It could be a world of lower consumption,
lower population, and reduced stress on ecosystems. But the process of getting
there from here will not be easy, even if the world's leaders adopt intelligent
and cooperative stra.=gies — which they have so far shown little willingness
to do. Nevertheless, the end of industrial civilization need not be the end of
the world.

This is a message with such vast implications — and one that so contra-
dicts the reassurances we receive daily from politicians and other cultural
authorities — that it appears, on first hearing, to be absurd. However, in the
chapters that follow I hope to show

e the complete and utter dependency of modern industrial societies on fossil
fuel energy resources as well as the inability of alternatives to fully sub-
stitute for the concentrated, convenient energy source that fossil fuels
provide;

o the vuinerability of industrial societies to economic and political disruption
as a result of even minor reductions in energy resource availability;

e the inevitability of fossil fuel depletion;

o the immediacy of a peak in fossil fuel production, meaning that soon less
will be available with each passing year regardless of how many wild lands
are explored or how many wells are drilled;

o the role of oil in US foreign policy, terrorism and war, and the geopolitics
of the 21st century;

« and hence the necessity of our responding to the coming oil production
peak cooperatively, with compassion and intelligence, in a way that min-
imizes human suffering over the short term while, over the long term,
enabling future generations to develop sustainable, materially modest so-
cieties that affirm the highest and best qualities of human nature.

o f P

1 came to the subject of energy resources out of a passion for ecology and a
decades-long effort to understand what makes human cultures change — an
attempt, that is, (o answer the question, What catses one group of people to live
in air-conditioned skyscrapers and shop at supermarkets, while another genet-
ically similar group lives in bark buts and gathers wild foods?

Introduction

This is a complex problem. There is no single explanation for the process
of cultural change; reasons vary considerably from situation to situation.
However, as many students of the subject eventually conclude, there is one el-
ement in the process that is surprisingly consistent — and that is the role of
energy.

Life itself requires energy. Food is stored energy. Ecosystems organize
themselves to use energy as efficiently as possible. And human societies
expand or contract, invent new technologies or remain static, in response to
available energy supplies. Pay attention to energy, and you can go a long way
toward understanding both ecological systems and human social systems, in-
cluding many of the complexities of economic and political history.

Once I realized this, 1 began to focus my attention on our society's current
| energy situation. Clearly, over the past century or so we have created a way
. of life based on mining and consuming fossil energy resources in vast and in-
creasing quantities. Qur food and transportation systems have become utterly
dependent on growing supplies of oil, natural gas, and coal. Control of those
supplies can therefore determine the economic health and even the survival of
nations. Hence 1 tried to find answers to the following questions: How much
petroleum is left? How much coal, natural gas, and uranium? Will we ever run
out? When? What will happen when we do? How can we best prepare? Will
renewable substitutes — such as wind and solar power — enable industri-
alism to continue in a recognizable form indefinitely?

Important questions, these. But a quick initial survey of available answers
proved to be confusing and frustrating. There are at least four sets of voices
spouting mutuaily contradictory opinions:

o The loudest and most confident voice belongs to conventional free-market
economists, who view energy as merely one priced commodity among
many. Like other commodities, energy resources are subject to market

- forces: temporary shortages serve to raise prices, which in turn stimulates
more production or the discovery of substitutes. Thus the more energy we

g use, the more we’ll have! Economics Nobel laureate Robert Solow has

gone so far as to say that, ultimately, “ ... the world can, in effect, get along

i without natural resources.” Economists like him have a happy, cornu-

copian view of our energy future. If an energy crisis appears, it will be a

temporary one caused by “market imperfections” resulting from gov-

ernment regulation. Solutions will come from the market's natural
responsc to price signals if those signals do not get obscured by price caps
and other forms of regulatory interference.
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e A more strident voice issues from environmental activists, who are worried
about the buildup of greenhouse gases in the atmosphere and about
various forms of hydrocarbon-based pollution in air, water, and soil. For
the most part, ecologists and eco-activists are relatively unconcerned with
high energy prices and petroleum resource depletion ~— which, they
assume, will occur too late to prevent serious environmental damage from
global warming. Their message: Conserve and switch to renewables for the
sake of the environment and our children’s and grandchildren’s welfare.

e A third and even more sobering collective voice belongs to an informal
group of retired and independent petroleum geologists. This is a voice that
is so attenuated in the public debate about energy that I was completely
unaware of its existence until [ began systematically to research the issues.
The petroleum geologists have nothing but contempt for economists who,
by reducing all resources to dollar prices, effectively obscure real and im-
portant physical distinctions. According to the petroleum geologists, this is
arrant and dangerous nonsense. Petroleum will run out. Moreover, it will
do so much sooner than the economists assume — and substitutes will not
be easy to find. The environmentalists, who for the most part accept econ-
omists’ estimates of petroleum reserves, are, according to the geologists,
both right and wrong: we should indeed be switching to renewable alter-
natives, but because the renewables cannot fully replicate the energy
characteristics of fossil fuels and because decades will be required for their
full development, a Golden Age of plentiful energy from renewable
sources is simply not in the cards. Society must engage in a crash program
of truly radical conservation if we are to avoid economic and humanitarian
catastrophe as industrialism comes to its inevitable end.

