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PREFACE

Liquid hydrocarbon fuels derived from crude oil provide ninety-five
percent of the primary energy consumed in the transport sector world-
wide. There is no other sector which is so utterly reliant on a single
source of primary energy, and this fuel specificity represents a unique
threat to both the environment and global security.

The transport sector as a whole, which includes automotive, aviation,
and marine transportation modes, is responsible for roughly one-quarter
of energy-related greenhouse gas emissions worldwide, the second larg-
est sectoral contribution after power generation. Despite growing aware-
ness of the dangers and causes of global warming, the climate change
impacts of transport have, until now, played an extremely minor role in
the development of alternative fuels. Economic and political considera-
tions are frequently addressed at the expense of the environment, and the
transport sector is no exception. Many of the fuel technologies which
are either under consideration or in various stages of commercialisation
have environmental footprints which are significantly worse than con-
ventional crude oil. They are developed primarily in response to energy
security concerns, stoked by fears of resource nationalism as remaining
crude oil reserves concentrate into the hands of the few.

In order to avert the worst impacts of climate change, the global
economy must as soon as possible embark on a pathway towards decar-
bonisation and sustainability. Within the power sector — the number
one source of greenhouse gas emissions today —a broad range of sustain-
able low-carbon generating options exist, many of which are becom-
ing increasingly competitive as climate change policies penalise carbon
dioxide emissions worldwide. Meanwhile, the transport sector looks set
to increase its carbon footprint as the oil industry and governments are
forced to exploit these energy-intensive unconventional oils to satisfy
a steadily growing demand for liquid fuels. Road vehicles account for
three-quarters of all the primary energy consumed in transport, thus

we focus the following discussion on the automotive sub-sector.
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This book will argue that the very term ‘alternative fuels’, as it
is applied today, may be misleading the public and policy makers,
since the fuels themselves are essentially identical to what we cur-
rently derive from conventional crude oil. These physical and chemi-
cal likenesses represent the greatest advantage of today’s oil substi-
tutes — minimal disruption to the status quo — but also describe their
fundamental limitation: they sustain our dependency on the internal
combustion engine powering a mechanical drivetrain, an outdated
combination which is inherently inefficient in converting stored
chemical energy into motive energy.

Energy efficiency is by far the cheapest and most immediate means
to reduce primary energy consumption and greenhouse gas emissions,
and will therefore be an important goal in all sectors and applications.
In addition to energy efficiency, there is an urgent need to accelerate
the development and commercialisation of low-emissions technolo-
gies. However, while the automotive transport sector remains firmly
shackled to the internal combustion engine, the best we can hope for
are incremental vehicle efficiency gains which will be wiped out by
the charge towards high-carbon unconventional oils.

Incremental efficiency improvements will no longer suffice. The
climate change imperative — to avert catastrophe, global greenhouse
gas emissions must peak and decline within the next decade — de-
mands transformational change, which only comes about through
disruption to the status quo. For the main incumbent stakeholders
in the world’s transport infrastructure — from oil producing nations
and corporations to automotive manufacturers — perpetuating our
dependence on liquid hydrocarbon fuels is the surest pathway to con-
tinued growth and profitability in the short-term. It might be argued
that in the context of climate change, their focus on short-term goals
is at best myopic and at worst negligent. But this view fails to ap-
preciate that companies are encouraged to behave this way by the
rules we as a society have placed upon them. In this light, we cannot
depend entirely upon today’s dominant transport solution providers
to drive — or even support — a shift away from the liquid hydrocarbon

paradigm any time soon.
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Fortunately, there is a way out of the oil trap. Vehicles which
are capable of receiving electricity from the grid will directly ben-
efit from future emissions reductions and diversification of primary
energy sources in the power sector. Thus, over time, grid-connected
solutions such as battery-electric vehicles and plug-in hybrid electric
vehicles — supplemented by sustainable biofuels for longer journeys
— will grow successively cleaner while the energy system as a whole
becomes more secure. Moreover, the electric powertrain is inherently
energy efficient, up to four times more efficient than its mechanical
counterpart. And, surprising as it may sound, we need not await the
coming renewable energy revolution before expediting electric vehi-
cles. Even based on today’s relatively carbon-intensive energy mix,
the electrification of automotive transport can deliver an immediate
reduction of greenhouse gases, an improvement in urban air quality
and noise levels, and significantly lower operating costs.

Coupled with concerted efforts to drive modal shift, optimise
urban planning practices, and encourage behavioural change, the
widespread adoption of electric powertrain technology will trans-
form automotive mobility by helping to reduce the world’s depend-
ency on liquid hydrocarbon transportation fuels. It will create an
explicit link between the traditionally separate power generation and
transport sectors, thereby dramatically broadening the range of sus-
tainable renewable energy options which can propel the world’s motor
vehicles. Establishing and accelerating this sectoral convergence will
directly address many of the world’s environmental challenges far be-
yond climate change mitigation, not least by relieving the mounting
pressure on fragile ecosystems from relentless exploration, produc-
tion, distribution, processing, and combustion of the Earth’s limited
hydrocarbon resources. Furthermore, the electrification of automo-
tive transport will enhance global security by substantially reducing
the sector’s ninety-five percent dependency on crude oil, which has
such a highly destabilising impact on the world today.

It should be self-evident that the scale of the task is enormous, but
the resulting benefits will be even greater, and that is surely the very

definition of transformational change. Oil companies must hasten
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the decarbonisation of their energy portfolios, assisted by the financial
sector eliminating the incentives which reinforce existing unsustain-
able business models. Policy makers have an important role to play
in order to remove the market barriers to electric vehicles which are
cemented by our lock-in to the liquid hydrocarbon paradigm. Utili-
ties, technology companies, and renewable energy suppliers stand to
profit from accelerating the electrification of automotive transport,
and should therefore be eager to establish new business models and
public/private sector partnerships.

Geographically, a few key markets will be keen to adopt grid-
connected vehicles: North America, the EU, Japan, and the rapidly
emerging economies of China and India. The US is the world’s larg-
est automotive market, number one consumer of crude oil, and cur-
rently seeks to reduce import dependence by exploiting energy-inten-
sive unconventional hydrocarbons. Europe is also a huge automotive
market, while the EU positions itself as a leader on environmental
protection — climate change in particular — and therefore represents
an important focal point in terms of legislation and the setting of
vehicle operating standards. Like the US, the EU also seeks ways to
urgently address crude oil import dependency.

Japan imports one hundred percent of its crude oil supplies, and
currently leads the world in hybrid vehicle technology, seen by many
as an important step towards grid connectivity. Meanwhile, China,
the “world’s factory” has a relatively small automotive fleet and con-
sequently does not suffer the same degree of lock-in as OECD na-
tions. However, with sales of private cars growing at around twenty-
two percent year on year, China recently became the second largest
automotive market in the world. Its vehicle population could eclipse
the US within two decades, an outlook which drives the country
towards unconventional hydrocarbon resources such as coal-to-lig-
uids. India faces many of the same challenges as its Asian neighbour,
yet currently boasts the world’s best selling battery-electric vehicle.
Thus, initiating a paradigm shift in the Chinese and Indian markets
will have a major impact both domestically and in terms of vehicle

exports.
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An environmentally sustainable transport sector will not be achieved
through electrification alone. Additional measures to reduce overall
demand through smarter urban planning, encouraging modal shift to
mass transit, from road to rail, increased use of telecommunications
technologies, and car sharing will make necessary and significant con-
tributions. However, with around eight hundred million motor vehicles
in the world today and that number growing inexorably, road-based
transport will continue to play a vital role in the delivery of essential
mobility services which underpin economic and social development.
This book aims to demonstrate how automotive electrification can ease
the necessary transition towards @ transport paradigm which is both high-
ly efficient and compatible with a sustainable renewable energy future.
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“No power on Earth can stop an idea whose time has come”

Victor Hugo
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CONTEXT

Sometime during the year 2008, humanity will probably pass the
point at which it collectively consumes one thousand barrels of crude
oil every second of every day.' More than half of it — and the share contin-
ues to rise — is dedicated to the movement of goods, services, and peo-
ple. Oil-based transportation enables economic activity to take place,
provides access to a range of welfare services and, for many, affords
lifestyle choices which were unimaginable 150 years ago.

