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— EXxecutive summary 1 e
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The Low CarbonVehiclePublicProcurementProgramme(LCVPPRlaced200 hybrid and electricpanel vansfrom four different manufacturerswithin 21 public
sectorfleets. Thisreportanalysesndevaluateghe datacollectedfromthefourY | y dzF I Qeéhdidsb NBR Q

Thetrial technicalanalysisomprisedwo stages
A In the first stage (2011 eachof the four types of vehicle underwentlaboratory testing to assesgheir performance,and were subjectto aninitial
assessmendf their real-world performancein fleet deployment Bythe end of this stage ,one of the electricvansuppliersceasedrading,andasecond
wasbeingusedbytoo few fleetsto provide sufficientdatafor athoroughstudyof its performance Thereforeonlytwo vehicleswvere carriedthroughto
the secondstageof analysis

A The secondstage (201213) therefore focusedon a longitudinal performancestudy of the AshwoodsHybrid and Smith Electricvehidesthat were
integratedinto 17publicsectorfleets.

Duringthe three-year LCVPPRchnicalassessmenperiod (201113) the on-vehicletelemetry collectedalmost4.25 million kilometresof driving data makingthe
LCVPP&mongsthe mostcomprehensiverehicletrialsyetperformed

The performanceof 42 SmithsEdison002vansand 113 Ashwoodsvansdeployedwithin 17 publicsectorfleets is analysedn detail from 20112013 Onaverage,
the Ashwoods/ehiclesacrossall fleetscoveredl,161km pervehicleper month andthe averagefuel efficiencywas24.8mpg TheSmithvehiclescarriedout 35km
per vehiceper month with an averageenergyconsumptionof 2km/kwWh. Whenonly consideringthe fuelling cost, the Ashwoodsand Smithvehiclesshowedan
averagecostefficiencyof £15.53 10km and £5.05 10Ckm respectively Therealworld rangeof AshwoodsaindSmithvehiclesvas576km and 101km, respectively

Between2011and 2013 the averageenergyefficiency(km/kWh) of the Smithselectricvehicesdecreasedy 10%; whichmaypartly be due to battery degradation

Thistheory is supportedby datafrom chargingevents,which alsoshoweda 10% decreasen the battery capacityovertime. Both, the Smithand Ashwoodsvans
showeda higheraverageenergyconsumptionin the Londonregionscomparedto the other areasin the UK showingthe effectthat traffic/congestioncanhaveon

fuel consumption Duringthe winter, there wasaslightreductionin the energyefficiencyof the Smithand Ashwoods/ehicles Thiseffectisnormallydueto greater
rollingandwindresistancanthe Ashwoodwehiclesandgreateruseof onboardcabinheatinginthe Smithelectricvehicles

Therealworld emissiongrom the vehicleson aWell-To-Wheelbasiswere 369gCQe/km for the Ashwoodsand 280gCQe/km for the Smiths Theseemissionsare
difficult to directly comparedue to the different operatingconditionsof the vehicles However,under consistentand repeatableconditionsin the laboratoryover
the NEDGQlrive cyde, TankToWheelemissiondor the Ashwoodsvehiclewere 2283CQe/km and for the electricvehicles210gCQe/km, whereasthe comparator
dieselvehiclehademission®f 266gCQ/km.

Whencomparingthe NEDGCQe emissiongdest resultsof the trial vehiclesto astandarddieselFord Transitoverthe three years,the Ashwoodsand Smithvehicles
achievedatotal carbonsavingpf approximatelyl71tonnesand20 tonnesof CQe, respectively
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— Executive summary 2 s
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ALife CydeAssessmentLCAwascarriedout on the 2nd generationAshwoodsHybrid Systemthis assessethe carbonemissiondrom manufacturingutilisingand
disposingthe Ashwoodsvan and was comparedto that of a Ford Transitvan Thelifetime carbonemissionsof the Ashwoodsvan was found to be 9% lower
comparedo that of anequivalent~ordTransit Over80%of the carbonemission®f both vehiclesarereleasedduringthe usephase

Whenconsideringhe hybrid systemonly, the resultsshowedthat 996 0f the lifetime carbonemissionsare due to the manufacturingjnstallationand maintenance
phasesMoreover,the emission®f the hybridsystemonlyconstitutel. 7%of the total lifetime emission®f the Ashwoodsan

Basedon the resultsof a qualitative surveycarriedout at the end of the first phaseof technicalanalysisduring the Programme50% of electricvandriverswould
recommendthem to others, but only 26% preferredthe electricvanto adiesel Amongstthe reasonscited were insufficientpayload(30%9), finding insufficient
chargefor theirjourneys(2020 andthe inconvenienc®f considerindhowfartheycoulddriveoneachtrip (45%).

FleetY I y I J/i8védif he electricvanswere similarto those of the drivers,with around50%feelingmore positiveaboutthe vehicesafter the trial than before.
Environmentalconcernsoutweighedvehicle performanceissuesfor the survey group. Purchaseprice and running costsremain significantfactorsin vehicle
purchasedecisions

Thefleet managerssurveyedrevealeda strong preferencefor governmentgrantsasanincentiveto purchasdow emissionvehiclescomparedwith other possible
financialinstrumentssuchaslow-interestloans

Themajority of hybrid vandriversfound their vehiclesto be similarto adieselvehicle with aroundtwo thirds of thosereturningsurveyshavingno changein their
opinionofthe vehiclesafterthe trial.

In contrastto the driverswhowerebroadlyneutralaboutthe vehiclesthe vastmajority (78%) of fleetmanagerdelt more positiveabouthybridsafterthe trial.

