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Global warming and efforts to reduce greenhousegasve forced our communit]
towards the use of alternative fuels. Due to redenelopments, electric cars are b
coming a respectable alternative to gasoline ders Master's Thesis is a part of

project, which aims to advance sustainable elentnbility in Finland. The thesis eval
luates the current state of the industry in Finland abroad. Also, the technology

electric cars and the batteries are reviewed. Tinegpy target of the thesis is to deve
op solutions for electric vehicle charging, billimend metering in the Helsinki ared
The billing and metering solutions are assesseu fiee end-user’s point of view. I
the thesis, charging and billing solutions for vas locations are suggested and e

luated. Also, the effect of charging on the eletyiconsumption of individual house|

holds is examined along with medium voltage feesledies. The examples from me

dium voltage feeders reveal that intelligent chaggis desirable from the beginnin
and even mandatory in the long run. Lack of irngeltice might result in exceeding th
load capacity of the local network. The paymenthuodtevaluation notes the combin
tion of mobile phone and RFID (Radio Frequenanlification) to be the most prag
tical. RFID could handle the payment while the iteophone offers the extra servig

es. The mobile phone could operate as an optionstrument of payment
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lImaston lampeneminen ja tavoitteet kasvihuoneka@@stojen vahentamiseksi ajavat

yhteiskuntaamme kohti vaihtoehtoisia polttoaineitameaikaisen kehityksen johdosta

séhkodautoista on tullut varteenotettava vaihtodtdovaamaan polttomoottoriauto

Tyossa késitelladn aluksi sdhkodautoilun nykytilamrSessa ja maailmalla seka tarkas-

tellaan auto- ja akkutekniikkaa. Varsinaisena tigena on pohtia mahdollisia ratkai
ja tuleville sdhkoautojen latausjarjestelmille séauksen maksutapoja loppukaytta
nakokulmasta. Tydssa esitetaan ja arvioidaan mijaeri kohteiden lataustarkoituks
seka laskutustapoihin. Lisaksi tutkimuksessa taellasn suppeasti sahkdauton latg
sen vaikutusta yksittaisen kotitalouden sdhkonkikisgen ja hieman laajemmassa
takaavassa keskijanniteverkkoon. Esimerkkilaskoittzs/at alykkaén latauksen oley
suotavaa jo muutoksen alkuvaiheessa ja miltei aréfitonta séhkdautojen yleistyed
Sahkbautojen yleistyminen ja dalykkaan latauksertgpgaattavat johtaa verkon kuort
tettavuuden ylittymiseen paikallisesti. Julkistatauspaikkojen maksutapatarkastely
todetaan, ettd matkapuhelimen ja RFID:n yhdistebhigi kaytannollisin vaihtoehtd
RFID:n avulla voitaisiin hoitaa itse maksaminen faatkapuhelin voisi tarjof
lisapalveluita kuluttajille. Matkapuhelinta olisi ahdollista kayttdd vaihtoehtoisg

maksuvalineena.
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1 Introduction

1.1 General

Constantly rising fuel prices and environmentalsmiousness have forced communities
to consider alternative transport solutions. In gast, electric cars have not been a
noteworthy alternative for cars with an internaintmstion engine due to poor batteries.
Lately, batteries and electric cars have develdpdibcome a respectable alternative to
gasoline powered cars. Although battery priceshagh and driving ranges are low

compared to the gasoline cars, electric vehiclésileseveral direct and indirect benefits

to the society. Numerous projects concerning etettansportation around the world

are in operation. Since most of these projectsaaitbe initial phase, actual results are
not available yet. The electric vehicle technolagg business are, however, developing
rapidly. Thus, it is vital to keep up with the paa®d develop innovations and concepts
further. After all, the Finnish industry has adwaggous business opportunities after the

transition really commences.

1.2 Scope and aim of the thesis

This Master’s Thesis is a part of the SIMBe (Snhafrtastructures for Electric Mobility

in Built Environments) project, started up in Jayua010. The project is introduced
further in Section 1.4. Chapter 2 presents thehjistechnology and features of electric
cars. Additionally, battery technology is underdstuThe present state of the electric
vehicle industry is assessed in Chapter 3. Theagrimaim of the thesis involves two
points; to outline the possible charging soluticersd the feasible billing and metering
methods for the electric cars in the Helsinki regidhe fist aim is covered in Chapter 4
and the latter in Chapter 6. These solutions cautibeed at the implementing phase of
the SIMBe project. The scope of the billing and enieig evaluation was to consider this
issue from the end-users viewpoint. Helen Sahkdwefy provided the research data
used in Chapter 5 that handles the secondary targeexamine the effects of electric
vehicle charging on the medium voltage networkadidition, the increase of an indi-

vidual household’s electricity consumption was ased. At the end of the thesis, pro-



posals for the basic solutions of charging areothiced. Also, convenient billing and

metering methods from the user’s viewpoint are sstgyl.

1.3 Methods

The thesis was started by familiarizing with théjsat and gathering basic understand-
ing about the state of the industry worldwide. Attee introductory phase, a preliminary
table of contents was prepared. Based on the tdlgentents, more accurate data about
the chapter at issue was explored. The initial @haainly included literature survey.
Later, concepts from the world and ideas from thdB® project were partially mod-
ified and utilized into basic charging solution$€eTbilling and metering solutions were
evaluated by assessing the current means of payandnways of metering the electrici-
ty consumption. The effects of electric vehiclergag to the power grid based on the
data received from Helen S&hkodverkko Oy. By inatgdown impressions about the
charging load into the received data, a concemlmout the effects to the medium vol-

tage network was acquired.

1.4 The SIMBe project

The overall aim of SIMBe is to accelerate sustdmadiectric mobility in Finland.
SIMBe aims to prepare Finnish industrial partied aonsumers for transition towards
electric transportation. The project covers théestad opportunities of the industry in
its entirety. The project focuses on built up eomments and Helsinki will be the initial
pilot city. Electric vehicles (EV) and plug-in hybbrelectric vehicles (PHEV) lie within
its scope, but not hybrids without plug-in capabpiliThe scheduled time for the whole
project is from January 2010 to December 2011 haddtal budget is 1 M€. [1]

SIMBe starts with a stakeholder value analysisudicig industry, public authorities and
end users. In the modeling and simulation phaseketa traffic- and technology as-
sessments as well as new and existing servicebeavilhtegrated into concepts for stra-
tegic business models and earning logics. Furthgubs include an infrastructure blue-

print and guidelines for transition, uncertaintymagement and market entry. [1]



Electric vehicles are entering vehicle markets dodens of car manufacturers have
announced the launching of their own EV projectalnmét Automotive has started to
produce a Norwegian Think City electric vehiclegiiie 1). An American hybrid sports
car, Fisker Karma, will also be produced by Valrffeégure 2). Moreover, European
Batteries is opening a factory for lithium batteria Varkaus in 2010. [1] Finnish elec-
tro technical expertise merged with the electric iodustry offers plenty of potential

business opportunities.

Figure 2: Fisker Karmd3]
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Project participants

SIMBe will prepare the industrial partners to ergyagnew business opportunities built

on electric energy sales and purchases, the iretdessdes of components, the provision

of vehicles and mobility services as well as thevigion of infrastructures. Both indus-

trial partners, as well as Helsinki, will becomesdimnners in Finland in terms of electric

mobility. Additionally, the partners are able tolamge their image as environmentally

friendly and sustainable suppliers and employéis. [

The following parties are participating in the @dj

Aalto University School of Science and Technology
Tekes

Helsingin Energia

Helsinki City Planning Department
Nokia Siemens Networks Oy
Finnish Parking Association

Ensto Electric Oy

02 Media Oy

Oliivi Autot Oy

eCars Now!

Puronovo Oy

HOK-Elanto

European Batteries Oy

International collaboration will involve complemany expertise from Stanford Univer-

sity, Harvard University, Royal Institute of Techogy (KTH) and the Swedish Energy

Authority STEM. National collaboration is generateith National Consumer Research
Centre, Hanken and Technical Research Center &Hriei(VTT). [1]

The project is divided into four work packages #md Master’'s Thesis enters into work

package 4. Altogether four departments from Aaltoiversity are involved in the

project.



The Business, Innovation and Technology (BIT) rede@entre operates as a
coordinator

The Department of Applied Physics, New Energy Tebbgies group (prof. Pe-
ter Lund)

The Department of Civil & Environmental Engineeringansportation Engi-
neering group (prof. Timo Ernvall)

The Department of Electrical Engineering: Powert&ys and High Voltage
Engineering group (prof. Matti Lehtonen).

Project Director Raphael Giesecke works as theeptapanager. The BIT research cen-
tre focuses on value networks and on value creahovugh electric mobility. Other

departments focus on integrating their technoldgioenpetences into the project. [1]



2 Electric vehicles and plug-in hybrids

2.1 History of electric cars

An electric car is an old invention. Electric vadbi were invented as early as in the
1830s. In the early 1900s electric cars were mopujar than gasoline cars. Electric
cars did not contain the vibration, smell and naisgociated with gasoline cars. Electric
cars also did not require gears, while in gasotiawes gear changing was the most diffi-
cult part of driving. Around the 1920s, internahdaustion engines (ICE) started to gain
dominance in the U.S. automotive markets. Declih&\ sales occurred for several
reasons. First, by the 1920s, the system of roagigined longer-range vehicles as dis-
tances were long. Second, the discovery of crubleeduced the price of gasoline so
that it was affordable to average consumers. Timrd,912 the invention of an electric
starter helped to start an ICE without an awkwaddhcrank. Finally, Henry Ford in-
itiated mass production of internal combustion gls, which made these cars widely
available and more affordable. Cars were no loogér for the upper class. By compar-
ison, in 1912 the price of an electric roadster %&850 while a gasoline car was sold
for $650. [4]

Internal combustion engines have dominated car etsrfor the last 100 years for the
previous and following reasons. It has been dematest that gasoline and diesel as a
fuel contain better energy and power densities thatteries [5]. Moreover, refueling a
gasoline tank takes a couple of minutes while regihg a battery takes several hours.
Additionally, an ICE provides greater driving diste with a single refueling. In the
past decades, the electric car has tried to eatamarkets several times but the attempt
has failed every time. Batteries have been the mesison why EVs are the not the ve-
hicles we drive today [6]. Nevertheless, the mighityindustry has had a major impact

on the failure of EVs to gain a foothold in the ketras well.



2.2 Demand for electric vehicles

In recent years, awareness of global warming anda@mmental issues has forced poli-
ticians to make decisions concerning greenhousesgds addition, the constant in-
crease in crude oil prices has forced communitiesearch for alternative fuels and
ways to get rid of oil dependency. Hydrogen and ¢eéls provide one promising option
for the fuel of the future. Hydrogen incorporateany advantages but also several un-
solved problems. The fuel cells are expensive aulddgen would require a totally new
distribution network. Additionally, the storing bfydrogen arouses challenges as hydro-
gen is a very sensitive and explosive gas. Hydralyers not exist in the form of pure
hydrogen such as oil or coal. Also, hydrogen isature attached to some other element,
for instance the compound of hydrogen and oxygeswknas water. Therefore, pure
hydrogen must be produced, similar to gasolinectvim turn requires energy. [7] Elec-
tricity provides another option for an alternativel. In turn, electricity has many ad-
vantages and disadvantages including the gredeadgal of storage. However, electrici-
ty is the most promising technology available bseathe basic infrastructure already

exists and the technology is identified as beirig aad dependable.

In order to protect nature and limit global warmitige reduction of C®emissions is
essential. The European Union’s energy and clincat@vention states that Finland
needs to reduce Ge@missions by 16% from the 2005 level. The aim if@ustrial
countries is 60-80% reduction from the presentlleye2050. [8] Such a reduction re-
guires improvements in every sector. Road traffiuses 16% of all C&£emissions in
Finland from which passenger cars produce 41%H®hce, EVs are seen as a major
part of the reduction plan. EVs can provide traffithout emissions if the electricity is
produced with renewable resources. With the elegroduction currently in use, the
COsx-emissons of EVs are predicted to be around 50 glemcar including emissions
from power plants and losses in the distributiod tnansmission. At the moment, the
average C@emissions per car are around 180 g/km, includmissions from oil re-

finement and distribution. [8]

Along with CQ-emission reduction plans, a constant rise in th@rece has assisted

the rebirth of EVs [8]. As the world today is inuatarily dependent on oil, alternatives



are needed. In recent times, the price of oil hraatty effected our everyday lives. In
July 2008, the crude oil price rocketed to 147 Ug&D)/which is the highest price of all
time [10]. These high crude oil prices naturallfeafed Finland as well. The prices of
many products rose as transportation costs rotkeeople started to get rid of cars
with high consumption, and people started to thiakefully whether to drive or not.
The peak occurred over the holiday season and reatrgpreneurs suffered because
people could not afford to travel. The consequemcedong-lasting on both the general
welfare and the economy, and it can take yeargdover. Fortunately, EVs offer an
energy efficient solution to reduce this oil depemcy and ensure sufficiency of oil for

future generations.

The price of a product strongly directs consumevgatds certain choices. Consumers
weigh receivable benefits against prices and ugub# most valuable alternative is
chosen. Thus, consumer selections can be influewitkdtaxation. On a larger scale,
the same principle applies. In time, the most eff&tient solution to the whole society
overshadows other option€urrently, electric cars are expensive due to hatteand
the charging infrastructure requires major invesitsieLater, when the technology be-
comes less expensive and the infrastructure stanplace, EVs will become an attrac-
tive option to gasoline cars. However, developmerihe technology and financial as-

sistance is required to kick off the transition.

2.3 Plug-in hybrid vehicle (PHEV)

A plug-in hybrid vehicle contains an internal coratlon engine and an electric motor
enabling long driving distance, relatively low fueginsumption and low G&emissions.
Plug-in hybrids can be divided in two main categsriparallel hybrids and series hybr-
ids. In a parallel hybrid both engines can rundgae(Figure 3). Typically, these engines
run simultaneously, utilizing both their featurtsparallel hybrids, a battery operates as
energy storage for the electric motor. Batteriehaege while the car is braking or the
engine is running free. Batteries can also be rgeuafrom an external power source.
When batteries run out of power, an internal cortibnengine turns on and the driving
continues without interruptions. In series hybrasICE operates as a generator to keep

up the electric motor and the batteries. The etentotor runs the car alone (Figure 4).



Batteries are recharged the same way as in pamgteids. [8] The advantage of series
hybrids is that they can utilize the combustionieagptimally. The ICE can run on its
efficient revs and the batteries deal with the poadjusting. Of the major car manufac-
turers, Toyota uses a combination of two hybrichiegues called the series parallel
hybrid system (Figure 5) [8].

System Energy Flow
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Contrary to EVs, driving distance is not a problesth plug-in hybrids. Additionally,

heating and cooling of the interior can be deathwvain ICE like before. Thus, it is easier
for consumers, for a start, to choose a plug-irridyinstead of a fully electric car. How-
ever, in the long run plug-in hybrids are seenrasnéial phase towards fully electric
transportation. When charging stations start toeappbatteries develop further and

prices go down, EVs are believed to start to becomoee widespread.

