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%NBAASODHEOA OU

Many countriesand citiesare now consideringleploymentof ‘cleanv e hi c |l es ' , I ncl
electricvehiclesand hybrid vehicles asan efficient approachto improve air quality and

energy efficiency. While vehicle manufacturersadopt new technologiesto produce
cleanvehiclesgovernmentpoliciesalsoaimto supporttheir usagein cities

This deliverable selects a number of case studies of clean vehicle deployment
different citiesworldwide. The case studies examine the deployments, and provide key
information about users, stakeholders, success factors, enabling factors, barriers, and
possible future developmentsBy presenting these cases the deliverable aims to
provide a concise overview diie current trends in cleanvehicledeployment,and to
inspire policy makersand researchergo developsuitablesolutionsfor their own cities.
Caseseleted in this deliverableinclude

1 Electricand hybrid busesin Europe(Gothenburg,London,Hamburg) and China
(Shanghayj)

1 Electricvehiclesharingschemesn Europe(Paris, Berlin)

1 Approaches to encouragirejectriccarsfor private use(UK)

1 Electrictricyclesfor lastmile deliveryin urbanareasin China(Beijing)
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1 Introduction

In recentyears electricvehicled (EV)haveenteredthe marketwith promisingpotential

for providingzeroemissionand zeroair pollution urbanmobility solutions Thefirst fleet

of fully electricbuseswasin operationin 2010in ShanghaiSincethen, manyinitiatives
have been implementedto promote the use of electric buses,suchasthe ECfunded
ZeEU®rojectwhich ams to be the main EU activity to extend the fealgctric solution

to the core part of the urban bus netwarhere has also been a rapid increase in
ownership and use of electric cars, notably in Eurdpethe UK, the Societyf Motor
Manufacturers and Traders (SMMT) records 11,842 ddtwaemission vehicles (ULEYs
including pure electric, plug in and hybrid) registered between January and May 2015
up from 2,838 in the same period in 2014, with over 20 models now on the market
compared to 6 in 2011.

Electremobility in generals also linked to the energy sector with impacts on capacity of
the electricity grid, electricity generation policy, andetigeneration and distribution of
pollutants. Chiefly, ektro-mobility diverts pollution from the point of use to the point
of generation. It is therefore potential zero emission/ air pollution measure for cities,
but its full impact should not be ignadeMany citiesnow considerlectric vehicles as a
good solution to reduce air pollutiorhowever, uptake has requirea wide range of
purchase incentive schemes, ranging from purchase subsahesfree parking, to
access control zone rights.

Thisreport provides adescriptionof key examplesof innovative approachesto using
cleanvehiclesin Europeand China.The exampleswere selectedeither becauseof their
innovation, effectivenessor their transferabilit’. The examples focus on electro
mobility and hybrids, but do not cover other alternative fuels (e.g. LPG), which will be
discussed in forthcoming D4.& is hoped that these examplesmay inspire policy
makers and city plannersto find the most suitable solutions for sustainableurban
mobility for their own cities.

2 Electric vehicle means phig electric vehicle.

3 The selection criteria can be found in the Annex.
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2 Example Deployments of Electric Buses

The public transport of tomorrow needsto be sustainable somethingthat is key from
an economic,socialand environmentalperspective It alsoneedsto attract passengers,
deliver a reliable service,and be accessibleNoise and exhaustemissionsneed to be
reduceddrasticallycomparedto the traditional dieselbus.Fuelconsumptionand energy
efficiencyneedsto be improvedto meet future operational requirements. Transport
efficiencyis another areathat needsto be improveddue to increasedusageof public
transport in cities in general requiring improved traffic managementand transport
planning.

Electrified buses, from hybrids and plugins to full electric buses are currently
successfullydeployedin many cities as a solution for long term sustainabilitytogether
with short term gainsin reducedemissionsjmproved energyand transport efficiency.
Theelectrifiedbusalsoopensup for city transport planninginnovatve and new waysof
handlingvehicles.Oneexampleis the indoor bus stop conceptand the potential use of
smartgeo-servicedor handlingvehiclespeedand meansof propulsion.

The Hypébus project has achieved the following environmentahprovements for

electrified bus operation in Gothenburgilhe measured results for overall energy
consumpton, i.e. including both dieselnd electricity, was better than anticipated. In

total, the plugin hybrid achieves a 8henergy saving over the diesel Euro 5. Before the

trials began, Volvo had hoped to achieve &#hel saving over the diesel Euro 5. In

practice, this has been well exceeded. The piugybrid consumed less than 11 litres of

fuel for every 100 kilometres, which is 81B#ss fuel (11 Ires per 100km, equates to

25.68mpg) than the equivalent diesel bus. There was%é&&uction of COzZ&missions,

compared to standard diesel vehicles. The objective to reduce the average tailpipe
emissionof NOx, PM, HC and Gare than 786 dso meets the targetAnother target

was to make sel ect amas ammatiers of puble tramspatations si on’
80% of the route has beeelectrified, hence ‘ ®Ber oNoeinsies sg,minssi on
key elenent for the regionwasalsoimprovedby approximately20 dBA.

Hybrid busesinclude serieshybrids, parallel hybrids, and blended hybrids. In a series
hybrid here is no mechanicatonnectionbetweenthe engineanddrive axle.Theengine
powersa generatorthat chargeghe battery pack In a parallelhybridthe enginepowers
the drive axleand a generatorin parallelthat caneither chargethe battery packand/or
directly propel the bus A blended hybrid is a combinationof the two types of drive
systems.