Themajority of driversreturning surveysfelt they were able to do their job asflexiblyin the hybrid vanasin a conventionalvan However,hybridselicited less
strongresponseshanthe electricvehicles56%of driversfelt the hybridhadenvironmentabe nefits,comparedo 81%of electricvandrivers

Fleetmanagersiiewedthe vanspositively,andalsoperceivedthat their drivers hadagoodimpressionof the vehicles Thevastmajority of respondentsndicated
that hybridvansshouldbeincludedintheir2 NB | y A \iehidledegeyapigramme
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— |ntroduction i

TheLowCarbonVehiclePublicProcurementrogrammeLCVPPRyasone of the largesttrials of electricandhybrid commercialvehiclescarriedout in the UKto date.
Fundedby the Departmentfor ¢ NJ- Yy a Qfffcd\fdr Kbé& EmissiorVehicles and managedby Cenexthis three year programmeplaced200 hybrid and electricpanel
vansfrom four differentmanufacturersvithin 20publicsectorfleets.

Theobjectivesofthe LCVPPRereto:

A Createdemandforlow CQvehicles

A Fosteraculturechangen publicsectorfleets.

A Managethe riskof triallingnewvehicledor the fleetsinvolved
A Promoteinnovationandunit costreduction

A Testandvalidatelow CQvehiclesn real-world drivingconditions

Thevehicdemanufacturersand operatorsthat participatedin the LCVPPRere chosenthrough a rigorousprocessdesignedto meet a programmespecificationfor
range,performanceand carbonreduction asdescribedin the report Low CarbonVehiclePublicProcuremenfrogrammgLCVPPP)Lessonseamt for the practiceof
InnovationOrientatedProcuremen({lOP)n afleet context

Thisreportdealswith the testingandvalidationof the vehiclesandtheir operationalperformance andincludes

A Twostageofvehicletesting
o In the first stage (2011 each of the four types of vehicle underwent laboratory testing to assessheir performance,and were subjectto an initial
assessmendf their reakworld performancein fleet deployment Bythe end of this stage,one of the electricvan suppliersceasedrading, and a second
wasbeingusedby too few fleetsto provide sufficientdata for a thorough study of its performance Thereforeonly two vehicleswere carriedthrough to
the secondstageof analysis

o0 The secondstage (201213) therefore focusedon a longitudinal performance study of the AshwoodsHybrid and Smith Electricvehiclesthat were
integratedinto 17publicsectorfleets.
A Life CycleAssessmentLCA)aLCAwascarriedout on the 2@ GenerationAshwoodsHybrid Systemthis assessethe carbonemissiongrom manufacturing utilising
anddisposinghe Ashwoodsyanandwascomparedo that of anequivalentFordTransitvan
A Qualitativedata reviewof the resultsof questionnairesentto 200drivers,aswell asasmallemumberof fleetmanagersindmaintenancesngineers

©Cenex 2015 Pageb
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— Introduction: vehicles included in the LCVPPP
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Ashwoods i it Smith
hybrid Edison
transit S002
Parallelhybrid Electricdrive
1.2kWh LiFePgbattery 50kWh LiFePgbattery
9.1kW / 50Nm electric motor 64kW / 170Nm electric motor
Allied Modec
Peugeot LWB
eBoxer panel van
Electricdrive Electricdrive
54kWhLiFePQbattery 84kWh NaNiGIZEBRAattery
60kW/ 130Nmelectricmotor 76kW/ 300Nmelectricmotor
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— Introduction: summary of the vehicle analysis timelines for '

2|

\
winitial choice of manufacturers to participate in the Programme
J
wStage 1 performance assessment, comprising: )
wLaboratory testing of vehicles under controlled conditions
whitialreals 2 NI R | daSaayYSyid 2F RSLIX
vans with public fleets )
\

wStage 2 performance assessment:

wLongitudinal study of the reavorld performance of the Ashwoods
hybrid and Smiths electric vans with public fleets

J

cenex

By the end of Stagel (201J), one of the
electricvan suppliershad ceasedtrading,
and a secondwas being used by too few
fleefs to provide sufficient data for a
Mobugh Ustudg d&f itd fledformante2 0z
Therefore only two vehicleswere carried
throughto the secondstageof analysis

©Cenex 2015
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— Introduction: Fleet deploymen®& vehicle manufacturer locations
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Vehicle fleets ¥

Coventry City Council
Coventry University
Derbyshire County Council
Environment Agency
Gateshead City Council
Glasgow City Council
Government Car and Dispatch Agency
Leeds City Council
Liverpool City Council
London Boroughs of Camden,
Hackney and Islington

City of London

Metropolitan Police Service
Newcastle City Council
Perth and Kinross Council
Royal Mail

Transport for London

UK Border Agency

City of Wakefield Council
University of Warwick

Manufacturers: X

w  Allied Electric
Ashwoods

Modec

Smith Electric Vehicles

€ e egeeeeeeeeE

€ € ¢

geeeeeeee

200 vehicles from four manufacturers were deploye@impublic sector fleets across the UK.

©Cenex 2015
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— Data summary: vehicle distance driven

Thedatacollectedfrom on-vehicletelemetry systemsduringthe two analysisStage<f LCVPPR summarisedelow
Bythe end of Stagel (2011), one of the electricvansuppliershad ceasedrading,anda secondwas beingusedby too few fleets to provide sufficient
data for a thoroughstudy of its performance T herefore,only two vehicleswere carriedthroughto the secondstageof analysiswhichranfrom 2012
13.
Thefirstanalysisstagealsocollecteddatafrom 25 dieselvehiclesthat coveredover 278000 km for comparisonpurposes
: Number of Distance covered Time period
Vehicle Type |Manufacturer| Number deployed P
stakeholder fleets (km) analysed
Hybrid Ashwoods 137 14 3,635,000
Y - : : 2011213
Smith 43 18 528,000
Electric Allied 16 10 64,000 2011
Modec 4 4 15,000
Total 200 21* 4,242.000
* A number of the fleets deployedmore than one vehicletype.
©Cenex 2015
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PYTT

— Data summary: Stage 1 vehicle testing s

All the vehiclemodelsin the Programmewere tested in controlled test facility conditions before entering the programme,and after six and twelve
months of use Therewere two principlereasondor this:

A Toconfirm the achievemenif minimum performancerequirementsfor programmeinclusion
A Toprovide a benchmarkfor analysisof realworld performance

Thetestingundertakenwassplitinto two categories
A Trackbasedperformancetesting(e.g. accelerationmaximumspeed.
A Laboratoryemissiongestingfor diesel/hybridvehicles andrangeand energyconsumptiontestsfor electricvehicles

