We will soon run out of oil. Again.
As E magazine wrote in July 2000:

Here’s the scenario: Sticker shock at the gas
pumps, with prices nearly doubling overnight.
Long lines at the few statioms that are open.
Crude cardboard signs reading “out of gas”
blocking incoming traffic at the ones that are
closed. Huge sales on “full-sized” vehicles. Long

waiting lists for econoboxes. Nineteen seventy

three? Nineteen seventy nine? How about
200784

We have heard it all before’** And we prob-
ably haven’t heard it for the last time. But the
argument seems not to be based on the facts.
There are good reasons to believe that we will
not have dramatic price increases, and that we
will actually be able to handle our future
energy needs. ‘ |

We are a civilization built on energy

Each and every one of our actions demands
energy. Our own body supplies energy equiva-
lent to a 100 watt bulb,5® but aiready early in
history man attempted to gain control over
more energy, primarily through the use of ani-
mals and slaves. Not long after we also learned
through technical prowess to use nature’s
energy: sails for ships as well as wind and
water mills. Nevertheless, it was only with
Watts’ invention of the steam engine in 1769

that it became possible for man to produce

large amounts of energy on demand. The
steam engine laid the foundation for the
Industrial Revolution, which in England over
the next hundred years changed production

11 Energy

from being based almost exclusively op
human labor to obtaining its primary energy
input from fossil fuel.

But at the same time it became obvious tht
production was no longer able to rely on wood
for energy supply. England was quickly
becoming deforested. Increasingly coal was
being used in both England and the US (Figure
62), partly because it was a better energy
source than wood, partly because it was avail-
able in much larger quantity. This process
repeated itself in all industrialized countries
and cemented our dependence on energy and
non-renewable-resources. In this century coal
has been replaced by oil, because it is easmr to
transport, store and use. : :

Coal, oil and natural gas are all the break
down products of plants millions of years old.
Consequently, they are collectively known as
fossil fuels. Most of our coal is the rémains of
land plants that lived 300-400 million years
ago and decomposed in vast swamps. First
they were transformed into peat, then later
into coal when sufficient pressure and tem-
perature squeezed out the remaining water.3%
Oil and natural gas, however, are composed
primarily of plankton which dropped to the
seafloor some 2-140 million years ago. The
ratio and quality of oil and gas depends on
pressure and temperature - perhaps surpris-
ingly most gas is produced where pressure is
highest.?! Crude oil consists of many differ-
ent chemical elements, and it has to be
refined before we can obtain products such as
gasoline, diesel fuel, heating oil, and the sub-
stances used for asphalt. -

Today, our civilization is heavily dependent

‘on the adequate supply of energy. By the end
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of the nineteenth century human labor made
up 94 percent of all industrial work in the US.
Today, it constitutes only 8 percent.*

If we think for a moment of the energy we
use in terms of “servants,” each with the same
work power as a human being, each person in

‘Western Europe has access to 150 servants, in

the US about 300, and even in India each
person has 15 servants to help along.® It is
indeed unpleasant to imagine whar it would
be like to live without these helpers.

Do we have enough energy to go on?

The main question is whether this depen-
dency is sustainable. The surprising answer is
that we will not run out of fossil fuel within
the foreseeable future.

But what do we do in the long run? Our pre-
sent-day energy supply is based on coal and
oil, created over millions of years. Many have
pointed out the apparent problem that - to

uphold our civilization - we consume millions

of years’ resources in just a few hundred years.

Rather, we should use eur resources sustain-
ably, such that cur consumption does not pre-

- vent future generations from also making use

of these resources. But even if this argument
sounds quite reasonable, it is impossible to
use isolated, nonTenewable resources such

that future generations can also be assured of- }

their use.?3® Even if the world used just one
barrel of oil a year this would still imply that
some future generation would be left with no
oil at all.5%

. However, this way of framing the question
is far too simple. According to the economics
Nobel laureate Robett Solow, the question of
how much we can allow ourselves to use of
this or that resource is a “damagingly narrow
way to pose the question.”® The issue is not
that we should secure all specific resources for
all future generations - for this is indeed
impossible - but that we should leave the
future generations with knowledge and capi-
tal, such that they can obtain a quality of life
at least as good as ours, all in all.

This is' actually a surprisingly important
insight. Let us look at it in connection with oil.
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Sooner or later it will no longer be profitable
to use oil as the primary fuel for the world. The
price of oil will eventually increase and/or the
price the other energy sources will fall. But
societies do not demand oil as such, only the
energy this oil can supply. Consequently, the
question is not whether we leave a society for
the coming generations with more or less oil,
but whether we leave a society in which energy
can be produced cheaply or expensively.

Let us put this slightly more simplisticaily.
If our society — while it has been using up the
coal and oil - simultaneously has developed
an amazing amount of technical goods,
knowledge and capital, such that this society
now can use other energy sources more
cheaply, then this is a better society than if it
had left the fossil fuel in the ground but also
neglected to develop the society.

.. Asking whether we will run out of oil in the

e e ——

long run is actually a strange question. Of

course, in the long run we will undoubtedly
rely on other energy sources. The reason why
the question nevertheless makes us shudder is
because it conjures images of energy crises
and economic depression. However, in this
chapter (as well as the next on raw materials)
we will see that there are sufficient resources
for the longterm future and that there are
goad reasons to expect that when the transi-

tion happens it will happen because it actually

makes us even better off.

As Sheik Yamani, Saudi Arabia’s former oil
minister and a founding architect of OPEC,
has pointed out: “the Stone Age came to an
end not for a lack of stones, and the oil age

will end, but not for a lack of oil.”88 We -

stopped using stone because bronze and iron
were superior materials, and likewise we will
stop using oil, when other energy technolo-

‘gies provide superior benefits.?*®

~ The oil crisis

What actually happened to the oil crisis? We
were told over and over that oil was getting

scarcer and that now it would run dry. But it
didn’t happen. The oil crisis happened
because the OPEC countries during the 197gs
and ‘the beginning of the 1980s were able to

cut back on production and squeeze up prices,

But it was never an indication of an actua]
scarcity. There was - and still is - o]
enough.®s® Nevertheless, ever since we started
depending on fitel we have been worried
about running out. For many, the first oil
crisis in 1973 was exactly proof of the scarcity
of resources. :

One year earlier a book had been published
that was to prove both immensely popular
and influential - Limits to Growth. Using the
new. concepts of systems analysis and com-
puter simulation, the book served as a focal
point for analyses. of our overconsumption
and our course towards disaster in the 1970s.
From seemingly endless scrolls of computer
output the book showed us a variety of scenar-
ios leading to catastrophe and breakdown.
The book was based on tiwo simple and basic
arguments, that even today often seem to be
the starting point for most resource discus-
sions. Both points refer back to Malthus and
questions of agricultural production, but they
can be formulated quite generally. The first
point supposes that many processes in social
expansion grow; the second assumes that
there are limits to this growth. . .

