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Individual mobility and modern freight transport amewell-being,
guality of life, freedom, social and cultural inslan. But our mobility
of tomorrow will be more efficient: environment<¢ndly, resource-
lean, quieter, safer, geared to individual mobifigeds and seamless
logistics. That calls for a holistic mobility corptewith a cross-modal
approach. Highly efficient, innovative powertragthnologies and
alternative fuels will play a central role in thisspect.

As Germany’s central industry federation, BDI hagsponsibility to
identify the potential of innovative powertrainsdaalternative fuels
for our mobility of tomorrow — and to help to shagevelopments.
German industry has already achieved great succésisenore
efficient mobility with its skills at finding soludns. Whether it be
cars, utility vehicles, rail, air or modern shipisanks to research and
development, mobility today is essentially morengie and
environment-friendly than even just a few years.alyah this
technological know-how, German industry can corgibw secure its
leading position worldwide in developing and shapimnovative
powertrain technologies and alternative fuels ihio future: for
environmentally responsible mobility and for susédile success on
global markets.

In this paper, BDI outlines opportunities and céafies of these
technologies for road transport. At the same tiBi2| formulates
action recommendations for policy-makers in th® gislative
period of the German parliament. Electric mobiptgys a pivotal role
in the current debate. For that reason, this ppla&es a particular
focus on electric vehicles, both battery-powerewveal as fuel cell-
powered vehicles. Electric mobility is an importaomplement to
other innovative powertrain technologies such aéllyiefficient
combustion engines. The introduction of alternapegvertrains and
fuels will take place progressively. Policy-makarsl industry share a
responsibility for strengthening Germany’s rolettas leading supplier
of technological innovations in global competition.
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Principles

l. Our mobility of tomorrow will be marked by a
diversification of technological solutions. For more efficiency, all
solutions are important: efficient combustion emginelectric
mobility (fuel cells and batteries), hybrid solutg) alternative fuels.

I. It isa national challengeto be aleader in these technologies
of the future. The aim must be to strengthen cutting-edge teoigyo
and production in Germany. The benchmark is intéonal
competition, which demands rapid action.

I, German industry wantsto be and can be a leading supplier
of electric mobility around theworld. A great strength in Germany
is the networking of concerned sectors such ashantige, mechanical
engineering, energy supply, chemicals and gasestrelal
engineering, information and communication techggland non-
ferrous metals.

V. Industry and policy-makers must work closely together for
resear ch and implementation, applying the principle of technology
neutrality.

Germany needs:

* strong, technology-neutral promotion of R& D (continue the
“500 Million Euro” programme, include pooled indtist
research, link up with European programmes, intcedax
incentives for research, promote the next generatfescientists),

* rapid implementation (infrastructure, pilot regions,
standardisation, good incentives and framework itaomc,
strategic raw materials policy, ambitious and igadiexpectation
management).

V. German industry offersthe German government its

support and concrete collaboration. German industry would like to
contribute responsibly to the “National Platforneé&ic mobility”, to
help define milestones and measures, to identggarch needs also |n
cooperation with the “Joint Agency Electric mobjfitand to work on
concrete themes.

Summary

Individual mobility and modern freight transport amewell-being,
quality of life, freedom, social and cultural inslan. But our mobility
of tomorrow will be more efficient: environmenténdly, resource-
lean, quieter, safer, geared to individual mobifigeds and seamless
logistics. That calls for a holistic mobility corptewith a cross-modal
approach. Highly efficient, innovative powertragthnologies and
alternative fuels will play a central role in thisspect.

Efficiency increases in road transport are possitdea range of
technologies. In the short term, the most effeclexers for CQ and



other greenhouse gas savings are optimisationisfieg powertrain
technologies and the use of alternative fuels sxschatural gas or
energy- and C@efficient biofuels. Petroleum-based fuels will
continue to be the cornerstone also in the yeagadhGas-based fuels
will increase further, albeit from a low base. Fantinto the future,
renewables will play a more important role in thensport sector.
Against the background of competition for use bewenergy
generation and food production, biofuels which mekeient use of
arable land will be in demand.

New powertrain technologies will not take the pla¢efficient
combustion engines with proven battery systembeénforeseeable
future, but will offer important additional solutis. In the medium to
long term, the different variants of electric powain (batteries and
fuel cells) will constitute a particularly promigjroption. They make
it possible to powertrain locally without emissioidectric mobility
can help to achieve energy and climate policy dbjes. To this end,
low-emission electricity generation for use in étecvehicles and — if
the technological conditions are met — intelligertégration in power
grids is decisive. The use of electric vehiclesoenpasses hybrids,
fuel cell cars and exclusively battery-powered ehds. Other
technologies such as vehicles powertrainn diregitih hydrogen also
represent important options.

With the “National Development Plan Electric motyili the
“National Organisation Hydrogen and Fuel Cells” d@hd “500
Million Euro” promotion programme in the framewook the second
economic recovery package, the German governmenptesented
important initiatives. BDI supports the German gowveent’s goal of
developing Germany into the global market leaderefectric
mobility. That calls for maximum shared efforts fiaglicy-makers and
industry. German companies are leaders in manigeotoncerned
industrial sectors including automotive, mechanaajineering,
energy supply, chemicals and gases, electricaheeging,
information and communication technology and nomefigs metals.
Industrial cooperation along the entire value dogathain from raw
material through to finished vehicle in cross-seaittadechnology-
oriented networks is the key to success.

The tasks of industry and policy-makers are cleddfined. Industry
delivers innovative technology, concepts and sohsifor our
efficient mobility of tomorrow. These solutions canly come from
industry. Nobody else can provide them. Policy-makeust set the
framework conditions in such a way that new ideas loe deployed
successfully. This can only be done with a holipttitical approach.



What needs to be done? — Strategies and
recommendations for the 17 ™ legislative period of
the German parliament

Technology-neutral promotion

Ensure continuation and intensification of supparinnovative
powertrains, batteries and alternative fuels,

Apply the principle of technology-neutrality,

Pursue strong coordination in the German government
Encourage pooled industrial research along theevaleation chain,
Rapidly introduce tax incentives for research aadetbpment for
companies of all sizes also for project promotind taking
appropriate account of sector-specific particulesit

Give a stronger impetus to promotion of educatiesgarch and
teaching in the specialist areas of electric mohili

At international level, support programmes musbpen to
international companies for fair competition andiagt new
protectionism.

No new taxes

In the market introduction phase, electricity agdrogen for use in
vehicles should not be subject to new taxes.

Createincentives and press ahead with infrastructure

Create the right incentives and framework condgialong the entire
value creation chain,

Renew the five-year vehicle tax exemption for eleatehicles,
Explore new incentives,

Long-term subsidies must be ruled out,

Press ahead with charging, fuelling and commuraoati
infrastructures,

Strengthen realistic expectation management.

Strengthen cooper ation

Establish and bring into operation rapidly the “ldaal Platform
Electric mobility” with involvement of all concerdendustrial
sectors, jointly define milestones and measures,

Support standardisation, in particular for chargimgrface and
electricity storage units, at national, Europeath iaternational
level,

Move forward with standardisation and safety cexdifion of
batteries,

Move forward with standardisation, in particular fbe charging
interface and electricity storage units as a ligh#e project in TEC,



Generate planning certainty.