Thehybrid vehiclesachieveda 14-15% CQsaving,comparedto a comparatordieselvehicleoverthe NED savingaup to 20% were achievedon other
drive-cycles)

Basedon their lab-tested energyuse over the samecycles and the current carbonintensity of UKgrid electricity, the Allied and Smithelectric vans
(shownin aggregatedorm) achievedsimilarlevelsof emissiongo the hybrids Datais not shownfor the Modec van

Ash : : .
Test cycle . SV\\;\(/J; ds Ashwoods LWB Electric Diesel SWB Diesel LWB
NEDC
228 229 210
(gCQkm) 266 266
Artemis urban
(gCQ/km) 279 287 293 326 344
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— Data summary: Ashwood vehicle data

Nnnrt

PYTT

Thefollowingtable givesabreakdownof the 137 Ashwoods/ehiclesanalysednthisreportoverthe two analysisStage®f LCVPPR011:2013.

. D No.of vehicles Totaldistance covereq
Vehicle Type Manufacturer Fleet No. ofvehiclesin fleet :
reporting data (km)
Coventry City Council 39 39 928,000
Doncaster Council 18 18 657,000
Environment Agency 12 10 425,000
Gateshead City Council 4 4 151,000
Leeds City Council 19 18 657,000
Liverpool Council 5 4 89,000
. London Borough of Hackne 3 3 78,000
Hybrid Ashwoods Perth and Kinross Council 4 4 201,000
Royal Mail 10 10 362,000
Wakefield Council 3 3 86,000
London Borough of Islingtoip 2 0
Transport for London 3 0
London Borough of Camdep 1 0
UKBA 14 0
Total 14 137 113 3,635,000
©Cenex 2015 Pagell



Datawascollectedfrom 420f the 43 deployedvehicles

— Data summary: Smith vehicle data

— LOow Carbon Vehicle Public Procurement Programme Final Technical Repe+t

Thefollowingtable givesabreakdownof the Smithvehiclesanalysednthisreportoverthe two analysisStage®f LCVPP{0112013.

Ve Manufacturer Fleet No.. of Vehicles| No. Of.VehicIes Total Distance
in Fleet Reporting Data| Covered (km)

City of Wakefield MBC 1 1 10,000

Gateshead City Council 10 10 171,000

Leeds City Council 5 5 78,000

Liverpool City Council 1 1 26,000

Electric Smith London Borough of Camden 1 1 1,000

London Borough of Islington 10 10 95,000

Newcastle City Council 4 3 33,000

Nottingham City Council 2 2 27,000

Transport for London 4 4 43,000

University of Warwick 5 5 45,000

Total 10 43 42 528,000
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Ashwoods ehicle data summary
The following table summarises the statistics of the 113 Ashwoods vehicles for which a comprehensive dataset was avelilatdeanalysed in this report.

113

10

7,017
92,000
3,635,000km
518km

304gCQe/km

369gCQe/km

The Ashwoodsvehicdestravelledatotal distanceof 3,65000km, completed7,000+ refuellingeventsand fuelled 92,000 gallonsof diesel Theaveragedistance
betweenre-fuellingeventswas518m. Two-thirds of the refuellingeventsconsistedof driversrefuellingmore than 13gallons(Tankcapacity 17.6 gallons)andthe
averagalistancebetweentheseeventswas57e&km.

DEFRA&013emissionfactorst were appliedin order to calculatethe tailpipe and WTWemissionsThetailpipe emissionsare releaseddirectly from the vehicleand
are solely basedon fuel combustion The WTW emissionsinclude the carbonemitted from fuel extraction, processing,delivery, dispensingand the tailpipe
emissionsltisapparenthat the WTWcarbonemissionsnainlyconsistedf the tailpipe carbonemission$82%).

1.Emissionfactorsare takenfrom the 2013DEFRA/DEG&Lidelinesfor CompanyGHGReporting All GHGemissions
areindudedandstatedonaCQ equivalenceébasis

©Cenex 2015 Pagel3
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—Ashwoods Analysis

Vehicleusage
Thegraphbelowshowsthe total distancetravelledof allthe Ashwoodwehiclesanddistancetravelledpervehiclepermonth.

Vehicle Usage per Month

1800 160000 £
X

£ 1600 - 140000
< 1400 - 120000 &
= —
g 1200 - 100000 £
~ 1000 >
5 - 80000 =
S 800 <
© I -
2 600 60000 5
% 400 - 40000 e
[a) | o
200 20000 &

0 - 0 -

5

'_

— [istance per Vehicle mmm [istanice (km)

Fromthe graphabove,it isclearthat the total distancetravelledwaslowerin 2011thanin 2012and 2013 However,it mustbe noted that the numberof vehicles
reportingdatawasalsolowerin 2011thanin 2012and2013 Thedistancepervehiclegivesabetter re presentationof the distancethe Ashwoodsrehiclesare being
driven The graphillustratesthat Ashwoodsvehicleswere driving approximately1,19km per month in 2012and 2013 and 1,06km per month in 2011 The
consistenuseofthe vehiclesshowsthat theywerewellintegratedinto the fleets

Thetotal distancetravelledinthe AugusandDecembemonthsisgeneralljowerthanthe othermonthsdueto holidayperiods

©Cenex 2015 Pagel4
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—Ashwoods analysis

Vehicleusageper stakeholderfleet

Thegraphbelow compareghe stakeholdelfleetswith respectto the averagedistancetravelledpervehicleandthe averagedistancecoveredbetweenrefuels Only

vehicledor whichacompletedataset(20112013 waspresentwereusedto producethe graphbelow.