When you place a single bacterium in a jar
with lots of nutrients it will quickly multiply.
Suppose it can double each hour. After one
hour the glass contains 2 bacteria, after two
hours 4 bacteria, then 8, 16, 32, etc: This is an
example of exponential growth. A doubling
takes place for each time interval. This expo-

_nential growth constitutes the first assump-

tion. Many human phenomena seem to have
this character. Draw a graph of the number of
people on Earth over time, and it will seem
exponential. Money in the bank with a 5 per-
cent interest rate will grow exponentially,

’do‘ubling every fourteenth year. Actually

everything that has stable growth rates consti-
tutes exponential growth. The economy, the
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GDP, society’s capital, the demand for gdocls,
etc.

Limits constitute the second assumption.
That Earth only contains a limited amount of
resources is really just -an obvious conse-
quence of the fact that Barth is a sphere. This
is why this idea is so enchanting. There is
simply a limit to what the Earth can contain. If
we use some of the resources there will be less
left over for the next year, and sooner or later
we will run out. There are, indeed, limits to
consumption.

With the assumptions of exponential
growth and limited resources we can easily
make a doomsday prophecy. Exponential
growth means that demand. goes up and up,
faster and faster, while limited resources set a
sharp upper limit for the cumulative supply.
And a doomsday prophecy was exactly what

‘'we got from Limits to Growth. Along with

numerous other resources, Limits to Growth
showed us that we would have run out of oil

before 1992.31 As we know, that did not -

happen. Ehrlich told us in 1987 that the oit
crisis would return in the 1990s.82 That did
not happen either. ‘

One might have thought that history would
have made us wiser. But 1992 saw the publica-
tion of Beyond the Limits, the revised edition of
Limits to Growth. Here, once again, we were told
that our resources would soon run out.%3
Perhaps the first edition had been somewhat
mistaken in the exact prediction of the year of
resource exhaustion, but now we would scon
see the problems cropping up. Beyond the Limits
predicts once again that we will run out of oil
(2031) and gas (2050). We might be able to
postpone the pain somewhat, but gas con-
sumption grows by 3.5 percent a year, i.e. con-
sumption doubles every 20 years.’6* Thus,
every twentieth year we have to find as much
new gas as our entire cumulated consumption
up till now. “Thus is the nature of exponential
growth,” as the book puts it.

How much oil left?

Throughout most of history petroleum has
been scorned as a sticky, foul-smelling
material. Among the few known uses was the
fabled Tower of Babel, built to a height of 90
meters with bricks cemented with the petro-
leum product bitumen.®® Tar was used to
waterproof boats like Noah'’s Ark.

Until the middle of the nineteenth century
the demand for lubricants and illuminants
was serviced by vegetable and animal oils,
especially whale oil. But through the inven-
tion of various distillation processes oil sud-
denly became an interesting commodity.
During the next 50 years the commercial pro-
duction of oil expanded rapidly, and since the
first large discoveries in the Middle East at the
beginning of the twentieth century there has
been a virtual explosion in production after
World War II (Figure 63).

Constituting 1.6 percent of global GDP, oil is
today the most important and most valuable
commodity of international trade.®¢ 0Oil can
be found all around the world, but the largest
resources by far are to be found in the Middle
East - it is estimated that somewhere between
50 and 65 percent of the global reserves are
found here.?” Consequently, it is also impera-
tive for our future energy supply that this
region remains reasonably peaceful 363

0Oil is the most versatile of the three primary
fossil fuels. Oil has high-energy content, it is

 relatively compact, and it is easy to transport.

Conversely, coal is heavier, more bulky and
pollutes more. Gas is clean, but very bulky and
requires pipelines for transportation.?®® This is
reflected in the relative prices as seen in
Figure 64, where oil is the most expensive per
energy unit, and coal the cheapest. That gas
has become more expensive than coal over
time is precisely due to the fact that many
nations have installed pipelines to exploit this
cleaner energy source. \

We have long been told that we were run-
ning out of oil. [n 1914 the US Bureau of Mines
estimated that there would be oil left over for-
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only ten years’ consumption. In 1939 the
Department of the Interior projected that oil
would last only 13 more years, and again in
1951 it was again projected that oil would run
out 13 years later.?”® As Professor Frank
Notestein of Princeton said in his later years:
“We've been running out of oil ever since I ve
been a boy.”*"!

How should scarcity be measured'? Bverr if
we were to run out of oil, this would not mean
that oil was unavailable, only that it would be
very, very expensive: If we want to examine
whether oil is getting more and more scarce
we have to look at whether oil is gettmg more
and more expensive.®”? Figure 65 shows that

the price of oil has not had any longterm

upward trend.
The oil price hike from 1973 to the mid-80s

/

was caused by an artificial scarcity, as OPEC
achieved a consistent. restraint to produc-
tion.?”? Likewise, the present high oil price is
caused by sustained adherence to OPEC
agreed production cutbacks in the late
1990s.87 Thus, it is also expected that the oil
price will once again decline from $27 to the

Jlow $20s until 2020.°7° This prediction lies
well in the middle of the $17-$30 stemming

from eight other recent international fore-

. casts.876

The reason why it is unlikely that the long
term trend will deviate much from this price
is that high real prices deter consumption and
encourage the development of other sources
of oil and non-oil energy supplies. Likewise,
persistently low prices will have the opposite
effects.87
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In fact, if we look at the real price of gas at
the pump (the consumer price) excluding tax,
it stands at $1.10, on a par with the lowest
prices before the oil crisis (Figure 64), This is
because most of the gas price consists of refin-
ing and transportatiori, both of which have
experienced huge efficiency increases.?” '

At the same time Figure 66 demonstrates
that we have more reserves than ever before.
This is truly astounding. Common sense
would tell us that if we have 35 years’ con-
sumption left in 1955, then we should have 34
years’ supply left the year after.® Yes, actually
we should probably rather have 33 years’
worth left because we consumed more o0il in
1956 than in 1955. But Figure 66 shows that in
1956 - contrary to what common sense would
indicate - there were more years of reserves
even at a higher annual consumption.?®! Nor
when we look at remaining years of supply
does ocil seem to be getting scarcer.