Despite the pivotal role which oil is playing during the early years of
the 21* Century we are, without a doubt, entering the twilight of the
Oil Age. Energy analysts generally agree on the five key factors which
will fundamentally alter the energy landscape in the coming years: ris-
ing demand; dwindling supply; greater concentration of resources in
the hands of a few; limited spare capacity; and the environmental im-
pacts of energy use.

As the bright green cliché puts it, the Stone Age did not end because
we ran out of stones.” Nor will the Oil Age end for lack of oil. Per-
haps it is more instructive to reflect that the world did not exhaust its
capacity to manufacture chlorofluorocarbons (CFCs) either. Scientists
discovered the destructive impact these compounds were having upon
the Earth’s ozone layer and — aided and abetted by the environmen-
tal movement — raised the alarm. Governments negotiated and signed

a binding international protocol limiting CFC use, and industry set

*

The well-worn “Stone Age” cliché is usually attributed to Saudi Arabias OPEC minister
Sheik Yamani in the 1970s.
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to work developing alternatives. This success, while admittedly on a
much smaller scale than the energy revolution we face, provides an
inspirational model for concerted global actions.

The five factors mentioned above are creating a perfect storm, in
which dramatic and irreversible change to the global energy system is
unavoidable. We can choose to face up to this change, even embrace
it, and stride purposefully towards an energy system which is clean,
secure, and equitable. Or we might attempt to ignore it, eventually be
overwhelmed by it, and suffer catastrophic consequences as a result of
our collective lethargy. If politicians, business leaders, and civil socie-
ty are able to summon the courage necessary to proactively transform
our energy system, there will undoubtedly be winners and losers. If
they do not, it is extremely difficult to envision any winners at all.

This book is intended as a positive contribution to the debate
as to how we may begin to manage this challenge, particularly with
respect to climate change. The focus is firmly on the mansformation
of the transport sector, which is ninety-five percent dependent on
crude oil today. There is no other sector which suffers from this high
degree of fuel specificity, thus transport represents a unique threat to
both environmental integrity and energy security. We begin by ask-
ing: how on Earth did we get here?

LESSONS FROM HISTORY

As mortgage and pension fund managers are quick to point out
in their tiresome disclaimers: “Past performance is no guarantee of
future results”. The operative word here is guarantee: there is always
an element of risk in predicting what the future might hold. While
we await the invention of a reliable crystal ball, the best way for us
and the fund managers to mitigate such risk is through the analysis
of historical trends.

We persist, therefore, in acquiring data, performing literature
surveys, compiling and distributing information. However, thanks
to Mr. Google and those of his ilk, the currency of information is

fast depreciating: today we can all afford to ‘find out more’. And
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how much more there is; we are positively drowning in data. We
may be living in the Oil Age but, as we are frequently reminded, this is
also the Information Age.

Data might be ever cheaper, but wisdom — that is, a profound
understanding of what lurks behind the data — is not. It may be get-
ting easier to obtain historical information, but it takes much more
effort to really comprehend why something happened the way it did,
particularly if it didn’t happen to us. Perhaps that is why we seldom
seem to pay enough attention to the experiences of our predecessors:
when we face new challenges, we content ourselves with grasping ‘the
key points’, filling in any gaps with broad assumptions, and then we
make our decisions and act on them with conviction, secure in the
knowledge that we are doing ‘the right thing’.

Wisdom might be rare, but conventional wisdom is not; if anything
it is the cheapest commodity of all. “Energy efficiency is the easiest way to
reduce greenhouse gas emissions.” “Oil companies should increase their in-
vestments in alternative energies.” “High oil prices are good for the Renew-
able Energy industry.” These statements are all uncontroversial in today’s
environmental movement — and on first inspection they may appear to
provide a sound basis upon which to build our climate change strate-
gies — but, as this book will illustrate, a statement is not guaranteed to
be accurate just because it is widely accepted or frequently repeated.

Might we dare to learn from what has happened in the past? Are
there any precedents for the huge challenges that we now face? The
answer to both questions is yes: in fact, the rich history of crude oil
conjures a tantalising vision of an alternative energy path. We have
been here before, the future has already happened. We simply need to

make it happen again.

Wonderful Crude Oil

In a world indifferent to environmental issues, not least carbon di-
oxide emissions, it is safe to say that crude oil is a vastly superior source

of primary energy to any we have yet imagined. Oil’s great advantage
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lies in its physical state at ambient temperature and pressure: it is a liquid.
This property bestows the combined strengths of energy density and
ease of application. And it’s also incredibly cheap, considering the
extraordinary benefits human beings have enjoyed since the dawn of
the Oil Age some one hundred and fifty years ago. It is easy to see
how we have allowed ourselves to become so completely dependent
on it.

Oil is the yardstick by which other energy sources are measured.
We continue to use ‘barrel of oil equivalent’ (boe) as a unit of primary
energy, and we reference the market price of crude oil in economic
assessments of energy alternatives from coal to biomass. Oil has cre-
ated a lifestyle of opportunity and privilege which would have been
inconceivable prior to E. L. Drake’s 1859 discovery of ‘rock oil’ in
Pennsylvania. Today, crude oil provides more of the world’s primary
energy than any other resource — roughly forty percent of the global
total — and that leading position looks unassailable for the foreseeable
future, as figure 1 illustrates.

Human civilisation, as we understand the term, has been surfing a
thick black wave of petroleum ever since commercial whaling became
the oil industry’s first casualty.? Kerosene, initially distilled from bitu-
minous tar, began to displace whale oil — or biofuel” — from the light-
ing sector as whales became increasingly scarce and the market price
of blubber rose. Whale products had themselves displaced tallow, an
earlier form of bioenergy derived by rendering bovine fat,’ from the
18" Century candles that once dominated the lighting sector. Ironi-
cally, in creating a cheap and plentiful source of kerosene, the birth
of the oil industry coincidentally saved many species of whale from
extinction and was therefore a major environmental coup at the time.
There are some astonishing parallels between the rise and fall of the
commercial whaling industry and the challenges faced by the oil in-
dustry today, and we would do well to pay them heed.*

*

‘Biomass'is broadly defined as the totality of living matter, including plants and animals.
The term ‘bioenergy’ refers to the subset of biomass which is used to derive energy. In this
book, the term ‘biofuel’ refers to liquid transport fuels derived from biomass.
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WORLD PRIMARY ENERGY DEMAND BY FUEL
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Figure 1. Projected evolution of the world’s primary energy demand by fuel, accord-
ing to the IEA World Energy Outlook 2006 “reference scenario” (data for 2004 are
actual).®

Transport Equals Oil

Crude oil's dominance of the lighting sector was relatively short-lived.

With the advent of the electrical era in the late 19* Century, the kerosene

lamp was itself displaced by Thomas Edison’s electric light bulb, which

offered manifold advantages not least in terms of safety and convenience.

This was in fact the oil industry’s first crisis: it found itself virtually on its

knees as crude oil prices hit rock bottom due to rapidly falling demand

for its primary product. It is no exaggeration to say that the timely ar-

rival of the automobile saved the oil industry, and the fortunes of these

two industrial behemoths have been inextricably linked ever since. As

Rob Routs, Executive Director of Shell’s Downstream business, told an

automotive conference in Amsterdam recently:

[S]ince the marriage of fossil fuels and the internal combustion engine
some hundred years ago, the fortunes of our industries have been
tied together.®

THE END OF THE OIL AGE
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Today, approximately ninety-five percent of the primary energy con-
sumed in transport derives from crude oil,” so it is safe to conclude that
the transport sector’ is utterly reliant on crude oil. In fact, it would be
more accurate to say that the transport sector is utterly reliant on liquid
hydrocarbon fuels (such as gasoline,* diesel, and jet fuel) which have, until
recently, been most economically derived from conventional crude oil.

This level of fuel specificity (i.e. dependency on a single primary
energy source) is unique to the transport sector, which is consequently
immune to the type of competition that characterises the heat and

power sectors (figure 2).

