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List of abbreviations

BSS; battery swap station

CP¢ charging point

EC¢ European Commission

EU¢ European Union

EVc electric vehicles, 100% electric vehicles

FCR; fast charging pointgeneric name covering all types of fast charging points
ICE; Internal Combustion Engine

ICT Information Communication Technology

QCR; quick charging point, the name of the fast charging infrastructure operated by CLEVER in Denmark

Please note that:

1 Bycharging infrastructure is meant both BSSs, CPs and QCPs.
1 By home charging stations all the private charging spots are meant: both at home and at the work
place.
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Preface

This report wasoriginally plannedo treat mainly Battery Swap Stations in Denmaslat during the report
elaboration process it occurred tbe thatperformarce of Battery Swap Stations stronglyconnected with and
supplemented bythe othertypes ofcharging infragucture (especiallyfast charging infrastructurehence all

the charging solutions operating in Denmark were also described. Moreover, electric vehicles development and
spread is also an important factor for BSSs performance: if there are few on roads then for sure it will affect the

. {{ &Q LINEhdefoilel E¥S\Vith sivéctiable batteries available in Denmark were also described in this
report. Also an issue afleployment ofsmart grid deployment and the use of renewable resources was
AyOf dzZRSR Ay (GKA& NBLRNI I aprofkabilitySagid endbBsEVs tol bie reBINE  { &
environment friendly.

This report has been produced as part of thtébility NSR project by: Hanna Baster, Kent Bentzen, Emina
Kapitanovic, Michael Laugesen and Morten Mgller.

Special thanks to all who have contribdtand accepted to be interviewed; an extensive assistance was
provided by Better Place Denmark, but also by Dong Energy and Danish municipalities: Randers Municipality
and Frederikshavn Municipality, who devoted their time to take a part-nhburs longnterviews and were

willing to answer the followup questions.
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Introduction

EU policies directed on electric vehicles

According to the European Recovery Plan, thepgeanUnion has selected various research and development
support mechanisms in order to potentially achieve innovation in road transport and more specifically
renewableCQfree energy sources and transportation means. Within the acknowledged fact that convenient
CQ producing fuels are becoming more expensive and,rdrbas been decided to focus on the potéit
alternative fuels that couldorovide green energy. There are various project initiatives as stated at the
European Commission website concerning clean transparts,f S|y NI y & LJ2 NJExropgaNDd | y
Commission, 2011)

One of the projects is Ntir Sea Region Electric Mobilijetwork (EMobility NSR)pne of the objectivesf the

project isto demonstrate user friendly infrastructure with existing scalable technical solutions using existing
sustainable business platfosfor charging technique€urrently many cities and regions in Europe NSR are
developing coordinated action plans and strategies to develop electro mobility infrastructure. The core focus of
these incentives is local and regional traff@ne of the biggest issues th&tMobility NSR project is dealing

with is organization and synchronizations of the different incentives with one anotidnldity NSR will help

to create favarrable conditions to promote the common development eim®bility in the North Sea Region.
Transnational gpport structures in the shape of a network and virtual routes are envisaged as part of the
project, striving towards improving accessibility and the wider use-ofobility in the North Sea Region
countries,(Emobility NSR, 2012)

This project hadts roots in Europe 2020 strategy, where the European Commission gives the proposition of the
Flagship Initiative 'Resource efficient Europe’. This underlies that the European Commission is going to focus on
presenting and developmdifferent kinds of projects in order to decarbonise and modernize the sector of
transportation.Asthe reasoning behind this initiative is the fact ttzat the IEA has brought to the attention of
the EU governments, the least the success in decarbortisengyorld, the greater the oil pricwill increase. In
HAaMnE GKS 2Af AYLRNI oAff F2NJGKS 9! 4l & | NRdzyR € ¢
G2 RSONBI OS Ay LIS2L) SQa FoAfAGe { 2storiioNbf@dsld balandekabd RS O N
very high inflation due to the fact that almost all product and service prices are interrelated Wiphiags in
one way or anothe(European Commission, 2012)

At the same time EU has developide so called White PapeRpadmap to a Single European Transport Area
Towards a competitive and resource efficient transport systémat deals not only with economical issues, but
also the need to reduce greenhousesgammissions. One of the common aspects that this papers deals with is
to halve the use of conventially fulled cars in urban areas by 2030 and complete phasing out byugf)aark
GCommissionhas developed a road map according to which the GHG emisigansase by 20% compared to

Hnny VYdzYoSNARE A& NBIJANBR 6@ Hnond ¢KAA &adzadl yaalf

level of 1990. It has been concluded within the White Paper, that a succesful infrastructure development and
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potential reachof the settled goal would require over 1,3 trillion EUR investment in a period of 2010 and 2030.

From that the successful completetiontbE TEN¢G Yy S g2 N)] 62 dzf R NBIj dzA NB ¢

ppn

main bottlenecks othe transportation industryUnfortunately, this does not include the potential investment
in vehicles equipment and charging infrastructure that may require an additional trillion to achieve the

emission reduction goals for the transport system.
E-mobility chances to become a massarket product

Thisreport focuseson oneof the 9 + ¢h&ginginfrastructureelements:the Battery SwapStation.Thissolution
wasrecently developedand is currently under firsts marketlaunchesin Europe.ThebiggestEuropeaniaunch
takes placein Denmark, where the whole country is plannedto be coveredwith the Battery SwapStations
network enablingtravel from the verynorth of the countryto Copenhagert516km).

Accordingto Better Place,an electric car is a vehicle of the future. In the past years, most of the major

internationalcar manufacturersannouncedvariouselectriccar models.It isuncommonto openay S ¢ & LJt
car sectionor a car magazinewithout stumblingon electric car news, reports and reviews.Major automakers
like VolkswagenBMW and Audiwill launchtheir first pure electricmodels.Alreadyin 2011,it wasnoted that

new massproducedelectric carsappearedon the N2 | & ®édmarksuchas MitsubishiiMiev and Peugeot
iOn. Furthermore,one of the corefocusesof this project and Better Placeis Renault'first full scaleproduction

of electricvehicleswith removablebattery, namelythe RenaultFluenceZE whichwaslaunchedin 2011.

The RenaultFluenceZ.E.is so far the only model that fits Better Place'sbattery switch concept. The Renault

Fluences introducedwith a competitiveprice of 206.000DKK(around27.500Euro) Thereasonfor that is hot

only the desireof Better Placeand Renaultto pushthese productsout of the market, but alsovariousDanish

governmentand EUinitiativesfor examplea largerole in decreasingelectriccar price in Denmarkis playedby

different incentives,where owners of electric vehiclesdo not have to pay any registration taxes on their
vehicles.
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The reasoning behind choosing electricity powered vehicles against ICE vehicles

Electriccarshavethe potential to set new standard in the automotive market. Nissan'dirst electric car the
NissarLeafhasalreadybeingelectedthe 2011 EuropeanCarof the Europearmotor journalists(Carof the year
2011,2012) TheNissan_eafwasin direct competitionwith ICEmodels,whichwaslaunchedthe sameyear.

Within economiesof scalean electriccaris cheaperto producethan a fuel-driven car, becauset primarily has
fewer moving parts. Therefore,in generalelectric carseachyear are becomingmore compettive. Fromthe
userpoint of view, the fewer movingpars alsomeanlesswear and lessvisitsto the workshopwhenit comes
to the maintenanceof electriccars.

Besideghese advantageselectric carshave further benefits towards convenientvehicles.Thisappliesto the
accelerationcapacity becauseof the constanttorque electricmotor. Furthermore theoretically,an electriccar
canutilize energy3-4 times more efficientlythan a conventionalcar.

