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EXECUTIVE SUMMARY

The peaking of world oil production presents 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. Viable mitigation options exist on both the supply
and demand sides, but to have substantial impact, they must be initiated more than a
decade in advance of peaking.

Dealing with world oil production peaking will be extremely complex, involve literally
trillions of dollars and require many years of intense effort. World oil demand is expected
to grow 50 percent by 2025. To meet that demand, ever-larger volumes of oil will have to
be produced. Since oil production from individual reservoirs grows to a peak and then
declines, new reservoirs must be continually discovered and brought into production to
compensate for the depletion of older reservoirs. If large quantities of new oil are not
discovered and brought into production somewhere in the world, then world oil
production will no longer satisfy demand. That point is called the peaking of world
conventional oil production. When world oil production peaks, there will still be large
reserves remaining. Peaking means that the rate of world oil production cannot increase;
it also means that production will thereafter decrease with time.

When world oil peaking will occur is not known with certainty. A fundamental problem
in predicting oil peaking is the poor quality of and possible political biases in world oil
reserves data. Some experts believe peaking may occur soon. The problems associated
with world oil production peaking will not be temporary, and past “energy crisis”
experience will provide relatively little guidance. The challenge of oil peaking deserves
immediate, serious attention, if risks are to be fully understood and mitigation begun on a
timely basis. Oil peaking will create a severe liquid fuels problem for the transportation
sector, not an “energy crisis” in the usual sense that term has been used. Peaking will
result in dramatically higher oil prices, which will cause protracted economic hardship in
the world. However, the problems are not insoluble. Timely, aggressive mitigation

initiatives addressing both the supply and the demand sides of the issue will be required.
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In the developed nations, the problems will be especially serious. In the developing
nations peaking problems have the potential to be much worse. Mitigation will require a
minimum of a decade of intense, expensive effort, because the scale of liquid fuels
mitigation is inherently extremely large. While greater end-use efficiency is essential,
increased efficiency alone will be neither sufficient nor timely enough to solve the
problem. Production of large amounts of substitute liquid fuels will be required. A
number of commercial or near-commercial substitute fuel production technologies are
currently available for deployment, so the production of vast amounts of substitute liquid
fuels is feasible with existing technology. Intervention by governments will be required,
because the economic and social implications of oil peaking would otherwise be chaotic.
The experiences of the 1970s and 1980s offer important guides as to government actions
that are desirable and those that are undesirable, but the process will not be easy. In
looking at the issue of oil, it is important to note that this summary does not address the
broader issue of sustainability or the environmental impact of using non-renewable
energy sources. It simply focuses on the importance of oil, the impact of falling supplies
and the potential for alternative solutions. No current modern economy is ultimately
sustainable as all depend on the increasing supply of limited natural resources. The
energy and materials we use from wood through to metals; animal and plant life; natural
environments and even the land on which we grow food are all being used up or abused.
Whilst some resources are so extensive as to be virtually inexhaustible, some are not, and

oil shortage is going to be the first major one to bite.
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CHAPTER 1
INTRODUCTION

The imminent (or current) peaking of the rate of world oil production is barely discussed
publicly in government, business and policy circles. Peak Oil, as this transition is called,
will irreversibly alter the delivery rate of liquid fossil energy to fuel economic growth. As
demand outstrips the rate at which oil can be supplied, we can expect higher prices,
volatile markets, physical fuel and power shortages, international geopolitical strife and
wars. The magnitude of the problems will increase as supply rates decline. The
implications are profound, both for our ability to maintain our standard of living in the
developed countries and for the chance of economic growth at all in the developing ones.
There is a cognitive disconnect between the actual situation and public awareness,
resulting in a dangerous policy and preparation gap.

That world oil production must peak one day is fact, not theory. All finite resources face
an extraction/production curve. The rate of production increases as high quality, easy-to-
access resources are exploited first and extraction technologies improve. Marginal
production diminishes to zero at the point of maximum extraction, after which the rate
declines. As production continues, the remaining, lower quality, resource becomes
increasingly more difficult, and expensive, to reach and extract.

Figure 1 depicts projected world oil consumption on a millennial timescale.

Figure 1.“The Flame in the Darkness”. The consumption of the world’s accessible oil

endowment will occur over a two-century span of human history.
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A number of experts project that world production of conventional oil could occur in the
relatively near future, as summarized in Table-1. Such projections are fraught with
uncertainties because of poor data, political and institutional self-interest, and other

complicating factors. The bottom line is that no one knows with certainty when world oil

production will reach a peak, but geologists have no doubt that it will happen.