¢ Finally, there is the voice that really matters: that of politicians, who ac-
tually set energy policy. Most politicians tend to believe the economists
because the latter's cornucopian message is the most agreeable one —
after all, no politician wants to be the bearer of the awful news that our
energy-guzzling way of life is waning. However, unlike economists, politi-
cians cannot simply explain immediate or projected energy constraints
away as a temporary inconvenience. They have to deal with con-
stituents — voters — who want good news and quick solutions. When
office holders are forced to acknowledge the reality of an impending
energy crisis, they naturally tend to propose solutions appropriate to their
constituency and their political philosophy, and they predictably tend to
blame on their political opponents whatever symptoms of the crisis cannot
be ignored. Those on the political Left usually favor price caps on ¢nergy

Introduction

and subsidies to low-income rate payers; they blame price-gouging cor-
porations for blackouts and high prices. Those on the political Right favor
“free-market” solutions (which often entail subsidies to oil companies and
privately owned utilities) and say that shortages are due to environmental
regulations that prevent companies from further exploration and drilling.

Personally, | have long supported the program of renewable energy alter-
natives that eco-activists advocate. 1 still believe in that program, now more
than ever. However, after studying the data and interviewing experts, [ have
concluded that, of the four groups described above, the retired and inde-
pendent petroleum geologists are probably giving us the most useful factual
information. Theirs is a long-range view based on physical reality. But their
voice is the hardest 1o hear because, while they have undeniable expertise,
there are no powerful institutions helping them spread their message. In this
book, the reader will find the geologists’ voices prominently represented.

P P &

As should be obvious from the title of this book, I am choosing to emphasize
the bad news that we are approaching the first stages of an energy crisis that
will not easily be solved and that will have a profound and permanent impact
on our way of life. There is also good news to be conveyed: it is possible that,
in the post-petroleum world, humankind will discover a way of living that is
more psychologically fulfilling as well as more ecologically sustainable than
the one we have known during the industrial age. However, unless we are willing
to hear and accept the bad news first, the good news may never materialize.
Many books published during the past few decades have pleaded with us
to reduce our non-renewable energy usage for a variety of reasons — to lessen
the_greenhousc effect and environmental pollution, to halt the destruction of
local communities and cultures, or to preserve human health and sanity.
Though I agree with those prescriptions, this is not another such book. Until
now, humankind has at least theoretically had a choice regarding the use of
fossil fuels — whether to use constantly more and suffer the long-term conse-
quences or to conserve and thus forgo immediate profits and industrial growth,
The message here is that we are about to enter a new erq in which each year,
less net energy will be available to bumankind, regardless of our e¢fforts or
choices. The only significant choice we will have will be how to adjust to this
new regime. That choice — not whether, but how to reduce energy usage and
make a transition to renewable alternatives — will have profound ethical and

5
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political implications. But we will not be in a position to navigate wisely
through these rapids of cultural change if we are still living with the mistaken
belief that we are somehow entitled to endless energy and that, if there is sud-
denly less to go around, it must be because “they” (the Arabs, the Venezuelans,
the Canadians, the environmentalists, the oil companies, the politicians, take
your pick) are keeping it from us.

Industrial societies have been flourishing for roughly 150 years now, using
fossil energy resources to build far-flung trade empires, to fuel the invention
of spectacular new technologies, and to fund a way of life that is opulent and
fast-paced. It is as if part of the human race has been given a sudden windfall
of wealth and decided to spend that wealth by throwing an extravagant party.
The party has not been without its discontents or costs. From time to time, a
lone voice issuing from here or there has called for the party to quiet down or
cease altogether. The partiers have paid no attention. But soon the party itself
will be a fading memory — not because anyone decided to heed the voice of
moderation, but because the wine and food are gone and the harsh light of
morning has come.

LB I

Here is a brief tour of the book’s contents:

Chapter 1 is a general discussion of energy in nature and human societies.
In it we see just how central a role energy has played in the past and why it
will shape the fates of nations in the decades ahead. This chapter is a brief
guided trip through the fields of ecology, cultural anthropology, and history,
with energy as our tour guide.

Chapter 2 traces the history of the industrial era — the historic interval of
cheap energy — from the Europeans’ first use of coal in the 12th century to
the 20th-century miracles of petroleum and electricity with their cascading
streams of inventions and conveniences.

Chapter 3 is in many respects the informational core of the book. In it we
will learn to assess oil resources and review estimates of current reserves and
extraction rates. Many readers may find the information in this chapter unfa-
miliar and disturbing since it conflicts with what we freqiently hear from
economists and politicians. Among other things, we will explore the question,
Why do the petroleum-reserve estimates of independent geologisis diverge so far
JSrom those of governmental agencies like the US Geological Survey?

Introduction

Chapter 4 explores the available alternatives to oil: from coal and natural
gas to solar power, wind, and hydrogen, including cold fusion and “fringe”
free-energy devices.

Chapter 5 discusses the meaning and the implications of the approaching
peak in fossil-fuel production. We will explore the connections between pe-
troleum dependence, world food systems, and the global economy. We will
also examine the global strategic competition for dwindling petroleum re-
sources and attempt to predict the flashpoints for possible resource wars.