Estimatedbenefits

A 30-40%fuel reduction
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A Silenttake-off
A 40%lower on-road emissions
A Improvedpassengecapacity

Plugin hybrid busesare powered by a battery that can be chargedfrom an external

power sourceand/or from the internal combustionengine Theplug-in hybrid busoffers

full flexibility for the bus operator asit canbe usedin battery mode for zeroemission
operation and benefit from the range as a diesel bus. The fuel economycan also be

drasticallyimproved due to operationalflexibility dependingon route characteristics,
chargingfrequencyandvehicleand energysystemconfiguration

Estimatedbenefits:

A 75%fuel and 60%energyreduction

A Electricadrive 70%of route =silent
A 75%CO2reduction
A Chargings minutesat end stations

Full electric busesare powered only using a rechargeablebattery usedto power an
electric engineto propel the bus Busesusing this technologyhave no need for an
internal combustionengine. Thesebusesare chargedeither en route at chargepoints
throughout the bus circuit or at first and final stops. Others have their batteries
rechargedovernight and are therefore known as overnight electric buses. Another
chargingregimeisto combinethe two by chargingthe vehicleovernightandtoppingup
the battery when the vehicle is operating. A third way is to use battery-swapping
stationsreplacingthe batteriesto reducechargingtime. Routeflexibility is dependent
on rechargingnfrastructureand methodology.

Estimatedbenefits:

A 80 %energyreduction

A Electricadrive 100%o0f route = silent
A No localexhaustemissions

A 99 %CO2reduction

A Chargings minutesat end stations

Charginginfrastructure

Plugin hybrid busesand full electric busesrequire chargingstations, batteries and
electrical energy suppliers. These are partly-new technologies that need to be
integratedinto the publictransportoperator systemand organization Investmentsin
infrastructurewill be requiredtogether with training of drivers,maintenancepersonnel
and management.Accordingto businessanalysis,the chargingstation is expectedto
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havethe samelifespanasthe bus. Thesamechargercanbe usedfor plug-in hybrid and
fully electricbuses.Thedesignof the chargermust alsosuit localrequirementsso as to
fit the city, busstopsandlocalregulation.

Thebusline systemshouldbe developedto fully benefit from the electrifiedbus.Hybrid
Bus Rapid Transit systemswith various degreesof electrification can thus make a
significantcontribution to the COZ2reduction demandsplacedon public transport, in
additionto the verysignificantnoisereductionpotential enabledby electrification.

Utilisation 1,5 hiday 16 h/day

Yearly driving distance 13 000 km 60 000 km
(Battory |12kWh | 185kWh

Passengers km/year 19 500 1200 000

Price per pass km 26€ 0,26 €

Charging Home/Scattered Defined

CO, per passenger km* 25 g/km 5 g/km

*Electrichy fromwind power

Figure1 A comparisonof the CO2footprint of a bus (Plugin Hybrid Electric Vehicle - PHEV)vs. a
passengercar (PHEVand anillustration of busstop high-power 150/300kW chargingstation

2.1 Electric and hybrid busesin European cities

There are currently many cities in Europedeployingelectrified bus systemsincluding
hybrid buses,plugin hybrids and fully electric buses.Thisreport has selectedthree
cities as examples:Gothenburg, Hamburgand London where electrified buseshave
beendeployedand plansfor future introduction exists.

2.1.1 Gothenburg
2.1.1.1 General Description

Hybrid buses have been in operation in Gothenburg since 2008 with very good
experiencesn increaseduel efficiencyand emissionreduction. Thishasformed a base
to further expandanddevelopboth the technologyand buspublicserviceoffering.
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In June2015 a new bus servicestarted between ChalmerslohannesburdgciencePark
and LindholmenScienceParkin central Gothenburg.Three fully electric busesrun on
renewable electricity for very energyefficient, quiet and entirely emissionfree
operation On board the buses,passengrs have free internet access The bus stop at
Teknikgatanat Lindholmenis indoors. Quiet and emissionfree public transport can
operate in areas currently closedto traffic, thus opening up new opportunities for
planningin cities and towns. Apart from the three full-electric buses,the route is also
servedby a numberof electrichybrid busespoweredby electricityfor about 70 %of the
route.

2.1.1.2 Usersand stakeholders

The following key organizationsare partnersin the Electricityinitiative: Volvo Group,
Region Vastra Gotaland, City of Gothenburg, Chalmers University of Technology,
SwedishEnergyAgency, JohanneberdsciencePark,LindholmenSciencePark,Business
RegionGoteborg,GoteborgEnergi,Vasttrafik, AlvstrandenUtveckling AkademiskaHus
and Chalmersfastigheter

2.1.1.3 Keysuccessfactors

Publicdemandfor clean,silentand efficient publictransportation
Useracceptance

Strongcollaborationbetweenthe keyactors
Considerablenergyconsumptionreduction

Electricadrive 100%o0f route equaling silentoperation
Zerolocalexhaustemissions

ConsiderableCO2reduction

Chargingat end stationsto optimizeoperationaltime

In-door busstops

= =4 4 -4 -8 -4 -5 _9_-°

2.1.1.4 KeyEnablers

1 Newdevelopedfull-electricbustechnology
i Busstop chargingstation technology
1 Clearenergysupplyandenergystorage
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2.1.1.5 KeyBarriers

Investmentcostsfor new busesandchargingstations
Technologydevelopmentof keycomponents
Innovationof new servicesand solutions
Competencealevelopment

Organizationathanges

= =4 4 -4 -9

2.1.1.6 Looking to the future

TheElectricitycooperationwill continueuntil 2018and severalnew initiativesare being

initiated for further deploymentbuilding on the resultsfrom Electricity.It is important

to continue research to addressissues such as:noise, the environment, safety,

technology,behaviourand sustainability.In addition, there are innovation challenges
plannedto generatenew ideasfor both productsandservices.