With electriccarson Danishroads,traffic noiseimpads canalsobe reducedsubstantially. Thenoisefrom the
tires at high speedsis dominating, but at lower speedsbelow about 50 km / h, enginenoiseis the biggest
problem especiallyin urban areas.It hasbeen shownthat over 785,000homesare impactedby road noise,
which is higher than the limit that is required by the governmental standards (Miljgstyrelsen, 2012)
Furthermore,Denmarkis experiencingbetween 200 and 500 premature deaths causedby road traffic noise
and between 800 and 2,200 hospitalizationsdue to road traffic noise eachyear. An electric car has a great
potential in relation to reduction of roadtraffic noise.Despiteof the factspresented,concernaboutthe threat
of traffic accidentscausedby soundesselectricvehiclesshouldbe alsotakeninto account.Researcheraround
the World work to identify whetherthis is a real problem.Thechallengédsto keepnoiselevelsbelowthe noise
emitted from conventionalengines,so that electric car noiseredudion potential is preserved.Therefore,it is
essentialto work on creatinga soundthat is as silent as possible,but still stand out from the noise of the
traffic.

Moreover, with regardsto security,modern electric carsare fully comparablewith the fuel-basedones.lt is
becausethey are produced by leading international original equipment manufacturers,whom all have
extensiveexperiencein automotive safety- and makethe samedemandson their new electric cars,astheir
fuel-powered models.That mears for examplethat electric carsgo through the samecrashtests and safety
proceduresasthoseknown for fuel-poweredcars.

Another important factor to mention is air pollution decrease Air
pollution causedby transportation is one of the factors affecting
public health most negatively in Denmark. The problem of air
pollutionin relation to publichealthis greatestin large citieswhere
people are on or closeto busyroads.Pollution from fuel-powered
vehicleexhaustemissiondgs the most harmful air pollution, because
the dischargeis at street leveland becausecarsemit largeamounts
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of ultrafine particles.Ultra-fine particlesare particularlyharmful, becausehey canreachall the way out of the
outer branchesof the lungs,where they are removedslowerthan the coarserparticle typesby, for example,
wear of the tires, road surface,and brake blocks.Thereis still lack of knowledgeabout air pollution impacts,
but recentscientificstudiesestimatethat air pollution annuallycausesapproximately 3.400prematuredeaths,
2.200 hospitalizationgdue to cardiovasculadiseases1.500 hospitalizationgdue to respiratorydiseases3.300
casesof chronicbronchitis, 11.600casesof acute bronchitisin childrenunder 15 yearsand 160.000asthma
attacks(Nationallnstitute for PublicHealth,2007)

Not only haveelectric carsno exhaustpipe andthey do not pollute at street level but alsodecreaseemissions
of tire and especiallyof brake dust. The amount of brake dust decreags dramaticallywith electric cars, as

modernelectriccarsuseso-called"regenerativeenginebraking,"whichvirtually no wear on the carbrakepads

duringbraking,andwhichalsorechargeghe carbattery.

Externalfactorsjustifying rationality of electro mobility implementation

Thereare severalfactorssuggestinghat there is a needfor the Danishtransport sectorto adaptto renewable
energysourcesFirstly,risingpollution emissionand significantclimate changehasresultedin a needto reduce
and eventuallyeliminate polluting emissionsirom oil-basedtransport altogether. Moreover, oil productionis
approachingts peakandoil companiesare increasinglyseekingor & K I tdNNRS | €b#réesof oil, whichis both
costly and difficult to extract. Furthermore,there is an increasingdemand for more energy, especiallyoil,
which is expectedto rise significantlyin the future. Thisphenomenoncan be especiallyobservedin countries
with highgrowth of economyand populationfor examplecountrieslike Chinaand India,whereliving standards
are rising and millions of people buying their first car, first refrigerator as well as increasetheir travel
activity. All this requiresmore energycoupled with the emissionof more CQ.

Renewable=nergycreatessustainableransportandviceversa.Theeconomy
that is possiblyusingthe renewableenergycreatesa greatopportunity in the

transport sector. A significantproportion of renewableenergyin Denmarkis

generatedby wind energy.Unfortunately, wind energy is difficult to exploit
optimally: when there is no wind needsof Danishhouseholdsare hard to be

met, while whenit blows, there is contrariwisenot alwayssufficientdemand
.ContinuouslyDenmarksellsit belowthe costof production,givesit awayor

evencompletelystopsthe wind turbinesin periodsof times. Better Placehas
developeda sophisticatedsoftware systemthat takesinto accountelectric
carR NA @i8/Ngneeds,possiblelocal overloadingof the power grid and a

number of other factors. Thebetter utilization makesit possibleto increase
the production of wind energy in Denmark.Further, the increasedpower

consumptiondue to amplified use of electriccarswould theoreticallyincreasethe price of EUCQ allowances
andwould makeinvestmentsin energy efficiencyand renewableenergymore profitable.

Overthe past 35 yearsthe globaldemandfor oil hasraisedin an averageof 1% per year, and the globaloil
trade crossedthe full $ 3 trillion in 2008and globaldemandfor oil and gascontinuesto grow. In fact, many

10
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estimate that the world in 2050 will demandtwice as much energy as today. Dwindling oil reservesand a
consequentrise in globaloil priceshave almostunimaginableconsequencesyot just for climate but alsofor
our transportation systemsFortunately,the future holds equally great potential for a correspondingglobal
transportation market basedon renewableenergy.A shift to a transport systembasedon renewableenergy
will inevitably lead to a substantial reduction in demand for oil, and can potentially create one of the
21 century'sgreatest economicopportunities. The expansionof renewableenergyis just one way of creating
value.Investmentin electric vehicle components,infrastructure and systems,batteries, charging stations,
battery switch stationsand network technologieswill result in new jobs in numerousindustries.The shift to
electriccarswill alsoallowfor savingsn the transportsector.

Why Denmarkwas chosen as Battery Swap Stations demonstration site

A modern society like Denmarkemits a great amount of CQ into the atmosphereon a daily basis.The
imminent threat to the climate is the reasonwhy Denmarkis by 2020 obliged by EU'sgoal of reducing
greenhouseggaeshy 20%comparedto 1990levelsby 2020.In Denmark transportaccountsfor more than 20%
of total CQ emissionsA figure like that is difficult to reduce despite of the fact that tighter environmental
standardsfor carshavebeengraduallyintroduced. Justsince1990there have beenalmosthalf a million more
carson Danishroads.Soeventhough carsare more energyefficient and run longeron a litre, there hasnot
beenshowna decreasen total CQ emissionsElectriccarscanplaya crucialrole in reducingCQ emissionsas
a petrol carwith an averagedriving pattern emits about 3.3 tonnesof CO2per year, while an electriccaristo
bringthe figure downto aboutoneton of CQ, mainlydueto electricity production.

An eledric carwill alsobe evenmore ecofriendly over time. Denmark'sstated goal of increasinghe shareof
renewableenergysuchaswind energyin the grid, meansthat the electric car'sindirect CQ emissionsfrom
electricity generation at the power plant is reduced as the power generation becomes more climate
friendly. This is even more probable, as charging infrastructure operated by Better Place (home charging
stations public charging pointand the battery swap stations) amdready connected temartgrid. Theelectric

caris not just a here-and-now alternative,but aninvestmentin a sustainablefuture. DanishEnergyproducers
expectto halve CQ content in the Danishelectricity production alreadyin 2025 Thisgoalis to be greatly
supportedby charginginfrastructurefor electricvehiclesintegrationwith the smartgrid.

11
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Methodology

Aim

Battery Swap Station ia new solution which has notpreviously been describedn scientific repors or
journak. This report aims at communicating this solutionddroader audience, especially focusing on public
authorities of NSR countries.