Finally, Chapter 6 addresses the vital question: What can we do? — indi-
vidually, as communities, as a nation, and globally. In this chapter we will
explore solutions, from the simple practical steps any of us can take to policy
recommendations for world leaders. As we will see, humankind now must
decide whether to respond to resource shortages with bitter competition or
with a spirit of cooperation. We will face this decision at all levels of so-
ciety — from the family and neighborhood to the global arena of nations and
cultures.



The life contest is primarily a competition for available energy.
— Ludwig Boltzman (1886)

Other factors remaining constant, culture evolves as the amount of
energy harnessed per capita per year is increased, or as the efficiency
of the instrumental means of putting the energy to work is increased.
We may now sketch the bistory of cultural development from this

standpoint.
— Leslie White (1949)

{T7he ability to control energy, whetber it be making wood fires or
building power plants, is a prerequisite for civilization.
— lIsaac Asimov (1991)

E LIVE IN A UNIVERSE pulsing with energy; however, only a limited

amount of that energy is available for our use. We humans have re-

cently discovered a temporary energy subsidy in the forms of coal,

oil, and natural gas, and that momentary energy bonanza has fueled the cre-

ation of modern industrial societies. We tend to take that subsidy for granted,

but can no longer afford to do so. Emerging circumstances will require us to

think much more clearly, critically, and contextually about energy than we
have ever done before.

In this chapter we will first review some basic facts about energy and the

ways in which nature and human societies function in relation to it. We will

follow this discussion of principles with an exploration of the history of the

9
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United States’ rise to global power, showing the central role of energy re-
sources in that process.

The first section below includes information that may already be familiar
to many readers from high-school or college courses in physics, chemistry, and
biology. I begin with this material because it is absolutely essential to the un-
derstanding of all that follows throughout the book. Have patience. We will
soon arrive in new (and disturbing) intellectual territory.

Energy and Earth: The Rules of the Game

Few understand exactly what energy is. And yet we know that it exists; indeed,
without it, rothing would exist.

We commonly use the word energy in at least two ways. A literary or
music critic might say that a particular poem or performance has energy,
meaning that it has a dynamic quality. Similarly, we might remark that a puppy
or a toddler has a lot of energy. In those cases we would be using the term in-
tuitively, impressionistically, even mystically — though not incorrectly.
Physicists and engineers use the word to more practical effect. They have
found ways to measure energy quite precisely in terms of ergs, watts, calories,
and joules. Still, physicists have no more insight into energy’s ultimate essence
than do poets or philosophers. They therefore define energy not in terms of
what it is, but by what it does: as “the ability to do work” or “the capacity to
move or change matter.” It is this quantifiable meaning of the term energy that
concerns us in this book. Though we are considering something inherently
elusive (we cannot, after all, hold a jar of pure energy in our hands or describe
its shape or color), energy is nevertheless a demonstrable reality. Without
energy, nothing happens.

In the 19th century, physicists formulated two fundamental laws of energy
that appear to be true for all times and places. These are commonly known as
the First and Second Laws of Thermodynamics. The first, known as the
Conservation Law, states that energy cannot be created or destroyed, only
transformed. However, energy is never actually “transformed” in the sense that
its fundamental nature is changed. It is more accurate to think of energy as a
singular reality that manifests itself in various forms — nuclear, mechanical,
chemical, thermal, electromagnetic, and gravitational — which can be con-
verted from one to another.

The Second Law of Thermodynamics states that whenever energy is con-
verted from one form to another, at least some of it is dissipated, typically as
heat. Though that dissipated energy still exists, it is now diffuse and scattered,
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and thus less available. If we could gather it up and re-concentrate it, it could
still work for us; but the act of re-concentrating it would itself require more
energy. Thus, in effect, available energy is always being lost. The Second Law
is known as the law of entropy — a term coined by the German physicist
Rudolf Clausius in 1868 as a measure of the amount of energy no longer prac-
tically capable of conversion into work. The Second Law tells us that the
entropy within an isolated system inevitably increases over time. Since it takes
work to create and maintain order within a system, the entropy law tells us
that, in the battle between order and chaos, it is chaos that ultimately will win.

It is easy to think of examples of entropy. Anyone who makes the effort
to keep a house clean or who tries keeping an old car repaired and on the
road knows about entropy. It takes work — thus energy — to keep chaos at
bay. However, it is also easy to think of examples in which order seems natu-
rally to increase. Living things are incredibly complex, and they manage not
only to maintain themselves but to produce offspring as well; technological
gadgets (such as computers) are always becoming more sophisticated and ca-
pable; and human societies seem to become larger, more complex, and more
powerful over time. These phenomena all appear to violate the law of entropy.
The key to seeing why they actually don't lies in the study of systems.

The Second Law states that it is the entropy in an isolated system that will
always increase. An isolated system is one that exchanges no energy or matter
with its environment. The only truly isolated system that we know of is the
universe. But there are two other possible types of energy systems: closed
systems (they exchange energy with their environment, but not matter) and
open systems (they exchange both energy and matter with their environment).
The Earth is, for the most part, a closed system: it receives energy from the Sun
and re-radiates much of that energy back out into space; however, aside from
the absorption of an occasional asteroid or comet fragment, the Earth ex-
changes comparatively little matter with its cosmic environment. Living
organisms, on the other hand, are examples of open systems: they constantly
receive both energy and matter from their environment, and also give off both
energy and matter.