GLOBAL PRIMARY ENERGY MIX (2004):
TRANSPORT VERSUS HEAT AND POWER

I Crude Ol

Biofuels

I Other

B Cruge Oil
- Coal

Natural Gas

Biomass
Nuclear

Il Hydo

Other
renewables

TRANSPORT
1,969 Mtoe

Data source: IEA World Energy Outlook 2006

Figure 2. Comparison of the global primary energy demand mixes of the tranport
sector and heat and power plants, highlighting the unique fuel specificity of transport.
This oil dependency is highly problematic as it represents an enormous barrier to
achieving energy security through diversification.®

* The remaining five percent is shared between liquefied petroleum gas (LPG), compressed
natural gas (CNG), and biofuels.

t The United Nations Framework Convention on Climate Change (UNFCCC) defines
transport’ according to greenhouse gas “[e]missions from the combustion and evapora-
tion of fuel for all transport activity, regardless of the sector.” Thus, in terms of primary
energy consumption and therefore GHG emissions, transport’ does not include electri-
foed modes of mobility such as rail-based rapid transit systems, nor non-motorised forms
of transportation. For more on UNFCCC sector definitions, see the website http:/fun-
Jece.intlghg_emissions_datalinformation_on_data_sources/definitions/items/3817. php

£ The term ‘petrol’ is also used in some markets, such as the UK.
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The underlying reason for transport’s dependence on liquid hydrocar-
bon fuels is that the overwhelming majority of powered vehicles in use
today rely upon the internal combustion engine (ICE) — which adores
liquid hydrocarbons — to convert stored chemical energy into motion.

It was not always so. In the years 1899 and 1900, the electric car
outsold its two competitors in the US: steam-driven cars and gasoline-
powered internal combustion engine vehicles (ICEVs).” The reason
was simple: electric cars were better. They did not suffer the vibrations,
the smell, and the noise which accompanied gasoline cars, nor did they
require gear changes which were considered the most difficult part of
driving. For their part, steam-driven cars suffered from cold-start prob-
lems and range limitations when compared with their electric rivals, an
early example of which is illustrated in figure 3.

Why, then, are electric vehicles (EVs) now consigned to relatively
marginal or niche applications such as golf carts, forklift trucks, and
airport terminal buggies? Firstly, the US road network expanded be-
yond towns and cities, so that long-distance inter-city travel by private
automobile became both possible and desirable. At that point, the supe-
rior range afforded by gasoline cars relegated their electric counterparts
to short-distance commuter travel. Secondly, and ironically, electricity
itself helped to undermine the EV. The invention of the electric starter
in gasoline-powered vehicles eliminated the need for the hand crank
and thereby neutralised a unique selling point that EVs could previous-
ly claim: ease of use, especially for female drivers unwilling to operate
the physically demanding crank. An additional side-effect of the elec-
tric starter was that it encouraged automotive battery manufacturers
to focus on mass production of small, low capacity auxiliary batteries
rather than on increasing storage capacity, which would have benefited
the range of EVs.

Finally, the greatest innovation of the manufacturing industry ham-
mered a sizeable nail into the coffin of EVs: in another ironic twist,
a former employee and great friend of Thomas Edison by the name
of Henry Ford introduced the production line, whose economies of
scale brought the price of a gasoline-powered ICEV within the reach

of ordinary American wallets. Strategic marketing errors on the part of
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both electric and steam car manufacturers sealed their fate: to give one
example, as ICEVs became cheaper, EVs actually grew more expensive
as manufacturers chose to target the luxury market.'

Thus, the marriage of the oil industry with the automobile in-
dustry was consummated. But the world in 2008 is no longer indif-
ferent to carbon dioxide emissions, and as we will see, dwindling
crude oil supplies are now, more than ever, a potent source of politi-
cal and military conflict. This one hundred year-old marriage could
be about to hit the rocks.

© Archives Center, National Museum of American History.

Figure 3. Thomas Edison photographed with an electric car in 1913.""

On average, roughly half of each barrel of crude oil worldwide is
converted into transport fuel,' meaning that oil industry activity is
to a great extent dictated by demand from transportation. In OECD
countries, which have more advanced economies and therefore
greater reliance on the transport sector, this proportion approaches
two-thirds, as illustrated in figure 4. The precise quantity of transport
fuels will vary depending on the chemical composition of the crude
‘slate’, the configuration of the oil refinery, and local market demand,

all of which combine to determine processing economics.
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From the remainder of each barrel of crude oil which is not re-
fined into gasoline, diesel, or jet fuel, many of the non-energy ancil-
lary product streams may also be destined for transport-related ap-
plications, such as lubricants (engine oils, gear oils, greases), asphalt
(road surfacing) and petrochemicals (plastics, elastomers, solvents).
In theory, one hundred percent of the hydrocarbons in each bar-
rel of crude can be processed into transport fuels, notwithstanding
process economics. As demand for transportation fuel keeps rising
relative to overall refining capacity, so the economics tend to favour
fuel production over alternative pathways. In response, refineries
optimise their operating conditions in order to maximise economic

fuel output.

AVERAGE US OIL REFINERY OUTPUT

(@
R\,
Ce®

Liquid Petroleym Gas

Data source: US EIA

Figure 4. Average US refinery output in 2005, showing the strong orientation to-
wards transportation fuels. Diesel fuel belongs in the ‘Distillate Fuel Oil" category,
together with heating oil.'®

THE END OF THE OIL AGE
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Oil Equals Power

Revenue is a useful measure of the size of a business or sector.
It’s not the only one, of course: when analysing the performance of
companies, it is also informative to compare such metrics as net in-
come, assets, market capitalisation, return on capital employed, and
the slightly less tangible brand equity. But raw economic power is
best measured in terms of total sales. We currently rely on Gross Do-
mestic Product (GDP), which approximates to the sum of all sales,
to compare the relative size of national economies.” We can similarly
use total sales — or revenue — to assess the contribution of individual
companies to €CONOMIC activity.

In revenue terms, of the top ten global corporations today," six op-
erate in the oil business and three in the automotive industry." Could
there ever be a more striking indicator of the economic power inherent
in the transport sector? This point is so important it bears repetition:
nine of the most powerful businesses on the planet directly derive their
economic might from the consumption of liquid hydrocarbon fuels in
ICEs. Incidentally, the ‘odd one out’ is Wal-Mart, the discount retailer
whose wildly successful business model is contingent on ready access
to automotive transport: distribution centres and superstores located
on cheap out-of-town real estate, connected to extensive highway in-
frastructure, accessed by suppliers and customers alike by means of the
ICEV. Figure 5 shows how the ‘Petroleum Refining’ and ‘Motor Vehi-
cles’ sectors — as defined by Fortune magazine’s Global 500 — complete-
ly dominate the ranking of global corporations by revenue. Aggregated,
these two sectors contributed forty-six percent of all revenues generated
by the top fifty companies in 2006."

* This is not to say that GDP is an accurate measure of economic development. Market

externalities — such as water contamination, land degradation, and human health
impacts — are not comprehended by traditional economic models.

7 The 2006 edition of Fortune magazines Global 500 lists the top ten corporations, by revenue,
as follows: 1) Wal-Mart, 2) ExxonMobil, 3) Royal Dutch/Shell, 4) BE 5) General Motors,
6) DaimlerChrysler, 7) Chevron, 8) Toyota, 9) Total, 10) ConocoPhillips. Wal-Mart stands

out as being the only one whose core business is neither oil nor automotive transport.
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By comparing revenues side-by-side with the GDP of nations, we
may reveal the extent to which modern multi-national oil compa-
nies have become state-like in their contribution to the global econ-
omy. The US$ 347 billion which ExxonMobil raked in during 2006
eclipsed the GDP of Poland.!® If it were a nation state, ExxonMo-
bil’s ‘economy’ would rank twenty-second in the world, beating the
GDP of many oil-rich nations including Norway, Saudi Arabia, Iran,
and Venezuela. Taken together, the combined revenues of the ‘Big
Six’ — roughly US$ 1.5 trillion in 2006 — would come eighth in the
global ranking, ahead of Canada, Brazil, Russia, India, and Australia.
If money does indeed make the world go round, then the oil sector

alone exerts irresistible torque.

TOP 50 GLOBAL COMPANIES BY REVENUE (2006)
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Figure 5. The ranking of the top fifty global corporations by revenue in 2006 shows
the economic dominance of petroleum-based automotive transport. Nine of the top
ten and nineteen of the top fifty companies operate in either ‘Petroleum Refining’ or
‘Motor Vehicles’, contributing 46% of revenue.
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National governments understand the importance of the transport
sector, and therefore crude oil, as a primary driver of their economies.
The transport sector continues to expand roughly in line with econom-
ic growth. One might reasonably ask: which is the cause and which the
effect? Most likely it’s a combination of the two — a positive feedback
loop — since the mobility of goods, services, and people enables an in-
creased level of economic activity to take place.