Geographical scope

Denmark was chosen aggeographical areéor this report, as this is the first countig Europe wherd . { { & Q
network has beemstablished.

Goals

The S LJ2 NIl Q& ae drér@ed Yodsaista sound development a-mobility policiesin the NSR countries:
firstly, it will provide information which will help to influere public authorities to support-eobility spread
with legislative and financial tools, secondiywill provide them with descriptiomand comparisos of the
existing charging infrastructure solutions (BSS, CP, FCP), ihivdlynform them about the needs concerning
thesetools develpment, thus optimizingthe procedures of setting upsmart gridsolutions in connectionwith
Battery Swap Stations and Charging Points. Last but not least thefgthe$ project is also to infornthem
about the possible gapsrhich may hamer thisinfrastructure launch.

Objectives and outcomes

There areestablished two main objectives of this report. First ongdsdescribe a new charging solutian
battery swapping and second to create a roadmap for a successful establislmBattery Swap St&iy a Q
network in the North Sea Region countries accompanied with the recommendations concerning changes in the
law required to smoothetthe process of charging infrastructure implementation.

The goals were attained by presenting the process for swappingrieg as well as the setting up of the
stations including connections wigmart gridsolutions. This activity has a special focus on the physical setting

dzLJ 2F GKS . {{Qad {SO2yR 32t g+a I 002YLIA&AKSR o0&
concentrating especially on the legal side of this activity: beginning with location criteria, going through
permissions needed and finishing with financial and legal support provided by public authdtigeBrstmain

outcome of the report is a descripti of the BSS establishment process in Denmark, with a speaat fon

legal aspectThe second main outcomef this report is a roadmap for BSS implementation consisting of a
description of BSS establishment process in Denmark accompanied with the reodiaiions concerning

changes in the Danish law required to smoothen the process of charging infrastructure implementation.

12
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Detailed outcome® RS & ONR LIGIA2Y

Throughthe demonstration of the procedure connected wittharging infrastructureset up in Damark the
report aims tofirstly attain information onlocation criteria considered as most feasible by BSSs and CPs
establishersand how theysometimesK | @S (G2 06S OKIl y3ISR Refiz®ncés2Sedou#y, thé O
report wants to collect informatioron legislative processs related with BSSs and CPs set, ygermissions
necessary and the timing needed filneir acquiremenis describedThirdly, the report endeavours gxamine
process of the physical BSS anB €stablishment Last but not leasthe report gives an insightinto smart

grid solution with charging pointgpresent in Denmark and by this inDanish experiences with using
renewable resources for EVs charging

Process (Data collection protocol)

The eport was written on the basis oflderature review, Danishplanning and buildingegulations review and
interviewswith core stakeholdersExtensive assistance was provided by Better Place, but also by the other
interviewees: Dong Energy and Danish municigalitRanders Kommune and Fegdshavn Kommune.

wSLI2 NI Qa ad NHzOG dzNB

Chapter1: this chapter provides the reader with location criteria considered by Better Place while choosing a
spot for a BSS establishmefitis information was needed in order to comprehensively des¢he@rocessof

BSSs setup in Denmarkhe tapter was written mainlyon the basis ofan interview with Better Place.
Additionallywebstes of Better Place and CLEME#te used.Better Place assisted extensively within writing
the whole project, but especially conceing this chapte as information provided wasot accessible publicly.
Core inputs were received at a meeting with Better Place in May 2012.

Chapter 2: background knowledge for this chapter was gathered on the badiseoBuilding Acin Denmark

and the Danish Planningct documents Interviews with Danish municipalities provided the most important
information for this chapter Information gathered from Frederikshavn Kommune and Randers Kommune
enabled the author to map the process of BSS physgtabéshment in Denmark from finding the right spot

to the BSS openingd-urthermore, knowledge gathered during conducted interviews helped to point out weak
points within the Danish Law system concernihgctic vehicles, charging infrastructure as waslemobility
spread in general.

Chapter 3: technicad operation and physical setp process¢ The main goal of this report is to provide a
roadmap for charging infrastructure implementation and toiperform aresearch on the technical side of the
issue. However, it was important to inclutkchnical issues in this reporsince recommendationsaonot be
elaborated without a basic knowledge of the general technical features of charging infrastrudtuveas
egecially important regaraig Battery Swap Stations assta new, not broadly describesblution. The hapter
was written on the basisfan interview conducted with Better Place, but also the basis osecondary data
sources websites, reports (espediafrom the EDISON consortigm

13
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Chapter 4: As mentioned previously,he main goal of this report is to provide a roadmap for charging
infrastructure implementation and not to perform a research on the technical side of the iskveever, it

was importantto elaborate onsmart gridintegration with BSSas thislimits feasible location of BSS, its
profitability, and have an impact on permissions needed to be obtained to establishTB&$apter was
produced mainly on the basis of interview with Dong Energy and Better Place. Nevertheless, literature review
on smart gridand electricitysupply system in Denmark provided important background to build the proper
guestionsfor the interviewees.

Chapterb5: this chapter describes existing charging infrastructure for EVs network in Denmark and endeavors to
compare its elements: Battery Swap Stations and Quick Charging Points. This compgagstrer with
recommendations from chapter 1€ould topefully help public authorities to decide which solution is most
feasible for specific locati@n Although, it must be noted that this chapter does not try to give a final
recommendation on which solution isare feasiblebut is meant to servasan addiional, advisorytool.

Chapter 6-10 aim at summarizing and reflecting upon findings described within chaptérs sb the
information gathered during interviews and from secondary data sources.

Chapter6: This chapter presents strengths, weakses,opportunities and challenges (threstof the Battery
Swap Station network in Denmark. does notanalyzethe impact of BSSut rather try to assess chances for
successfuBSS spread.

Chapter7: this chapter provides the reader with the magstablisied outcome for this report, process of BSS
establishment in Denmark with a special focus on the legal side of the proCésgter summarizs
information presented in chapter 3 of this project, which were gathered from the interviews with municipal
authorities (Randers and Frederikshavn municipalities) and Better Place.

Chapter 8:focuses on the future potentials of Battery Swap Stations usefrigight vehicles. Firstly it

St o2NriSa 2y (GKS LIaaArAoAftAidASaE F2N . {{aQa NBINRTA
on the opportunties for BSS deployment &igistics centers for serving electric freight vehiclegdiforcity
distribution purposs. Findings presented in this chapter are based on the information gathered during the
interview with Better Place as well as on the basis of work package 7 activity 3 repdeM@oped by FDT).

Chapter9: presentrecommendatons regarding BSSsharging infrastructure and-mobility development in
general. This chapter is an attempt to put the issue of BSS intoaaér context and reflect not onlyn how to
successfully implemenivattery swap stationsbut alsoon, in which situationsand in which locationsit is
needed andn which situations and in which locationg#@n occur to beindesired.

Chapter 10sums udindingsand presents conclusions frothe whole report

14
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Chapter 1 Charging infrastructure location criteria in Denmark with a special
focus on Battery Swap Stations

1.1 General location criteria for Battery Swap Stations

Battery SwapStationsare establishedo ensurethat alsolong drives(more than 120 km) are possiblewith an
electricvehicle.Hence BSSare placedoutsidethe cities,alongthe highwaysand mainroads.Themaingoalis
to enabledriversto travel betweenthe biggestDanishcities: alongthe wholed K A 3 K gdbrisistingof E2Q
E47and E45.The BSSsietwork consistsof 17 stations and enables travels from Skagerto CopenhagenThe
distancebetweenBSSs fixed this way, that the biggest distance is 100 km and the shortest is 70B&Ss are
y2i SELISOGSR G2 0SS 2FGSy dzaSRT bniyabdut5%ofdhe Damighayy R
trips exceedthe battery range, which is 160 km. Therefore,it will be necessaryonly in exceptionalcasesto
changethe battery on the way. Normally,chargingat a chargingstand covermost of residents'daily driving

needs (BetterPlace 2012J)
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The BSS cost i€-15 million DKK and it ithe same as 750 charging spots. This is the reason why BSSs are

Vyia t20F3SR

mainlylocated only along highways, to meet the demand of people travelling long distanben the battery

switch is really neceasy.

