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Preface

Scientists and engineers have applied prediction methods that lead them
to the conclusion that the depletion of global oil is nearing. The majority of
audiences I have addressed on this topic support this notion. The technologi-
cal community has been reluctant to abandon its assumptions and tools, and
yet there are those with a very different perspective that presupposes plentiful
oil whose production is limited merely by price and technology. These two
communities do not see eye to eye.

There is merit to the positions of both communities, and neither approach
is free of major assumptions. So I embarked on a project: to present the
primary arguments and the data that support and refute the idea that the world
is in the precarious position of running out of oil. My hope is to both inform
and instill some doubt on the subject in those who are steadfastly convinced
one way or the other. Finally, there may be some value in viewing the modern
issue of oil depletion in the context of the history of exploitation of other
natural resources. Perhaps the light of this history can help illuminate our
energy path before there is panic in the dark.

Cautionary note: Nothing in this book should be used as the basis for
Sinancial investment. Oil and other commodity prices fluctuate over time and
are subject to short-term volatility as well as long-term trends in economic,
political, and natural conditions.
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About Units

This is a book with a lot of quantitative information about oil and other natural
resources. Those unfamiliar with the overall topic of Earth resources might
find the following unit conversions useful.

Volume

1 US gallon 3.785 Liters (1)

| Imperial gallon 1.2 US gallons

1 US gallon 0.8327 Imperial gallons
1 barrel (bbl) of oil 42 US gallons

1 barrel of oil 34.97 Imperial gallons
1 barrel of oil 159 Liters

Oil Production Rate

1 billion barrels per year 2.74  million barrels per day
1 million barrels per day 0.365 billion barrels per year

Automotive Fuel Economy

US fuel economy units Metric fuel economy units
miles per US gallon (mpg) liters per 100 kilometers (1/100km)
10 23.5
15 15.7
20 11.8
27.5 8.6 US fuel economy standard created 1975
30 7.8
35 6.7 US fuel economy standard created 2007

40 3:9



xii  About Units

US fuel economy units Metric fuel economy units

miles per US gallon (mpg) liters per 100 kilometers (1/100 km)
50 4.7
75 3

100 24

Notes: Miles per US gallon = 235.2 =+ liters per 100 kilometers
Liters per 100 kilometers = 235.2 + miles per US gallon
1 Imperial mpg = 1.2 US mpg

Mass and Weight

I metric ton (tonne) 1,000 kilograms

1 metric ton (tonne) 2,204 pounds

Energy

1 barrel of oil equivalent (BOE)" 5,660 cubic feet of natural gas

1 BOE’ 160 cubic meters of natural gas
| billion barrels of oil equivalent 5.66 trillion cubic feet of
(BBOE)" natural gas

1 tonne of coal” 3.8 barrels of oil

1,000 BTU 0.293 kilowatt hours

1,000 BTU 1,055 kilojoules

*approximate, depending on fuel type and composition



Getting Started:
What Do You Think?

Before reading this book, you might find it interesting to identify your initial
thoughts about the nature of global oil depletion. To gauge your views, please
circle whether you “agree” or “disagree” with the following statements:

1.

The availability of global oil has diminished over the past 100 years.
Agree Disagree
Over the past 50 years, some globally traded, non-renewable Earth

resources have become scarcer, as indicated by a decline in the rate of
extraction and an increase in price.

Agree Disagree
The inflation-adjusted price of gasoline in the US (apart from taxes) will
be higher 30 years from now.

Agree Disagree
Gasoline and diesel fuel will power most passenger cars 30 years from
now.

Agree Disagree
Multination wars will be waged with the aim of controlling regional oil
resources.

Agree Disagree



Contents

Preface

Acknowledgments

About Units

Getting Started: What Do You Think?

1 End of the Oil Era
Cause for Concern
Hubbert’s Curve
The Appeal of Hubbert’s Curve
Hubbert’s Success
US Oil Dependence Since Peak Production
Chapters Ahead
Notes and References

2 The Global Oil Landscape

Introduction

Definitions

Petroleum Composition and Energy Density

Why a Barrel Is a bbl

The Oil Business

OPEC

How Much Oil Is There? The USGS Assessment

From the USGS Assessment to 2009
Reserves

Where Is Oil Produced?

Where Is Oil Consumed?