Define a conclusive mobility concept

Sustainable, consistent transport policy for ecangrowth and
efficient environmental protection,

Invest in excellent transport routes based on need,
Promote intelligent traffic systems (in particutaal-time traffic
information, dynamic parking space managementt flee
management systems and powertrainr assistancersysieT in
logistics).

Develop energy and raw materials strategy

Present a consistent energy concept with a balasmedy mix,

Pay equal attention to environment-friendlinessusgy of supply and
economic efficiency,

Overarching vision taking account of all consumacg,only mobility,
Develop a holistic raw materials concept and enBuretioning raw
materials markets,

Optimisation of existing recycling systems and depment of
recycling technologies for new battery systems,

Move forward with research to widen the raw matsr@se in order to
secure the supply of key substances such as ldadir, cobalt or
nickel and to avoid overdependence.



l. Innovative powertrain technologies, electric
mobility and alternative fuels

Many routes — one destination: sustainable
mobility

Not one road but many lead to more efficiency.ha short term, the
most effective levers for C{and other greenhouse gas savings are
optimisation of existing powertrain technologieslaachnology-
neutral use of energy- and g@fficient biofuels. In the case of the
combustion engine, Otto and diesel alike, furttiféciency
improvements of more than 20 % are very ambitiausféasible
goals. To improve the efficiency and reduce the €Qissions of
combustion engines, further alternative fuels sasimatural gas and
bio natural gas as well as optimisation of gas aastibn engines offer
considerable potential. The use of modern leacthatt already
makes start-stop operation and recovery of brakeggnpossible.
That means less fuel consumption. While new powartiechnologies
will not take the place of efficient, innovativerabustion engines in
the foreseeable future, they nevertheless constimoportant
additional solutions. Germany has a special adganés an industrial
nation in that it produces a large proportion ampium vehicles. The
introduction of new and complex technologies ofséarts in premium
vehicles. The very cost-intensive research andldpugent work is
financed in particular from the profits generatgdolbemium vehicles.
The premium strategy, on which every second dom¢sii with car
manufacturers depends, is an important guaranteeazfess on global
markets.

The new dynamic for alternative powertrain techgas and fuels for
road transport can be traced to the challengeimiaté protection,
rapid population growth in many regions of the leafinite

availability of resources and geopolitical imporatdes. The tempo of
technological developments and their implementatiepends on very
different factors.

Petroleum-based fuels will continue to be the fatmmh of mobility in

the coming years. The main reasons lie in the mxéhg high energy
density of diesel and petrol, whereby large disésntan be covered using
a relatively small volume of fuel, and in efficiectmbustion engine
technology. Thanks to progress with clean diesdltae resulting
increased market share of diesel, petrol consumptiésermany has
decreased by around 30 % over the last ten yeagseah diesel
consumption has remained stable despite a growarfgehshare. A
further advantage lies in the very extensive sergtation infrastructure
and rapid filling possibilities.

Since Otto and diesel engines will continue tol®erhain powertrain
types for the foreseeable future, efficiency insesaare right at the top of
developers’ agendas. In the case of the Otto engomapanies aim at
downsizing with supercharging as well as at direjction. The

objective is to run the engine always at the optioperating point so that
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consumption by the Otto engine moves closer torthee economical
diesel. Clean diesel is being improved not onlthatinjection phase but
also in treatment of exhaust gases. As a resuldemmodiesel is even
cleaner and can at the same time further buildspfficiency
advantages.

The role of renewable raw materials for the tramspector is
increasing markedly. Biofuels constitute a cenpiér of sustainable
mobility. They have the advantage of not requirasgentially new
engines or a new infrastructure, since they caadaked to fossil fuels
in a controlled form. Thanks to the fuel mix degrieguid biofuels are
currently already used in around 50 million vehscile Germany.
Addition of biofuels faces some limits imposed lghicle technology.
For instance, biodiesel can only be added to a maxi 7% of the
fossil fuel. The product prices of biodiesel ar@gsiderable in the case
of biodiesel, only slightly above those of fossiefs in the case of
bioethanol (before taxes).

In order to address the issue of competition fer lstween energy
generation and food production in the world regionquestion,
efforts must focus on the most efficient use obégdand where
renewable raw materials are used. This criteriahsdrict
sustainability guidelines should be applied forkadifuels.
Irrespective of whether fuels are produced fromgaf the plant on
the basis of starch, sugar or oil (known as firstigration biofuels) or
from energy plants on the basis of cellulose omffgant wastes
(known as second-generation biofuels). While biture gas and
liquid biofuels are already available today withigh level of yield
efficiency, second-generation liquid biofuels vally become
relevant in volume terms in the second half of¢bming decade —
probably not least due to high costs.

Gas fuels are growing in importance thanks to tb@metimes good
combustion characteristics without emissions of fparticles and with
low emissions of nitrogen oxides, low carbon cohtenwell as
favourable tax treatment and thanks to new comiagingines
optimised for these fuels. These fuels will progdhkther increase their
market shares, albeit from a low base (current 8aare < 1 %). Gas
fuels include not only natural gas (methane; aéferred to as
compressed natural gas — CNG) but also what is kresvautogas
(butane or propane; also referred to as liquefigtdoteum gas —
LPG). At around 85,000 cars, the fleet of natuid gehicles is
notably smaller than that of LPG vehicles with 3& cars, but the
number of new registrations is higher than for LiP@&troleum-based
LPG does not contain any renewable components oB{rast, bio
natural gas can also be classified as a secondajerebiofuel,
because the highest efficiency of use is ensuretthi@arable land
where the raw materials are grown, as with firgtegation fuels
produced in Europe. The quality of the fuel is itleal to that of fossil
fuel. For that reason, bio natural gas can be atlmedtural gas in
unlimited quantities or even replace it. Given kigh octane content
of 130, there are additional good possibilitiesdownsizing engines
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without losing performance. Natural gas vehiclas @laeady usually
more than match the low G@missions of comparable diesel and petrol
models. The third generation of natural gas vehinlew being placed

on the market overcomes existing disadvantagesrmnst of driving
dynamics, range and capacity. German manufactarersechnology
leaders in the area of CNG. There is consideratienpial for vehicles
powered with natural gas and bio natural gas kt$leespecially for

light and heavy utility vehicles.

In the medium and long term, electric powertrainstgutes a
particularly promising option for resource-learip@te-conscious
mobility. Electric powertrain can combine two celtobjectives of
sustainable transport and climate policy: electghicles drive locally
without emissions. At the same time, the efficientglectricity
networks as well as the use of renewable energiedve improved, in
particular if the share of low-carbon electricitgrgeration
technologies in the power mix increases. Markebuohiiction of
electric vehicles will encompass: hybrids (micraldnfull and plug-
in hybrid electric vehicle — PHEV), range extendksctric vehicle
(REEV), battery electric vehicle (BEV) and fuellcethicles (FCV).
Other powertrain technologies such as hydrogen-pedveehicles
will in future also be able to make a contributtonclimate protection.
Similarly, power from low-carbon energy sourceswdtde used for
the production of hydrogen.

