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22.1 Introduction [1]

As we write and rewrite these final chapters, in
2010 and then 2017, the US national economy con-
tinues to struggle. There has been little inflation-
corrected growth of the economy for more than
a decade, wages for most Americans remain
stubbornly low. The stock market crashed during
the Great Financial Crisis, beginning in the sum-
mer of 2007. By 2009, the Dow Jones Industrial
Average was down from its then-historic high of
14, 198 points to a low as 8000, barely half the peak
of the preceding fall. However, the stock indexes
have subsequently recovered, with the post-crisis
period surpassing all previous records. As of
November 10, 2017, the Dow Jones Industrial
Average stood at 23,422.21, an all-time high. This
boom in stock values, coupled with wage stagna-
tion, has been a primary driver of the inequality
mentioned in Section III. In 2014, economists
Emmanuel Saez and Thomas Piketty found that
during the recovery, from 2009 to 2012, that the
top 1% of income earners received 95% of all the
gains in income [2]. More than half of this increase
was from capital income and capital gains. Since
stock prices have increased another 58%, there is
no reason to believe that the share of the top 1% of
income earners has decreased. Many of our states
are facing severe budgetary problems, schools and
colleges everywhere are facing severe budget short-
falls. Political promises of the left and the right are
increasingly viewed with suspicion or hostility. The
rich get richer, and the poor get poorer.

The most abrupt change in our economy began
in the summer of 2008 with the highest oil prices
ever (almost $150 a barrel) and historically high
prices for other energy and most raw materials.
The Dow Jones Industrial average was down from
its then historic high of 14,198 to as low as 8000,
barely half the peak the preceding fall. Each week
the stock market lost 5% or 10% of its value. A
series of disasters struck the financial markets, with
many of the largest, most prestigious, and seem-
ingly impervious companies declaring bankruptcy,
by the end of November. Many investors lost from
one-third to one-half of the value of their stocks.
Since then the financial markets have recovered,
but the growth of the real economy has been tepid,
at best. Europe and Japan have continued to grow
very slowly, if at all, a situation called “secular
stagnation” Few understand the role of energy
in either secular stagnation or as a driving force
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in the financial explosion. In earlier years, peri-
ods of financial excess would occur at the end of
boom periods of economic growth. However, since
the 1970s, financial speculation showed marked
increases even in times of slow growth or recession.
Mainstream economics tends to view the rise of the
financial sector and speculation as a drain on the
economy, as investment in the real economy (fac-
tories, mines, oil wells) is displaced by purely finan-
cial investments in paper claims on real assets. Yet,
if one believes, as do we, that the normal state of a
monopolized economy is towards slow growth or
stagnation, then profit expectations in the real econ-
omy decline with growing excess capacity. Money
channeled into finance would not necessarily be
invested in the real economy. It may not be invested
at all, but held as cash in corporate coffers. Perhaps
financial speculation is one of the few things that is
keeping the economy growing at a tepid 2%, rather
than experiencing permanent recession or depres-
sion. After the financial crash, the nation’s central
bank, or the Federal Reserve, flooded the economy
with liquidity to avoid another great depression.
Most of this money flowed into the financial sector,
propping up stock prices [3].

Fewer still understand the underlying role of
energy. The North Sea, once the source of enor-
mous amounts of oil for the United Kingdom
and Norway, has declined greatly. Europe is again
beholden to Russia and the Middle East for its eco-
nomic lifeblood. The summer of 2017 also saw the
twelfth year in a row in which the global production
of conventional oil essentially did not rise (although
there was a modest increase in “all liquids’, often
reported as “oil’; driven by an increase in natural
gas liquids) leading some to say that the long pre-
dicted “peak oil,” the time of maximum global oil
production, had indeed arrived. Total energy use
in the United States had not increased for almost
a decade. The use of oil went down by about eight
percent since its peak in early 2008. World con-
ventional oil production has essentially been flat.
It is not quite clear whether this is a good sign of
decreasing use of CO2-emitting fossil fuels or a sign
that our economies are beginning to be in real trou-
ble. Meanwhile, populations and their aspirations
continue to increase relentlessly in much of the
“less-developed” world, especially India and China.

From the point of view of mainstream eco-
nomics and business executives, economic growth
is the most important of all goals. Most policies
are justified to the degree that their proponents
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say they will produce economic growth. But if
the energy needed to drive economic growth is in
decline, and the concentrated economy produces
slow growth on its own terms, then perhaps few,
if any, policies can produce economic growth.
Slow growth is likely to become “the new normal,”
for both biophysical and internal economic rea-
sons. A group to which we belong believes that
the world has entered a new mode, one that was
predicted in many ways in the 1960s and 1970s by
some geologists, ecologists, and economists. This
is a world of limits, one in which our once-trusted
tools of conventional economics are no longer
sufficient by themselves, if indeed they ever were,
of righting economic wrongs and allowing us all
to maximize our material well-being. While there
is no question that under the auspices of con-
ventional economics, many parts of the Western
world, and increasingly Asia, have done very well
in increasing human material well-being, the
perspective that we raise is whether our growth
in wealth has been due to really understanding
our economies or, as we believe, more to simply
our increased ability to pull more cheap oil, gas,
and coal out of the ground to allow the increased
economic work that is the basis of our wealth. To
some extent, any set of theories about economics
in the past was bound to be at least partly correct
because with more and more energy it was pos-
sible to generate more and more wealth, whatever
one’s theoretical premises!

