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As portrayed by its most ardent promoters, the increasingly popu-
lar peak-oil hypothesis suggests that the sky is falling and that
we need to be worrying about this a great deal. The earth’s
crust has a fixed supply of oil and we can estimate just how
much based on our past experiences in finding and exploiting
it. Indeed, since we know the amount of oil we have already
extracted and the rate at which we currently exploit it, we can
draw a line into the future and predict the date when our pro-
duction of oil will peak. This simple calculation allows experts
and  non- experts alike to announce with confidence the time
when we will start to run out of oil. Some pundits seem to
enjoy providing the date with almost biblical precision, pin-
pointing that rapturous day when automobiles are abandoned
by the roadside and suburbs deserted overnight. A scan of any
popular bookstore confirms that there is a vibrant market for
the peak-oil hypothesis and for depictions of the dramatic
events that it will presumably  trigger.

But is there any truth in it? Will the depletion of a  non-
 renewable and essential resource like oil cause a cataclysmic
shock to our economic system? Will the demise of oil happen
rapidly? Will its depletion render obsolete, within a very short
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time, much of the road infrastructure, the suburban housing,
the dispersed shopping malls, the stocks of trucks and cars, as
well as all the industries that are dependent upon the  long-
 distance shipment of  goods?

While it is certainly not accurate to lump all economists
together, many are nonetheless associated with a more opti-
mistic view of how our economy will respond to the depletion
of a key resource such as  oil— a view that some compare to the
unshakable optimism of Dr. Pangloss in Voltaire’s famous
book Candide. Pangloss’s explanation for every mishap, no
matter how troubling, is that all is well in the best of all pos-
 sible worlds. The fundamental training of economists has
taught them that economic systems are anything but linear,
that they respond to real and perceived scarcity in ways that
are likely to offset and perhaps avoid the cataclysmic outcome
portrayed by devotees of the peak-oil hypothesis. In essence,
economists note that if a good is valued, and if it is becoming
scarcer, then its price will rise. When this happens in a market
economy, several feedback mechanisms kick in. These price
responses can slow down and perhaps even reverse the upward
price trend. In other words, the rules of the game change
when the price  changes.

In the case of oil, we have recent historical evidence in
support of the views of economists . In the  not  too  distant
past, we have had very high oil prices. Initially in 1973, and
then more substantially in 1979–80, oil prices rose from three
dollars per barrel to a peak of more than forty dollars per bar-
rel. This was the price in 1980 dollars, but when converted
after inflation into today’s money, the initial price was seven
dollars and the  forty- dollar peak was ninety dollars. It is only

Dixo_9780307357182_4p_all_r1.qxp:Layout 1  1/19/09  7:31 PM  Page 98



P e a k  O i l  a n d  M a r k e t  F e e d b a c k s | 9 9

in 2008 that oil  prices— seemingly so  astronomical— finally
surpassed their peak of 1980. Figure 1 provides a long history
of oil prices in current values. Because the figure lacks average
prices for 2008, it does not show the lofty price of $140
reached temporarily during that  year.

Obviously, a jump, in today’s money, from seven to ninety
dollars for a barrel of oil in just seven years is a huge price
increase. What is interesting, however, is what happened dur-
ing and after this increase. Just as most economists predicted,
the market’s feedback mechanisms kicked  in— with a
vengeance. The high prices triggered a range of  supply- and-
 demand  response.

On the supply side, the higher oil prices stimulated sev-
eral responses from the oil and gas industry. It searched more
intensively for oil, in anticipation of higher profits. It pur-
sued technological innovations that would increase the amount
of oil that could be extracted from a given site. It reassessed
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Figure 1. World oil prices from 1861 to  2007.

(Source: British Petroleum Statistical Review of World Energy 2008)
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the magnitude of its reserves, as higher prices mean that
more of the estimated reserve can be profitably exploited. In
concert, these responses increased the available supplies of
the oil  resource.

Also on the supply side, the higher oil prices stimulated
investment in alternatives to conventional oil. Some investors
supported the development of fuels from unconventional oil
like oil sands, heavy oil and oil shale. Others supported the
development of synthetic oil substitutes from the other fossil
fuels: coal and natural gas. Still others put their money in the
development of biofuels, with the Brazilian government espe-
cially noteworthy for its support of ethanol from sugar cane
as a key component of its energy  self- sufficiency  strategy.

On the demand side, business and consumers found ways
to use less oil, either by improved efficiency of vehicles, fur-
naces, boilers and so on or by switching from  oil- based prod-
ucts to energy substitutes like coal, natural gas, nuclear, hydro
power, wind power and so on. By 1986, what had been a seller’s
market for oil transformed into a buyer’s market. The price
crashed. And it stayed below  twenty- five dollars per barrel for
most of the next fifteen  years.

This appears to be a textbook case of the wonderful power
of the  price- feedback mechanism of the market. A seminal
economic thinker like Adam Smith would be pleased with
the manner in which the  energy- use decisions of millions of
businesses and households enabled the global oil market to
establish a new equilibrium price, one that held more or less
for the next decade and a half, with governments playing a
minor role at best. No doubt, economists enjoy teaching the
lessons from this particular  event.
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But what are the lessons really? Does the response to the
 oil- price shocks of the 1970s demonstrate the ability of the mar-
ket to deal with the gradually increasing scarcity of a  non-
 renewable resource? Or does it mislead us into thinking that the
market will take care of resource depletion when in fact it will
not? Was the event really just a  foreshadowing— an ignored
 foreshadowing— of much more dramatic events yet to  come?