It is of decisive importance to use the strengthallannovative
powertrain technologies. Only then can market uhiiciion of new
technologies succeed. In this regard, customeraapens play a
decisive role. For wider ranges of 150 km and mtire strengths of
different highly efficient powertrain technologiean be combined.
The market potential of battery electric vehiclas e considerably
increased through hybrid solutions. Existing bat®ystems can also
be combined with innovative powertrain technologiesr instance, it
is possible to place systems using modified comptsneith an
intelligent control mechanism on the market relelyvquickly. A very
promising option for range extension is constitutgcelectric
vehicles with range extender, in which a small costion engine
recharges the battery via a generator. Biofuel$dcioufuture also
play an important role in this area. For longerges) the fuel cell as
the supplier of electrical energy offers great ptigd. What this
means is: unlike it is often discussed, there isanguestion of
selecting a solution and to exclude other techneb@ither-or-
solutions), but about intelligent solutions thae abmplementary (as-
well-as-solutions). The German government has taloeount of this
situation by setting up the “National DevelopmeltarPElectric
mobility” following the “National Innovation Prognrame Hydrogen
and Fuel Cell Technology”.
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lI. Electric mobility — a powertrain for tomorrow

Mobility on the basis of electricity has long beseneality in rail
transport and for trolley buses. And electric pavwaen was present
also in the early days of the car. In 1901 halfh&f automobiles in
New York had such a powertrain, and only the ink@nof the spark
plug launched the triumphal progress of combustiogines.
Enormous progress in battery technology is an ingmbrfactor for a
revival of electric mobility. The prospect of a gdde integration of
vehicle batteries via intelligent control mechanssimthe power grid
also contributes to this debate. Virtually all caanufacturers have
developed their own electric vehicle concepts, maitly field tests in
urban traffic, for instance in Berlin and Londort. tAe same time,
fuel cell-powered electric vehicles are moving elo® market
maturity for sustainable individual mobility. Eleict mobility in road
transport is gathering speed. What we need to doisomnake a
realistic assessment of the potential, promoteaite- use it.

1. Potential

Reduce local emissions to zero

At local level, electric vehicles are zero-emissuahicles. There are
no transport-generated GOr NO, emissions locally. Traffic noise
can also be perceptibly reduced. For this readentrec mobility can
make a considerable contribution for sustainabl&ititg, especially
in urban areas and cities. By contrast, the glahalate performance
of electric vehicles depends crucially on the tgpelectricity and/or
hydrogen generation.

A reduction of traffic noise is an important objeet Nevertheless,
road surface and tyre noise dominate from speeds tw as 40 or
50 km/h. An absence of noise emissions can alse aakanger for
other road users at low speeds and especiallybanusurroundings, in
particular for children, older people, cyclists angually impaired
people. Industry is aware of these issues and r&king on solutions.

Move energy efficiency and climate protection forward,
make better use of renewable energies

Electric vehicles are usually more energy-efficitr#n vehicles with
combustion engines. In this way, they help to comsiless primary
energy. And they make an important contributiomtproving
climate protection. In parallel, the aim is to havlw-carbon
electricity mix. If it proves possible to coordieatharging with the
grid load, electric vehicles can help to make yaise of the supply
from fluctuating energy sources. At a later stdggteries can also be
used to feed electricity back into the grid whea pinice of base load
or equalising load is particularly high — and ipioves possible to
configure the next generation of lithium-ion baigerthat this form of
operation does not have any significant impacthenservice life. In
this regard, there is still great development po&tlso for the lead
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battery which has been used in electric vehiclesiézades. In
addition, stationary storage systems can have aoritant function.

Meet customer expectations

Electric mobility encompasses a wide range of texdirsolutions
which are relevant for the expectations of bothspager transport and
freight transport. Battery-powertrainn electric waés will be
available for the foreseeable future above allmagliscars up to the
compact class. The focus for use of battery-ondgteic vehicles is
short and medium-distance trips, e.g. in urbansaaea for
commuting or for distribution. 70% of all car tripsGermany are less
than 17 km. For long-distance travel and for pattic comfort
demands in large vehicles, PHEV, REEV or FCV offer appropriate
concept. Customer comfort expectations such asoaiditioning and
heating also call for special efforts.

Alongside the technical challenges, in the cadeattieries it is
important to take account of customer expectatregsrding battery
charging time and availability convenience. Chagginbattery-only
electric vehicle takes markedly longer than filliagliesel, petrol or
gas vehicle — generally still several hours. At pinesent time, two
minutes of charging an electric vehicle will povaeone-kilometre
trip, by contrast several minutes filling a moderasel car is good for
around 1,000 km. In the case of FCVs, ranges afrai@00 km can
already be achieved against a filling tile of thnemutes. The future
will be marked by a stronger differentiation of W&l concepts into
different use patterns.

The current practical use of electric vehiclesaatts high customer
interest. At the same time, many customers haveaup
expectations concerning market penetration andschitny press
releases give the impression that serial produdiiyothe million could
start as early as tomorrow. It is important to pdevinformation on
the strengths of this technology — and at the siame point out that
its widespread application is conditional on a éangeasure of further
research and trials, e.g. on the powertrain, seaynaiggregates and
comfort functions. For that reason, it will probgalbhke about ten
years before electric vehicles achieve a signifilgdarge market
share.

Secure the market of the future

Consultancy McKinsey estimates the global markétime for
energy-efficient cars in 2020 at up to 500 billewro. The goal of
German industry must be to win a large share ofytbbal market
based on a leading technological performance. Hehrsealso
essential to secure value creation in Germany aidirope. Many
technologies for electric powertrains, energy sjeraystems, network
infrastructure and filling technologies have beenaloped on paper.
Hybrid and electric vehicles with adequate rangesfban travel or
distribution traffic could reach market maturityarfew years. For



14

instance, vehicle fleet operators in the fieldpolblic transport, public
and private waste management but also postal,e@xpress and
parcels service providers and even airports gelydralve large fleets
and/or depots, and have sufficient knowledge ofutbeege profiles of
their fleets. This could facilitate the optimal chimg of batteries. And
it could provide further knowledge about possiektfor network
integration and future bidirectional charging preses. The vehicle
fleets of municipal, provincial and federal miniet and authorities as
well as car-sharing operators could also serva@aseprs. Experiences
could also be used to configure the hydrogen itrfuature for FCV
optimally and at an early stage.

German companies are among the most innovativeisuppf these
technologies of the future. New patents are reggstevery day. For
the export-oriented German automotive industry, ifious climate
protection targets are simultaneously a challemgkaa opportunity.
A functioning domestic market for electric mobiligyvery important
as a proof of competence. At the same time, then@emarket with
around three million new car registrations a ysaob small for
pivotal decisions on direction — global developnsemte determinant
in this regard.

