OIL ADDICTION

Kicking the Oil Addiction:
Facts and Fiction

DAVID ANDELMAN AND GUY DEUTSCHER

ossil fuels and nuclear and renewable energy
sources are the major players in the global
market of energy supply and demand, each
with its advant : wbacks. The addiction

sources of energy production, such as renewables.

But that renewables can become our principal en-

ergy source is largely a fiction unless adequate elec-
age and transmission are provided.
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When the International Energy Agency
(IEA) was founded more than 40 years ago, in
the wake of the Yom Kippur War in the Mid-
dle East and the 1973 to 1974 oil crisis that
followed, the future global supply of crude oil
seemed insolubly bleak. But today, our global
energy challenges have taken a dramatically
different turn. Following the large-scale de-
velopment of shale oil and gas in the United
States—coupled with new measures of con-
servation and efficiency—there is an oil glut
on the market, and our main concerns have
changed. Global warming, climate instabil-
ity, air and water pollution all have a com-
mon origin—massive reliance on fossil fuels.
Hence, our desire for a different kind of en-
ergy source that would not result in the same
hazardous consequences.

The fear of a major nuclear accident
is yet another ongoing concern. In some
OECD countries, such as Germany, an in-
tensive development of clean and renew-
able energy sources has been implemented
in an effort to eliminate the nuclear risk
while reducing dependence on fossil fuels.
Indeed, about half of Germany’s nuclear
power plants have been closed since 2011,
and the rest are headed for phase out by
2022. At the same time, however, there
has been a parallel increase in the use of
coal—the most polluting fossil fuel—for
electricity generation. Moreover, electric-
ity produced from renewable energy has led
to a higher cost of electricity for custom-
ers, and the German route toward clean and
safe energy does not seem to be a substan-
tial success. More broadly speaking, there
is lictle to suggest that mankind is on the
verge of finding any better energy solution

that would guarantee a secure future for the
planet and its inhabitants.

ENERGY VS. ENTROPY

Still, before we try to analyze what has gone
wrong in Germany and how this can be im-
proved, it is important to understand what
energy is and how it is generated. The word
energeia was used by Aristotle to describe
a “kind of action,” but only in the 18th
century was energy properly defined as the
ability of any system to perform some activ-
ities, such as mechanical (climbing stairs),
kinetic (shooting a rocket), thermal (heat-
ing water), chemical (wood fire), or electri-
cal (running a computer).

The source of many of these forms of
energy, with the exception of nuclear and
geothermal, is both simple and singular—
namely, the sun. The radiation (light and
heat) coming from the sun is the main driv-
ing force for most energy sources on earth:
fossil fuels, wind, electrical, chemical, and
thermal. While we cannot create energy out
of nowhere, we can transform energy from
one form to another, and this is what we do
in our daily lives. For example, our body
metabolizes the food we eat, while chemi-
cally transforming its caloric value into vi-
tal functions needed to keep us alive. Our
computer and portable electronic devices
run on batteries that transform chemical
energy into electricity. And we drive our
cars thanks to their internal combustion
engines that burns fossil fuel.

Unfortunately, the transformation of
energy from one form to another is a process
that can by itself waste energy. In order to
understand it, we need to invoke the con-
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cept of entropy, the lesser-known twin sib-
ling of energy. Entropy comes into play at
its simplest level when we open a bottle of
perfume. The perfume molecules evaporate
into the air, and within a short time, with-
out any external interference, they spread
throughout the room. As the molecules
have a lot of extra space to explore, they will
not stay contained inside the bottle. En-
tropy is related to the amount of disorder,
defined as the number of different positions
available to the molecules.

One fundamental law of physics is that
entropy cannot decrease in any process
where energy is transformed from one form
to another. Hence, the perfume molecules
in a chamber will spread and fill uniformly
the entire chamber. If we enlarge the cham-
ber, the molecules will rush to fill the larger
available space (and increase their entropy).
However, the inverse process where mol-
ecules spontaneously restrict themselves to
occupy, say, half of the space in the room,
is not feasible. The random nature of the
molecular motion makes it highly improb-
able. The only way to decrease entropy is by
applying an external intervention (energy)
and compressing them back into their orig-
inal configuration.

This reduction of entropy (or disorder)
is exactly what happened hundreds of mil-
lions of years ago, as our planet’s high at-
mospheric concentration of carbon dioxide
(CO,) was reduced by storage in the form
of fossil fuels and coal. Over many millions
of years, the energy influx of solar radia-
tion was harvested by photosynthesis—an
ever-present process common to plants,
algae, and green micro-organisms. Water
and atmospheric CO, gas were transformed
into organic matter (sugar) and oxygen.
Some of the organic matter (plants, wood)
decomposed, releasing CO, back into the
atmosphere. But another fraction was bur-

OIL ADDICTION

ied, compressed, and transformed into coal
and fossil fuels by extremely slow geologi-
cal processes. Combustion of fossil fuels
at any later time releases back into the air
CO, molecules, which fill the planet’s at-
mosphere while increasing its entropy, just
as opening a bottle of perfume.