Those focused on peak oil argue that while the rapid oil
price increases of the 1970s were sometimes interpreted as a
response to geological scarcity, they were actually the result
of an artificial scarcity motivated by geopolitical factors. The
rapid price increase in 1973 coincided with the oil embargo
initiated by the major Arab  oil- exporting countries in response
to that year’s  Arab- Israeli War. The further price jump in
1979 coincided with the sudden cessation of oil production in
Iran during its Islamic Revolution. This type of scarcity is
resolved once the political situation changes. Arab countries
soon ended their 1973 oil embargo. In the early 1980s, the
new Iranian government  re- established its oil exports, in part
to finance its costly war with  Iraq.

In other words, those concerned about peak oil claim that
the oil price increases of recent years are not comparable to
what we experienced in the 1970s. They argue that the high
price of oil in 2008 was directly linked to physical realities. It
is not that producing countries aren’t selling us enough oil.
It’s that they cannot sell us any more. They are pumping as
fast as they can, the argument goes, but relentlessly growing
demand from developed and especially developing countries is
soaking up the oil as fast as it comes out of the ground. They
acknow ledge that the oil market is, of course, still somewhat
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vulnerable to political developments. But they go on to argue
that the price increases in 2007–2008 were not ephemeral, and
instead signify a new recognition that the severe scarcity of oil
is now a reality in determining its  price.

This is a critical question. Depending on who is right, the
future will indeed be very different. On the one hand, we
have the Chicken Little perspective that the sky is falling, that
we should quickly get ready for oil prices at two hundred, three
hundred and even four hundred dollars per barrel, and that our
economies, our industries, our cities and even our lifestyles
must rapidly change. On the other hand, we have the optimistic
perspective of Voltaire’s Dr. Pangloss, that in this best of all
possible worlds the economy’s feedback mechanisms will kick
in while our economies transition gradually towards the many
alternatives to conventional oil, at energy costs that are not
dramatically higher. From Dr. Pangloss’s perspective, we will
look back at this first decade of the  twenty- first century as
nothing more than a bump on the road of economic  growth.

Which side is right? How much oil do we have left?
What are the fossil and  non- fossil fuel substitutes to oil and
what supplies are available at what cost? What is accurate
and what is inaccurate about the  peak- oil depiction of the
world? Given all these considerations, can we say anything
about where the price of oil might be in ten, twenty or
thirty  years?

Is the Tank Really on  Empty? 
The first step in answering this question is to ask how much
fossil energy is left in the ground. The short answer is “a lot.”
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In my 2005 book, Sustainable Fossil Fuels, I provide
detailed estimates of the world’s supply of oil, coal, natural
gas and other forms of energy. A table from that book is
reproduced here (see figure 2). This table shows my supply
estimates for the three fossil fuels; my calculations are assem-
bled from various official sources.1 The table makes an
important distinction between resources and reserves. While
they may sound like the same thing, they are actually quite
different. A “resource” is defined as the estimated natural
occurrence of a particular form of  energy— how much there
is in the ground. A “reserve,” on the other hand, is the sub-
set of the resource that is available for current  exploitation—
 that is, how much we’re likely to get out of the ground at
today’s technology and prices. The size of the reserve
depends on our state of knowledge of the resource’s location
and our technological capability to extract and process it at a
reasonable cost, so it is difficult to set an exact figure. The
definitions of “resource” and “reserve” differ from agency to
agency, and there is a further distinction between “proven”
reserves and “probable” reserves. To further complicate mat-
ters, different agencies use different ratios to convert phys-
 ical quantities (tonnes, barrels, cubic metres) into energy
values. But the numbers are all there, and they give a rough
sense of how much energy is still in the ground. Since many
of my numbers are from chapter 5 of the World Energy
Assessment of 2000, I use its energy conversion  ratios.2

The world coal resource is estimated to be over 7 trillion
tonnes or 200,000 exajoules. World coal reserves are esti-
mated to be one trillion tonnes or 21,000 exajoules. To get
a sense of these magnitudes, keep in mind that humanity
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currently uses just over 400 exajoules per year in total (which
is equivalent to about 2 million barrels of oil per day) when
we include biomass and other renewables alongside the
dominant fossil fuels. These coal reserves are concentrated in
North America, the former Soviet Union, China, India,
Australia and  sub- Saharan Africa. (For simpli city, the table
presents coal as a homogenous resource. In reality, differ-
ences in the grades of coal are important, with the highest-
grade coal used as a feedstock and energy source in steel
production while lesser grades are combusted for steam pro-
duction in  electricity generation plants.) Coal reserves are
substantial compared to our current use rate, to say the least.
If coal consumption continued at its current rate of one hun-
dred exajoules per year, reserves might last 210 years, while
the resource would last 2,000 years. These long time frames
would decline of course if the exploitation rate were to
increase or if not all of the resource were ever to become
technologically or economically accessible. But it is clear that
there is a lot of coal out there.

And the same is true for oil. Statistics of oil reserves and
resources make a distinction between conventional oil and
unconventional oil. Conventional oil is generally defined as
crude oil which can be pumped to the surface without requir-
ing induced changes to its viscosity  (low- viscosity oil is more
fluid). The cost of recovering crude oil varies with the location
and characteristics of the reservoir. Some conventional oil is
pooled in large, shallow reservoirs and flows easily to the sur-
face. But some conventional oil is more difficult to exploit
because of low pressure, the depth of the reservoir, the heavi-
ness of the oil or the remoteness of the  location— hence terms
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like deep oil, heavy oil, offshore oil, deep offshore oil and
frontier oil. Technological developments have improved the
ability to exploit these sources of conventional oil and have
also increased the percentage that can be extracted from a
given reservoir. A technique called “enhanced oil recovery”
injects a gas or liquid into an oil reservoir to raise its pressure
and change the oil’s viscosity in order to improve the recovery
factor; traditional recovery factors of 35 percent have been
increased to more than 65 percent in some cases. This can
make it difficult to determine just what is a resource and what
is a reserve. But either way, the oil is there, under the  ground.