It is because living things are open systems, with energy and matter con-
tinually flowing through them, that they can afford to create and sustain
order. Take away their sources of usable energy or matter, and they soon die
and begin to disintegrate. This is also true of human societies and tech-
nologies: they are open systems that depend upon the flow of energy and
matter to create temporary islands of order. Take away a society’s cnergy
sources, and “progress” — advances in technology and the growth of
complex institutions — quickly ceases. Living systems can increase their level
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of order and complexity by increasing their energy flow-through; but by
doing so, they also inevitably increase the entropy within the larger system
of which they are a part.

Matter is capable of storing energy through its chemical order and com-
plexity. This stored energy can be released through chemical processes, such
as combustion or, in the case of living things, digestion. Materials that store
energy are called fuels.

The law of entropy holds true for matter as well as for energy. When
energy is dissipated, the result is called beat death. When matter is eroded or
degraded, the result is called matter chaos. In both cases, the result is a ran-
domization that makes both matter and energy less available and useful.

In past decades, a simplistic understanding of entropy led many scientists
to conclude that order is an anomaly in the universe — a belief that made it
difficult to explain how biological evolution has proceeded from the simple to
the complex, from bacteria to baleen whales. In recent years, more sophisti-
cated understandings have developed, centered mostly around chaos theory
and ilya Prigogine’s theory of dissipative structures. Now it is known that, even
within apparently chaotic systems, deeper forms of order may lurk. However,
none of these advances in the understanding of living systems and the nature
of entropy circumvents the First or Second Laws of Thermodynamics. Order
always has an energy cost.

Because the Earth is a closed system, its matter is subject to entropy and
is thus continually being degraded. Even though the planet constantly receives
energy from its environment, and even though the ecosystems within it recycle
materials as efficiently as they can, useful concentrations of matter (such as
metal ores) are always being dispersed and made unusable.

On Earth, nearly all the energy available to fuel life comes from the Sun.
There are a very few exceptions; for example, oceanographers have dis-
covered organisms living deep in ocean trenches, thriving on heat emanating
from the Earth’s core. But when we consider the energy flows that support the
biosphere as a whole, sources originating within the planet itself are trivial.

The Sun continually gives off an almost unimaginable amount of energy
— the equivalent of roughly 100 billion hydrogen bombs going off each
second — radiating it in all directions into space. The Earth, 93 million miles
away, is a comparatively tiny target for that energy, receiving only an infini-
tesimal fraction of what our local star radiates. Still, in terms that concern us,
that's plenty: our planet is constantly bathed in 1,372 watts of sunlight energy
per square meter. The total influx of solar energy to the Earth is more than
10,000 times the total amount of e¢nergy humankind presently derives from
fossil fuels, hydro power, and nuclear power combined. The relative vastness
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of this solar-energy influx as compared with society's energy needs might
suggest that humans will never face a true energy shortage. But only some of
this solar energy is actually available for our use: much is re-radiated into space
(30 percent are immediately reflected from clouds and ice), and nearly all of
the rest is already doing important work, such as driving the weather by
heating the atmosphere and oceans and fueling life throughout the biosphere.

Some organisms — green plants, including algae and phytoplankton —
are able to take in energy directly from sunlight. Biologists call these organisms
producers, or autotropbs (“self-feeders”), because they make their own food
from inorganic compounds in their environments.! Producers trap solar energy
through photosynthesis, a process in which chlorophyll molecules convert
sunlight into chemical energy. Most of us tend to assume that green plants are
mostly made up of materials from the soil drawn up through the plants’ roots.
This is only partly true: plants do require minerals from the soil, but most of
their mass is actually derived from air, water and sunlight, via photosynthesis.
Hundreds of chemical changes are involved in this process, the results of
which can be summarized as follows:

+  solor energy -~ glucose +  oxygen
+ solar energy - GHyo0 + 60,

corbon dioxide + waler
6(01 + 6"20

Glucose — a sugar, or carbohydrate — serves as food for plants and can
be converted into materials from which the plants build their tissues. Plants
absorb only about half of the solar energy that falls on them; of that, they are
able to convert only about one to five percent into chemical energy. Still, even
at this low level of efficiency, photosynthetic organisms each year capture a
lile more than twice the total amount of energy used annually by human
beings. (Interestingly, however, within the US, the total amount of energy cap-
tured in photosynthesis amounts to only about half of the energy used by
humans.)

All nonproducing organisms are classifiable as consumers, or beterotrophs
(“other-feeders™. By digesting glucose and other complex organic compounds
that were produced through photosynthesis, consumers absorb the energy pre-
viously locked into chemical order by green plants. In the process, they
produce waste — less-ordered material — which they excrete into the en-
vironment. In effect, consumers feed on order and excrete chaos in order to
survive. All animals are consumers.

There are several categories of consumers: berbivores, which eat plants;
carnivores, which eat other consumers (primary carnivores eat herbivores, sec-
ondary carnivores eat other carnivores, and tertiary carnivores eat carnivores
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and with no predators to limit its numbers. In such instances, the species be-
comes an invader or colonizer and can compete directly with indigenous
species. Most Americans are familiar with Scotch broom, starlings, and kudzu
all of which are successful, persistent, and profuse colonizers.