2.1.2 London
2.1.2.1 General Description

More than 1200 hybrid busesoperate on 64 routesin London.Thefirst hybrid buswas
introducedon route 360in March 2006 and over 300 were in passengeserviceby July
2012.Thew o r Ifidt’daubledeckhybrid buswasintroducedin Londonfrom January
2007.Transportfor London(TfL)initially stated that it intendedto makeall new buses
deliveredfor usein Londonhybridsfrom 2012.
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Figure2: Theworld's first purposebuilt all-electricdouble decker

2.1.2.2 Usersand stakeholders

Transportfor London,bus manufacturersincludingBYD,Volvo, Wright Bus,Mercedes
and AlexandemDennis, TheWorld Bankand GreenlnvestmentBank

2.1.2.3 Key successfactors

Publicdemandfor clean,silentandefficient publictransportation
Useracceptance

Strongcollaborationbetweenthe keyactors
Considerablenergyconsumptionreduction

Electicaldrive 100%o0f route equallingsilentoperation
Zerolocalexhaustemissions

ConsiderableCO2reduction

In-door busstops

=4 =4 8 -4 -8 -8 -5 19
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2.1.2.4 KeyEnablers

Strongcollaborationbetweenthe keyactors
Newdevelopedelectricbuses

Batteriesand supercapacitorsasstoragemedia
Busstop chargingstationsand electricenergysupply

= =4 -4 -4

2.1.2.5 KeyBarriers

Investmentscostsfor new busesand chargingstations
Technologydevelopmentof keycomponents
Innovationof new servicesand solutions
Competencealevelopment

Organizationathanges

= =4 -8 4 -4

2.1.2.6 Looking to the future

Accordingto the Ultra-Low EmissionZone (ULEZproposalall 300 singledeck busesin
central Londonwill be zeroemissionat tailpipe by 2020 . Furthermore all 3,300double
deck busesin central Londonwill be Euro VI electric hybrid, with the exceptionof a
small number of Euro V Routemasters.London will also continue to pioneer new
technologiessuch as hydrogenand electric buses.As part of these trials, TfL will be
piloting inductivechargingtechnologyfrom October2015 Thismeansbuseswill be able
to wirelesslychargetheir batterieswhile they wait at busstands.Thetechnologywill be
trialled on three extendedrangedieselelectrichybrid busesin eastLondonon route 69,
whichrunsbetweenCanningrownand Walthamstowbusstation.

* https:/ww.london.gov.uk/media/mayoipressreleases/2015/06/pureelectricdouble-deckerlondon
bustrial-announcedat-world
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2.1.3 Hamburg
2.1.3.1 General Description

The public transport companyin Hamburg,the HamburgerHochbahnAG, is usingthe
route to run comparative tests of innovative drive technologiesunder the strict
everydayconditionsof scheduledservices utilising Volvo vehicle&\longsidethree 7900
ElectricHybrid buses,diesel hybrid busesin both 18 metre articulated and 12 metre
versionswill alsobe tested on the route, aswell asbattery fuel cell busesand fuel cell
busesfrom other manufacturers.The Innovation Route 109 of HOCHBAHNvill be
almost exclusivelyservedby buseswith innovative drive technologies.Different types
and drive modesfor the sustainablebusesof the future are to be testedin paralleland
under identical conditions.Conventionaldieselbuseswill alsobe usedon the route to
serveasreferencevehiclesn the scientificcomparisorof the innovativedrive concepts.

UNSER ANTRIEB
! .(‘3 = 23

A

Figure3: Plug.inelectrichybrid busat the chargingstation

The Innovation Route 109 runs from the new Electric Bus Terminal near Hamburg
CentralStationto the final stop at the undergroundstation in Alsterdorf.With a length

of about ten kilometres it is highly suitablefor the electric hybrid buseswith plug-in

technologythat permits full electricoperationover at leastsevenkilometres. Charging
takes place at the two bus terminals. With the newest vehicles,the HOCHBAHNs

expandingts rolling developmentlab for moderndrive technologyto atotal of about65

vehicles.
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2.1.3.2 Usersand stakeholders

Thebus serviceis operatedby HOCHBAHNhe public transport companyin Hamburg.
The EU project HELD* Ha mb uHlegt®busD e mo n s t witht HOGHBAHMNS
Coordinatorand Institut fur Kraftfahrzeugeder RWTHAachenas partners. Volvo Bus
providesbusesand Siemengrovidesthe chargingstation.

2.1.3.3 Keysuccessfactors

= =4 -8 48 -8 4

Publicdemandfor clean,silentand efficient publictransportation
Useracceptance

Energyconsumptionreduction

Electricadrive 100%of route equallingsilentoperation
Nolocalexhaustemissions

CO2reduction

2.1.3.4 KeyEnablers

1
T
)l
1
T

= =4 A

Strongcollaborationbetweenthe keyactors

Newdevelopedelectricbuses

Batteriesand supercapacitorsasstoragemedia

Busstop chargingstations

Battery swapping stations, swapping robots and remote battery monitoring
systems

Energy

Innovationof new servicesand solutions

Competencealevelopment

2.1.3.5 KeyBarriers

)l
1

T

Investmentscostsfor new busesand chargingstations

Charging at selected bus stops (double layer cagcitor buses) reduces
operationalefficiency

Timefor battery replacementat battery swappingstation (10 minutesexcluding
transfertime from busroute to station)
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1 Notyet maturetechnologyof keycomponents
1 Organizationathanges

2.1.3.6 Looking to the future

Thecity of Hamburghasa planto electrifyits publictransportsystem.Startingin 2020it

will acquireonly emissionfree buses.The Mayor of the City of Hamburg,is convinced
that the InnovationRoutewill offer important findingsto acceleratethe developmentof

more sustainableand resourcesavingbuses:* T lg@al of only acquiringemissionfree

busesfrom 2020isthusf easi bl e . ”

2.2 Electric and hybrid busesin Chinese cities

In China,there are considerableplansand needsfor introducing new energyvehicles
(NEV)to reduce emissionsand energy consumption.Aggressivenational targets have
been set 0.5 million NEVsan 2015,5 million plus 2 million production capacityin 2020.
NEVdemonstrationsare tobe performedmainlyin big/megacities,especiallyin the key
regionsof BeijingTianjinHebel, YangtzeRiver Delta (Shanghaiand in the PearlRiver
Delta. More than 30% of the incremental or replacementbus, governmentalfleet,
logistics vehiclesand sanitationvehiclesshouldbe NEVsSn thesedemo cities. Subsidies
from central governmentsinclude aid forconsumersbuying BEV,PHEVand FCV A
number of demo cities for electric busesdeployed fleets comprisin§5%hybrid buses
and 15% battery electric busesby the end of 2012. Shanghausesboth double layer
capacitor chargingand has also deployed fully electric buseswith battery swapping
stationsasan examplein this report.