“Unconventional oil” describes various substances from
which crude oil or a synthetic variant can be produced. Oil
sands (also called natural bitumen or tar sands) are the form of
unconventional oil that gets the most headlines. They consist
of  loose- grained rock material bonded with bitumen, a
 molasses- like heavy oil. Synthetic oil is produced from oil sands
by heating processes that can be applied in situ or after the
physical removal of the material by strip mining. The choice of
process depends on the depth of the deposit, production costs
and environmental impacts. Western Canada has a significant
portion of the world’s resource, and has recently seen a major
expansion in production. The potential scale of the resource is
comparable to the conventional oil resource of Saudi Arabia.
 Extra- heavy oil is a  tar- like substance requiring steam injection
for recovery as synthetic crude oil. Venezuela has about half of
the world’s  extra- heavy oil resource and is currently developing
some of it. Oil shale is a  fine- grained sedimentary rock that
contains a waxy hydrocarbon material called kerogen. Large
volumes of this rock must be mined and then subjected to heat
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processes in order to yield petroleum products. The U.S. has
large deposits of oil shale but has only conducted pilot projects
to process it. Estonia, however, has exploited its oil shale
resource for electricity generation for  decades.

Again relying primarily on the World Energy Assessment, fig-
ure 2 provides resource and reserve estimates for conventional
and unconventional oil. The conventional oil reserve is esti-
mated to be six thousand exajoules (that is, 150 gigatonnes),
while the resource base is estimated at between ten thousand
and sixteen thousand exajoules. Estimates of unconventional
oil resources have even greater variability given the uncertain-
ties about magnitude, future technological developments and
ultimate exploitation costs. The World Energy Assessment esti-
mates the unconventional oil reserve at 5,000 exajoules and
the total unconventional resource at 20,000 exajoules. If global
oil consumption continued at its current annual rate of 163
exajoules, currently estimated reserves would last  sixty- seven
years and the estimated resource 200 years. If oil production
were instead to grow from 2000 onward at 0.5 percent per
year, the estimated resource (conventional and unconven-
tional) would last less than 150  years.

And natural gas is even more plentiful. As with oil, ana-
lysts distinguish between conventional and unconventional
natural gas. Conventional gas is natural gas in pressurized
sedimentary structures in association with oil or by itself. Even
gas that is not found with oil is usually mixed with other gases,
hydrocarbon liquids and water, thereby requiring processing
prior to its  long- distance transport to market by  pipeline.

Unconventional natural gas is gas that cannot be exploited
by conventional recovery techniques. Most analysts distinguish
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four types of unconventional gas. Coalbed methane is gas that
can be extracted from  hard- coal deposits, usually requiring
fracturing of the coal.  Tight- formation gas is gas trapped in
low-permeability rocks that requires fracturing to be released.
Geopressurized gas (also called  ultra- deep gas) is gas dis-
solved in deep aquifers. Gas hydrates (also called clathrates)
are deposits of frozen gas and ice located in polar permafrost
and below sediments on the ocean  floor.

Estimates of conventional natural gas reserves depend
on assumptions about the economic potential for enhanced
gas recovery; for example, on raising reservoir pressure to
increase recovery from 60 percent to 70 percent. Assuming
that some enhanced recovery is economic, the World Energy
Assessment estimates global reserves of conventional natural
gas to be 5,500 exajoules and the entire conventional resource
to be 16,500  exajoules— of which perhaps 5,000 exajoules
could be added to the conventional gas resource from enhanced
recovery  methods.

Again, as with oil, estimates of unconventional gas reserves
and resources vary widely depending on some key assump-
tions, such as whether to include the huge but highly uncer-
tain estimates of gas hydrates and geopressurized gas. The
World Energy Assessment estimates that unconventional gas
reserves are in the range of 9,500 exajoules while unconven-
tional gas resources are in the range of 33,000 exajoules.
These totals exclude the enormous quantities of gas hydrates,
approximately 350,000 exajoules, and geopressurized gas,
estimated at 600,000 exajoules. My exclusion of these latter
two is questionable, however, because while humanity has not
yet developed the capability to exploit these resources, some
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analysts believe that the technological means could be quickly
developed at reasonable costs. But I leave them off the ledger
to make my estimate more cautious.

Combining conventional and unconventional gas yields a
total gas reserve of 15,000 exajoules and a total gas resource of
49,500 exajoules. If global natural gas consumption continued
at its current annual rate of 95 exajoules, reserves would last
160 years and the resource as long as 520. Just to give a sense
of the potential of some of the unconventional gas, if hydrates
and geopressurized gas were included in the resource total, the
resource could conceivably last thousands of years!

Since all three forms of fossil fuel can be converted into
liquid and gaseous hydrocarbon forms of secondary energy
as well as electricity and hydrogen, figure 2 combines the
reserve and resource estimates into a single  fossil  fuel aggre-
gate. The total of fossil fuel reserves is 47,000 exajoules and
the total of fossil fuel resources is 280,000 exajoules. As an
aggregate, fossil fuel reserves would last 130 years at  current-
 use rates and resources almost 800 years. I have not pro-
jected an indefinite growth rate for fossil fuel consumption
in aggregate, but from the individual resource projections in
the table it is apparent that the total resource could support
an annual growth rate of 0.5 percent for about three hundred
 years— again excluding the huge potential from gas hydrates
and geopressurized  gas.