Notice how Figure 65 seems to indicate that
oil consumption steadily increases (with the
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Figure 65 Oil price 1871-2020 in 2000 US$, and world production 1882-2020, US Energy Information Agency
prediction for 2001-20. Source: Sirmon et al. 1994, EIA 1999¢:63, 273, 2000e:127, 153, 2001a:117, 137,

200113, CPL2001.
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Figure 66 Years-of-consumption: world oil reserves
compared 10 the annual production, 1920-2000.
Source: Simon et afl. 1994, EIA 1997b:Table 11.3,
11.5, 1999¢:271, 2000d:277, 2000a:109,
2000c:136, 2001a:137, 2001b:113. Total reservas
until 1944 are only American, since 1944 for the entire
world. :

exception of the 1970s) just as predicted by the
doomsayers: consumption is headed towards a
breakdown. But look at Figure 67, where
demand is depicted in the same diagram as
the collected, known reserves. Here it is clear
that the development in reserves by far out-
paces development in demand.

Optimists and pessimists arguing
Why is it that we continuously believe oil will
run out, when it is not happening? .

In 1865 Stanley Jevons, who was one of
Europe’s most highly esteemed scientists,
wrote a book on England’s coal use. In his
analysis, the Industrial Revolution saw ‘a
relentless increase in the demand for coal,
which inevitably would cause the exhaustion
of England’s coal reserves and grind its indus-
try to a halt. “It will appear that there is no
reasonable prospect of any release from future
want of the main agent of industry.”®? His
arguments were not unlike those expounded
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Figure 67 The world's known oil reserves and world oil

production, 1920-2000. Source: As Figure 66.

in thé Limits to Growth. But what he did not

_realize was that when the price of coal

increased it would also increase the incentive
to search for more effective ways to use coal,
to search for new coal reserves, to find éheaper
ways of transporting coal, and to search for
other energy sources such as 0il.*® Jevons’
crisis never took place. )

That we can both use resources better and
find more and more could be subsumed under
the idea of human ingenuity. True, Earth is
spherical and limited, but this is not necessar-
ily a relevant objection. The problem: is rather
how large are the deposits that are actually
accessible for exploitation. These deposits can
seem limited, but if price increases this will
increase the incentive to find more deposits
and develop better techniques for extracting
these deposits. Consequently, the price
increase actually increases our total reserves,
causing the price to fall again.

Actually, the question of whether resources
are becoming more scarce or more abundant

is staked on these two approaches: doomsay-

ers claiming that resources are physically lim-
ited and consequently must grow scarcer and
cornucopians focusing on human ingenuity
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and the empirical evidence of the data.
Whether the one or the other is right is in
truth an empirical question 3%

Ever more oil available

Looking at Figure 65 it is clear that the price of
0il has not had any long term increase and
that oil has not been getting scarcer. Looking
at Figure 66, 1t is clear that we have more and
more oil left not less and less. But it still
seems odd. How can we have used ever more
and still have even more left?

The answers to this question point to the
three central arguments against the hrnlted
resources approach.

1. “Known resources” is not a finite entity. It
is not that we know all the places with oil, and
now just need to pump it up. We explore new
areas and find new oil. But since searching
costs money, new searches will not be initi-
ated too far in advance of production.
Consequently, new oil fields will be continu-
ously added as demand rises. This is part of the
reason why we see years of consumption
increasing and not decreasing,

Actually, it is rather odd that anyone could
have thought that known resources pretty
much represent what is left, and therefore pre-
dict dire problems when these have run out. It
is a little bit akin to glancing into my refriger-
ator and saying: “Oh, you've only got food for
three days. In four days you will die of starva-
tion.” No, in two days I will go to the super-
market and buy some more food. The point is
that oil will come not only from the sources
we already know but also from many other
sources which we still do not know.®* US
Geological Surveys have regularly been
making assessments of the total undiscovered
resources of oil and gas, and writing in March

2000 they state: “Since 1981, each of the last -

four of these assessments has shown a slight
increase in the combined volume of identified
reserves and undiscovered resources,”88

2. We become better at exploiting resources.

We use new technology to be able to extract
more oil from known oil fields, we become
better at finding new oil fields, and we can
start exploiting oil fields that previously were
too expensive andfor difficult to exploit. An
initial drilling typically exploits only 20 per-
cent of the oil in the reservoir. Even with pre-
sent-day, advanced techniques, using water,
steam or chemical flooding to squeeze out
extra oil, more than half the resource com-
monly remains in the ground unéXploited. It
is estimated that the ten largest oil fields in
the United Stadtes will still contain 63 percent
of their original oil when production closes
down.?¥” Consequently, there is still much to
be reaped in this area. In the latest US
Geological Survey assessment, such technical
improvement is expected to yield more than a
50 percent increase of identified reserves.®s
At the same time we have become better at
exploiting each liter of oil. The average US car
has improved its mileage by 60 percent since
1973.%8 Likéwise, home heating in Europe and
the US has improved by 24-43 percent.®
Many appliances have become much more
efficient - the dishwasher and the washing

machine have cut about 50 percent of their

energy use.?¥!