Additionally there are plas to locate severaBSSs withirii K S

OAUASEAQ

o igimf Rumbek & & =

electric cars will appear on roadsis becaus@&SSs could be more feasible than FCEYodrivers living in high
rise buildings who do not have a space to install theivn home charging station. The reastmestablish BSS
within the citiescould bealsoqueuing to FCPs, as the time of charging is still longg@2®inutes CLEVER FCP;
Better Place has so faot establisked FCPonly CP).

Currently, there was made affort to locate one BSS in CopenhagierdrestadenOne reason is to advertise
BSS concept and the secondhiat amajority of expected first EVs users are living/working there.

1.2 Specific  location criteria

for Battery Swap Stations

Duringthe interview conducted with Better Place, detailed location cideronsidered by this companyeve
described, as welhs general ones, described previouskhey are: accessibilitypcation/zoning, visibility,
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security, property price, property size andagle, neighbourhood. Below, a table presentingation criteria
according to this prioritized under

Accessibility 1 (50%) 1 (30%)
Location/Zoning 2 2 (20%)
Propertysize and shape 3 3 (10%)
Visibility from road 3 2 (20%)
Price 3 3 (10%)
Security 4 4 (5%)
Neighbourhood 4 4 (5%)

Figure4 Better Place location criteria for BSS in Denmg(lkterview with Thomas Greisen, May 2012)

Accessibilityis measured as thenost important one; its share accounts faround 50% during the decision
making process. The explanation is simple: poor access to the BSS will caessatbase of it, despite of
good \vsibility. The issue of accessibility was connected mainly withldation close to the roadthe
possibility to enter theBSS enter from both sides thfe highway/main roadrisk minimisation when turning
left while leaving/approaching. { {ad locatimm outside of trafficjammed areas. Therefore, BSS have
been,where possiblelocated close to the highway/main road exitghich were accessible from both
directions. Otherwig, BSS have to be built it in a doulblember. At one location, in Kildebjerg, tBe Place
did not succeed to achieve hignce there are 288~ o gaéhside of the highway

Zoningand location

Furthermore bcation criteriadepend onthe existing planning systenit is an advantagef ia cho®n spot is
already covered bglocal planand if a new doesnenot have to be establishedue to changes ifand use.

In Denmark the utility companies hgshy law¢ an obligation to supply the requested amount of Amps that
any customer demand. They are also in their right to chargeice for such demand, at present time a one
time off fee of DKK 495per ampis charged Therefore quick chargers can be installed anywhere and the utility
O2YLI yeée KIFa (2 adzali e G§dKS NBl|jdzSaiSR |YL&A FTNRY |
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away fromthe cadastral where you plan to put up the charger. Civil works, cabéind connectiorfrom the
O2yySOiGA2Y &dzZllLlit & o02E (2 GKS OKIFNBSNI gAft 065 2y (K
this reasoning BSSs should be located next to the electricity transmission/distribution network and specifically
next to ransformer stations. However,teansformer station is located at each BSS site, it does not need to be
located close to the general transformer station, but only close to the transmission /distribution network.
Secondly it would be necessary as, the egdapses while transporting it on disttibon network (no more

than 50 K/, low voltage network) is much higher than on transmission network (no less than 110 kV, high
voltage network) Access to water and sewage systealso important, when locating thBSS.

Figure5 Kolding: BSS located next to highwaits Figure6 Kildebjerg: 2 BSSs next to each highwayit, (Google Maps)

for both directions,(Google Maps)

S
le%“ lE45 |

Kolding Vest)

Yl

PNE LJS NJian@shapas A 1 S

2 KSy AG O02YSa G2 (KSitsidiuk baSaNEast 809 Inas thér&holild/bR spack IdBISIS
building(currently oneswappindane, in the futureit is plannedto extend with asecond lane)3 parking places
andthe transformerstation. The main entrancdo the BSS is ote left, when entering the battery swap lane,
which alsodeterminesthe requiredshapeof lot. The important thing is t@lsoensurethat none of the cables

are under the building fundaments.
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Visibility from the road:
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Figure8 BSS visibilityBetter Place Danmark, 2012) Figured BSS loiﬁ'ggg?:)&;%é)eﬁ areas: Nyborg

There are planned to be establishesad signs2 Yy @ KS KA 3 K Battediiftesf F W FBRAREY Sviap
Station).Currently, there is only one in place, in KoldiBgtter Place has already applied to EU far design
of a common sigifor BSSs, but their request hast beenyet processed.

As written above, visibility is also about proximity to places where [gesfop on their way: fast food chain
ga®line stations rest areasetc. The mailNB | a2y G2 201 4SS . { { ailtyissSEdtheri 2 NI
issues likeeommon technical servisemaintaining servicgor bathrooms were not the determining factors.

Price

Renting the propdy is preferred However, the renting time is deed to be at least 10 years long. In the
majority of casesthe contract time in Denmark was established for 20 years. If the propextyth be bought,
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then it was previously possessed by the municipality in the majority of cases. pitiee of the property
includes: property value plus expenses connected with preparation of the property for the building placement.

Security

In order to ensure sufficiergecurityatthe BSSshe ¥ 2 f f 2 g Ay 3 a2t dziA2ya ¢SNB A YLIH
lighting. Secondlyvisibility £ a2 Sy adz2NBa . {{Qad aSOdaNAGe Ia Ad NBIdz
stations, fast food chains.

Neighbourhood

According to Better Place, there are no inconveniagighbourhoodsfor BSS location; for instance in Nybdrg

is bcated right next to dandfill. The preferred location is next to rest areas: restaurants and gasoline stations,
where BSS can be visible from or where the sign directing to it can be put. Gasoline stations and fast food
chains occupy the best accessibi# f 2 0F A2y a FyR GKSNBF2NBE . {{Qa I NB

1.3 Location criteria for charging points and fast charging p oints

Better Place has already established charging spotseirB0 biggest cities in Denmark. Charging Points are
located only in the cities, as the charging tigan takeseveralhours. In order charge the batteryip to 8%

with a fast charging facilityl@5 Amp3 it takes 2030 minutes and to charge it with a regular chargit§ (

Ampg it takes 68 hours but then the battery is charge close to 100V%herefore for someit is more feasible

to swap the battery aa BSSluring long trips than to charge it. Charging points are located within the cities
where there is people agglomeration: next to the top attractions, like Amusement Parks, ZO®isoapihg

centres or next tahotels. Thelocation criterion for this was thd people stay in thee places more than -3
K2dzZNE® C¢CKSNBTFT2NBI F2N AyaidlryO0Ss Al R2SayQreiueri¥thg S &S
second biggest comparigstalling charging infrastructure for EVs in Denmark; besides of CP thealsave
implemented quick charging points (QCP). Location criteria/of Q F NB G KS &l yYS a F2NJ
borders and next to restaurants and grocery shops. can be found othe CLEVER websitiBoth the Quick
Chargeand normal chargean be aroption, cepending on the type of locatioft issince both will be needed

for charging in residential areas wieeelectric cargypically stand alhight2 NJ ¢ KSNB & K2 NI &0 2|
(CLEVER, 2012Eyen thougtthere are Q@s located next to highwaym Nyborg and Kage), they dtee only

two while the rest of these facilities are located within th ;.10 Nyborg, location next to the landfill(Google Maps)

cities. This shows what the intended function of QCPs

charging EVs used for short trigswithin cities; br now s

Cleverhas mainly located their shops émwtex (supermarket : J
properties. The reason for such location criteriatieat QCPs
are most feasible for short trips, while BSSs are for long.t
Neither Better Place nor Clever haxadted their CPs/QC
within residential areas.