Now, these estimates are highly uncertain, since they
depend on the state of geological knowledge, the rate of
technological advance and the price of energy. But even if
these resource estimates are on the high side, it is nonethe-
less clear, from the sheer magnitudes involved, that humans
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have thus far used only a small portion of Earth’s fossil fuel
endowment. From a  supply- security perspective at least, it
appears that we can continue to use these resources for
decades and even  centuries— provided we do this without
causing unacceptable disruption to Earth’s climate and key
biophysical  systems.

We’re not running out of fossil fuels just  yet.

Peak-Oil Debates: 
Is the Peak in Conventional Oil Production  Predictable?
Those who warn us of the looming crisis of peak oil seem to
be generally aware of Earth’s huge fossil fuel endowment. And
yet, when it comes to energy security, they seem to draw the
opposite conclusion: that oil penury is already upon us and
that oil prices are inevitably headed to ever higher levels. To
back up this position,  peak- oil champions refer to the pio-
neering analysis in the 1950s of the U.S. geologist M. King
Hubbert. He postulated that discoveries of oil reserves in a
given  oil- bearing basin would trace a  bell- shaped curve over
time. At first discoveries would increase, and then they would
hit a peak, after which they would decline as recovery efforts
in the same basin faced diminishing returns. Oil production
would have the same bell shape as the reserve curve, but it
would lag behind it by about fifteen to twenty-five years, given
the time it takes to incorporate new reserves into production.
The right tail of the production curve signifies depletion of
the reserves and eventually the cessation of  production.

Using U.S. exploration data, Hubbert determined in 1956
that oil discoveries in the lower  forty- eight U.S. states were
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reaching a peak and from this he predicted that peak produc-
tion would occur sometime between 1965 and 1970.3 As it
turned out, his prediction was quite accurate, with peak pro-
duction occurring in 1970. Figure 3 depicts the  bell- shaped
curve, showing the addition of oil reserves over time as a result
of exploration effort and the physical limits of the  resource.

Peak- oil advocates have extended Hubbert’s model to the
global scale. C. Campbell, J. Laherrère, R. Bentley, K. Deffeyes
and other researchers have predicted that global oil discover-
ies have peaked and that global oil production will hit
“Hubbert’s peak” within a decade or two at most.4 Similarly,
some researchers predict that natural gas production will peak
after 2020, and then follow a similar pattern of decline. These
advocates of a global application of Hubbert’s model base their
analysis on a detailed review of the discovery and production
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Figure 3. Hubbert’s model of peak  oil.

(Source: author)
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rates in the world’s currently active oil and gas fields, plus an
assessment of the potential from less intensively explored sedi -
mentary basins. While they acknowledge the  backup poten-
tial from unconventional oil and gas, they suggest that these
cannot be brought into production fast enough to offset the
growing gap between declining production and increasing
demand. They also claim that because these unconventional
sources consume energy in the production process, their use
will entail a declining productivity in our energy system,
which will imply a similar decline in economic performance.
As a result, they predict a crisis in oil and gas markets because
of fuel scarcity, sustained high prices and global economic
recession. Populist writers have played up the resulting crisis
potential, with daunting book titles such as Peak Oil, The End
of Oil, Out of Gas and The Party’s Over. Imminent catastrophe
has its  attractions.

Again, to experts and  non- experts alike, this hypothesis
seems highly plausible. Oil is a  non- renewable resource whose
discovery and production must eventually decline. Nothing
could be more  obvious.

Enter the economists, for whom oil resources are not
strictly limited. In the words of E. Zimmerman back in 1951,
“Resources are not, they become.”5

What Zimmerman meant by this is that the concept of a
resource is much more fluid. When we only had technologies
to extract oil from  land- based oil wells, then oil under the seas
was not a resource. When we developed the offshore technol-
ogy, then undersea oil became a resource. In more recent
decades, oil sands were not oil resources. Today, they most
decidedly are. Perhaps the same development will occur with
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oil shale, which is rarely counted as an oil resource today but
may be in future. Perhaps the same development will occur
with a substantial part of the 30 to 60 percent of oil in a given
reservoir that is considered today to be unrecoverable and is
therefore excluded from our resource and reserve  estimates.

This explains why economists have much more difficulty
estimating something like the “peak” in oil discovery or pro-
duction. The peak is at different times if different definitions of
the oil resource are  used— and the definition is indeed chang-
ing all the time. Recent studies by economists have given very
different estimates for the peak of production depending on
the associated estimates for: (1) production cost reductions
caused by innovation, (2) reserve reassessments caused by price
increases, and (3) capacity increases through more intensive
exploitation of individual  wells.

What Happens As We Deplete Conventional Oil  Reserves?
Most of those who are concerned with peak oil do not exhibit
any particular love for oil. In fact, one sometimes wonders if
their certainty about its imminent disappearance is not, in
part, the result of unconscious wishful thoughts. Some of the
writers about peak oil seem to barely conceal their glee in
describing the collapse of our modern economies and the
forced return to an  oil- free,  pre- industrial, bucolic lifestyle.
One gets the sense that they feel this would be good for  us.