22.2 What s the Source
of the Crash of 2008?

Many factors merged to cause the financial
crash of 2008—the subprime mortgage crisis,
high foreclosure rates, and Wall Streets sale of
opaque financial products known as derivatives.
Behind these are many aspects of greed, corrup-
tion, and malfeasance, not to mention the moral
hazard caused by lax political oversight. It is not
the intent of this book to focus on the personali-
ties and moral shortcomings behind these issues,
but we believe one good and detailed summary
of much of this can be found at » http://www.
informationclearinghouse.info/article28189.htm.
While we do not wish to downplay these “moral”
issues, we also believe that the root cause of the
current downturn and our difficulty in climbing
out of the recession was the same one that sparked
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four out of the last five world recessions: the high
price of oil [4]. Why did most economists and
financial analysts (and models like the Wharton
model) not see this coming? One hypothesis,
advanced by Nobel laureate Paul Krugman is that
the economics profession “went astray because
economists, as a group, mistook beauty, clad in
impressive-looking mathematics, for truth” [5].
We agree. As the market debacle has shown, math-
ematical elegance in economics is not a substitute
for scientific rigor, something we have discussed
in many previous papers [6, 7], and in chapter
20. If physical quantity of energy and its effect on
energy prices are crucial functions impacting the
economy, and they are not in our models, then of
what utility are the models?

As of this writing, global production of con-
ventional oil has been nearly flat since 2005, so
that peak oil, or at least a cessation of reliable
growth at the former rate of two to four percent
per year, appears to have occurred—with the
remaining debate only about whether there may
be a subsequent peak and how soon we begin a
slide down the other side, even given the tempo-
rary respite from hydraulic fracturing. If we have
passed the global peak in oil production, then
indeed the end of cheap oil will soon be upon us,
and our ability to grow or even maintain econo-
mies is likely to decrease. Because of the critical
importance of liquid and gaseous petroleum for
essentially everything we do, we have serious
reservations as to whether conventional econom-
ics and business or governmental policies can
guide us again to growth or indeed to manage an
economy where growth is no longer possible (e.g.,
@ Fig. 4.10). Thus the question becomes: “Can we
improve upon our ability to do economics and
financial analysis by using procedures that focus
more on the energy available (or not) to under-
take the activity in question?” In other words, are
finances beholden to the laws of physics?

We think yes. Thus the question becomes: can
we supplement or improve upon our ability to do
economics? Resource scientists have predicted
such a financial crash, or more accurately cessation
of growth, for a long time [7-11]. Any good physi-
cal or biological scientist knows that all activity in
nature—or anywhere—is associated with energy
use. Consequently, many in the scientific com-
munity were not the slightest bit surprised by the
financial crash or its timing. Colin Campbell, a for-
mer oil geologist and cofounder of the Association
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for the Study of Peak Oil, predicted in 2006 that
we are likely to see an end of year after year eco-
nomic growth and a movement to an “undulating
plateau” in oil production, prices, and economic
activity, with periodic high prices in oil-generat-
ing financial stress and a cessation or even reduc-
tion of growth. These financial strains would, in
turn, cause a decrease in oil use and hence a price
decline, with lower oil prices then leading to new
economic growth and new increases in oil use and,
eventually, oil prices. In other words, he foresaw
very large impacts of restrictions in oil availability,
and consequent price increases, on the market.
According to Campbell, “Every single company on
the stock market is overvalued from the perspec-
tive of what the cost of running that company will
be after peak. Value is determined by performance
which has been based on cheap o0il.” This approach
has been used to develop a model by Murphy and
Hall [9] which seems to be a pretty good predictor
of the present situation.

Many other analysts have remarked upon, and
even predicted, the probable impact of peak oil, or
at least oil price increases, on the financial status
of the United States and the world. A thoughtful,
chilling, and ultimately correct view of the impli-
cations of peak oil on the American economy
was presented by Gail Tverberg in January 2008
on the energy blog site “The Oil Drum” [10]. Her
predictions, which we thought impossibly pessi-
mistic at the time, have been vindicated in great
detail. Many analysts foresaw these issues as early
as the 1960s, including the authors of the famous
but cavalierly dismissed “Limits to Growth” study
of 1972, ecologists Garrett Hardin and Howard
Odum, economists Kenneth Boulding, Paul
Baran, Paul Sweezy, Nicholas Georgescu-Roegen,
John Bellamy Foster and others. But for those
who bothered to read and think about what these
authors were saying, the future is clear. Charles
Hall made his retirement decisions in 1970 based
on the assumption that peak oil and a crash of
stocks would occur in about 2008 [11]. The rea-
son is that all of these people understood that—
of necessity—real growth is based on growth in
real resources, and that there are limits to those
resources. The case for peak oil was clearly laid
out almost 60 years ago by Hubbert [12, 13] who
predicted, in 1955 that the US peak in oil pro-
duction would occur in 1970, which it did. The
United States has struggled to exceed the 1970
value in the intervening half century but has not
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done so as of November 2017 (see B Fig. 7.5) and
still imports nearly half the oil it uses.

While many economists place a great deal of
faith in increasing technology, in fact technology
does not operate on a static playing field but con-
tinually competes with declining resource quality.
There is little or no evidence that technology is
winning this game over time because the energy
return on investment keeps falling [14-17]. It is
important to understand that, at least so far, the
Limits to Growth model is an almost perfect
predictor of our current situation [18]. Resource-
based analysts understand and appreciate that the
recent turmoil in much of our financial structure
has many plausible causes. But they also know
energy underlies all of these issues. The funda-
mental dilemma is this: if oil, the most important
energy source to fuel the economy, goes through
the inevitable path of growth, plateau, and even-
tual decline (i.e., peak oil) while the financial
market is built on the assumption of unfettered
growth, then something has to give. Eventually the
aspirations and assumptions of indefinite growth
in assets, production, and consumption must col-
lide with the reality of an ever-constricted source
of the energy that fuels real growth.

Part of the financial stress is attributable to cheap
oil that then becomes dear. Starting in the early
1990s, relatively inexpensive oil, declining interest
rates, and globalization all contributed to economic
growth and to declines in risk premiums for virtu-
ally all asset classes. Capital went further out on
the risk curve to make up for reduced returns and
increased leverage (that is, a reduction in “money
in the vault” relative to what was loaned) became
the new norm. As volatility seemed to disappear,
even more leverage was piled on to the system.
Along with the changing landscape in global credit
markets came cheap financing for US home buy-
ers. The low price of energy also greatly increased
discretionary income which further encouraged
people to take advantage of this cheap financ-
ing, adding to massive residential development.
According to financial analyst George Soros this
created a self-reinforcing “reflexive” system, where
increasing home values increased collateral, which
encouraged further borrowing in the household
sector and in lines of credit for consumption and so
on [19]. The system had been built on the premise
that large amounts of discretionary spending would
always be available and the notion that everyone
was entitled to a McMansion, a “lawyer foyer;” and
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a home theater. Since the construction of homes far
outpaced population growth, most of the growth
was due to the perceived demand for these larger
houses. To get the area needed, we had to build out
from the cities. The largest growth in real estate had
been in the exurban areas, which were most vulner-
able to gas price spikes.