There are also major opportunities for Germanyhadrea of battery
production. In order to be able to seize these dppiies, great
efforts are necessary. According to forecastsnheket for lithium-
ion battery materials will increase from around hidion euro now to
4 billion euro by 2015. The market for batterieghe current decade
could increase to more than 10 million euro. Thiee@areation share
of the battery is currently up to 40% of the electtehicle. Above all
China, Japan and Korea are presently leading ptmatucentres for
lithium-ion batteries. Yet batteries for electriehicles will have to
meet other requirements than in the consumer eleics area — that is
why the race for best solutions is completely ogearman companies
have already established new alliances. Availablradrmade battery
systems are a key issue for Germany and Europen&sris a leader
in the further development of the lead battery,chor decades has
been playing a central role for safe, affordableity with
environment-friendly, highly effective recycling @mnesource
efficiency. The manufacture of fuel cells also offendustry new
opportunities for high market shares and automotalaee creation in
Germany. Leading vehicle manufacturers have detldrat they will
be able to produce FCVs in hundreds of thousarais 2015.
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2. Challenges and solutions

Optimise energy storage systems

The mobile performance of battery-powered vehidiegends
decisively on their energy storage systems. Agthicurrently stand,
battery systems based on lithium ions are suitdslenergy storage.
They are relatively light and do not take up toocluoom. But the
energy content of a modern battery as a functiomobfme and weight
is still smaller by a factor of fifty than that ofodern fuels. Efficient,
safe and affordable battery systems are therefecessary. Lithium-
ion or nickel-metal hybrid (NiMH) batteries are dable as drive
batteries for hybrid and electric road vehicleswdwer, they cannot
act as a substitute for lead batteries (on-boapgplgibatteries) for
technical reasons. Similarly, fuel cells in comhioa with electric
engines will not take the place of the lead battarg its functions for
safety and control.

The issue of safety in hybrid and fully electridn@es will require
considerable attention in the near future. Thetgaiebattery cells
plays a particularly important role in this respdntthis area it is
important to define certification procedures whieifi have to be
implemented before serial introduction.

The range of battery-powered electric vehiclesangd by physical
and economic framework conditions. For instance,ringe of a
small car under everyday conditions will probabéydround 150 km
in 2015 (around 200 in 2020). For use in the vehikithium-ion cells
have to be switched into complex battery systenm)itared and
temperature-stabilised. Also with regard to theaedepment cycles of
batteries, the progress that will be made withrttost important
component magnitudes by 2020 cannot be predictmytdr he
additional cost of an electric vehicle is linkedestially to the costs
of the battery system and its integration in theioie. Hence, battery
costs of around 15,000 euro can be expected in 014N electric
vehicle in the compact class. These costs mustdstidally reduced
by 2020, so that competitive electric vehicles barmplaced on the
market. For a clear cost reduction, highly automatechanical
engineering procedures for long production runsohmecisive
importance. The basis for this is early standatiisaincluding of
preliminary products and semi-finished products.

The questions of where batteries are made, wh&aenan and
European manufacturers have access to supplidesadd where
batteries are recycled will play an important raestrengthening the
secondary raw materials base. Also in the caseeabickll vehicles, the
performance of energy storage systems has a Hglareee. The current
pre-series vehicles are run with 350bar or 700barpressed hydrogen
storage units, which means that distance rangasle&st 400 km can
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already be achieved. It seems as if distance rdmgasen 40 and 500
km will be sufficient for the first commercialisah of FCVs.

Building a charging and service station infrastructure

The focus of the electricity sector’s work is orfideg the
standardisation needs as rapidly as possible. Ebesnap this include
the charging and service station infrastructuredbs

communication, control and payment procedures enfthmework of
the liberalised electricity market. Network-relat@spects should also
be taken into account in this work, e.g. potengiarioads on running
parts, local needs control (smart grid), networdigack caused by the
converter, behaviour in the event of errors.

Example of charging stations: depending on theghgrpoint
(private or at charging stations in the commerorgbublic arena),
different charging tempos will be possible. Chaggatations in the
public arena must also allow the payment procedloregside
information about the charging status of the bgtter addition to
these functions, the charging stations must offepke and secure
authentication. By analogy with roaming in mobilgope networks,
consumers must be given access to charging statfomserators with
which they have no contractual relationship. Eletir distributors,
test point operators, network operators or furfirérate investors will
be eligible to be operators of charging stations.

For the establishment of a tank-filling infrastruiet for FCVs, a
consortium comprising seven industrial enterprigamler, EnBW,
Linde, OMV, Shell, Total and Vattenfall) booked iamportant success
in September 2009. With the “H2 Mobility” initiatey the partners
have stated their intent of working for a first qum@hensive hydrogen
infrastructure by 2015. This construction is supoby the German
government through the “National Organisation Hymno and Fuel
Cell Technology” (NOW GmbH). For comprehensive pstning in
Germany, it is calculated that around 1,000 hydnag@k-filling
points will be sufficient. Appropriate provisioning other EU
countries is also important for the everyday vidpibf FCVs.

Improve vehicle and production techniques

In the short term, existing vehicle concepts fecic powertrain will
be modified. In the medium to long term, new consdpr vehicles,
powertrains, components and construction matesig@ecessary.
Energy storage systems, electric powertrain anctrel@c control
systems as well as the necessary lightweight agcigin, secondary
aggregates and comfort functions, optimisationngfiees, integration of
powertrain in the system, gears, performance @leics and cooling —
all of this calls for a high effort in research adelelopment also in the
long term. An example: without weight savings ia frame and in
further components, the efficiency gains of eleatmgines would be
neutralised by the high battery weight. Requirermemt new materials
and their development must therefore be takendaotount from the
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outset and anchored in the promotion and developpregrammes.
The production technology for large series prodaurctf components
which are not typical for cars today poses maj@ilenges for industry.
Successful solutions can only be realised on asesestoral basis along
the entire value creation chain.

All'in all, a constantly optimised mix of differepbwertrain and battery
technologies is to be expected, which will lead wonsiderable CO
reduction. The juxtaposition of electric engine alesel or Otto engine,
of battery-, fuel cell- or hydrogen-powered vehsglef lead battery and
lithium or NiMH battery will allow best solution®f a long period.

Shape mobility in a climate-friendly way and enable
network integration

An essential advantage of an electric powertras in high energy
efficiency and the associated small consumptioprimhary energy.
Even if the entire preliminary chain of power geateyn and the
current energy mix in Germany are taken into actae CQ
emissions of an electric vehicle as compared witklacle with
combustion engine and the same performance is tdteer. With an
increasing share of low-carbon energy sourcesiatdoding
renewable energies in power generation, electribility can clearly
improve the global C@performance of transport in the longer term.

From the angle of the energy sector, the introductf electric
mobility will gain acceptance first and foremosvéhicle models and
the network connection is economic, electricitycpsd per kilometre
remain attractive in comparison with fuel pricesl @aine additional
electricity demand is secured.

At the same time, a new sales segment is creatdtidaelectricity
supplier, a segment that increases sales of atdygtim the transport
sector in addition to transport powered by overheladtricity lines, in
particular in situations with low load (night charg). Hence, electric
mobility can also help to improve the economic perfance of
existing and newly planned power stations by insireg capacity use.