Perhaps this is where we are headed. And perhaps this
would be good for us. But what is the likelihood of this scen -
ario? What if we really were on a downward slope in the dis-
covery and production of oil? What would happen? Would
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prices really rise inexorably as global output of conventional
crude slid down the right side of Hubbert’s  curve?

To most economists, the probability of this happening is
extremely low. Every commodity, no matter how essential,
no matter how coveted, has factors that limit its price. This
limit might be determined by the cost of producing alterna-
tives to the  commodity— the price of its substitutes. At the
extreme, it might be determined by the limits of our ability
to  spend— our budget constraints. But there are  limits.

The  peak- oil  literature— consistent with Hubbert’s
 analysis— tends to rely on data for conventional oil. Earth’s
endowment of unconventional oil is all too often ignored.
Yet humanity would be nowhere near the possible produc-
tion peak of oil if the curve were to include enhanced oil
recovery, oil sands,  extra- heavy oil and oil shale. All of these
are already being exploited to some degree, but their pro-
duction could be scaled up dramatically over the next decade
or two. This has already started with enhanced oil recovery.
And exploitation of the oil sands in Canada has taken off
from a modest level in the mid-1990s, to reach more than
one million barrels per day in 2008 with expectations to hit
four or five million barrels by 2020.6

Even adding unconventional oil to the curve does not do
justice to the  full- supply response that would be triggered
by higher oil prices. Conventional oil and unconventional
oil are used to produce refined petroleum products.
However, these refined products can also be produced from
natural gas and coal. Today in Qatar, natural gas is used to
produce synthetic gasoline and other liquid fuels. In South
Africa, coal is used to produce synthetic gasoline, providing
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more than 40 percent of the fuel for vehicles in that country.
As figure 2, discussed earlier, shows, Earth’s endowment of
coal is huge and the stock of natural gas, which is also huge,
could be even larger if humans eventually access deep geo-
pressurized gas and gas hydrates. But there has been very
little investment in these alternatives, since for a long time
the price of conventional oil remained below  twenty- five
dollars a barrel.

Now, with the oil price higher, investment would be
expected to flow into these alternatives, since their costs of pro-
duction are likely to be below one hundred dollars per barrel
and perhaps even lower according to virtually every energy
analyst involved in estimating the costs of our energy alterna-
tives.7 Figure 4, a graph from A. Brandt and A. Farrell, is a
recent update of the  energy- supply graphs that are frequently
produced by energy researchers. The horizontal axis of the
graph shows quantities of oil that could be produced from
the conventional and alternative fossil fuel sources listed
above (in trillions of barrels). The vertical axis shows the costs
of using these sources to produce a product equivalent to
conventional oil. Eor is the abbreviation for “enhanced oil
recovery,” gtl is the abbreviation for “natural gas to liquids,”
and ctl is the abbreviation for “coal to liquids.” The vertical
height associated with each fossil fuel resource reflects the
range of cost estimates. Oil shale production costs have great
uncertainty and will vary significantly depending on the acces-
sibility of the resource in a given  location— hence the range
from  twenty- five to ninety dollars per barrel. The lighter
shading moving to the right for each resource signifies increas-
ing uncertainty about its magnitude. At least two trillion barrels
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of oil could be produced from coal (ctl synfuels), but the final
figure could be as much as ten trillion. Finally, the solid bar to
the left of the vertical axis shows that humans have so far con-
sumed about one trillion barrels of conventional oil, most of it
at a cost in the  five- to- fifteen- dollars- per- barrel  range.

Compared to the  peak- oil diagram (see figure 3), this
graph tells a very different story. The  peak- oil curve gives the
impression that we are on the brink of a steep downward
slope. It leaves the question of what might then happen to the
viewer’s imagination. The possibility of dire consequences
looms  large.

In contrast, the  fossil  fuel supply graph provides an indi-
cation of what is likely to happen over the long term if market
mechanisms are allowed to work. The rising price of oil,
caused by a tightening market for conventional oil, will drive
 profit- seeking investment into these alternatives, all of which
have already been exploited to some extent in  commercial-
 scale operations for a diversity of market and  non- market rea-
sons. (South Africa developed its  coal- to- liquids program in
response to  anti- apartheid oil embargoes decades ago.) Like
virtually all other estimates by energy researchers, these al -
ternatives to conventional oil appear to be profitable as long
as the price of oil remains above forty dollars. Since the price
has only been above forty dollars consistently for the last few
years, it is no wonder that these alternatives to conventional
oil today represent only about 3 percent of global oil produc-
tion. But this percentage is growing every year and will accel-
erate if high oil prices hold for an extended period of  time.

And other fossil fuels are not the only possible substitute for
oil. Today, Brazil supplies more than half of the fuels consumed
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by its vehicles with ethanol produced from sugar cane. The
U.S. government subsidizes the production of  corn- based
ethanol by its farmers. There are serious questions about the
viability of this approach, given the relative inefficiency of
producing ethanol from corn and the potential repercussions
for world food prices. Nonetheless, production of liquid fuels
from biomass is sure to expand over the coming decades,
probably with a greater reliance on cellulosic feedstocks like
sugar cane and wood, given the competition between land for
food and land for  fuel.

Finally, since a major demand for oil is the production of
fuel for vehicles, it is important to note that vehicles can 
be powered by electricity and hydrogen, both of which can be
produced without recourse to oil, or any fossil fuel for that
matter.  Battery- electric and  plug- in hybrid vehicles could be
powered by electricity that is produced from nuclear, large
hydro power, biomass and other renewables. Hydrogen could
be produced from electricity or biomass. The cost of these
alternatives presents yet another  long- run upper constraint on
the price of oil, provided that they can be delivered at signifi-
cant scale to affect the market  price.

