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Foreword

Many large cities in the world are facing the challenges of A
pollution due to the emissions from the conventional Intern '
Combustion Engine (ICE) based vehicles. ddmeventional ICE
vehicles are also responsible for the GHG ewmssiwith the

transport sector alone contributing 23% of the globab€Rissions.
As most of the countries are obligated to reduce GHG emissior

pursuant to the Paris Agreement's goal lohiting the global

warming to below 2 degrees Celsius above ntedrial level, Mohammad Naeem Malik
Director

therefore, policy makers and concerned authorities are look
SAARC Energy Centre

towards electric vehicles to help tackle air pollution problems &....
the climate change issues.

China has by fdrecome the largest electric car market accounting for more #@foof electric

cars sold in the world. India has recently rolled out its plan to sell only electric vehicles by the
year 2030. Electricity is going to be largest source of energy in theefaind electric vehicles

are of course the ultimate solution ttihe problems of air pollution and other environmental
issues including climate change. The electric vehicles have the additional benefits of reducing
noise pollution as well.

Deployment of edctric vehicles becomes viable for South Asia when power reqtoreédve the

electric vehicles comes from the economic, clean and indigenous resources such as renewable
energy. Another most essential factor to bring about shift of conventional transgsatior to

electric transport is the building and maintaining betrecessary charging infrastructuréghe

electric vehicleswill gain the acceptanceby the consumersif and only if the necessary
infrastructuresare in placeat economiccost. Thisstudyreport isanimportant stepin the right
directionbythe SAARErergyCentreto assesshe infrastructurerequiredfor the successfuand
effective revolution of electric vehiclesin the transport systemof SouthAsia.This reportalso
reflectsthereleva®S 2 F {! ! w/ 9y SNHe& / Sy i NBdbaal critefFa NI (i 2
excellence that builds a coherent, coordinated, focused and robust energy policy agenda and
strategy for the SAARC regi@EC looks forward to your comments and feedbadkisreport.
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Executive 8mmary

The economies of the SAARC nations tgreevn over recent yearsgdriven mainly withgrowth in the
industrial ard service sectors. In parallel to economic growth, the countries have witnessed an increase
in their contribution to climate change. ThASRC region is geographically extremely vulnerable to the
adverse effects of climate chamgln light of this, each dhe SAARC nations have ratified the Paris
Agreement (COP21) declaring Intended Nationally Deitezd Contributions (INDCs) to tackle clien
change.

The transportation sector is observed to be one of the most energy intensivpaluting sectors in the
SAARC regioand continues to be one of the largest oil consuming sectors with transport fuels
accounting for significant shares of the@petroleum and diesel consumption. The increased use of oil
in the transport sector haalso increased the importgpendency of the SAARC states, which not only
increasel GHG emissiqgrbut also ha substantialinpact on the energy security of the couies

Considering thigshe SAARC states have undertaken various initiatives and introghadietes towards
transformaion of the transportation sector by replacing the fossil fuel run vehicles with electric gghicl
whichhavevery efficient drive mechasms. The dilemma for some of these nations (that do not have
R2YSaidArO aTdnpdedeitio® Eddl Hydy,$aS) idlthe imported fuel consumption cannot
be reduced substantially.

SAARC Energy Centireough thestudy authorindia Smart Gritfoum (ISGF)hasconducted this study

to identify and evaluate key enablers of electrighicle implementation and agss the readiness of
SAARC member countries in terms of policy, technology, commercial aigtimsal aspects. Based on
the assessmentimplementable recommendations have been provided to facilitate electric vehicle
penetration in SAARC member statés Electric Vehicle Maturity Model (EVMM) has been created to
assess these parameters.

Chapter 1provides the broad objective and scopé the study thatincludesthe assessmenof EV
infrastructurerequirementand subsequent fonulation of EV implementatin plan for the respective
SAARC member natioimsorder toensure sustainable EV deploymennigar future The approach and
methodology adopted for the assignment is based on comprehensive desk research on the EV
infrastructure requirementpolicy & tecmology adoptecktc. in each of the SAARC member states along
with the evaluation ofinternationd best practicegollowed and adopted byebdng EV markets in the
world, which are evaluated in the next chaptefihis section fuher emphasize the limitations or
constrains faced by the ISGF team in conducting the research in terisiidéd projectbudget,time
frame, minimal client suppdy limited data availability etc.