2.2.1 Shanghai
2.2.1.1 General Description

Twotypesof electrifiedbusesare in operationin ShanghaiDouble layecapacitorshave
beenintroducedto increasethe rangeand there are somelinesin operationwith fast-
chargingstationsusingbuses equipped with supearapacitor orboard energy storage
systems (ESS)
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Figure4: Double layer capcitor busat a fast chargingstation at the world EXPQ010

In2010,120fully electricbuseswhere deliveredfor the 2010ShanghaEXPODuringthe
EXPOthese buseswere usedto transport visitors to/from and within the EXPQpark
area Eachbus containsbatteries for full electrical operation. An automated battery
swappingstationwasconstructedat the EXP0On Pudong.

Figure 5: Fully autmatic battery swappingstation at the ShanghaExposite in Pudong

A remote battery information systemwas deployedto monitor the chargingstatusand
notify the drivers when batteriesneedto be replaced.When notified the bus needsto
transfer to the battery swappingstation. The battery swappingtakes less than 10
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minutes.After the world EXPQ010the busesare in operationin central Shanghaiboth
in Puxiandin Pudong.

2.2.1.2 Usersand stakeholders

The deploymentrequired cooperationbetween vehicle manufacturers,bus operators,
energy providers and the local government. The project was funded jointly by the
government and the EXPOQOorganization The Shanghaibased bus supplier Sunwin
providesthe busesand StateGrid providesthe batteriesand electricalenergy.Thebus
operatoris Bashi.

2.2.1.3 Keysuccessfactors

= =4 4 -4 -8 -4 -5 _9 -2

Publicdemandfor clean,silentand efficient publictransportation
TheExpo2010eventasdriver for deployment

Useracceptance

Energyconsumptionreduction

Electricaldrive 100%of route equallingsilentoperation
Nolocalexhaustemissions

CO2reduction

Charginagat selectedbusstops(double layer caacitor buses)
Batteryreplacementat battery swappingstation (lessthan 10 minutesexcluding
transfertime from busroute to station)

2.2.1.4 KeyEnablers

= =4 4 4 -2

Strongcollaborationbetweenthe keyactors

Newly developedelectricbuses

Batteriesanddouble layercapacitorsasstoragemedia

Busstop chargingstations

Battery swapping stations, swapping robots and remote battery monitoring
systems
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2.2.1.5 KeyBarriers

Investmentscostsfor new busesand chargingstations

Charging at selected bus stops (double layer capacitor buses) reduces

operationalefficiency

1 Timefor battery replacementat battery swappingstation (10 minutesexcluding
transfertime from busroute to station)

1 Maturity of technology of key components (e.g. batteries) due to early

introductionin 2010

1
1

2.2.1.6 Looking to the future

In the shortterm plan until 2020 for Shanghai Public Tranmsgimon Development
detailed targets have been defined driving towatle desirediransport position

G¢2 o6dZAfR | OAGe 2F fSIFIRAYy3 LWzt AO UGN yalLlk
international metropolis, and form an integrated urbkanburbantransportation system

with urban rail transit as the backbone, buses and trolley buses as the foundation and

LI 3aSYy3aSN) NI YAaLR2NIFGAZ2Y Kdzoa a O2yySOGAzy

The plan has five strategies

9 Prioritized development of public transportation

1 Optimizedgreen development

1 Coordinated development of transportation with the change of urban form
1 Controlled demand for cars

1 Detail management

Some examples related to bus system transportatios to:

1 Develop bus priority lanes from 161.8 km (2014) to 500 k&0Rz0
1 Develop modern tramways and BRTs to 200 km in 2017

With specific GreeandLow Carbon Goals:

1 Every year, clean energy and new energy would account for thare60% of all
upgrading buses
1 Green public transportation vehicles would account for morenti¥®% of all
public transit vehicles by 2017
T Al | buses shall comply with “China | V” st
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In the longterm strategies until 2040 for Shanghai Public Transportation Development
targets have beendefined combining urban planning and neamergy vehicle targets
into a Complete Transport Service Systdnild a complete Service System providing
varied travel speeds, capacity and prices to meet diverse deman

1 Rapid rail system linking the whole urbanized area
1 Independent transport service stemsfor new towrs
1 License plate bidding comhingtotal quota, emission level and usage time limit

Policy towards ppulation and Job position concentrating along &t transit corridors
and dispersal gbublic serviceto residential area:

9 For city enewal areas, population and job growth must be placed am®a
station

1 Keep jobhousing balance along rail transit corridors

1 Control thesize ofpublic service distristbelow 2-3km2

1 80% population concentratewithin the 1-km area around newly buikltations;
70% for all stations

1 Communication time: less than 1 hour

1 Non commding: 85% trips less than 2.5km

1 80% trips by walking and cycling

Coordinationof the public transit and nomotorized modes: enhance the accessibility
of walking and cycling, thetegration with transit, and the transport service equity

1 Improving walking and cycling facilities, and allocate traffic space based on
people instead of cars
1 Specify Ebike transport policies in new toven
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3 Example Electric Vehicle Sharing Schemesin Europe

Car sharingas a transport concept appearsto be gaining increasingimportance in
meeting urban transport demand. Through the membership of such a schemea
traveller canget accesgo a vehicleon demandwithout the needsfor ownershipof the
vehick, togetherwith the costsandresponsibilitiesattachedto it. Theseconceptswere
initially referred to as car clubsand their origins carbe traced backto the 1960s.The
trend hasbeenfacilitated by ICTdevelopmentover the last ten years.In recent years,
vehiclemanufacturershave seencar sharingasa new businessamodel and haveusedit

to promote their cleanvehicles Many citiesare cooperatingwith vehiclemanufacturers

to implementcar sharingschemeausingelectricvehiclesin order to influencetravelle r s’
mode choice in effect enabling electric shared cars to be considered as part of a suite of
‘“public transport’ options.