EehEE

Vehicle Usage Data per Stakeholder

mmm Average Distance per Vehicle (km) = Average Distance between Re-fuels (km)
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-fuels (km)

Average Distance between Re

Fromthe graphabove, it is noticeablethat Perth and KinrossCouncilutilised the Ashwoodsvehiclesmore than the other stakeholdersas eachvehicle drove
approximately47,00km. However,the mileageper vehicleis largelydependanton the ¥ f S @eérdliégnsand canvary from fleet-to-fleet. CoventryCity Council,
LiverpoolCouncil,LondonBoroughof Hackneyand WakefieldCouncilconsistedof vehiclescarryingout lower mileagesthan the other fleets; on averagethese

vehiclesdrove19,00ckmeach

The averagedistancecoveredbetweenrefuellingeventsacrossall fleets was 511km. Thisrangesfrom 324&m to 58%km betweenthe fleets. LondonBoroughof
Hackney(solefleet basedin London)hadlower distancesbetweenrefuellingeventsthan most of the other stakeholdersimplyingalower fuel efficiency thiswas

confirmedbythe graphoverleat

©Cenex 2015
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—Ashwoods analysis

Fuelefficiencybyfleet
Thegraphbelowshowsthe fuel efficiencyof the differentfleetswithin the trial.

Fuel Efficiency per Stakeholder
30
25
2 20
E
& 15
c
0
2
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g
L 5
O T T T T T T T T T 1
Coventry City Doncaster Environment Gateshead Leeds City Liverpool London Perth and Royal Mail Wakefield
Council Council Agency City Council Council Council Borough of Kinross Council
Hackney Council

Theaveragefuel efficiencyacrossall the fleets was 24.8mpg The LondonBoroughof Hackneywasthe leastefficient with an averagefuel efficiencyof 16.4mpg

Thisis likely to be due to the vehiclesoperatingin Central London the lower fuel efficiency illustrates the effect that traffic/congestion can have on fuel

consumptionandconfirmedby the factthat thesevehiclesdisplayedower averagespeedghan those of the other fleets. GatesheadCity Council LiverpoolCouncil
andPerthandKinrossCounciwerethe mostfuelefficientfleetswith anaveragduel efficiencyof over27 mpg.

The current cost of dieselis approximately136.3p/litre 2, hence,the averagefuel cost of the Ashwoodsvehiclesacrossall of the fleets over the three yearsis
£15.53/100km.

However,it must be noted that the fuel consumptioncan be affectedby manyfactorssuchasthe payload,driving style, traffic conditionsthe use of on-board
electricalappliancesindthe weather/temperature Theeffectof temperatureonthe fuel efficiencyisillustratedoverleaf

2. Costof dieseltakenfrom the quarterlye nergypricesre port publishedbythe 'Departmentof Energy& Climate/ K | yirfM&©h2014

©Cenex 2015 Pagel6
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—Ashwoods analysis

Fuelefficiencyby month
Thegraphbelowshowsthe fuel efficiencyandthe | Y &éaragegemperaturepermonthandyear.

Fuel Consumption and Average Temperature per Month

33
31
29
27
25
23
21
19
17
15
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Fuel Consumption
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mmm Fuyel Efficiency (mpg) NEDC LWB Art-Urban

e S\\/B Art-Urban Overall Average Fuel Consumption = JK Average Temperature

Thechartabovecompareghe averagemonthly energyconsumptionto that measuredoverthe NEDGNewEuropearDrive Cycleland ArtemisUrbanDriveCycle
duringlaboratorytesting SWB(ShortWheelBase and LWB(LongWheelBase)onfigurationswvere tested. TheNEDGIrive cycleisthe acceptedcycdeusedacross
Europefor emissionstests, whereas,the Artemis Urban Drive Cycleis an industry standardcycle consideredrepresentativeof city driving The| Y Qwrage
monthlytemperature3isalsoincludedin the secondanaxis

The realworld fuel consumptionwas significantlypoorer than that measuredover the NEDQunder test conditions(31.9mpg), but comparedcloselyto that
measuredorthe LWB(LongWVheelBase pverthe ArtemisUrbanCycle$25.4mpg).

Aslightimprovementin the fuel consumptioncanbe seenduringthe summermonths(JurAug)comparedto the winter months(DecFeb) especiallyduring2012
and2013 Thisislikelyto bedueto reducedrollingandwindresistancen the summemonths

3.Monthlymeannationaltemperatureistakenfromthe Met officewebsite,published Februan2014

©Cenex 2015 Pagel7
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Vehicle data summary

The table summarises the performanced@iSmith vehicles that operated in 10 different public sector fl¢lest areanalysed in this section

42

10

15,770
528,000km
33.5km

0gCQe/km

280 gCQ@e/km

The Smith vehiclescumulativelytravelled a total distanceof 527,97%m over 15,770 days Acrossthe three yearsthe total distancetravelled by all the Smith
vehicleswasapproximatelyl4,70ckm per month; hence,the total distancetravelled per month per vehiclewas 35Gkm. When consideringhe daysof operation,
the averagedailydistanceper vehiclewas 33.5km, which is well within the 15km rangeof the vehicle Thisimpliesthat the T f Sdpératidd consistedmainlyof
shortdistancgourneysorthatthe driverswerereluctantto exhausthe range

It shouldbe noted that alargeproportion (45%) of datawascollectedfrom by the LondonBoroughof Islingtonand GatesheadCity Councildue to the highnumber
of vehiclesbeingoperatedinthesefleets.

The Smithelectric vehiclesdo not produce carbonemissionsdirectly from the vehicle, howeverproduction and delivery of electricityin the current UK grid is
relatively carbonintensive and hence,the vehiclesproduce 280gCQe/km (determinedusing2012 DEFRA&missionfactors)on a WTWhbasis Emissiongrom the
Smithswill reduceinlinewith electricitygriddecarbonisation

©Cenex 2015 Pagel8
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Vehicleusage
Thegraphbelowshowsthe total distancetravelledandthe averagedailydistancepervehiclebymonth.

