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1. Imperatives of reducing greenhouse gas emissions

1.1 Climate change is for real

Natural disasters are almost everyday news items. Floods in the Philippines, Vietham
and Bangladesh, or protracted periods of drought in India and China i these are
merely the most striking examples. The signs of climate change are visible in many
parts of the globe. Science now recognises that these changes were wrought by
man, our main contribution being the increase in greenhouse gas emissions. The
latest models project that, compared with preindustrial levels, the global temperature
will be up to four degrees higher by 2060, with as much as a 10-degree rise in the

Arctic, if global greenhouse emissions continue to increase at the current rate.

The Fourth Assessment of Working Group 1l of the U N & ggovérmmterdgat Panel on
Climate Change (IPCC) contains important conclusions relating in particular to
studies carried out since 1970. Observations from every continent and most of the
w o r lodeéns show that many ecosystems are being affected by regional climate
change, patrticularly in the form of higher temperatures. It can be reliably assumed
that changes in snow and ice cover and frozen ground (including permafrost) are

having an impact on natural systems.
Examples include:
1 the increase in the number and size of glacier lakes;

1 greater soil instability in permafrost zones and more rockfalls in mountain

areas;
1 alterations to some arctic and antarctic ecosystems.

We now have a growing pool of data that reliably indicate the following alterations to

hydrological systems in every part of the world:

1 increased runoff and earlier-occurring maximum spring runoff in many glacier

and snow-fed streams;

1 warming of lakes and rivers in many regions, with an impact on thermic



structure and water quality.

A wider range of data covering more species shows that it is highly probable that
recent warming has been having a massive impact on terrestrial biological systems.

Changes have included:

1 earlier signs of spring, such as leaf formation, arrival of migratory birds and
egg-laying;

1 the spread of plant and animal species towards the poles and higher altitudes

in upland areas.

Satellite readings taken since the early 1980s reliably show that there is a tendency
in many regions for spring vegetation to appear earlier and last longer, all under the

influence of warming.

New data also suggest very strongly that the alterations observed in seawater and
freshwater biosystems are linked to rising water temperatures and changes in ice

cover, salinity, oxygen content and ocean currents. These phenomena include:

1 range shifts and diversification of algae, plankton and fish stocks in polar
latitudes;

1 changes in the range of river fish, which are also migrating earlier.

Through the burning of fossil energy sources such as coal, crude oil and natural gas,
atmospheric concentrations of carbon dioxide are increasing. However, other climate-
impacting substances are also released by burning, including nitrous oxide, methane
and soot, as well as hydrocarbons and nitrogen oxides, both of which are conducive
to the formation of ozone. Then there are other emissions, such as nitrous oxide and

methane from agriculture, which also play a key role in climate change.

Thel PCCbs most recent progress report (2007)
change and includes an impact assessment of policies to reduce greenhouse
emissions. There is a broad consensus among scientists that global warming must

be limited to no more than 2 degrees Celsius above preindustrial levels. Otherwise,



dramatic planetary changes far exceeding those recorded so far are to be expected.

The climate models calculate that this two-degree limit will require a cut in global
greenhouse emissions of at least 50 % by 2050. This will mean restricting the annual
emissions produced per person to no more than 2 tonnes in CO; equivalents. To put
this into perspective, around 10 tonnes of greenhouse gases are currently produced
per head in Germany, and over 20 tonnes per head in the USA. However, given that
developing countries have every right to pursue further economic development, the
developed world will have to make drastic emissions cuts.

In Germany this will mean a reduction of at least 80 % compared with 1990 i
assuming, however, that cuts begin forthwith. The later efforts to reduce emissions
start, the greater the reduction must be, as greenhouse gases, once released, remain
in the atmosphere for a very long time. In this context it is possible to speak of a
greenhouse gas "bank" 1 i.e. we cannot continue as before until 2045 and seek

reductions only in the final five years.

1.2 Therisks of insufficient cuts in greenhouse gas emissions

We still have too little understanding of how the climate reacts to higher atmospheric
concentrations of greenhouse gases. We are as yet unable to second-guess the
likelihood of sudden abrupt changes such as, for example, disruption to the Gulf
Stream. Modelling still cannot predict changes due to non-linear processes. It is
characteristic of such "tipping points” that they fit within the human timescale, arising
both rapidly and, above all, irreversibly.