Many colonizing species are parasites or disease-causing organisms: bac-
teria, protozoa, or viruses. When such organisms initially invade a host species,
they are often especially virulent because the host has not yet developed the
proper antibodies to ward off infection. But the death of the host is no more
in the interest of the microbe than it is in the interest of the host itself since
the former is dependent on the latter for food and habitat. Thus, over time,
disease organisms and their hosts typically co-evolve, so that diseases which
initially were fatal eventually become relatively innocuous childhood diseases
like measles, mumps, or chickenpox.

Not all feedback loops create balance, however; in reinforcing feedback
loops, change in one direction causes more change in the same direction. A
technological example would be a microphone held too close to the speaker
of the amplifier to which it is attached. The microphone picks up sound
coming from the speaker, then feeds it back to the amplifier, which amplifies
the sound and sends it back through the speaker, and so on. The result is a
loud, unpleasant squeal.

Colonizing species sometimes create reinforcing feedback loops within
natural systems. While population levels among species in climax ecosystems
are relatively balanced and stable, populations in disturbed or colonized
ecosystems go through dramatic swings. When there is lots of food-energy
available to the colonizing species, its population bicoms. Suppose the or-
ganism in question is the rabbit, and the environment is Australia — a place
previously devoid of rabbits, where there is plenty of foed and no natural
predator capable of restraining rabbit population growth. Each rabbit adds (on
average) ten new baby rabbits to the population. This means that if we began
with ten rabbits, we will scon have 110. Each of these adds ten more, and
before we know it, we have 1,210 rabbits. More rabbits cause more babies,
which cause more rabbits, which cause more babies.

Obviously, this cannot go on forever. The food supply for the rabbits is ul-
timately limited, and eventually there will be more rabbits than there is food
to support them. Over the long term, a balance will be struck between rabbits
and food. However, that balance may take a while to be achieved. The mo-
mentum of population increase may lead the rabbits to overshoot their carrying

capacity. The likelihood of overshoot is increased by the fact that the envi-
ronment's carrying capacity for rabbits is not static. Since the proliferating
rabbits may eat available vegetation at a faster rate than it can naturally be re-
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generated, the rabbits may actually reduce their environment's rabbit-carrying
capacity even as their numbers are still increasing. If this occurs, the rabbit
population will not simply gradually diminish until balance is achieved; in-
stead, it will rapidly crash — that is, the rabbits will die off.

At this point, depending on how seriously the rabbits have altered their
environment’s carrying capacity, they will either adapt or die out altogether. If
they have not eaten available food plants to the point that those plants can no
longer survive and reproduce, the rabbit population will stabilize at a lower
level. For a time, population levels will undergo more seasonal swings of
bloom, overshoot, and die-off as food plants recover and are again eaten back.
Typically, those swings will slowly diminish as a balance is achieved and as
the rabbits become incorporated into the ecosystem. This is, in fact, what has
begun to happen in Australia since the introduction of rabbits by Europeans in
1859. However, if the rabbits were ever to eat food plants to the point of total
elimination, they would reduce the rabbit-carrying capacity of their envi-
ronment to zero. At that point, the rabbits would die out altogether.

Since successful invaders change their environments, usually overpopu-
lating their surroundings and overshooting their ecosystem’s carrying capacity,
colonized ecosystems are typically characterized by reduced diversity and in-
creased energy flow-through. As colonizers proliferate, energy that would
ordinarily be intercepted by other organisms and passed on through the food
web goes unused. But this is always a temporary state of affairs: living systems
don't like to see energy go to waste, and sooner or later some species will
evolve or arrive on the scene to use whatever energy is available.

These are the rules of the game with regard to energy and life: energy sup-
plies are always limited; there is no free ride. In the long run, it is in every
species’ interest to learn to use energy frugally. Competition, though it certainly
exists in Nature, is temporary and limited; Nature prefers stable arrangements
that entail self-limitation, recycling, and cooperation. Energy subsidies (re-
sulting from the disturbance of existing environments or the colonization of
new ones) and the ensuing population blooms provide giddy moments of ex-
travagance for some species, but crashes and die-offs usually follow. Balance
eventually returns.

Social Leveraging Strategies: How to Gain an Energy Subsidy

We don't often tend to think about the social sciences (history, economics, and
politics) as subcategories of ecology. But since people are organisms, it is ap-
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THE PARTY'S OVER

a good many of the events of human history can be seen as efforts to im-
plement [this principlel .... Progress in transport technology, together with
advancements in the organization of commerce, often achieved only after
conquest or political consolidation, have had the effect of enlarging the
world’s human carrying capacity by enabling more and more local popu-
lations (or their lifestyles) 1o be limited not by local scarcity, but by
abundance at a distance.l?

Local or regional catastrophes — famines, earthquakes, floods, droughits,
plagues, etc. — have always been part of the human experience. With scope
enlargement, their effects can be somewhat mitigated, as when aid is trucked
or flown into a region experiencing famine. However, local populations then
tend to become increasingly dependent on the system of trade and transport
that connects them. If that system were itself ever to be threatened, many or
all of the regions it encompasses would suddenly be put at risk.