Discretionary wealth—that which is available
for nonessential investments and purchases—is
extremely sensitive to volatile energy prices [21].
Since most oil use is not discretionary but needed
for getting to or undertaking work, it is relatively
price inelastic, that is the response of consumers
is not particularly sensitive to changes in price.
Consequently, discretionary income dropped sub-
stantially when gasoline and other energy prices,
which had been creeping up from a very low level in
1998, increased sharply in 2007-2008. The United
States reached a “tipping point” in 2006-2008 [20]
as the price of oil rose temporarily to nearly $150 a
barrel. The assumption that the suburban lifestyle
would be sustainable became a question in many
potential owner’s mind. This perception appeared
to be an important initiator of a decline in aggre-
gate demand, particularly for exurban real estate. It
also may have initiated the massive de-leveraging
initiated we are now experiencing globally. (There
is a good summary of the various analyses by
Rubin, Hamilton, and others who argue that oil
price increases were behind these, and past, reces-
sions [22-23]). Massive household debt could not
be supported when the value of the underlying col-
lateral declined: a decline triggered by the spike in
energy prices. As the collateral disappeared, huge
derivative positions that had been built in the pre-
vious decade experienced margin calls. A spiral of
forced selling pressured all asset classes further,
and forced the banking sector essentially to freeze
in September of 2008. Will this faltering of the sub-
urban model be a preview of our ultimate response
to peak oil? Perhaps. Examining the general pat-
tern of oil price increases and probability of them
continuing can help us understand these things
better in the longer term.

22.3 Energy Price Shocks
and the Economy

At the start of 1973, oil was cheap at $3.50 a bar-
rel. The United States was still the world’s largest
producer. Peak oil had just occurred in the United
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States in 1970, but no one noticed. The economy
kept growing, fueled by increasing oil imports.
As domestic oil production in the United States
declined from 1970 to 1973, foreign suppliers
gained leverage. In late 1973, both political events
that precipitated the Arab Oil Embargo and an
accident that severed an export oil pipe in the
Middle East caused the price of oil to jump from
3 to 12 dollars a barrel. In a matter of months,
these events created the largest recession since the
Great Depression. The price spike had at least four
immediate effects upon and within the economy:
(1) oil consumption declined, (2) a large propor-
tion of capital stocks and existing technology
became too expensive to use, (3) the marginal
cost of production increased for nearly every
manufactured good, and (4) the cost of transpor-
tation fuels increased.

By 1979, the price of oil had increased by a fac-
tor of 10, to $35 a barrel. The proportion of gross
domestic product that went to buying energy
increased from 6% to 8% to 14%, restricting
discretionary spending while causing previously
unseen “stagflation”. The prices of other energies,
and commodities more generally, increased at
nearly the same rate, driven in part by the price
increase of the oil that was behind all economic
activities. Then, in the 1980s, all around the
world, oil that had been found but not developed
(as it had not been worth much previously) sud-
denly became profitable, and it was developed
and overdeveloped. By the 1990s, the world was
awash in oil, and the real price fell to nearly what
it was in 1973. The energy portion of GDP fell
to about 6%, essentially giving everyone an extra
8% of their incomes to play with. The impact on
discretionary income, perhaps a quarter of the
total, was enormous. Many invested in the stock
market, but then found themselves victims of the
“tech bubble” of 2000, as excess capacity began
to build in the technology sector. Real estate was
considered a “safe” bet, so many invested in what
was really surplus square footage. Speculation
became rampant as real estate became valued
for its financial returns rather than as a place to
live. For a while, it seemed as if investment in
real estate was a sure path to wealth. As we now
recognize, most of that increase in wealth was
illusory. With energy price increases from 2000
to the summer of 2008, an extra 5% to 10% “tax”
from increased energy prices was added to our
economy as it had been in the 1970s, and much
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of the surplus wealth disappeared. Speculation
in real estate was no longer desirable or possible
as consumers tightened their belts because of
higher energy costs. Then the housing market
crashed.

While this energy perspective is not a suf-
ficient explanation for all that has happened,
the similar economic patterns in response to the
energy price increases of both the 1970s and of
the last decade give the “energy trigger” consid-
erable credibility. In systems theory language,
the endogenous aspects of the economy that the
economists focus on (Fed rates, money supply,
etc.) became beholden to the exogenous forcing
functions of oil supply and pricing that are not
part of economists’ usual framework.

22.4 The Relation of Oil and Energy
More Generally, to Our
Economy

While economics is overwhelmingly taught as a
social science, in fact, our economy is completely
dependent upon the physical supply and flow
of resources. Specifically, our economy is over-
whelmingly dependent upon oil, which supplied
about 40% of US energy use in the 2000s, followed
by natural gas and coal at about 25% each, and
nuclear at a little less than 5%. Hydropower and
firewood supply no more than 4% each. Wind
turbines, photovoltaics, and other “new solar”
technologies together account for less than 2%
(although that percentage may be increasing).
Global percentages are similar. Our economy has
been based on increased use of fossil fuels for
most of its growth. Until 2008, we added much
more new capacity with fossil fuels than with new
solar, which has added a bit to the total use rather
than displaced fossil fuels. Since 2008, growth in
both energy and the economy has been very slow
(B Fig. 13.5), and the remaining economic activ-
ity is still based on about the same energy mix,
although in the US gas is displacing coal.
Because of the enormous interdependency
of our economy, there is not a huge difference in
the energy requirements for the various goods
and services that we produce. A dollar spent for
most final demand goods and services uses very
roughly the same amount of energy no matter
what the good or service is. An exception is
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money spent for energy itself, which includes
the chemical energy plus another ten or so per-
cent which is the energy needed to get it (i.e., the
embodied energy). For 2017 an average dollar
spent in the economy required about 5 mega-
joules for that activity. Money spent for chemi-
cals such as paint might use 12, but for most
final demand goods and services the number is
nearer to the mean. For heavy construction in
the petroleum industry, the estimate is about 11
MJs per dollar and for very heavy industry such
as obtaining oil and gas about 16 MJs per dollar.
Year by year less energy is used per dollar, due
mostly to inflation but also increasing efficiency,
especially as the economy turned from goods to
services and manufacturing moved overseas.
There continues to be decreasing energy return
on energy invested (EROI) for our major fuels
as we go after ever more difficult resources
[15-17].