LOOK OUT FOR HIGH ENTROPY, CO,

It is important to recall briefly the evolu-
tion of atmospheric CO, levels. Millions
of years ago, CO, levels in the atmosphere
were higher, and due to several reasons, in-
cluding photosynthesis-assisted fossil fuel
production, they reached a somewhat stable
level. For the past several hundred millen-
nia, the CO, atmo-

spheric concentration
has oscillated between

180 and 280 parts per INCREASED
"t
million Gpm) G coNTINUOUSLY,
igure 1).
However, in the IN SPITE
last two centuries,  p KYOTO

CO, levels have in-
creased substantially.
Between 1850 and
World War 1II, CO,
levels increased from
280 to 310 ppm at a
rate of about 3 ppm
for each decade. This
period corresponds to intensified industrial
activities, mainly in Europe and the Unit-
ed States, with the burning of coal to fire
steam engines in factories, and for trans-
portation and heating. The second period
from the end of World War II to the pres-
ent is characterized by an increase of CO,
from 310 ppm to about 400 ppm (see Fig-
ure 2). This represents an accelerated rate
of about 20 ppm per decade and it keeps
increasing at a steep and alarming rate,
compared with the shallow oscillations over
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the previous 800,000 years. A 2014 IEA
report suggests that even if the continuous
growth in CO, emissions may have stalled,
atmospheric concentration of CO, would
continue to rise—reaching some 600 ppm
by the year 2100, which is rwice the high-
est level reached in the last 800,000 years.
These are disturbing projections. There is
no historical precedent for such large and
abrupt increases in atmospheric CO, levels,
and predicting its consequences is difficult.
So far, rising temperatures have been the fo-

cus of attention, but climate instability at
elevated CO, levels may have an even more
perilous and less predictable outcome.
Clearly that recent increase in atmo-
spheric CO, concentration is tightly related
to emissions of CO, of human origin. From
past records, it’s possible to estimate that up
to a global fossil emission level of about 3
billion tons of CO, per year, emission and
absorption of CO, nearly balance each other.
However, today’s yearly emissions are tenfold
larger—about 35 billion tons (see Figure 2).
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Figure 1. CO, concentration in the atmosphere (in parts per million) in thousands of years. Ice-Core data

before 1958. Mauna Loa date after 1958.

Source: Scripps Institution of Oceanography.

These emissions have increased contin-
uously, in spite of the Kyoto Protocols and
commitments made by various countries
and organizations on different occasions.
This rate is so large that the solar energy
influx coupled with vegetation photosyn-
thesis and other chemical reactions is not
sufficient to compensate for the increased
entropy (or disorder), and the biosphere
risks moving alarmingly out of balance.
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To bring down the rate of CO, re-
lease to a value that can be compensated
through the natural energy influx of the
sun, a drastic reduction of 90 percent in
the use of fossil fuels would be necessary.
There are several possible solutions. The
most obvious is to reduce global energy
consumption, hence reducing CO, emis-
sions. The other is to find ways of captur-
ing and storing CO, at the source of its



OIL ADDICTION

CO, EMISSION: 1965 - 2013

40

35

30

25

20

Billion metric tons of CO,

¢}

1960 1965 1970 1975 1980

1990 1995 2000 2005 2010 2015

MONTHLY CO, CONCENTRATION

parts per million

400
390
380
370
360
350
340
330
320

il

T (O o o o o e

1960 1970 1980

1990 2000 2010

Figure 2. (top) CO, Emissions in billion metric tons for the years 1965-2013

Source: Robert Rapier - ConsumerEnergyReport.com;

(bottom) CO, concentration (in ppm) in the atmosphere for the years 1960-2014

Source: Scripps Institution of Oceanography.

emission (power plants). This is a possible
but expensive solution because it will
reduce the efficiency of the power plant
energy conversion. And finally, the third
possibility is to replace fossil fuels as the
principal source of energy production by a
massive development of renewable energy
sources, such as solar, wind, hydroelectric,
and geothermal. And then there is the nu-
clear energy option.

RENEWABLES: THE GERMAN CASE

Enormous industrial progress has been
made in recent years to reduce the cost of
electricity produced by wind turbines and
solar panels to a level comparable to that
of electricity produced by all non-renew-
able sources, except coal. This raises great
hopes because it will facilitate global eco-
nomic development without causing an
even more extensive exploitation of fossil
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fuels and CO, emissions. It may even lead
to a real energy revolution—but not yet.