2.4 Electric vehicle (EV)

Electric vehicles require less service and thectire is less complicated than in plug-in
hybrids. An electric car does not include an ICE asotor or a generator. A battery and
an electric motor operate as a power source. Theepoeeded for the AC-motor is

stored in the batteries. As in PHEVSs, the battamebarge while the car is braking. Al-

so, the batteries can be recharged from an extpowér source. Chargers can be di-
vided into two categories, on-board and off-boandrgers. Chargers with less power
are called on-board chargers because they aredplaside the car. High power chargers
(off-board) are external DC-chargers. Because efetfficiency, an electric motor does
not produce enough heat for the interior of the Elnce, a distinct heater is required.

Otherwise electric cars do not need to differ mixolm existing car types. Electric cars

10



can be as fast and practical as cars today. Fuortrer electric cars offer a transport
solution without local tailpipe emissions. [8] Camsion EVs are cars with an ICE
changed to an electric motor and a battery packinfand, only a few of such cars ex-
ist, mainly in business use. A Finnish communilled eCars — Now! creates these
conversions and their conversion Corolla has widglgeared in public. According to
Jiri Rasanen from theCars — Now!-community, a conversion for a standard Toyota
Corolla costs some 30 000 €. [18]the future, conversions will be cheaper as thi¢eb

ries hopefully become less expensive.

Throughout the years, the battery has been the afsitacle to the widespread adoption
of EVs. Costs and performance have typically béenkey problems with the batteries.
[8] Currently, performance is not an obstacle amgkr. Electric vehicles can accelerate
from O to 100 km/h in less than 4 seconds and mygidistance can be almost 400 km
[13]. To achieve such a performance and drivinggeathe price tag will be very high.
Considering more conventional cars, EVs are mucheregpensive than most cars to-
day. However, driving costs are many times lowdhwan EV. Therefore, the prices of
EVs can be higher. The question is how much exgacansumers willing to pay? The
battery is the most expensive part of an EV. Fareglium sized electric car a battery
pack costs ca. 20 000 € [8], which forms two thiofishe total price of the car [14]. In
the future, ultra capacitors might replace batseriditra capacitors are hoped to possess
better energy density, smaller size and rechargomgd take only minutes. However,
ultra capacitors are under testing and mass prmtuntight be still years away. In the
future, ultra capacitors might revolutionize therstg of the electricity and, at the same

time, electric motoring. [15][16]
2.4.1 Driving

The reputation that EVs have from the history &t tiney are mainly perceived as slow
plastic boxes with wheels. New, modern EVs, howewan totally change the old im-
age. Once people have driven these cars, theyrdgrthange their conception. Modern
EVs are quiet, fast, comfortable and easy to di&xs are quiet because an electric mo-
tor produces only a quiet buzz while running. Aivelspeeds, the actual noise merely
comes from the tires. At higher speeds, the naism ftires is covered by the wind

noise. When you learn to drive, the most diffiqudirt of driving is usually gear chang-
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ing. With an EV, driving is simple because clutcid years are not required. Moreover,
an electric motor offers plenty of torque instarathd throughout the revolutions. Hence,
an electric car is even quicker than a car witteqnal powered petrol engine. Driving
distance, nevertheless, remains a challenge for Bxiging distance is proportional to

the size of the battery pack. Reasonably priced iB\fsoduction are capable of a 100-

200 km driving distance, which serves most peoplasy needs, as seen in Figure 6.

Figure 6: Peoples’ daily mileagg$7] (Modified)

Driving with an EV requires minor changes in pespldriving habits. Regular visits to
gas stations become unnecessary as you “refuekahduring the day while the EV is
idle. In the evening the car is plugged in andlib#ery will be fully recharged by the
morning; simple. While driving, in the case of avleharging level, an electric motor
reduces its output to save energy. This way batieto not run down unexpectedly and
the driver manages to drive to the nearest changimgt. [5] Table 1 represents empty-
to-full charging times with most probable chargiegels. The size of the battery pack
in calculations is 30 kWh and the efficiency of thettery and the charging process is
assumed to be 80% [8]. With fast charging the ahgrgower must be reduced after a
charge level of 80%. Hence, Table 1 includes theaeempty-to-full time and practic-
al time for an empty-t0-80% charge level. Chardiengls above 20 kW are probably
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handled with off-board DC-chargers [8]. Similaradations found on the Internet are

usually over-optimistic and the losses are notriak&o account.

Table 1: Charging times with most probablargfing levels

2.5 Battery

The battery is the most crucial element of an glecar. The main characteristics of the
battery are energy density (Wh/kg or Wh/l), powensity (W/kg or W/I), price and

lifetime (calendar or cycle stability). Power dépsand energy density are exclusive
parameters. Therefore, a battery with short chgrgimd discharging time cannot have
appropriate energy storage capabilities and viecsavelhe lifetime depends on the way

the battery is used and charged. [8]

Recently, the development of Lithium-lon (Li-lontberies has enabled EVs to be res-
pectable alternatives to gasoline cars. Histogc&Vs have used a variety of batteries
that have included many weaknesses, such as |lamgrggng times and low driving
ranges. In 1991, the Sony Corporation commercidlibe first Li-lon battery. Today,
Li-lon is the fastest growing and the most prongsiattery chemistry. Lithium is the
best material for batteries because it is the éigihtf all metals, contains the greatest
electrochemical potential and provides the largestrgy density per weight. As a result,
lithium batteries possess high voltage and exceltapacity, resulting in high energy
density. Additionally, Li-lon batteries serve asvimmaintenance batteries without mem-
ory, and scheduled cycling is not required to namthe Li-lon battery life. Moreover,
the self-discharge is less than half that of NidWetal Hydride (NiMH) batteries. [18]
Although batteries have developed more slowly teapected, Li-lon batteries have
been revolutionary in the battery industry. Therabteristics of Li-lon batteries are su-

perior to the features of lead and nickel battefigs
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Li-lon batteries, however, have their disadvantagesvell. First, Li-lon batteries are
expensive to manufacture, at least for now. Aceaydo the Boston Consulting Group
(BCG), battery costs will decline steeply as prdaiucvolumes increase [16]. Second,
Li-lon batteries are subject to aging, even if mouse. Lastly, the batteries require a
protection circuit to limit voltage and current8]1f a Li-lon battery is run fully empty,
the battery might become useless. Also high tentperaair humidity and fast charging
shorten the lifetime of the Li-lon battery. Safédyms a very important aspect in battery
technology as well. Lithium batteries might expladeen short-circuited or overheated.
Particularly while fast charging, batteries warmsignificantly. Therefore, proper cool-

ing of the batteries is important. [16][19]

The battery industry faces serious challenges.eBast can be optimized to either high
or cold temperatures, but it is difficult to falate batteries that function over a wide
range of temperatures. Another major challengbdsctapacity for storing energy. Bat-
tery cells today can reach nominal energy dendtgga 140 to 170 Wh/kg, compared to
13 000 Wh/kg for gasoline. Assuming that in theufatthe energy density reaches 200
Wh/kg, the driving range would be around 300 kmisTkind of battery pack would
weigh around 250 kg resulting in high delivery so$16] Thus, the battery industry will
be bound closely to car manufacturers. Deliverysosed to be kept as low as possible
because the battery is expensive already and attlgrdetermines the price of an EV.
The cost of a battery pack plays a critical rolel@ermining the commercial viability of
EVs. The current original equipment manufactureEXD cost of a battery pack ranges
between $1 000 and $1 200 per kWh. The United Stativanced Battery Consortium
has set a cost target of $250 per kWh by the y@20.2According to a BCG analysis, a
15 kWh battery pack that currently costs aroundd®®31 220 per kWh, will cost $360
to $440 per kWh in 2020. These are the OEM prittes;end consumers will need to
pay a 40 to 45% premium. The possible price redoatiepends on volume-dependent
costs which include raw materials, labor rates gederal machinery. BCG estimates
that 70 to 75 percent of cell costs are volume déeet. The cell represents some 65
percent of the costs of the battery pack. The mfdéhium has only a minor effect be-
cause lithium represents roughly two percent of ce$ts. Therefore, the cost of the

lithium forms only 1.3 percent of the total costdle battery pack. [16]
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25.1 Lithium Iron Phosphate (LiFePQ)

At the moment of writing, LiFeP{batteries are one of the most advanced typesteof ba
teries suitable for EVs. LiFeRMas good chemical and thermal stability and thexgn
density per unit weight is rather high (110 Wh/Kg)addition, LiFeP@batteries can be
recharged more than 2 000 times and the self digehaf one cell is less than 1% per
month. LiFePQ batteries do not suffer any memory effect and tteey be charged any
time. Further, the batteries can be operated inaigntation, which is important in
widespread everyday use. [20] A LiFePatterydoes not require full recharge and
people can charge their battery, for instance, 80lyminutes while shopping. Among
these benefits, LiFePOncorporates several other advantages. Firstietienology is
stated safe, which is important for the marketyenfrnew technologies. Second, the
batteries are maintenance-free for their lifetifieird, LiFePQ does not contain toxic
heavy metals, making it the most environmentalnfilg battery chemistry available.
Lastly, LiFePQ batteries can be safely recharged rapidly: whely filischarged, the
battery can be 90% fully charged in 15 minutes. LikePQ technology has also dis-
advantages. The nominal voltage for one cell is\3.B the cell is discharged below 2.8
V, the durability may fall. Moreover, the cell vagie should not exceed 3.6 V during
charging. [20] Another disadvantage is generatethfthe alternation of the capacity at
different temperatures. A LiFeRMattery loses usable capacity both in cold and hot
environments. Therefore, an appropriate thermag@ides required to keep the battery at

a suitable operating temperature. [21]

Carnegie Mellon University Pittsburgh has perfornaedst on LiFePQcells produced
by A123 Systems. Altogether 13 cells were purchdsmd four individual fabrication
lots. The test examined the effects of combinedmyyiand vehicle to grid (V2G) usage
on the lifetime performance of commercial LiFePe2lls. The cells were kept at the
ambient lab temperature of 24-27 °C. Different degrof continuous discharge were
imposed on the cells to copy the V2G use. Additigna vehicle driving data and a
vehicle physical model were used to create a dwtyery usage pattern. The promising
test results showed that more than 95% of theraigiell capacity remains after thou-
sands of driving days worth of use. Subsequent@0®cycles, only a minor fraction of

the initial capacity had been lost. In cells 95%ctarged, the measurement predicted
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that 5 300 cycles will be needed to lower the capdo 80% of initial capacity. [22]
Therefore, if used and charged every day in an iel@daronment, the battery would be
in operational condition nearly 15 years. In rgaliaulty usage, temperature alternation
and fast charging would decrease the lifetime ef battery. Together with previous
results, the test revealed that the cells fromregpdocations did not behave identically.
Another observation was that higher rate cyclimgplving fast charging, causes more
capacity loss than slower cycling. [22] These cosicns are based on the laboratory
circumstances. Thus, results certainly differ frira reality, although driving behavior
and V2G simulations were used. Especially the Eatdiish winter decreases the capac-
ity significantly. However, the test shows that €, batteries are suitable for EVs

and that the advantages are definite.

2.6 Weight comparison

What is the weight difference between an ICE (imiécombustion engine) and an elec-
tric motor plus a battery pack? By adding moredyas, the driving distance can be
extended because the driving distance depends the tgize of the battery pack propor-
tionally. This poses a problem as the battery packsexpensive and heavy. The battery
pack for the Think City weighs 245-260 kg which stitutes one quarter of the kerb
weight of the car [2]. Similarly, the battery paick the Tesla Roadster weighs around
400 kg [13]. Ensto owns a conversion Volkswagers&athat has a 24 kWh Lithium-
ion battery pack of 240 kg. The car characteribesdriving range of around 100 km.
The following figures are from Antti Ruusunen frahre eCars — Now- community.
The internal combustion engine and transmissiotheir conversion Toyota Corolla
weigh 150 kg, the tailpipe 20 kg and the gasolarkt50 kg. According to Ruusunen, in
other car models these parts can be heavier. Titeriba of their conversion Corolla
weigh nearly 300 kg, the electric motor 50-150 kg ¢he other parts about 50 kg. Thus,
conversion to an electric car adds around 150-80@ khe total weight of a car depend-
ing on the performance requirements. Although thigelby packs are heavy, they can be
attached to the bottom of the car, which in tunwdos the center of gravity of the car.
The lower center of gravity improves the handliigh@ car and reduces the probability

of rollover.
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2.7 Redesign

The performance and the lightness of electric nsodmid batteries are developing all the
time. Isis Innovation, the Oxford University’s tewilogy transfer company, has devel-
oped a new electric motor that outperforms theoolels. The motor is lightweight and it
delivers a beneficial power to weight performantke weight is only 13 kg but the
motor delivers a peak torque of 130 Nm and a peakep of 50 kW. The overall effi-
ciency is as high as 97%. One suitable applicatiotine motor is in EVs and PHEVSs,
where mass and efficiency are critical. [23] Whea motor is compact and the batteries

can be placed at floor level, the car design cambes innovative.

Recently, Michelin has designed an active whed tibilly revolutionizes the car de-
sign (Figure 7). All essential components have betggrated into the wheel itself, in-
cluding the electrical suspension and the eledtddae motor. The electrical suspen-
sion features extremely fast response time — jlisDB0th of a second. Thus, all pitch-

ing and rolling motions are corrected automaticdiiyi]

Figure 7: Michelin Active wheg¢p4]

The defining factors of present-day cars, the geadmd the combustion engine, are not
needed due to the active wheel. The technologylesabrethink of the automobile and
it releases styling teams from certain constraiNeswy design possibilities include the

elimination of the engine block, weight reductidhe possibility of totally flat floor
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cars, and chassis design that is fully focusedassgnger safety and interior space. The
invention accompanies other advantages as welacdne wheel system in each corner
provides an active four wheel drive. [24] Furtherejahe car has plenty of space for
batteries. Tire change can be performed as uswealube the active part lies inside the

wheel. [25] Undoubtedly, thrilling and exceptioralr design will be seen in the future.