It is not just about the economy, however. Since the First World
War, governments everywhere have recognised oil as a key safeguard
to national security. In 1912, a young Winston Churchill, then First
Lord of the Admiralty, took (in his own words) the “fateful plunge” of
commissioning a fleet of battleships running on oil."” Until then, coal
furnaces powered the naval fleets of Britain and Germany, two nations
locked in an escalating arms race. Oil offered the advantages of faster
acceleration, superior cruising speeds, and higher energy density which
allowed more room onboard for armaments and personnel. With no
domestic oil resources known at the time, Britain thus became the first
nation to tie its national security to foreign oil, and subsequently em-
barked on a strategy of interference in Middle Eastern affairs leading to
the formation of Anglo-Persian Oil, which later became BP.

In retrospect, World War I can now be considered history’s first ‘Oil
War'. If oil was not the cause of the conflict, it was certainly a defin-
ing factor in the war’s prolongation, geographical reach, projection of
mechanised force, and eventual result. Germany’s meagre petroleum
supplies were comprehensively overwhelmed by the Allies” access to
plentiful American reserves. At the end of the hostilities, Lord Curzon,

a member of Britain’s War Cabinet, famously claimed:
The Allied cause had floated to victory on a wave of 0il."®

The remainder of the 20" Century is littered with examples of po-
litical and military conflict, discussed in fascinating detail elsewhere,"
in which oil provides a compelling context. One episode from US his-
tory is, however, particularly instructive: President Jimmy Carter’s State
of the Union address in 1980, prompted by the Soviet invasion of Af-

ghanistan.
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Let our position be absolutely clear: an attempt by any outside force to
gain control of the Persian Gulf region will be regarded as an assault on
the vital interests of the United States of America, and such an assault
will be repelled by any means necessary, including military force.®

This statement came to be known as the Carter Doctrine, the ap-
plication of which has been demonstrated by the US (and its allies)
most recently in Iraq. In simple terms, the US publicly considers pe-
troleum to be absolutely critical to its national security, and therefore a
justification for military intervention. One wonders whether a political
administration which has gone so far as to enter wars in the pursuit of
oil would have any qualms about opening up its own National Parks and
other protected areas to exploration activity. Humanity’s ongoing thirst
for oil thus represents a direct threat to the integrity of the Earth’s few
remaining wilderness areas, such as the Arctic National Wildlife Refuge
(ANWR).2! While oil continues to supply the overwhelming majority of
the world’s transportation services, advocates of drilling in the ANWR
may never abandon their efforts. It goes without saying that this would
not solve anything, merely prolong our increasingly painful dependency

while simultaneously threatening the integrity of a vital ecoregion.

OIL SECURITY

As the major consuming nations see their domestic crude oil resourc-
es shrivel in the face of ever-increasing demand, the world’s remaining
proved reserves are gradually concentrating in relatively few countries,
as figure 6 shows. By the end of 2006, more than seventy-five percent of
proved reserves were located in the eleven OPEC member states,” with
a further seven percent to be found within the Russian Federation.” It
is no coincidence that oil-rich countries are far more likely than most
to suffer from political volatility, particularly when those resources have
been discovered prior to the establishment of robust political institutions.

*

Members of OPEC, the Organisation of Petroleum Exporting Countries, are as follows:
Saudi Arabia, Iran, Iraq, Kuwait, Qatar, United Arab Emirates, Algeria, Libya,
Nigeria, Indonesia, and Venezuela.
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The destabilising effect of resource wealth on poor countries is well docu-
mented, and has come to be known as the ‘Paradox of Plenty’.?

The International Energy Agency (IEA) projects that the US, China,
and India will be the top three oil consuming nations in 2030.2* Taken
together, these three countries currently account for just four percent of
proved reserves, and all are significant net importers today. Meanwhile,
the European Union’s share of proved reserves amounts to less than one
percent. Transport represents the EU’s fastest growing energy demand
sector, and the largest overall. For each of these dominant demand mar-
kets, diversification of supply is the secret to security of supply, but the
uneven geographical distribution of conventional crude oil resources
represents a considerable barrier to diversification. The recent spate of
resource nationalism (discussed below) merely adds to political concerns
around oil security. This geopolitical reality leads to market uncertainty
and price volatility, with infrastructural bottlenecks — due to decades of
under-investment — only serving to exacerbate the problem. It is this
emerging dynamic which is the primary motivation behind growing

government support for so-called ‘alternative’ transportation fuels.

CRUDE OIL GEOGRAPHY IN 2006:
RESERVES VS CONSUMPTION
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Figure 6. The geographical distribution of conventional crude oil resources bears no
relationship to the areas of high consumption. Remaining proved reserves are gradu-

ally concentrating in relatively few countries: OPEC member states and the nations
which comprise the former Soviet Union (FSU).
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High Oil Prices and Their Effects

Figure 7 illustrates how oil prices tend to fluctuate in response
to significant global events. Oil price shocks, such as that witnessed
following the Iranian Revolution of the late 1970s, have historically
stimulated massive increases in exploration and production, concerted
energy conservation drives, and investment in alternative technologies.
For example, coal-to-liquids (CTL) research programmes were wide-
spread in OECD nations during the early 1980s, which saw the estab-
lishment of the short-lived Synthetic Fuels Corporation in the US.»
Brazil’s biofuels industry, based on ethanol derived from sugarcane, also

traces its origins to the same period in history.”
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Figure 7. Evolution of post-WWII crude oil price, annotated with major world events.?®

* For a more detailed account of the history of biofuels development, see Biofuels for
Transportation: Global Potential and Implications for Sustainable Agriculture and
Energy in the 21st Century (Worldwatch Institute, June 2007).
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It is worth reflecting that the driving force behind the development of
oil substitutes has never been concern for the environmental impact
of crude oil: rather, it has been energy security, which itself underpins
national security.

Sustained periods of high oil prices have forced a structural change
in the market which persists today: the displacement of crude oil from
applications for which a practical economic alternative existed. Princi-
pally, this has meant the gradual substitution for crude oil in electricity
generation (by coal, gas, nuclear, hydropower, renewables) and heating
(gas), but also non-energy uses such as petrochemicals (coal, gas, and
even vegetable oils). To take one example, between 1973 and 2004,
oil’s share of global electricity generation dropped from 24.7% to 6.7%
as oil became far too valuable to ‘waste’ in the power sector.”” The IEA
projects that this trend will only continue, with oil contributing just
three percent of the world’s electricity supply by 2030, essentially lim-
ited to markets where natural gas is not available.”

Crude oil has thus retreated further and further into applications
for which there has been no widespread, cost-effective, technically
competent substitute, namely automotive, marine and aviation fuels.
Meanwhile, overall transport demand has itself been steadily grow-
ing. This displacement effect is illustrated in figures 8 and 9.

In the late 1980s, the combination of these factors — energy con-
servation and fuel switching — gradually eased the global demand
for crude oil, with the consequence of excess supply as new produc-
tion came on stream. This sent prices plummeting to lows of around
$10/bbl towards the end of the 1990s. Exploration efforts were sub-
sequently scaled back as it became unprofitable to continue adding
new production. Bloated International Oil Companies (IOCs) then
embarked on a series of mega-mergers: Exxon with Mobil, Chev-
ron with Gulf and Texaco, BP with Amoco and ARCO, Total with
Fina and EIf. This industry consolidation led to a number of refinery
shutdowns, worker redundancies and other cost-cutting measures, as
operating margins became thinner.

With oil cheaper than ever, many state-sponsored energy conserva-
tion efforts were abandoned — the low-hanging fruit having already
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been harvested — and in some case were even reversed. The most spec-
tacular example of this has been the explosion in so-called Sports Util-
ity Vehicles (SUVs) in the US over the last two decades,” more recently
infecting Europe. The US automobile industry had successfully lobbied
for a loop-hole in the federal Corporate Average Fuel Economy (CAFE)
standards, which enabled SUVs to be classified as ‘Light Trucks. This ex-
empted SUVs from the more stringent CAFE regulations which applied
to passenger cars. American consumers embraced the perceived safety and
power advantages of driving an SUV despite the inferior fuel economy,
because the 7ncentive to conserve oil had diminished; the market signalled
that oil was inexpensive. It is important to understand and learn from this

lesson: cheap energy deflates efforts to drive efficiency improvements.