22.5 Energy and the Stock Market

We include here some preliminary analyses that
we think show the importance of energy to Wall
Street and the economy more generally. First,
Wall Street prices reflect not only something
about the real operation of the economy but also
a large psychological factor often called “confi-
dence” Our hypothesis is that the energy used
by the economy is in some sense a proxy for the
amount of real work done. Thus over time, the
inflation-corrected Dow Jones Industrial Average
(DJIA), an index of financial speculation about
the potential future profits of top industrial cor-
porations, should have the same basic slope as
the use of energy in society. It should also “snake”
around the real amount of work done, reflecting
issues of confidence, speculation, and so on. Over
sufficient time, however, the DJIA must return
approximately to the real energy use line. To test
this hypothesis, we plotted the DJIA from 1915
until 2008 along with the actual use of energy by
the US economy. Our hypothesis would be sup-
ported if the slope of these two lines are similar
over the longer time period. In fact from 1915
until 2010, the DJIA had the same basic slope
as the use of energy, and it has greater variabil-
ity, consistent with our hypothesis (B Fig. 7.8).
We hypothesize that the Dow Jones will, over
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the long run, continue to snake about the total
energy use in response to periods of irrational
exuberance and the converse. If US total energy
use continues to stagnate or decrease, as it has for
the last decade, this hypothesis implies no sus-
tained real growth for the Dow Jones. Investors
and analysts should question whether any specu-
lative boom can continue indefinitely. Failure to
assess critically this possibility was a factor in
both the financial panic that preceded the Great
Depression, and the in Great Financial Crisis of
2008-09.

In the past, we also hypothesize that the
amount of wealth generated by the US economy
should be closely related to fuel energy use.
Cleveland et al. found that the gross national prod-
uct of the United States was highly correlated with
quality-corrected energy use from 1904 to 1984
(R* = 0.94) [24]. This high correlation appeared
to be much poorer for the period 1984 until 2008,
a period during which inflation-corrected GDP
doubled while energy increased by only a third.
It is possible that the divergence is due not to
increasing efficiency but rather an increasing pro-
clivity of governments to underreport on inflation
(see the online group » shadowstatistics.com).
Correcting for this, if indeed that is needed, would
make the relation of energy use and GDP growth
much tighter through the 1990s and 2000s. Also,
it is very clear that much of U.S. heavy industry
has been moved overseas, although we still import
the products.

22.6 A Financial Analyst Concurs

Jeff Rubin, Chief Economist at CIBC World
Markets, wrote in a recent book that defaulting
mortgages are only one symptom of the high oil
prices [22]. Higher oil prices caused Japan and the
European Nations to enter into a recession even
before the most recent financial problems hit.
According to Rubin: oil shocks create global reces-
sions by transferring billions of dollars of income
from economies where consumers spend every
cent they have, and then some, to economies that
sport the highest savings rates in the world. While
those petro-dollars may get recycled back to Wall
Street by sovereign wealth fund investments, they
don't all get recycled back into world demand.
The leakage, as income is transferred to countries
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with savings rates as high as 50%, is what makes
this income transfer far from demand neutral. By
any benchmark, the economic cost of the recent
rise in oil prices is nothing short of staggering.
The oil impact is much more staggering than the
impact of plunging housing prices on housing
starts and construction jobs, which, according
to the press, has been the most obvious brake on
economic growth from the housing market crash.
And those energy costs, unlike the massive asset
write downs associated with the housing market
crash, were borne largely by Main Street, not
Wall Street, in both America and throughout the
world. This big increase in oil prices has caused
the annual fuel bill of OECD countries to increase
by more than $700 billion a year, with $400 bil-
lion of this going to OPEC countries. Rubin
asks: “Transfers a fraction of today’s size caused
world recessions in the past. Why shouldn’t
they today?” We and others believe that there is
ample evidence that our economy is beholden to
energy supplies and prices, and that good inves-
tors and good economists need to learn a great
deal more about energy. This is one reason why
we are attempting to tackle this problem head on
through the development biophysical economics.
But getting the economists to rethink their intel-
lectual training will be a tough job, no matter how
much that is needed [23].

22.7 |Is Growth Still Possible?

There was little inflation-corrected growth of the
US economy or in its use of energy from 2004
through about 2015. Is this just part of the nor-
mal business cycle or something new? Numerous
mainstream theories have been posited over the
past century that have attempted to explain busi-
ness cycles. Each offers a unique explanation
for the causes of—and solutions to—recessions,
including Keynesian Theory, the Monetarist
Model, the Rational Expectations Model, Real
Business Cycle Models, NeoKeynesian mod-
els, etc. Yet, for all the differences among these
theories, they all share one implicit assumption:
a return to a growing economy is both desirable
and possible, i.e., GDP can grow indefinitely.
Historically, the US economy has grown at rather
slow average rate of 1.9% per year since the Civil
War. Some decades, such as the 1890s or the
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1930s, showed profound declines. However, the
decades after the Second World War until the
1970s showed sustained growth. Economists
began to take the unique postwar phenomenon
as normal. Of course, economic growth in the
era preceding the use of fossil fuels was less than
1%. But if we are entering the era of peak oil, then
for the first time in history we may be asked to
grow the economy while simultaneously decreas-
ing oil consumption, something that has yet to
occur in the United States for 100 years. Oil more
than any other energy source is vital to today’s
economies because of its ubiquitous application
as transportation fuel, as a portable and flexible
energy carrier and as feedstocks for manufac-
turing and industrial production. Historically,
spikes in the price of oil have been the proximate
cause of most recessions [4]. On the other hand,
expansionary periods tend to be associated with
the opposite oil signature: prolonged periods of
relatively low oil prices that increase aggregate
demand and lower marginal production costs, all
leading to, or at least associated with, economic
growth. This has happened (modestly) from 2008
to 2017.