The United Nations Environment Programme (UNEP) recently sounded the alarm. It

drew attention in the Climate Change Science Compendium 2009, in a chapter

entitled "E a r t h"0ts thel dcamatic, and accelerating, retreat of glaciers in mountain

ranges such as the Alps and Himalaya, the rapid shrinking of Arctic ice, the instability

of the ice shelf and the increasingmeltr at e of the Earthdés | arge |
Greenland, West Antarctica and East Antarctica. What is particularly disturbing is that

this process is occurring significantly faster than the climate models forecast.

These dramatic changes are having far reaching consequences. In many parts of the
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world, glacier runoff forms the mainstay of water for domestic needs, agriculture,
energy generation and river transport. The subsistence of more than one hundred

million people is therefore under threat.

However, even in our regions the retreat of the Alpine glaciers is having a serious
economic impact. Even if drastic greenhouse gas reduction programmes were
launched as a matter of urgency, climate change can no longer be stopped. It can
only be slowed, because the substances already released into the atmosphere will
last such a long time. The CO, emitted to date will not entirely break down for more
than 1 000 years. As well as reductions, therefore, there is a need for adjustment
measures. In a new study, the World Bank estimates that adapting to climate change
will cost the poorest nations from 75 to 100 billion USD each year between 2010 and
2050 if they are to be spared the worst consequences of global warming. This
amount, which is roughly equivalent to current worldwide spending on development
aid*, will be necessary for measures to reduce climate change impacts such as

heatwaves, drought, storms, floods and other extreme weather events.

1.3 Trends in energy demand and climate protection

Worldwide trends

The International Energy Agency (IEA) issues an annual "World Energy Outlook™
report describing how energy demand in various sectors is expected to evolve over
the next 20 years. Figure 1 shows that world energy demand is expected to keep
growing strongly. In other words, the trend of recent years will continue to accelerate,
leading in 2030 to 45 % more demand than at present.

"The Economics of Adaptation to Climate Change (EACC)", 2009,
http://beta.worldbank.org/climatechange/content/economics-adaptation-climate-change-study-

homepage
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Figure 1: World primary energy demand (Reference Scenario)

The IEA report states that this scenario is unsustainable and conflicts with the
imperatives of climate change. It will lead to a massive increase in CO, emissions

rather than to the necessary reduction.
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Figure 2: Energy-related CO, emissions in the Reference Scenario

Demand for crude oil will also continue to grow, driven above all by the worldwide
expansion of automobile use. In absolute terms, the largest increase in oil demand is
expected in China, the Middle East and India.

Conversely, western Europe and the USA can expect a fall in oil demand. However,

this will be so insignificant that it can in no way offset increases in other regions.



Change in oil demand by region

in the Reference Scenario, 2007-2030
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Figure 3: Change in oil demand by region in the Reference Scenario, 2007-2030

Growth in demand will largely be due to increased traffic. The remaining sectors will

have little impact.
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Figure 4: Incremental oil demand, 2006-2030

One question naturally arises: where will all this new oil come from? In many

petroleum regions the oil supply has already peaked. While on occasion new

deposits are still being found, their volume is negligible compared with the total

current supply. New improved technologies allow existing deposits to be exploited

more fully, but this will only postpone the problem for a few years.

Higher prices will make prospecting and supply in difficult geological strata

increasingly profitable, and it is probable that further discoveries await, for example

under the oceans. However, oil will become considerably more expensive, and the

underlying problem 1 that resources are limited i is set to remain.
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Figure 5: IEA forecast for future oil production (including liquid gas)

For a number of years now, "non-conventional” oil reserves i which include heavy
oils and oil from tar sands and shale i have been showing greater commercial
viability?. Synthetic fuels, produced using the Fischer-Tropsch process to convert

natural gas into diesel or petrol, should form a significant part of future supply.
There are two fundamental problems with this "oil optimism™:

1. New discoveries: these are usually estimates of anticipated volumes rather
than measurements. There can be no certainty that the expected reserves will

actually be discovered or exploitable.

2. Non-conventional oil reserves cannot be exploited without higher CO,

emissions and other environmental burdens.