CRUDE OIL APPLICATIONS
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Figure 8. Liquid hydrocarbon fuels, most economically derived from conventional
crude oil, completely dominate the transport sector. As global demand for trans-
portation fuel grows in the absence of widely available economic substitutes, oil is
gradually displaced from applications for which viable alternatives exist (e.g. coal,
gas, and renewables for electricity and heat generation).

* According to Paul Roberts in The End of Oil, just one in twenty SUVs has ever been
driven off-road. .. intentionally!
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Peak Oil

For a few years following industry consolidation, oil prices hovered
close to the $25/bbl mark, considered to be the long-term industry av-
erage, and still used as a reference point by many oil analysts and inves-
tors today. However, relentless growth in demand for personal mobility,
massive increases in air travel, and maturation of the North Sea and US
oilfields started testing the limits of supply infrastructure, causing the
market to tighten. The phenomenal economic rise of China and India
coupled with the aftermath of the September 11* terrorist attacks on
the US tipped the scales, and prices sky-rocketed.

A debate is currently raging as to whether the extraordinarily high
oil prices of 2006/07 are an indicator that ‘Peak Oil’ is upon us. Peak
Oil theorists argue — correctly — that crude oil is a finite resource
which cannot be extracted indefinitely. It is only a matter of when,
not if, the global production of crude oil will reach a maximum rate
— or peak — and then decline. And with demand continuing to grow,
the post-peak world will be characterised by high oil prices. Peak Oil
deniers point to the fact that rising oil prices enable the production of
reserves which were previously considered uneconomic, which pushes
the peak further and further away.

Protagonists from both sides of the debate are at least able to agree
on one thing: whether or not Peak Oil theory is at work here, there is
certainly a Peak Easy Oil effect. Worldwide, the remaining proved re-
serves of conventional crude oil 7ay be sufficient to last for forty years
or more at current levels of demand, though no one knows for sure.”
However, as with any other resource harvesting activity, the oil which
is easiest to reach is the first to be exploited. Thus, with the declining
rate of significant new discoveries of easily available deposits, barrels of
oil will become successively more difficult, expensive, and energy-in-
tensive to extract and process.

Moreover, the physical location of the remaining reserves is of funda-
mental importance. Geopolitical constraints — oil reserves concentrated
in states which do not place the concerns of big Western consuming
nations high on their list of priorities — combine with infrastructural
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bottlenecks to create the market insecurity which results in price vola-
tility. That's why Christophe de Margerie, Total’s head of exploration
said in 2006, the world is mistakenly focusing on oil reserves when the
real problem is capacity to produce.”

SHARE OF TRANSPORT IN OIL DEMAND
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per cent
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[l Shere of transport in global oil demand
[ share of oil in global transport demand
Data source: IEA World Energy Outlook 2004

Figure 9. Transport’s share of global oil consumption has been growing steadily to
roughly fifty percent today, and is projected to further increase as oil is continually
displaced from applications which have viable alternatives. The share of oil in global
transport demand for primary energy remains flat, at around ninety-five percent.®'

The Rise of National Oil Companies

Petrostates, which are nations ‘blessed’ with — and economically de-
pendent upon — an abundance of petroleum reserves, have been quick
to recognise the renewed strategic significance of their oilfields. Whereas
once they courted the IOCs, offering generous concessions in return for
project management and engineering expertise, they now feel increas-
ingly confident in the ability of state-owned National Oil Companies
(NOC:s) to steward their resources effectively.?? This creeping ‘resource

nationalism’ is becoming intolerable for many net importers, particularly
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the US, whose international political clout is in danger of being sacri-
ficed on the altar of oil dependence. Expensive oil imports may fund
unsavoury political regimes, so if for no other reason it is easy to see
why energy independence now dominates the agenda in Washington.
According to Thomas Friedman’s First Law of Petropolitics, the price of
oil and the pace of freedom always move in opposite directions.” Put
simply, leaders of petrostates are insensitive to how they are perceived

by outside forces, when oil prices are high.

When I heard Venezuela’s President Hugo Chdvez telling British
Prime Minister Tony Blair to “go right to hell” and telling his sup-
porters that the U.S.-sponsored Free Trade Area of the Americas
“can go to hell,” I couldn’t help saying to myself, “I wonder if the
president of Venezuela would be saying all these things if the price
of 0il today were $20 a barrel rather than $60 a barrel, and his
country had to make a living by empowering its own entrepre-

neurs, not just drilling wells.” >

A full dissection of the foreign policy implications of the crude
oil market is beyond the scope of this book. What is pertinent to
this discussion is the impact of this new dynamic on IOCs and their
future strategic direction. The Big Six — or ‘oil majors’ — who to-
day dominate the Fortune Global 500 revenue summit are, in fact,
relatively small fry when it comes to proved reserves. US super-giant
ExxonMobil is by far the world’s largest corporation in any sector by
market capitalisation and net income, posting all-time record profits
of US$ 39.5bn in 2006. However, ExxonMobil’s 11.6 billion barrels
of liquid reserves amount to just one percent of the Earth’s total. At
current production rates,”” ExxonMobil has less than twelve years of
liquid reserves remaining, hence the critical importance placed by
the investment community on oil companies’ ability to replace re-
serves year after year. Without doubt, the real resource wealth lies
elsewhere, with the petrostates and their agent NOCs; by this meas-
ure, the world’s largest oil company is Saudi Aramco with reserves
estimated at 260 billion barrels, more than twenty times those of
ExxonMobil.*
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Bolstered by government support, it is now common to see self-
assured NOC:s even from relatively resource-poor countries like China
and India stepping far beyond their traditional national boundaries.
This phenomenon is creating a whole new competitive landscape in
the global market once dominated by Big Oil, especially since these
state-owned adversaries are driven as much by national policy objec-
tives as commercial ones. The acquisition in 2005 of PetroKazakhstan
by China National Petroleum Corporation (CNPC) is one example
among many.” An intriguing episode earlier that year involved China
National Offshore Oil Company (CNOOC)’s attempted takeover of
American oil firm Unocal, owner of coveted hydrocarbon assets in
Indonesia, Thailand, and Myanmar. The move prompted a muscu-
lar response from Washington, as the US administration well under-
stood the strategic implications of the proposed move. In the event,
CNOOC:s offer of US$ 18.5bn was withdrawn under intense politi-
cal pressure, leaving the board of Unocal free to opt for an inferior
rival bid of US$ 17bn from American giant Chevron.* Perhaps even
more significant is the story of a joint acquisition by CNPC and
India’s Oil and Natural Gas Corporation (ONGC) of PetroCanada’s
Syrian assets. This unprecedented partnership of rival state-owned oil
companies was considered by many analysts to be the shape of things
to come in global energy markets, as China and India attempt to co-
operate rather than compete for dwindling resources.”

Faced with the combined challenges posed by resource national-
ism and state-sponsored NOC:s, the oil majors will have to adapt in
order to survive this emerging threat to their hegemony. How they
choose to adapt might to a large extent determine the rate at which
we are able to decarbonise our economy. The early indicators are not

encouraging, as we will learn in Part I1.
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OIL, TRANSPORT
AND CLIMATE CHANGE

Global warming is one of the biggest challenges facing the world
today. By 2005, the average global temperature had reached 0.74 de-
grees Celsius (°C) higher than a century ago, and according to data
from the Intergovernmental Panel on Climate Change (IPCC), eleven
of the twelve years from 1995 to 2006 were among the twelve warmest
years on record. Scientists attribute the planet’s increasing temperature
to excessive concentrations of greenhouse gases (GHGs) in the atmos-
phere, which are largely caused by the global economy’s dependence on
fossil fuels.®

Research strongly indicates that as the planet’s average surface
temperature climbs, so too will sea levels as glaciers and ice-sheets
melt, potentially flooding coastal areas; the global sea level has al-
ready risen four to eight inches (ten to twenty centimetres) in the
past century. Scientists’ best estimates are that sea levels will rise an
additional nineteen inches by 2100, and perhaps by as much as thir-
ty-seven inches,* or approximately one metre. While some areas of
the world will have too much water, others will have too little: hotter
temperatures will generate intense heat waves and drought, causing
wildfires, exacerbating air pollution and facilitating the spread of
tropical diseases.