Table 1. Projections of the Peaking of World Oil Production

Projected Date Source of Projection ~ Background & Reference
2006-2007 Bakhitari, A.M.S. Oil Executive (Iran)*

2007-2009 Simmons, M.R. Investment banker (U.S.)

After 2007 Skrebowski, C. Petroleum joumal editor (U.K.) 2
Before 2009 Deffeyes, K.S. Oil company geologist (ret., us.)
Before 2010 Goodstein, D. Vice Provost, Cal Tech (U.S.) 3
Around 2010 Campbell, C.J. Oil geologist (ret.. Ireland)®

After 2010 World Energy Council ~ World Non-Government Org.”
2012 Pang Xionggqi Petroleum Executive (China)®
2010-2020 Laherrere, J. Oil geologist (ret., France)

2016 EIA nominal case DOE analysis/ information (U.S.)"®
After 2020 CERA Energy consultants (U.S.) "

2025 or later Shell Major oil company (U.K.) *2

! Bakhtiari, A.M.S. World Ol Production Capacity Model Suggests Output Peak by 2006-07. Oil and Gas Journal. April 26,

2004.

2 Simmons, M.R. ASPO Workshop. May 26, 2003. _
! Skrebowski, C. Oil Field hiega Projects - 2004. Petroleum Review. January 2004. o

+ Deffeyes, K.S. Hubbert's Peak-The Impending World Oil Shortage. Princeton University Press. 2003.

$ Goodstein, D. Out of Gas — The End of the Age of Oil. W.W. Norton. 2004 _ ‘

# Campbell, C.J Industry Urged to Walch for Regular Oil Production Peaks, Depletion Signals. Oil and Gas Journal.. July 14,

2003

T Drivers of the Energy Scene. World Energy Council. 2003.

¢ Pang Xionggi. The Challenges Brought by Shortages

Conference. May19-20, 2005. A '
? Laherrere, J. Seminar Center of Energy Conversion. Zurich. May 7. 2003
2 DOE EIA Long Term World Oil Supply. April 18, 2000 See Appendix | for discussion.

1 Jackson, P. et al. Triple Witching Hour for Oil Armves Early in 2004 - But

2004

of Oil and Gas in China and Their Countermeasures. ASPO Lisbon

. As Yet, No Real Witches. CERA Alert. Apnil 7.

"2 Davis. G heeting Future Energy Needs. The Bridge National Academies Press Summer 2003.



This paper presents the world oil demand/supply situation from a physical constraints
perspective, then takes a strategic decision management/game theory approach to look at
our options for action. Chapter 2 reviews current and projected oil demand and discusses

the energy requirement for economic growth, briefly inventories world oil supply,
concentrating on the uncertainty of reported reserves, potential rate-limits to production,
and the likely timing of the onset of an oil demand/supply gap. Chapter 3 summarizes the
potential to fill that gap using substitute fossil and renewable fuel alternatives,
technological innovation and conservation. Chapter 4 defines the game, identifying the
players, the rules, the underlying states of nature and their probabilities, and the stakes. It
presents a matrix of speculative, but plausible societal outcomes, depending on whether
the transition is abrupt or gradual, and whether we prepare for it or not. Chapter 5
identifies potential strategic actions (tactics) that might be undertaken by the markets,
governments, the private sector, and/or social groups to balance demand with reduced
supply. Chapter 6 integrates the options and risks into a management decision
framework. Four likely strategic approaches are considered, the potential outcomes and
risks evaluated, and an optimal approach selected. Chapter 7 considers business and

behavioral impediments to achieving a managed transition.




Oil is Not Just a Commodity

Oil is the world's single largest traded commodity, accounting for over half the total value
of all commodity transactions. The U.S. Department of Energy’s Energy Information
Administration (EIA) estimates that U.S. expenditures on oil in 2005 were $1 trillion,
representing 8.7% of gross domestic product (GDP). With the U.S. currently importing
about 60% of its oil, over 12 million barrels per day (mbd), the daily cash exodus from
the U.S. at $70/barrel is more than $840 million. Fortunately, the major world oil
exchanges and the Organization of Petroleum Exporting Countries (OPEC) all still
denominate oil sales in dollars. Oil, however, is much more than a _commodity. The
capacity to produce oil is a capital asset, like land, buildings and equipment. Yet oil
removed from the ground is neither depreciated nor replaced. Simultaneously, oil could
be considered a form of labor, since its principal attribute is its ability to do work and its
energy replaces labor formerly provided by traction animals or people. As Rep. Bartlett
describes it:
One barrel of oil, 42 gallons of oil, equals the productivity of 25,000 man-hours. That is
the equivalent of having 60 dedicated servants that do nothing but work for someone. We
can get a little better real-life example of this. A gallon of gas will drive a 3-ton SUV...20
miles at 60 miles an hour down the road. That is just one little gallon of gas, which, by
the way, is still cheaper than water.
The large increases in productivity in the developed world over the past three centuries
are the result of workers controlling ever-increasing supplies of cheap energy with ever-
greater efficiency. Technology is the enabler, but oil does the work. In short, oil is:

« the densest, portable form of energy known to man

= the current basis of economic wealth

= the factor of productivity underlying economic growth, and

= the major daily cash/debt flow in the world economy
Oil is a blessing and a curse. It brings easy wealth and confers power. But it also brings
war. Some even make a convincing case that oil functions like the gold standard formerly
did, to anchor the value of currencies; they argue it would be more accurate to view our

wealth denominated in oil rather than dollars.



Heavy Users

Itis difficult to find anything in the industrial world that does not depend on cheap oil in
some way for its production and distribution. The global economy is built around cheap
transportation for just-in-time manufacturing and inventory management. The U.S. has
only 5% of the world’s population, but it consumes 25% (almost 21 mbd) of the 84
million barrels per day that the world produces (Figure 2). The U.S. and countries of the
Organization for Economic Cooperation and Development (OECD) are all heavy users,
as is Japan, and increasingly, China and India. In general, the higher the level of
development and GDP, the more oil per capita a country consumes. Per capita oil use in
the U.S. was over 3 tons per year in 2004, triple that of China and India. The world uses
oil to meet two types of energy needs: mobile and stationary. Mobile use (cars, planes,
ships) consumes the lion’s share, more than 50% of oil consumption worldwide, but 70%
in the highly mobile U.S. (Figure 3). About 22% of U.S. oil is used for industry and
agriculture, including the production of petrochemicals and plastics. Stationary energ

use is for heat and electricity. Combined residential, commercial, and electric utility use

of oil in the U.S. is only about 8% of total oil used.

Figure 2. Percentage of total oil production consumed by the major oil-using countries and
o .

regions in 2004.

[f Oil Consumption by Region
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Projected Demand Growth for Liquid Petroleum

Demand growth projections depend on assumptions about future rates of economic
growth in the various countries. In June 2005, the EIA projected world oil demand would
grow to 119 million barrels/day by 2025, representing an average demand growth of 2%
per year. Demand growth is expected to be highest in the developing world, especially
China and India, as they invest in industry and adopt automobile lifestyles. Between 2003
and 2004, U.S. demand grew 2.4%, while Chinese demand grew by 15%. However, the
U.S. increase (484,000 bbl/day) was more than half the Chinese increase (893,000
bbl/day) in terms of volume. As of December 2005, the world had consumed just over 1
trillion barrels of oil. At a projected growth rate of 2%, the world will require another 1
trillion barrels of oil over the next 35 years, as much as it has consumed in its entire
history to date. Figure 3 illustrates the exponentially increasing volume of oil that would
be needed to sustain a 2% annual growth rate. il required beyond 2040 has not been

discovered ~ its existence is hypothetical to purely speculative.

Figure 3. Quantity of oil needed to sustain 2% demand growth.

QUANTITY OF OIL NEEDED TO SUSTAIN 2% DEMAND GROWTH
(Doubling Time = 35 Years)

1850 — 1969 1970 — 2005

500 Billion Bbl | 500 Billion Bbl 2041 — 2075
(Produced and | Consumed) 2 Trillion Bbl
2006 — 2040 Unconventional Oil
1 Trillion Bbl Undiscox-'ered O1l

(Hypothetical and Speculative)

(Proven and Probable Reserves)

Source: British Petroleum

Where is all this yet-to-be-discovered oil really going to come from? Official projections



from the DOE EIA assume that US demand will have to be met from increased imports.
IEA projections assume that world demand will be met until at least 2030 by increased

production from the Middle East.

Price Elasticity of Oil Demand

Demand for oil has traditionally been considered relatively inelastic with respect to price
in the short term, meaning a 10% increase in price is expected to result in a demand drop
of only about 2-3%. That’s the theory. However, as Figure 4 shows, over the past 7 years
oil demand has behaved as if it were insensitive to price. Although consumption fell
slightly in the early 1980s due to the OPEC price hikes, demand has risen steadily since.
Between 1999 and 2005 demand rose 15%, despite a 5-fold increase in price.