Total Distance and Average Dalystance per vehicley Month
25000

20000 -

15000 -

10000 -+

5000 -

Total Distance Travelled (km)
Average Daily Distance (km)

mmm Total Distance Covered (km) == Average Daily Distance (km)

Thechartaboveshowsthat the total distancetravelledper month wasmuchlowerin the earlierpart of 2011comparedto anyother periodacrosshe 3years The
averagedistancecoveredper month was 8,00km between Januaryand April 2011, whereas,acrossthe three yearsit was 14,70km. Alsoduring the earier
monthsof 2011, the averagedaily distanceper vehicleshowsmore variationsper month. Thediscrepanciesn the dataduringthesemonthsare likelyto be dueto
driversandfleetsactingrelativelycautiously asthesenew vehideswere beingintegratedinto the ¥ f Sdperaians However followingthe initial period, the total
distanceandaveragedailydistancepervehiclebecomesnore consistenpermonth.

Similarto Ashwoodsvehiclesthere wasa generalreductionin the averagedaily distanceand total distanceduringthe Augustand Decembemmonths, coinciding
with the holidayperiods Theaverageotal distancetravelledduringthe holidaymonthswas11,90Ckm.

©Cenex 2015 Pagel9
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— Smith analysis

Energyconsumption& losses cenex
Theenergyconsumedwasmeasuredby the on-board Smithtelemetryloggers Thetelemetry loggerdeterminesthe energyleavingthe @ S K A dbiie Badteflesby
recordingthe voltageand currentat the battery terminals However the running costsand emissionrom EVsshouldbe basedon the amountof energysupplied
from anexternalpowersourceto the vehicleduringcharging Thepowersuppliedto the vehicleis subjectto efficiencylossesat variouspoints betweenthe point at
whichitissuppliedothe @ S K A db-bo&r@cBargerandbeingfinallyconvertedto vehiclemovement Thefigurebelowillustratestheselosses

: = Energy leaving battery-
Energy from grid to Energyfro i subject to further losses at
chargerto
charger e inverterand motors before
7 o becomingkinetic energy

Charger efficiency 85.3%
Battery efficiency 86.3%
Plug to battery output efficiency 73.6%

Asillustrated by the figure above,the amount of energythat entersthe chargerunit is greaterthan the amount that leavesit and enters the battery. Thisis
primarilydue to transformerlosses Similarly the amountof energythat entersthe battery isgreaterthan the amountthat leavesit ¢ due to lossesncurredby the
conversionof electricalenergyto chemicalenergy,and then backagain Betweenthe battery output and the wheels,there are additionallossesin the power
electronicandmotor. Thesearenot considerednthisanalysis

Vehicdetelemetry measuresthe energyleavingthe battery when the vehicdeis driving Therefore,measurementsand/or estimatesof the chargerand battery
efficiencyarerequiredin orderto estimatethe actualamountof energyconsumedythe vehicle

Cenexcarriedout testsduringthe first Stageof LCVPP order to calculatethe battery efficienciesrepresentedin the table above Theplugto battery output
efficiency(73.6%) wasimplementedto all of the telemetrydatain orderto calculatethe actualenergyconsumed

©Cenex 2015 Page20
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Vehicleusageandenergyconsumptionby stakeholderfleet
Thegraphbelowcompareghe stakeholderfleetswith respecto the averagedailydistancepervehicleandthe averagesnergyconsumption

Average Energy Consumption and Daily Distances by Fleet ~
= e
§, 70 3 2
Q 60 E

S 50 - 2.5
w N—r
= 30 g
8 20 15 £
. | i
® o
g O T T T T T T T T T 1 >
< City of Gateshead Leeds City Liverpool City London London Newcastle  Nottingham Transport for University of g
Wakefield  City Council Council Council Borough of  Borough of City Council City Council London Warwick 5

MBC Camden Islington
Stakeholder
mmm Average Daily Distance (km) = Average Energy Consumption (km/kWh)

The averagedaily distanceacrossall the stakeholderswas 33.5km. The averagedaily distancerangedbetween 5km and 17km; which were carried out by
LiverpoolCityCouncilandthe Universityof Warwick,respectively Theaveragedailydistanceis mainlydictatedby the ¥ f Sdaytad@yoperationsandthe fleet
YI y I 3S Nh corfiReNFdg& diige reliabilityandrangeof the Smithvehicles

Asmentionedin the previousslide, the energyefficiencywas correctedfor chargerand battery efficiency (73.6% efficiency)to accountfor all of the energy
consumedythe vehicle Theaveragesnergyconsumptioracrossll the fleetswas2.0km/kWh.

LiverpoolCityCouncilwasthe mostenergyefficient comparedto the other & i I 1 S Kfledtsii$h Mdagerageenergyconsumptionof 2.2km/kWh. Conversely,
LondonBoroughof Islingtonhad the leastefficient fleet with an averageenergyconsumptionof 1.7km/kWh. Thelow energyefficiencyislikely to be due to the
higherlevelsof traffic in CentralLondonwhichis stronglysupportedby the fleet havingalower averagespeedcomparedto the other fleets- 15mph comparedto
aoverallfleetaveragef 19mph.
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— Smith analysis

Realworld vehiclerangeby stakeholderfleet
Thegraphbelowcompareghe realworldrangebystakeholder

Average Real World Vehicle Range by Fleet
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Thereal world range of the Smithelectricvehiclesacrossall fleets was101km. Therangeof the electricvehiclesvariedbetween 87km and 111km acrossthe
different fleets, with LiverpoolCity Councilshowingthe highestrealworld range TheLondonBoroughof Islingtonshowedthe lowestaveragerange Again thisis
likelyto be dueto the higherlevelsof trafficin CentralLondon

Pleasenote that the range of the vehiclewas calculatedbasedon a 50kWh battery, if the battery managementsystemdid not allow the driver to fully utilise the
50kWh capacityof the battery, the rangewouldbe proportionallyreduced
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— Smith analysis

Energyefficiencyby month
Thegraphbelowshowsthe energyefficiencyandthe| Y & araggemperaturepermonthperyear.
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Thechartabovecompareghe realworld averagemonthly energyconsumptionto that measuredoverthe NEDGndArtemisUrbanDrive Cyclegiuringlaboratory
testing As mentionedearlier, the NEDQrive cycleis the acceptedcycle used acrossEuropefor emissionstests, whereas,the Artemis Urban Drive Cycleis an
industry-standardcycleconsiderede presentativeof city driving

The 12 month realworld energyconsumptionacrossall fleets (correctedfor chargingefficiency)was 2.0km/kWh. Therealword energyefficiencywas marginally

lower than that measuredover the NEDQunder test conditions(2.07km/kWh), but significantlygreaterthan that measuredover the Artemis Urban Drive Cycle
(1.48m/kWh).