3.1 EVsharing scheme in Europe an cities

311 ! 00T 1 EA6 #AO 3EAOET C EI O0OAOEO
3.1.1.1 General description

A u t aod an dectric car sharing service in Paris, which launched in December 2011. The
scheme uses a fleet of alectric Bolloré Bluecardpur-person electric vehicles built
around a lithium metal polymer battery. The vehicles awilable for public use oa

paid subscription basisjtilizing a citywide network of parking and charging stations.
Over 2500 Bluecars have been registered for the service, and the scheme has more than
155,000 registered subscribers with over 4000 electric car charging pointaldeai

the city.

The technology for the Autolib’ program

1 Registration kioskSeventy freestanding enclosed kiosks enable new users to join
the program within minutesUserss can a <c¢redit card and
connect to a customeservice agent via videoconference, and within minutes
receive an RFBnabled membership card & grants access to the Bluecar fleet;
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1 Rental kioskAut ol i b’ me mb le a memigetst@pcclrd and usevthet
touch-screen system to reserve the most futlyarged car near their location. The
kiosk provides a map and directigns

1 Charging station.Each station has parking spaces for four to six cars. Display
lights at each charging station indicate if a car is available (green), reserved (blue)
orunavailabld or technical reasons (red). Wavin
the driver’”s door unlocks the car and th
then disconnect and stow the charging cable, start the car, and drive;away

g
e

1 In-car system.Thein-car sytem greets the driver by name upon arrival and sets
t he temperatur e and radi o station I n ac
preferences identified during the registration process. The driver can access GPS
navigation via touch screen or be connected tougtomer service agent to find a
parking place or report any problems

17 / SYGdNXfAl SR l dzi 2t A6 Q R\ tédm ofy KOP IndBIle Sy i ae
ambassadors, using Ambassador handheld devices running Windows Embedded
Handhel d to connect (tcioculdtes tarougtutheadgiondo dat a
inspect and repair cars and assist members who are involved in accidents. Cars
and kiosks are connected to a management system, enabling ambassadors to
monitor car locations and charging levels in real time so that thay locate
drivers who need assistance or move charged cars to locations where they are
needed.

3.1.1.2 Users and stakeholders

1 Bolloré- operator
1 The city government scheme originator
1 IER-technology and infrastructure

3.1.1.3 Key success factors

Aut ol i b’ fleetrobcempdceedectrec cars and an array of flexible servithe
Microsoft management system enhances usability in the vehicles, and at registration,
rental and service kiosks.

The service is designed to reduce traffic congestion and emissions & datiits
surrounding suburbs by making enesgfficient vehicles available as drivers need them,
decreasing reliance on privately ownEcEcars.
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It is possible for drivers to rent a car for a emay trip, picking it up from one charging
station and leaing it at another. This Huilt flexibility also serves to make the EV
another mode of* p u krhnsport which can encourage seamless connections with
public transport. The ongvay trip is particularly important for drivers going from
suburb to suburb, Were there are fewer public transportation connectiotigan from
suburb to city centre.

Membership of the sharing service has risen, representing journeys that may have
otherwise been takenilCEvehc|l es. Aut ol i b’ esti magses t hat
have been completed in the alectric cars, journeys that would have produced 1500

metric tons of CO2 emissions if conventional combuséngine cars had been used.

3.1.1.4 Key enablers

The city government, in collaboration with 46 surrounding munidiesli established
requirements for a casharing service that would serveare than 1 million people who
drive into or through Paris each day and offer flexibility for the majority of Parisians who
do not own carsThe scheme builds on the success of titg ¢bike sharing scheme
Veli b, which was set wup in 2007.

It was apparent that in the city not only was there a significant congestion problem, but
there was also a par king <0VoftiafacgreParissut ol i b’
generated by peodpbe | ooking for a space. The Autoli b’
the 750 dedicated stations amtD00charging points.

Il n addition, Autol i b’ can be |l ess expensive
make occasional car trips, with a egear membeship costing just 144 euros plus a

modest hourly use rate, as compared with the 5000 euros that car registration,
ownership and use would cost a typical Parisian each year. And in neighborhoods where

a taxi might be hard to find late in the evening,adrivv can find an Autol i b
and car station within 200 meters of any location.

3.1.1.5 Key barriers

Caravailability was a problematic issue, as more Parisians than expected subscribed to
the service. Moreover, by early January 2012, up to 40 of thecaBDin the initial fleet
had been temporarily withdrawn from service to repair vandalism or malfunctions.
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3.1.1.6 Looking to the future

In ParisAut ol i b’ continues to devel opcartmhsee ser vi c
playback capabilities, pepp appli@tions that can offer drivers discounts or location
based promotions, or other rediime connectivity and personalized services.

Autolib’ has expanded its business to the cities of Lyon (BlueLy) and Bordeaux (BlueCub),
with no cost to the cities. The Ly@theme entered service in October 2013 with an
initial fleet of 130 vehicles and 51 parking and charging stations. The Bordeaux service
began operating in January 2014 with an initial fleet of 90 vehicles, 40 parking stations
and 180 charging stations.

Thee are also ambitions for Bolloré to expand operations to London with a goal of 3000
vehicles by 2020. A Bolloré scheme in Indianapolis, known as Bluelndy, is set to begin
operations in 2015.

Meanwhile there is also a plan to launch Scogtldn electricscooter sharing scheme
intended to complement Veliand Autolib.

3.1.2 eMio Share-a-Scooter in Berlin
3.1.2.1 General description

eMio Sharea-Scooter is the first aklectric scooter sharing scheme in Germaitty
operates the same business model as <«draring companies and is based on the
premise thatpeople would like to us a scooter from time to time, bwould never own
one because it is too complicated not viable.

The scheme, developing during 2618 will run initially during the summer months

only, andwill see200 electric scooters which may be driven witharmatc ar dr i ver
license within the 88 km2 BerlinER®hn ringA user must prove they have a valid license,

then register via themobile eMio app, andconnecta bankcard.Once registereda

nearby scootercan be rentedthey will bescattered around the cijyand dropped off
anywhere within the networkThe scooters travel uf 45 km/h on the roacand come

with two helmetssizes, as well as disposablelmet liners Thebilling method is also
pioneering: After the ride, the amount billed is either 19 cents p@nute or 59 cents

per kilometer, vihichever is cheaper for that partitar ride.