2.8 Advantages of EVs

Electric vehicles possess many advantages. FirdEVacan have zero total emissions.
In theory, if the electricity is produced with reveble resources the total g@®missions
are zero [5]. With the Finnish production structuiee total C@-emissions would be
around 50 g/km, including the emissions of thetelgty production and losses in the
transmission of electricity. [8] Achieving zero esions would require huge changes in
the electricity production. In the real power systeelectric vehicles increase the peak
load that is mainly handled with coal combustionvpo plants. Thus, electric vehicles
increase the C£emissions of the electricity production and oriig tailpipe emissions
are zero. Compared to diesel vehicles, which predhaemful NOx-emissions, EVs lack
the contamination of fine particles. Certainly, tives will raise the fine particles from
the road into the city air like before. Neverttsslethe total amount of pollutants in the
city air will decrease. Hence, EVs could incorperatajor indirect influences as well.
The air quality in large cities would improve arespiratory disorders would decrease.
The second advantage derives from the energy eifigi of electric motors. The total
efficiency depends greatly on the way the eledyis produced. Third, an EV is quiet
because an electric motor is almost silent. Thiuices traffic noise in the city and ur-
ban areas, where driving speed is low and tireenigisnsignificant compared to engine
noise. On the other hand, quietness can be hazatdqedestrians who cannot hear the
approaching car. The fourth advantage is the chesapof the upkeep. The operating
and maintenance costs are low because the technslegry simple and the fuel (elec-
tricity) is cheap for now. [5] With an EV, drivinig presently three times cheaper than
with a gasoline car. In Appendix A, fuel costs @80 km are calculated. At present, the
Finnish government collects gasoline taxes worthbildon euro annually [26]. After
EVs start to gain popularity, the government ndedsompensate this lost gasoline tax

income. Additional taxes might be somehow colledtedh EV users. Thus, driving an
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EV will be more expensive in the future. In additim affordability, EVs would reduce

our dependency on oil. The electricity needed campioduced using many techniques
and a sufficient amount of energy is constanthilalée. The structure of an electric car
entails further financial advantages for the uger.EV is more maintenance-free than
an ICE car (no oll, tailpipe, filters or spark p#)gin fact, an electric motor includes
only one moving part. Therefore, maintenance casisld be only a fraction of present
maintenance costs. Finally, an electric motor mtesiplenty of torque from a standing
start and braking energy can be regenerated. [esetreasons, EVs are functional in

city areas, where traffic lights and traffic jan@ise constant stop and go movement. [5]

2.9 Energy efficiency

In EVs all the energy comes from electricity. THere, EVs are not tied to any particu-
lar energy source. The electricity can be producsdg the most cost efficient produc-
tion method available. Electric motors with theffigency outrun internal combustion

engines. ICE vehicles generally run at about 20f6iehcy, whereas EVs put approx-
imately 80% of their input into running the car [2Additionally, the braking energy

can be restored to batteries with regenerativeitgakn the best scenario, an EV can
have three times better energy efficiency thansmlgee powered car [8]. However, the
actual total efficiency depends on many factortuiiog; the electric motor, the battery,
the power train, the power electronics, the eleityriproduction method and the tem-

perature of the outdoor operating environment.

The energy consumption of an EV is around 0.20 Knvhéxcluding heating and cool-
ing of the interior. Respectively, the energy canption for a gasoline car is around
0.60 kWh/km (corresponds to a fuel consumption.@fl&00 km). [8] In Appendix B,
various production methods are compared in termgiofary energy consumption and
COz-emission reduction. The reduction of £€mission depends on the way the elec-
tricity is produced. It is noteworthy, that everthe electricity is produced purely with
coal, the total C®@emissons still decrease. This occurs becauseielenbtors are more
energy efficient than internal combustion engiri@sOverall, controlling and optimiz-

ing processes is easier in larger units, such pewer plants.
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3 Present state and future outlook for the EV in-

dustry

3.1 Present situation

In many countries transition is at the planning gghar early implementation phase.
Israel has announced its co-operation with Bettacd?and Renault-Nissan to be the
first nation to achieve an all-electric infrasturet [28]. Portugal has a MOBI.E-project
which will launch a nationwide electric mobility meork by 2011 and liberates the
country from dependency on oil. Previously, Portuggorted most of its energy. Cur-
rently, renewable energies account for over 43%ota energy electricity production.
Hence, all 1300 charging points come into advantagéalancing load variations.
[29][30] In parallel with these projects, activdie@are going on at least in Denmark,
Sweden, Germany, Britain, U.S, Canada, Japan anthCJ28] Despite many ongoing

projects, empirical results are not available yet.

At the moment of writing, only a limited number BVs are available and the demand
has already exceeded supply. However, many car fmanvers have announced to
bring EVs to the market in the near future. Appgr@iintroduces available and upcom-
ing EVs. Some of these EVs should already be omtaeket (such as the Mini E and
Toyota Prius PHEV), but delays have occurred. Hapetar manufacturers will be

able to release their EVs to the market while thblip atmosphere is still favorable
towards EVs. The website www.pluginamerica.orgslsl upcoming and existing EVs

monthly.

Presently, the standards for electric vehiclesaraiging technology are under prepara-
tion. Standards are essential in ensuring the saaakthe EV transition. In the follow-
ing sections the present state of the EV industr§Finland is evaluated. Also, some

forerunner companies and their projects outsid&hthare covered.
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3.1.1 Situation in Finland

Many key-technologies related to the EVs are deietp rapidly. Companies within

and outside SIMBe are actively seeking new busiogg®rtunities. In Finland several
companies possess core competences in areas whigh@ortant in the EV technolo-

gy, including the metal and the electrical industAdditionally, Finland possesses
skilled knowledge in the area of power electroraing in information technology, both
of which are required in the charging technologhugd, advantageous possibilities to
create a profitable and sustainable industry ardevid will emerge. It is essential to

manage to meet the demand directly at the initialsp. [8]

The factories of Valmet Automotive Oy and Europ&atteries Oy will bring fresh rev-

enues already in 2010. Keliber Oy, a part of thewdgian Mining Group, is opening a
lithium mine in Finland. [8] Ensto, one of the kehayers in the Finnish EV industry, is
developing charging systems for EVs. In 2009 Emweeloped a charging station in
collaboration with Fortum (Figure 8) [31]. In théeEtricity, Telecommunications, Light

and Audio Visual 2010 exhibition, Ensto introducggrototype for another charging
station (Figure 9). In Finland, few charging staticare waiting for early adopters of
electric vehicles. These charging stations have lestalled at Kamppi Helsinki (Hel-

singin Energia), Stockmann Helsinki and StockmanhudFortum), and the parking

garage Kaupinkallio Espoo (Fortum). More chargiogjs are forthcoming [32]. At the

end of 2008, mere 85 EVs were running on roadsylo€h 7 were electric passenger
cars. However, by 2020 there should be a notableuatmof PHEVs and EVs on the
roads of Finland. [8]
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Figure 8: Charging station by Ensto and Fort{igi]

Figure 9: Charging station with kWh-metering by &ns

3.1.2 Better Place

Better Place, founded in 2007 in California, is afi¢he leading EV service providers
in the world. Better Place operates in the U.$aels Denmark, Australia, Canada, Ja-
pan and Hawaii. Better Place’s brand new primasgaech and development facility is

located in Tel Aviv, Israel. [28] The EV projectsat show the most progress are the
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Better Place projects in Israel and Denmark. [83Jdnuary 2008, Israel announced its
partnership with Better Place and Renault-Nissaaking it the first nation to commit
to an all-electric infrastructure. During the lasgale project, Better Place will build the
recharge grid and Renault-Nissan will provide thésElsrael serves as an ideal place
for EVs as the country is geographically small,hwall major urban centers less than
150 km apart. [28] The weather in Israel is alsky vavorable for EVs. Contrary to Fin-
land, the temperature remains substantially abeve all year round in Israel. As in
Europe, Israel has high taxes on gasoline couplddam economic policy that encou-
rages people to buy low-emission vehicles. Moreolseael has a growing solar power
sector that could be utilized for charging purposesel is really on its way to achiev-

ing its stated goal of oil independence by 2028] [2

The Danish project is even a little further alohgut the Israeli project. The largest
power company in Denmark has partnered with Bé&ttace to build a nationwide grid
to support electric vehicles, composed of thousamfdgharging poles and battery
switching stations. Similar to Israel, the govermins firmly behind the Danish project.
Early adopters can have tax breaks until 2012 ezl farking in downtown Copenha-
gen. Better Place aims at having the first car®anish roads by the second half of
2011. By 2020 there will be more electric cars sol®enmark than gasoline cars, Jens
Moberg, the head of Better Place Denmark, beliefg®. Denmark has wind power
capacity of 3150 MW. Wind power stands for 20% lué total Danish electricity pro-
duction. Wind energy is renewable but cannot beedtoTherefore, in the case of a
windless day, alternative energy sources are neddmdhlly alternative energy comes
from coal power plants which represent 50% of titaltelectricity production of Den-
mark. On a windy day, wind power plants producenewere energy than needed. Thus,
Denmark needs to export excess energy with prielsabthe production costs. By es-
timation, between 2001 and 2008, 50% of the Dawisidl energy was exported and the
cumulative losses were almost one billion euro.tRese reasons, Denmark is investing
plenty of money to EVs. In the future, electric \ddds can operate as energy storages
for wind energy, simultaneously balancing load ations. The majority of the batteries
can be recharged at night when the energy consamistilow. As a result, EVs offer a
win-win situation when the energy sellers can poedand sell electricity without losses

and society obtains traffic without tailpipe emsss. [34]
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3.1.3 Elektromotive

Elektromotive Ltd was founded in 2003 in the UKeEfomotive is described as a
small company dedicated to designing and instalteahnology for recharging. Their

main product is the Elektrobay (Figure 10), a regimg station for on-street or multi-

storey car park use. Elektrobay was introducedd@62and in 2008 Elektromotive in-

stalled 21 recharging stations in London. In Decen#®09, more than 250 Elektrobays
were in operation in the UK. The number of Elekaplzharging stations will increase
significantly in the UK during 2010. [35]

Figure 10: Elektrobay35]

Elektromotive has business in various countriesirfitpexported Elektrobays to Bel-
gium, Luxembourg, Sweden, Holland, Germany, IreJdoeland and Saudi Arabia. The
company is expanding their business constantlyuroe, Asia and the Middle East.
According to Electromotive Managing Director Calvegylor-Haw, it is critical that a
cohesive and structured infrastructure is constdiciow, as the EVs are on their way.
The ambitious status of Elektromotive is “The w&ltbading provider of EV recharg-

ing stations”. [35]
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3.2 Future outlook in Finland

Electric vehicles are certainly on the way. Theustdy, however, still has many ob-
stacles to overcome. First, the causality dileminthe EVs and the charging stations.
Companies are not eager to invest large sums ceneie charging stations before EVs
emerge on the roads. But then, consumers will étesib buy EVs due to the nonexis-
tence of charging units. The second problem isptiee of EVs. The majority of con-

sumers are not willing to spend over 40 000 € feaathat goes only 100 km with a
single charge. Thus, the government needs to tetkena to encourage people to buy
EVs and to overcome the causality dilemma. In sgwauntries governments provide

incentives to early adopters of EVs. Some exaniptes foreign countries follow:

In Sweden all environment friendly vehicles (lgsant 120 g/km C@emissions
and less than 5 mg/km particulate emissions fosediengines) can have pur-
chase incentives worth 10 000 SEK (ca. 1000 €)s@heshicles can also have
parking advantages in various cities. [8]

Great Britain is giving incentives worth 25% (5 0punds at the maximum)
from the purchase price of a new EV. The incentasesavailable from January
2011. [36]

The government of Denmark has exempted EVs fromtavaation until 2012.
(8l

The United States is investing $400 million inte ttlevelopment of EVs. The
government of the U.S. offers $7 500 worth of ficiahassistance to the early

acquirers of EVs. [8]

In Sweden, Fortum is collaborating with the cityQtbckholm. Stockholm aims to be
noiseless and almost G@missionless by the year 2030. Presently, Stookhwhs

14 000 environmentally friendly cars and they widlve 600 000 EVs by 2020. With
these numbers, 15% of all cars would be electri§weden by 2020. [37] In Finland,
Helsinki could be a forerunner similar to StockholBitizens certainly want to be more
ecologically sustainable and drive an EV. Howewetarge scale implementation re-

quires proper incentives from the Finnish governimen
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The Ministry of Employment and the Economy hasugef working group to investi-
gate the development and implementation of EVsimaRd. The priority of the re-
search was on the business opportunities and thedagenent of the EV industry. The
working group suggests the following actions inesrtb develop the EV industry and

enhance the adoption of EVs in Finland:

1. Creating expertise and ensuring the availability ofkillful labor
Finland must actively participate in internatiomesearch and pilot projects re-
lated to the EV industry. EV technology must bduded in basic education in
technical colleges to the electric and car linestafly. The working group sug-
gests starting education of EV systems, hybridesyst and battery technology
in Finnish universities.

2. Developing business operations in the EV industry
New business possibilities are evaluated and soisitcreated under the lead of
the companies in the industry. Special encouragestesuld be attached to the
projects which are directed to the new market segsnef the EV industry.

3. Pilot projects and trials
The working group suggests electric transportati@hs in the public-, delivery-
and private sector. The government should provaledi the total funding and
the first trial should start by the end of 2010eTdovernment should share the
risks of development with companies. The governnséould also provide in-
centives to the development of a Finnish EV conespk to the enhancement of
exportation.

4. Incentives of acquisition
Car taxation should be more progressively emissioossed. Plus, the acquisi-
tion of an EV should be subsidized with state futadbegin with. The taxation
value of company cars could be preferential tow&ds. In this way companies
would acquire EVs for their employees, who would as forerunners to the
general public.

5. Incentives of operation
The taxation of driving should be removed from EXsthe moment, EVs are

taxed in the same way as diesel vehicles, whicls doepromote the interests of
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EVs. Transportation and parking benefits are atgwesented by the working
group.

6. Guidance of information
Public information has a significant influence dwe tselections of consumers.
Hence, the information for consumers should includéle and available data
concerning the EVs.

7. Development of the charging infrastructure
A sufficient charging infrastructure must be avalidgawhen EVs appear on the
streets. Companies, municipalities and the goventirsleould co-operate to as-
sist in the installation of the charging infrasture.

8. Influencing and observing standardization
International standards are being organized. Theking group suggests that
standardization should be actively observed arwiaftuenced from the Finnish

point of view. [38]

With the current taxation in Finland, the first macgeable hybrids will be on the market
during 2010. The number of PHEVs will increase sardusly and in 2020 plug-in hy-
brids should represent 10% of the total cars sadidlitionally, EVs should cover 3% of
the total car market in Finland. The working grawgs set a target that states the follow-
ing: in 2020, of all the cars sold, 25% should éehargeable (PHEVs or EVs) and 40%
from these (10% from the total amount) should bes.EAhother target from the Minis-
try holds 1-2 billion euro revenues and severausiamd workplaces by 2020. Such a
development requires a sense of direction and sseftdyy combined actions in the sec-
tors of traffic, climate, energy, technology andustrial policy. With the right actions
from the public sector, it should be possible toréase the demand. Sufficient demand
would create the basis for development of the itrgiuend terminate the causality di-

lemma. [38]
3.2.1 Early adopters

Early adopters are consumers who are quick to aumptproducts. What kind of people
would be the early adopters of electric vehiclessinland? Many types of potential
buyers exist. Attitudes towards the technology &émel environment will drive early

adoption. Thus, early adopters could be ordinappfeeinterested in the new technolo-
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gy and the environment. These people are usuallygvio pay more if they acquire the
latest technology or they can live more ecologjcdleople, who want to be trendy and
ahead of their time, can also be potential earbptets. Therefore, the brand of electric

vehicles needs to be built with care.

