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1 ABSTRACT

Industrial companies and energy suppliers are wgr&losely together with automotive engineeringntke
the vision of electric mobility in individual traff a reality. An electric car is simultaneously lbatmeans of
transport and a mobile energy-storage device t#atatso be used as a source of energy in pubheonles
in the medium term. Such cars could also be useambrisollable loads for the fluctuating feed of dior
solar energy into a power grid - provided thatlgy®ut of the network permits such a scenario.

As an integrated technology company Siemens isilyemwolved in electric mobility in its Corporate
Technology department and in the Energy and InguSectors. The work focuses not only on the
requirements made on the electric vehicle itsetfddso on the design of the infrastructure of tloever
grids. Areas under investigation include power gatien and distribution, traffic and energy managatn
charging infrastructure, intelligent electricity taes, power electronics, software and sensorsphodurse
also the electric drives, and energy recovery amege.

2 BACK TO THE FUTURE

On April 29, 1882, Werner Siemens drove the Elektte - an electrically powered carriage - alongl@-5
meter test track in Halensee near Berlin.

Fig. 1: Elektomote of Werner Siemens

Siemens’ invention was not only the first electuehicle, but also the world’s first trolley bus. &h
Elektromote was followed in 1905 by the Electriccddiria, which rolled through Berlin as a taxi and
delivery vehicle at a top speed of 24 kilometrestmaur. Although these vehicles were well aheathefr
time, their low battery capacities, speeds, andeamuldn’t compete with internal combustion engirihis
state of affairs has lasted more than 100 yeaus tla rule of thumb even today remains that oree bf
gasoline equates to nine kilowatt-hours. A lithiion-battery with that sort of content weighs aroud
kilograms. Still, an electric car can travel aro8@ kilometres on that energy, while a gasoline-@ad
vehicle will only manage 10 to 20 kilometres. Ttasge superiority is due to the fact that electrators are
roughly four times as efficient as combustion ergirLithium-ion batteries are familiar as high-peniance
energy storage devices in cell phones, PDAs, gutdga. They can store two to three times as muehggn
as conventional nickel-cadmium batteries of theesaraight. However, a €10,000 Li-ion battery woutd b
required to power a passenger car that uses afipré#owatt-hours per 100 kilometres. Mass produrcti
will thus be required to bring prices down to affable levels.

3 ELECTRIC ECOSYSTEM

A vision of mobility is emerging in which vehiclest only deliver clean transportation, but alsoestxcess
energy from renewable sources. New drive systeattery, billing, and smart grid technologies artisg
the stage for tomorrow’s energy and transportagicosystem.
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Imagine millions of electric vehicles in parkingdoand garages, each drawing power from the grigdv N
take the thought one step further and imagine @ebicle returning some of its stored energy todhd
during periods of peak power demand. That's thorithat is set to transform the automotive industrer
the next few years. It's a vision that is not pbksiwith the internal combustion engine. Howevecan be
achieved with a bidirectional battery that can barged up or used as an energy source.

Fig. 2: Tomorrow’s electric vehicles will redefingobility. Not only will they recharge in only mireg at fast charge stations.
They will also function as mobile power storagetsifior the smart grid.

This vision of electric mobility has come aboutths result of the convergence of a number of factan
increasing number of people want to be mobile, evhitergy consumption is rising dramatically, esgBci

in emerging markets such as India and China. Inpds, these demands were met mainly by usingl fossi
fuels. And indeed, for over 100 years cars have lpesvered by combustion engines while electricavgro
has essentially been produced by burning coal turalagas. Only railway traffic was mainly based on
electric engines.

Time is running out, however, because fossil resgirare being depleted, and the CO2 emissions they
produce are accelerating climate change. More am@ mnergy suppliers are therefore utilizing rerdeva
and CO2-free energy sources, such as wind and poteer. The problem here, however, is that thestdyi
depends on the weather. As the share of electridiy such sources increases, so too does the toeed
develop interim storage facilities whose energy bantapped at a moment’s notice. One idea is to use
batteries in electric cars, which, depending onafahfor electricity and price, can either be reghdrfrom

any power outlet or return electricity to the grifj.for example, a surplus of electricity is awdile, as is
often the case at night or during periods of wimdgather, prices could be lowered, making it ativacto

“fill up” at such times. Conversely, if winds wetcalm, or a lot of electricity was being used durihg day,

the price might rise accordingly, which would leadny vehicle owners to sell their electricity baokthe

grid at a profit.