S

The scooters have two exchangeable batteries, each withpacity ¢ 1.8 kwh (37.5 Ah
at 48 Volt) which is the reason behind the restriction within ti8Bahn ring. Flat
batteries are to be changed by company staff driving around the veitly depleted
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batteries takenback to the eMioworkshopon the EUREF Camagp in Berlin to charge
Recharging the batteries from zero to full takes around three to four holirss
deliberate policy not toask drivers to charge the scooters themselves. Whether
policy will still be possible as the scheme continues to expanins to be seen

BELINN
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Figure6: Coverage of eMio scheme

3.1.2.2 Users and stakeholders

1 eMio was set up b¥lectric Mobility Concepts UG, a stapt founded by three
university studentseMio, received support from VC Fonds Technologie Berlin,
which is managed byBB Beteiligungsgesellschaft, as well as two private
investors from Hamburg and Berlin. The stapt was initially funded by Climate
KIC Accelerator

1 eMio targets three groups of potential users: citizensostly students and
young professionals; touristsbusinessmen, including businesses that use
scooters already e.g. pizza delivery.
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1 eMio has developed partnerships with many Belased companies in the
transport, energy, IT, communications, and service industries. It has developed
additional networks athe regional, national, and international levels.

1 Vehicles are supplied by electric scooter manufacturer emco. The telematics unit
is Cloudboxx, supplied by Invers.

3.1.2.3 Key success factors

eMio will allow customers to save time in city traffic. The schemeéeisigned to
compete with an existing EV eslnaring scheme, but overall the company behind the
scheme hope that electrmobility will enhance the urban environment and lead to
smarter travel choices.

For the user the system is straightforward, especiafijthey are not currently required

to recharge the scooters. A key advantage is that users will not need to look for a place
to park in an already atapacity parking environment. In terms of payment the payment
per km or per minute (whichever is cheapeoffers additional flexibility and
attractiveness to the user.

3.1.2.4 Key enablers

eMio won an Open Innovation Slam with an 8.000 euros reward helping their launch.
additiona 45.000 euro grant was obtained from Clim#&t, which also provided eMio
with an ofice and supervisors. The company expects to break even after reaching
15,000 registered customers.

The scheme provides users with simple, flexible mob#ityithout onerous purchase,
maintenance or insurance costs. It is designed to bridge existingandrbikesharing
schemes, and has been backed by many key stakeholders as supporting sustainable,
emissiongree mobility in Berlin.

A key objective of the scheme’s organiser
that is convenient, reliable andst-effective. Prices are considerably lower than for the
carsharing scheme.

09/11/2015 Page 25 of 38 Version 1.0



D4.1 Best practice in clean vehicle deployment

3.1.2.5 Key barriers

So far no major barriers have been observed. There is a simple unavoidable issue that
bad weather may make a scooter a less realistic mode choice than a car or bus.

A potential issue may be the decision not to ask the user to recharge their battery,
which may become challenging if the number of scooters and their usage continues to
increase. Furthermore, no dmoard charger has been provided, so if the decision was t
be reversed in the future a new solution would have to be found.

3.1.2.6 Looking to the future

There are plans to expareMio beyond Berlin to other cities in Germany and southern
Europe. Rome has already been cited as the next location agy@ad operationanay
become realistic in this and similar southern European locatidMeanwhile, dher
initiagives are also gathering pace around Europe, including the City Scoot service in
Paris.

Figure7: eMio scooter

®  http://www.telegraph.co.uk/news/worldnews/europe/france/11693172/Electiitooterhire-scheme

hits-Parisnext-stop-London.html
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4 Example of Electric Carsfor Private Use

In order to reduce the demand for energy from transport and to reduce carbon
emissions, electric cars are now promoted by many governments as an important
means of reducing the environmental impact of any future demand for transport, and
thus have a crucial relto play in the future sustainability of the economy. However,
uptake by the general public has been slow, which means that actepge is needed

in understanding consumer behaviours.

In the UK, the Stern Review (200@hich focused on the economics @imate change,
recommended that greenhouse gas (GHG) emissions need to be cut&9% by 2050
relatvet o 1990 | evel s. The UK Government ' s
binding target of reducing carbon emissions by 80% by 2050 compared380ahhse

level (Department of Energy and Climate Change, 2008). The King R20@iywas
commissioned speftcally to investigate ways in which the UK could cut carbon
emissions from cars and small vans to meet this target. It was concluded that electric
cars and vans are needed to replace the internal combustion engine (ICE).

Estimates suggest that there will be between 0.5 and 5.8 million electric vehicles
(including fleet vehicles as well as cars) in the UK by 2030 (Arup, 2008). A higher
estimate of béween 4.6 and 12.8 million pure battery electric vehicles and between 2.5
and 14.8 million plugn hybrid electric vehicles on UK roads by 2030 was forecast by the
National Grid (2011). According to the SMMT, since the launch of theiPlDgr Grant

in January 2011, there have been 35,705 eligiblescagstered in the UK with the total
number almost doubling in 2014 and showing continued increase during the first half of
2015 (http://www.smmt.co.uk).

Across Europe, Alternative Fuel Vehicle (AFV) ret@mtsa(including electric cars, other
electric vehicles, hybrids, and other alternate fuel vehicles) increased 24.6% in the first
half of 2015, and now total 143,595h& UK saw the largest increase of AFVs registered
over the period (+62.4%), followed IByance (+59.7%) and Spain (+58%). Among the
EFTA countries, demand was primarily driven by Norway (+74.1%), with 11,614 vehicles
registered, 77% of which were electrically powered (http://www.acea.be).
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4.1 Electric cars in the UK
4.1.1.1 General description

In the UK the decision was taken as early as 2010nvest inthe widespread
deployment of charging infrastructure in order to boost demand for electric cars and
other electric vehicles. The result was eight Plugged in Places (PIP) projects in several
regons located across the UK: East of England, Greater Manchester, London, Midlands,
Milton Keynes, the North East, Northern Ireland and Scotland. The projects were
designed to take different approaches to setting up plug/ehicle charging schemes,
aided ly match funding from the Office for Low Emission Vehicles (OLEV). This was
intended to explore the effectiveness of different strategies, locations and charge point

types.