Still, efficiency has much potentlal to be
increased. It is estimated that 43 percent of
American energy use is wasted.®? The US
Department of Energy estimates that we could
save anywhere from 50 percent to 94 percent

of our home energy consumption.*® We know

today that it is possible to produce safe cars
getting more than 50-100 km per liter
(120-240 mpg).** Of course, while such effi-
ciency gains have often been documented, the
reason why they have not all been utilized is
simply because it does not pay at the current
energy price and level of technology %

Most nations actually exploit energy better
and better: we use less and less energy to pro-
duce each dollar, euro or yen in our national
product. Figure 68 shows how the US has pro-
duced ever more goods with the same amount
of energy since 1800, and this holds true for
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Figure 68 Energy efficiency for the US, 1800~1999 and the UK, 1880-1997. Shows how 1 EJ of energy could
produce just 19 billion 2000 US$ in 1800, whereas the same amount of energy could produce more than $90
billion in 1999. Source: As in Figure 30, Figure 62, and Fouquet and Pearson 1998.5%

the UK since 1880 and the EU and Japan from
1973.%%7 For the world at large, almost twice
the amount of wealth was produced in 1992
per energy unit compared to 1971.8% Qver the
same period Denmark actually went even fur-
ther and “delinked” the connection between a
higher GDP and higher energy consumption:
in total Denmark used less energy in 1989 than
in 1970 despite the GDP growing by 48 percent
during that time 3

3. We can substitute. We do not demand oil
as such but rather the services it can provide.

Most often we want heating, energy or fuel,

and this we can obtain from other sources.
Therefore we can swap to other energy sources

“if they show themselves to be better or

cheaper. In England around the year 1600
wood became increasingly expensive (because
of local deforestation and bad infrastructure)
and this prompted a gradual switch over to
coal, a similar movement to the one in the US,
depicted in Figure 62.°°° During the latter part
of the nineteenth century a similar substitu-
tion took place from coal to oil.

In the short run, it would be most obvious
to substitute oil with the other commonly
known fossil fuels such as gas and coal. In the
longer run, however, it is quite possible that
we w111 cover a large part of our energy con-
sumption using nuclear power, wind and
solar power, biomass and shale oil.

Other fossil energy sources

Gas is a clean and cheap energy source, requir-
ing, however, a large pipeline distribution
system. Gas has had the largest growth of all
the fossil energy sources since World War II -
production has increased more than 12-fold
since 1950 as is evident in Figure 69. While gas
only . constituted about 10 percent of the
global energy in 1950, today it constitutes 23
percent.®! Gas releases much less carbon diox-
ide per energy unit than the other fossil fuels,
where coal in particular is the big culprit.®®?
Despite the dramatic increase in produc-
tion, gas has become more abundant over time,
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Figure 69 World gas production, price and years of
consumption. Production in exajoule, 1925-1999,
price in 2000 US$ per gigajoule, 1949-2000, and
years of consumption, 1975-1999. Source: W1 1999¢,
ElA 1999¢:63, 269, 2000a:109, 131, 2001b:42, CPI
2001, BP 1998, 1999993

just like oil. But given the arguments above,
this should not surprise us. Today, our gas
reserves have more than doubled since 1973.
Despite using ever more gas each year the gas
reserves will last ever more years. In 1973 we
had enough gas for the next 47 years given
1973 consumption. In 1999 we had gas for 60
years, despite consumption having shot up
more than 90 percent %

Historically, coal has been the most impor-
tant fossil fuel, but in the post-war peried it
has been partially displaced by oil. Only with
the energy crisis in the 1970s did coal again
become an interesting energy source,
although it is heavy and bulky and conse-
quently costly to transport.®® Therefore most
coal is consumed close to its source - only 10
percent of all coal is exported compared to 60
percent of all 0il.*°¢ In Denmark, coal replaced
a large part of our oil consumption after the
initial 1973 ¢il shock, and only slowly has gas
begun to replace coal. This tendency has been
widespread throughout Europe since gas is
cleaner and because local coal in Germany
and England has become too expensive.?*?

Typically, coal poliutes quite a lot, but in
developed economies switches to low-sulfur
coal, scrubbers and other air-pollution control
devices have today removed the vast part of
sulfur dioxide and nitrogen dioxide emis-
sions.%% Coal, however, is still a cause of con-
siderable pollution globaﬂly. and it is esti-
mated that many more than 10,000 people die
each year because of coal, partly from pollu-
tion and partly because coal extraction even
today is quite dangerous.?®? '
~ But coal can supply us with energy for a
long time to come. As with oil and gas, coal
reserves have increased with time. Since 1975
the total coal reserves have grown by 38 per-

‘cent. In 1975 we had sufficient coal to cover

the next 218 years at 1975 levels, but despite a
31 percent increase in consumption since
then, we had in 1999 coal reserves sufficient
for the next 230 years. The main reason why
years-of-consumption have not been increas-
ing more is due to reduced prices.®*® The total
coal resources are estimated to be much larger
- itis presumed that there is sufficient coal for
well beyond the next 1,500 yearsS1
Production has increased almost tenfold over
the last hundred years, but, as can be seen in
Figure 70, this has not led to any permanent
increase in price (beyond the oil ctisis price
hike). Actually, the price of coal in 1999 was
close to the previous low of 1969.

At the same time there are several other dis-
coveries that have expanded the fossil fuel
resources considerably. First, we have now
begun to be able to exploit methane gas in
coal beds. Earlier, miners would fear seeping
methane gas that could cause explosions and
make the mine collapse. Today, this gas can be
exploited. The precise recoverable amounts of
coal bed methane are not known, but are esti-
mated to exceed the current reserves of natu-
ral gas and could ve double the size.'? This
discovery alone gives us gas for at least
another 60 years,

An increasing amount of attention has been
given to tar sands and shale oil. Both contain
oil which unfortunately is much harder to
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extract and consequently more expensive to
exploit. In Canada, oil has been extracted
from tar sands since 1978 and here the costs
have dropped from $28 per barrel to just
$11.5™ For comparison the price of a barrel of
oil was $27 in 2000,

The US Energy Information Agency esti-

| mates that today it will be possible to produce

about 550 billion barrels of oil from tar sands
and shale oil at a price below $30, i.e. that it is
possible to increase the present global oil
reserves by 50 percent.?'® And it is estimated
that within 25 years we can commercially

exploit twice as much in oil reserves as the '

world’s present ocil reserves. Should the oil
price increase to $40 per barrel we will prob-
ably be able to exploit about five times the pre-
sent reserves.