By extension, for the economy to sustain real
growth there must be an increase in the flow of
net energy (and materials). Quite simply eco-
nomic production is a work process and work
requires energy. Thus to increase production
over time, ie., to grow the economy, we must
either increase the energy supply or increase
the efficiency with which we use our source
energy. This is called the energy-based theory

O Fig. 22.1 Correlation of
year on year (YoY) changes
in oil consumption with
YoY changes in real GDP,
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of economic growth. This logic is an extension
of the laws of thermodynamics, which state that:
(1) energy cannot be created nor destroyed, and
(2) energy is degraded during any work pro-
cess so that the initial inventory of energy can
do less work as time passes. As Daly and Farley
[26] describe, the first law places a theoretical
limit on the supply of goods and services that
the economy can provide, and the second law
sets a limit on the practical availability of mat-
ter and energy. In other words, to produce goods
and services energy must be used, and once this
energy is used it is degraded to a point where it
can no longer be reused to power the same pro-
cess again.

22.8 An Energy-based Theory
of Economic Growth

This energy-based theory of economic growth
is supported by data: the consumption of every
major energy source has increased with GDP
since the mid-1800s at essentially the same rate
that the economy has expanded (B Figs. 22.1 and
22.2). Throughout this growth period, however,
there have been numerous oscillations between
periods of growth and recessions. Recessions
are defined by the Bureau of Economic Research
as “a significant decline in economic activity
spread across the economy, lasting more than a
few months, normally visible in real GDP, real
income, employment, industrial production,
and wholesale-retail sales” [27]. From 1970 until
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22.8- An Energy-based Theory of Economic Growth
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2007, there have been five recessions in the United
States. Examining these recessions from an energy
perspective elucidates a common mechanism
underlying each recession: oil prices are lower
and oil consumption increases during periods
of economic expansion while oil consumption
decreases and oil prices are higher during reces-
sions (B Fig. 22.3). QOil price increases precede
essentially all recent recessions.

Plotting the year on year (YoY) growth rates
of oil consumption and real GDP provides a more
explicit illustration of the relation between eco-
nomic growth and oil consumption (8 Fig. 22.1).

Recession

But correlation is not causation, and an important
question is whether increasing oil consumption
causes economic growth, or conversely, whether
economic growth causes increases in oil con-
sumption [28]. Cleveland et al. [29] analyzed the
impact of these two factors on the causal rela-
tion between energy consumption and economic
growth. Their results indicated that increases in
energy consumption caused economic growth,
especially when they adjusted the data for qual-
ity and accounted for substitution. Other subse-
quent analyses that adjusted for energy quality
support the hypothesis that energy consumption
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causes economic growth, not the converse [30].
In sum, our analysis indicates that about 50% of
the changes in economic growth over the past
40 years are explained, at least in the statistical
sense, by the changes in oil consumption alone.
In addition, the work by Cleveland et al. [29]
indicates that changes in oil consumption cause
changes in economic growth. These two points
support the idea that energy consumption, and
oil consumption in particular, is of the utmost
importance for economic growth.

Yet changes in oil or energy consumption are
rarely used by neoclassical economists as a means
of explaining economic growth. For example,
Knoop [31] describes the 1973 recession in terms
of high oil prices, high unemployment, and infla-
tion yet omits mentioning that oil consumption
declined four percent during the first year and
two percent during the second year. Later in the
same description, Knoop claims that the emer-
gence from this recession in 1975 was due to a
decrease in both the price of oil and inflation,
and an increase in money supply. To be sure,
these factors contributed to the economic expan-
sion in 1975, but what is omitted, again, is the
simple fact that lower oil prices led to increased
oil consumption and hence greater physical
economic output. Oil is treated by economists
as a commodity, but in fact it is a more funda-
mental factor of production than either capital
or labor. Thus we again present the hypothesis
that higher oil prices and lower oil consumption
are both precursors to, and indicative of, reces-
sions. Likewise, economic growth requires lower
oil prices and simultaneously an increasing oil
supply. The data support these hypotheses: the
inflation-adjusted price of oil averaged across all
expansionary years from 1970 to 2008 was $37
per barrel compared to $58 per barrel averaged
across recessionary years, whereas oil consump-
tion grew by two percent per year on average
during expansionary years compared to decreas-
ing by three percent per year during recessionary
years (B Figs. 22.1 and 22.3).

Although this analysis of recessions and
expansions may seem like simple economics, i.e.,
high priceslead to low demand and low prices lead
to high demand, the exact mechanism connecting
energy, economic growth, and business cycles
is rather more complicated. Hall et al. [21] and
Murphy and Hall [9, 32] report that when energy
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prices increase, expenditures are reallocated from
areas that had previously added to GDP, mainly
discretionary consumption, toward simply paying
for the more expensive energy. In this way, higher
energy prices lead to recessions by diverting
money from the general economy toward energy
only. The data show that recessions occur when
oil expenditures as a percent of GDP climb above
a threshold of roughly 5.5%, or, stated somewhat
differently, when all energy becomes more than 12
percent of the economy (8 Fig. 22.4).

22.9 Predicting Future Economic
Expansion

Each time the US economy emerged from a reces-
sion over the past 40 years there was an increase
in the use of oil even while a low oil price was
maintained. Unfortunately oil is a finite resource.
What are the implications for future economic
growth if following a recession: (1) oil supplies are
unable to increase with demand or (2) oil supplies
increase but at an increased price? To undertake
this inquiry, we must examine first the current
and probable future status of oil supply; then we
can make inferences about what the future of oil
supply and price may mean for economic growth.