Oil Imports

After Oil Is Produced

Oil Production Versus Consumption

Oil Quality

10
11
12
13
13

16
16
17
18
20
20
23
26
29
31
32
33
35
37
38
40



vi

Contents

Qil Pricing by Quality

Gasoline
What Determines the Price of Gasoline at the Pump?
The Price of Gasoline
Gasoline Price Elasticity: What Happens When the Price
Goes Up (or Down)?
Gasoline Price Variability

Points to Take Away

Notes and References

The Historical Resource Depletion Debate

The Malthusian Doctrine

The Limits to Growth

The Oil Panics of 1916 and 1918

Panic Revisited: The Oil Crisis of the 1970s

Arguments Supporting Global Oil Depletion
Declining Oil Production in Countries in Addition to That
in the US
Production Exceeds Discoveries
Reserve and Endowment Estimates are Inflated
Industry Exaggeration of Reserves
Fewer Giant Fields Discovered and Production is Declining
Decline in Discovery and Oil Drilling Suggests Onset of
Production Decline
Global Industrial Development and Oil Consumption
The Price of Oil is Increasing: Does This Indicate Scarcity?
Forecasts Support a Decline in Global Production Using
Extensions to Hubbert’s Approach
Summary

Notes and References

Counter-Arguments to Imminent Global Oil Depletion
Myth I: Hubbert’s Predicted Production Rates
Were Accurate

US Oil Production

The Bell-Shaped Curve

US Natural Gas Production

Global Oil Production

Myth II: A Decline in Production Necessarily Indicates Scarcity

Commodity Scarcity
Generalizing the Debate: Resource Economists versus
Neo-Malthusians

40
41
41
44

45
47
49
51

58
58
59
62
63
65

65
66
67
69
70

72
74
77

80
81
82

87

87
88
93
95
95
98
98

103



Contents Vil

Back to Oil 110
Scarcity Rent 116
Myth III: Resource Assessments Provide Useful Endowment
Estimates 118
The Missing Mass Balance 123
Counter-Argument to OPEC and Industry Exaggeration of
Reserves 124
Myth IV: After So Much Exploration, There Is Little Oil Left
To Be Found 126
US Oil: Reserves 126
US Oil: Discoveries 128
Global Oil: Reserves 132
Global Oil: Discoveries 138
Russian and Global Arctic Oil 144
Myth V: The World Cannot Afford Increases in Oil Use as
Developing Nations Demand More Oil 146
Future Demand of Developing Nations 146
Oil Expenditures in the World Economy 153
Myth VI: There Are No Substitutes for Oil 156
The Gold Resource Pyramid 156
The Oil Resource Pyramid 160
The US and Global Oil Resource Pyramids 161
Three Unconventional Oil Substitutes 165
US heavy oil 165
Global heavy oil 166
US oil sands 168
Global oil sands 168
US oil shale 170
Global oil shale 172
Fossil Fuel Conversion: The Role of Gas and Coal 173
The Importance of Diesel 175
Synthetic Fuel from Coal and Natural Gas 175
Natural Gas Resources 177
Coal Resources 180
Chapter Summary 181
Notes and References 183
Beyond Panic 195
The Non-Renewable Resource Model 195
Where Is an Efficiency Gain Possible? 196

Will Increases in Efficiency Indeed Reduce Demand? 199



viii  Contents

Two scenarios for developing nations
What Might Ultimately Substitute for Oil?
Consideration 1: Cost of dependence on imported oil
Consideration 2: Gasoline and atmospheric carbon dioxide
emissions
Consideration 3: Alternatives
Ethanol
Biodiesel
Leapfrogging to an ultimate substitute
Effects of a US move to oil alternatives
The State of Oil Resources
Ending Thoughts
Notes and References

Index

204
207
208

209
210
211
212
213
215
219
221
225



‘& End of the Oil Era

A

Cause for Concern

The year 1859 was a double milestone in world history. Charles Darwin
published his Origin of Species, and across the Atlantic, in a 33-state America,
Edwin Drake sank the first US oil well in Titusville, Pennsylvania. Darwin
offered the concept of the extinction of entire species as the backdrop for a
potentially finite “Human Era,” while Drake’s discovery ushered in the “Oil
Era,” whose end, some speculate, is not very far off.'* Since that year, oil
has become the foundation of individual empires and a source of wealth for
nations endowed with abundant reserves. Measured in antiquated units of
42-gallon barrels, oil is both a practical commodity and a tradable interna-
tional currency. Oil is used to produce a wide diversity of products, such
as fuel, plastics, paint, nylon, cosmetics, toothbrushes, and toothpaste. Our
freedom of movement depends on oil for gasoline, a liquid that propels,
pollutes, and has typically cost less than most bottled water. Oil’s global
abundance is ultimately unknown, yet the competition for control of this
resource in the Middle East and fear about its future have been an impetus
for war.’