A look at the German case is useful to
assess whether these hopes can be realized
because the share of Germany’s renewable
sources measured in terms of production
capacity of electricity is one of the high-
est in the world. The immediate problem is
that Germany’s ability to substitute renew-
ables for fossil fuels and nuclear production
of electricity has been accompanied by a
significant increase in the price of electric-
ity, to the point where German energy is
among the most expensive in Europe.

Renewables require using conventional
power plants as backup, producing elec-
tricity at night or during calm weather,
when solar and wind sources are unavail-
able. The cost of building and operating
conventional power plants as backups sub-
stantially increases the overall cost of elec-
tricity. Of no less importance is that, under
German law, renewable energy producers
are guaranteed revenue for each kilowatt-
hour (kWh) produced, independent of any
momentary power need. Furthermore, to
reduce operating costs, the backup power
plants are using low-grade coal (lignite),
which increases air pollution even further.
Today, 43 percent of electricity is generated
in Germany by burning coal.

The production of energy from renew-
able sources depends on local conditions.
For example, solar panels are best placed in
arid and sunny locations, while wind tur-
bines are placed in windy areas. In Germany,
wind-generated electricity is mostly a prod-
uct of its North Sea shores, while it is needed
more than 600 miles away in the nation’s in-
dustrial south. Only a fraction of the needed
long-distance transmission lines have been
built. Meanwhile, the electric utilities must
buy the missing electricity from neighbor-
ing countries such as Poland and the Czech
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Republic, which produce it by burning coal,
and from France that uses nuclear power
plants. Hence, German electricity policy is
not viable on a pan-European scale.

In addition to transmission, an even
more severe challenge is electricity stor-
age. In the absence of massive storage ca-
pacity, electricity produced by intermittent
renewable sources must be distributed and
used as soon as it is produced. On the oth-
er hand, the public utilities are obligated,
by their contracts, to provide electricity to
consumers upon immediate demand, often
leading to an unbalanced situation of sup-
ply and demand. A possible solution is to
transform electricity into another form of
energy that can be stored for later usage. In
Switzerland, for example, water is pumped
into reservoirs located on mountaintops
using intermittent surplus of electricity.
Then, the water that flows downhill is used
to power hydroelectric turbines producing
electricity during periods of peak demand.

Other storage options include solar wa-
ter heaters commonly used in Israel, and
in the future, the production of hydrogen
with excess electricity. Applying an electric
current—the process known as electroly-
sis—breaks each water molecule down into
its two constituents, hydrogen and oxygen.
Hydrogen is a clean source of energy that
can be stocked and used at will to produce
electricity via fuel cells, without emitting
any CO,. There are already electric concept
cars that operate on such fuel cells.

WHITHER ENERGY?

Although much progress has been made in
terms of innovative materials and efficient
devices providing cheaper and more reliable
renewable sources, their current use (exclud-
ing biofuels and waste) is barely 5 percent
of worldwide energy supply (see Chart). Re-
newables are not going to solve the global



energy demand in the near future for sev-
eral reasons. First, renewables are mainly
designed to replace fossil fuels as a source
of electricity production. But only about
20 percent of fossil fuel energy is consumed
in this form. The rest is equally divided be-
tween transportation and heating, which
means relying solely on electric vehicles
for private and public transport, as well as
electric heat pump systems for residential
dwellings and the public sector. This will
require an immense transformation, involv-
ing large investments in infrastructure, ma-
terials, and nationwide planning. Second
and most importantly, the main problem of
renewable energy sources is their scalability.
So far, the use of renewables in most devel-
oped countries does not account for more
than 10 percent of all electricity production.
The actions of green political parties
have been confined largely to pressing gov-
ernments to close nuclear power plants. Al-
though they seem to be aware of the detri-
mental impact of the large use of fossil fuels
on the biosphere, green parties have given pri-
ority to dismantling the nuclear option. This
choice is wrong. Massive emissions of CO, are
far more dangerous because they destabilize
the entire biosphere. Nuclear incidents, even
as serious as Chernobyl or Fukushima, can be
avoided or at least minimized. They are lo-
cal events. By contrast, when CO, molecules
are released, nothing can stop them. Whether
they are released nearby or on the other side
or the planet is irrelevant. The entire bio-
sphere is affected. The sharp increase of CO,
concentration in the atmosphere in recent
decades is unprecedented, and is likely to
have potentially catastrophic and unforeseen
consequences across the planet, such as rising
temperatures and climate destabilization.
Analysis of the German experience has
shown that, at least with existing technol-
ogy, renewables have a limited impact on
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the overall energy sector, in the absence of
a suitable infrastructure allowing for long-
distance transmission of electricity and its
massive storage. Fossil fuel and coal con-
sumption, which represents about 80 per-
cent of the worldwide energy consumption
(see Chart), has not been reduced in Ger-
many. On the contrary, it has even increased
and was followed by a 5 percent increase in
CO, emissions. From 2011 to 2014, emis-
sions increased from 770 million tons to
800 million tons. This amount is calculated
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even without taking into account the in-
creased emission of CO, due to coal-burning
power plants in neighboring Poland and the
Czech Republic.