Therealworld efficiencyshoweda clearseasonalvariation Theefficiencyenergydecreasedroadlyinline with falling meannational temperature during winter
months. Generally temperature had a negative correlation with energy consumptionmainly due to the increasedrolling & wind resistanceand greater use of
onboardcabinheatingduringthe winter. Othertemperaturerelatedreductionsin batteryandregeneratiorefficiencyalsohaveaneffect.

Between2011land 2013 the averageenergyefficiency(km/kWh) decreasedoy 10%; whichmay partly be dueto battery degradation Thistheoryis supportedby
datafrom chargingevents whichalsoshowedal(%decreasenthe batterycapacityovertime.
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— Smith analysis

Smithvehiclechargingpatterns
Thechart belowshowsthe frequencyof chargeeventspermonthandthe averageenergytransferredperchargeeventpermonth.
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Thisgraphagreeswith the journeysper month data, asthe frequencyof chargeeventsand the energytransferred(correctedfor efficiencylosses)s significantly
lower in 2011 comparedto 2013 Theaverageenergytransferredper chargeeventis 30% lower in 2011 comparedto 2013 which couldbe dueto the R NA @S N&
improved confidencein the range of the vehicle Coincidingwith the Ashwoodsand the drive data, the frequencyof chargeeventsduring the holiday periods
(AugustandDecembemonths)isgeneralljowerthanthe othermonths.

Theaverageenergytransferredper chargeeventacrosshe three yearswas22kWh,whichislessthan 50%of the rated battery capacity(50kWh), emphasisinghat
the vehiclesrangewas generallynot exhausted Thetotal energytransferredwasapproximately28500kwh which achieveda total distanceof 527,97%m. The
averagecostof electricityin the UKat presentis 10.1p per kWh; givingan averageenergycostof £5.05per 10km. Furthermore the averagecostper chargeevent
is£2.22

4.Costof Electricittakenfromthe W . dzi Elgtificiyg N WeBsitehublished2014
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— Smith analysis

Smithvenhiclesg start time of chargeevents
Thechart belowshowsthe frequencyof chargeeventsperhourduringworkinghours
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Thegraphaboveshowsthat a large proportion (27%) of the chargeeventscommencedoetween 2pm and 4pm; this is likely to be due to the ¥ f SdhyitGiday
operationalschedulevherebythe vansare put onchargeat the endof their dailyoperationalduties.

TheaverageSoCat chargecommencementvas51.5% Thisfurther emphasiseshe factthat driverswere eitherreluctantto exhausthe rangeof the vehiclesor
the¥ f Sdperaiiddsmainlyconsistefshortdistancgourneys
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—Ashwoods and Smith operational data comparison
cenex

1,161km 350 km
24.8 mpg 2.0 km/kKWh Please note that the cost efficiency does not
incorporatethe maintenanceand capital cost of
£15.53/100km £5.05/100km thevehicle
576km 101km

The real world CQe emission calculations are

based on the drive cycles and payloads
4 k k b
304 gC@e/km 0 gC@e/km incorporatedwithinthe f Scpdraficn

369 gCee/km 280 gC@e/km
280gC@e/km 2899C@e/km

Thetableaboveshowshe usage performanceandcarbonemission®fthe AshwoodsandSmithvehicledrialledbyallfleetsbetween2011and2013

Onaveragethe Smithvehiclescovereda significantlylower mileage(70%lower) than the Ashwoodssehicles Thisislikelyto be dueto different duty cyclesassigned
to the hybrid and electricvansby each stakeholder The Smith vehicleswere generallychargedon a daily basis,whereas,the Ashwoodsvehicleswere refuelled
approximatelyeveryl3days

Theemissionsare shownon a tailpipe and WTW(Well- To-Wheel) basis Thetailpipe emissionsare releaseddirectly from the vehicleand are solelybasedon fuel
combustion TheWTWemissionsncludethe carbonemittedfromfuelextraction processinggdelivery,dispensin@ndthe tailpipeemissions

It should be noted that the averageemissionsbetween the vehiclesare difficult to directly comparedue to different operatingconditionssuchas drivingduties,
payloadsand driving style. However,under consistentand repeatableconditionsin the laboratoryoverthe NEDQrive cycle,the WTWemissiongor the Ashwoods
vehiclewere 280gCQe/km, whereasthe WTW emissionsfor the Smith vehicleswere 289gCQe/km. Clearly,emissionsfrom the Smithswill reduceinline with
electricity grid decarbonisationWhen comparingthe NEDGCQ emissiongest resultsof the trial vehiclesto a standarddieselFord Transitoverthe three years,the
AshwoodsndSmithvehiclesachievedatotal carbonsavingf approximatelyl71tonnesand20tonnesof CQ, respectively

Asthe Smithvehiclesdo not employan Internal CombustionEngine(ICE) no local air quality emissionsare generated the noisepollution will alsobe significantly
reduced

©Cenex 2015 Page26



— LOow Carbon Vehicle Public Procurement Programme Final Technical Repe+t

—Life cycle assessment
Introductionto LCA cenex

A Life CycleAssessmenfLCADf avehiclerefersto the total carbonemissionsof manufacturing,utilisingand disposingavehicle Theillustration belowf outlinesa
typicalLCAor avehicle

Spe_o

Production “In-Use” Disposal
_P.ssessm e_nt of - Tailpipe CO, from driving Assessment of
environmental impact of environmental impact of

- Impact from maintenance

producing the vehicle from and servicing “end of life” scenario,

raw materials to complete including re-use of
product components, recycle of
materials and landfill

LCA Ashwoods2™ GenerationHybridVehicle

Dueto the succes®f the 1st GenerationAshwoodsHybrid SystemAshwoodsintroduceda2d Generationof its Hybrid System Asa result, Cenexwere askedto
carryout anLCAonthe 2d Generatiorsystem