In Chapter 2,we haveprovidedthe detailed socioeconomic overview of the SAAR@nNatand the key
drivers for Electric Vehicle deploymenhich shows thatindia, Bangladesh, Males, Pakistan and Sri
Lanka whichare hghenergy intensive countriesre mainly dependent ofossil fuds including oil, gas
and coako meet theirmajority of energy requirements. The transport sectahichisone of themajor
drivers of SAARC econasj contribies almost7% in the respectay @Ps of the member stategith a
share of 7% in the overalliprary energy consumptioandcontributes6% to 27%f total GHG emissions
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for each SAAR@ember state. The low energy resource availability, smalleroil refining capacity,
increasing enengimports and primary energy consumption of the transport sectmupled with surging
fuel prices, growing GHG emisssoand the INDC commitmeritave been identified as the kelyivers
or the push factors foeledrification of transporation sectorin the SAARGnemberstates.

Chapter 3highlights thecurrent statusand forecasof EV implementatiotin the global contgt for the
various vehicle segments considering two scenario$hg New Policies Scenario (WNRS8d ii) The
EV30@30 Scenaribhis chaptr also forecasts the price trajectories for batteries of the different vehicle
segments. This section also evaluaths policy support provided by the countries leading in EV
deployment,in terms of subsidies andcentives which can then benodified ard auitably adopted to
address the potential implications on EV markets in the SAARC nations.

Chapter 4discusses varigs components of EV ecosystem in terms of policy, technology and business
models that have beeradopted globally like types dflectric venicle, charging infrastructure and
standards, battery types and chemistry, motors etc. This section also essltiair technical
specifications, characteristics, designs like specifications of DC charging dtaliidaCHAdeMO, CCS2,
GBI/T etc, batteryspecifications of different lithium ion batteries and their pros and cons. In addition,
various business models likggregator model, integrated infrastructure model, independemebility

model and EV related fioies innovative tariff structres adoptel by various utilities across the world
have also been evaluated to understand their requirement and benefits whicthelp us to analse

their applicabilityin the SAARC member states to accelerate the EV deplayprocess

Chapter 5discusss the EVallout procedure for the top 3 global leaders, namely Norway, China and
USA and evaluassthe cases of Oslo, San JoSan Francisco, Los Angeles, Shanghai, Shenzhen and
Beijing in terms of mtropolitan population, total electricvehicle salesElectric véide share of total
vehicle salesdectric vehiclesales share relativi® country averagepublic electricvehiclechargepoints

per million people Grid CQ@ emissions financial incentives non-financial incentves charging
infrastructure é@c. which have helped us to figure out the key factors responsible for successful EV
deployment in these countries

Chapters 6o Chapter 13assess the existing scenario in terms of policy, automobile industry, EV initiative
etc. in each of the SAARC memistates and provides key recommendations related to above
mentioned parameters based dfiectric Vehicle Maturity Model Assessmie

The study authomdia Smart Gridcorum has developed aklectric Vehicle Maturity Model VM) to

assess the readiness of each oktBAARC member states for EV adoption in terms of policy,
infrastructure, technology, institutional structure, markdimensions, customer willingness etc. which

will help the concerned stakeholders including caneg ministry, transport utilities etc. tidentify and
implement the required steps that need to be taken in phases to ensure sustainable EV adoption across
the country.

The EVMM ia new framework formulated by ISGF for assessing the EV readinessséémitntries and
preparing EV Rollout Roadps. EVMM istructured across eight categories, including vision, palicy
regulation institutional capacity, autmotive sector, electrical infrastructayincentive, E\fechnology,
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value chain integration, @iomer, social and environmental and 6 kds/of maturity to assess the
preparedness and measure the progress of¢hies/countries ineach ofthe respectivedomains.