In order to calculate costs per kilometre from @ny aspects such as
power consumption, battery costs, additional ctistsehicle
investment, infrastructure costs, power costs fametion of the load
situation, etc., detailed model calculations wodde to be carried
out with sometimes still unknown cost componentsthritative
studies are not yet available. However, the constrn of such a cost
model seems essential for a quantification of thiere costs of an
electric car pathway. These questions should thezdie answered in
the framework of the model regions that were esthbt in the wake
of the German government’s second recovery packaimelies for the
area of hydrogen infrastructure are being and dirémve been drawn
up at national and international level (“HyWaysGérmanHy”, “H2
mobility”).
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The vehicle battery should if at all possible barged in a controlled
way from the network (intelligent charging managethein order to
avoid peak loads for electricity networks. To targd, intensive
preparations for the necessary communication, obatrd payment
are already under way, so as to minimise a needximnding the
distribution network (in particular in low voltagahd the generation
equipment. Nevertheless, electricity installatiombuildings need to
be modified to take account of the expected newgneolumes
needed for electric vehicles. Depending on the ciypar the
electrical work which has to be made availablegesdly in the case
of a rapid charging procedure, this energy trarsipas considerable
effects on the mains electricity supply systemxistng buildings.

At a later point in time, the battery can also Bedifor feedback into
the network, when the price of base load or equigjikad is
particularly high and the next generation of litinkion batteries has a
high level of cycle stability, i.e. is configured such a way that this
form of operation will have only a small impact thre service life.
The service life of a battery should be orientedhmservice life of a
car. Ultimately, the charging process must takeglander the control
of and in line with the needs of the car drivertiUthat is the case,
many technical questions must be answered. Ndiltieebattery nor
the power network may be compromised. Once thesiglgms have
been solved — preliminary work on this has alrestdyted — this will
improve the integration of renewable energies smdtlectricity supply
system. In the long term, vehicle batteries cowddsibly be available
as bidirectional energy storage systems, for itggdao smooth
fluctuations in wind energy. By plugging vehiclesad electricity
networks, the base load capacity of renewable ez®man be
strengthened. Electric mobility can offer the eryesgctor important
advantages which should also be to the financiaébeof the
customer.

With the growing share of renewable electricity gextion, the need
for long-term energy storage is increasing. In &ddito the classical
pump storage works, hydrogen production throughtedéysis will in
future become an option. Whereas vehicle batteoesd be plugged
directly into the electricity network, hydrogen gdration via
electrolysis should allow a growing demand for blasel electricity
and hence a link between energy storage and foelgtion in the
medium term.

ICT for electric mobility

Intelligent linking of electric vehicles and eldcity networks calls
for highly modern information and communicationtteologies
(ICT). The German government therefore supportettablishment
of cross-sectoral ICT solutions in the frameworkhof “ICT for
Electric mobility” promotion programme. It ties directly with
German Ministry of Economy and Technology’s “E-Emgrmodel
regions of technology competition. The focus hereanstituted
above all by ICT-based charging, control and paynm#nastructures,
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universal data transmission systems, efficient @sses as well as
intelligent control systems. Extensive servicesenevbe developed to
enable a flexible, situation-related choice of &ietty supplier and of
the desired energy mix. These services are becomorg complex if
public parking areas and service stations are taethe charging
procedure alongside electricity connections at hdrogthermore, the
charging behaviour of users must be further exaditas
conceivable that in addition to reducing peak lolagisising vehicle
batteries for storage, higher loads can also olomally as a result of
a greater concentration of vehicles (e.g. in shoggientres on
Saturdays). This could make a capacity adjustmeateatricity
distribution networks necessary.

In addition, a large number of intelligent addedlLieaservices should
be used to push the dissemination of electric YekidVhen a
charging infrastructure is being established, bbaad connection
techniques (e.g. Powerline, WLAN and/or VDSL) shibtierefore be
built up to allow simple data exchange with theigkds during the
battery charging procedure. Via this Internet canioa,
environmental information and map data can be wgubat “bonus
miles” can be credited or spent. Alongside up-ttedbocal traffic
data and advice for link-up possibilities with pigltransport,
information about available parking spaces withdrgtcharging
stations and payment information, these added \sduaces can
however also go far beyond a direct link with elecinobility. For
instance, the loaded content can comprise digai@ibrprogrammes,
news or videos for rear-seat monitors. At the stime, there could
be an opportunity to make greater use of intelligé&T solutions for
transport, in particular car-to-x vehicle communica. By way of
example, users of FCVs could also benefit from, ttasvhich
information about the nearest hydrogen filling pb#isy could be
made available.

Electric mobility, especially battery-powered elecmobility, calls
for the flexible exchange of customer data via mrmnication
network which has to meet the highest data praieaquirements.
Building a separate and comprehensive chargingstructure for
electric mobility therefore offers a great oppoityro put in place a
low-cost, publicly accessible broadband communicatietwork at
the same time. In addition to providing the necessarvices as well
as attractive add-on services for users of elegldcles, this network
should also be available for all other traffic pagants. After all, this
will extract the maximum added value from the irtwesnt — and
achieve the most rapid cost amortisation.

Diversify import risks

The goal is to reduce dependence on oil-produciogiries in

politically unstable regions through electric mdgilAs long as
vehicles with an Otto engine are substituted aE#&yghort-distance and
urban vehicles, the contribution of electric mdigitio import
independence would still be limited. For techniegsons, the refining
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process produces particular volumes of petrol aesetl Whereas the
fall in demand for petrol leads to surpluses, trewgng demand for
diesel exceeds European production capacity. Asasrjuence, the
demand for diesel determines capacity utilisatrorefineries and hence
the volume of oil imports. Import independence vaolok reduced only
if there was a marked substitution of diesel. Tgpdiesel profiles, long-
distance and HGV freight transport, are not a ffeldapplication of
electric mobility for the time being.

Simultaneously, the demand for raw materials witirease. An
essential driver will be the growing demand fohilitm-ion batteries,
which are used in both hybrid vehicles and fuel eehicles as well as
in electric-only vehicles. Lithium-ion batteriesrtain various raw
materials, in particular metals. For instance, theg: as anode
material, a mixed oxide and phosphate of lithiurthwiickel,
manganese, iron and cobalt; as cathode materiah/yrgraphite but
also silicon, as well as oxide of lithium, titanitand tin; as electrode
substrate, also copper and aluminium. In combinatidh the
increasing demand for lithium-ion batteries, aigatarly sharp
increase in demand for cobalt is expected. Mangdgmssume that
cobalt will prevail over phosphate and manganederielectrodes in
lithium systems. The global demand for the raw makeobalt could
increase by a factor of 3.4 by 2030 as compareld 2006 due to
demand for lithium-ion batteries. The resultingtieotecks in the
availability of cobalt can only be avoided if gldlmaining capacities
are expanded in good time and to a sufficient éxten

As also with other primary materials, Germany i9%0dependent on
cobalt imports from abroad. Nevertheless, Germdustry already
covers around 20% of its cobalt needs by recydioigalt scrap. The
recycling rate can be further increased in closgeoation between
battery manufacturers and the non-ferrous metalstrgt. In the case
of lead, for example, dependence on imports is tdivenks to almost
100% return of used batteries in efficient recyglgystems.
Associated developments to systems, processesatadlations offer
considerable potential for German mechanical eraging. At the
same time, however, strategic dependence on magaogtries such as
Australia, Canada and the United States but alsd#mocratic
Republic of Congo and Zambia could increase. Duéedigh
concentration of cobalt reserves in unstable ceemisuch as DR
Congo and Zambia, further research into manganeséran
phosphate electrodes and also into nickel elecsr@dech contain no
cobalt or only small amounts of cobalt is highlywisdble.