That the world must run out of oil, perhaps some day soon, seems so
obvious to most people that it is difficult to believe the topic is debated among
scholars ranging from scientists to economists. After all, there is a finite
amount of oil in Earth. That cannot be debated. Intuition tells us that
scarcity is inevitable, given our societal history of consumption, our huge and
continuing appetite for oil, and the fact that every developing nation relies
on oil as a major stepping-stone to modernization. It stands to reason that

Oil Panic and the Global Crisis: Predictions and Myths. 1% edition. By Steven M. Gorelick.
Published 2010 by Blackwell Publishing, ISBN 978-1-4051-9548-5 (hb)



2 End of the Oil Era

global energy consumption must be increasing with our ever-growing popula-
tion, particularly in the emerging mega-industrial regions of China and India.

Common wisdom holds that since oil is a finite resource, its supply must
be rapidly diminishing in the presence of clearly increasing demand, and the
end of our days of oil must be on the horizon. Yet there have been predictions
of the end of oil since it first became a common commodity. As early as 1916,
the US Bureau of Mines stated, ... with no assured source of domestic supply
in sight, the United States is confronted with a national crisis of the first
magnitude.”™ A report commissioned by the US Department of Energy, called
the Hirsch Report (2005), begins with the ominous warning, “The peaking of
world oil production presents the U.S. and the world with an unprecedented
risk management problem. As peaking is approached, liquid fuel prices and
price volatility will increase dramatically, and, without timely mitigation, the
economic, social, and political costs will be unprecedented.”™ A piece pub-
lished in the journal Science in 2007 states, “The world’s production of oil
will peak, everyone agrees. Sometime in the coming decades, the amazing
machinery of oil production that doubled world oil output every decade for
a century will sputter. Output will stop rising, even as demand continues to
grow. The question is when.” Similarly, a 2007 assessment by the US Gov-
ernment Accountability Office reported on the uncertainty of future global
oil supply based on the premise that global oil production will peak and begin
to decline “sometime between now and 2040, with the majority of cited
studies suggesting that the production peak will likely occur by 2020.” Is this
fear and doom-saying just another in a succession of false alarms?

Some experts say that there is plenty of oil. The essence of the idea that
we will not run out any time soon was expressed in June of 2000 by former
Saudi Oil Minister (1962-86) Sheikh Zaki Yamani. He claimed, “Thirty years
from now there will be a huge amount of oil — and no buyers. Oil will be left
in the ground. The Stone Age came to an end, not because we had a lack of
stones, and the oil age will come to an end not because we have a lack of
0il.”* The Energy Information Administration (EIA), which is part of the US
Department of Energy, says that only 4-7 percent of the world’s original
in-place liquid petroleum has been recovered.” Individuals ranging from oil
company executives to energy consultants to academic economists firmly
believe that any concerns about global depletion in the foreseeable future are
premature for several reasons — oil is abundant, we have only consumed a
fraction of the global oil endowment, technology to discover and extract new
oil has consistently proven out, and the profit motive combined with the law
of supply and demand will prevail.'" "

Why is our oil future so uncertain? What are the underlying data, analyses,
and philosophies that lead to predictions of global oil depletion by some
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versus the conviction by others that the current state of alarm is unjustified
and just crying wolf? Why is there any controversy at all? We can begin to
answer these questions by considering the arguments supporting our intuition
that the end of the Oil Era is near.

The Oil Era is a period of hundreds of years, contained in a longer period,
during which global fossil fuel resources'* are being consumed (Figure 1.1).
Fossil fuels are the remains of ancient plants and animals. They represent a
history of stored energy from the sun, which directly or indirectly gave them
life and substance. Although fossil fuels took millions of years to form,
humans are consuming them, and oil in particular, over a very brief span of
Earth history. On the scale of thousands of years, looking back and to the
future, “The consumption of energy from fossil fuels is thus seen to be but a
‘pip,” rising sharply from zero to a maximum, and almost as sharply declin-
ing, and thus representing but a moment in the total of human history.”"

Fossil fuels
Possible rate of fossil 100
fuel consumption
(billion barrels
of oil equivalent 50
per year)
0 I L 1 1 L 1 1 1 J
-5 -3 -1 0 +1 +3 +5

Time before and after present (thousands of years)

Figure 1.1 The consumption of fossil fuels considered over a 10,000-year horizon.
The resource will likely be used during a relative instant of Earth history (after Hubbert,
1956 and 1981).'

Based on the presumption that the depletion of the world’s oil resources
is unavoidable, oil resource analysts have focused on four simple questions:
How much oil exists to be exploited? What is the likely trend of new discov-
eries? What is the projected rate of global consumption? And, when will the
end of the Oil Era arrive? Answering these questions is a subject of intense
discussion in both the scientific literature and popular press. Many oil analysts
have made estimates and projections. Cutting to the chase, most of these
analysts have focused on the final question about when the end of oil will
come, but they have framed the question in a slightly different way. The oil
analysts focus not on when the last drop of oil will be pumped from the
ground but rather the time when oil production will reach its peak (“peak
oil”). It is their belief that the occurrence of peak oil production marks the
beginning of the end, that is, the point when production can no longer keep
up with demand. The argument goes that at the peak of oil production, the
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end is in sight, and it is urgent that a fundamental restructuring of our oil-
based society begin.