Based on the assessmating EVMM frameworkhe recommendations for various steps timeed to

be taken by the SAARC membeneasin different phases till 2030 for electrification of transport sector
are presented in this reportPolicy actionsnclude the launching of national EV mission wdthar
implementation plan and fixed targetsetting up of nodal agency through the leddoration of relevant
ministries, local municipalitiésity governments and other stakeholders for overseeing the EV
implementation process, attractive FDI policy, provision of incentive mechanisms like subkidised
reduced tax, creation of Edhly aeas, etc. In additionappropriatebusiness models for EV aiy/SE
rollout have also been recommended along with deivities that power utilities need to undertake to
support the E$Edeployment process in tersmofupgradation to the electrity infragructure, effective
grid management etc.

Figurel: The Eight Domains and Six Levels of thecElc Vehicle Maturity Model

Eight domains Six Levels
Vi;iggngi&y & Roadmap for Automotive Electrical
Institutional Cap’acity Incentive Sector Infrastructure 5 Pioneering
wGovernment wlax breaks qnd oLocal «Network
plans and Duty exemption manufacturing infrastructure
ugr(;)l?c?:nd &:,r:gch?géves ol wAuto financing oDT capacity 4 Optimizing
Regulaions components aParts and wTar!ff Structure
ainstitutional oProfit sgrwces uReliable
. oHigh Level of Demand/Supply 3 Integrating
Structure and Repatriation Automotive Use Management
Capacity 9
Value Chain Social & 2 Erabling
uBattery uBusiness Models  «wCustomer uPollution 1 Initiati
«EV and EVSE for EV_ and _ Interest oPublic niuating
technology Charging Station  Capacity to Pay Awareness
wPower Rollouts wAdvanced wlob Creation
Electronics Services 0 Default

The electrification of the transport sector in SAARC membeestaitill lead to direct benefits like
reduced GHG emissions, improved air quality, creation of business opportunitest@motive sector
and subsequent increasin employment opportunities, improved electrification rate, affordable
transport etc. In addion, this will not only allow the membetates to reduce their fuel imports but will
also facilitate in divexeusage 6 fuel besides transportationthus podively impacting the economies of
the respective SAARC countriddore importantly, the transpdrsector can be insulated from price
fluctuations in the international oil market.
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1. Introduction and Scope of the Report

1.1 Introduction

The concern for increase in greenhouse gases w@adsition to low carbon economy has been
acknowledged by sevdraountries which led to the signing ofiaAgreement in December 201that
envisa@d limitation of global temperature rise towo degrees Celsiwbove preindustrial levels. The
Agreement was signed by 195 countries and ratified by 148 countvlesalso agreed to maintain and
communicatelntended National Determined ContributionsINDCs) along with action plans thidiey
intended to achieve in the long ternb.atest approach towardsedarbonisatioris to electrify all sectors
to the extent possible ifading agriculture and transport; and debanizethe electricity sector through
mainstreaming renewable energy and energy efficie Sq energyproduction,energyconsumptionand
transport are sectoss identified for priority action plansRapid increasé fuel consumption for urban
mobility fuelled byaccelerated urbanization and economic groviides already deterioraidthe air quality
in hundreds of cities around the world

South Asian Association of Regional Cooperation (SARR)ies comprising fathe large cities in
India and Pakistanra already the worst in terms of air quality in the worlBAARCountries aremainly

dependent onimported crude oil and oil productswith transportation sectorregistering highest
consumption of oil productsThe increased dependency dmported crude dl and dl products is a
serious worry for these countries in terms of energy secufiyr exampleBhutan imported 170 million
litres of oil and petroleum products in 2016, mostly for the transport sector androport is at the top

spot in monetary temsamong the import list in MaldivegUSD 227 million)

Figure2: Share of Transport Sector in Consumption of Oil and Petroleum Products

Share of Transport Sector in Consumption of Oil and Petroleum Products

80% 69%
0,
65% 59%
60% 47% 48%
0,
40% 36% 31%
0%
India Nepal Pakistan SriLanka Bangladesh  Bhutan Maldives