It is now generally accepted by the scientific community that in
order to avoid dangerous climate change, the average increase in global
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surface temperatures must stay below 2°C compared with the pre-
industrial era. This threshold has not been chosen arbitrarily: beyond
2°C, the risks to human population posed by the worst impacts of
climate change increase sharply, in particular the combined threats of
disease, coastal flooding, and food and water shortages. The impor-
tance of this temperature threshold is graphically described in figure
10. If the average global temperature increase exceeds 2°C, it is pre-
dicted that by the 2080s more than three billion people worldwide
could be at risk due to water shortages; increased droughts in Africa
and elsewhere will lead to lower crop yields; and three hundred mil-
lion people will be at greater risk of malaria and other vector and
water-borne diseases.*

These drastic environmental changes are expected to disrupt eco-
systems and result in significant biodiversity losses. The first compre-
hensive assessment of the extinction risk from global warming found
that more than one million species could be committed to extinction
by 2050 if global warming pollution is not curtailed.” In purely eco-
nomic terms, the UK’s Stern Report in early 2007 concluded that the
costs of unchecked climate change could reach anywhere from five to
twenty percent of global GDP by 2100.%

In early 2007, the Fourth Assessment Report of the IPCC gath-
ered together and summarised the fruits of hundreds of scientific
studies since 2001 which have investigated the causes and potential
impacts of global warming.* The IPCC report drew the conclusion
that it may yet be possible to prevent disastrous climate change if
worldwide GHG emissions — which are currently rising at a rate of
around three percent per year — peak and then begin to decline be-
fore 2015. To maintain a safe climate, as much as eighty-five percent
of global CO, emissions must be eliminated by the middle of this
century.® What do these stark conclusions mean for the prevailing
transport paradigm, based wholly on the combustion of liquid hy-

drocarbon fuels?
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MILLIONS AT RISK IN 2080s
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Figure 10. Beyond the 2°C warming threshold, the number of people at risk from
many negative impacts of climate change rises sharply. The risks posed by water
shortage cannot be over-stated (note the ordinate scale here is an order of magni-
tude greater than the other risk factors).*”

STRUCTURE OF THE OIL INDUSTRY

Since the roaring success of John D. Rockefeller’s Standard Oil in
the late 1800s, the oil majors have been the archetype of vertically inte-
grated corporations, asserting control over virtually every aspect of the
crude oil supply chain from Upstream (exploration, production, and
crude oil conveyance via pipeline or tanker) to Downstream (refining,
blending, storage and distribution of finished products, and retail ac-
tivities). Indeed, it is noteworthy that five of the Big Six — the odd one
out being Total of France — comprise elements of the original Standard
Oil Trust, which had been forcibly dismantled into thirty-four spin-off
companies in 1911 to counter anti-competitive practices. A succession

of mergers and acquisitions during the last one hundred years has seen
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many of those thirty-four entities subsumed in the development of the
IOCs with whom we are so familiar today.

Standard Oil of New Jersey became Exxon, which merged with
Mobil, formerly Standard Oil Company of New York (SOCONY).
On the US West Coast, Standard Oil of California (SOCAL) acquired
Standard Oil of Kentucky and renamed itself Chevron, which later
amalgamated with Gulf and Texaco. Another Standard Oil fragment
called the Continental Oil Company became Conoco, which joined
with Phillips Petroleum to form ConocoPhillips. BP’s US arm swal-
lowed first Standard Oil of Ohio and later Amoco, formerly Standard
Oil of Indiana, before then adding ARCO, an entity comprising an-
other daughter of Standard Oil called Atlantic Refining. Even Royal
Dutch Shell got in on the act when it acquired Pennzoil, previously the
South Penn Oil Company, yet another of the thirty-four Standard Oil
spin-offs. Given that these giant companies frequently enter Upstream
joint-ventures with one another, it is hard to imagine a more incestu-
ous industry.

The vertical integration which characterises the oil sector enables
companies to ride the peaks and troughs of the cyclical oil market
much more smoothly than would otherwise be possible; high oil prices
equate to strong Upstream earnings, while the converse means lower
costs and higher retail margins for the Downstream arm, which softens
the blow during leaner years. Although today’s IOCs vary from one an-
other in terms of their relative interests in Upstream and Downstream
operations, their geographical strengths, and their respective fringe
activities, they still share much in common. In particular, they face
the very urgent challenge that conventional crude oil resources — the
headline measure by which financial markets value oil companies — are
becoming less and less accessible for the reasons discussed earlier.

IOCs are also important players in natural gas markets. Natural
gas was once considered a nuisance by-product to be flared off during
crude oil production. It is today recognised as a highly marketable,
lower carbon product for heat and power generation: methane (CH,),
the main constituent of natural gas, holds more than twice the energy

per unit of carbon than coal.®® Liquefied natural gas (LNG) — whereby
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gas is cooled under atmospheric pressure into the liquid state for ease
of conveyance, then regasified on arrival — is a game-changing develop-
ment, creating a global market for natural gas which was previously
restricted to essentially three regional markets: North America, Europe,
and Asia, all accessed via expensive and vulnerable pipelines. Now that
maturing LNG technology is able to overcome the physical inconven-
ience of handling gas, formerly ‘stranded’ fields are being connected to
far away customers via ocean freight. Giant gas deposits such as Qa-
tar’s North Field at Ras Laffan, thousands of pipeline-kilometres from
the major consumption centres, instantly become commercially viable
thanks to a combination of simple physics and engineering prowess. In
terms of climate change mitigation, the ability to bring stranded gas to
distant markets is most welcome, provided the impacts of marine and
coastal development can be minimised, and to the extent that gas is
used to displace polluting coal.

Despite this promise and fast growth in recent years, LNG currently
remains a small subset of the wider natural gas business, which itself
accounts for roughly one-third of the IOCs’ production.” What really
drives IOCs today is the same thing which has driven them since the
1890s: finding and extracting more and more liquid resources, and add-

ing value by converting them into transportation fuels.

Oil versus Transport

From the outset, it should be noted that oil industry operations (i.e.
everything required to obtain and deliver the end product into the
hands of the customer) currently have relatively minor impacts on the
climate. The GHG emissions associated with the conventional crude
oil life-cycle are heavily biased to the usage phase. Roughly eighty-five
percent of oil-related CO, emerges during combustion (i.e. from ve-
hicle exhaust tailpipes and oil-fired furnaces), with the remaining fifteen

percent comprising the combined industrial activities of exploration,

* Aggregated data for the Big Six IOCs indicate that natural gas contributed 36% of oil-
equivalent production in 2005.

THE END OF THE OILAGE 41



production, refining, distribution, and retail.” This fact is often quoted
by IOCs in defence of the climate impact of their businesses, and
they are technically correct. On the other hand, product suppliers
in all sectors are increasingly expected to shoulder some degree of
responsibility for the impact of their products in use. It should be
obvious, even to senior public affairs personnel in the oil industry, that
customers purchase their fuels with the explicit intention of burning
them to release energy.

The small, widely dispersed, mobile nature of transport emissions
represents an intimidating challenge in the global battle against anthropo-
genic CO, which causes climate change. It also partly explains why most
efforts to reduce energy-related GHG emissions to date have focused on
the large, stationary sources which characterise the power sector.

The transport sector as a whole, which includes the sub-sectors of
automotive, aviation, and marine transportation, is responsible for some
twenty-three percent of energy-related CO, released worldwide, the
second largest sectoral contribution after power generation.* Roughly
three-quarters of these emissions come from road vehicles: primarily
cars, trucks, and buses. Despite these alarming statistics, mobility itself
is not a threat to our survival; on the contrary, it is essential to our
existence. However, mobility which is dependent on the exothermic
reaction of hydrocarbon molecules with oxygen, in hundreds of mil-
lions of internal combustion engines, is placing at risk the continuation
of human civilisation, not to mention many of the species with which
we share Planet Earth. We must quickly embark on a pathway towards
transport decarbonisation. Unfortunately, the signs are not good. If
anything, were heading in the other direction.