The total size of shale oil resources is quite
numbing. It is estimated that globally there is
about 242 times more shale oil than the conven-
tional petroleum resources. There is more
than eight times more energy in shale oil than
in all other energy resources combined — oil,
gas, coal, peat and tar sands.”’® This stunning

J ‘
/amount of energy is the equivalent of our pre-
| sent total energy consumption for more than

; 5,000'years.”"’

Consequently, there is no need for any
immediate worry about running out of fossil
fuels. A proportion of the fossil fuels, however,
is probably only accessible at a higher price.
Still, there is good reason to believe that the
total energy share of our budget ~ even if we
continue to depend solely on fossil fuels - will

~ be dropping. Today the global price for energy

constitutes less than 2 percent of the global
GDP, and yet if we assume only a moderate
continued growth in GDP this share will in all
likelihood continue to drop. Even assuming
truly dramatic price increases on energy of
100 'percent, by the year 2030 the share of
income spenf on energy will have dropped
slightly.918

Nuclear energy

Nuclear energy constitutes 6 percent of global
energy production and 20 percent in the coun-
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tries that have nuclear power.®'® Despite
growth in Asia, the prospects for this sector
spell stagnation until 2010 and a minor reces-

sion after that. This recession is mainly caused

by perceived problems of security as stressed
by the accidents at Three Mile Island and
Chernobyl which undermined many people’s
confidence in this energy source.® '
Ordinary nuclear power exploits the energy
of fission by cleaving the molecules of ura-
nium-235 and reaping the heat energy. The
energy of one gram of uranium-235 is equiva-
lent to almost three tons of coal®*! Nuclear
power is also a very clean energy source
which, during normal operation, almost does
not pollute. It produces no carbon dioxide and

radioactive emissions are actually lower than

the radioactivity caused by coal-fueled power
plants.5%

At the same time nuclear power also pro-
duces waste materials that rernain radioactive
for many years to come {some beyond 100,000
years). This has given rise to great political
debates on waste deposit placement and the
reasonableness of leaving future generations
such an inheritance. Additionally, waste from
civilian nuclear reactors can be used to pro-
duce plutonium for nuclear weapons.
Consequently, the use of nuclear power in
many countries also poses a potential security
problem.

For the moment there is enough uranium-
235 for about 100 years.””® However, a special
type of reactor - the so-called fast-breeder reac-
tor — can use the much more common ura-
nium-238 which constitutes over 99 percent of
all uranium. The idea is that while uranium-
238 cannot be used directly in energy produc-
tion it can be placed in the same reactor core
with uranium-235. The uranium-235 produces
energy as in ordinary reactors, while the radia-
tion transforms uranium-238 to plutonium-
239 which can then be used as new fuel for the
reactor.®* It sounds a bit like magic, but fast-
breeder reactors can actually produce more
fuel than they consume. Thus it is estimated
that with these reactors there will be suffi-

cient uranium for up to 14,000 years.5*
Unfortunately these reactors are more techno-

logically vulnerable and they produce large

amounts of plutonium that can be used for
nuclear weapons production, thus adding to
the security concerns.?*¢ )
Nuclear power, however, has barely been
efficient in the production of energy and this
is probably the major reason why its use has
not been more widespread.’” It is difficult to

find unequivocal estimates of the total costs

since there are so many different variables
that can affect the calculations, but typically
the price hovers around 11-13 cents for one
kilowatt-hour (kWh) in 1999 prices.®?® This
should be compared with an average energy
price for fossil fuels of 6.23 cents, ¥

In the longer run, the primary focus is no
longer on fission energy but rather on fusion
energy. This technology aims at fusing two
hydrogen atoms into a single atom of helium.
A single gram of fuel can develop the same
energy as 45 barrels of 0il.**® Fuel comes basi-
cally from ordinary sea water and thus supply

is virtually infinite. Moreover, there will be

very little radioactive waste or emissions.
However, fusion demands astronomical tem-
peratures and despite investments above $20
billion we have still only managed'to achieve
10 percent of the laser power necessary for
producing energy.** Consequently it is sup-
posed that fusion energy will be commercially
available only after 2030 or perhaps only well
into the twenty-second century.%2

Renewable energy

Renewable energy sources, unlike fossil fuels,
can be used without ever being used up.®®
These are typically sources such as sun, wind,
water and Earth’s internal heat. Up until a few
years ago these energy sources were consid-
ered somewhat “alternative” — pet projects for
“bearded vegetarians in sandals” as The

Economist puts it.?** But this picture is chang-

ing.
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There are great advantages in using renew-
" able energy. It pollutes less, makes a country
less dependent on imported fuel, requires less
foreign currency, and has almost no carbon
dioxide emission.®*® Moreover many of the
technologies are cheap, easy to repair and easy
to transport, ideally suited for developing
countries and remote regions.-

Looking at Figure 71 it is clear that renew- |

able energy sources constitute only 13.6 per-
cent of the global energy production, Here,
the two irinportant constituents are hydro-
electric power and traditional fuels. Water

power makes up 6.6 percent of global enérgy _
production. The traditional fuels consist of -

fuel wood, charcoal, bagasse (fibrous cane resi-
due left over from sugar production), and
animal and vegetal wastes. These make up 6.4
percent of the world’s energy production and
constitute more than 25 percent of the energy
consumption in the developing countries.%
The other, more well-known renewable
energy sources such as biomass, geothermal
energy, wind and solar power make up the last
0.6 percent of global energy production, or the
top, thin slice in Figure 71. Of this slice, the
greater part is made up by the 0.4 percent of
biomass - burning wood and agricultural
- waste for energy, but also energy production
from municipal waste incineration.*®” The rest
consists mainly of 0.12 percent from geother-
mal energy, made with the heat from the
earth’s interior.
The best-known renewables, wind and solar

power, supplied in 1998 just 0.05 percent of all.

energy produced, wind dominating with
~ almost 0.04 percent and solar energy putting
in a mere 0.009 percent.?®® Even for electricity
alone, wind power makes up just 0.09 percent
and solar energy 0.02 percent.® In the pro-
gressive EU only 5.6 percent of the consumed
energy is renewable, with most being supplied
from biomass (3.7 percent) and hydropower

(1.8 percent), whereas wind makes just 0.04

percent and solar 0.02 percent.*
Virtually every year, Lester Brown makes
much of the fact that the use of renewable

Biomass 0.4%
Wind 0.04%
~-Solar 0.009%
Geothermal

0.12%

Traditiorial 6.4%

renewable 86.4% -

_ Gas .21.11“-"/6 .