No %

Figurell/ [ 99 wQ& OKINBAYy3 LRAYyGEa YR FlLad OKINBAyYy3 LA ydleverl
2012C)(Better Place, 2012B)

Besides of the location criteria for BSSs and CPs considered by Better Place and described in this chapter, the
FAYILE aLkRRia t20F0GA2y g1 & Ay Tt arbsyifStBhasavell. ThiKiSsuelwdzoef A O |
further investigated in chagtr 3 of this report.
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1.4 Summary and conclusion

1 Thanks tothe location along the H highway, BS8dwork makes it possble to drive fromthe very
north of Denmark down to Copenhagen (516 kanjl to the German borde#Q3km) without waiting
for the battery to be charged ateharging station.

1 The shortest distance between B&S70 km while the longest 100 kifihe minimum range of an EV
(specifically Renault Fluence Zgth switchable batteryis 80 km and therefore location of BSS is we
suitedfor EVs range.

1 The important measures considered by Better Place while acquiring property for BSS establishment
are: accessibility, location/zoning, property size and shape, visibility from road, pécatity, and
neighbourhood

1 Location is only slightlgetermined by the existing electricity network location, since each BSS s$pot
containsa transformer station, which lowefiacreaseshe voltage as requested

1 BSSs are much more expensive than &fstherefore they are and will be located mainly where CPs
use is not feasible: outside of cities, along the highways, where charging time must be short.

1 However, here are planned to be buikeveralBSSs within cities limiia the future to enablemulti
storage buildings inhabitants to drive EVEhere vere already taken steps to build BSS in
Copenhageridrestad) mainly formarketing purposes.

9 BSSs are not expected to be used di¥V drivers. Taking into accouhat the maxrange ofRenault
Fluenceis 160 km only 5% of Danes woul@éxpectedlyuse it every dayHoweverif average and
minimum of a Renault Fluence Z:\asconsidered 100 and80 km) then the share would increase to
8% and 11% respectively, who would potentially use the BSSdailyabasis due to their commuting
range.
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Chapter 2 Legal issues: Grants and Permissions

2.1 Common p ermissions for all construction sites in Denmark

Denmark is in general an investor friepaiountry if international rankingare taken into account. When fior
instanceO2YSa (G2 GKS NIyl G5SIFHftAy3a gA0GK O2yaidaNUzOGA2Y LI
Bank in 201ZWorld Bank, 2012)Denmark has a f0position (out of 183 countries) Taken into account are

time needed to build (33.3%), costs as % of income per capita (33.3%) and number of procedures (33.3%).
There is 67 days needed to go through all 5 procedures written into the building permit obtaining process. Cost

of obtaining & the permissions is 188,875 DKK what accounts for 59.1 % of income per capita in Denmark.
Comparison of all North Sea Region countries involved mmwlglity NSR program is presented below.

North Sea Regiol Place in Rank Time(days) Number off Cost as a % (
country procedures income per capita
Belgium 51 169 12 53.6

Denmark 10 67 5 59.1

Germany 15 97 9 49.7

Netherlands 99 176 15 107.8

Norway 60 250 11 33.1

Sweden 23 116 7 81.6

United Kingdom 22 99 9 63.8

Figurel2 Process of construction permits acquiring Morth Sea Region countries. Comparis@ource(World Bank, 2012)

Considering data shown above it can be reasoned, that the time of BSS set up in other North Sea Region
countrieswill take longer time than in Denmark and will be more expendiVerth mentioning is also than
the Danish planning systemermissions once appli for, do not expire

The gneral pernissions necessary to be obtaingm every construction site in Demark are:buildingpermit,

and either local plan or mural zone permit. Denmark is dividéato 3 types of areasurban areas, rural areas

and summelhouseareas. Local plans can concern any of these 3 areas while rural zoning permit aplylies

rural areasRural zoning permit must be accompanied with a local plan when it comes to new constructions
establishment.A huilding permit is necessary in all 3 areas and is awarded after all the permissions are
obtained, including rural zone permit/cqshiance with local plan.

In order to obtain all the permissions needed, there must be delivered a documentation concerning technical
0dzAtft RAy3dQa RSOGFAfad LG Aad NBGAASR o0& GKS Ydzy A OALJ f
of the building can start. Technical documentation must contain:
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A. fDrawings showing level access

B. 6 SOKYAOL ¢ RSGIATSR . {{Q&a o0dzAfRAY3I RNIgAYy3I AyOf dR
protection system.

C. technical property plan,

D. drawings showingny sound insulation against neighboring properties,

E. drawings showing the tightness of the building where it is in contact with the soill,

F. stability calculationsdocumentation showing loadearing structure of the building and these showing

that structures were erected in line with the best building practice
G. documentation showing that structures and materials are free of any moisture content which would risk

GKS RS@St2LIYSYyd 2F Y2dzZ R Ay (KS o0dzAif RAy3dI 2y 0SS 20C(
H. documentation showing ¢ttt fire safety requirements have been met (in accordance with
G91aSYLIStarYtftAy3d F2NJIoONI'YRAAINAY3I |F 0@33ASNR HAMS
energy performance framework calculations
heat loss calculations (for conversions)
documentdion relating to sewers/drainage
documentation relating to ventilatio@The Danish Ministry of Economic and Business Affairs, 2010)

il T

In some municipalities it was possible for Better Pldc start building before all permitaere obtainel.

However, if it occurred that some requirements were not met and the building permit couldenassued,

then Better Place hado stopthe O2 Yy a i NHzOG A2y 6AGK2dzi 02 NJeSmedonl a Q (
municipalities (however, such #@sation did not take place).

According to Better Placéhe most important permissions to be obtainddeeded in order to get building
permit/rural zoning permitwhile setting up a BSS are: transfer of the property fromal to urban zone (the
making of a new local plans necessary in this case), rural zoning permit and permissions from the fire
department and concerning waste water management. The overall time needed to gather all the permissions
took in the majority of cases few months, but in somealions it consumed up to 2 years. The longest time
was needed in these municipalitieshere a new local plan had be prepared.