A charging point or simply an electric plug or @lpeating unit exists in many houses in
suburban areas. Therefore, well-paid families iousban areas, possibly with two cars,
could be the first potential EV users. These familivould have an EV for short daily
trips and a gasoline car for longer trips. Lackcbérging units would not be an issue
because the EV could be recharged at home or atdhiglace. Another suitable mar-
ket segment would be company car drivers. An adgpnsof EVs could be arranged
easily by adjusting the taxation of company caesalion could be adjusted to be prefe-
rential towards EVs. Electric cars could be moteaating if free charging at workplace
could be a part of the employee benefits. This wayompany could encourage their
workers to be more “green” and at the same timeovgtheir own image as an ecolog-
ical company. All of these early adopters are ingoarbecause they are the first users of
EVs, leading the way for subsequent mass-markeptamo Based on early adopters’

experiences and opinions, other people form théial views about EVs.

3.2.2 Penetration of EVs

Predicting the speed of the penetration is chaifgngrhe sources publish inaccurate
estimations and usually three penetration levedsiatroduced: slow, basic and fast.
Table 2 introduces the characteristics of the pahen levels. Small companies are
estimated to have 30 employees, mid-sized comp&@i@sand large companies 3 000
employees. The average net sales are estimated30M000 €/person/year. It might be
reasoned to believe that a scenario between sldvibasic penetration is the most prob-
able one in Finland. This seems likely for seveealsons. First, the battery technology
is not practical enough for extensive usage indfid! Batteries operate unreliably in the
cold weather and the driving distances are longo&e@, despite promises, the govern-
ment has not yet taken any preparations assigiengurchase of EVs. The current taxa-
tion model does not encourage buying expensive Els.third challenge is the lack of

education of the EV industry. For example, the rneaiance of an EV requires an elec-

tricity license for a qualification and today’s eeppersonnel are not qualified. Even if
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the education would start in the coming years,duld take several years to provide the

first graduates to the labor market. Certainlyré»educating today’'s mechanics, skilled

maintenance personnel could be qualified slightigner. The lack of standards forms

the fourth challenge impeding the spreading of E¥Agen if standards are being pre-

pared, the implementation of standards does natraoumediately. Lastly, most people

are unfamiliar with EVs. The government and comearshould familiarize citizens

with EVs so that people would not be suspiciousaials the new technology. The thre-

shold for transition should be as low as possiblecbnsumers. However, the greatest

restrictive factor globally at the moment derivesni the lack of cars and batteries. By

the time cars and batteries are widely on the ntatke previously mentioned factors

should have already been overcome.

Table 2: Assumptions of different penetration sceisds]

Slow scenario

Basic scenario

Fast scenario

Technical development

Technical development
restricts widespread
adoption of EVs

Technical development
does not restrict wide-
spread adoption of EVS

Technical development
does not restrict wide-
spread adoption of EVS

The portion of EVs

The number of EVs is
insignificant

The number of EVs is
growing slowly

The number of EVs is
growing fast

The role of Finnish industry

Finnish companies
are operating in limited
market segments

Innovations from
abroad are adapted to
fit to local requirements|

Notable innovations arg
commercialized by
Finnish companies

The scale of the trade in 2020

Car manufacturers

Passenger cars No manufacturing One factory Onerfac
Component suppliers
Batteries Only small production One factory 3 faiet®

Electric motors and
power electronics

2 midsized factories

3 midsizeddries

6 midsized factories

Software and system
integration

One midsized factory

2 midsized fae®r

3 midsized factories

Raw materials

No business

No business

One lithiume m

Infrastructure

Building infrastructure

Some business

Infrastructure is devel-
oped gradually

Infrastructure is devel-
oped quickly

Knowledge about charging
systems and distribution
network

Some business

Some business

Charging systems and
network technology
also for export

Net sales (MEUR)

540

1530

2520

The amount of personnel

1800

5100

8400
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4 Basic solutions of charging systems

4.1 Charging systems in general

Charging systems play a great role in making EVsemddespread in our society. Fin-
nish power grid infrastructure is well-prepared foe EVs. The loading factor of the
grid is high due to cold winters. In addition, Infllion existing engine preheating units
can be utilized for charging to some extent. [3&dViof the houses possess a charging
point when they have an electric socket outsideiallg this socket can be used for
charging without modifications. A charging infrastture is easy to implement in park-
ing garages as the appearance is not position#fieasain point. City areas are more
problematic because the entire charging infrastrectnust be built up with strict re-

strictions.

The main point in the transition towards the neghi®logy is to lower the threshold as
much as possible. Charging is one of the everydafjires within EV usage. Therefore,
the plugging needs to be an easy and quick proeettuorder to increase public inter-
est towards EVs, charging should be as easy asdual gasoline car. The speed of
charging is another question. The question is, fastvcharging is needed? Cars can be
charged while sleeping and during the day whileddueis idle. In the case of a sudden
need for charging, there could be possibility tovelrto the battery switching or fast
charging station. In the following sections chagggolutions in conventional places are
evaluated. Additionally, a variety of solutions fdrarging cables and charging units are

considered.

4.2 Charging modes

EV charging can be roughly split into slow and feisarging. Both of these can be fur-
ther divided into sub categories. These categaneslefined by standards that are under
preparation. IEC 61851-1 is the preliminary staddaat specifies the specifications of

EV charging. Table 3 lists the most probable upcmnuharging levels of IEC 61851-1.
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In the standard, mode 1 corresponds to slow, mddegRick, mode 3 to fast, and mode

4 to ultra fast charging.

Table 3: Charging levels of the standard IEC 61851-
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4.3 Charging cables and sockets

The structures of the charging cables and the $®cke essential because charging
cables will be used every day and the cable musibbe to carry high currents. The
cables need to be safe, robust and simple enougketoThe cable can be attached in
several ways. The cable can be integrated to thegig unit itself or it can be inte-
grated into the car. The cable can also be sepkitadesame way as the preheating wires
today. Each of these options has advantages aadvdistages. If the cable is integrated
to the charging unit, it is exposed to vandalisrd ehanging weather conditions. In ad-
dition, the car manufacturers would need to usestmae kind of connectors, which is
troublesome because of the deficiency of standakdsFigure 11 illustrates, various
types of connectors are in use. The cable cantbgrated into the car as well. In this
case, the problem is the non-standardized sockétafharging unit. In case of damage,
replacing of the cable would be difficult and expiee. For these reasons, neither of
these options is useful. The third and the besbopfor now, would be an unattached
cable. It would be a little more time consuming tioe user to plug both ends of the ca-
ble. However, the alternative has many advantagest, standardization problems
would vanish as the cable could be designed reggsdif the connector solutions of the
charging unit or the EV. Second, users would b@awesible for the cable and they

would treat the cables more carefully. As standaelgelop, a car-integrated cable for
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slow charging would be the best option. The cabteild be self-replaceable and it

could roll itself inside the bumper similar to ttable of a vacuum cleaner. This way the
user would not need to store the cable inside @heued only one plugging per charging
would be required. The cable should be easy t@cepas it most probably strains over

the years.

Figure 11: Some charging connect¢g9]

4.4 Charging units

Several aspects must be taken into consideratidle wesigning charging units situated
on streets and other public places. The units rbastobust to withstand the rough
weather conditions and vandalism, well-designeninjorove the cityscape, and illustra-
tive to be user-friendly. The materials and therabiristics of the units should be cho-
sen with care because the units cannot be unabtgptegpensive. Charging units can be
designed for specific purposes. Depending on tleeage parking time and the require-
ments, charging could be 1-phase or 3-phase witlousvoltage levels. The unit can
be equipped with kWh-metering or mobile phone agcEssto has built charging poles
with these features. Ensto’s and Elektromotive’arging units were introduced earlier
in Figures 8, 9 and 10. GARO Finland Oy imports amarkets electrical engineering

products, including various charging stations (Feégli2). Their preheating unit can be
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easily modified to become a charging station byngirag the inner module of the unit.
Presently in Finland, GARO, Ensto and Fibox arecthmpanies developing and selling

charging stations.

Figure 12: GAROQO'’s charging station

ChargePoint, a charging station from Coulomb Tetdgies (Figure 13), works based
on an RFID card. By showing the card to the recgitree driver is identified and the
station is unlocked for charging. ChargePoint Has an automatic SMS and/or emalil
notification feature in case of a complete or aerimupted charging event. ChargePoint

can be installed as a bollard type, pole mountegadirmounted unit. [40]

Figure 13: Coulomb Technologies’ ChargePdud]
4.4.1 Engine preheating units

There are approximately 1.5 million engine prelmgatinits in Finland [38]. However,

most of these units require modifications to métwd charging requirements of EVs.
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First, the timers need to be removed from the uNitgh the charging power of 3.68

kW (230 V and 16 A), the 30 kWh batteries are fulgharged in 10-12 hours [41].

Second, all the fuses less than 16 amperes ndedreplaced. Some of the old preheat-
ing units contain only 6 A or 10 A fuses. In therstocase, the fuse is attached to two
sockets, which splits the power in half. In the pteéheating units the power is low be-
cause these units were originally designed forresgiock heaters which have output of
around 500 W. For these dimensioning reasons, nmegoousing cooperatives external

interior heaters are prohibited.

The fuses are not the only problem. Even if thelknfeaes would be replaced, the elec-
tric wires inside the units might be too thin. Tthennest allowed wires inside the unit
are 1.5 mrh These kind of wires are dimensioned for 10 A.&iwith cross-sectional
area are of 2.5 mMmmanage to carry sufficient 16 A. Even if the fus@d wires of the
unit would be replaced, there might be a probleth wie inadequate feeding cable and
the group fuses of the housing cooperative. Ifrttaén fuses are strong enough and the
connection to the power grid is sufficient, thelgemn can be solved by mounting a new
supply cable with its own group fuses. Hence, & thises and the wires of the preheat-
ing units are inadequate, it is more logical fag ttousing cooperatives to purchase to-
tally new charging units for the EVs and instalhew supply cable only for the EV

chargers.

4.5 Access points of the charging infrastructure

45.1 Charging at home

At home, a slow 1-phase or 3-phase charging (m@dshduld be sufficient. The EVs

can be recharged while people are sleeping andjicigatime rarely poses a problem. In
most of the houses people have electric plugsaerifsir preheating and outdoor equip-
ment. In the case of weak fuses, investments drexueessive and a sufficient charging
point is implemented easily. In suburban areasimtafRd, housing cooperatives usually
have engines preheating systems in their parkitgy Most of these preheating units
require actions to be suitable for charging purpo3de required actions were intro-

duced in the previous section. In cases where tiseemough available space in the
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parking lot, charging units are easy to instalhtgunting new charging units, fuses and
a feeding cable. The old preheating units can neroaiil more extensive need for
charging units emerges. The situation becomes iwmrglicated if the all the parking
spots are reserved. The housing cooperative waed to convert some of the existing
preheating units to charging units and redistriitbeeparking places. Some of the own-
ers of these parking places would possibly resistahange, which would complicate
rearrangements even more. The investment costd teuincluded in the maintenance
charges of the housing cooperatives. After alk ®ind of renovation raises the value of
the apartments. Thus, parking lot renovations areparable to television antenna net-
work improvements. Not everybody uses the sendmgseverybody gains benefits, at
least through the value increase of their apartnfeosgsibly after a decade, the number
of EVs is higher, resulting in a need for broadaravation. At this point the housing
cooperatives’ connection to the power grid mightdme inadequate. Then, all the
cables and fuses must be reinforced to withstaaddtal load. This inevitable operation

is expensive but it enables a wider use of EVbyrésidents.

The actual increase in load to the power grid ddp@&m the intelligence of the charging
system. At first, intelligence would not be necegshue to the low number of EVs. Lat-

er, when EVs would represent a larger portion efcar fleet, intelligence becomes es-
sential. The alternation of the loads is imporiararder to keep the load of the housing
cooperative and the power grid in balance. Tharaten could be arranged by alter-
nating the start of the charging in different saasi of the parking lot. But then, if an EV

requires 10 hours of charging, all the EVs woulchexge together at night anyway. In
households, heated with direct electric heatinmight be easier to regulate warm water

boilers and let people charge their cars whendaarwant.

45.2 Charging at workplaces

Many workplaces have engine preheating units laceteheir parking lot. The capacity
of the units varies from one place to another. Serkplaces forbid external interior
heaters whereas others have no restrictions. Tthes,same principles apply to
workplaces and housing cooperatives alike. If tomgany does not have preheating
units or the units are low-powered, the companydptovide new charging stations for

their employees. An 8-hour working day is usuaihpegh for a full charge because
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after the way to work, the batteries are not felilgpty. Thusmode 1 charging serves
the needs of most workplaces. For visitors andnirgguations there could be a quick

charging point greatly reducing the empty-to-flheging time.

At the initial phase, workplaces could be the pryneharging places for employees
living in city areas. Fast charging stations anbligicharging areas will not be ready for
early adopters. Employees living in the city dowmtoarea, typically use their cars for
commuting because all the services lie nearby. elethese people could charge their
EVs at work and drive back and forth with a singharging. Later, when public charg-

ing stations start to emerge, EVs can be usedtf@r purposes as well.

4.5.3 Charging in park-and-ride areas

Park-and-ride areas connect passenger car tratficpublic transport. Private cars can
be parked in park-and-ride areas and the tripeactnter of Helsinki continues by pub-
lic transport. The service is mainly used for contation and the car remains parked for
the workday. Hence, the parking time allows slovarging (mode 1) to be the most
convenient. In 2005, the Helsinki area possessadsil5 700 spots for passenger cars
in their park-and-ride areas. By 2020, there wallam additional 5 900 parking places in
the Helsinki park-and-ride areas. [42] If one geadf all these parking places would be
electrified with 3.7 kW slow chargers, a power riegment of 10.7 MW would emerge.
At the initial phase, only a few chargers per panki-ride area would be required to

meet the need of early adopters.

45.4 Charging in parking garages

Parking garages are favorable places from the oigppint of view. The appearance is
not an issue and the gutters for the cables agadjrin place. Additionally, weather is
not a determining factor for installations. As auk, the implementing of the charging
infrastructure is straightforward. The cables canirstalled in the existing gutters and
the units can be wall or pole mounted easily. Témuired speed of charging is deter-
mined by the purpose of the use. In shopping maliayging needs to be more rapid
than in residential parking garages. The Forum ipgrigarage is mainly visited by

shoppers. According to Sebastian Koreneff from Biegroup, the average parking

time in the Forum parking garage is some two holing. average parking time increas-
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es the further you go from Forum due to residents @her contract customers, Kore-
neff continued. Because people spend no more tl@ule of hours shopping, shop-
ping centers like Forum might require quick or fakarging. Slow charging (11 kW)

takes circa 3 hours for a 30 kWh battery pack, simdlarly less than an hour with fast
charging (50 kW) [41]. The most convenient way b&iging would be the user defina-
ble charging level. The user could select the ragable charging level for one’s pur-
poses and budget. Such a system would be more sixpdmecause the whole system
would be dimensioned to withstand the highest ahgrevel. At first, slow charging

will be the most probable solution in the shoppasmters because of the low invest-
ment demands and low utilization rate. On the obi@rd, 11 kW slow charging might
be adequate because daily mileages of privateacartess than 30 km in the Helsinki
region [43]. Hence, while entering the parking garahe battery probably has plenty of
charge left and less time is needed to fully reghahe battery. Fast charging would
require strengthening of the existing power systard at the uncertain initial phase,
minor investments are preferred. Shopping cente¥suaually connected to the MV-

network, but their connection might still be inadate for extensive EV charging.