Irrespective of the raw material for the electrodébthium-ion
batteries, the demand for lithium will also increasrongly. Unlike
for cobalt, no deterioration of availability is eeqied for lithium. Yet
global lithium reserves are even more strongly eoti@ted in certain
regions. Hence, there is a danger here, too, afegiic dependences.
The countries in question are the less unstablatdes of South
America — namely Argentina, Bolivia and Chile. Exam the
concentration of businesses in mining is alreadgsified as
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“moderately critical”. A very long procedure is meg to expand
production. There is a danger that the supplierpanes already in
the market will achieve a position of market dommioe. Economic
recycling processes could work against a possibte pncrease for
lithium.

In addition to lithium and cobalt, the demand forther metals will
also increase as a result of growing demand forpaaduction of
hybrid and fuel-cell vehicles, in particular fouadinium, copper and
the rare-earth metal neodymium. For the electrgirees of vehicles,
essentially more copper is needed, between 15 @ikd er unit.
Neodymium is used in particular for magnets in gle@ngines of
hybrid and electric vehicles.

For neodymium, a particularly sharp increase in aeanis expected,
because the metal is also used in other technadadithe future.
Experts calculate that demand will increase moaa tinreefold. This
is particularly critical due to the high concenimatof mining for the
metal — as also for other rare-earth metals — onttr 95% coming
from the People’s Republic of China. Raw materedports from the
People’s Republic are considerably restricted, esfig for exports of
metals.

Given high dependence on metal imports as welkesieg tariff and
non-tariff barriers to trade in raw materials, Ganrand European
policy-makers must urgently work for better funciiilog of raw
materials markets. A strengthening of domestic cbiog competences
must also receive close attention. This shoulddmeptemented by
support for technology-neutral research into aléue substance
systems. In this regard, chemicals research andteemology offer
promising possibilities.
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3. Political situation

Germany

In the December 2007 “Integrated Energy and ClinRategramme”,
the then German government enshrined the issukectiie mobility.
In the national strategy conference organised c@@Blovember
2008 by the Federal Ministries for Transport, Camsion and Urban
Development (BMVBS), for Economy and Technology (BMA), for
Environment, Nature Conservation and Nuclear SgfiglyU) and for
Education and Research (BMBF), the German goverhsetrout
priorities for a “National Development Plan Electmobility”.

On 19 August 2009, the federal cabinet adoptedNlagional
Development Plan Electric mobility”. With the degpment plan,
close cooperation between policy-makers, industd/tae scientific
community is outlined, and enhanced support thrqugimotion
projects, market incentive systems and appropregalatory
framework conditions in the years ahead and bey®aéscribed. The
sectors concerned are expected to move ahead aitketnpreparation
and introduction of battery-powered vehicles. Thational
Development Plan” identifies the following objects:

= Germany should become “lead market for electric ittgh

= Electric mobility should make a considerable cdnttion to
achieving climate protection goals (“away from attrategy).

= The energy needs of electric cars should be linkdte use of
renewable energies and hence strengthen the German
government’s energy policy objectives.

= By 2020, at least one million electric vehicles dained in the
“National Development Plan”) should be on Germangads.

= By 2030, this figure should be five million vehisldn the long
term, transport in towns should happen overwheltyimgthout
fossil fuels.

The “National Development Plan Electric mobilityidorporates
existing research programmes for alternative paagrs and fuels,
including:

= 5" energy research programme “Innovation and New dgner
Technologies”, BMWi, around 2.2 billion euro forgonotion of
research and development of modern energy techieslag the
framework of energy research in the years 2008idl 2inter alia
for R&D on transport.

= Electricity storage promotion concept, BMWi, 20@92012, 35
million euro.

» 3¢ transport research programme “Mobility and Tramspo
Technologies”, BMWi, 2008 to 2011, around 300 roiflieuro,
until 2010 around 35 million euro for researchhe trea of
powertrain technologies.

= “National Innovation Programme Hydrogen and Fudl Ce
Technology” (NIP), BMVBS, in the framework of NI&n
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additional 500 million euro from the federal leweld at least 500
million euro from industry, 2007 to 2016; altogathas a
continuation of current federal R&D promotion faret cells and —
taking account of complementary resources from striyuand
users — up to 1.4 billion euro is available in gegiod 2007 to
2016.

» Innovation alliance “Lithium-lon Battery — LIB 2015BMBF,
2008 to 2015, 60 million euro from the federal lex360 million
euro from industry, and further BMBF alliance pige(LISA: 1.7
million euro, REALIBATT: 2.1 million euro, LIHEBEZ2.2 million
euro).

= “E-Energy”: ICT-based energy system of the futMWi and
BMU, 2008 to 2012, 60 million euro from the fedelalel and 80
million euro from industry.

Furthermore, as part of the second recovery paclEfemillion euro
is available until 2011 for applications-orientegearch in the area of
mobility. The resources are shared among the irsé@@uogrammes of
BMVBS, BMWi, BMU and BMBF. A small share of the msces
also flows into promotion projects under the aedithe Federal
Ministry for Food, Agriculture and Consumer Protent(BMELV).
The projects place the research priorities on comapts (in particular
batteries), vehicles, electricity and infrastruetuas well as on the
interaction between these factors in practice exftamework of the
eight model regions. In this way, they partly coermpént existing
promotion priorities of the various ministries oqpéore new
approaches in greater depth.

At the cabinet gathering on 17-18 November 2008chloss
Meseberg, the German government confirmed the tbgof
developing Germany into a lead market for eleatrability and its
wish to flank a rapid market introduction of higkfformance electric
vehicles. What is needed is coordinated and tadgat&on by all
interested parties. For that reason, the diffeeenhomic sectors
should be more strongly engaged. Policy-makersirohastry should
work together closely. In early May 2010 the masportant players
should be invited to a summit with the German cledloc. That
should give the starting signal for the “Nation#&tRorm Electric
mobility”. In this way, exchanges between policykaes and all
relevant industries as well as scientists, munigipa and consumers
should be ensured.

Policy-makers recently put in place new framewarkditions with
decisions on the composition of the fuel pool. @& fuel side, the
current mix, measured as a function of total fads, will be replaced
from 2015 by a C@reduction target as compared with fossil fuelsifro
3% rising to 7% in 2020. In this exercise, bio makgas was included in
considerations on meeting quotas for the first tikea result,
framework conditions have been shaped in a teciygateutral way and
the conditions for competition in manufacturing gegsses are created
with the lowest possible GQavoidance costs. Sustainability,
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technology-neutrality and cost-efficiency must come to be the
cornerstones of a responsible biofuel policy atsthe future.