H Share of transport sector

Source: SARI, TERI & GIZ

Tablel: Share of Transport Sector in GHEBissian

Therefore, to address the issue of GHG emission a
; . Country Share
to ensure energy security, transportation sector nee

to undergo a significant transformation from -oil

based transport mode to a more environment Bangladesh e
friendly electricitybased system. SAARC colegas
a party to the Paris Agreement have well Pakistan 11%
acknowledged the contribution of transport sector
and included adoption of Electric Vehicle as ' g anka 16%
prioritized action item in their INDCs.
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1.2 Sudy Objective and Scope

SAARC Energy Centre awarded$tiedy ond L y F NI & G NHzO G dzNB
¢CNF YAaLR2NIG Ay {!!w/ aSYoSNJIifJuheR®8& ¢

The oljective of this study is to ideify and evaluate key enablerdor transition to electric mobilityand

assess the readiness of SAARC member countries in terms of policy, technology, commercial and
institutional aspects. Based on the assessment, implemdatabtion pointsare to be devebped to
facilitate electric vehicleollout in SAARC member states.

FYR 9ylFotAy3 9
i2 LYRAF { Yl NI

Figure3: Study Objective and Scope
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1.3 Approach and Methodology

The approach and methodologyloptedfor the studyis based on@mprehensive desk research on the
EV infratructure requirementand global EV deployment strategiesong withassessmenof electrical
infrastructure and the ecosystem to support EWVgach of the SAARC member stataternational best
practicesand bisiness models were reviewedhe experiene o ISGC Chighly qualified experts and
team membershas also been leveragetb carry out extensiveanalysis and recommendationsvhich
has been the key to successful completion of theidy in the stipulated timeframe. The overall
approach and methodolgy are depicted below

Figure4: Study Approach
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1.4 Limitations

The broad scope of the study requira detailed analysi® be performedn each of the vehicle segments
e.g. two wheelersthree wheelersfour wheelers andusesalong wih technology adoption, electrical
infrastructure and manufacturing facilis to identify the key activities that have already been
undertaken and the ones that need to be carried out to facilitate tbkout of electric vehiclsin a
sustainablemanner. This require reliable data and ifiormation pertaining to policy and regulations,
32 @S NY Y S arideragramd, elegtdcal infrastructurand manufacturingcapabilities Considering
the requirement, tle project face certain challengesn terms d time and information availabilityas
stated below:

9 Limited time frame to complete the detailed analysis considering each member state has
different dynamics in terms of policy, econonggographytechnology aoption, manufacturing
capabilitiesetc. and has b be evaluated separately to identify and recommend the key steps that
need to be undertaken by government and transport authorities in the coming years

91 Limited project budget defying the possibility ofitiigy the key stakeholdesin each countryo
gather thenecessary information

1 Limited sipport from the transport authorities of theSAARCOmember states and other
stakeholders irierms ofsharing relevant datéor the gudy

1 Owing to imited datareceivedfrom the primary sourcesecondary data ghered from reputed
sourcesvere relied onthoughsome of them are older than 5 years. Howewutionhas been
takento avoid inaccuracies to thgreatestextent possible

Despite theabove limitations, we havattempted earnestlyto carry out ths stuly in the alldted
timeframe with innovative recommendations for rollout of EVs in SAARC nations which we hope the
countries would find appropriate given their present situations.



2. Rationale for EMobility in SAARC Nations

The South Asian Associatidior Regonal Cooperdabn (SAARC) is an intergovernmental organization
aimed towards the social and economic development of its memétes through regional
collaboration. It comprises ofif@ember states namelyfghanistan, Bangladesh, Bhutan, India, di\ss,
Nepal, Pakistan and Sri Lantaobally all countries are threatened by global warming and climate change
and are trying to find solutions in collaborative environmehthe SAARC countries have united ons thi
front to address these issuegth mutua cooperation so as to maintain and enforce the socioeconomic
progress of their respective economies.

Transition to electric mobility to reduce emission from transport sector is a key actionfaie8AARC
nations Creation of¥9 £ SOG NRA O + &¢QED s & basiopremduisité fNikfyidritized action
plan. Severaldeveloped andsome developing nationsare presently creating the EV charging
infrastructureand this study seeks to evaluate the necesstitability, feasibility and requisitections
that must be taken folarge scald&Vrollout in SAAR@Gationsto realiz optimum results.