A Boost for Renewables?

Throughout 2007, oil prices continued to rise to reach records highs
— in nominal terms — approaching $100/bbl. At this level, conventional
wisdom has it that renewable energy technologies will receive a sponta-
neous boost, because their commercial development becomes economi-
cally favourable relative to crude oil. There are two good reasons why
this assertion does not necessarily hold in practice.
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Firstly, there is currently no viable alternative to ICEs for transport,’
meaning that non-depleting renewable technologies, such as wind, so-
lar, geothermal, hydro, wave, and tidal energy — all based on physical
rather than chemical processes — receive no economic benefit from
high oil prices.” In simple terms, there is no substitution potential;
we will never produce gasoline from wind energy, we will never refine
diesel from the ocean, and we will never derive kerosene from solar
power.* When crude oil contributes such a minor share of power gen-
eration, we might just as well claim that high oil prices benefit the sale
of toothpaste and cream cheese. Until we are able to run our motor
vehicles on toothpaste and cream cheese, this statement will remain
absurd.

Liquid hydrocarbons can only be obtained from a material which
itself contains carbon. One renewable energy option alone fits this
profile: bioenergy. Indeed, the development of biofuels from biomass
is a direct beneficiary of today’s high oil price, evidence of which can
be seen in the US and Europe, as governments and businesses turn
to biofuels to reduce oil imports which are costly in both economic
and political terms. In a sense, the wheel has turned full circle because
crude oil first gained a foothold in the global energy economy by dis-
placing biofuels — in this case, wholly #nsustainable whale oil — from

the lighting sector. In an early automotive example of biofuel use,

The notable exception is electrified rail-based mass transit, for which primary energy
consumption does not appear under the transport sector in the UNFCCC definition
because the fuel combustion step takes place in the power sector.

1 1o the extent that the oil and natural gas markets are related, it can be argued that high
ol prices drive higher gas prices, which in turn benefit the development of rencwable
energy. However, there is no fundamental reason why oil and gas prices should be linked
to one another, as they serve the entirely separate sectors of transport (0il) and heat and
power (gas). Where it exists, the pricing relationship between the two fossil fuels is an
historical artefact, from the early days when natural gas was little more than a by-
product of the petrolewm industry.

i A counter-argument runs that bioenergy is effectively a form of solar energy, i.e. sunlight

which has been stored as plant matter via photosynthesis. This is technically true, but

is not relevant to the discussion. The same can be said for wind and wave energy, both
of which carry energy which first reached the Earth in solar rays. Even fossil fuels are

solar-derived, being the remains of ancient plant and animal matter, decomposed in a

geological pressure cooker for millennia.
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Rudolph Diesel’s first engine, demonstrated at the Paris World Exposi-
tion of 1900, ran on peanut oil.”

However, biofuel development, particularly in the dominant ‘first
generation’ technologies, is not necessarily sustainable in either the
short- or the long-term. Photosynthesis — the biochemical process by
which plants convert sunlight into chemical energy — removes CO,
from the atmosphere which is then rereleased upon combustion of
the biomass. Thus the carbon life-cycle of biomass is, in theory, neu-
tral. In practice, when biomass is put to energetic use, the GHG bal-
ance will vary widely, depending on which crops are produced, how
and where. The cultivation and harvesting of biomass requires the
input of energy and other raw materials, such as water and fertiliser.
And in worse cases, biofuel production might have no net positive
energy balance and may cause significant environmental and social
impacts, such as deforestation, biodiversity loss, soil erosion, water
over-abstraction, land-use conflicts, food shortages and staple food
crop price fluctuations.

Opponents of biofuels — vociferous as they are — cannot argue
with fact that certain bioenergy crops do offer genuine and sometimes
substantial benefits to the environment and society when cultivated
and manufactured according to strict sustainability criteria. By way
of example, the Brazilian bioethanol industry has demonstrated that,
under the right conditions, biofuels may be produced sustainably in
significant quantities with a highly positive GHG balance. In 20006,
bioethanol from sugarcane represented forty percent of Brazil’s trans-
port fuel supply, according to a report by the German Marshall Fund
of the US.” In the best case, on a full life-cycle basis, a barrel of oil
equivalent (boe) of Brazilian bioethanol may emit 87% less CO,when
burned than the same energetic quantity of gasoline.”

Irrespective of the benefits and potential disadvantages, it is in
any case misleading to label liquid biofuels — primarily biodiesel

and bioethanol — as ‘alternative fuels’, since the fuels themselves are

*

In practice, the full GHG balance will strongly depend on agricultural practices (e.g.
application of fertilizer), land use change, process and distribution efficiency, etc.
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nothing of the sort. The biomass feedstock is an alternative, renew-
able, and potentially sustainable source of hydrocarbon molecules.
Thus biomass offers an alternative route to the manufacture of trans-
port fuels, but the fuels themselves are not materially different to
those which we derive from crude oil.

This is not simply a semantic issue, it is central to the problem at
hand: biofuels are liquid hydrocarbons that must be burned at the
point of use. Today, we have no alternative to the burning of liquid
hydrocarbons in small, mobile ICEs, and while this situation prevails
we continue on our journey towards environmental catastrophe.

The 43" President of the United States spoke too narrowly when
he announced in 2006 that America was addicted to 0il.”* As we have
seen, America (and the rest of the industrialised world) is addicted
not to oil but to liquid hydrocarbon transport fuels. As figure 11 il-
lustrates, this category includes conventional petroleum and a range
of so-called alternative fuels: those derived from biomass, oil sands,
coal-to-liquids (CTL) and gas-to-liquids (GTL).

We should be in no doubt: the principal argument in favour of
biofuels, from day one of Brazil’s foray into sugar-to-liquids, still
rings true today. The primary reason biofuels are so appealing to gov-
ernments and businesses in 2008 is that they are broadly compatible
with the existing fuels infrastructure and engine systems,” and there-
fore offer the path of least resistance towards reduction of expensive
and politically inconvenient crude oil imports while simultaneously
appeasing the powerful farming lobby. For transport fuel providers
it is a relatively trivial task to blend liquid hydrocarbon ‘additives’ to
their fuel pool. This is essentially business as usual: just as chemical
dyes are added to distinguish gasoil from road diesel for taxation pur-
poses, so biofuels may be blended with conventional fuels to lengthen
the supply and potentially, as a beneficial side-effect, lower the overall
carbon footprint of the transport fuel pool.

* Some minor modifications may be necessary, e.g. to accommodate high concentrations of

ethanol such as E85, but the basic operation of the internal combustion engine remains
largely unchanged.
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TRANSPORT = LIQUID HYDROCARBON FUELS

Syncrude Coal.-to-liquids

LS S

CONVENTIONAL CRUDE OIL

G'as-to'-.liquids?"?

Figure 11. As demand for transport fuel pushes beyond the economic limits of
conventional crude oil supply, the shortfall is filed with unconventional hydrocarbon
resources which become economically viable as oil prices remain high. Environmen-
tally, some of these options (e.g. sustainably produced biofuels) are significantly bet-
ter than others (e.g. coal-to-liquids). However, the range of oil substitutes does not
lead to an alternative transport paradigm; conventional fuels are displaced within the
existing infrastructural model, therefore we experience incremental change.

Liquid biofuels produced from sustainable biomass will certainly
play an important role in the future of transport, just as they already do
in ‘sweet spot’ countries like Brazil where tropical conditions are ideal
for cultivating energy crops. However, in the long-term it is impera-
tive that such a valuable and limited resource be utilised in such a way
as to maximise GHG reductions in the battle against climate change,
rather than simply to sustain the liquid hydrocarbon status quo. In
many countries and markets, this will likely mean prioritising the de-
velopment of bioenergy for combined heat and power generation. As
for the role of biofuels in transport applications, we will return to this

important subject later.
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Core Business

The second reason why renewable energy technologies do not neces-
sarily benefit from high oil prices is that financial markets value oil com-
panies according to the success with which they replace their reserves,
while annual profits directly correlate with the market price of crude

oil. This powerful relationship is illustrated in figure 12.