Figure 4. Responsiveness of oil demand to price.

Responsiveness of Oil Demand to Price
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Million Barrels Per Da
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Source: Data from BP Statistical Review 2005 and EIA Short Term Energy Outlook,
October 2005.

This unexpected behavior could indicate that oil costs represent too small of a fraction of
consumer income for them to care about price. Or, it could reflect the fact that almost

70% of oil consumption in the U.S. is for transportation. The just-in-time global industry
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and agriculture cannot readily shift out of oil use for transportation. Individuals can
reduce discretionary travel, but cutting work-related driving means switching jobs or
vehicles. It seems that people will more readily give up other consumption - like eating
out - to continue driving while they wait for the price to come back down. In the short

term, food producers absorb the added costs, reducing their already low margins.

Energy and Economic Growth

The growth of the Industrial Age has paralleled the growth of energy supply and in fact
could not have occurred without it. The early Industrial Age, which began in England,
was powered by coal, which yielded far greater energy density than wood and enabled an
age of industrial machines and mechanized transport. Because of cheaper, more
abundant energy, society was revolutionized, restructured around factories and machines
and the flow of goods and trade they engendered. Oil didn’t gain its economic foothold
until the late 1800’s. Its original value was as lamp oil to replace the rapidly depleting
whale oil supplies. Oil was scarce and pricey until Colonel Drake drilled his famous well
in Titusville, Pennsylvania, in 1869, issuing in the age of cheap abundance. It was John
D. Rockefeller who decided to find use for all that surplus oil. Enter the combustion
engine and Standard Oil of New Jersey, and the rest is history. Oil offered the greatest
energy density of any substance yet known to man. It rapidly replaced coal as the
primary energy source, long before the coalfields were mined out. Oil ushered in the age
of submarines and flying machines, the military industrial complex, the personal auto and
the American Dream of a home in the suburbs. And every year since then, there has been

more oil available than the year before.

Economic Implications of a Reduced Oil Supply Rate

What would happen if oil production could not keep up with demand? The most obvious
result is that oil would cost more and the price would become volatile. Because it is the
lifeblood of so many aspects of business and standard-of-living in the developed world,
oil scarcity and price increases will have far-reaching consequences. Six of the most

likely impacts are highlighted below:




Increased Competition for the Remaining Resource: Tight oil markets will increase
geopolitical strife as countries maneuver to assure their long-term access to oil. “Energy
security” will drive international policy. Oil scarcity will cause bidding wars between the
agricultural, petrochemical, transportation, heating and electric power sectors. Previously
sub economic oil substitutes may become competitive.

Transportation Costs will Rise Significantly: Trucking, jet travel, trains and ship
transport will all become more much more expensive. Commuting will consume a bigger
portion of family income. Jet travel will become prohibitively expensive for leisure travel
for the middle class.

Agricultural Costs will Rise: Reduced oil supplies will raise the prices of petrochemical

feedstock for pesticides and herbicides. Equipment fueling costs associated with
planting, growing and harvesting will also rise. Finally transportation costs to market will
rise. The impact to farmers will be higher costs and decreased profit margins.

The Cost of Living Will Rise: While transportation cost increases may not outweigh the

cost savings of cheap foreign labor, they will cause the cost of goods sold to rise. Higher
oil related costs of manufacturing, food production and transportation will need to be
passed on to customers. The poor and middle class will be hardest hit. As of May 2006,
the consumer price index (CPI) had risen over 17.23%35 since oil began its price rise in
1999.

Contraction of the Global Economy: Consumers will lose discretionary purchasing
power at the same time that factor costs rise and cheap goods from Jjust-in-time global
fabrication/assembly companies become uncompetitive. The clothing, grocery, auto, and
electronics industries, among others, will be dramatically affected, as will tourism.
Global recession is distinctly possible.

The Re-Emergence of Regional and Local Economies: High oil prices will make local

agriculture both necessary and cost-competitive again.




CHAPTER 2
LITERATURE REVIEW

Recently, numerous publications have appeared warning that oil production is near an
unavoidable, geologically-determined peak that could have consequences up to and
including “war, starvation, economic recession, possibly even the extinction of homo
sapiens” (Campbell in Ruppert 2002) The current series of alarmist articles could be
said to be merely reincarnations of earlier work which proved fallacious, but the authors
insist that they have made significant advances in their analyses, overcoming earlier
errors. For a number of reasons, this work has been nearly impenetrable to many
observers, which seems to have lent it an added cachet. However, careful examination of
the data and methods, as well as extensive perusal of the writings, suggests that the
opacity of the work is—at best—obscuring the inconclusive nature of their research.