In fact, an intelligent management system instalheglach car could even make the decision itsetfyiged

it knew how far its driver planned to travel thatydand how much electricity the battery would iestor
that distance. In any case, most cars sit idlynfiost of the day, which means they could be conliynua
connected to the grid from their office parking &g parking lots or home garages. Flexibly det@nyi
electricity prices in accordance with supply andhdad would also eliminate any problem associated wi
many vehicles trying to recharge at once, whicbaafrse would cause prices to skyrocket.

4 CARSTHAT GENERATE INCOME

By storing energy that can be returned to the glietric cars can act as buffers for wind andrgodaver.
The rule of thumb is that there should be some €66tric vehicles as potential energy storage ubits
every wind turbine with a peak output of three nvegfis. The existence of cars as mobile storages unit
would kill two birds with one stone. Assuming vedRidatteries could handle numerous charging and
discharging cycles, energy supply companies woelgtovided with a buffer against surplus energynfro
renewable sources, while vehicle owners would leageurce of income to help them finance their inedét
expensive batteries. In the foreseeable futuréefias will remain one of the most expensive congnis

1254

REAL CORP 2010:
CITIES FOR EVERYONE. Liveable, Healthy, Prosperous




Peter Tschulik

electric cars. Achieving a range of 100 kilometfess a mid-sized vehicle today requires a batterthwi
approximately 15 kilowatt-hours of energy conteBtich a battery currently costs more than €10,000.
However, there are other options for such mobilegyglants besides having them financed througbnimec
from electricity. For one thing, vehicle owners wanit necessarily have to buy the battery. Instéachuld

be leased from an energy supplier. In other wadsnergy company would decentralize its energag®
capacity and finance the battery through the [attsecondary use.”

Regardless of what form electric cars may take,velmak role they will play in the electricity mixpg future
concept will need to incorporate the most importatdkeholders: electricity producers, automakers,
suppliers, and governments, whose policies shoalkk phe way for the necessary paradigm change.
Extensive R&D investment will be required - partanly in the fields of energy storage, vehicle emgiring,
and power-grid integration. In fact, such allianees already in place. For instance, BMW, Daimled a
Volkswagen are working with major German power digpp such as Vattenfall, RWE, and Evonik. VW
also recently began working with Toshiba on theettgyment of battery technology. Powerful battedes
indeed the key to the entire vision. The Siemen®R&cus is on electric vehicle system requirememtd
the design of a mobility power grid infrastructufemong other things, Siemens engineers are exaginin
power generation and distribution options, transpod energy management systems, smart meteringrpo
electronics, software, sensors and, of coursetreletrives and the recovery and storage of energy.

As electric vehicles enter the market, the powedd gvill have to be updated. It will, for examplee b
necessary to install systems that can accommodtiatetotal electricity requirements of the individual
vehicles in public areas such as inner-city parkyagages and sports stadiums. Here, one distributio
transformer complete with switchgear will be neefmdevery 50 vehicles. This means several dozeh su
transformers will have to be linked via medium-agk switchgear. Having several thousand vehicldegda

in one place will require major facilities, and ¢keewill have to be installed in basements or sépara
buildings. After all, if 10,000 vehicles simultansty tap the grid for 20 kW each, the resultinguisep
output will be 200 megawatts - which is what a rmedpower plant produces.
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Fig. 3: Integration of electric vehicles into smarids.

Experts believe that in Germany alone, there ismi@l for 4.5 million electric vehicles on the doly 2020.
All of these vehicles could get their power frone tbixisting grid. And that’s just a conservativareate,
because these vehicles would only add up to alafibhthe second cars owned by families, most bictv
never travel over 70 kilometres a day. However giiatteries as storage is today 100 times morensijee
than storing energy in pump storage power plants.

5 SELLING MILESINSTEAD OF CARS

Germany is not the only country pursuing new electrobility concepts; ideas are also being gendratel
implemented in the U.S., Australia, Israel, and mark, as well as in other nations. In Californiastart-up
called Better Place is addressing the entire vehan for a modern mobility system based on renéwvab
energy sources. Launched two years ago, Bettere Rtaavorking on the creation of a comprehensive
infrastructure for the operation of electric vebgl Following the concept used to attract mobilengh
customers, Better Place plans to provide its custemvith cars at discount prices - or even for .free
Customers would then pay for the distances tradeliéth their invoices based solely on the actuahber
of kilometres driven. Better Place believes it gaavide customers with a better kilometre-basedithen
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deal for electric vehicles than can be obtainedafgehicle with a combustion engine. Here, batstayions
designed like gas stations would enable batteowsdn energy to be quickly exchanged for fully-ajeat
ones. Better Place has entered a partnership \eilatkt-Nissan and plans to work with local enertijjtias
to establish energy infrastructures in various ¢aes: The first electric car-based systems areebegl to be
up and running by 2011.