2 In 2007 Canada redesignated its oilsands and shaleas ioi er v es 6, wher7dupon, wi
billion barrels in reserves, it climbed abruptly to second place on the IEA list of petroleum-
producing countries (after Saudi Arabia). See IEA 2007, IEA 2008.
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Regarding the second point, C a n a deapiation of its tar sands and shale using

hot water and high pressure is causing considerable damage to the regional

environment, and the poor energy balance is leading, compared witht o day 6 s

situation, to a marked increase in specific and absolute greenhouse emissions. Given

thatex pl oiting these reserves i n ffootprintbywoul d i n

25 %, this is not about to happen.

Developments in Europe

In Europe the distribution of energy sources by demand and CO; emissions is similar.
The European Environment Agency (EEA) gives oil a share of around 36 %. This is

not expected to change substantially by 2030.
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Figure 6: Structure of energy demand in the EU27, 1990-2005, and forecast for 2030
(EEA 2009)
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The European transport sector has grown out of all proportion to other sectors.
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Figure 7: Total greenhouse gas emissions from transport in the EU (EEA 2009)

It is clear from the following graph (Figure 8) that the EU Member States have shown
very varying rates of progress in the reduction of greenhouse emissions from traffic.
Just four countries managed to reduce their traffic emissions between 1990 and
2006, and in three of those States the reduction can be attributed to the economic
turbulence that resulted from the collapse of the Warsaw Pact. Only Germany can
boast of a successful policy to reduce vehicle emissions, and here it should be noted
that Germany has benefited from cross-border "petrol tourism" owing to the decline in
fuel duty in certain neighbouring countries, since the calculation method in the Kyoto
Protocol counts the volume of fuel purchased in a country rather than the volume

actually used.
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Figure 8: Trend in CO, emissions from traffic in the EU Member States, 1990-2006
(EEA 2009)

AsEur ope6s pgey iuis amticipated that demand in central and southern
regions will cease to grow. Alongside the change in mobility patterns as people grow
older (no work-related travel), CO- ceilings will be crucial to achieving low-cost
reductions. From 2015, the CO, emissions of passenger cars will be limited to

130 g/km, and the EU Directive provides for a further reduction to 95 g/km in 2020.
Analogous ceilings are now being agreed for light commercial vehicles, and the
Commission is planning to introduce ceilings for HGVs. However, other measures are
also important, such as improvements to local public transport, better general

conditions for non-motorised traffic and amendments to the taxation framework.

15



¥, SR = [ -
| | | -

Ifi“gure 9: Share of people over 65 in total bopulation and requirement for income

generation per working person (European Environment Outlook, EEA 2005)

Taken together, however, these developments will still be far from sufficient to bring
about the reductions made necessary by the climate crisis. As developed countries,
the EU Member States, the USA and Japan have the obligation to make drastic cuts
in their greenhouse emissions from transport, and to devise solutions that can also

be borne by the developing world.

In the past, vehicle manufacturers emphasised alternative energy sources in order to
avoid the need for fundamental changes to our transport system.

Following government-backed tests using methanol and ethanol in the 1980s and
1990s, and the first major trial of electric vehicles, interest then shifted to the use of
biofuels and hydrogen in fuel cell vehicles. After it became clear that fuel cell
technology will not be commercially available for a long time, and no solution was
found to the problem of cheap hydrogen generation and storage, hope was placed in
biofuels, despite Federal Environment Agency warnings as early as 1993 about the

environmental impact.

When the debate about the impact of the wider use of biofuels reached the political
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arena and the general public in the context of rising food prices, interest in the

electric car returned to the fore.

2. Technical aspects of the use of electric motors in road

vehicles

2.1 Current paradigm: liquid fuel and internal combustion engine

It was around 100 years ago that the internal combustion engine conquered the
market for motorised road vehicles. Although still well represented before 1910, the
competition, in the form of electricity and steam, then disappeared from the roads

within a few years.

The key to the success of the internal combustion engine using the Otto cycle 1

which at the time was exclusively petrol-driven i was thatthefueld s power densit
made it possible to combine long-distance travel with high performance. Steam

engines were structurally less compact and more complicated to start. Meanwhile,

the weakness of electric motors lay not in the power train but in energy storage.

This difficulty persists today. Whereas a car driven by an internal combustion engine
and carrying 50 litres of fuel weighing less than 50 kg (tank included) can travel
further than 700 km, to travel just 100 km an electric car requires several hundred

kilogrammes of batteries.

A practical example: a compact car travelling at a constant 100 km/h requires power
of around 25 kW (35 hp)3. Modern diesel engines use roughly 250 g of fuel per kWh*;
seven hours at 100 km/h, the equivalent of driving from Hamburg to Minchen, will

require 35-40 kg of diesel.