Typically, power plants provide elec-
tricity within a radius of about 100 miles
from where they are located. Alternat-
ing current (AC), high-voltage line losses
become prohibitive at longer distances.
Bringing electricity generated from wind-
mills in the north of Germany to the in-
dustrial regions in the south is not only ex-
pensive, but also technically challenging.
High-voltage direct current (DC) lines,
possibly underground and superconduct-
ing in the vicinity of urban centers, can
provide a solution. Research and develop-
ment of transmission solutions should be
given high priority, especially the DC to
AC conversion since most commercial ap-
plications are run off alternating currents.

No viable economical solutions exist
yet for large-scale electricity storage. Fea-
sible in the short to medium term (a few
dozen years) is distributed storage. Driven
by the foreseen shift to electric cars, there
has recently been rapid progress in com-
mercialization of storage units of a few
dozen kWh for small or hybrid electric cars
(Chevrolet Volt, for example, has a storage
battery of about 20 kWh). Longer-range
electric cars, such as Model S by Tesla Mo-
tors, have storage units of 70 to 85 kWh,
which allows them to travel as much as 300
miles between charge. Recently, Tesla has
started marketing similar units for the pri-
vate and industry sectors. These units are
optionally coupled with a renewable source
and could be sufficient for most daily uses.
Utilities could sell electricity at times of
low consumption to be stored and used lat-
er during peak consumption. Storage could
become economical if the price paid by the
consumer will be adjusted according to the
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actual market price of daily and seasonal
variation in electricity supply and demand.

FUTURE SHOCK

Renewables can make an important contri-
bution toward the priority of cutting fossil
fuel consumption, provided their large-
scale introduction is not limited to electri-
cal generation. Also central to achieving
the goal of returning to manageable levels
of CO, generation is conservation—con-
suming less energy through energy frugal-
ity. A vast kaleidoscope of means is already
available: better thermal isolation of resi-
dential dwellings, more efficient heating
and cooling systems, more economical
ways to use private and public transport,
and reducing the energy used to produce
a vast range of goods and services by in-
dividuals, families, communities, nations,
even the entire globe.

These conclusions are drawn mainly
from observing the energy conduct in
OECD countries, but may have impor-
tant consequences for emerging countries
as well. If Africa and other emerging na-
tions follow the path of developed nations,
where most of the energy consumed is still
provided by massive use of fossil fuels, the
future of our planet is bleak. Few African
nations will be satisfied with energy levels
as low as those of Senegal, whose average
per capita daily energy consumption is
barely one-40th that of the United States
(see Chart). In the long run, such dichoto-
mies are both unacceptable and destabiliz-
ing on a global scale.

In Africa, a viable energy alternative
could take the form of large-scale develop-
ment of solar electricity generated in the
desert areas of the Sahara. With long-range
transmission (likely developed in OECD
countries), this electricity could be deliv-
ered to many African nations both in the



north (Morocco, Algeria, Tunisia, Libya,
Egypt) and south of the Sahara (Maurita-
nia, Senegal, Mali, Niger, Chad, Sudan, and
even further south to the Central African
Republic and the Republic of Congo). Cou-
pled with electricity storage, such a devel-
opment could offer a viable alternative for
many of Africa’s peoples and a direct path
out of a subsistence economy, without com-
promising their own environment or the
future of our planet.

Society is at a turning point. The danger
of misusing nuclear energy is all too appar-

OIL ADDICTION

ent. Accidents such as Chernobyl or Fuku-
shima are engraved in our collective memory
and underscore the potential risks of nuclear
energy. But the danger of continuing to
burn fossil fuels, though less dramatic, has
far graver, possibly irreversible consequences
for the biosphere and a stable, even a surviv-
able, climate.

So far, great advances in materials re-
search have led to more efficient and cheap-
er renewable energy

sources. But only
when appropriate
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Meanwhile, it will be of great benefit
to keep nuclear power plants running as
an interim solution for some decades to
come—allowing us to maintain a viable
pace of economic development, while at
the same time reducing our oil addiction
and CO, emissions.
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