But even if it is true that there are many alternatives to con-
ventional oil, it might still be the case that the transition will be
very difficult, involving great costs that will lower our standard
of living. In this regard, some people claim that we must espe-
cially pay attention to the amount of energy required to obtain
a given amount of useful energy. Figure 5 explains the concept
of “energy return on investment.”8 Energy return on invest-
ment (eroi) is the amount of useful energy provided to the
economy (Enet in the figure) divided by the amount of energy
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 self- consumed (Eself ) and the amount purchased (Epurchased) by
a given energy sector in production and delivery of the energy
product. Conventional oil has a high return on energy invest-
ment, but most of its alternatives have a significantly lower
return. Will this mean that our economy will be in big trouble,
forced to exploit greater and greater quantities of energy just
to provide the same level of energy services over the coming
years as we deplete our conventional oil  stocks?

Once again, the answer is not that simple, at least not to
economists. For economists, this calculation suggests that all
energy provided by the energy system is equal, as long as we
measure it in some common unit, like joules. But in the real
world, if we converted energy prices into their per joule

Direct Energy (fuels, electricity)

Indirect Energy (capital, materials)

Energy Return on Investment (EROI) =

Egross

Oil in the ground
Enet

Epurchased

E+ purchased

Eself
Enet

Eself

Rest of 
economy

Oil well

Figure 5. Energy return on  investment.

(Source: Cleveland and Kaufman, Encyclopedia of Earth, 2008)
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equivalencies, we would see that we value different energy
products differently. For instance, sometimes it might make
sense to use a lot of energy to produce an energy commodity
that we value highly, like electricity. The value of joules in the
form of electricity might be so great to us that the high energy
input makes sense. In fact, what is important is not the amount
of energy input to make electricity, but rather the capital and
environmental  costs.

Another example is provided by the oil sands of western
Canada. Currently, natural gas is frequently used to upgrade
the oil sands into synthetic crude oil, providing energy for the
heat in the production process and for hydrogen to add to
the  carbon- heavy bitumen. When this natural gas is added to
all of the other energy that is  self- consumed by the oil sands
 industry— in extraction, processing and  transport— the energy
return on investment for oil sands is substantially lower than
that for conventional oil. But this need not be the case. If the
natural gas were more highly valued, then the oil sands indus-
try would find an alternative source of energy, and the obvious
alternative is to use more of the heavy fuel outputs of the bitu-
men itself to produce the heat that is needed to extract oil
from the bitumen and to extract hydrogen from water in order
to increase the hydrogen content. If the industry does this, the
purchased energy will decrease, but the  self- consumption of
energy will increase. And the only limit on  self- consumption
is the cost of using more of the  resource.

Thus, if oil sands exist free in nature, and if humanity can
develop ways to extract this resource at reasonable capital cost
without depleting natural water flows or negatively altering
the value of the land (either by rehabilitating open-pit mines
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or by using less harmful in situ extraction of oil from the oil
sands), then it does not really matter if the energy return on
investment is lower than for conventional oil. All that matters
is cost. Indeed, the previous figure that showed the cost of
alternatives to conventional oil already included these extra
capital costs. For these alternatives to be comparable to con-
ventional oil in terms of environmental impact, however,
their capital costs will probably be a bit higher than the figure
suggests. Even so, this would mean that the costs of alterna-
tives to conventional oil are well below a hundred dollars per
barrel, for a long time to  come.

The implication for the idea that we are running on empty
is clear: even if we are running out of conventional oil, we are
a long way from running out of fossil fuel  energy.

Why Such High Oil  Prices in 2008?
If markets work properly, one would expect this long list of
 reasonable- cost alternatives to keep the price of oil below one
hundred dollars per barrel and indeed lower even than fifty dol-
lars. Why, then, did the price climb so far above one hundred
dollars in 2008? Are markets not working? Are the  peak- oil
alarmists correct in their Chicken Little forecasts of two hun-
dred and three hundred dollars per barrel? What is going  on?

In Dr. Pangloss’s best of all possible worlds, markets would
operate smoothly. The gradual depletion of conventional,  low-
 cost oil would cause markets to tighten. This would shift the oil
price slowly upward and investors would see that the price was
not likely to fall back to its original level. On this basis, invest-
ments would steadily shift to alternative sources for producing
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the refined petroleum products we currently get from oil. Prices
might edge upward, but only gradually as we shifted towards
somewhat more expensive alternatives to conventional  oil.

In other words, as one commodity (say, conventional oil)
gets more expensive, the commodity that replaces it (say,
unconventional oil) comes online. Because the cost of produc-
ing this next generation of fossil fuels is only slightly higher
than the cost of what it replaces, the underlying cost of the
gasoline it is refined to produce stays more or less the same. It
may edge up gradually, but it will not spike. This  gasoline-
 supply curve is illustrated in figure  6.

The graph shows the relationship between price and
cumulative production of gasoline. The dotted lines depict the
full underlying costs of producing and delivering gasoline,
first from conventional crude oil, then from unconventional
oil, then coal, and then perhaps a  non– fossil  fuel source such
as biomass. If quantity A on the horizontal axis indicates
cumulative demand at the corresponding price on the vertical
axis, conventional oil supplies are sufficient. Over time, as we
burn more and consumption drives cumulative demand to
quantity B, gasoline suppliers must shift to unconventional oil.
If unconventional oil is more expensive to extract and then
refine into gasoline, consumers must pay more. If it costs
about the same, the gasoline cost line is essentially flat and
prices would be unaffected by the need to acquire supplies
from this alternative. A similar logic applies to the supply and
cost of producing gasoline from coal. Because of high uncer-
tainty about future  land- use conflicts, the graph shows two
possible curves for the cost of gasoline (or, in this case, a sub-
stitute like ethanol) from biofuel: the cost could be relatively
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flat or rise steeply, depending on the value of alternative uses
of land for agriculture or for the preservation of  biodiversity.