2.1 Socioeconomic Overview

Located between the Equator and the Tropic of Cancer, SAARC region has highly divefreeatigies.
It occupies a total territdal area of about 5.13 milliokm? (3.77% of the world total) with a population
of 1.73 billion people (23.4% gfobalpopulation) as of 2017. SAARC also has the greatest population

density worldwide. India haktS f A 2y Q& &K NB 2 W4%) &dSrea(B40). SAARGIs L2 Ld

experiencing very high levels of population growth that has placed intense pressure onttiral na
resources and environment. Rapid urbanization with limited planning for infrastrecatpgrades in the
region is putting futherpressure on precious resources. As of 2017, the urban population in SAARC region
Ad o2dzi o0 d ¢ K SaphNSaAdcEmAtR ZonditlBnd deikd it bkt Jufhérable to the
adverse effects of climatehange.

Figure5: E@nomic Overview of SAARC Region

Population

wPopulation ofl.73 billionspread out over a region & 13 million sq km

Urbanization

oHigh urbanization rate in SAARI3%o0f total population is urban populace

Economic Growth

ASAARC economy registere@BPof $2.7 trillion with a6.5% growth rate in 20147
AHighest GDP growth rate was fodia: 7.6% while Afghanistanposted a negative growth rate e?.4%

— Sectoral Share in GDP

wrhough most SAARC Countriesagearianeconomiesservice sectohasgreatest sharén GDP

Source(UNdata, 201 7jIslamic Republic of Afghanistan, 20{@)A The Worldd€et Book, 2018)

Economic growth has fleished in recent years, with SAARC registerirgiaulativeGDP of $2.7 trillion
with a 6.5% growth rate for the year 2018017. At 7.6%, India posted the highest GDP growth among
the SAARC states, while Afghanistead a negative growth rate 62.4%.Transport sector, one of the

key drivers of economic growth, has risen significantly duelanization, industrialization and logistics



requirements. The high energy intensity of these sectors has placed greatiressthe energy sector
of the respectivenember states to match supply with the demand.

2.2Energy Sector Profile

SAARG@Gationsrely heavily on conventional sources of energy to meet energy demands. Energy demands
havebeenrising at rapidpace with theincreasinggrowth of the serviceand indwstry sec¢ors. Therefore,
energy sector expansiosl 1 S@& LI NI 2F {dnRagerddasw/ &G GSaQ SOz2y

Table2: Energy Sector Profile of SAARC Countries

Installed Power Crude Ol
Country Generation Imports
Camcity (MW) (USD Million)

Peérol Imports | Diesel Imports

(USD Million) | (USD Million) Remarks

Electricity imports
Afghanistan 585 NA 327201718) 16.5201718) of 5761 GWHrom
neighboring nations

Petrol Imports
Bangladesh 15,821 483201617) 3,814201617) - include all
Petroleumproducts

Electricityexports

Bhutan 1,623 - 2502016) 822016) of 5372.5 MU
Petrol Imports
India 3,46,046 A49.05%eror. 2 65 4 mprnov,2017) . include all
2017)
Petroleum products
Maldives 363 - 37.42017) 234.42017) =

Petrol Imports
Nepal 1,070 - 1087.5201617) - include all
Petroleum products
Petrol Imports
Pakistan 26,186 1,840.(201617) 4,846201617) - include all
Petroleum products

Sri Lanka 4,043 587.G2017) - - -

Total 401,424 - - - -

Sources{SAARC Primary Findin¢Bdwer Division of the People's Republic of Bangladesh,(Natipnal Statistics
Bureau, Royal Government of Bhutan, 201K)inistry of Power, Government of India, 2018Ministry of
Environment and Energy, Republic of Maldives, 2@Népal Electricity Authority, Government of Nep&018)
(National Electric Power Regulatory Authority, Government of Pakistan, P0tristry of Power and Renewable
Energy, Government of Sri Lanka, 2qArnual Trade Statistics, Afghanistan, 2qB2)ngladesh Bureau of Statistics
(BBS), 2017{Ministry of Petroleum and Nataf Gas, Government of India, 202@18) (Maldives Monetary
Authority, 2017 Economic and Social Statistics of Sri Lanka, 2018)