Since oil consumption causes change in eco-
nomic growth, understanding how both peak oil
and net energy will impact oil supply and price
is important to understanding the ability of our
economy to grow in the future. To that end, we
review both the theory and current status of peak
oil and net energy as they pertain to oil supply,
and then discuss how both of these may influence
oil price. Optimists about future oil availability
usually start with the correct observation that
there is a great deal of oil left in the Earth, prob-
ably three to ten times what we have extracted,
and, usually, with the assumption that future tech-
nology driven by market signals will get much of
that oil out. There are at least two problems with
that view. The first is that of “peak oil” It is clear
we have, or soon will, reach a physical limit in our
ability to pump more oil out of the ground. For
a long time, oil production grew at three to four
percent a year. Now there has been little or no
growth in global oil production since 2004. The
second problem is that the oil left in the ground
will require an increasing quantity of energy to
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O Fig.22.5 Deepwater
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extract, at some point as much as is in the oil.
There is a clear trend that the EROI of oil produc-
tion is declining in each region for which data
are available. This shows that depletion is more
important than technical advances. Gagnon et al.
[16] report that the EROI for global oil extraction
declined from about 36:1 in the 1990s to 18:1 in
2008. This downward trend results from at least
two factors: first, increasingly supplies of oil must
come from sources that are inherently more
energy intensive to produce, simply because firms
have developed cheaper resources before expen-
sive ones. For example, in 1990 only two percent
of discoveries were located in ultra-deepwater
locations, but by 2005 this number was 60 per-
cent, (B Fig. 22.5). Second, enhanced oil recov-
ery techniques, such as the injection of steam or
gases are being implemented increasingly. For
example, nitrogen injection was initiated in the
once super-giant Cantarell field in Mexico in
2000, which boosted production for 4 years, but
since 2004 production from the field has declined
precipitously. Although enhanced oil recovery
techniques increase production in the short term,
they also increase significantly the energy inputs
to production, offsetting much of the energy gain
for society. Thus it seems that additional oil is
unlikely to be available, and if so it will have a low
EROI and hence high price.

Forecasting the price of oil, however, is a diffi-
cult endeavor as oil price depends, in theory, on the
demand as well as the supply of oil. Following the

economic “crash” of 2008 most OECD economies
around the world have been contracting or at least
not growing. Thus the flat rate of oil production
since 2004 did not cause a huge sustained increase
in the price of oil. One thing we can do with some
accuracy is to examine the cost of production
of various sources of oil to calculate the price at
which different types of oil resources become eco-
nomical (B Fig. 22.6). We can then estimate how
much oil would be available at a given price. If the
price of oil is below the cost of production, then
most producers of that oil will cease operation. If
we examine the cost of production in the areas in
which we are currently discovering oil, hence the
areas that will provide the future supplies of oil, we
can calculate a theoretical floor price below which
an increase in oil supply is unlikely.

Roughly 60% of the oil discoveries in 2005
were in deepwater locations (8 Fig. 22.5). Based
on estimates from Cambridge Energy Research
Associates [33], the cost of developing that oil is
between $60 and $85 per barrel, depending on
the specific deepwater province. Therefore, oil
prices must exceed roughly $60 to $90 per bar-
rel to support the development of even the best
deepwater resources. These data indicates that
an expensive oil future is necessary if we are to
expand our total use of oil, that is, to grow eco-
nomically. But these prices will discourage that
very growth (B Fig. 22.6). Indeed, it may be dif-
ficult in the future even to produce the remaining
oil resources at prices the economy can afford. As
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O Fig.22.6 Oil produc-
tion costs from various

471

90 7 Canadian Oil Sands
sources as a function of the
EROI of those sources. The o 80
dotted lines represent the =
real oil price averaged over i . 701 Deep Water*
both recessions and expan- o % o T U
. . . © ~ a
sions during the period g Average price of oi
from 1970 through 2008. 5 'é 5q  during recessions
Data on EROI from Murphy BN Average Global
and Hall [32], Gagnon et al. é £ 40 '--Kv;r-a-e- D DS D e e e E e D e e D05 D500
[24], and the data on the s ‘é 0 during espansions -
cost of production comes 23 Saudi Arabian*
from CERA [33], asterisks = = 20 1
are educated guesses <
“ 10
0 5 10 15 20 25 30 35 40 45
EROI
O Fig.22.7 Three types a b C
of equilibrium: unstable a,
neutral b, and stable c. The
third situation seems to
represent what we face in ’
the world today
O Fig. 22.8 Peak oil era
model of the economy. Peak Era Model of Economic Growth
Cycle of relation of eco- 1 2 3
nomic grown (or recession)
and oil prices Increasing GDP and New Low EROI High Oil Price,
Oil Demand Resources High QOil supply
4
6 5
Lower Oil Prices Lower Oil Stalled or Declining
Demand Economy

a consequence, the economic growth witnessed by
the United States and globe over the past 40 years
may be a thing of the past.

One way to think about this situation is to
borrow a concept from systems theory. A very
general concept is that many systems seek an
equilibrium point because there are dynamic
forces that resist change. An example is a marble
in a bowl (B Figs. 22.7 and 22.8). The marble

seeks its equilibrium position at the bottom of the
bowl. One can push the marble up the side with
your finger, but the marble easily slips off your
finger and goes back to the equilibrium position.
This might represent the situation our economy
is in now, kept at a more or less constant GDP by
growth being discouraged by rapidly increasing
oil prices at levels of consumption barely above
where we are now, but maintained from further
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shrinking by decreased oil prices with contrac-
tion—indeed this is a recipe for a steady state
economy.