The North East Engl and’ s Pi P project, cal l
integrated charging network for electric cars spanning a region of 8,660 fkrom 2011

a national network of charge points became available to existing and new CYC members

(about 3000 nationwide). One key aim of the CYC programme was to feedback the
experiencegained by creating and operating charging infrastructure into future policy

decisions at both regional and national levels. This included the development of
standards, evaluation of technologies, and harmonisation of local incentives, as well as
understatd i ng user s’ behaviour and its impact upo«¢
of the programme was to contribute to the development of the emerging electro

mobility sector, which is seen as having a crucial role to play in the future sustainability

of the economy.

A single RFID card (the CYC Lifetime Card) provides access to all charge points on the
network, whilst the CYC apigecamet he wor |l d’' s first app (Il aunc
EV drivers find andse charge points. To use the netwpEV drivers Biply register a

debit/credit card, which connects to their CYC Lifetime Card and app. The CYC telephone
helpline provides support and advice.

A recent survey of CYC members revealed some interesting findings about electric car
drivers in the UKhtp://www .smartcemproject.eul):

96% have a good or excellent opinion about driving electrig cars
Most trips are short distance (61% drive less than 50kms per trip) and very few
exceed 100kms
1 They are experienced electric car drivers (private motorists) who tendse
their vehicles for short range journeys (e.g. commuting) and recharge at work
1 Most drivers rank low running cost and low carbon emissions as the kefitsen
in driving an electric car;

T
T
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T Secall ed *‘range anxiety’ appunger4sis o i ncr
comfortable concerning the range, whilst 42% of oves @) comfortable with
the range;

1 Range anxiety may be a product of personality type as well as a direct function of
infrastructure availabity and battery depletion rates;

1 Most users arenot willing to pay for additional services like charge point
reservation.

Lessons learnt from all the UK PiP schemes can be foigaatnmentwebsite®

As wellas the PIP schemgldK government has also attempted to incentivise the uptake
of electromobility in general throughiax breaks, exemption from Vehicle Excise Duty
and Company Car Tax, as well as a-RiuQar grant towards EV purchase which has
been extended into 2015.

4.1.1.2 Users and stakeholders

Central government

Local government

Charge point owners

Energy providers

Orignal equipment manufacturerSQEM$

Infrastructure suppliers

EV drivers (and Non EV drivets understand the wider potential market
CYC

= =4 8 -4 8 -8 -5 19

4.1.1.3 Key success factors

The UK government’s attempt to drive demanc
widespread deplgment of a dense charging infrastructure has been the main success
factor.

There has been a significant uptake of electric cars, mainly for short urban trips. The
users are ‘early adopters’. They are dri vi ng

6

https://www.gov.uk/government/uploads/system/uploads/attachment data/file/236750/plug
ged-in-places-lessonslearnt.pdf
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or are environmentallyconscious, or have realised the initially significant capital outlay
on purchase can be recouped over time through low running costs. They also have the
necessary disposable income for the initial outlay, so tend to be professionals or
relatively affluent retired. They do not need added services, such as paying for
reservations, in fact they warthat such services could add to the running costs of the
electric car.

Other success factors include the politicalb -u nof stakeholders inading local
authorities,original equipment manufacturer©EMS, etc.

4.1.1.4 Key Enablers

1 Up-front deployment of a dense network of charging infrastruetum eight key
regions of the UK;

1 A range of other government subsidies including help withalelpurchase and
tax incentives;

1T “ Buwn’ by a | arge number of eramoleyhisadopter

mode of transport;
T " Bauwn’ by other stakehol ders sucht as
owners, and energy suppliers.

4.1.1.5 Key Barriers

In the UK, private motorists have a very good impression of electobility. They have
taken advant age offontintestmegtsince 2000me nt ' s up

However, the survey of CYC members reported above indicates that low running costs
are the real driving fare whilst low emissions also rank high. They warn not to make
operating electric cars more expensive through additional services with little added
value.

Across Europegnother questionnaire conducted bthe project smartCEM kesals that

only 25% of peoplevould consider switching from ICE to EV. Here, lack of charging
infrastructure is a major barrier. Even so, electric cars have a positive image, and the
potential for low running costs could also be a driving force for the electric car market.

More generabarriers that will need to be addressed going forward include the possible
impact of removing government subsidies for purchasing electric cars, as well as loss of
discounts and tax breaks. Will the uptake of electric cars tail off? If the electric car
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market continues to expand, whether fleets or private motorists, what pressures will be
exerted on the charging infrastructurand indeed the grid Another unforeseen impact
during 2014was a fall in the price of fossil fuels, which may postpone a switgh b
individual drivers from ICE to electroobility. However, with many oil producing
nations also facing political, military and economic challenges it is very difficult to
accurately predict the lagnterm impact of this variable.

4.1.1.6 Looking to the future

Although the era oflarge-scale deployment of charging infrastructure may now be
nearing its end in the eightKPiP regions, there is a need for continued support for
electro-mobility, especially in terms of deployment of rapid chargers, hidan and
home infrastructure, relocation of poorly t&d charge points, the impact on wider
energy policy, enforcement of illegal parking in charge point bays, and encouragement
of fleet operators to consider the switch from ICE.

Government must monitor the way the alic car market develops and act if necessary

to consider further incentive schemes. Government must also consider elexibality

as part of an integrated package with wider transport, energy and environmental policy.
Furthermore, with much of the marke s o f ar being ‘early adop
understand people who are resistant to the concept and aim to appeal to a broad
customer base.