Generally speaking, shopping centers are not peeptor EVs. An enquiry of three
people responsible for electricity planning of sapa shopping centers proved the un-
preparedness. Electric vehicles were totally newafband EVs were not included in
any scenarios. A new shopping center is repladiagptd mall in Martinlaakso, Vantaa.
According to electricity specialist Voitto Laineofn A-Insindorit Oy, they have not in-
cluded EVs in their electricity planning. They cduhowever, still have some capacity
for 1-2 fast charging points, Laine replied. Hemreed to take the matter further into
consideration. According to Property Manager Mikehtonen from Citycon Oyj, the
shopping center Myyrmanni in Vantaa has no capdoityeV charging. By replacing
incandescent light bulbs with LEDs and installingren efficient cooling, they might
have some capacity in the future, Lehtonen sayctitity designer llkka Suur-Nuuja
from Gridon Oy is responsible from the electricfilanning in the shopping center
Itdkeskus. According to llkka, the total capacifytioe transformers is 16 MVA. De-
pending on the charging level and the placementhefchargers, 1-3 fast charging
points could be installed. In summary, the shoppegters are not ready for EVs. If the

largest shopping center in the Nordic Countriggkdskus, is only able to mount 1-3 fast
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charging points, major changes must be made teexisting electric systems of the
shopping centers nationwide. After all, shoppingtees are important places for people

and, therefore, vital for EV adoption.

In residential parking garages slow charging setiveseeds of the residents. Similar to
private houses, EVs can be charged at night andjicigatime is not a limiting factor.

The price of the charging system and the renovagguirement determine the type of
the charging system. Thus, reasonable investmgnoiregnents are essential for the ap-

pearance of the charging systems and the EVs.

45.5 Charging on public streets

In the city downtown, 41% of the households ownriggpe car. By comparison, 60% of
the households in the suburbs possess a car. [44f Msidents in the city downtown
do not have an opportunity for off-street parkihg.order to get these people to pur-
chase an EV or a PHEV, charging system needs péalsed on streets as well. For early
adopters, a dense public charging network will m@ta strong priority. Early adopters
are ready to change their habits and park theiffugéiner away. [45] For masses, the
charging units must be in place before these peepén consider electric vehicles.
Mode 1 or 2 charging would meet the need of ciszearking on-street. For more rapid

charge, people could drive to a fast chargingatati

The City Planning department of Helsinki opposeg kind of additional poles on the

curb-sides. In recent years, the City Planning dapant has removed all unnecessary
obstacles from streets to facilitate street cleguaind snow plowing. Therefore, alterna-
tive solutions for charging must be consideredtdgtswitching stations could be one
solution for charging in city areas. However, @tiz need plug-in charging units as
well. In addition to the design of the batteridsg EVs and the switching stations are
only at the early phase. Solutions that can beemphted easily with a short time span
are the priority. Pole-mounted charging units asavenient for parking lot charging.

Chargers could be installed in groups, which woumlicimize the extra nuisance for

street cleaning. Small parking/charging areas aedrfor EV users could be established
around the city. This way the EV users would nac& park on the streets and they

would have no obstacles for EV acquisition. Thead@ck is that EV users would pos-
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sibly have to walk a little further and that theasp for parking is already limited. How-

ever, by centralizing the charging points, costirsgsy and other advantages would
emerge. First, if charging areas would be near umdioltage lines, the amount of the
connective cables would be minimal and sufficianbant of power would be available.

Second, the charging units would not interfere \sitteet cleaning. Some of these park-
and-charge areas could be roofed, making wintertiteaning unnecessary. Certainly,
there is enough space available for the describiglparking areas in the Helsinki area,

at least at the initial phase.

Another option for roadside charging could be tinelarground parking garages. The
city of Helsinki has several underground car pdheg could be utilized for the urban
EV users. At nighttime, the car parks are mainlypgmEuroPark Finland Oy has of-
fered cheap nighttime parking (2 €/night) to thbam car users. The purpose is to ease
the traffic flow and the rescue work. Also snow oaml from the street would be easier
if fewer cars would be parked on the streets. Tin@EBark’s trial has not been very suc-
cessful and the car parks have still had plentyagtnt places at nights. [46] EVs could
fill at least some of these vacant places at niglkett The monthly price for parking and
charging should be worth considering. EVs coulddmharged in the parking garages at
nights and street cleaning would not be disturld¢éehce, EVs could offer a win-win
situation as the users would obtain an indoor éhgrgpot and the car park owners

would gain some profit at nights as well.

Altogether, people living in the city downtown arage not in a favorable situation in
acquiring an EV at the initial phase. Lack of claggcapability in the downtown area
discourages the purchase of an EV. For these résidene option will emerge — renting
an EV. Q media Oy, a member of the SIMBe project, is thst ftar rental to provide
electric cars in Finland. The driving range of #nears (100 km) will be sufficient for a
daily demand. The rental price for the EV will b@ 95 € for 8 hours, including “fuel”

and insurance. [47]

4.5.6 Fast-charging stations

Fast charging can be defined as any scheme otaersibw charging. The real defini-

tion is, however, more complex. [48] Modes 3-4 able 3 include fast charging with
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various characteristics. In the EV world of theuhat slow charging will be the most
used charging method because of convenience anddsteé. However, people need
other charging solutions for sudden occasions angddr trips. (Ultra) fast charging can
recharge the battery rapidly, the charging timeedeling on the power of the station.
With fast charging, the battery can be only 80%rgéd due to battery chemistry. After
this level, charging power must be reduced. Basefiom separate manufacturers hold
various charging requirements. Without battery ahdrging standards there would be
separate fast charging points for various typesattieries. Similarly, 95, 98 octane and
diesel pumps exist today at the gasoline statismss couple of different fast charging

units per station would not be that uncommon.

The Tokyo Electric Power Company (TEPCO) has beethe forefront of EV infra-
structure development. The company conducted & sifitast charging infrastructure
that began in October 2007 and ended a year THERCO targeted the ICE service ve-
hicles for substitution with EVs. The ICE servicehicles operated over the entire 8 *
15 km service area. When the EV service vehicle® weroduced in 2007, they were
recharged at the TEPCO facility using slow chargensights. However, subsequent to
several months, TEPCO found that despite the serfiicdriving ranges of the EVs,
drivers accessed only a small portion of the seraiea. After the first fast charger was
installed in March 2008, the EV drivers began asitgsthe entire service area, as did
the ICE service vehicle drivers. This illustragegphenomenon described as “range-
anxiety”. The case showed that because drivers assared that they could recharge
their cars during the day, they got rid of “rangedaty” and started to drive further.
Therefore, fast charging points have important psiagical effects as well. The TEP-
CO study shows how limiting the slow charging-os§gtem can be. If one fast charging
point can have such a major impact on a set oedsj\a wide fast charging infrastruc-

ture will certainly enable wide adoption of EVs8[4

The implementation of a fast charging network i¢ stwaightforward. Practical fast
charging time is much less than 30 minutes. Heaoe,fast charging point requires at
least 50 kW. Recharging within minutes requires @owom one charger 250 kW at
minimum. Currently, gasoline stations have at ldafteling points. Similar stations for

EVs would need 1 MW which is a considerable loadie local power grid. Thus, fast
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charging stations would require own connection ptinthe medium voltage network,
and possibly energy storages to lower the load elkese storages could be recharged
during off-peak and discharged during on-peak jpstidhese kinds of storages are ex-

pensive because of the need of the storage fasibitnd the batteries to store the energy.

The power required for public rail transport carsiaconsume the same amount of
power as fast charging stations. The power fortcaia can be 6 MW and 3 MW for a
subway train, respectively [49]. Even trams in lHf&sconsume 300 — 500 kW each,
depending on the age of the tram [49]. So, aretleegy storages actually mandatory if
the rail traffic has managed without them for desgdProbably, because the fast charg-
ing stations would replace some of the currentgbesttations not having over 1 MW
capacity on site. The most convenient way of bogdan energy storage would be at-
taching a battery switching station and a fast gingr station. The switching station
requires numerous batteries which could be utilifmdload peaks and fast charging.
The power for fast charging could be taken fromlibtery storage and the grid would
not require major investments. The storage cowd afjualize the load of the grid by
charging the batteries at nighttime and supplyirgggrid at daytime. The following sec-

tion handles battery switching stations.

4.5.7 Battery switching stations

In order to achieve complete acceptance of EV$,daa@rging solutions are required in
parallel with slow charging. The problem is thastfaharging requires major invest-
ments to the grid. The battery switching technologg overcome these problems. Ad-
ditionally, the switch battery enables getting afiseveral issues: battery ownership,
battery lifecycle and battery cost. Moving the dirkattery cost away from the consum-
er, from the purchase price, greatly changes tla¢gioe between an ICE vehicle and an
EV: an electric car becomes more convenient ancerafiordable than a gasoline car.
[50] Leasing the battery increases the operatirgjscbut decreases the purchase cost.
The consumers are more interested in the lattee gr@ople think how much money
they have to spend on a car, less how much it ¢ostisive it. Nevertheless, EVs are

more affordable despite leasing the battery becawsietenance costs are unsubstantial.

41



Better Place has designed the battery switch psoetake less time than a stop at the
petrol station. The process is simple: the driveves to the station and the robot
changes the battery. Then, the robot takes theyebgttery to the charging spot. The
whole process takes less than five minutes andrikier and passengers may remain in
the car throughout. [28] This way the batteries banrecharged slowly at off-peak
times, which stresses less the batteries and theerpgrid. Better Place is building
switching stations in Denmark and Israel in 2011][5Additionally, Better Place is
partnering with Tokyo’s largest taxi operator, Nihgotsu, to bring the world’s first
electric taxis with switchable batteries to Jap@he pilot project began in January
2010. [28] A switchable battery is optimal for taad delivery traffic where the length
of a single trip is low and the daily route is salogially similar. The problem from the
Finnish point of view is that Better Place hasddsthe stations and the switching
process only in warm countries. The Finnish compBaoyonovo develops switching
stations as well. They produce battery switchiragi@bs for industrial machinery, and
currently Puronovo is developing switching equipiniem buses. Puronovo has proper
knowledge regarding Nordic requirements in the chitg process. Hence, if the Fin-
nish industry acts efficiently, great business opputies will emerge. Again, standards

are the first key issue.

Battery switching stations can offer one solutionfast charging without high peak
power changes. However, switching station-technologs many problems to solve.
First, the standards for battery switching are ingbplemented. Battery switching re-
quires co-operation between car and battery manutas. All the EVs would need to
be built with the same kind of battery packs sa tha robot can change the battery. The
rough Finnish winter creates the second problernhefbattery is attached to the bottom
of the car, the snow and ice would pile up underdar making the battery change im-
possible. Additionally, ice-control salt for theads corrodes the bottom of the car. This
requires a lot from the battery pack casing amachihg structures. The third problem is
the storing of the batteries. One switching statimuld have to be able to store and
recharge dozens of batteries, which develops a fogextorage facilities. Free space is
already limited in city areas and the land prices\gery high. Therefore, some of the

current petrol stations could be changed to theehyaswitching stations.
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What about the price difference between a battericking station and a fast charging
station? The following price comparison is only gesfive but it gives something of a
ballpark figure regarding the numbers. One bat®mjtching station costs around
$500 000 (excluding land price) [51]. Fast chargstations itself are estimated to cost
$30 000 apiece, excluding the large investmenisafiastructure [52]. A fast charging
station would require its own connection to themany substation [49]. In 2009, Hel-
singin Energia built a new 110/20 kV substation antl0 kV switching station in Pu-
kinmaki, Helsinki. The peak power of 60 MVA is dibuted to 27 000 customers. The
total cost of the station was 12.3 M€. [53] A fablarging station with four 250 kwW
chargers needs only a fraction of the power froemm@® MVA substation. An equivalent
charging station would require 1/60 from the Puldkimsubstation’s power and the
price for the fast charging station would be aro@00 000 € (plus the connection be-
tween substation and the charging station). As cented in the previous section, at-
taching both solutions in to one would be conven#ard most cost-efficient. The bene-

fits of this combined battery switching/fast chagstation are evident.
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5 Impact of EV charging on the power supply net-

work

51 General

This chapter focuses on the impact of EV chargingh® power network. The chapter
handles Helsinki suburban and downtown areas, \&fd, studies from Lassila et al.
and VTT. In the following sections, the effectsstdw charging are examined in subur-
ban areas whereas city downtown areas incorpoaatecharging as well. In suburban
areas a 20 kV voltage level is used, whereas 1@skised in the city central areas. In
Helsinki, only underground cables are used in tlegliom and low voltage networks.
The critical load of the underground cable typeise is approximately 10 MW on the

20 kV side, and approximately 5 MW on the 10 k\esicespectively.

For all the cases the following assumptions arkided; if a consumer point has an EV,
the daily mileage is 50 km and the average consompg 0.25 kWh/km. Hence, an EV
requires 12.5 kWh every day. The efficiency of gnag is assumed to be 80% and the
power of the charging is 3.7 kW. With these valus, daily charging time is around
4 hours. The user is assumed to charge only ordayafour hours without interrup-
tions. The worst cases are the most interesting beeause they determine the dimen-
sioning of the grid. The studied time period in #mmulations was one week. Thereby,
the weekends are simulated similarly as the weekbagause the worst cases occur at
working days. Excluding the weekends would haverietated the study and compli-
cated the preparation of the load graphs. Additignay including the weekend, the

reader is able to see the load difference betweeweek days and the weekends.

The data used in the research was provided by Heddkoverkko Oy (Helen). Based
on the data of the study cases, conclusions andugacurves were drawn. In the fig-
ures, the power is active power, similarly to tladadreceived from Helen. Rough esti-

mations were included in the charging curves tdeameha conception of the effects of
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charging. Curves simulating the charging power weeated by thinking of the worst

and the best case scenarios.

52 Suburban areas

In this section of suburban areas, two study casesealt with: detached houses as cus-
tomer connection points and a medium voltage fedddhe first case, the load curves
of houses with various charging periods are evatlialn the second case, one MV-
feeder of the suburban primary substation is seteand the increased peak load is ex-

amined with various charging characteristics.
5.2.1 Detached houses

Individual early adopters of EVs most likely live suburban areas because of the con-
venient charging possibilities. Therefore, the &leity consumption of single customer
points are examined with the charging power add@c cases occur in the study; first
data is from a 150fhouse in Helsinki, built in 1967. The estimatedad electricity
consumption is 6 700 kWh, which implies a slighages of electronic equipment and
that the house is possibly heated with district feeail. In the second case we have a
282 nfhouse, built in 1957. The annual electricity aomgtion is 39 600 kWh, which
implies from a direct electric heating and heawceicity consumption. The studied

week is a winter week 5/2010.