22.10 EROI and Prices of Fuels

Since EROI is a measure of the efficiency with which
we use energy to extract energy resources from the
environment, it can be used as a proxy to estimate
generally whether the cost of production of a par-
ticular resource will be high or low, or perhaps even
energy costs themselves [34]. For example, pro-
duction from Canadian oil sands have an EROI of
roughly 4:1, whereas the production of conventional
crude oil has an average EROI of about 10-20:1 and
Saudi crude much higher. The production costs for
oil sands are roughly $85 per barrel compared to
roughly 60 dollars for average US oil and $20 per
barrel for Saudi Arabian conventional crude. Thus
there is an inverse relation between EROI and price,
indicating that high EROI resources are generally
relatively inexpensive to develop and low EROI
resources are generally more expensive to develop
(B Fig. 22.6). As oil production continues, we can
expect to move further toward the upper left of that
picture. We see no evidence that technology has
lowered EROI even as it extends our resources. In
summary, relatively low EROI appears to translate
directly into higher oil prices, so that if we have
to move to lower EROI oil in the future the price
is likely to be higher, restricting economic activ-
ity and growth [35]. At the time of this writing it
is not known whether renewable energies such as
photovoltaic or wind turbine electricity can replace
a substantial portion of fossil fuels.

22.11 Summary

The main conclusions to draw from this discus-

sion are:

1. Over the past 40 years, economic growth has
required increasing oil consumption;

2. The supply of high EROI oil cannot increase
beyond current levels for any prolonged
period of time;

3. The average global EROI of oil production
will almost certainly continue to decline as
we search for new sources of oil in the only
places we have left: deep water, arctic, and
other hostile environments;
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4. We have globally no more than 20-30 years
of conventional oil remaining at anything like
current rates of consumption and anything
like current EROISs, and less if oil consump-
tion increases and/or EROI decreases;

5. Increasing oil supply in the future will require
a higher oil price because mostly only low
EROI, high-cost resources remain to be dis-
covered or exploited;

6. Developing these higher-cost resources
is likely to cause economic contraction as
oil costs exceed five and total energy costs
exceed ten percent of GDP;

7. Using oil-based economic growth as a solu-
tion to recessions is untenable in the long-
term, as both the gross and net supplies of oil
have, or will soon, begin, at some point, an
irreversible decline.

A similar assessment could be developed for other
energy resources.

This growth paradox leads to a highly vola-
tile economy that oscillates frequently between
expansion and contraction periods, and asa result,
there may be numerous peaks in economic activ-
ity and in oil production but little trend. In terms
of business cycles, the main difference between
the pre- and peak oil era is that business cycles
appear as oscillations around an increasing trend
in the pre-peak era but as oscillations around a
flat trend following the peak. For the economy of
the United States and most other growth-based
economies, the prospects for future, oil-based
economic growth are bleak, and we do not have
another model that would allow for growth. It
seems clear that the economic growth of the past
40 years will not continue for the next 40. A reso-
lution to these problems can occur if economic
growth was no longer the goal. Society must begin
to emphasize energy conservation over growth
and adjust our population numbers, jobs, living
patterns, and aspirations accordingly.

0 Questions
1. What events of 2008-2011 might be

construed as indicating some limits to
the three or four percent per year growth
that the United States and much of the
world had previously expected? These
new limits may or may not be related to
biophysical limitations. How would you
assess this situation?
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2. Have events since the publication of this
book in late 2011 changed your answer
to the previous question?

3. What was the main reason that Nobel
Prize economist Paul Krugman put forth
for the market crash in 2008?

4. Do you think that finances are beholden
to the laws of physics? Why or why not?

5. What is the relation of an “undulating
plateau” to peak oil?

6. Can you discuss financial “leverage” with
respect to energy and other resources?

7. Discuss some of the financial issues that
were related to the “oil crises” of the
1970s.

8. Do you think that price gives signals as
to the future availability of energy? Why
or why not?

9. If energy supplies are indeed restricted
is economic growth still possible? What
would be the requirements for that?

10. What is the relation historically between
the price of energy and discretionary
spending?

11. What has been the relation between
the amount of oil that is consumed in a
given year and the price of that oil? What
might be a reason for that?

12. Asthe EROI for a given source of oil
declines how does that relate to its
price?

13. How might we best respond to a future

of limited oil supplies should it occur,

which seems likely?

Due to the depletion of high EROI oil the

economic model for the peak era, i.e.,

roughly 1970-2020, is much different

when viewed as net rather than gross
energy from oil. Why is that?

14.

References

1. Derived in part from: Hall, C.A.S., and A. Groat. 2010.
Energy price increases and the 2008 financial crash: A
practice run for what'’s to come? The Corporate Exam-
iner 37: 19-30. and Hall, CAS., and D.J. Murphy.
Adjusting to the new energy realities in the second

half of the age of oil. Ecological Modeling 223: 67-71.

2. Saez, E.2014. Income and wealth inequality: Evidence
and policy implications. Neubauer Collegium Lecture.

University of Chicago.

3. Magdoff, H., and P. Sweezy. 1987. Stagnation and the

financial explosion. New York: Monthly Review Press.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

473

. Hamilton, J. 2009. Causes and consequences of the oil

shock of 2007-08. Brookings Papers on Economic Activ-
ity, Spring 2009: 215-225.

. Krugman, P. 2009. How did economists get it so

wrong? New York Times Sept 2.

. Hall, 2001, C.AS. Hall, D. Lindenberger, R. Kummel,

T. Kroeger, and W. Eichhorn. 2001. The need to reinte-
grate the natural sciences with economics. Bioscience
51:663-673.

. Gowdy, J,, C. Hall, K. Klitgaard, and L. Krall. 2010. The

End of faith based economics. The Corporate Examiner
37:5-11. Odum, H.T. 1973. Energy, ecology, and eco-
nomics. Ambio 2: 220-227; Huang, J., R. Masulis, and
H. Stoll. 1996. Energy shocks and financial markets.
Journal of Futures Markets 16: 1-27.

. Deffeyes, K. 2001. Hubbert’s peak: The impending world

oil shortage. Princeton: Princeton University Press.
Campbell, C.,, and J. Laherrere. 1998. The end of cheap
oil. Scientific American 278: 78-83.