Conversion: Google currencgnvertor, htps://transferwise.com/in/currencyconverer/btn-to-usdrate (Central
Bureau of Statistics, Government of Nepal, 2017)

2.3 Transport Sector Profile

Transport (a suisector of services), as one of the key drivere@nomic gowth for the SAARC states

has risen sigficantly due to urbanization, industrialization and logistics requirements.
5



Figure6: Overview of Transport Sector in SAART

Registered Motor Primary Energy o
Gt Vehicles Consumption
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forecasted in the
near future

Sources(UNdata, 2017)IslamicRepublic of Afghanistan, 2017jBangladesh Road Transport Authority, 2018)
(National Statistics Bureau, Roy&overnment of Bhutan, 2017)Ministry of Statistics & Programme
Implementation, 2017YSYNODBDVISORY Private Limit¢Bpakistan Economic Survey 2€A®16) (Ministry of
Transport & Civil Aviation, Government of Sri Lanka, 2(B@rgy Statistics Yearbook, 2015)

2.4 Key Driverdor BEVs in SAARC Nations

2.4.1 Limited Availabiity andDepleting Fuel Resources

Despite being rich in natural resources, the supply of energy resources is disperseSKRARE region
Afghanistan, Bhutan, India and Nepal have an abundance of hydropower amdliBangladesh possess
largedeposits ofcoal. However,the region is poor in oil angas,whichservices a significant portion of

the energy demandh the SAARC natis.This poses a considerable strain on the available resources and
a consequent overi@nce on imports to meet the energy regeinentsof the SAARC economies

Table3: Proven Fossil Fuel Reserves in SAARC Member States

Country Proven (?rgde Oll Proven Natural Gas Provgr? CoaReserves
Reserves (Million Barrels Reserves (BCM) (Million Tonnes)
Afghanistan - 50 -
Bangladesh 20 196 3300
India 4500 1200 97728
Pakistan 350 542 3064
Sri Lanka 150 - -

Sources:(BP Statistical Review of World Energy June 2@I®) fie World Fact Book, 2018RADe)

Furthermore, refining and storage capacities of crude oil in SAARC nations are@snyadired to the
large consumption rates, leading to expensive imports of refined products also.

Figure7: Refining Capacitiesf@ome AARC Member States

Bangladesh India Pakistan Sri Lanka

O 1.5 MMTPA O 247.6 MMTPA O 21.15 MMTPA [l 2.64 MMTPA

Sources{Eastern Refinery Limite@etroleum Planning & Analysis CAP Statistical Rewieof World Energy
June 2018fexport.gov)



2.4.2 GHG Emissions from the Transport Sector

Global energy consumption by transport sectoand the correspondingemissions are forecasted to
increaseby 50%by 2030after which, trey will bemore thantwice till 2050 inthe busiress as usuaBAY
scenario. The transport sector accounts for more tB&fbo d world oil consumptiorand nearly 25%of
Sy S NH & maddsri dioxidgeRissions. According to a study conductedMBB a3 to 5 timesincrease
in carbon dioxideemissias from transportatiorsectoris likelyin Asiatill 2030relative to 2000,in BAU
scenario 22% share of the total glob&IQ emissions in 2012 was contributed by the transport sector
whichabout16% was contributed by the road transport sector. Thidriven by the anticipated increase
in the number of lighduty wehicles and truckby 68 times.In terms of GHG emissisrin South Asia,
ADBhas estimated that the emissions will reach a staggering, 244.7 million tonnes of ZI30,which

is an increnent of more than4 timescompared to the 2005 levels. Out of whjahe transport sector
contributed 15.9 million tonnes@ in 2005. It has been estimated that the share of GHG emissions from
transport sector will exceed 46.7 million &6y 2030*

2.4.3 Volatility in Oil Prices

Historically oil prices havebeen fluctuating
arbitrarily in the international marketswvhich
was more rampant in the lastlecade.As a
significant share of GDP of the SAARIONS is
spent on fuel imports every yearso their
annual budgets get huge shocks from rando

Figure8: Oil Price Elasticity of GDP
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Maldives (4)

price fluctuationsleavingthem to cut down on india
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transport sector ca be insulated from price| afganistan (1) E— S
shocks from theil market.Electricity prices are 0
more stable and electricity from renewable
resources like solar and wind are almost stable iui
25+ years.
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Source: World Bank staff calcuians

2.4.4 Deteriorating Air Quality

Large cities in all SAARQuntries suffer from the poor air quality resulting in millions efths every

year. There are hundreds of cities in SAARC countries where air pollution is very serious and road
transport setor is a significant contributor to the pollution. IntroductiohEVs and replacing the present
internal combustion enginelCB based vehicle fleet ina phased manner is being considered by
governments in some of these countries.