The LCACalculatordesignedand developedby Industrial DesignConsultancy{IDC)was utilised to determinethe total carbonemissionsover the lifetime of the
Ashwoodshybrid system The Ecolnventatabasecontainingthe emissionf numerousmaterialsisincorporatedinto the calculator Othersourceswere usedfor
materialsthat were not includedin this database In the caseof the AshwoodsHybrid Systemthere wasonly one componentnot includedin the LCACalculatoi(the
neodymiummagnets)

Togainabetter understandingof the LCAregardingthe outcomesithe lifetime carbonemissionsof the Ashwoodshybrid vanwascomparedto that of anequivalent
FordTransit Theverificationprocessthe total emission®f the hybridsystemanditsindividualcomponentsaredescribe dverleat

5.RicardoPreparingor a LifeCycleCQ Measure published2011
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—Life cycle assessment
LCA verification process cenex

Ashwoodsprovided Cenexwith the different componentdetails of the Hybrid Systemand their correspondingmass In order to ensurethe credibility of the
components,Cenexcarriedout a verificationprocessat MCTReManLtd,! & K ¢ 2 dl&an@actorfor manufacturingthe hybrid system 10 of the highemission
componentswere indentifiedandassessethy Cenexo ensurethat they correspondednith the information provided Cenexconfirmedthat there were no omitted
componentspyensuringhat the massof the entire hybridsystemcorrespondedo the total massof allthe components

LCA lifetime carbonemissions
Thefollowingtable* showsthe resultsof the lifetime carbone mission®f the HybridSystem

Lithium Battery . .
Motor Controller 240.9 0.2 3.3

Battery Management System 165.8 0.4 0.4

Motor 50.1 4.4 0.0

Intelligent Power Pack Module Casg 56.9 0.1 0.1

Phase Loom 10.2 0.3 0.0

Light Foot Hub 34.1 0.1 0.0

Light Foot Display 22.7 0.0 0.0

Motor Coupling 34 0.0 0.0
Neodymium Magnets (WithitMotor) 14.6

It is apparentfrom the table abovethat the manufacturing,installationand maintenanceprocessof the hybrid systememits the majority (99%) of the carbon
emission®verthe lifetime of the HybridSystemThemaincomponentswithin the assembliesontributingto theseprocesemissionsvere:

A Manufacturinghe differentintegratedcircuitry,whichisapart of variousassemblies

A Manufacturinghe cellsandPCBoardin the lithium battery.

Thesdwo componentsaccountor 61%of the total carbonemissiongluringthe lifetime of the HybridSystem

Therecyclingprocessedor the componentsthat are recycledat the end of their liveshave beenincorporatedin the disposalphase,resultingin lower carbon
emissionsduring this phase The transport processcomprisesof the carbonemissionsfrom transporting the assemblies/component$o the hybrid system
manufacturingsite. Componentshat were manufacture don-sitetherefore mitted no carbondioxideduringtransportation

6.PElInternational LifecycleCQe AssessmenafLowCarbonCars=inalReport,published 2013
* All figuresareroundedto 1d.p
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| el

—Life cycle assessment
LCA AshwoodsandFordTransitvancomparison cenex

In order to understandthe lifetime carbonemissionsof the hybrid system,the entire lifetime emissionsof the Ashwoodsvan was comparedto that of a Ford
Transit Thefollowingtwo assumptionsvere madewhencarryingoutthe comparison

A Thelifetime carbonemissionf producinganddisposinghe Ashwoodsran(excludinghe hybrid system)wasequivalentto that of producinga Ford
Transitvan,i.e. 9,00kg’
A Bothvanswill carryout 200,00km overthe lifetimeof the vehicle

TheUniversityof Bathconductedemissiongests (NEDCpn the 2d generationAshwoodsrananda Ford Transig. Usingthe resultsof testsandthe assumedifetime
mileage the total usageemissionsvere calculatedThefollowingtableshowsthe lifetime carbonemission®f the AshwoodsindFordTransitvans

Ashwoods Van
Ford Transit

Thetotal lifetime carbonemissionf the Ashwoodsvanwere 9%lower comparedto aFord Transit However,asthe lifetime emissionf the hybrid systemonly
constitutesca 2%of the total lifetime emissionsf the Ashwoodsran,the fuel savinggrom the systemhavea significanteffectin reducingthe total lifetime carbon
emissionsThefollowingchartsshowthe lifetime carbonemission®f Ashwoods/ehicleandthe FordTransit

Ford Transit Ashwoods hybrid van
lifetime CGe emissions 53.5t lifetime CQe emissions 48.5t
m Vehicle m Vehicle
manufacture manufacture

B Hybrid system
manufacture

B Hybrid system
manufacture

W Usage

W Usage

7. The Life Time CarbonEmissionf the FordTransitwas taken from the Life CycleAssessmendf Ve hicleFuelsand
TechnologieginalReportpublishedbyClearZonesin 2006

8. Emissiortestscarriedout atthe Universityof Bath,Departmentof MechanicaEngineering
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—Qualitative analysis Driverresponses to electriwans

44 drivers of electric vans returned questionnaires.

Around 50% of drivers felt more positive about the electric vans after the thah they had before, comparedith 25% feeling lespositive.
EV=elicited stronger opinions and more noteworthy results than kiybrids, reflecting the relative novelty of the technology.

Full range of responses are shown overleaf reveals a more varied picture. DeNeve the vehicles have environmentagnefits;many saw itas a
positive statussymbol; andB1% told their family and friends about it. Over half found the vehicles fun to drive, and 51% would recommend them
O2YLI NBR (2 2dza.d wwm: gK2 g¢g2dd RyQi

Onlyh /&2 FSt G GKS GSKAOES LISNF2NX¥SR 0SGUSNI GKIY | Wy 2 N)tcled cud BOYoIound y R
the payload insufficient, 20% found they often had insufficient charge for their journeys and 45% found it inconveniemtttodmnsider how far they
could drive on each trip.

