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world. With offices in over 90
countries and almost 5 million
supporters across all continents,
WWE  proposes solutions to
stop the degradation of planets
natural environment and to
build a future in which humans
live in harmony with nature.
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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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