2.4.5 INDC Commitments

All the SAARC nations have declared their INDCs and reduction in emissions from the transport sector is
a key item in theiprioritized action plansThe unique geographical location of the SAARC region leaves

it highly prone to adverse effects of climatkange All the SAARC member states have ratified the Paris
Agreement and declaretheir respective INDCsAfghanistan, Bhutan, Barglesh, India, Maldives,
Pakistan and Sri Lanka have set specific conditional and unconditional GHG emission targets based o
either business as usual or projected scenarios.

1 Low Carbon Strategy for the Transport Sector, Republic of Maldives



Figure9: INDC Commitments of SAARC Member States

u13.6% reduction in GHG emissions by 2030 compared to a business as usual (BAU)

Afghanistan scenario, conditional on external support

ub% to 15% (conditional) reduction in GHG emissions by 2030 compared to the BAU

Bangladesh levels

oRemain carbon neutral where GHG emission will not exceed sequestration by

Bhutan forests, estimated at 6.3 million tons of CO2

083% to 35% reduction in the emissions intensity of its GDP by 2030 compared to
2005 level

010% up to 24% (conditional) reduction in GHG emissions for the year 2030

Maldives compared to the BAU scenario

uBy 2050, Nepal to decrease fossil dependency of transport sector by 50% and

Nepal increase electric vehicles share to 20% from 2010 level

wJp to 20% reduction in GHG emissions by 2030 compared to the projected GHG

Pakistan emissions

w1% to 20% (conditional) reduction in GHG emissions from energy sector, and 3% to

Sri Lanka 10% (conditional) from transport, industry, forests and waste by 2030 wrt BAU

Sources(Islamic Republic of Afghatan, 20150 D2 @SNY YSy i 2F (G(KS t S2 L)X S
(Royal Government of Bhuta2Q15)(Government of India, 201%povernment of Maldives, 2015)
(Government of Nepal, 201@slamic Repuldiof Pakistan, 201§Government of Sri Laak2016)

Apart from the GHG targets, the SAARC states have also declared certéa@H@iargetthat are aimed

towards achieving thgoals of Paris Climate Agreement. Behavior modification and opportunities for the
establishment of renewable and alternative energyiices have been declared by Afghanistan for 25%

of the rural populace. Bangladesh hBsS @St 2 LISR | YA ( Xgladedh Cnmate Ghangd (0 S 3 @
{0NFXGS38 IyR ' OQGA2y tfly 6. ./{!'t0Q FyR Ftaz2 aidld
theRS @St 2LIYSYy i 2F-ISySMNI aAyAT OsAYRAGE 08 -stalasolarz ¢ | yF
L322 6 SNJ LJX I y (i ardhas cemmiteddéodpreserieadfnrest cover for at least 60 percent of total land

a4 LISNJ GKS YAY3IR2Y 27T enkasstcoyre & 70.48% o total [antkifdr @hjcly ¢ K S
sustainable forest management agll as conservation of environmentaérvices are the steps that

Bhutan has declared to implement. India has a detailed climate action plan that involves an ambitious
renewable energy target, grid modernization and rollout of millions of electric vehiblepal has set

targets through its Etional Rural and Renewable Energy Program and plans to maintain 40% forest cover.