Some of the arguments about resource scarcity resemble those made in the 1970s. They

have noted that discoveries are low (as did Wilson (1977) and that most estimates of

2
ultimately recoverable resources (URR) are in the range of 2 trillion barrels,

approximately twice production to date. But beyond that, Campbell and Laherrere in
particular claim that they have developed accurate estimates of URR, and thus, unlike
earlier work, theirs is more scientific and reliable. In other words, this time the wolf is
really here. But careful examination of their work reveals instead a pattern of errors and
mistaken assumptions presented as conclusive research results.

Gaston, (1983) discussed Hubbert Peak in Air University Review. He warned right in
the beginning that the article “makes no attempt to predict the future,” because “human
beings can neither predict nor control the future. If anyone still suffers from the delusion
that the ability to forecast beyond a very short time span is available to us, let him look at
the headlines in yesterday’s paper, and then ask himself whi;:h of them he could possibly
have predicted a decade or so ago.”

Heinberg, (2003) is the author of The Party’s Over, many peoples’ first introduction to
the subject of peak oil. It was the first book to explain the concept in a clear and

accessible way for people with no background in petroleum geology (myself included).

10




B T

However, while many writers are still chewing over whether or not peak oil is a reality,
and haggling over the exact date when it might occur (2006? 2010? 2030?), Heinberg is
moving on, exploring its implications and what can be done to prepare for this historic
transition. His next book, Powerdown, did this, exploring options for societies beyond the
peak, setting out the case for a Government-initiated national ‘powerdown’, as well as the

need for grassroots relocalisation.
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CHAPTER 3
OBJECTIVES

OBJECTIVE OF THE STUDY
* To stimulate thought and discussion about the issues surrounding Peak Oil
amongst people of different backgrounds and viewpoints.
» To present the world oil demand/supply situation from a physical
.constraints perspective.
* To find relation between alternative uses and oil peaking.
= To list probable actions with respéct to Oil peaking.

= To find Changes in the global oil market.

SCOPE OF THE STUDY

The paper will discuss the future outlook of the global oil market in the contexts of a
rapidly expanding Asian economy and the impact of the timing of oil peaking (dependent
in part on the oil demand outlook) on the entire oil supply chain (from upstream to
downstream); prospects for a smooth or disruptive transition to alternative sources of
transportation fuels; and, the geopolitical consequences of oil peaking. The paper will
conclude that the changes in the global oil market since 2004 are structural in nature and
that we are unlikely to see a return to the oil price cycles of the 1985-2000 period unless
the world were to enter into a major global recession. In contrast to the decade from the
late 1970’s to the mid 1980’s, high oil prices are not likely to lead to a sharp contraction

of oil demand (no near term substitution for transportation fuels) nor to a sharp increase

in oil production.
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METHODOLOGY

The exact timing of Peak Oil is extremely difficult to predict because the publicly
available data on remaining oil reserves is astoundingly poor. Much of the “data™ is
crafted specifically to meet political and financial requirements. Essentially, companies
and countries keep two sets of books.

Primary data can not be collected because of geographical constraints and Oil is found in
different Countries and Continents. There is no data transparency or verification.
Knowing any data I used would be suspect and immediately obsolete, 1 decided to
generate all my graphs and tables from a single, commonly cited source — the Annual
Statistical Review of World Energy, published in July 2005 by British Petroleum (BP).
The research included detailed quantitative analysis of all secondary data by using
quantitative methods like a simple game theory. A qualitative risk assessment approach is

also required.

LIMITATIONS

For this paper I consider only oil production, not natural gas, which has it’s own very
significant peak issues. That means this paper concentrates on energy use for
transportation, not for electric power generation. For alternative energy, it means only
considering those forms that can substitute for oil as a mobile fue] — no wind, hydro,

solar, or nuclear power, which provide stationary energy.