‘BIG SIX’ IOCs: NET INCOME VS CRUDE OIL PRICE
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Figure 12. The direct correlation between Big Oil earnings and crude oil price is strik-
ing: as the crude oil price rises, oil companies are compelled to find, extract, and sell
more and more crude oil in order to increase the financial returns for their sharehold-
ers. The chart shows the net income of the top six publicly traded I0Cs: ExxonMobil
(XOM), Royal Dutch Shell (RDS), BP, Total (TOT), Chevron (CVX) and ConocoPhillips
(COP). All data is sourced from company financial reports.

While oil prices are high, producers are required to extract and sell as
much as possible, to “make hay while the sun shines”. To do anything
else would be to ignore a raison détre of all corporations, which is to
maximise return on shareholder investments. When Rex Tillerson, Jer-
oen van der Veer, and Tony Hayward — the respective CEOs of Exxon-
Mobil, Shell, and BP — step out of the shower at the start of their day,
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might they be contemplating the fractions of a percent of their capital
which is invested in renewable technologies, or are they more likely
preoccupied with their core business of finding more hydrocarbons as
efficiently as possible? Given the framework within which corporations
are bound by law to operate today, it is unsurprising that Big Oil CEOs
focus on replacement of reserves. If we would prefer that they prioritise
their fringe activities of carbon-free energy, then we ought to initiate
the mighty endeavour of redesigning their operating parameters and
levelling today’s tilted playing field.

One might expect a surge of exploration and production activity to
drive oil prices down, as it has done in the past. That this has not yet
happened to any great extent simply reinforces the argument that the
market is structurally tight, and will likely remain so for the foreseeable
future as supplies struggle to keep pace with growing demand. Cer-
tainly there will be a considerable lag effect as new exploration activities
today will not bear fruit for many years, but the sustained high prices
of recent years strongly indicate that there is no slack in the system, no
spare capacity. Furthermore, since the oil industry enjoys an oligopoly
over the transportation fuel market, we should not expect the answers
to our liquid hydrocarbon addiction to flow freely from that sector. It
is in the oil executives’ interests — and the interests of the shareholders
to whom they answer — to sustain the existing paradigm for as long
as possible. And as we have seen, achieving that does not necessarily

require conventional crude oil.

UNCONVENTIONAL OILS

The continuing reliance on (and persistent growth in demand for)
liquid hydrocarbon transport fuels provides a compelling reason for
oil companies to go further, deeper, and faster to replace proven oil
reserves. In the face of increasing competition from NOCs, resource
nationalism, and rapidly depleting ‘easy oil’, more and more IOCs
are turning to ‘frontier’ resources of oil sands, CTL, and GTL to bol-
ster their hydrocarbon assets. These species, not renewables, are the

prime beneficiaries of high oil prices, since conventional crude oil is
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the benchmark against which investors assess the commercial feasibil-
ity of potential substitutes. To put it another way: as the oil price rises,
more and more hydrocarbon resources become financially viable and
the ‘frontier’ is rolled back. In the 2006 edition of the Shell Sustain-
ability Report,* the company projects that 10-15% of its overall oil
and gas production could come from unconventional sources as early
as 2015. If the oil price were to climb high enough, it would make
economic sense to turn even a Persian rug into transportation fuel.
Unfortunately, the vast majority of unconventional oils, which
have until now been economically or politically out of reach, make
regular crude oil look almost benign — especially in terms of green-
house gas emissions. That the history of the CTL industry correlates
temporally with the development of biofuels is highly instructive.
The driving force behind crude oil substitutes — whether geological
or biological — has always been a crude oil supply crisis, while the
decisive selection parameter has been local resource availability.
Though many of the unconventional oil technologies — nota-
bly the family known as Fischer-Tropsch synthesis’ — deliver fuels
which are undeniably clean in terms of tailpipe emissions (lower
SO,, NOx, CO, heavy metals, and particulate matter), the broader
footprint of extraction, processing, and distribution represents a
catalogue of direct threats to the biosphere: freshwater consump-
tion, CO, emissions, increased mining activity, habitat destruction,
local pollution, despoiling of marine ecosystems, introduction of
invasive species and loss of biodiversity. Moreover, the development
of these unconventional oils brings with it a massive parallel in-
vestment in additional liquid hydrocarbon fuel infrastructure and
engine systems. And the longer society continues to tolerate the
expansion of liquid hydrocarbon fuel apparatus, irrespective of the
type of organic matter we use to derive our fuels, the harder it be-

comes to do anything about it.

*

Developed by German researchers Franz Fischer and Hans Tropsch in the 1920s, the
technique involves a catalysed chemical reaction of carbon monoxide (CO) and hydrogen
(H,) gases to synthesise liquid hydrocarbon compounds.
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The IEA estimates that US$ 4.3 trillion of investment is required
in the petroleum industry between now and 2030, of which seventy-
three percent will be in the Upstream.” The expansion of exploration
and production activities, refining capacity, oil tankers, terminals, pipe-
lines, blend plants, and retail service stations which is necessary to keep
pace with rising transport demand will further lock us into a desperate
future. This future can be averted only if we summon the courage to
divert a significant proportion of those investments into the creation of

a ‘new transport paradigm’.

QOil Sands

Also referred to as ‘tar sands’ or ‘extra-heavy oil’, oil sands are a filthy
combination of clay, sand, silt, water and about 10-12% bitumen,*
which may be located relatively close to the surface. It is the semi-solid
mixture of hydrocarbon compounds, resembling tar, which is of inter-
est. Due to its high viscosity and physical entrainment in the mineral
matrix, the bitumen cannot be pumped from the ground directly as
crude oil. Instead the oil sands must be mined before being either re-
fined directly into petroleum products such as gasoline, or upgraded
into a synthetic crude oil — or ‘syncrude’ — prior to further processing
in conventional refineries elsewhere.

The sheer size of the oil sands deposits is staggering, both in terms
of land surface area and energy content, and is matched by the scope of
the operations necessary for extraction. The vast majority of the world’s
oil sands are located in Alberta, Canada and Venezuela’s Orinoco Belt;
these two areas combined account for three-quarters of the world’s
known oil sands reserves.” It is Alberta which is attracting the greatest
interest from IOCs, which some commentators have likened to a new
Gold Rush,’® and the reasons why should be familiar by now. Com-
pared to Venezuela, Canada is politically a far less risky place for IOCs
to embark upon new capital investments. Legitimate fears of resource
nationalism prompting sudden policy changes have already been real-
ised in mid-2007.”
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Alberta offers a stable investment environment in a highly pros-
perous OECD nation; proximity to the world’s number one oil con-
sumer, the US; and based on today’s technology and economic con-
ditions, recoverable oil sands deposits totalling 164 billion barrels
— roughly equivalent in energy terms to two-thirds of Saudi Arabia’s
proved oil reserves.®® For IOCs desperate to replace their proved re-
serves, the oil sands thus present an obvious escape route. Exxon-
Mobil has projected that up to one trillion barrels may be ultimately
recoverable from oil sands worldwide, which would be equivalent to
the total of all conventional crude oil produced globally to date.”
Once again, it should be clear that the Oil Age will not end for lack
of oil, and in spite of the Peak Oil theory, we have more than enough
geological hydrocarbons within our grasp at some price to decimate
the climate system.

As for geographical reach, Alberta’s three main oil sands deposits of
Athabasca, Peace River, and Cold Lake underlie 149,000 square kilo-
metres of boreal forest.®? Expressed in the unofficial but widely used in-
ternational unit of measure, this area approximates to five ‘Belgiums’.’

Two different techniques are employed to extract the oil sands:
open-cast mining whereby vast quantities of overburden are removed
to expose the hydrocarbon deposits, or heating of the oil sands ‘in
sitt’ to enable the bitumen to flow more readily. For open-cast min-
ing, the oil sands must be situated within one hundred metres of the
surface. Before mining can commence, wetlands must be drained, riv-
ers diverted, and all trees and vegetation removed. About four tonnes
of material must be mined to produce a single barrel of syncrude —a
yield of just 3.5 percent by weight. This activity is possible thanks
to the largest hydraulic shovels ever built, moving over forty cubic
metres of material with every scoop. These work in tandem with pur-
pose-built ‘monster trucks’, fifteen metres in length and seven metres
tall, weighing forty percent more than a Boeing 747.% Examples of

these extraordinary machines are shown in figure 13.

*  The CIAs World Factbook records the surface area of Belgium as 30,528 square
k