So, when do analysts say that “peak oil” will occur? Surprisingly, the
projections do not differ by much. The average collective estimate is that
global peak oil production will occur before 2025, with the more pessimistic
analysts suggesting that the peak has already occurred and we just do not
know it, and the optimists pushing the date out to almost 2050. Remarkably,
a great deal is made of the differences among the estimated times to peak oil
production, and the debate among analysts is vigorous. But why is the exact
year so important? The big message is that if they are correct, a key turning
point in the nature of global industrial societies will occur within our likely
lifetimes.

Hubbert’s Curve

The general agreement among so many oil analysts regarding the time to peak
oil production is not a tremendous surprise, because most use the same basic
method for prediction. Although there are different flavors of the approach,
they are based on the original method proposed by M. King Hubbert (1903—
89), who initiated the modern-day scientific debate about oil depletion.
Hubbert was a Texas-born geologist, oil company research scientist, and
energy resource analyst. A respected scientist with a PhD in geology from
the University of Chicago, he made durable contributions to the fields of both
petroleum exploration and the study of natural subsurface water flow. After
a 20-year career at Shell Oil and Shell Development companies, Hubbert
joined the US Geological Survey (USGS) in 1963 and began a five-year
teaching position at Stanford University. In 1973 he was appointed California
Regent’s professor at the University of California at Berkeley. Hubbert retired
from academia in 1976, although he remained affiliated with the USGS."” He
published more than 70 articles, and his work is still highly regarded and
commonly referenced. Hubbert was famous during his lifetime, being elected
to the National Academy of Sciences in 1955 and the American Academy of
Arts and Sciences in 1957. He was the president of the Geological Society
of America in 1962 and was awarded the Rockefeller Public Service Award
in 1977. Hubbert was not only appreciated in scientific circles for his schol-
arly publications but also enjoyed attention in the press when it came to
energy resources. After making predictions of the likely near-term depletion
of US oil and natural gas as well as global oil resources, and suggesting that
the development of nuclear energy was the best course of action, he testified
before Congress on the bleak future of fossil-fuel energy resources.
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The main theme in many of Hubbert’s articles and monographs on energy
resources was the fragility of our industrial global society that is so dependent
on energy. He was fixated on the seemingly inevitable collision of finite Earth
resources and the exploitation of those resources under the pressures of
explosive global population growth. In a compelling 1949 article in the
journal Science, Hubbert tied the consequences of exponential population
growth to the general problem of fossil fuel depletion, considering oil, gas,
and coal. Hubbert argued persuasively that even the habitable land required
by society as we know it could not be sustained given a doubling of global
population every hundred years, a 0.7 percent annual rate of increase that
characterized population growth in the first half of the twentieth century. In
his words,

Such a rate is not “normal” as can be seen by backward extrapolation. If it had
prevailed throughout human history, beginning with the mythical Adam and
Eve, only 3,300 years would have been required to reach the present population.
... In fact, at such a rate, only 1,600 years would be required to reach a popula-
tion density of one person for each square meter of the land surface of the
Earth.'®

Throughout his career, Hubbert offered various forecasts of the decline in
global oil supply, with published time-to-peak-oil predictions ranging from
1990 to 2000. His forecast peak dates were premature, but in the overall
scheme of things, they do not differ dramatically from those made by modern-
day energy analysts. Toward the end of his active career, Hubbert repeated
the same somber message that he had put forth during prior decades,

It is difficult for people living now who have become accustomed to the steady
exponential growth in the consumption of energy from fossil fuels, to realize
how transitory the fossil-fuel epoch will eventually prove to be when it is
viewed over a longer span of human history."

With his steadfast belief in exponentially increasing demand overtaking
limited supply, Hubbert presented a quantitative method to represent the
amount of any natural resource and its estimated rate of depletion. Hubbert’s
curve, as it is known, is a graph that shows the extraction of petroleum, or
any non-renewable Earth resource, versus time. It is a bell-shaped curve,
called a logistic curve,* similar in appearance to the bell-curve normal dis-
tribution commonly used in statistical analysis.

Hubbert used a straightforward formula that yields the curve as illustrated
in Figure 1.2. The logistic-curve formula is a simple expression with three
adjustable parameters (mathematical knobs) that control the slope, peak