= Non

Oil 37.5%

Figure 71 Share of global energy production: by
different sources, 1998, in total 428 EJ. Non-
renewables like oil, gas, coal and nuclear povver make
up 86.4 percent. Renewables consist primarily of
hydroelectric power generation and traditional fuels,
such as fuelwood and charcoal primatily used in the
Third World. Finally, in the thin slice on top, comes the
well-known renewable sources, 0.6 percent in total,
with biomass, geothermal, wind and solar power.
Source: EIA 2000a:20Hf, WRI 1998b.3%!

energy sources grows much faster than that of
oil:

In earlier years, the discussion on energy cen-
tered on what the new economy would look like.
Niow we can actually see it emerging. It can be
seen in the solar cell rooftops of Japan and
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Germany, in the wind farms of Spain and lowa,
and in the widely varying growth rates of the var-
ious energy sources. While wind use was expand-
ing at 22 percent a year from 1990 to 1998 and
photovoltaics at 16 percenﬁ per year, the use of
oil was growing at less than 2 percent and that of
coal was not inicreasing at all %42

But such growth rate comparisons are mis-
leading because, with wind making up just
0.05 percent, double-digit growth rates are not
all that hard to achijeve. In'1998, the amount
of energy in the 2 percent oil increase was still
323 times bigger than the 22 percent increase
in wind energy . Even in the unlikely event
that the wind power growth rate could con-
tinue, it would take 46 consecutive years of 22
percent growth for wind to outgrow oil.®*

Put simply, this low share of renewable
sources in global energy production is simply
a consequence of the sources not yet being
competitive compared to fossil fuels.®45 Up till
now most renewable enei:gy projects have
been completed with public funding and tax
rebates.”*® But as is clear from Figure 72, price
has been rapidly declining, and it is expected
that this decline will continue.

Hydroelectric power is important for many
nations - it supplies more than 50 percent of
the electricity production in 63 countries and
at least 90 percent in 23 countries.®’
Hydropower has been competitive for quite
some time but it is also quite well developed
and there are few substantial opportunities
for expansion in Europe.®® Moreover, hydro-
power also has several downsides: partly
because it often has negative consequences for
the environment,”® and partly because most
dams silt up within 20 to 50 years. It is
expected that Egypt’s Aswan High Dam will be
at least half silted by 2025.55°

Geothermal energy from tapping the
Earth’s internal heat can also be competitive,
but only a few places in the world are just
right, for example locations in the Philippines
and Indonesia.®** :

Presently the most competitive renewable
energy source with a wide applicability is
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Figure 72 Price per kWh for different renewable
energy sources, 1975-2030. Primary source: DOE
1997, CPl 2001952 ) .

wind power. The price today is around 5-6.4
cents per kWh, and although this is more than
ten times cheaper than the price 20 years ago,
it is still somewhat more expensive than
energy derived from fossil fuels.?*® Though the

price is expected to decline further, it is

expected still to be about 50 percent higher
than the cheapest electricity production from
gas-fired generating plants in 2005, and some
20 percent higher in 2020.%54

Many people are often surprised that renew-
able energy is not cheaper than fossil energy.
After all, the fuel is free. True, but there are sev-
eral reasons why this is not the main issue.
First, the price of the actual fuel only makes up
a fairly small part of the total energy cost - in
1995 the fossil fuel price accounted only for 16
percent of the total cost of electricity.®>®
Second, fossil fuels have a solid lead in research
and development, since they have been around
much longer and have had much larger shares
of the national research budgets. Finally, the

Y

use of fossil fuels also gets much more efficient -

over time. New research has made capital costs
fall by 2.5 percent with each doubling of new
capacity. Concurrently more competition and

better management mean that coal-fired power




132 Part lIl: Can human prosperity continue?

plants needing 250 pecple in 1982 could make
do with just 200 people in 1995. Gas-fired
! power plants have experienced even larger effi-
\ciency gains, with a drop in the required man-
|power of 28 percent in the same period.®*
]Deregulatlon of the oil and gas market as well
las electricity has also made energy from non-
renewable fuels cheaper.®” o
Nevertheless, it is important to focus on the
[ fact that the difference in cost between tradi-
tional fossil fuels and some of the cheapest
renewable energy sources is so relatively
slight. Moreover, these economic costs do not
include the negative social cost of fossil fuel
use on the environment. Energy from a coal-
fired power plant may still be 20-50 percent
cheaper than the energy produced by a wind-
mill, but if the effects on environment and
humans from coal pollution and waste prod-
ucts exceed the price difference then society
ought to choose wind energy.?s®
Recently, one European and two American
- large-scale projects have attempted to exam-
- ine all costs associated with electricity produc-
ction, all the way from the mortal risks of
i mining coal, the traffic hazards of transporta-
- tion and occupational hazards of production
: 1nc1ud1ng consequences of acid rain, particles,
sulfur dioxide, nitrogen oxides and ozone on
1lakes, crops, buildings, children and old
%__people and up to the consequences of tax
‘codes and occupation plus a long, long list of
";;similar considerations and costs.”® Altogether
tthese studies find that the extra social cost of
%new coal-fired power plants is around
0.16-0.59 cents per KWh.?** None of the three

studies, however, quantifies the costs of -

%:arb.on dioxide which probably means an
additional 0.64 cents per KWh (cf. the chapter
~on global warming).%

' Consequently renewable energy actually
has to drop somewhat in price before it will be
competitive, even including social costs.
Nevertheless, it is estimated that the price of
renewable energy will fall faster than the
price for conventional energy. It should how-
ever also be added that there is still quite a bit

of uncertainty about the predictions of such
prices, not the least because early predictions
in hindsight have seemed rather optimistic -
in 1991 the Union of Concerned Scientists pre-
dicted that solar power today would drop
below 10 cents per KkWh, but unfortunately it
hasi still only dropped to about 50 cents per
kvvh 962 :

Thus, it is unclear whether it is neéessary to
support renewable energy with subsidies and
tax exemptions. In Denmark this subsidy is as
much as 5 cents per kWh for wind energy,®?
and in the US, subsidy for wind power is esti-
mated at about 1.5 cents per KWh.%* It would
still be much mofe effective to tax energy such

~ that its actual price would adequately reflect

the social costs in production and emissions.