In the past few decades, the strategy of scope enlargement has reached its
logical culmination in a world system of trade and transport known as global-
ization. We who today live in industrialized countries are the ultimate heirs of
the millennia-long process of scope enlargement. We have become globalized
humans, daily eating foods grown hundreds or thousands of miles away, filling
our cars with gasoline that may have originated in oil wells on the other side
of the planet.

Drawdown

The fifth and final strategy that humans have used to increase their envi-
ronment's carrying capacity is to find and draw down nature’s stocks of
nonrenewable energy resources: coal, oil, natural gas, and uranium. This
strategy can only be pursued once societies are near the point of being able
to invent, and produce in quantity, sophisticated Class D tools,

Drawdown dramatically improved the rates of return from the previous
four strategies. It permitted

» the intensification of agriculture, with chemical fentilizers, pesticides, and
herbicides increasing yields per acre, and with acreages devoted to the
growing of food for humans increasing as a resuit of draft animals being
replaced by tractors;

« the invention and utlization of a vast array of new tools that use energy
more intensively;

e the development of more social roles and occupations based on spe-
cialized tool usage; and

Energy, Nature and Society

* the rapid acceleration of transportation and trade.

Drawdown has been by far the most successful of the five strategies at in-
creasing the human carrying capacity of the planet, and the degree of that
success can be gauged in a single statistic, namely that of the world popu-
lation growth since the beginning of the industrial revolution. The human
population did not reach one billion until about 1820; in the less than two
centuries since then, it has increased six-fold. This is a rate of growth un-
precedented in human history.

The exploitation of energy-bearing minerals created so much new car-
rying capacity, and so quickly, that much of that new capacity could be
translated into increased wealth and a higher standard of living for a small but
significant portion of the world's population. Previously, a parasitic increase
of the standard of living for a wealthy few (kings, nobles, and lords) nearly
always entailed a lessening of the standard of living of far more numerous
serfs and peasants. Now, with power being liberated from fossil fuels, so
much energy was available that the standard of living could be improved for
large numbers of people, at least to a certain extent. Even though the majority
of the world's population shared but little in this bonanza and continued to
be exploited for cheap labor via takeover and specialization, virtually
everyone shared in the expectation that the benefits of fuel-fed industrialism
could eventually be spread to all. This expectation led in turn to a partial re-
laxation of the class-based social tensions that had plagued complex societies
since their beginnings.

Americans, more than the people of any other region, have learned to take
high-energy living standards for granted. In order to gain some perspective on
this accustomed standard, it might be helpful to perform a little experiment.
Try running up three flights of stairs in twenty seconds. If you weigh 150
pounds and the three flights go up forty feet, you will have done 6,000 foot-
pounds of work in twenty seconds, or 300 foot-pounds per second. One
horsepower equals 550 foot-pounds per second; therefore, you will have just
generated a little over half a horsepower. But no one could sustain such a burst
of muscle-energy all day long. The average sustained human power output is
roughly one-twentieth of a horsepower.
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figure 1. World oil production from 1600 to 2200, history and projection, in milfons of
barels per ysor (Source: C. J. Camphell
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Figure 2. World population fram 1600 to 2200, history end projection, assuming impects
from oil depletion, in milions (Source: C. J. Compbell

This exercise is useful (even if performed only in imagination) in com-
paring human power with the power of the machines that maintain our
modern way of life. Suppose human beings were powering a generator con-
nected to one 150-watt light bulb. It would take five people's continuous work
to keep the light burning. A 100-horsepower automobile cruising down the
highway does the work of 2000 people. If we were to add together the power
of all of the fuel-fed machines that we rely on to light and heat our homes,
transport us, and otherwise keep us in the style to which we have become ac-
customed, and then compare that total with the amount of power that can be
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generated by the human body, we would find that each of us Americans has
the equivalent of over 50 “energy slaves” working for us 24 hours each day. In
energy terms, each middle-class American is living a lifestyle so lavish as to
make nearly any sultan or potentate in history swoon with envy.18

But if the payoffs of the drawdown strategy are spectacular, so are its
dangers and liabilities. The latter can be grouped into three broad categories:
environmental degradation, climate change, and increasing human de-
pendency on a “phantom” carrying capacity.

Pollution was the first drawback of fossil fuel use to make itself apparent.
Of course, pollution was hardly unknown before fossil fuels —it was apparent
in the smoke of wood fires blackening winter skies over medieval cities, the
horse manure clogging the streets of 19th-century London and New York, and
the tailings from mines ruining surrounding land and water throughout most
of the civilized world since the dawn of civilization itself. But with the advent
of the petrochemical industry, the toxic load on the environment has increased
dramatically and quickly. Over the course of a few decades, chemical engi-
neers synthesized tens of thousands of new, complex organic compounds for
a wide variety of purposes. Few of these chemicals were safety-tested; of those
that were, many turned out to have toxic effects on humans or other or-
ganisms. The undesirable consequences of the spread of these chemicals into
the environment were sometimes dramatic, with rates of respiratory ailments
and cancers soaring, and at other times more subtle, with estrogen-mimicking
chemicals disrupting reproductive processes in fish, birds, amphibians, and
mammals, including humans.1?