Figures 14 and 15 illustrate increased electriooiysumption with charging for the first

detached house. In all figures, red curves reptabenadditional consumption due to
EV charging. Blue curves represent the electriciypsumption without charging. In

Figure 14, charging is assumed to begin at 4 PMnvthe owner presumably arrives
home from work. Likewise, Figure 15 illustrates thectricity consumption with EV

charging starting at midnight. In reality, the ajiag load would mostly split up because
the user would charge shorter periods of time withie day also. However, the worst
case occurs when the user charges only after wtakijng sharp at 4 PM. At worst, the
total peak load is 59% higher with EV charging. otays, the daily peak load almost
triples. Without control, the situation in Figurd becomes reality and the peak load

rises considerably. In Figure 15, charging startsght and the daily peak load occasio-
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nally rises above the present, but remains ne&4The overall load peak remains the
same.

Charging startsat 4 PM

12

10

Power (kW)
(=31

WG N NHCAL

1.20:00 2.20:00 3.20:00 4.20:00 5.2 0:00 6.20:00 7.20:00 8.20:00

Time

Figure 14: Small household. Electricity consumptwath daytime EV charging
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Figure 15: Small household. Electricity consumptrath nighttime EV charging

For the second detached house, Figures 16 andpi&semt curves similar to those in
Figures 14 and 15. The conclusions from these dgyare similar to the first case. If

charging starts at 4 PM the overall peak load r288% in the period under review. With
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a proper control, charging occurs at night anddiié/ peak load remains unchanged or

at a tolerable level.
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Figure 16: Large household. Electricity consumptwith daytime EV charging
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Figure 17: Large household. Electricity consumptwith nighttime EV charging

These illustrations are only from two householddi&lsinki. Nevertheless, the exam-
ples reveal that the time of charging has a rentdekeffect to the daily peak loads. Do-

zens of similar households in the same area caud h significant combined effect.
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Consumers are interested in how much it costsite d'00 km and how much is their
electricity consumption going to increase. An i@ in the electricity bill depends
mainly on the mileage. An average mileage for gasotars can be seen in the long-
term statistics. However, it is challenging to sfyethe average mileage for EVs due to
the non-existence of EVs and charging infrastrctdihus, the following Table 4 ex-
emplifies the amount of electricity consumed witirigus mileages. Table 4 includes

the following assumptions:

Energy consumption of an EV 0.25 kWh/km.
Efficiency of charging 80%.

30 days/month.

The price of the electricity 10.36 c/kWh.

Table 4: Increased monthly electricity consumptonl costs of a household

Mileage/d (km)| Incr. electricity consumption/mo (kWh) | * + $$,
10 94

20 188

30 281

50 469 (

100 938

Despite a 100 km daily mileage, an increase irethetricity cost is less than 100 € per
month. Thus, driving with an EV is relatively cheafh current electricity prices. With
these values, the “fuel” costs for 100 kilometersuld be 3.2 €. With a gasoline car,
similar costs rise close to 10 € (the average ¢oelsumption 7 1/100km and the fuel
cost 1.353 €/1) [54].

5.2.2 Medium voltage feeder

The capacity of transformers and cables shouldlasassessed within EV charging. In
the following case study, the power of one mediwttage feeder is examined with the
charging power added. Overloading of the feedensoisallowed. If constantly over-

loaded, the lifetime of the equipment decreasesdamdages occur. Hence, the current
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of a feeder needs to remain below a certain limitdelsinki, the critical power to be

supplied via a 20 kV underground cable is arount1V0.

The time of the study is the winter week 4/2009e Hverage January temperature in
Helsinki during 1900-2000 has been -4.7°C. Wingd2was relatively warm as seen in
Table 5. The area supplied by the feeder consistestomers of public and private sec-
tor services, apartment houses and terraced hofbest 40% of the total load origi-
nates from the services and the rest from the mgats. The feeder in the study has 676

consumer points, of which 338 (50%) are expectdtht@ a charging point and an EV.

Table 5: Average temperaturethe week 4/200B19]

°C

Figure 18 represents the effect of uncontrolleddBerging on the MV-feeder. The red
broken line is the maximum capacity of one 20 k¥der. When people after work
charge their EVs, the peak load rises 16.6%. Alamstudy during summer time re-
veals that the peak load rises some 15% which doesliffer much from the winter
season. The charging load curve in Figure 19 iateteby thinking of the worst case
scenario, that is, when the majority of users stherging between 3 PM and 6 PM.
Some charging occurs at nights, but the usersrasipposed to charge their EVs main-
ly after work. In this example, the reinforcemehthee MV network is not needed while
the critical limit for an MV-feeder is about 10 MWHowever, all the feeders cannot
have a 10 MW load. Three 40 MVA transformers aner@®0 feeders exists in the subs-
tation under study. Therefore, if every feeder rpooates many EV charging stations,
the absolute maximum load of a single feeder deese@onsiderably from 10 MW.

More accurate evaluation regarding the capacityldvoeguire more extensive research.
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However, for the feeder under study, charging dusspose any problems. Neverthe-

less, intelligent charging is needed prior to E¥sdme more common.

The effect of uncontrolled EV-charging to the
MV-feeder
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Figure 18: Charging in the suburban area withoutkifigence
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Figure 19: Charging load curve without intelligence

Extensive uncontrolled charging denotes increasely geak loads. With control, the
amount of charging points can be increased sigmflg without major problems. Fig-
ure 20 represents the result of controlled EV dngrwvith the same MV-feeder. People
need to charge during daytime but most of chargeng be postponed to the nighttime
when the load is lowest. Thus, the best case sceoecurs when charging mainly takes

place at night (Figure 21). In Figure 20, in assise with intelligent charging, the peak
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load rises only by 2.2%. The nighttime load groJeser to the daytime load, which is
desirable from the power company’s point of viewewlconsidering, for instance, the
losses of the network. For a power producer, lesgep adjustment implies more con-
stant production and less costs due to betteratitin rate of installed capacity. Also,
controlled EV charging supports the use of renew/a&blergy whose power output can-
not be stored or regulated. In this case, no resefoent is needed in the MV network
while the critical load limit is approximately 10\M. However, intelligent charging is

highly recommended when PHEVs and EVs start to rgdine.

The effect of EV-charging to the MV-feeder
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Figure 20: Charging in the suburban area with itigggnce
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Figure 21: Charging load curve with intelligence
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Smart charging provides remarkable charging oppdrés without a significant in-
crease in the peak load. Even if all 676 consurnertp would have a charging point in
daily use, the peak load rises only by 4.5% (Figdze The shape of the charging load

curve is assumed to be similar to Figure 21 withdharging power doubled.

The effect of EV-charging to the MV-feeder
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Figure 22:Charging in the suburban area with intelligence

Intelligent charging enables idealistic circumsesdor the power company when the
peak load does not rise significantly and the nigig load remains higher. With V2G,
load variations can be reduced even further. Ptigsgrower companies are installing
remotely readable meters to households. With auiomeeter reading (AMR), it might
be possible to control EV charging as well. Bi-direnal data transfer between the
household and the power company already exists.nféter needs to have means for
controlling the charging relay and an override shwitor the user's unexpected occa-
sions. However, strict rules on charging and disgihg should be legislated for the
electricity contracts. Further AMR evaluation isspad in the thesis due to the large

scale of the AMR aspect.

5.3 City downtown areas

In this study case, one MV-feeder of the downtowhssation is evaluated with EV
charging. In the area, one third of the consumptiomes from the industry, the rest

from the apartments (mainly heated with districatitey) and private or public services.
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In the city downtown with mainly district heatedildings, the outdoor temperature has
only a minor effect on the power consumption. Thwasiter load does not differ consi-
derably from summer load. Like in the previous ¢dke time of study is the winter
week 4/2009. The area has 1 975 consumer poiiits émtirety. However, the industrial
plant, that is only one consumer point among othemsuld probably have several
charging points for the employees. Altogether 9&3%) charging units are assumed to
exist in the area. Figure 23 represents how thegotmaffects to the load of the feeder.
The red broken line represents the maximum capa€ity 10 kV feeder. The charging
load curve (Figure 24) is assumed to have two |ueaks. The first peak occurs when
people arrive at work and the second at eveningmvgeople arrive home or start their
evening shifts. Some charging takes place duriegitghts as well, but most of charg-
ing originates from the charging of the workers amgitors. With a 50% penetration
level, the peak load rises to a noticeable 88#wincrease of this magnitude is not taken
into account in the dimensioning of the transforraed the grid. However, in this ex-
ample no reinforcements are needed as the maximadidn the 10 kV side is about 5
MW. Like the suburban case, all the feeders cahae¢ a 5 MW load. Thus, with high-
er EV penetration levels around the city, capgeitblems would arise. With intelligent
charging it would be possible, to a certain extemshift the charging peak towards the
nighttime. This way it would be possible to getoitthe heaviest load peaks. However,
if people need to charge while working, the fulifshg of the peaks becomes impossi-
ble. Charging of the residents in the city areddatake place at nights but workers and
visitors need to charge during the daytime. Newtetts, like in the suburban areas, the
intelligence becomes essential round the year &t become widely accessible.

Along with smart charging, some of the load peakdd be diverted by graded pricing.

53



The effect of EV-charging to the MV-feeder

4700

3700

2700

1700 Sn e e N S ~ —~
IVAAVARVAL VAL VALV AV
19.10:.00 20.10:00 21.10:00 22.10:.00 23.10:00 2410:00 25.10:00 26.10:00

The power of the MV-feeder
(kW)

Time

Figure 23: Charging in the city downtown withouteligence
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Figure 24: Charging load curve without intelligence

Fast charging stations might need their own MV-&dzkcause of high power demands.
They might cause disturbances and worsening thityjoathe electricity of other cus-
tomers along the same feeder. The substation wtdedy includes two 40 MVA trans-
formers. [49] A fast charging station with four 2800 kW chargers would be some-
what equivalent to a small petrol station. FiguEeilBustrates the active power of the
city substation from the same week 4/2009. In stuslied case, there is capacity for fast
charging units at the substation level. Howevercase of capacity problems, energy
storages could handle the load peaks and the ladapacity. An integrated battery
switch/fast charging station could overcome theacdp problems and enable fast

charging network. For example, as seen in FiguredREing working days, the night-
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time load is approximately 15 MW lower than daytinde part of this gap could be
equalized by loading the energy storages at nightti
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Figure 25: Active power of the city downtown substa

In summary, the areas of research in this Mastérisis are capable of receiving EVs.
In individual households, however, EVs increaseelegtricity consumption considera-
bly. Without controlled charging the daily peak domay rise significantly. Neverthe-
less, the sizing of the fuses finally determines¢harging capability of each household
and housing cooperative. City downtown areas anerogtical than suburban areas due
to the 10 kV network. The load capacity is haltleé suburban’s and the present load is
already high, which restricts the charging postiés. In the city downtown substation,
there is capacity for a couple of fast chargindi@ts. However, energy storages are
needed in order to implement a widespread fastgamgametwork. In both areas of
study, EV charging did not pose any problems. Hawxel all the areas of the substa-
tion have a significant amount of EV charging, peolrs would arise without intelli-

gence in charging. Every MV-feeder cannot opertigecto the maximum limit.

Comprehensive conclusions concerning EV charginfpenHelsinki area would require
more extensive studies about the impact of charghgp low voltage network studies
would be needed. This study confirmed that dedpieavailable capacity, the intelli-
gence is desirable at the initial phase and evamdatary in the long run. With intelli-
gent charging the daytime load peaks can be egabbnd nighttime load increased.
Therefore, smart charging entails benefits to aftips. When the load alternation would
decrease and the peak load would remain closeet@dime, the pressure to raise the
electricity price would not emerge, which is im@ot for the success of the EV transi-

tion.
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54 Vehicle to grid (V2G)

Vehicle to grid is a concept where the power flogiween an EV and a grid is con-
trolled bi-directionally. The batteries can be mgied normally with power from the
grid to the vehicle, but the power can also floanirthe vehicle to the grid if necessary.
This way during a shortage of power, the electebigles could deliver power to the
grid. The EVs would act as controlled loads, whiie grid would gain benefits in the
form of reduced load variations. Therefore, electehicles can assist the adoption of
renewable energy sources, which are primarily Wéeian nature. Wind and solar energy
could be stored in the batteries during low dem@meés and the batteries can act as a
buffer for the peak loads. Maintaining a sufficiamount of EVs connected to the grid
can be assured by offering cheap tariffs to engruistorage utilization during peak
times. [55] The time of charging could be regulatsdpricing. Currently, day- and
night-rate electricity is used which powerfully ¢ais the operational time of hot water
boilers of houses. Similar system, but with momohetion and dynamics could be used
for EV charging as well. If high-priced charging wd occur at peak times, people
would mainly charge at low peak times and gain eoun benefits by offering an ener-
gy storage capacity to the grid at peak times. Thiectric vehicles are advantageous
from the power company’s point of view. However,&/2apability could be utilized in
smaller scale as well. In rural areas short timegyooutages are common. During out-

ages, an EV could keep up the households’ necesgaigment.

Cars remain parked most of the day, even 95% ofitie. Hence, EVs possess the po-
tential to become an important power resource éndllectricity system. [55] At the end
of 2009, 200 000 passenger cars were registeretklsinki [56]. If 10% of these cars
would be EVs with a 30 kWh battery pack, and 80%hetke EVs would be charging at
the same time, we would have energy storage ofM8M. Of course, this amount of
energy is not fully exploitable but a part of inche used for occasional load peaks. At
the initial phase, smart charging and V2G are aquired because of the insignificant
amount of electric vehicles. Later, when the pextetn of EVs and PHEVs increases, at
least smart charging and possibly V2G become paramdtherwise, considerable
improvements to the grid would be needed to hatit#encreased peak loads. This in

turn would raise the electricity price.
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Most importantly, V2G technology has many obstattesvercome. The V2G system
requires extra equipment and data transmissiordatda between the EVs and the
energy companies. The EVs would need informatioknimw~ whether to charge or de-
liver energy. The second obstacle is the billingteyn which would be complex to im-
plement. Individual billing and metering would régureal time data regarding the loca-
tion and the amount of energy received and deld:de®/ users need to gain real finan-
cial benefits to let their cars to be exploitaliltherwise people resist using their car as
an energy storage for the public good. The magudds that the EV is available when-
ever needed, not determined by the power comparsfight amount of energy can be
taken from an individual battery but a battery wathly a half the energy level in the
mornings is inacceptable. Thus, well-defined rdescerning the rates and the level of

utilization must be qualified. Some of the rulesilddbe as follows:

The power company has a permit to use 20% of temer’s battery capacity.
The customer can override this permit 10 timesa jor special occasions.

For leasing the battery capacity to the power campthe customer receives a
refund in the form of lower electricity bill. Thefund could be dependent on the

duration and the time of the day the car is plugged

55 Other studies

55.1 VTT: Future development trends in electricity deman

The main focus of the report was to study the sitelectricity demand and trends in
Finland and Nordic countries in the transmissiotwoek level. The authors see indus-
trial electricity demand, electric heating, heatms and electric vehicles as the most
important individual factors affecting electricitemand in the future. A part of the
study was to investigate the deployment of EVsthed effect on the electricity power
system. The influence of EVs on the power systers stadied with three separate cas-

es:

One million EVs in Finland.
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Five million EVs in the Nordic countries (excludifgeland).