The underlying argument is often that we
shotild support renewable energy because the
matket will discover only too late that we are
runhing out of fossil fuels. But as we have seen
above there is no risk of running out of fossil
fuels anytime soon, even if some sources
might be getting more expensive. Conse-
queptly, the assumption should still be that
the imarket will invest the optimal amount of
renéwable energy if taxes reflect social
costs.*®> However, in the chapter on global
warming, we will look at whether society
might prefer to invest more heavily in research
into making renewable energy cheaper more
quigkly. -

Nevertheless, the most important point in
this;section on energy is to stress not on.y that
thexe are ample reserves of fossil fuels but also
tha':c the potentially unlimited renewable
energy resources definitely are within eco-
nomic reach. :

Solar energy

By far the largest part of the energy on Earth
comes from the sun. Only a small part comes
from radioactive processes within the Earth
itself. The sun gives off so much energy that it
is equivalent to a 180-watt bulb perpetually
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lighting up every single square meter on
Earth. Of course energy is not distributed
equally - the tropics receive more than 250
watts whereas the polar regions get dnly about
100 watts 966 . '

The solar energy influx is equivalent to
about 7,000 times our present global energy
consumption.®” The scale of these relation-
ships is depicted in Figure 73, where it is also
clearly illustrated that the yearly solar energy
by far exceeds any other energy resource. Or
putin a different way: even with our relatively
ineffective solar cells, a square area in the

tropics 469 km (291 miles) on each side - 0.15

percent of Earth’s Jand mass - could supply all
our current energy requirements.®® In princi-
ple this area could be placed in the Sahara
Desert (of which it would take up 2.6 percent)
or at sea.? In reality, of course, one would not
build a single, central power plant, but the
example underscores partly how little space
really is necessary to cover our energy needs,
partly that the area can be placed somewhere
of little or no biological or commercial value.
The cheapest photovoltaic cells have
become three times as effective since .1978,
and prices have dropped by a factor of 50 since
the early 1970s.%7° Solar cells are not quite
competitive yet, but it is predicted that the
price will drop further and it is expected that

- by 2030 it will drop to 5.1 cents per KWh.

Particularly in areas that are far from cities
and established grids, solar cells are already
now commercially viable.

The remote Indonesian village of Sukatani
was changed literally overnight when solar
cells were installed in 1989. The equatorial
nights, which last 12 hours all year round, pre-
viously left little to do. But today, children can
do their homework after supper, the village
sports a new motorized well pump providing a
steady supply of water for better sanitation,
and now some of the local warung (shops) are
open after sunset and television sets provide
entertainment and a window on the wider
world > ' '

Solar energy can also be exploited directly

Total energy resources

Annual world
consumption

Qil

~ &Gas

Uranium

Annual solar-energy

Figure 73 Energy contents in the annual solar

radiation (2,895,000E), compared to the totaf
resources of non-renewables (oil 8,690EJ; gas -
17,280EJ; uranium 114,000E] and coal 185,330E)),
and the global, annual energy consumption (400EJ).

The potential of the other big renewables are indicated;

“hydro power can maximally provide 90EJ and wind
_power 630E]. For comparisen, plant photosynthesis

takes up about 1260E]. All resources and potentials are
best guesses and only to be taken as otder of

‘magnitude.%72 Source: Craig et al. 1996:159, 163,

181, 193, Cunningham and Saigo 1997:505.

through heating and indirectly by growing
plants, later to be burnt (biomass). In Denmark
it is estimated that direct solar energy can pro-
vide about 10-12 percent of our energy.””* In
the US also, biomass is predicted to have sub-
stantial growth. The trouble is, the green.
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plants only poorly exploit sunlight, as is evi-
dent from Figure 73, It is unlikely that biomass
will be able to provide a major pért of global
energy consumption — the total agricultural
biomass production fromstalks and straw,
making up half the world’s harvests in mass,
only constitutes about 65 EJ or about 16 per-
‘cent of the current consumption.® Green
plants exploit on average 1-3 percent of solar

energy, compared to solar cells’ 15-20 percent
energy efficiency.’” Thus, solar cells only use .

one-thirtieth of the area required by plants -
and they need not use good agricultural soil 57
At the same time biomass gives rise to a slew of
other pollution problems, e.g. suspended parti-
cles, sulfur, nickel, cadmium and lead.®”’
Although biomass today still is not competi-
tive it is cheaper than solar cells.”®

For many developing countries biomass

would also have to compete with food produc- -

tion for access to agricultural land, For some
places in the world, however; growing bio-
mass may turn out to be sensible, since pro-
" duction can take place on poor soils, help pre-
vent erosion, and even help recreate more
productive soil.?”® .

The US Energy Information Agency esti-
mates that solar energy could cover 1_'_he entire
American energy requirements more than 3.5
times. over.®® But for this to become reality a
lot of ingenuity is required.

Japan has started integrating solar cells in
building materials, letting them become part
of roofs -and walls.*®* Others have produced
watertight thin-film ceramic solar cells to
replace typical roofing materials. In Wales an
experimental center open to visitors has
chosen solar cells not only to supply the build-
ing with electricity, but also because it can
save costs for traditional roofing.?%?

Wind energy
Wind energy has been exploited through mil-

lennia. Long before the Current Era, ancient
civilizations in China, India and Persia used

wind tb pump up water and to mill grain 983
Already in early medieval times windmills
were a known technology throughout Europe,
and tﬂle windmill remained the primary-
energy source till the arrival of the steam
engine. In countries such as Denmark that did
not have their own coal supply, the windmili -
continued to have a central position. In 1916
alone Denmark built more than 1,360 new
windmills.