Building permit

The physicd BSS establishment can stéme moment thebuilding permitis awarded thus it is the final ah

most important permitrequired to set up a building. However, in order to obtain this permission all other
requirements must be mecompliment with a local plan abtainment of a rural zone permiandobtainment

of other permissions (describetelow ini KS & dz0 8 SO0 A 2 Yy ).0CPs) deSgederal$ sk¥mipted A 2 Y
FNRBY GKS NBIAdZANBYSyld 2F 200FAYyAy3 o0dzAif RAY3I LISN¥AGZ
08 3IYAYISNE O [|Dan3de Buding Regulations déc@ndihe Danish Ministry of Economic and
Business affairs, 20Q7)
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Local plan
W‘?mgd&ﬁﬁj A local phn which covering the chosen spot, where tB8S3s built isin
W ; 1l boigy- general a required prerequisite to obtain a building perniihough,it
canbe omittedif the municipality deems thah building does not have a
ERHVERY BiisER, significant impact on an are#f the cheen area is already covered hy
btz {_}ﬁ’-—mﬁ' local plan, then a new BSS must meet the terms of this document. If not,
g 4 il then a new local plan must be prep:':lre‘dr this specific IocatiAon. ’
: Inhabitants play an important role ir2lIO | f LX I yaQ Sadul of |
T PRI S objections against new construction must be considered by the
m - municipality. However, inhabitants do not possess a veto; public
st 56 o authorities can make decisi@gainst the public will, if necessary.
ey
_tﬂ!a_ﬂ -~ The procedure of writing down the area to the local plan took
ot 7 et FOM ' municipalitiesfrom 6 months up to 2 years (the time of waiting is the
Eﬁf—&{w—_ 11 longest in Copenhagen, as the planning rules there are the most
' restrictive ones in whole Denmarlgyven though time needed to change

0KS LINPLISNI&Qa dzasS A yddingSlow ol f LK
Figure13 Distance from residential arez - starting the physical B2 a & St dzLJ LN OSaaod LG gl
required for respective environmental o yeen municipalities and Better Place: theyltbstart building a BSS
classeKommune Plan , 2005) i ) e ]
after all the technical documentation of the building was provided and
preliminary decision of compliancetwithe local pan was given. Although, ifdiccurs that some requirements
are not met and the building permit cannot be issued, then Better Place has to stop construction without borne

024034Q O02YLISYy&al A2y d a2 NB2 e byinfuScipfiges i 2F SNRGAY:

As BSSs are generally located outside the cities, along the highways, they are generally covered with a rural
zone permit and not with a local plan. The situation is converse when it comes to charging points: their
common locations within core urban areas: next hopping malls and businessntres However, CP do not

even require a building permit, they are only obligatto comply with local plans;caording to Better Place,
charging spots can be located more or less everySherg A (1 KA Yy  @ACogethagent @theRnS iy, An

some municipalities, Better Place does not have to pay for a spot rented for CP establishment

While being written into the local plan, BSS location is, among others, considered regarding environmental
issues.There are seven environmental classes in the Danish planning system, where first class covers offices
and small shops and the seventh refers to heavy industry areas such as power Iplayegseral, the higher

Of raaQa ydzyoSNJ G6KS KI NRSNJ (2 2fthé budingss activity2sywithifi the flrd NIV A (
class, then it @n be located withimesidentialareas, while ifclassified tahe seventhenvironmentalclass, tke

distance should be at least 500 meters. Another importastie included in the local plan requirements is a
maximum plot ratio established for each property, so to say the percentage of an area whibk bailt up.
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Normally, itaccounts for 4@ for luildings other than houses and sedgtached houses. As BS8e in most
caseslocated in the rural areas (thosgot covered with a local plan), they are not covered with this limit.
Therefore a maximum plot ratio can differ from property to property, dfge A y 3 2y dzNB Iy LI | yy

Rural zone permit

Rural zone permits are especially important for BSSs as they are generally locatéd&t OA G A S& Q 2 dzi
rural areas; always next to the highways/main roads. In Denmark it is hard to obtainildifg permit at the
countryside forcommercial buildings with functionality differetttan agriculture, fishing or forestry. The other
experienced problem connected with obtaining permissions for BSS built in the rural areas is that' parcels
within theseregions are of a largsize ad according to the Danish lavan additional permit is required to

divide the parcel and seabhly a piece of i{ Randers municipality, 202 2)btaining this permit is especially hard

in the rural areasTherefore, when the parcel is too big, Better Place tend to rent it instead of buying.

Other permissions

Besides of the local plan/rural zone permit, several others need to be gathered concerning each building in
58y Yl N]Y & @ miled plahjgfietkingi flans and drawings, checking the lot plan, securing fire
department permission, issuing a temporary building permit, issuing the structural engineer certificate,
checking the rain water drainage and checking building compliance itht wSI € 9&a Gl 4SS wS3IAa
YR NBIdZANBYSyGa F2N NB@He&orNBank 2032) | YR aLISOAFTAO LINE

2 .2 Specific permissions required to set up and run a B attery Swap Station

Citizers play an important rolin the Danish planning system. Thelsjections against new constructiemust

be considered by the municipality. However, inhabitants do not possess a veto; public authorities can make
decision against the public will, if necessary. In some municipalities all the permissions besides of local plans
and rural zoning permit (firewaste water, traffic, noise and safety) are issued by one department: traffic
planning section, as BSSs and CPs are elements of transport infrastructure. In some other municipalities
permissions concerning specific fields are issueddéyartments specidized in these fields. Nevertheless,
municipalities try to gather representatives of all these sections around one table together with BetteaPlace

the early stagein order to quicken the process.

Municipal location criteria (environmental class)

BSSannot be located right next to residential areas, as BSSs are generally treated as a similar construction to
gasoline stations and therefore placed within eith&t@& 4™ environmental class. The minimum distance is 50

m, when it comes to "8 class andl00 m concerning " class. This can be conceived as an incentive from
municipalities, as according to the Danish Environmental Class system, BSS should be locatet) olétsn ift

car washing is presenas this is a requirement for gasoline statiomish car wash). Each BSS possess washing

 Whole Denmark territory is divided into specific cadastrals, which cannot be easily further divided into parts and solallyespthe rural areas.
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equipment, as each timéour lockingpoints on the batteryshould be cleaned andf precautionreasons,
beforethe battery can le removed. However, not onsan theBS$etreated as a gasoline station, but alas
a small service indust, and therefore it is not important whethd8SS possess washing facilities or not.

Safety, noise and traffic generated

Municipalities agreedhat BSSs and CPs are not dangerous for the environment so that there is no need for the
municipality to release a big number of permissions. As Thomas GreisenNBettef | 0SQa { Sy A 2 NJ
mentioned during the interviewthe only environmental issues to be considered are the fire danger and the
dealing with waste water. Regarding thiest, municipal fire departments were concerned about high lithium
flammability. In regards to the latter, water should be stored in containers and then directed to the sewerage
a2aitSY®d b2 LISNX¥AZAA2Y O2yOSNYyAy3d duarSaR was learied dlng 3 Q d
interviews, the reason for this is not lack of necessity for such a regulation, but rhhearly stage of BSS
implementation; in this moment location criteria and building permit where these of municipal interest.

On the sulect of environmental issues, there was also required expertise connected with generated traffic as
Sttt Fa gAGK GKS y2A4S AYRdZOSR® |1 26SOSNE | FGSNI Ay D¢
noise level, as electric cars do not preeut so. Traffic produced would not be currently of the same scale as
when it comes to this generated by a new gasoline station. Although, question of future level of traffic
generated holds true.

2 .3 Grants/ incentives provided by the Danish government a nd Danish municipalities

Municipalitiesin Denmarksupport directly charginginfrastructure establishmentby e.g. speeding up this
processMunicipalitiesalso support indirecthBSSs and CPs by supporting electric vehsgesadin their own
administraion, encouraging citizen® use them, facilitating their driving, charging and parking. It is very hard

to disconnect these issues: policies regarding electric vehicles and charging infrastructure. Hence, both of
them: directly and indirectly supportincharging infrastructure spread will be described.

Direct support:

Danish municipalities possess planning competences and therefore stimulate charging infrastructure spread by
allowing purchases of public properties for this purpose and by speeding up this process. Though, they do not
hold rights regarding private propeets: shoppingentres gasoline stations andorkplaces; municipalities can

rather say what should not be built there and rarely what should be built there.

1 Municipalities enter into contact with Bettd?lace/CLEVER when a private persoa company regest a
new charging facility. Themole is to give Better Place/CLEVER an overview of the situation and direct
O2YLI yASaQ AyiGSNBad Ayid2 GKS aAaLISOAFAO I NBF® adzy/ At
an interested party.