Five million EVs with smart charging in the Nordiountries. [57]

For peak load comparison, the Nordel peak load vi€eR2.1.2006 was used. The peak
load of 67 800 MW took place on2Qanuary. Slow charging (12 A, 220 V) is assumed
for all EVs and all cases. Heating and air conditig, which increase the consumption
of an EV, are excluded from the study. The shardifiérent EVs is assumed to be

shown as in Table 6. [57]

Table 6: Estimation of EVs’ specific electricitynsomption, average annual mileage,
electricity consumption and share of various EVstloa roads in 15-25 yearb7]
(Modified)

The effects of EVs on the system peak load in tleees are shown in Figures 26, 27
and 28. The results indicate that if 5-10% of dar&inland were EVs, the electricity
demand would rise less than 0.5-1%. If half (abmne million) of all personal vehicles
were EVs, realistically by 2030, the electricitynsamption would rise 3 TWh (about
3%) in Finland and 15 TWh in Nordic countries. Nekieless, changes to the system

peak load management are not required if smargoigamethods are adopted. [57]
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Figure 26: The effect of one million EVs on theayspeak load in Finland. The peak
load rises by 700 M\\67]

Figure 27: The effect of 5 million EVs on the dlety consumption in the Nordel sys-
tem. Charging is assumed to occur as soon as eshptlg in. The peak load increases
by 3 800 MW57]
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Figure 28: 5 million EVs with smart charging in tiNordic countries (excluding Icel-
and). The system peak load increases by 1 000 M8 800 MW. The increase is less
than 2%, although half of all personal vehicles &/&Vg57]

5.5.2 Lassila et al.: Electric cars — Challenge or Opparity for

the Electricity Distribution Infrastructure?

Charging can effect on the power grid in all volidgvels. Lassila et al. have examined
the effects of slow (3.7 kW) charging on the medwwitage network. In the study, the
test area contains 20 000 residents, the levehblirg is 16% and the capacity of one
battery pack is assumed to be 30 kWh. Figure 2@dntes the results on one MV-

feeder. In the figures, blue curves represent daitianal load caused by charging. [58]
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Figure 29: The effects of charging to the mediuitage load curvg58]

Notably, the time of charging is the most esserfaator affecting the peak power.

Therefore, alternation and controlling of the lob@somes essential. With proper con-
trol, additional investments are not required, ghie can be used more effectively and
distribution fees may even drop. On the contrargjominvestments are required if no

control is implemented. [58]

The conclusions from VTT and Lassila et al. studiese that:

Current power grid can withstand a huge amount\¢$ Bithout notable in-
vestments.

The method of charging defines the peak loads.ifBignt investments are re-
quired if the charging is uncontrolled. With smelnarging, the peak loads can
be smoothened, the grid used more effectively, tardelectricity distribution
fees can even decrease.

Need for energy for EVs does not create difficglfier the production capacity,

if the charging is controllable. [8]
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6 Billing and metering as a part of the charging

infrastructure

6.1 General

In this chapter, billing and metering solutions av@luated mainly from the end-user’s
point of view. Affordability and easy to use are tkey characters to a large-scale suc-
cess. Thus, charging and billing methods shoulddsy, affordable and safe to the user,
as well as being cost efficient to owner. At thiiah phase, charging could be free in
public places to attract people to buy electricidlels, but when the number of EVs
starts to grow, charging becomes a subject to aGeepanies are not willing to buy
expensive and complicated systems during an umstabfket situation. However, with
EVs becoming more common, willingness to inveshénw technology changes. Shop-
ping centers and parking garages can attract cestoby offering free charging. Simi-

larly, workplaces can provide incentives to workerghe form of costless charging.

Fear of novelty is a familiar matter with new tecologies. End-users tend to be skeptic-
al towards new systems, particularly, if they axpemsive, complex and require much
learning. Therefore, charging units and billing heets should be designed with con-
sumers in mind. Public charging units in all chagglevels and battery switching sta-
tions should include close to similar user inteefaand billing systems to avoid confu-
sion among users. Once again, standards are thiss«ey to keep customers satisfied
and improve cost efficiency of the invention. Pbsimethods of payment are assessed

with billing and metering solutions in the follovgrsections.

6.2 Means of payment

A payment method for EV charging should be usenttly, that is; fast, simple and
cheap. Parallel payment methods should be avom@detvent avoidance by customers
and to lower the threshold of the transition. Hoerespecific sites possess separate

requirement for payment. In public places thoudie method of payment should be
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similar. In the following sections various meanspalyment in public places are intro-

duced and evaluated.

6.2.1 Debit/credit card

Debit/credit cards are popular and convenient impping worldwide. For EV charging
purposes, these cards include some beneficial cieasa First, user identification ac-
companies with a card. Second, payment is fansliace similar systems already exist
in, for instance, petrol stations. Lastly, theibdl system is ready and waiting. On the
contrary, debit/credit cards contain disadvantaggsvell. These cards require a data
connection and a PIN-code for verification. Thawisy payment usually takes time. If
charging takes place twice a day, it is not de&réd spend many minutes on plugging.
Another problem arises when people without paynoantls want to charge their EV.
Some people are unwilling to obtain a payment cswgdother methods are needed. De-
bit and credit cards also fascinate misusers. Thake been cases where cards have
been copied by unauthorized copiers at petrolastatiAdditionally, paying with a pay-
ment card might become liable to a charge in tieréu Companies are currently lega-
lized to collect the transaction costs straightfrthe consumer. Because of these rea-

sons, payment card might not be a suitable instnimigpayment for charging.
6.2.2 Mobile phone

A mobile phone as an instrument of payment is giateiliar, and the possibility for
mobile payment is constantly becoming more gené&atrently, you can buy travel
tickets or pay your parking by the phone. In theeife, we will see all kinds of services
operated and paid for with mobile phones. Mobilernss possess several benefits as a

payment instrument:

Easy and safe payment.
Identification of the user is simple.

Almost everybody has a cell phone.

For previous reasons, cell phones are practidalast for paying tickets and occasional

services. For EV charging purposes, mobile phooetdecenable various additional ser-
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vices as well. In addition, users could be ablseiect their own electricity seller, inte-
grating their home and mobile energy bill. Userthaiit a home energy supplier con-
tract could sign a personal contract with the epeupplier. The users could buy the
energy from the company they want and only thestexrnprice would be dependent on
the charging spot. However, from the EV user’s poihview, a mobile phone as an

instrument of payment has some weaknesses:

If the battery of the phone is empty, paying is asgible without a car charger
for mobile phones.

Calling or sending an SMS text message to the iamather slow, and if you

charge daily, plugging becomes an effort.

Company phone users are problematic. The empl@gssibly refuse paying for

the charging, and separation of the charging fegtiie complex.

Charging with prepaid subscriber connection is isgilgle. Prepaid users would

need another option for payment.

At the initial phase, a mobile phone could be acfiomal way to pay the charging. Early
adopters are willing to adapt to the new system mthile phone payment does not
require considerable investments. Neverthelesshéomass market more practical solu-
tions are needed. Charging by sending an SMS tingdb the charging unit service

consumes time. However, mobile phones could offditeonal services to the user. The
most functional system would include one applicatio handle all the services needed.
This Internet based application could be in a neoplone, laptop or car navigator. The

application could possess the features presenteime 30.
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Price

service service

service

Figure 30: The possible features of the application

A navigation service would operate as navigatodayobut it would also show the

available charging stations and driving distand&a.the application, a reservation to a
certain charging unit could be made. After the mestgon, the charging unit is reserved
only for the user and charging should occur withitb minutes, otherwise the user is
imposed a penalty (some 5€). The penalty is togreunnecessary reservations. Be-
cause smart charging would entail more dynamidf$arihe user could utilize a price

announcement service to check the prevailing paioe the price forecasts. Because it
would be annoying to constantly check the prichs, gervice could suggest the best
charging times for the user. In addition to offgrithe additional services, a mobile
phone could also operate as a secondary instruoigeayment. The primary mean of

payment could be RFID tag that is evaluated infdllewing section.
6.2.3 Radio Frequency Identification (RFID)

The RFID technology has been available for decales.origins of the RFID technolo-
gy relate to the invention of radar in 1935. ThetfRFID patent was granted in 1973 to
the RFID active tag. The technology has developetthé course of time and presently
the RFID is widely used. RFID technology is greattgndardized and developed. In
Finland, many functional applications and solutidr@s’e been invented and Finland
possesses world-class expertise in the RFID busified] Therefore, EV charging with
RFID payment is worth studying and developing. Agar RFID system for payment

could be a profitable export product as well.
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RFID tags are cheap, only 0.06-5 € apiece, depgratirthe type of the tag. Three types
of RFID tags exist; active, passive and batterysess passive tags. The tag for EV
charging should be passive. Passive tags requiextesnal power source and the read
range is low enough (0-10 cm). [59] The read ramgst be low to prevent misuse and
to improve functionality. Presently, a high frequagrof 13.56 MHz is widely used in
low-range applications like key cards, travel caadd other smart cards [59]. The RFID
tag for EV charging could be in the form of a carch small key chain. A key chain-tag
would be practical because people own too manyscardady and a compact tag would
easily follow with other keys. Furthermore, the ua®uld not need to pick up one’s
wallet, which speeds up the whole charging proc&ks. tag should be personal like
mobile phones, allowing everyone to pay only faitlown charging. Also, identifica-
tion of the user could be arranged effortlesslyifir to mobile phone payment, people
could select their energy supplier and integraggr tbharging bill and home electricity
bill.

Some people, however, are not interested in adaitiservices. These people usually do
not own a smart phone and want to perform the Wway are used to. For these people
RFID would offer an ideal functionality. Neverthee users interested in services could
use additional services by mobile phone or vialtiternet. For foreigners and visitors
prepaid RFID tags could exist. These tags woultlde a certain value and after used
empty, tags could be returned to the seller todosed. Some consumers want to pay
immediately, not afterwards by bill. For these deopot willing to attach their EV
charging to the home electricity bill, reload valR€ID tags could be available. The

actual charging process might be as follows:

The user parks the car and places the RFID tagi bf the reader of
the unit.

The hatch of the unit opens and the user plugsdrcharging wire.

The user closes the hatch and the charging stdrésstate of charging
is clearly indicated with indicator lights.

After businesses the user returns to the car aackplthe tag to the

reader.
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The charging stops (if the battery is not alreadlj) fand the hatch
opens.

The user unplugs the car and is able to read tamicty info from the
display of the unit.

The user leaves and, in case of an integratedrédgives the bill from

the charging afterwards.

With all new technologies, security is a major &sskarly stage safety problems may
show to be very harmful for extending of a cert@ohnology. RFID passive tags con-
tain only an ID-number, which cannot be encrypiduerefore, a tag’s ID can be wire-
tapped, copied and misused afterwards. The seafritye user must be assured in other
manners. A PIN-code could guarantee the safetywousen the functionality of the
charging process. With a PIN-code, the charginggss would be nearly as slow as
refueling today. NXP Semiconductors, founded bylighi has developed MIFARE
DESFire EV1 that is a smart card based on HF RElhriology. MIFARE DESFire
EV1 is ideal for service providers wanting to useltirapplication smart cards in trans-
port schemes, e-government* or identity applicatidn addition, it complies with the
requirements for fast and secure data transmisfiexible memory organization and
interoperability with existing infrastructure. DEi&#-EV1 is based on open global stan-
dards (ISO/IEC 14443). Key features also includaaup KB EEPROM memory with
fast programming. [60] According to Kenneth Krordvirom RFID Lab Finland, DES-
Fire EV1 is already in use in various billing syste DESFire EV1 is privileged in ap-
plications requiring high security. Thus, the EMiigccould be suitable for EV charging

purposes as well.

* e-government = the use of information and comroation technologies, and particularly the Intermsta tool to

achieve better government.

6.3 Billing and metering in different locations

6.3.1 Billing and metering at home

People with own houses and yards in suburban a@asonly possess a socket out-

side. The electricity from these sockets accompaimethe residents’ electricity bill.
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Hence, the need for renovation and investmentssilstantial and charging occurs
without problems. These people presumably are eadpters as they might own two
cars, of which one could be an EV. In suburbansapsple have preheating units in
their parking areas. These units can be modifiedharging units quite easily. If the
capacity of the cable is sufficient, a heating timamoval fills the requirements of EV
charging. Some of the newest preheating systemggqumped with kWh-meters but
usually residents are charged on a monthly badisi@@on a monthly basis would arise
problems as people are not willing to pay an add#i fee for parking if a neighbor
charges one’s EV every day. Therefore, preheatiits should be equipped with kWh-
meters. Some person would need to read the mé&ieesxample, once a month to know
the amount of money to charge from a resident.ofaer households there can be seen
another solution as well. If the house managersefuo modify all the existing preheat-
ing poles, it would be easier at first, to useitglon a monthly basis. EV users would
have to get their preheating poles modified (theetiremoved) and this way the house
manager would know who has an EV and who to biltexfor parking. Later, when the
amount of EVs exceeds the charging capacity ojptr&ing lot, the whole parking lot
could be renovated for EV purposes. That way, puoliés kWh-meters could be at-
tached and everybody would pay for the electricised. The monthly basis billing
might be considered unfair among some neighborsrefbre, such a billing system

might be suitable only for the initial phase.

6.3.2 Billing at workplaces

Charging and billing methods at workplaces shoddasy to implement. The charging
units manage without kWh-meters and 1-phase sloavgoihg meets the needs of the
employees. The units would require locks to prewmrtsiders form stealing electricity.
The workplace could pay the electricity bill andagye workers on a monthly basis or
based on workdays. If the employer wants to beiggeand monitor the electricity con-
sumption, an employee could have their own parkilage with a charging unit and a
kWh meter. On this basis a company could chargesthployee. The company could
also offer incentives or bonuses to their workeysoffering sponsored or totally free
charging. Free charging would have a major impacemployees’ car choices, which

would assist the penetration of EVs. However, &tagtime charging would not help the
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power grid to equalize load peaks. People wouldsipbsavoid nighttime charging at

home, which would even increase the daytime peadtsio

6.3.3 Billing at parking garages

Parking garages exist in many forms. In this sactioly commercial parking is consi-
dered. These garages often include ticket machireéscould be modified to invoice for
EV charging as well. The owner of the parking garaguld gain extra profit by selling
electricity to the customers alongside the parkeey The payment for charging should
be included in the parking fee, so that the systemld be more customer friendly. Ens-
to and GARO Finland Oy sell ticket machines capatifiethese kinds of actions.
GARO'’s old ticket machines can be modified to $aiEV billing purposes. Arriving
customers have batteries with various charge levidiss, the energy used by the cus-
tomer should be metered individually and corretiilgharge a right amount of money,
not by a fixed price. The actual charging and iglprocess for EV drivers could be as

follows:

The customer drives to the entry and receivesitkett

The customer drives to a parking spot intended forheVs.