Given a modern vehicle weighing 1 000 kg and standard values for road and wind resistance.
This value, which is true for a wide range of performance characteristics, allows, in this

example, for efficiency losses due to the transmission. Diesel injection engines in passenger
cars are capable of consumption values of at best 200 g/kWh, or 41 % efficiency.
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While one kilogramme of diesel can generate power of 4 kWh, a modern Li-ion
battery produces 200 Wh (0,2 kWh) per kg i an energy density that is 20 times
lower. It is immediately clear from these figures that a battery-electric car is

unsuitable for the type of use that is standard for modern passenger cars.

It is often forgotten that the search is not only for an alternative drive train, but for a
coherent overall concept of what a vehicle is and does. Internal combustion engines
and electric motors require very different energy sources and storage arrangements,
and importance also attaches to the intermediate links in the chain from primary
energy source to the vehicle's useful energy. Electric cars have such different
characteristics that making the switch will not fail to have an impact on routine driver

behaviour.

2.2 Alternatives to petrol and diesel engines

In our summary of the climate crisis in chapter 1, we stated the need for a significant
reduction in CO, emissions, including those from road traffic. Since around 1987,
when climate change mitigation became a political objective in both Germany and
Europe, a range of technological solutions to the problem have been proposed.
Hopes were high, firstly in connection with the biofuel rapeseed methyl ester (RME)

and then with natural gas, both of which were coupled with generous tax incentives.

From around 1995 widespread enthusiasm grew for the idea of hydrogen fuel cells.

At the time, Daimler-Chrysler in particular was responsible for drawing government

attention to this option. Mass-produced hydrogen vehicles were going to become

available in 2005. For the experts these fuel cells have now become "fool cells”, as

the bold claims made for them have come to nothing. The costs and technical

difficulties associated both with hydrogen power and with the supply of hydrogen as a

fuel (methanol was cited as an alternative fuel cell energy source) were entirely

underestimated T notwithstanding, once again,t he Feder al Environment

warnings about raising hopes too high.

° The value of 4 kWh/kg corresponds to the useful mechanical output of a diesel engine. In a

battery-electric arrangement further deductions must be made (at least 15 % in total) for
efficiency losses due to battery discharge and in the motor itself.
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From 2002, for a few years, renewable fuels found favour as a solution to the
environmental and supply problems. Biofuels were given very short shrift, however.
Not only was there competition for land used for food-based agriculture, but it had
also become clear that the demand from wealthy countries with a high rate of car
ownership could only be met by importing vast quantities from the developing world.
Given the destruction of the rain forests in poorer countries, there can be no question

of using biofuels for sustainable climate protection i in fact the opposite is true.

Since 2005, both politicans (who are virtually unanimous) and the automotive
industry (at confederation and PR level at any rate) have seen the future in battery-
electric cars. The alliance of proponents of this future remains considerably broader
than for previous ideas, and the electricity sector has lent its considerable industrial
weight to the cause. Almost without hesitation, society has linked the idea of a
battery-electric car "fuelled" from the power grid with the notion of "mobility”, which

has only positive associations, and distinguished it with the term "electromobility”.

It is entrenched in public perception that "electromobility” has already existed for a
very long time in trams and railways, not to mention that battery-electric vehicle
technology is very old and draws on the conventional energy supply infrastructure.
We shall now examine which technical characteristics and circumstances can be

used to put the case for battery-electric passenger cars.

2.3 Key features of battery-electric power

Replacing a petrol or diesel power unit with an electric motor brings a raft of technical

and environmental benefits.

Electric motors® can operate at a far wider range of loads and rotational speeds

without the need for clutch or transmission systems.
1 When power is not needed the motor simply stops, using no energy.

1 The drive is then engaged gently and almost silently.

The various technological variants (synchronous/non-synchronous, etc.) are of no relevance to
this discussion.
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1 There are no direct local emissions, as all pollution occurs at the power
station.

1 The conversion of electrical into mechanical energy is highly efficient at a wide
range of rotational speeds and loads.

[Figure 10 captions: Electric motor (%) & internal combustion engine (g/kWh)

Torque (Nm) Rotational speed (1/min) ]

Figure 10: Performance characteristics of internal combustion and electric power
units (source: Wallentowitz, ika RMTH Aachen 2008)
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