The second danger of the drawdown method, which has more recently
begun to make itself known, is climate change resulting from the global accu-
mulation of greenhouse gases. The world’s oil and coal fields represent vast
stores of carbon that have been sequestered under the Earth’s surface for hun-
dreds of millions of years. With the advent of the industrial revolution, as these
stores. of carbon began to be mined and burned at an increasing rate, that
carbon was released into the atmosphere as carbon dioxide (CO5). There is
strong evidence to suggest that elevated levels of carbon dioxide trap heat in
the global atmosphere, creating a greenhouse effect that gradually warms the
planet. Climate records derived from Greenland ice cores indicate a very close
correlation between atmospheric carbon dioxide concentrations and global
temperatures. Around the beginning of the 20th century, both CO, concentra-
tions and global temperature began perceptibly to rise. For the previous 10,000
years, the amount of carbon in our atmosphere had remained constant at 280
parts per million. By 1998, that amount had increased to 360 ppm and was pro-
jected to increase to 560 ppm by the middle of the cumrent century. Climate
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THE ParTY's OVER

Tainter's discussion of the Western Chou Empire,. t‘he Hafapp;n
Civilization, Mesopotamia, the Egyptian Old Kingdom, .the Hittite Emplr:’t e
Classic Mayan civilization, and others yields a similarly tight fit between theory

istorical data,

e \})\l'/i:l);ialcivilization from the Middle Ages to the present illus.tr:}tes.me
theory in a somewhat different way. Rather than growing and dech;u'ngt :V 2
simple curve, Western civilization has recovered and undergon.e at leas r
even greater growth surges due to its ability to find aqd EXPIO'l[ newd‘ene gg
subsidies at critical moments. The takeover of the Americas, Africa, India, an
the Pacific Islands offered subsidies ranging from slave la}bor 10 new sources
of metal ores and timber. The expansion of the Euro-Amer‘lcan culfural and' pcl)-
litical influence that these new resources enabled, while I{npressnve, prob‘ap y
could not have been sustained through the 20th centu_ry in the face of rising
costs (e.g., for the maintenance of colonial admlrflstranons) and declining re-
turns, had it not been for the discovery of fossil fuels, the greatest Ieze;gly
subsidy ever known. This discovery, as we have already seen,.enab(.: ’ e
transformation of civilization itself into a form never beforg seen:. industria 1§m.

The returns on early investments in drawdown and industrial prodl.xcugn

were staggering. Costs were extraordinary as well, but they could easily be

borne. As Tainter puts i,

with subsidies of inexpensive fossil fuels, for a long time n‘mny cc.)m.sc-
quences of industrialism effectively did not mult(?r. lndusm.al societies
could afford them. When energy costs are met casily and painlessly, th.e
benefit/cost ratio of social investments can be substantially ignored. @as it
has been in contemporary industrial agriculture). Fossil fuels made mc‘lus-
trialism, and all that flowed from it (such as science, transportation,
medicine, employment, consumerisin, high-technology war,. and conlem-
porary political organization) a system of problem solving that was
sustainable for several generations.26

This does not mean, however, that industrial civilization is immune to the
law of diminishing returns. Tainter cites statistics indicatin?; that alread.y there
have been steep reductions in returns on increasing US l.nve.sFmenls in edu-
cation, military hardware, information processing, and sc;entnﬁc reseafch‘. ‘As
we will see in more detail in Chapter 3, the drawdown of qusﬂ f‘uc':ls is nbel.f
subject to the law of diminishing returns. Early investments in drflhng'lf}).r lodxl
yielded fabulous returns. But most of the largest and most‘ productive of ie s
were discovered within a century of the drilling of the first commercial welk
rates of discovery peaked in the 1960s. And so, over time, the amount of
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energy that must be expended to find and extract each barrel of oil, or to mine
each ton of coal, increases.

Tainter ends his book by drawing the following sobering conclusion:
“However much we like to think of ourselves as something special in world

history, in fact industrial societies are subject to the same principles that caused
earlier societies to collapse.”27

Applied Socio-Ecohistory: Explaining the American Success Story

So far in this chapter we have explored some of the basic energy principles at
work in natural systems and human societies. In order to better illustrate these
principles (and especially those discussed in the last two sections), let us use
what we have learned to address a specific question that could add importanty
to our understanding of global energy resource usage over the past two cen-
turies: Why is the United States of America currently the wealthiest and most
powerful nation in the history of the world?

Often this question is addressed through a discussion of ideas, personal-
ities, and unique historical occurrences. We have all learned the names of early
explorers, inventors, and politicians; we have been taught the importance of
the American system of government, with its guarantees of freedoms and
rights; and we have memorized the dates of important wars and other political
events in US history. These are all of course essential to any explanation of US
ascendancy. However, let us take an approach that focuses on energy and
tackle the following question: To what extent does America owe its prominent
position in the world to energy resources and its people’s ability to exploit
them?

Such a discussion must begin with geology and geography. The North
American continent, which Europeans began to explore and claim in the early
16th century, was a place of extraordinary biotic and mineral abundance. Early
Spanish conquistadors found vast forests, animals for food and fur, fertile
farmiand, fresh water, iron, copper, silver, and gold — all in far greater quan-
tities than existed in Europe. Eventually, the colonists’ descendants also found
an abundance of coal and petroleum. These energy resources proved to be es-
pecially valuable because they enabled the more intensive extraction and use
of all other resources.