The customer plugs the car to the charging unit.

The customer walks to the ticket machine and a&ts/¢ghe charging process by
showing ticket to the main ticket machine and geigc‘start charging on the

unit x”. The machine for activation could also In¢egrated with the charging

unit.

After businesses the customer comes back and plhedgket to the machine.

The machine stops charging (if charging is stilbingress).

The machine displays the sum of the bill. Custopasts and leaves.

License plate recognition (LPR) is used in varigosintries by police officials. Also
congestion charges and road tolls can be autortiatemdlected from drivers. The sys-
tem can be utilized for handling the billing in tharking garages as well. With the sys-
tem, parking cards might become unnecessary. N@less, the effortless payment for

the user is the greatest benefit. LPR operatesliasvk:
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When the car arrives at the gate, the system rezegnhe number plate and
opens the gate. The system could direct the caictytain parking spot.

After businesses, the customer pays for the parking

When the car arrives to the gate, the system répegthe number plate, opens

the gate (if the payment is made) and lets thgaar

The process is even easier for customers withkargacontract. The contract customers
can just drive away, the bill for parking is delied afterwards. If the system could have
access to the registry database, various additfeatiires could be integrated. By link-
ing EVs with LPR, the system could separate EVsgasbline cars and direct an EV to
a certain parking spot with a charging station. Tharging unit would be connected to
the database in order to identify the customergihgrand the total cost to invoice for
charging and parking. Because parking tickets wawtexist anymore, the customer
would enter the license plate number to the parkergding machine when paying. The

payment event could occur as follows:

The customer enters the license number to the mackhen the first letter is
typed in, the vending machine lists all the licensenbers in the garage starting
with the same letter. Thus, remembering the whohalination is not required.
After the user selects the license number, theesyseveals the mark and mod-
el of the car. This way the customer assures tbeehAdditionally, the system
could report where the car is parked. These featwmild require a fast access

to the national registry database.

In case of misuse or failure to pay, the systenidcatilize a blacklist. Members on the
list could be later left outside or, let in, buttromut. With harsh cases and constant of-
fense, an automatic notice to the police could faleee. The problem with the LPR
system would be cars without plates and importad wath sticker plates. Although
these cars are the minority, they cannot be lef$ide. However, the LPR system en-
tails benefits to the parking garage owner ancctistomer. To keep EV users satisfied,

the charging fee should be included in the parkaeg
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6.3.4 Billing in park-and-ride areas

The charging units in park-and-ride areas wouldctmparable to public places (up-
coming in the following sections). The electricitythe charging units could be sold by
the park-and-ride area owner. The parking and ahgrgould be coupled with other
public transport payment methods, such as travel esed in Helsinki public transpor-
tation. However, the travel card as payment methodld create another parallel sys-
tem to the EV billing system. Additionally, userowud have to keep a significant
amount of value on travel cards (the maximum vaehe card is 400€) for charging
purposes, which might become a hinder. Also, traaetls would be unsuitable for a
nationwide instrument of payment. Therefore, traoaglls would not be suitable for EV
charging intentions. A more convenient way of pgymould be by mobile phone or
RFID payment. Similarly to the parking garages, itileng system could be based on
the LPR system as well. Park-and-ride areas hayelae customers who could sign

parking contracts to utilize the LPR system.

6.3.5 Billing options on public areas

In this section, billing on public streets and pagklots of stores is assessed from the
EV users’ point of view. The charging units couksl $ituated on streets, public parking
areas or parking garages of shopping centers. @@edp location, the billing system

and the user interface should be identical to acomfusion. Electric cars and the tran-
sition require enough learning alone. Thus, thénpilsystems should be kept as simple

as possible.

From the users point of view the whole chargingcpss will be quite straightforward.
The user charges one’s car and pays or receiveshdrging bill afterwards. The prob-
lem is to find the right player to sell the elecity to the public charging poles. Depend-
ing on the location, the distribution system opardDSO) transfers the electricity and
charges a regulated fair fee for it. The energdpcer can be selected separately. The
competition between energy producers is believedktelop even without a regulation.
After charging units and EVs start to appear, enprgducers compete to get their elec-
tricity to be sold at the public charging units.puablic areas people might want to know

the greenness of the charging energy. Thus, theélenglitone or RFID card could be the
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solution overcoming these problems. People woule ltaeir own energy supplier and

people could drive with green energy if desired.

6.3.5.1 Billing on streets

Residents living on city areas need charging paastavell. Otherwise, the transition
might fail. The billing should be arranged identigan public places all over the city.
Mobile phone or RFID card could be the most suéaalution for charging because the
electricity could be sold by the person’s own egergmpany. The RFID tag or cell
phone could be attached to the electricity bilthed apartment. Thereby, the consumer
could select the energy supplier and only the DSlevbe dependent on the location.
The total price should be reasonable, so that jgifterence between on-street charging

and home charging would be insignificant.

6.3.5.2 Billing in business parking areas

Business parking areas include large parking garagd parking areas of shopping cen-
ters. These places are essential for the brealghrolilEVs because people might drive
dozens of kilometers to these shopping malls. Whithrging stations on sight, consum-
ers do not have to consider whether to manage avitkV. Even if people would not
need to charge while shopping, chargers have ahpkgical effect in assuring con-

sumers to drive further.

The billing should be organized similarly to prevsosection, by mobile phone or RFID
card. Despite the location, the consumer could gehdgreen energy” if desired. Of

course, the shop owner would charge the premiumn filoe user. The fee should be
based on the energy consumed, which states thertmmge of metering also in the

business parking areas. However, accurate metesimgt necessarily required if the

duration of the payment can be adjusted. With tasecharging mode, the energy con-
sumption of a particular time span can be roughlgudated and kWh- meters are not
required. As mentioned in the Section handling gimgr in the shop ing centers, the
charging process in should be quick enough. Tylyigedople spend a couple of hours
shopping at maximum, while the car should be falgrged. Therefore, the actual price

for charging would be slightly higher than with wi@harging. Nevertheless, the price
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should be kept as low as possible to support tesiion. The cost of fast chargers
might be reasoned to be indirectly included in éx@enditures of the shops upkeep.
After all, the users could prefer shopping centeith low cost charging, thus bringing

more profit to the centers.

6.3.6 Summary of the payment methods

Overall, the disadvantages of credit cards mak@suitable for EV charging purposes,
whereas RFID technology would offer the most pcattway of paying. The RFID sys-

tem might be expensive to build to begin with. Hoere the RFID system would be the
most customer friendly billing system due to siroyi, speed and functionality. Mean-

while, the mobile phone could offer the additiosafvices and an alternative payment
instrument. Therefore, mobile phone and RFID sohdiare not exclusive, they could
operate in parallel. The features of these threieuments of payment are listed in Table

7 to conclude the comparison.

Table 7: Payment method comparison

Credit card Mobile phone RFID
User identification +++ +++ 4+
Duration of the
payment transaction + ++ St
Safety ++ +++ ++
Additional services + +++ +++
Availability +++ +++ +
Easy to use + ++ ot

+ moderate ++ good +++ excellent
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7 Conclusions and recommendations

This thesis aimed to two primary objectives. Thstfivas to find the main electrical
engineering solutions for charging infrastructugdling and metering solutions from
the end users perspective was the second. A sagoaitda was to assess the effect of
EV charging on the power grid. Despite a large amadf on-going projects worldwide,
the non-existence of empirical results has comgddtaéhe study and completion of this
thesis. Nevertheless, throughout the project, séwencepts and inventions have been

generated and documented in this thesis.

In the chapter handling basic charging solutiorepbe living in detached houses in
suburban areas were stated to be in the most faleopmsition of having a charging
capability. Unlike in suburban areas and most wiaitgs, EV charging poses chal-
lenges in the city downtown because the whole ¢h@ropfrastructure has to be built
from the outset. On the curb-sides, all kinds diepare against the principles of the
City Planning Department of Helsinki. Hence, snyadrk-and-charge areas could be
established or current parking garages utilized=\drusers at nighttime. The available
space needed for the park-and-charge areas sheuéstbnated and the possibilities
evaluated. The feasibility of utilizing the currguarking garages for residents should be
assessed as well. This set-up would require cugtmimcontracts between the garage
owner and the residents. Early adopters of EVaudeilcompanies and people living in
the outer city, making a wide charging networkhe tity downtown unnecessary at the
beginning. However, to familiarize citizens with E&hnology and to reduce the range-
anxiety of the early adopters, some charging uniist be implemented already at the
early stage. Also for testing purposes a smalleschirging network, possibly including
fast charging units, could offer essential reseaesllts and development plans for the
future. The impact of fast charging on the quaditythe electricity could be determined
simultaneously. In the future, current gasolindiats in the city downtown could be

equipped with fast chargers for busy EV users.

The chapter concerning the effects of chargingnéomedium voltage network stated the

importance of smart charging in the long run. Tighmf charging is the most crucial
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factor defining peaks loads. A more comprehensiudyson the effects of charging on
the power grid would require more extensive studéesouple of case studies from the
low voltage network side could offer useful datawbthe effect of charging as well.
Despite the limited scope of this thesis evaluatiie significance of the intelligent
charging became evident. At the initial phase ligiegthce is only recommended to lower
the increased load peaks. However, smart chargirg development trend to be fol-
lowed in the long run. The study also revealed tha grid has some capacity for fast
charging stations. Nevertheless, the density ofeatirpetrol stations is not achievable

without energy storages.

In the billing and metering chapter RFID technolaeg)stated to bring the most conve-
nient instrument of payment. The credit card, whichsed in the automatic fuel pumps,
was assessed to be an inconvenient instrumentyaigyd for EV charging, mainly due
to the slowness of the transaction. On the conttéwy quickness and easiness of the
RFID payment are the most crucial factors to prarbe RFID payment. However, the
safety of the RFID payment must be assured prica twide introduction. A mobile
phone, as a secondary instrument of payment, @ikl the additional services for the
EV users. One Internet-based mobile applicatioriccoclude all the desired services
from navigation to notification services. Thesevems could be used by a laptop or a
car navigator as well. The RFID and mobile phoagnpent would require a new kind
of personal electricity contracts, possibly integdawith the electricity bill of a house-
hold. Along with green home electricity, an enviment conscious citizen could use
renewable energy anywhere. Citizens willing to wsdtheir carbon footprint prefer re-
newable resources in the electricity productionoider to assure the possibility to low

CO.-transportation, electricity sellers should be prep for such integrated contracts.

The infrastructure built today will be in servicer fdecades. Thus, new construction
production should include EVs and required chargmfgastructure into construction
blueprints all over. Surely, the lack of standardsmentarily complicates implementing
definite solutions for blueprints. The implemeraatiof the charging infrastructure is
strongly determined by the penetration level of ESeme charging units should be in
place before EVs become widely accessible. Theilplesssk for investors derives from

the unpopularity of EVs resulting in low utilizatioates of the charging units. The risk

75



can be reduced by installing the charging statmme by one and by observing the de-
mand. Nonetheless, if the whole connection to tie gossibly the transformer, or the
feeding cable has to be reinforced, the risk caarhg slightly minimized. The price of
charging units is insignificant compared to thenfeicement of the electricity system.
Indeed, incentives are needed in both public aindhier sectors to kick off the transi-

tion.

Before serious adoption, electric cars and varigpss of batteries should be tested to
assure the functionality in the Finnish winter eamment. Some batteries might require
constant heating at extreme cold times to fundtmoa proper way, which increases the
required power output of the charging unit. The wéayecharging the batteries affects
the lifetime, which could be assessed at the same with other studies. Once more
cars and batteries are on the market, V2G pilojepts could be arranged. Various re-
charging/discharging methods to separate battgrgstyshould be tested. Simulating
V2G in Finnish winter reveals the practicality diacging and discharging. The loss
factor of the procedure needs to remain at a toler@vel in order to encourage build-

ing V2G systems.

Many ongoing projects around the world prove theagte of electric vehicles. This
thesis evaluated and proposed charging solutiangdigous locations, as well as solu-
tions for billing and metering. Hopefully, some tbiese plans will become reality one
day. Absolutely, lots of thrilling concepts andagpiprojects worldwide will be seen in
the upcoming years. Based on the project SIMBe ¢batinues until December 2011,
Helsinki and Finland will see real progress in #ledransportation. All those involved

in the project look forward to witness the begimgnof the transition.
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Appendix A: Fuel cost calculations

In the following calculations the fuel costs of EMBesel and gasoline cars are com-
pared. According to average prices at 21.2.2010c@&ne fuel costs 1.353 €/I and di-
esel 1.058 €/1 [54]. First, the fuel consumptisrassumed to be 8 1/100 km for a gaso-
line engine and 5/100 km for a diesel engine. Whise figures costs per 100 km are
10.824 €/100 km for gasoline and 5.29 €/100 kndfesel, respectively. For an EV the
consumption is presumed to be 0.25 kWh/100 km hacefficiency of charging 80%.
Helsingin Energia sells the electricity at 10.36Wh [61]. Thus, costs per 100 km
would be 3.24 €. A gasoline car is approximatehgéhitimes and a diesel car almost two
times more expensive to drive than an EV. Thesebeusnare quite realistic in Finland

because heating/cooling requires more power frarbditeries and charging.

A modern gasoline car consumes less than previasdymed. A new VW Polo 1.2
TSI has an average fuel consumption of 5.3 1/100 &uil, Polo TSI accelerates from 0
to 100 km/h in 9.7 seconds and the engine prodil@gsp. [62] For the new Polo, fuel
costs for 100 km would be 7.17 € that still excetrgs costs of an EV. In the future,
driving an EV will be more expensive. Considerirfatt the Finnish government
compensates the lost fuel tax income somehow, uhgeb of taxation falls on the EV

users.
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Appendix B: Electricity production method
comparison in terms of C&emission reduction

Electric vehicles significantly reduce pollutiongity areas. The air quality improves as
EVs do not generate local emissions at all. Thiewohg Figure 31 illustrates the influ-
ence of EVs on the G&emissions with various penetration levels. In ¢heslculations
the term “EV” includes all plug-in vehicles. Thegbre excludes the effects of emission
trading. The number of vehicles in Finland is assdrio be 2.7 million and the average

mileage per year is 17 000 km [8].

Figure 31: The totalCO,-emissions in Finland with different electricitygaluction me-
thods[8]

With renewable sources of energy, £€nissions reduce considerably. With penetra-
tion level of 50% and with Nordic electricity prociion structure, C@emissions
would decline 30% compared to the present situaiiwen with the coal-based produc-

tion structure the total C&missions reduce slightly. [8]

With the same assumptions, we can calculate thectied of primary energy in Fin-
land. The following Figure illustrates the influenof EVs on the consumption of the

primary energy.
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Figure 32: The consumption of primary energy bynish passenger cars with different

production methodgs]

As seen in the Figure 32, the consumption of prynesiergy decreases 20% with a 50%
penetration level of EVs when the electricity i®guced with Nordic production me-

thods.
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Appendix C: Available and upcoming EV models

[41]
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