13




CHAPTER 4
GLOBAL SCENARIO: TAKING INVENTORY OF
PETROLEUM SUPPLY

It’s impossible to take an accurate inventory of in-the-ground petroleum supply because
we can’t see the data. First, the oil is underground, within and under layers of rock.
Product coming out of an oil well can be measured, but geologists can only infer the
volume of oil in the ground using remote sensing techniques, interpreted with a thorough
knowledge of petroleum properties and occurrence. Estimating oil field size and recovery
is a highly technical, but subjective art. In addition, oil reserve data are often held as state
or company secrets. Publicly reported reserve figures may be significantly over- or
understated for poli.tical or financial reasons, as the introductory quote to this chapter
clearly shows. The public numbers are not verifiable. This absence of verifiable supply
data is at the heart of the peak oil debate. Not surprisingly, a wide spectrum of world oil
inventory estimates exists, from dire to cornucopian. To plan intelligently, managers (or
anyone!) must examine the various oil supply projections to decide the odds of them
being correct and the risks if they are not. This chapter discusses the underlying geologic
reality of oil production, then considers the assumptions, biases, and uncertainties behind

the most prevalent viewpoints on future oil supply.

The Geologic Production of Petroleum

Companies talk about “producing” oil, and the input costs of all the classic factors of
production — capital, labor, etc. But oil companies are really in the exploration and
extraction business, exploiting and depleting a finite resource that was “produced” by
earth processes over millions of years under very specific geologic circumstances.
Through a century of testing their theories with a drill bit, exploration geologists have a
very good understanding of the conditions needed to form an oil deposit. Simply put, the
prerequisites are 1) an organic-rich source rock; 2) a burial history long and deep enough
to thermally alter (cook) the organic matter into oil; and 3) a sealed trap in a nearby

reservoir rock.
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Where the Oil Is and Where It Goes

Significant petroleum occurrence is restricted to a limited number of geologically
predictable places on earth where the above conditions were met. The vast majority of oil
is found in restricted sedimentary basins along the current or former edges of continents.
River deltas, continental margins, deserts and arctic areas are the four present-day
locations most likely to hold oil or gas deposits beneath them. The most prolific oil-
producing conditions are found in the Middle East in the “Qil Triangle” of Saudi Arabia,
Kuwait, Iraq and Iran. In North America, oil is concentrated in the Gulf of Mexico and in
basins along the edge of the Rocky Mountains. Other significant oil-prone areas include
Russia, the Caspian Sea and the Atlantic continental margins of Africa and South
America.

A surprisingly high proportion of the world’s oil - 47% - comes from a relatively few
giant oil fields, which each produce at least 100,000 barrel/day. Among these 116 fields,
four aging “super giants” together produce around 8 million bbl/d - about 10% of the
world’s daily production. The remaining 53% of the 84 million barrels of oil that the
world consumes daily comes from over 4,000 smaller fields, each producing less than
100,000 bbl/d, and from old “stripper wells™ past their prime that still produce a few
barrels a day. Since the earth’s oil endowment is concentrated in so few places, a
thriving trade has evolved exporting oil from producing to consuming countries. Figure 5
shows the most significant oil import/export relationships in 2005, based on volume,
These trade dependencies are a major factor shaping the geopolitical landscape. For
example, through the 1950°s the US was the largest oil producer and exporter in the
world. But by the 1970’s it had become a net oil importer. This reversal in producible oil
endowment relative to annual oil consumption forced major U.S. foreign policy shifts.
Dependent on trading relationships, the U.S. could no longer afford to be isolationist.
Currently, the U.S. produces about 8% of the world’s daily supply from 2.5% of the
world’s reserves. This supplies roughly 40% of U.S. daily consumption. The remaining

60% is imported, principally from Mexico, Canada, Venezuela, West Africa, and Saudi

Arabia.
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Figure 5. Major trade flows of oil from producing to consuming countries
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Source: British Petroleum (BP).

Diminishing Returns of Production

The oil industry is not exempt from the law of diminishing marginal returns. Oil
discovery and production rates increase early on as experience and innovation increase
efficiency. Then marginal returns diminish to zero as production efficiencies decrease

After reaching a maximum output, marginal returns become negative and output declines.

Oil Field Discovery Rate

The world’s readily accessible oil basins have already been explored for the easy oil.
Geology didn’t create many supergiant oil fields, and no new ones have been discovered
in the past 30 years (see Appendix A). In each region, the largest fields are usually
discovered early on, being “too big to miss”. Subsequent exploration wells (“wild cats™)
discover less and less new oil, resulting in the classic “creaming curve” of cumulative
production per number of wells drilled (Figure 6). Most reported oil well “hits” are the

result of infill or step-out drilling in already discovered fields.
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Figure 6. Example “Creaming Curve” for oil discovery. The big fields in a region are

found early. Later exploratory wells discover less and less oil.
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