When Europeans first arrived in the New World, there were already other
humans present. Why hadn't Native Americans taken more advantage of all
these resources? Why was it not they who became world conquerors, sailing

to Europe to claim it as a possession of the Troquois, the Seminole, or the
Lakota?
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THE PaRTY's OVER

OSSIL FUELS HAVE PROVIDED HUMANKIND with a source of energy so abundant
and cheap that, in our rush to take advantage of them: we have utte‘rly
transformed our societies and our personal lives. This trans'formanon
has been so profound as to compare with the agricultural revolution of ten
thousand years ago. However, that earlier development ‘was, by compansor?,
an event in slow motion, requiring centuries to unfold in Fhe areas where it
originated, and millennia to reach most other inhabited regnon§ of' the platr;e,t.
By contrast, fossil-fueled industrialism has swept the world in 2 mere two
d years. .
hum}i;iestoz"ians are accustomed to speaking of the “Old Stone Age,"' the Ne.w
Stone Age,” the “Bronze Age,” or the “lron Age".as a way “of dfnptmg certain
periods by their characteristic technological regimes. An “age m‘thxks1 sense
may last tens of thousands of years, as did the Old S}one Age, or, ll:l the c:lxs;:
of the Bronze Age, only a millennium or so. The period of t'lrr{e during whic
humans will have discovered petroleum, reshaped their sogenes to make use
of it, and then exhausted nature’s supply promises to last lmle‘ more than m"o
centuries in total. This period of overwhelming transformauvc” change ‘has
sometimes been called the “Petroleum Era" or the “Industrial {\ge. b“ut, in view
of its relative brevity, it may be more appropriate to call it the “Petroleum
Interval” or the “Industrial Bubble." ‘ '

This recent fossil-fuel-based explosion of human population an'd invention,
though in many ways unprecedented in history, shares some basic ‘characl;ter-
istics with previous socio-technic transformations. Most great socio-technic
revolutions begin out of necessity. When circumst:ma.fs are coFxxfonable',
people tend to prefer doing things in old, familiar way's. I.t is when .thmgsl:%regt
going well — that is, during times of an energy deﬁ'cn, in any of us‘ multitude
of forms — that humans are most willing to experiment. But, ha\.'mg solved
their immediate problems through some technical or social innovation, people
often find that their new strategy has liberated more energy than was actually
needed. Then, in developing ways to fully implement the new strategy and to
take advantage of a sudden and unexpected energy abL{ndance. they reshape
their society, which typically grows in size and complexity. '

The agricultural revolution illustrates this principle. Much evidence sug-
gests that humans took up horticulture and then agrif:ull}xrc at least partly out
of necessity; as anthropologist Marvin Harris has put it, “it ‘scems c]ear.that the
extinction of the Pleistocene megafauna triggered the shift to an angCl'jlrumI
mode of production in both the Old and New Worlds.”! ‘But agriculture dxfi r?ot
merely make up for the caloric loss resulting from hunting large prey amrnals
lo extinction (in fact, it did this only poorly); rather, it opened up an entirely
new way of life — one that would eventually both enable far more humans
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to survive in closer proximity to each other than ever before and encourage
the building of permanent and expanding settlements in which division of
labor and class distinctions would emerge and proliferate.

As we are about to see, this same principle has been powerfully at work
throughout the duration of the Industrial Bubble. Necessity led to invention,
which led to growth and transformation.

In this chapter, we will trace the history of this fateful period from its be-
ginnings to the present.

Energy in Medieval Europe

If we could somehow carry ourselves back in time to central and western
Europe in the year 400 AD and fly a few hundred feet above that continent,
our bird's-eye view would reveal a land covered from horizon to horizon by
dense forest, with only occasional clearings. In each of those clearings we
might see a cluster of thatched huts, with smoke rising from one or more wood
fires.

The Europeans of 400 AD relied on an energy regime based mostly on
wood. They built their houses and furniture with wood; they made tools from
it, including plows, pumps, spinning wheels, and wine-presses; they made
transportation devices (carts and boats) from it; and they used it as fuel to cook
with and to heat their homes. Whatever bits of metal they used — blades,
coins, jewelry, horseshoes, nails — came from wood or charcoal-fired hearths.

If wood was supremely useful, it was also abundant. A vast forest lay within
sight of virtually every town or village. In addition to its immediate benefit of
supplying fuel, the temperate oak forest of Europe also supported a profusion
of wild game animals, including deer, boar, and numerous bird species, such as
pheasant and quail. Human scttlements were small, seldom numbering more
than a few hundred people; the total population of Europe probably — exact
figures are not known — did not exceed 25 million (compared to 600 million
today, if European Russia is included).

That the ancient Europeans revered the forest is evidenced by their tradi-
tions concerning the sacredness of certain groves, by their customs of making
sacrifices and offerings to trees, and by their extensive lore regarding tree-
spirits. But, with the coming of Christianity, these early pagan attitudes (the
Latin paganus means “peasant”) were gradually replaced by the idea that the
wilderness is inherently fallen and corrupt, to be reclaimed only by pious
human work. Far from fearing the overcutting of forests, later medieval
Europeans saw the clearing of land as their Christian duty. Cutting the forest
meant pushing back chaos, taming Nature, and making space for civilization.
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