German companies have also recognized the markemti@ offered by electric vehicles and are wogkin
hard to develop appropriate solutions. Daimler,éeample, is looking to establish an alliance vettergy
provider RWE that would standardize battery chaygitations. The fact that Abu Dhabi recently dedite
become a major Daimler shareholder appears torootfiat the automaker is on the right track. Thioug
Daimler, Abu Dhabi is banking on an accelerateddition from combustion engines to alternative @lriv
systems, thus preparing itself for the “post-od.erSimilarly, BMW and Volkswagen are working with
energy companies - among other things in ordeeterthine which types of infrastructure are neceskar
different mobility requirements. Their ultimate ¢oa to establish a foundation for the widespread
introduction of electric vehicles.

The electric automobile revolution could end upirigkplace in Asia, however, as completely new playe
are now joining traditional automotive companiesréh At the 2008 Geneva Motor Show, for example, a
Chinese plug-in hybrid electric vehicle known as tR3DM” was unveiled by a company called Build You
Dream (BYD). The car is equipped with a small-votugombustion engine (1.0 liters displacement), a
complete electric drive system, and a battery/gmranit that can be charged internally via a genera
and/or by exploiting braking energy recovery, oteemally at a conventional 230-volt outlet. The izétis
range in the pure electric mode is 110 kilometvasich is more than the average one-day requiremiént
most commuters. BYD, which is headquartered in 3hen in the Chinese province of Guangdong, was
established in 1995. It now has 120,000 employeesis one of the top 20 companies in China. For six
years now, its 6,000 engineers have been integsstatlying and developing hybrid and electric vigsc
Thanks to Chinese expertise in the field of Li-lwetteries, which comes from decades of experierte w
cell phones and PCs, BYD is one of the few automsmal@ywhere that can independently develop and
produce the battery technology required for moddectric vehicles. If these vehicles manage talfthe
safety regulations in Europe, they would becommgercompetitors to European car manufactures.

6 MOBILE POWER PLANTS.

Connecting electric vehicles to the power grid goseoarticular challenge, as large amounts of gneii)
need to flow quickly and in both directions if thkectrical energy from batteries is to be usedoasafied
“regulating energy” during peak times. Regulatinmgemgy refers to the energy a power network operator
must provide in order to offset frequency fluctoas in the network, which arise when more enerdpeiag
used than the base-load power plants are capaBleppfying. Regulating energy then has to be segt
short notice from natural gas plants, pumped sergglropower stations, thermal plants, or energsage
units. Already most of the components, systems, soidtions needed to establish an infrastructure to
connect electric vehicles to the power grid areilabbe: Switchgears, inverters, and control techgy|
network coupling, and local grid transformers.

7 REFERENCE PROJECTS

Siemens’ Energy Sector established a researcim@dlim February 2009, when it signed an agreengent t
join an international consortium in Denmark knowsthe EDISON project. EDISON stands for “Electric
vehicles in a Distributed and Integrated markehgSSustainable energy and Open Networks.” The gbal
the project is to standardize electrical energyagfe equipment and charging/discharging technadofgie
electric and plug-in electric hybrid vehicles. Inative ways of linking electric vehicles to the mavsupply
grid in Denmark are studied.

Today, 20 percent of Denmark’s electricity is proeld by wind power, making it the world leader iisth
area and this figure is set to rise to 50 percgn@®R5. Still, the good feeling about so much rezigle
energy is dampened by the fact that when the wind$too strongly, the wind-turbine rotors generatare
electricity than Denmark’s grid can handle. Up lunbw, Danish power utilities have had to send this
surplus electricity to neighbouring countries - goaly for doing so. It is therefore not surprisifatt
Denmark is a pioneer in the development of stotaghnologies to accommodate excess electricityy wit
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researchers focusing mainly on the batteries usedeictric vehicles. Current plans call for one ofiten
cars in Denmark to run on electricity from wind movin ten years. Although this goal may seem aiminsti
given that there are hardly any electric vehicles€Earopean roads today, Denmark is moving aheddlyap
with electric mobility through a broad range of jeats. Practical testing will begin in 2011 on anish
island of Bornholm in the Baltic Sea.