The i‘oil crisis spurred a new research inter-
est in' windmills and since then fantastic
result;i and progress have been achieved. Since
1975 prices have dropped by a whopping 94
percent, and productivity has increased by 5
percent every year since 1980.%% Globally it is
estimated that windmills can cover upwards
of ha];f of all energy consumption, but this
would require in the region of 100 ‘million
windmills?* Being the world leader in wind
power, windmills in Denmark still produced
only about 9 percent of all Danish electricity
in 1998.%% In the US, windmills produced just
0.1 pdrcent of the total electricity producnon :
in 1998.%%7 |

But problems will arise if a 51gn1ﬁcant part
of a nation’s electricity requirements are to be -
met h_Sy wind power. Close to inhabited areas
windmill noise can be a nuisanee. Moreover,
to be effective, windmills need to be placed in
open/environments, and here they easily mar
the scenery. The only long-term solution is
placihg windmills far out to sea. Not only will
there be few if any esthetic problems but
windmills are typically 50 percent more effec-
tive here.%8

Critics of windmills often point out that

_ they;| are still not profitable, that they requir>

much energy to produce, and that they kill
birds.9% As we saw above, windmills are still
not fully competitive, although they are prob-
ably no more than 30-50 percent more expen-
sive, and even less when including the social
and. environmental costs of continued use of
fossil fuels. In the longer run, they will
undloubtedly be competitive or even cheaper.
It is also objected that windmills themselves
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demand quite a bit of energy to be produced:
the steel has to be mined, smelted and rolled,
and the windmill itself has to be transported
and in the end disposed of. However, going
over the extended energy account, it turns out
that a modern windmill can produce the
energy used for its own production within just
three months. L

. It is true that windmills kill birds, although
‘the problem will be much smaller at sea. In
Denmark it is estimated that about 30,000
birds die in-collisions with windmills each
year.® In the US, the number is about
70,000.%°2 While this may seem a large
number, it is fairly trivial compared to the loss
of birds elsewhere.®® In Danish traffic alone it
is estimated that far more than 1 million birds
die each year, and in Holland about 2-8 mil-
Lion.*** In the US, cars are estimated to kill
about 57 million birds every year, and more
than 97.5 million birds die colliding with
plate glass.® In Britain, it is estimated that
domestic cats annually kill some 200 million
mamumals, 55 million birds and 10 million rep-
tiles and amphibians.?

Storage and mobile consumption

Both solar power and wind energy have a
timing problem: the sun does not necessarily
shine and the wind does not necessarily blow
when humans need energy the most. Thus it is
necessary to be able to store energy.

If the power grid is hooked to dams, these
can be used for storage. Essentially, we use
wind power when the wind blows, and store
water power by letting water accumulate
behind the dams. When  there's no wind,
water power can produce the necessary
electricity.

However, this implies that both wind power
and water power require a sizeable excess
capacity, since both need to be able to meet
peak demand. The solution also depends on
relatively easy access to ‘large amounts of
hydroelectric power.

Generally speaking it is therefore necessary
to secure a larger diversification of produc-
tion. Biomass and geothermal energy can be
used at all times. Moreover energy can be
stored in hydrogen by catalyzing water.*®” The

hydrogen can later be used in electricity pro- .

duction or as a general substitute for petrol in

_cars. > Costs here are still about twice those of

ordinary gas, but hydrogen would be an
exceedingly environmentally friendly fuel,
since its combustion only leaves behind water.

Conclusion

The evidence clearly shows that we are not

headed for a major energy crisis. There is
plenty of energy.

We have seen that although we use more
and more fossil energy we have found even
more. Our reserves — even measured in years
of consumption - of oil, coal and gas have
increased. Today we have oil for at least 40
years at present consumption, at least 60
years’ worth of gas, and 230 years’ worth of
coal.

At $40 a barrel (less than one-third above
the current world price), shale oil can supply
oil for the next 250 years at current consump-
tion. And all in all there is oil enough to cover
our total energy consumption for the next
5,000 years, There is uranium for the next
14,000 years. Our current energy costs make
up less than 2 percent of the global GDP, so
even if we were to see large price increases it
would still not have significant welfare
impact - in all likelihood the budget share for
energy would still be falling.

Moreover there are many options using
renewable energy sources. Today, they make
up a vanishingly small part of the global
energy production, but this can and probably
will change. The cost of both solar energy and
wind energy has dropped by 94-98 percent
over the last 20 years such that they have come
much close to being strictly profitable.
Renewable energy resources are almost
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incomprehensibly large. The sun leaves us
with about 7,000 times our own energy con-
sumption - for example, covering just 2.6 per-
cent of the Sahara Desert with solar cells could
supply our entire global energy consumption.
It is estimated that wind energy realistically

could cover upwards of half of our total-

energy consumption.

Notice that all of these facts do not contest
that fossil fuels which today supply most of
our energy are non-renewable - if technology
remained constant and we kept on using just
fossil fuels, we would some day run out of
‘energy. But the point is that technology does
not remain constant and fossil fuels are not
our only or main long-term energy source.
First, the historical evidence shows that we
have become constantly better able to find,
extract and utilize fossil fuels, outpacing even
our increased consumption. Second, we know
that the available solar energy far exceeds our
energy needs and it will probably be available
at competitive prices within 50 years.

Consequently, it is surprising that over and

over again we hear the stories that now we will
run out of energy. The data show us that this is
nc;it plausible. As the US Energy Information
Agency wrote in the International Energy Outlook
1999: “bleak pictures painted of the world’s
remaining oil ;esdurce potential are based on

" current estimates of proven reserves and their

decline in a [typical, theoretical] manner.
When undiscovered oil, efficiency improve-
ments, and the exploitation of unconven-
tipnal crude oil resources are taken into
account, it is difficult not to be optimistic
a‘r_ﬁout the long-term prospects for oil as a
viable energy source well into the future.”®®
:In the longer run, it is likely that we will
change our energy needs from fossil fuels
towards other and cheaper energy sources -
maybe renewables, maybe fusion, maybe
some as-ofnow unimagined technology. Thus,
just as the stone age did not end for lack
of stone, the oil age will eventually end but
not for lack of oil. Rather, it will end because
of the eventual availability of superior
alternatives. )