1 Before whole tle procedure of issuing permissions starts, municipalities check preliminary if the charging
infrastructure location is possible on properties which Better Place/CLEVER pointed batngsf
interest.
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1 Also Better Place/CLEVER is provided with detailqusrofithe specific properties and of the local plans
which cover the locationf the possiblecharging infrastructureHence, they can also asses by themselves
if there is a point in starting the application process for a specific property.

9 Before the procedure of issuing permissions starts, munictjeditry to arrange a meeting withll the
authorities issuing respective permits, such as fire brigade, pdiiaffic planning department, local
citizen® NBLINBaSyidl GAOBSd ¢ KSdNIom2ohSaffice iokahather,Raakih@hitch K &S
documents are required since everythingestablished at the samtme. Afterwards Better Placéhas to
send all the required drumentsand they have already here an overviewhiéy getall the permissions or
not, asafter the meetinghey know what exactly can be an obstacle.

1 There is only one permit issued by municipalities which companies need to apply for while setting up a
construction in Denmark: it is building permit. The @ees of issuing the rest of tipermitsneeded starts
automatically when application for a building permit is made.

1 The BSS can hghysicallyset upbefore all the permissions are issued. $tpossible, but only after ahe
technical documentation of the building is provided and preliminary decision of compliatitéoaal plan
is given. However, if ibccurs that some requirements are not met and the building permit cannot be
issued, then Better Place hasto stop coiBzO i A 2y A G K2dzi 02Ny S Oz2adaq 02

1 Not onlythe physical set up of the BSS cstart before building permitsi obtained, but municipality also
endeavoursto ensure that the threat of building permit refusal is low. Municipality looks for possible
dispensation, if there appear obstacles concerning local plan compliance.

1 In some places, there are already standing signs di@ctini 2 . { { Baiterigkifte¥t&iole® aw2 I R

4

authorities agreed to put these signs on the roads, despite of the fact, that the consigam . I G G S NB
{ 6 L) { i§hotiahoyed yetor the whole European Unidén

1 In some municipalities Better Place does not pay for renting/using the lahe i€P is located opublic
property.

Indirect support:

T [ SaAAatlGA2Yy adzZIRNIAYy3I 9+xayY 9+xa& | NB SESYLIWISR TN
Fyydzh €t GFE dzydGAt GKS SyR 2F uwnmpd | 26S0OSNHt 6KSyY
can occur to be a lesnvincibleincentive, as municipalities already purchase cars (diesel, gasoline
fuelled) without paying VAD 1 p°2 2 T Ol NIDherefdrd,itican@cc o tbelzBaieV is more
expensive for municipality than thisielled with traditional fuel resources. Hence, new subsidies for
EVs should be provided if municipalities are to btimge-mobility concept into life. Continuously, it is
an important problem as public authorities are these who should spread innovatiudoss, and
when they do not show a successéxlample people will not start using E{Behgan, 2012)

2 As Denmark is a member of EU, all the signs on roads should be standardized.
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1 Despite of the fact mentioned above, several Danish municipalities purchase electric vehicles and this
way show that they are reliable, secure and cost effective.

1 In several cities there is free parking for EVs provided. For instance in Frederiksbemgh@ual) vihere
several free2-hour parking zonere locatedfor all car userdMust you park in the parking zorfer
more than 2 hours, you have faurchase a parking licensEhese P licenses are free for electric cars
users.As one of the interviewees shiabolishment of parking fees for EVs will attract more users not
2yte 0SOFdzaS 2F RSONBIFIaSR 9+xQa dzliAfAlTlFdAzy O2a
more necessary to spend time on buying tickets, dilog number of parking hours, atldnking each
time about time needed).

1 In several cities there are implemented Low Emission Zones. These are restricted areas where it is
required that diesel trucks and buses over 3 ¥ tons are equipped with particle filters that live up to the
EURO 4 normor higher. Approved patrticle filters intercepts approx. 80% of the particles from a diesel
engine (Miljo Zoner, 2012) In relation to electd vehicles, it means that can be beneficiaf
companies to acquire electric velds to their fleet of vehicles as the electric vehicles automatically
meets the requirements for driving in the zones.

9 Municipalities support charging infrastructure spread through parking spaces management; places can
be reserved for charging reasons so that only electric vehicles can park there.

9 Advertising renewable energgources deployment for electricity supply imicgher way Danish
Ydzy A OA LI £ A émblity SpredddihisEhdblirag&ment coming from the local level is supported
by the Danish national energy objectives: goal of being 100% fossil fuels independent till 2050 and 50%
energy production share from wil energy till 202@Danish Government, 2011)

2.4 Summary and conclusion

1. Spread of CPs and BSSs is indirectly but strongly supported by the incentives for EV users provided|by
the national government, such as registratiand annual tax exemption as well as provided by the
municipalities, such as free parking places for EV users, low emission zones, EVs use advertising (EVs
use by municipalities).

2. Moreover, if EVs are to be an environment friendly vehicle, use of renevesigliegy forfuellingthem
must be secured by the national and local authorities. Thus, suppostimagt gridand use of wind,
solar and other renewable energy resources should be treated as a way of supporting BSSs and CPs and
therefore should become evenaore intense in Denmark.

3. Permissionsthe IS3 I f LINRPOSaa 2F . {{ Gcivn (theéSrost ddnimadd 2edifoiR 0 S| 2
Denmark, asnentioned by the interviewee from Randers municipaliby)the property sellers, who
have special requirements concerning theure usage of their property. @ically, they do not want
to have acompetitor on the sold lan@especially company involved in the same business as the owner
of the sold land isespecially important when it comes to companies competing in the gebgralp
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proximity). However,when it comes to BSSs, they are not problematic; tliey not create a
competition to their neighbours
4. Permissions: Even though municipalities in general are strongly supporting BSSs establishment, spme
delays also occurred.
5. There are no financial subsidies for charging infrastructure in place, though the one of EVs purchasep is
provided.The xnish government ensures thantil 2015neither annual taxation nor purchadex is
paid for an EV acquirement
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Chapter 3 Charging infrastructure: technical operation  and physical setting
up process

3.1 A Battery Swap Station: technical operaton 6s description

Battery shift process:

For shifting the battery the driveenters a lane, the car proceeds along the conveyor while the automated
switch platform below the vehicllbwer thebattery fromthe 3S KA Of S ¢ KSy G KS LI NI 27F
the battery was taken from is cleaned and the
charged battery is mounted into thear. The

process takes around-8 minutes.The system is

very simple:inside the station,there are just

batteries lying on the shelves, shuttle taking a

battery out from theshelf andputting it onto the

robot containing the toolbox, which dismounts

o | the battery and ensureshe OKF NASR o G
proper location at the bottom of the car.

If there is new car model/vehicle type (trucks,
) vans and buses) with other type (shape, size) of
removable battery launched to the Danish market,
‘ 5 then they can be served by BSS as well, as Michael
Figure 14 BSS: Switching tunnel interior, source: own materials Salomon from Better Placetases. The current
robot can serve other types of toolboxes necessary
F2NJ ok G0GSNE Qait chraes to Ghig otherypRvatgakniodels, the only retrofit needed will be an
additional function of replacig the currently mounted toolbox witlthe other oneand a different shelf system
(depending on the battery size and locking mechanidmtase of bigger vehicles, there will be just a need to
build a second, higheswitching tunnehext to the existing one anddd larger shelves for bigger batterieBhe
BSS system operation is fully automatic: no worker is needed to op@SSs. ringthe first months there
areworkers there, but their role igust to make the switches more comfortable for first useso tofamiliarize
them with the system.