As a partner in the EDISON project, Siemens is aasjple for coordinating and delivering key
technologies, such as those needed for chargitigretaand associated control systems that ensum@ailp
utilization of battery capacities. At the heart tfe overall setup are the power electronics and
communication systems for managing battery chargimgj feeding to the grid. The power grid connection
constitutes a special challenge because large amofienergy have to flow quickly and bidirectidgab

be able to use the electrical energy in the baiaziso as balancing power.

Siemens’ testing activities are not limited to Demky of course. The company’s researchers areagkbee

in Germany, where, for example, they are workinthwlarz.EE.mobility in a project designed to detielen
how distributed wind, solar, and biogas power systecan be better aligned with the grid. Three
participating districts in Germany’s Harz regioe éwoking at how to incorporate electric vehicle®isuch

a system. Siemens will deliver charging posts, re@rg@y management system for the integration oftrtec
cars into the smart grid, and associated commuaitat

The Austrian Mobile Power Platform was founded viite goal of rapidly implementing electro mobility
Austria. Amongst them is Verbund as electricity qarcer, Magna as producer of car components and
Siemens as supplies of smart grid infrastructutee Platform comprises of a growing number of top
representatives from the sectors of vehicle-, systnd infrastructure development.

Against the background of the economic goals ofgnefficiency, reduction of emissions - especidiigse
of CO2, but also particulate matter or noise - al§ &s supply security, the partners want to eistala valid
superordinate overall system that works not onliustria but also transnationally.

usrion I~
mobile
power"

Fig. 4: Logo of the Austrian Mobile Power initiagiv

The Austrian Mobile Power initiative follows a ctegsion for the future of automobility: cars arighit-
duty commercial vehicles will in future be powelwdelectricity from renewable energies. As the d¢ouaf
renewable energy sources, Austria offers the besegquisites for an environmentally friendly, susthle
transport system based upon renewable energy soukcstrian Mobile Power wants to use this unique
opportunity and promote developments in this area.

In 2020 there will be at least 100,000 electricigks on the roads in at least one conurbationoddimout
Austria, there could indeed already be 500,000tmteeehicles in operation at this time. In 205@ere will
then only be purely electrically powered vehiclesAustria. AMP is making an important contributitm
achieving the platform members’ ambitious goal fyesting 50 million Euro for the introduction oketro
mobility in Austria by 2020. The funds will be usédl promote the market launch of production-ready
electric vehicles, to make an ample charging imfuature available for electricity generated froenewable
energies, as well as developing customer-orientedility services. A central task of the platformtise
integration of model regions for electro mobilityAustria.

8 OUTLOOK AND CONCLUSION

Climate change, gas prices, the increasing demamnudbility, new technological developments for ieeg
and batteries - all these factors contribute to fdmt that an old idea is coming back to life: &liec
automobiles. Electric vehicles are creating a swfealevelopment and are the cause of exciting new
alliances. Cars are turning into mobile energyagerunits with the ability to re-feed energy baziStart
Grids. Electric vehicles, therefore, become muchentiban environmentally compatible vehicles: thieyan
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important element of an intelligent energy infrasture and contribute to the grid’s ability to campate for
fluctuating infeed from renewables and distribugederation units.

The increasing share of decentralised and renevesiglggy and electric cars are a growing challengéhie
electrical grid. In order to master these challengjee grid and its consumers must become mor#keand
interactive. Therefore today's grid have to bedfam into an intelligent network that allows brefitional
communication between electricity suppliers and scomers and fosters sustainability by providing
incentives for the efficient use of green energyhaiVis needed is an end-to-end infrastructureirsgaviith
generation over transmission and distribution targrmonsumption.

Much still needs to be done here. For instance:

« Power grids have to be able to react correctlyguidkly to fluctuations in the supply of electricit
from renewable energy sources such as wind and feaiéities.

- Standards must be defined regarding the chargiftgge of the power electronics, and a decision
needs to be made as to whether the recharginggs@gshould be controlled by a system within the
vehicle or one installed at the charging station.

« Components for bidirectional operations and flexibilling for electricity still need to be develape
if passenger cars are to be used as electricitpggamedia. And all these things must be part®f th
smart grid of the future.

Siemens has years of experience and tremendoustisgpa all aspects of the energy supply chaire Th
company is thus ideally suited to help design taowis electric mobility system - from vehicle patts
power grid components.
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