International comparison

Numerous leading industrial nations have strengtteheir efforts to
accelerate research and development as well asetmdgkelopment
through promotion programmes and purchase incentiveance offers
purchase grants of up to 5.000 euro on the basaspoints system if
the vehicle emits less than 60g &£iKin. In addition, in autumn 2009
France established a strategy for developmenteointiastructures for
hybrid and electric vehicles and in this way wawntsupport the
purchase of a probable 100.000 electric vehicle2d#yp. The French
state is financially involved in the constructiohpsoduction
capacities. Great Britain wants to promote researthdevelopment
of subcomponents for electric and hybrid vehiclesvall as offer
purchase grants (from 2011, between 2.000 and 5600ds sterling,
a total of 230 million pounds sterling) and adoptaa tax. Further
European countries offer purchase grants (Spai@02® 6.000 euro,
Italy 3.500 euro, Portugal 5.000 for the first 20£hicles and tax
concessions) and/or tax incentives (Denmark adopifa purchase
tax at the level of 105 to 180%, Ireland purchasereduction of
2.500 euro until the end of 2010, Greece adoptigmuochase and car
tax).

As part of the November 2008 recovery packageFEtm®pean Union
has started the “Green Cars” initiative. Aroundilidn euro has been
earmarked for promotion of various research fietdsyhich some

4 billion euro of European Investment Bank creddswvell as R&D
funds in the framework of the European Commissiaf’'sesearch
framework programme at the level of 500 million@fianked by 500
million euro from industry or from Member States.

Japan has presented a five-year programme fordraelttteries for an
amount of 200 million US dollars, is promoting “@rmnment-friendly
vehicles” for a year until March 2010 via a scrag@grant of up to
around 2.000 euro, and offers further tax incerstifueeight and
purchase tax) for the purchase of hybrid and atectrs at varying
levels. The USA offers a tax credit of 2.500 toOR3JS dollars
(depending on battery capacity) on purchase oflegtréc car. The US
recovery package ARRA (American Recovery and Reatmaent Act)
provides subsidies of 2.4 billion US dollars foe froduction and
development of US batteries and electric vehidearge part of the
funds (1.5 billion US dollars) will go to companieased in the USA in
order to subsidise the production of batteries el ag their
components, and to expand recycling capacitiesREB promotion for
energy technologies (including electric mobilitg)axpected to be a total
of 150 billion US dollars over the next ten ye&@hina is promoting
technological innovations for more efficient powant technologies
with around 1 billion euro, and the practical usamund 10.000
vehicles in 13 pilot regions with around 2 billiearo between 2009 and
2011. In this framework, public service organisasi@nd local public
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transport undertakings receive purchase grantsaiigrand light utility
vehicles of up to around 6.700 euro as a functidheshare of electric
powertrain and petrol saving quotient.

These far-reaching promotion programmes of othéona pose major
challenges for German industry. This is all the en@@ason for policy-
makers to champion fair competition conditionshegt European and
international level. Promotion mechanisms for @textogy or sector
should not be limited to national undertakings, tnwuist equally be
open to international companies. Otherwise new etdokrriers and
competition distortions will be created, which wiltensify the crisis
and place a massive brake on technology developareht
dissemination. There must be no new protectioniarthe pretext of
environmental protection, technology promotion aondbating the
crisis.
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ll. Strategies and recommendations for the 17 ™

legislative period

Technology-neutral promotion

Competition between locations today means compatitr
innovation. For that reason, promotion of reseanctt development is
decisive for the future of our country. Electridwaes can make an
important contribution to our future sustainablebtity. Yet nobody
can see today in what direction research and dpuedat for new
vehicle concepts will move. German industry therefcalls for
policy-makers to adopt a technology-neutral appnoahich leaves
room for competition and diversification of techagical solutions.
Policy-makers must set legal framework conditiansuch a way that
no option is automatically ruled out. State supmpoust concentrate on
the promotion of broad research approaches. Moldngard with a
diversity of technological solutions means a newallgmge for R&D

in companies.

For instance, there is a considerable need foarekanto battery
technology and network integration for electric iobds. Mass
production of battery cells must meet very highlgyatandards in
relation to function and stability. There is alstagge need for
research for mass production of fuel-cell systemwall as
sustainably produced and competitive hydrogenagmtechnology
for pressurised gases and the establishment ofldison
infrastructures for gas fuels (hydrogen, methapejduction of
energy- andCO; efficient biofuels as well as the areas of workenials
and lightweight construction materials. In ordesezure value creation
and jobs in Germany, the efficiency of the entireduction system is
decisive. Production research must therefore tEnsitied over the entire
value creation chain and also including recycliaghinologies. This
should also encompass requirements for new construmaterials

The German government should ensure strong codiaimia the “500
Million Euro” promotion programme (in the framewaookthe second
recovery package “Application-oriented Researcth@Mobility
Area”).

Strong international competition in particular megdinat an ongoing
continuation and intensification of promotion oviee entire value
creation chain in close cooperation with indusgrgecisive.

The involvement of innovative medium-sized indw@tanterprises
ideally takes place via the established networkadistry and research.
Good beacons for this are the globally leading vation networks of
pooled industrial research, as found for instandéé research
associations “Powertrain Technology” and “Combusttower
Equipment”. These networks bring together expedsifindustry and
mechanical engineering know-how, the automotiveistiy and the
relevant supplier sectors such as electrical eeging and process
control systems.
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Almost all large industrial countries promote resbaand development
via tax provisions. For that reason, the Germareguwent should
rapidly introduce tax support for research and tgraent for
companies of all sizes in addition to project préiotoand taking
appropriate account of sectors-specific partictiewi This is decisive, in
order to strengthen Germany’s position as an inti#ocation for
business. Furthermore, national activities shoel@lbsely interlinked
with programmes of the European Commission and reesthates (e.qg.
EU “Green Cars” initiative).

Also important is a stronger impetus for promotafreducation,
research and teaching, in particular in the spistiateas of electric
mobility. Here, too, the innovation networks of pewindustrial
research offer ideal link-ups. The next generatibacientists benefits
strongly from such broadly based, organisationel®ar innovation
promotion since it gives the possibility for induat and practical
research. With an average of one doctoral thesigaur study or
diploma papers per project, pooled research achiedecation
excellence for engineers. The research associaiozsdy mentioned
on their own account for around 200 ongoing prgj@ttGermany’s best
universities. The fascination of STEM disciplinegoarticular should be
better communicated starting at school.

At international level, policy-makers should wodk fair competition.
Promotion measures should not be limited to nationdertakings. New
protectionism places a brake on new technologies.

No new taxes

In the market introduction phase, electricity agdrogen for use in
vehicles should not suffer additional taxation.i®ogoals such as
increased use of renewable energies should natifsegd to the
detriment of vehicle manufacturers and customensrd are already
high taxes and levies on electricity.