Technical problems connected with battery swappoogicern mainly a toolbox which remotiee used battery

and put a new one into the car. When this or other probsewccur customer does not have to call the
technical service. The station is monitored by the workers atdperating centre, and when malfunction

comes/ switching takes too lgntime, then they see which exact part of the switching process takes longer
GAYS GKFy y2N¥lIftéo LT GKIFIG KIFILIWISyas (kKSe OFrftt GSO
system. They try to fix the problem and if it does not work then tbeyeto the station and fix it therelt will
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be also visible on Oscar tool, that there is a delay and that they exmed malfunction andhave to call the
customer advisor. There is always a car behind the B8$hgodriver does not want to wait 3Minutes he can

continue the joNy S & @

¢ KS 1Lidl NedeliyeteénfteBvargsi ® G KS Odza G2 YSNR &

1 . An automatic conveyer belt engages and moves your car through
the station. First stop: the undercarriage of your car is quickly
cleaned and dried.

3_ The conveyer aligns your car for the switch. The robot removes
the old battery, replaces it with the new one and confirms the
connection.

S ey |
! ™ a ™ !
)

Meanwhile, our Better Place robot prepares a compatible, fully
charged and fully tested battery for the switch.

| ° !
4

il:l

With you happily on your way, a robotic arm transfers your
depleted battery to the charging rack where it's connected to a
cooling system, rapidly charged and thoroughly tested before
reuse.

Figurel5 Battery switching process, sourcéBetter Place, 2012)

Switching and charging time:

Switched battery of Renault Fluence (22 kWh capacity) can be fully recharged witGih rBlhutes, as the

power of the charger is 33 kW82 Amps172V). Each switch last-8 minutes and the capacity of BSS is 12

switches per hourCurrently, the biggest BSS in DenméBleta Station Gladsaxe has the capadity 16
batteries; severalhave the capacity for 8, which in any cad®uld prove sufficienfor the next few years
Most stations have 4 chargers and batteries, lesser useéatatike Esbjerg have only 2 as thereusrently
no customer basis fanore. As Michael Salomon from Better Place said, they will be lucky to hawMiches
per day this year. Continuously, there is no need for charging time improvements; in thre, futien the
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number of switches will increase, the time can be decreased. But this regatrefits of the whole systento

g2N)] FLraadgSN®» ¢KS OKINHAy3a GAYS OF
temperature: if it is very high, then there is time needed t@Iicid

down, before the switch takes place.

99 RNAOYSNAQ aSNWBAOSa

EV is permanently connected to thBSS with the use of the
electronicequipment¢ Oscar tool (tool developed by Better Place
and RenaulNissan). It provides thalriver with the following
services:

Figurel6 The BSS interior: a charging rack,
source: own source

directionsto the nearestbattery switch station or chargingstand,

possibilityof routing,

informationaboutthe scopeand planningof the nextchargingor battery replacement,

warningin caseof almostempty battery,

charging and battery replacement- information about the chargingprocesssuchas priority handlingand
chargingof battery replacemeniprocesqBetterPlace 2012H)

=A =4 =4 =4 =4

B3l W®-12w m309%

[

Figurel7h & Ol NJ G 22f aK2gAy3d GKS NBYIFIAyAy3a ol G§G§SNEQA
source:(Better Place, 2012l)
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3.2 A Battery Swap Station: p hysical place description

1 Inside the building there is 1 lirend 4 chargers, shelves filled with batteries and the robot taking the
used battery out from the car and placing a charged one into the car.

1 The capacity othe BSS is for 16 batteries, howeuwbe number of batteries differs from BSS to BSS
from 2 to 16 (see above).

T ¢KSNBE A&  Y2(0iA2Yy RSGSOUGAZ2Y OAR%2 & dNBINVEMHEYOSE
buildingto make sure thatvehicle is locatedn the correct position to perform a switcand alsoin
order to ensure thaho one entes with the car and at the exit as well

1 1 laneisleading tothe BSS.

1 3 parking places are secured outside of the building.

1 Next to the BSS there isdated an electric substation (transformer station), whichbisth distribution

substation and acollectorsubstation. It means that energy canot only be transformed to the lower
voltage (distribution substation) and used by BSS, buttalachigher voltage (collector substation) and
sent back to the grievith low energy losses.

Figurel8 Battery Swap Statiorbuilding exterior, source: own pictures

33A Battery Swap s&utpgptotessn 6 s

Legal issues connected with setting up 88EDemmark are described in chapter 2 of this report, while the
whole process of collectingermissions is desibed in details in chapter. Focusof this chapter igherefore
put on the missing part of the procegshysical setting up of the BSS building, swappygiem integration and
testing, while thdegal side of the course of actiemaly signalized.
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6 weeks8 months 2 weeks 6 months 16weels 2weeks 1 week 1 week
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Steps in

set up of _ _ B ; ;

Eos Obtaining permissions Renting/buying -{{aa d a O K A .{ ut u A3 Testing
process property set up integration integration

Figure 19 Setting up process of BSS

Obtaining permissions; The pocess of BSS set up begafter technology was developed, malfunctions
corrected and retrofits made (the whol®ok Better Place 3.5 yearskirstly, preliminary BSS locations are
chosen angpermissions for these spots are trying to be obtained. Timing of this stage varies from municipality
to municipality: from 6 weeks up to-& months, as experienced ®openhagenWhen the spot is found and
Better Place starts negotiation with the municipality, they deliver a comprehensive report on Battery Swap
Stations and the person responsible for physical set up of previousR@Smspotential problematicissues.

Renting/buying property ¢ The aerage time for renting/buying varies a lot for the BS®m 2 weeks to 6
month anddepends mostly on the ownelNegotiation for a specifiot starts early, before the perissions are
obtained. Howeverproperty is notacquired béore all the permissions are gatheresb it § sure that BSS can
be built at thespecift spot

BSS dzA f RA Yy Stayéc TitnSrieededlid set up BSS after all gfeemissions are obtained. The overall time

needed to put up BSS is 16 weeks|udimgground works, plugging in to water, sewage system, electricity and
telephoneinterviewsd | 2 6 SOSNE Al GF1Sa 2yfteée H ¢ .9tSs]bécaudeall the2 y & (0 |
machines are built earlier, so the task afterwards is only to erect a simgbstruction containing that
equipment.

Machines' integration stagec YI OKA Y S&Q Ay (i S 3 Ndeks.ATRe/firstiigodl S to proghetheNB &
RSOAOSa (G2 ¢2N)] LINBOA&aASte&y LI FOS G KSThe econd gnhditda |
task within this step are retrofits. Which are needed as the very first machines for BSSs where very simple
comparing to what is now.

Station's integration stage stationQ & A Yy (i S 3 NJ2 ivéelsyto niake|s@eithat alh tredements are on
the right placeg that the softwareconnects to the station and that all of this is up and runnifigis stage also
includes sanity testing.

Testing stage; Malfunctions creation and toolbox integration with a car are the main tasks and most problems
occur during this stepAn internal requirement is to make 1000 switches with no more than 1 malfunction.
Basically malfunctions are collected ensure that vaen the problem occurs, there will be enough information
gathered to fix the problem quickly. When that is done there are undertaken 1000 switches with each
malfunction found, so it means that the process can be prolonged to several thousand switchas thend
malfunction or the machine fail is experienced ag#imust of coursebe tried again; someoolbox erors can

take even 9 or 10 tests, before working correctly.
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Figure20 Physical BSS establishment processain stagessource:own drawing.

3.4 Charging Points and Fast Charging Points technical operation description
The core focus of this report is put on the new solution BSS. Therefore the technical operation dethits of
charging points in Denmark will be only roughly described.

FCP&CP technical operatiaescription

Figure21 Charging from the home charging station and from the charging spot in public space,

source:(Better Place, 2012G) 36