OEMs must continue to design a range of attractive models to suit a variety of
customers, and EV dealershipsosld enhance their marketing strategies. Enhanced
battery performance will also be a key factor going forward, and should this be
successful it will have its own impact on the national network of charge pdimts.
summary kewdriversgoing forward include:

Home charging

Rapid charging

Strategically located charge points

Improved battery performance

Wider range of vehicle models, including high performance
Rebcation/ removal of underused chargers where required

Free reservations at charge points and/ or tegtenforcement of bays

= =4 =4 4 -8 -8 -9
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5 Example of Electric Tri cycles for Urban Logistics

The era of global exchange and ubiquitous information availalil#ty boosted e
commerce,and fast and short consumption cycles. The velocity of information, data for
trackinggoods while being deliveregrecipitated and contracted the duration between
order and shipping. The requirement for capillary distribution has inceased
dramatically emphasizing theignificanceof the ‘last milé. In many countries, emerging
or not, infformal links have developed within a whole formal supply chain. These
activitiesare not illegalbut are informal and are sometimes borderline, and therefore
will not be easily applicable to many countries. However, they anemdly responsive
and adaptve to the customeés needs and demand.

5.1 Electric tricycles for urban delivery in Beijing
5.1.1.1 General description

e-tricycles are numerous in China mostlyplaces such as Sighai, butare more visible

and diverse in Beijing city centre. InijBey esentral business districthey are used for
parcel delivery. The customergalk to meet the driver. The parcels ataid on the
pavement(sidewalk) Each driver is a kind of profit centre managing his own business.
The parced are identified by tags and the drivesgisters it witha baicode reader, then
providesthe customer with an invoice. The full transaction takes place on the street and
lasts a few minutes.

Figure8: Urban delivery by dricycle in Beijing

Around markets hundreds of these vehickr® wsed adight duty vehicles and can be
seen parked on the sigelk. They are made of a steering front wheel, the seat upon
the battery, and a flat tray behd over the carriage two wheel$n any situation no
charge point is available They are rechargedsawhere.
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Figure9: Examples of dricycles in Beijing

The e3-wheelerswere quiterare untilabout 2014 In 2015 according to manufacturérs
and dealersstatistics there were about 10000 etricycles in Beijing, 15 to 200 used
for parcel delivery.

5.1.1.2 Users and stakeholders

A multitude of small urban delivery companies use this kind of vehicle. A pronanent
fastdeveloping pacel delivery company named SF Express usesBiéiimg but not in
other cities.

FigurelO: On-street delivery inBeijing

Shunfeng Express (Group) Co., Ltd. a Chinese delivery services company based in
ShenzhenGuangdongChina. It is one of the two leading couriers in China, and provides
domestic and international express delivery solutions to a wide array of customers. SF
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Express has a fleet of 31 cargo aircraft, of which 8 @awned by its subsidiar$F

Airlines

SF Express has opengd0 Heikean online shopping service community spBacross
all Chinese provinces et for Tibet and Qinghai. Tén company had plans to open
4,000 Heike stores nationwide in 2014.

Industry:
Founded:
Founder:

Headquarters:

Area served:

Products:

Revenue

Number of
employees:
Subsidiaries

Air Freight and Logistics
1993 (1993)

Wang Wei

Shenzhen Guangdong China

Greater China (incl. Mainland China,
Hong Kong, Macau and Taiwan), Korea,
Japan, Malaysia, Singapore, U.S.

International express delivery and
related services

CN¥21.65 billion

240,000 as of January 2014

SF Airlines

5.1.1.3 Key success factors

= =4 4 4 -4

the pavement

= =4

vendor displayetc.

= =

The pressure of real time delivery demand and need for responsive solutions
High quality of service through low tech design solutfoost efficiency)
Affordable investment for the service provider

Emission free mobilityservice at point of use
Allowance for informal (but not illegal) activities and for parking of vehicles on

Busness support embedded solution accessiblsitwle private venture
Praximity and density of customer clusters
Multiple applications of the wheelbase: parcel delivery, goods delivery, street

Adapted to nonasphalted roads, suburban, and rural infrastructures
Anefficient vehicledealer network, to be surveyed and informed
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5.1.1.4 Keyenablers

Congested areas in highly polluted cities may be receptive to this kind of solution. It
depends on the type of activities, the rate of tertiary jobs, intensity of exchanges, the
network of companie and customers in a defined cluster. These ratios should be
assessed and monitored more precisely.

5.1.1.5 Key barriers

The point of charging these vehicles is questionable. How is the infrastructure
implemented anddeployed The question of practical and formapace to park and
manage the service is to be solved. Streets and culture of many countries may not
accommodate these vehiclalesigns and methods An ecesystem of vehicles,
infrastructure (parking, charging, pickiog, delivering, storing), service angearation
management should be thoughhrough as a whole and applied in a tailored way to
different locations

5.1.1.6 Looking to the future

The use of these -wicycles demonstrates the need for small size vehicles and new

formats of local zero emissiosolutionsfor urban delivery. They correspond to the need

for flexibiity for the last mile stage. They are emissiamd noisefree, they are small

and have a low impact in the use of public space. It is related to a kind and size of goods

not replicablef o r bigger cargo | oads. Some ot her at
“TwiRzy | ug c¢ onc eby Rénaultl @&esagding. plieedeare based on the

electric quadricycle named Twizy.
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7 Annex - Criteria

of Selection of Best Practice

No. | Criteria Definition
Solutionis comparativelynew and has not experiencedbroad
Innovation diffusionin practice
01
Degree
Solution addressesa range of key policy objectives (e.g.
02 | PolicyRelevance| economic efficiency; modal shift; social inclusion;
environmentalsustainabilityjncreasedaccessibilityetc.)
o Civic  delivery Resourcecapabilityto successfullgeliverthe solution
team
Solution is ready for implementation, having passedpilot or
04 | Maturity experimentalstagesand can build on working examplesin one
or more cities
05 | GlobalPotential Soluthn could bec_ome implemented broadly across
countries/cultures/regions
06 Localized Solutionaddresses very particularissuewith alimited take-up
applicability potential
07 | Complementarity Repr_esentsa promising complement for other (innovative)
solutions
08 Expected Previousimplementation of solution has had social,economic
Impacts andenvironmentalimpacts
09 | Measurability Pro.gr.ess of solution implementation can be measured
sufficiently
Public o . .
10 Solutionislikelyto havea wide publicacceptance
Acceptance
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No.

Criteria

Definition

11

Expandability/
Scalability

Solution can be up-scaledto accommodatedifferent contexts
andsituations
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