What will this mean at the pumps? If the cost of produc-
tion of gasoline from the alternatives to conventional oil is not
substantially higher in the long run, consumers will be uncon-
cerned and probably unaware that substitution is occurring. All
they may experience is a gradual increase in the market price
for what appears to be the same  product— gasoline to fuel their
commute. This upward trend will likely be imperceptible in
the face of the usual  short- run price fluctuations inherent in
any commodity, a normal consequence of the difficulty for
markets of perfectly balancing supply and demand at any
given time. In this scenario, peak oil becomes a meaningless
concept, of no consequence to  consumers.

Unfortunately for consumers, it does not always seem like
we are living in Dr. Pangloss’s best of all possible worlds. Price

QUANTIT Y  OF GASOLINE (L ITRES)
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Figure 6. Gasoline-supply curve.

(Source: Jaccard, Sustainable Fossil Fuels)
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changes for a critical commodity like oil are anything but
smooth. In figure 1 we saw some of the major fluctuations in
the price of oil over the decades. A closer look at it reveals
that  oil- price volatility is a common occurrence. These price
spikes are mostly  short- lived. But prices can also stay at high
levels for much longer periods. To understand why, it is
important to distinguish between the two key factors driving
the demand for oil: its price and our  incomes.

Energy economists refer to this relationship as the  “double-
 elasticity function.” By elasticity, they mean the change of oil
demand resulting from a change in either oil’s price or eco-
nomic output (which determines our incomes). In other words,
the more expensive oil gets, the less of it we will burn, and the
more money we have, the more of it we will burn. The price
elasticity of oil tells us how the demand for oil might change in
response to a change in its price, with income and all other fac-
tors held constant (factors such as weather, the price of oil’s sub-
stitutes or regulations on fuel efficiency). The income elasticity
of oil tells us how the demand for oil might increase as our
income increases, with price and all other factors held  constant.

Energy economists make an important distinction between
short- and  long- run elasticities. The  short- run price elasticity
of oil might be quite modest. Even when the oil price rises
significantly, consumers cannot instantaneously change their
cars and furnaces to more efficient models or switch to alter-
native fuels. So demand can only change a little (perhaps by
driving  less— a behavioural change) in the  short  run. But
over time, the response is greater, meaning that the long-run
price elasticity is higher. A sustained high price would moti-
vate companies and households to gradually switch to more
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efficient devices or alternative fuels. So if a price stays high
long enough, the impact of the price change  increases.

In contrast to price elasticity, income elasticity indicates
how the demand for oil might change if income is rising and
the price of oil is not changing at all. Ever since the invention
of the steam turbine and the internal combustion engine a
century ago, the demand for oil has been strongly correlated
with economic growth, an aggregate measure of income.
Figure 7 shows how global oil production and gross world
product have both grown over time. It is pretty clear that the
more money we make, the more oil we  consume.
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Figure 7. World oil production and gross world  product.

(Source: World Bank, World Development Indicators, 2008, and A. Maddison, 

The World Economy, OECD, 2003)
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But the link between a form of energy and economic out-
put need not be inevitable. In the 1900s, economic output and
coal production were closely linked. But as oil and natural gas
appeared on the scene, the link of coal to economic activity
weakened. The coal intensity of the  economy— the amount of
coal it took to make a  dollar of output— dropped substantially.
Today, the oil intensity of the economy is also dropping. How
far and how fast depends on when and how fast we settle on
something else to satisfy our energy needs. If oil is expensive
in the long run, the line in figure 8, which illustrates the oil
intensity of gross world product, may decline dramatically, as
substitutes to conventional oil become relatively more afford-
able. But if the substitutes are mostly conventional oil, and if
we redefine these substitutes as “oil,” then the line might sus-
tain its gradual  slope.

But that is the big “if.” Yes, there is a substantial probabil-
ity that the price of oil will sustain its recent retreat below one
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Figure 8. Oil intensity of gross world  product.

(Source: World Bank, World Development Indicators, 2008, and A. Maddison, 

The World Economy, OECD, 2003)
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hundred dollars per barrel; over time, commodity prices tend
to find their way to the  long- run cost of production. Still, there
are also energy economists who believe that the price of oil will
be well above one hundred dollars for many years to come,
perhaps permanently. They note that the high prices of the last
few years are the result of a very tight market rather than of
conflicts in the Middle East or tensions with the government
of Venezuela. The demand for oil has been rising steadily,
driven in large part by the rising incomes in China, India and
other developing countries experiencing rapid economic
growth. In other words, income elasticity in developing coun-
tries (they are burning more oil because they have more
money) is putting a great upward pressure on the demand for
oil, and this is happening even though the price has risen.
Income elasticity may dominate price elasticity. Of course, the
impact of the  oil- price elasticity (reducing use with higher
prices) will increase with time, which means that the line in
figure 7 will take on a steeper downward slope, similar to the
period 1978–1985, or perhaps even steeper. Although it is too
early to say definitively, initial data suggest the oil intensity of
global economic activity is indeed starting to fall more rapidly
in response to the price increases of the last few  years— just
as most economists have  predicted.