How do you feel about electric vehicles now
compared to how you felt before driving the van?

® More Positive
B Same

I Less Positive
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— Qualitative analysis: Driver responses to electric vans (continuec

The vehicle was too slow

1 see the electric van as a positive status symbol

The vehicle’s payload was not sufficient

Public and home charging facilities are essential for using electric vans for work
1 told my friends and family about the electricvan

There was often insufficient charge for the required journeys

The vehicle was reliable

1 only drove the electric van more economically when the battery was low
I tried to maximise my use of the regenerative braking

| used the power driving display to help me drive more economically
Driving an electric vehicle influences my driving style

I needed to plan my journeys more when driving an electric van

I like the lack of engine noise when driving an electric van m Agree

| felt safe driving the electric van u Disagree

= Neutral
I would recommend electric vans to other users

By driving the electric van | am doing something to protect the environment
| was able to be as flexible in an electric van as | am in a normal van

My electric van has been fun to drive

When the van was already moving the acceleration was very good

| prefer using a diesel van to the electric van

Having to consider how far | can drive on each trip was a pain

My electric van has performed better than a normal van

The electric van has not been as easy to use as a normal van.

The vehicle | had in this trial satisfied my daily needs

I received enough training to use the vehicle satisfactorily

Learning how to use the electric van was easy

0% 20% 40% 60% 80% 100%

50% of electric van drivers would recommend them to others, but only 26% preferred the electric van to a diesel. Amaagsotizecited were
insufficient payload (30%), finding insufficient charge for their journeys (20%) and the inconvenience of consideringheyctald drive on each trip
(45%).
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| el

— Qualitative analysis: Fleemanager responses to electrians

cenex
Ct SSG YIFylF3aSNaQ GASe 2F GUKS St SOUGNRO O ya o SNB &AW ehichs dite thaitialttiars
before, with only a quarter feeling less positive.

More detailed responses to the question of the importance of various factors in purchasing a van are presented belowmdiirconsiderations are
clearly significant to fleet managers taking part in LCVPPP, with 100% citieg{38ions as a significant factor.

Factors related to vehicle performance (acceleration, etc.) were rated as much less important.
Purchase price and running costs are clearly very impoktansiderations for this group.

| 2YLINBKSYaA @S
Comfort for driver
' g AfloAfAlE 2F OK

0% 20% 40% 60% 80% 100%
B Agree B Disagree = Neutral
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— Qualitative analysis: Fleetnanager responses to electrians
(continued)

Fleet managers were asked to indicate whether a range of incentives were likely to influence their decision to buy a van

As discussed previously, running costs (diesel price) are a key consideration, while road tax is less.important

The survey group showed an overwhelming preference for government grants over low interest loans, which warrants fudhtigatioreto understand
whether itis down to the way that local government finance operates, or a lack of information to support longer term reefgttdadculations, or both.

A government grant [ S

Extended warranties for batteries-_
Low interest loans for electric vehicle—
Higher diesel Dfices-_

Exemption from tolls on toll roads-_

Exemption from road tax #

0% 20% 40% 60% 80% 100%

H Likely ® Unlikely ® Neutral
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— Qualitative analysis: Driveresponses to hybridrans

76 drivers of hybrid vans returned questionnaires

The responsesuggest that they generally found the vehicles to be very similar to a diesel van. 63% of drivers showed no changgimdhedf the
vehicles after the trial

How do you feel about hybrid vehicles now compared to how you
felt before driving the van?

m More Positive

m Same

M Less Positive
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|

— Qualitative analysis: Driveresponses to hybridrans continued

I was found the hybrid van as flexible as a normal van

cenex

The hybrid van made more noise than a normal van
The vehicle was too slow

| see the hybrid van as a positive status symbol

I told my friends and family about the hybrid van

The vehicle was reliable

I tried to maximise my use of the regenerative braking
I used the driving display to help me drive more... H Agree
Driving a hybrid vehicle influences my driving style m Disagree
| felt safe driving the hybrid van = Neutral
1 would recommend hybrid vans to other users

By driving the hybrid van | am helping the...

| prefer using a normal diesel van to the hybrid van
The hybrid van seems to have better mpg than a...
The hybrid van has not heen as easy to use as a...
The hybrid van satisfied my daily needs

I received enough training to use the van satisfactorily

Learning how to use the hybrid van was easy

The majority of drivers returning surveys felt they were able to do their job as flexibly in the hybrid van as in a coaWestio

However hybrids elicited less strong responses than the electric vehicles. 56% of drivers felt the hybrid had environmental, d@mpéted to 81% of
electric van drivers
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— Qualitative analysis: Fleet manageesponses to hybridrans cewnéx

In contrast to the drivers who were broadly neutral about the vehicles, the vast majority (78%) of fleet managers fg@ositvelyabout
hybrids after the trial

How do you feel about hybrid vans now compared to how
you felt before the trial?

m More positive

m Same

" Less positive
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—Qualitative analysis: Fleet manageesponses to hybridrans

continued

The hybrid van was reliable

All drivers received training on hybrid vehicles

The training received (if any) helped the drivers to operate the vehicles...
It is essential that drivers receive training on hybrid vehicles

My organisation would only buy hybrid vehicles if there was a financial...

The drivers noticed an improvement in mpg when driving the hybrid vans

An increase in hybrid vehicles would reduce carbon emissions in the UK m Agree
Hybrid vehicles should be included in our future vehicle renewal programme H Disagree
= Neutral

We would be willing to pay a premium for an environmentally-benefical...
Adapting to the hybrid vans was easy for the drivers

| have difficulty accepting the benefits to my organisation of hybrid vans
| would recommend hybrid vans to other organisations

The drivers liked the hybrid vans

There has been a lack of support from the manufacturer

T T T
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fleetvmanvagers yigwed the vans pgsitively, and also percgived ttlat their Qrivers vhgdva good impressjon of the vehidssmajaeity of respondents
AYRAOFGSR GKIFId @Frya akK2dd R 06S AyOf dRSR Ay (GKSANI 2NHIYyAal A2y Q4

S |
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