. Murphy, D.J., and C.AS. Hall. 2011. Energy return on

investment, peak oil, and the end of economic growth.
Annals of the New York Academy of Sciences. Special
Issue on Ecological Economics 1219: 52-72.

Tverberg, G. 2008. Peak oil and the financial markets. A
forecast for 2008.The oil Drum. http://www.theoildrum.
com/node/3382

Hall, C. 2004. The Myth of sustainable development:
Personal reflections on energy, its relation to neoclas-
sical economics, and Stanley Jevons. Journal of Energy
Resources Technology 126: 86-89.

Hubbert, MK. 1969. Energy resources. In the National
Academy of Sciences-National Research Council,
Committee on Resources and Man: A Study and Rec-
ommendations. W. H. Freeman. San Francisco.
———.1974.U.S. Energy Resources: A review as of 1972.
Background paper prepared for U.S. Senate Subcom-
mittee on Interior and Insular affairs, 93d Congress, 2"
Session. Serial 93-94 (92-75). U.S. Government Print-
ing Office, Washington.

Hall, C.A.S., and C.J. Cleveland. 1981. Petroleum
drilling and production in the United States: Yield per
effort and net energy analysis. Science 211: 576-579.
Cleveland, C.J. 2005. Net energy from the extraction of
oil and gas in the United States. Energy: The Interna-
tional Journal 30 (5): 769-782.

Gagnon, N.C., A.S. Hall, and L. Brinker. 2009. A prelimi-
nary investigation of energy return on energy invest-
ment for global oil and gas production. Energies 2 (3):
490-503.

Guilford, M., C.A.S. Hall, P. O’Conner, and C.J. Cleveland.
2011. A new long term assessment of EROI for U.S. oil
and gas: Sustainability: Special Issue on EROI. Pages
1866-1887.

Hall, C.A.S., and J.W. Day Jr. 2008. Revisiting the limits
to growth after peak oil. American Scientist 97:
230-237.

Soros, G. 1987. The Alchemy Furnace. Reading the mind
of the market. New York: Wiley.

Gladwell, M. 2000. The tipping point: How little things
can make a big difference. New York: Little Brown Co.
Hall, C.A.S., R. Powers and W. Schoenberg. 2008. Peak Oil,
EROI, Investments and the Economy in an Uncertain

22


http://www.theoildrum.com/node/3382
http://www.theoildrum.com/node/3382

474

22.

23.

24.

25.

26.

27.

28.

Chapter 22 - Peak Oil, Secular Stagnation, and the Quest for Sustainability

Future. In Biofuels, Solar and Wind as Renewable Energy
Systems: Benefits and Risks, ed. D. Pimentel. Springer. The
Netherlands.

Rubin, J. 2008. Just how big is Cleveland. CIBC World
markets. http://research.wibcwm.com/economic_pub-
lic/download/soct08.pdf

Sauter, R. and S. Awerbuch. 2003. Oil price volatility
and economic activity: A survey and literature review.
IEA Research Paper IEA, Paris August 2003.

Cleveland, C.J.,R. Costanza, C.A.S. Hall,and R. Kaufmann.
1984. Energy and the United States economy: A bio-
physical perspective. Science 225: 890-897.

Rubin, J. 2012. The end of growth. Random House
Canada Toronto; Aucott, M. and Hall C.A.S. 2014. Does
a Change in Price of Fuel Effect Affect GDP Growth? An
Examination of the U.S. Data from 1950-2013. Ener-
gies 7: 6558-6570.

Daley, H., and J. Farley. 2004. Ecological economics:
Principles and applications. Washington, DC: Island Press.
NBER. 2010. US business cycle expansions and contractions.
Washington, DC: National Bureau of Economic Research.

Karanfil, F. 2009. How many times again will we examine
the energy-income nexus using a limited range of tradi-
tional econometric tools? Energy Policy 37:1191-1194.

29.

30.

31.

32

33.

34.

35.

Cleveland, C., R. Kaufmann, and D. Stern. 2000. Aggre-
gation and the role of energy in the economy. Ecologi-
cal Economics 32:301-317.

Stern, D. 2000. A multivariate cointegration analysis of
the role of energy in the US macroeconomy. Energy
Economics 22: 267-283.

Knoop, T.A. 2010. Recessions and depressions: Under-
standing business cycles. New York: Praeger.

Murphy, D.J., and C.A.S. Hall. 2010. Year in review —
EROI or energy return on (energy) invested. New York
Annals of Science 1185:102-118.

CERA. 2008. Ratcheting down: oil and the global credit
crisis. Cambridge, Massachusetts: Cambridge Energy
Research Associates.

King, C. and C. Hall. (2011). Relating financial and
energy return on investment. Sustainability: Special
Issue on EROI. Pages 1810-1832.

Jacobson, M. Z., Delucchi, M. A., Cameron, M. A. & Frew,
B. A. Proc. Natl Acad. Sci. USA 112, 15060-15065
(2015). See also Clack, C. et al. Proc. Natl Acad. Sci. USA
114: 6722-6727 (2017). And J. Sole, A.Garcia-Olivares,
A.Turiel, J. Ballabrera-Poy (2018). Renewable transi-
tions and the net energy from oil liquids: A scenarios
study. Renewable Energy 116: 258-271.


http://research.wibcwm.com/economic_public/download/soct08.pdf
http://research.wibcwm.com/economic_public/download/soct08.pdf

	22: Peak Oil, Secular Stagnation, and the Quest for Sustainability
	22.1	 Introduction [1]
	22.2	 What Is the Source of the Crash of 2008?
	22.3	 Energy Price Shocks and the Economy
	22.4	 The Relation of Oil and Energy More Generally, to Our Economy
	22.5	 Energy and the Stock Market
	22.6	 A Financial Analyst Concurs
	22.7	 Is Growth Still Possible?
	22.8	 An Energy-based Theory of Economic Growth
	22.9	 Predicting Future Economic Expansion
	22.10	 EROI and Prices of Fuels
	22.11	 Summary
	References