Time-controlled charging as a whole is well covebgdhe
“Electricity Network Fees” decree. Something simgaould be
implemented for the natural gas network. In the ion@dterm, it is
important to ensure that the use of equalisinggnéom vehicle
batteries does not suffer network utilisation fees.

Create incentives and press ahead with infrastructures

Policy-makers should concentrate on pre-competgiygport of
research and development as well as on the infretsiie. Market
introduction of alternative powertrains and fuedsm de supported by
policy-makers through the correct framework comtis and sensible
incentives. In particular, regulatory adjustmentsal benefit users
can offer effective incentives for market introdoat With electric
mobility, new utilisation and business models \pilbbably be
developed. It should therefore be verified at raguttervals whether
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measures such as the introduction of interchangealbhber plates
for first and second vehicles on the Swiss modelsteengthen new
forms of mobility. Continuation of the five-yearrdax exemption for
electric vehicles can be an important incentivéhm early phase of a
market introduction. Further possible incentivesudtl be examined
when the time is ripe and also against the backutaf an
international comparison, possible distortions @hpetition and the
objective of technology-neutral promotion. Therewl be no
permanent subsidies.

The German government should support the constructi a charging
infrastructure for battery-powered electric vehscénd establishment
of a provisioning infrastructure for hydrogen thghuappropriate
framework conditions. With the construction of aading
infrastructure, a communication network should fEated at the same
time via which the necessary payment data can bleagged across
borders and added value services can be accessarksSful market
introduction involves successful expectation manag&: ambitious
and realistic. Policy-makers also have a respolityilbiere.

Strengthen cooperation

Targeted promotion of innovative powertrains anel§uequires a
closely coordinated approach by policy-makers abgean, national,
provincial and municipal level, and cooperationhntite relevant
sectors of German industry and their federatioas fecanufacturers,
suppliers, mechanical engineering, battery prodjaarergy providers,
ICT service providers, chemicals and gas industygiem providers,
electrical engineering, non-ferrous metal producekssuccessful
example of this is that “pHMobility” memorandum of understanding
signed by industry, policy-makers and federatioms which sets out to
enable the construction of a hydrogen infrastriector the wide
commercialisation of FCVs in 2015.

The German government would like to give furthenaete form to
the “National Development Plan Electric mobilityirough objectives
and measures, with involvement of all players fiogustry,
academia and politics. German industry welcomestiremit that the
German government plans for May 2010, and will\eatsi flank and
support the “National Platform Electric mobilitySavell as the
planned close cooperation at expert level. A comtid approach by
policy-makers and industry is important to crede overall system of
electric mobility. In this regard, unnecessary tage and reporting
obligations should be avoided. With the clear supfar electric
mobility of two ministries (BMVBS, BMWi) and the &blishment of
the German government’s “Joint Agency Electric nhiodi

(GGEMO) on 1 February 2010, the German governmastatready
responded to industry’s concern for pooled compmden

At national, European and international level, carapion for
standardisation is decisive. Of particular impoc&for the
development of battery-powered electric cars igdmating and
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flanking support of the necessary standardisati@naises at interfaces,
e.g. in charging infrastructures, information-rethprocess descriptions
and data formats for battery charging procedurdkeriberalised
electricity market. Practical, affordable and wheeeessary also
innovative payment procedures should be the aiterAative charging
technologies such as inductive transmission orreténg battery
systems still require a considerable degree ofdination and
standardisation. Electrical engineering federatiareswell placed for
standardisation of plugs. A considerable need tamdardisation can
still be observed in the area of storage technald@ye organisation of
large series production at optimal cost will onbyossible once the
diversity of variants among preliminary productsl &emi-finished
products has been limited. Attention should be paidompatibility

with existing systems.

For the use of battery-powered vehicles, a safetyficate covering the
cells and batteries used is a precondition for spiration. The safety
of the battery is indispensable for market success.

German industry campaigns for joint standardisatarelectric
mobility to be defined as a beacon project for settantic economic
integration in the TEC (Transatlantic Economic Cal)n

The German government should develop a long-temspgetive for
sustainable mobility in order to create planningaiaty for industry.
With a view to battery-powered electric mobilithhet“National
Development Plan” offers a good basis for this.e@$ive political
deployment is necessary, coordinated between tterseand various
authorities, for solutions that are compatible wiltk German
electricity market: in the EU, with the regulataythorities of EU
countries, and providing support in internationanslardisation.

Define conclusive concepts for mobility, energy and
raw materials supply

Strengthen mobility, protect the environment, seagmowth — this can
only succeed with a coherent concept for our mgbdf tomorrow.
The German government should develop such a corcapt
implement it in dialogue with all relevant partneféie best product
innovation is of little use if cars are stuck imgestion. Preventing
this is the task of policy-makers. The priority mtlerefore be given
to all growth- and environment-relevant measurdmtBlso includes
investments in excellent transport routes and telligent traffic
systems as well as multimodal solutions.

An energy and raw materials strategy is esseriitak also means
further development of existing and new recyclimggesses, and
widening and securing the raw materials base fectat mobility.

German industry offers policy-makers its cooperatio

The following scenarios mark out important milessn
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Short-term scenario:

Needs-oriented infrastructure construction with tight framework
conditions for private investments;

Comprehensive deployment of transport telematicsteaffic
management systems (in particular real-time traffformation,
dynamic parking space management, fleet manageamendriver
assistance systems, ICT in logistics);

Technical optimisation and efficiency improvemeintgexisting)
vehicle concepts and powertrain technologies;

Improvement of hybrid technologies;

Optimisation of conventional liquid fuels and gaslg

Use of energy- and C£xfficient liquid biofuels on the basis of
starch and sugar (bioethanol) or plant oils (biedighydrated
plant oils) as well as gas biofuels with extensiémhe raw
materials base to cellulose and bio wastes (biorabgas);
Enhanced technology-neutral research and developimen
innovative powertrain technologies, alternativel$uend storage
technologies (for electricity and pressurised gpasavell as
agreements on common standards;

Concentration of field tests (hybrid technologydhgygen for fuel
cells or combustion engine, electric cars), firsrkvon building
charging, tank-filling and communication infrastues for
alternative powertrain concepts;

Stronger European and international coordinatiomarticular on
standardisation issues;

Improvement of fibre composites and sealing malefiaomposite
materials.

Medium-term scenario:

Market-relevant introduction of alternative powaitrs (e.g. electric
mobility);

Energy- and C@efficient liquid biofuels with extension of raw
materials base to cellulose (bioethanol) and bist@sa(bioethanol,
BtL);

Further development of charging, tank-filling ar@hamunication
infrastructures for alternative powertrain concepts

Use of hydrogen and bioethanol for fuel cells aathbustion
engines;

Improvement of fibre composites and sealing mal®rfiaomposite
materials.

Long-term scenario:

Energy- and C@efficient biofuels with “novel” fuels / fuel
components;

Electric car fleets, also as a storage mediumdoewable energies;
Greater us of Car2X communication and cooperatiixged
assistance systems which meet data protectiomierite
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