This is on the demand side, where oil price and income
elasticities operate. There is also, though, a  supply price elastic-
ity. Just as consumers figure out how to burn less, suppliers
become innovative and offer alternatives as rising prices make
these more affordable. This elasticity indicates the response of
alternatives to conventional oil as its price rises. Earlier, figure 4
showed that there is a lot of oil potentially available at prices
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well below one hundred dollars per barrel. But this potential
supply response is certainly not  instantaneous— the  short- run
elasticity will be much smaller than the  long- run elasticity. In
other words, some years must pass before investors are con-
vinced that prices will stay high. Then they start to make invest-
ments, but these investments can take years or even a decade to
come to fruition. Meanwhile, the oil market stays tight and the
price stays high, especially if economic growth in developing
countries is offsetting the  demand- price  response.

Finally, these lags in the  demand- side and  supply- side
responses to high oil prices can also induce speculation about
just how tight the market might become and therefore just how
high the price of oil might go. Some people are willing to pay
very high prices for oil. In fact, many people will still drive their
cars even when the price of gasoline is dramatically higher
(that is, their demand is highly inelastic). Thus, a tight market
induces speculators to buy and sell oil in the hope of profiting
from quick changes in its price. The weight of speculator funds
can thus cause the price to rise even higher during times of per-
ceived scarcity. This phenomenon helps to explain the 2008 oil
prices that rose above one hundred dollars per barrel. It adds yet
another dimension to the factors determining the price of oil on
a given day. As one U.S. politician apparently said, “It’s startling
to think of oil prices being set by young guys on the floor of the
exchange screaming at each other on the basis of rumours.”

Whither the Price of  Oil?
Thus far, I have conveniently avoided saying where I think
the price of oil will be in ten, twenty or thirty years. This is
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standard practice for economists. Say nothing or, if you must
make a forecast, make sure to include a statement that begins,
“On the other hand . . .”

Actually, in this chapter I have already made a forecast. 
I said that the  long- run average price of oil will not diverge
greatly from the  long- run cost of production of conventional
oil and its substitutes. Markets can get tight. In the short and
even medium term, prices can rise dramatically, diverging
greatly from production cost. Prices can even stay high for
quite a long time because both the  short- run price elasticity of
alternative supply and the  short- run price elasticity of demand
are quite  feeble— there are limited alternatives in the  short
 run, so buyers will pay almost anything to keep consuming.
But the  long- run elasticities are likely to be quite substantial,
especially given what we know about the costs of alternative
supplies. These factors will make it very difficult to sustain a
tight market indefinitely. The price of oil could still go higher.
But eventually it will come back down towards the cost of pro-
duction of oil and its  substitutes.

On the other hand (there it is!), there is a scenario in
which economic growth throughout the world and especially
in developing countries might continue to overwhelm the
price-elasticity effects on supply and demand, such that prices
stay well above production costs for a decade or more. Quite
frankly, I put a pretty low probability on this outcome. It is
possible. But it is not  likely.

And there is another factor that supports my prediction
about price equating to production cost on average over the
long run. The reader might wonder why I have not mentioned
it yet. That factor is policies to address the climate change
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risk. I am convinced that humanity must impose a charge on
the emissions of carbon and other greenhouse gases, and that
this charge must grow gradually over the coming decades to
be a very significant cost factor in determining energy  supply-
 and- demand investment decisions. I call it a carbon price to
remain neutral about whether this charge results from carbon
taxes or  economy- wide emissions caps with tradable  permits.

Whatever pricing policy is used, we must quickly put a
global price on carbon and other greenhouse gas emissions.
We should have implemented this almost twenty years ago,
at the time Scandinavian countries started in this direction on
their own. This is a normative statement. I am not predicting
that humanity will put this price on emissions. I am simply say-
ing that it ought to and I hope it  does.

If we do succeed in getting a price on emissions, there will
be significant repercussions for the oil market, not to mention
the other fossil fuels. This is because the rising price attached
to carbon will form a wedge between the cost of producing
refined petroleum products and their market price. The mar-
ket price to consumers will keep rising in step with the carbon
price, even though this upward pressure will reduce production
(from what it otherwise would be) and therefore cause a coun-
tervailing downward pressure on the prices that oil producers
can charge. In other words, the carbon price will slow down
the consumption of oil and therefore the progression from
lower-cost oil to higher-cost oil and its higher-cost  substitutes.

But does this mean that the demand for oil and other
fossil fuels will fall precipitously in step with the rising car-
bon charge? I think not. As I explain in Sustainable Fossil
Fuels, the answer to this question depends on the relative
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advantages and disadvantages of the alternatives for provid-
ing humanity with low- and  zero- emission energy. In some
cases, nuclear power will be favoured. In others, it will be
various forms of renewables. But in many cases, the conver-
sion of fossil fuels into electricity, hydrogen and  low- carbon
fuels will be an attractive option as long as we capture and
safely store most of the carbon. It will be more costly. But
all of the options for low- and  zero- emission energy are
more costly. If we make an effective effort over the next fifty
years, then it is likely that the cost of energy services will be
25 to 50 percent higher than today. In a rich country, this
means that energy costs might be 9 percent of a typical fam-
ily’s budget instead of today’s 6 percent. I think our children
and their children, the ones who will be paying this cost,
will be happy with the choice we’ve  made.

In other words, Chicken Little and Dr. Pangloss might
each be partly right. The future will look different from the
world we live in now. But though some difficult choices lie
ahead, and higher costs may make us doubt we live in the best
of all possible worlds, there is no reason to think the sky is
about to  fall because of peak oil.
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