Sri Lanka has set renewable integration and 32%sfccover target



3. Global EV Outlook

The electric vehicles (EV) market gexponentially in the past few years with BEgck crossing Snillion
units globally by December 201.8Viost of the action is in China which accounts for about half of the EV
sales followed by USA and Western Europe. EVs as percentage of total autondoilsay, Iceland and
Sweden hold the top threspots, accounting for sales shares of 39%7%and 6.3%n their respective
markets in the yea2017.Apart from electric cars lectrification of other transport modeisas also picked

up pace in particularfor two-wheelersand buses. In 2017, salesaléctric buses were about 1(D0

and sales of twavheelers areestimated at 30 millionChinahad the highest share for both eleatitwo-
wheelers and electric buses sales

FigurelQ: Electric Vehicles Global Stock and Sales

Annual Electric Car sales
registered a milestone dif Global Electric 2 Wheeler
million in 2017 Saleswvere 30 millionin 2017

Global Electric Car Stock Global Electric 2 Wheeler
stands at oveb million in Stockstands a250 million

December 2018 Chinahas the highest share
Largest Stocks inChina- over99%
40%o0f global total

There are almos® million

Global Electric Bus Saless
100,000 in 2017

Global Electric Bus Stock
stands at 370,000 in Dec
2017

private chargersat residence
and workplace, globally.

Public Slow Chargedutlets:
0.32 million

Public Fast Chargéutlets:

Chinahas the highest share 0.11 million

over99% Chinahas almos0.36 million
private chargerdor fleets

Source(Global EV Outlook 2018)

3.1 Future Growth Patterns

The New Policies Scenario:

Governments across the world have developed several policiesegidatiors to promote EV adoption.
Along with these, several plans have also been launched with defined tafget®New Policies &aario
calculates the projections for EV uptake based on the existing policy interventions.

The EV30@30 Scenario:

Accordingo the IR, the Electric Vehicles Initiative (EVIRI§ & O NJAanfsiliRgovedmaeint policy forum

dedicated to accelerating the tirmduction and adoption of electric vehicles worldwide. In 2010, EVI was

one of several initiativelunched under the Cén EnergWMinisterial (CEM), a higlevel dialogue among

9y SNH& aAyAaidSNBR FTNRBY (GKS §2NI RQ3ia, THile2@hiva, Biledd/ 2 YA S

2 https://en.wikipedia.org/wiki/Electric_car



France, Germany, India, Japan, Mexico, the Netherlands, New Zealand, Norway, Portugal, Sweden, th
United Kngdom and the United States. ThHeAis the EVI Coordinator.

Electric Vehicle Initiative natiorigve set a target of aakwving 30% market share of EVs for LDVs, buses
and trucks collectivelgs per thér EV30@30 Campaign DeclaratiBaw step$iave beerincluded as part

of this campaign, which includes deployment, policy research, training and capacity building suqgport
provision of technical assistance to the EVI natidime projections for the EV30@30 Scenario have been
made accordingly.

Table 4: Growth of EVs under Different Policy Scenarios

New Policy Scenario

Veh|cle Type 2020 2030 ‘

Two and Tiree Wheelers 455,000,000
Light Duty Vehicles 12,000,000 125,000,000
Buses NA 1,500,000

Total - 581,500,000

EV30@30 Scenario

Vehicle Type 2020 2030 ‘

Two and Three Wheelers 585,000,000
Light Duty Vehicles NA 220,000,000
Buses NA 4,500,000

Totd - 809,500,000

Source(Global EV Outlook 2018)

3.2 Battery Technologies and ite Trajectory:

3.2.1 CurrentSatus

TheLithium-ion battety (LiB)technologywas introduced commercially in tH®©90s In the initial days the
energy density was very low and prices were very kighveral thousand dollars per kWh. Sirg4.0,
LiBsbecamemore efficienthavingenergy densityncreased from 280 Wh perkgto over 100 Wh pekg
and prices came below USDAO0 per kWhWhile orignally developed for smaller electronic applications,
the growth in energy density and falling prices havedkndedapplicationsof LiBs to electric vehicles,
energy storage for solar PV applications, battery energy storage systems for electricogadt ®ic in
the recent years.

3.2.2 BatteryChemistry

All batteries cannot be fast charged. In the battery parlanee@nate is wsed to refer the charging rate.
1C rate refers to full charging in one hour; 2C rate refers to full charging in 30 miante$0C refers to
full charging in 6 minutes. And C/2 means two hours to fully charge. Maximum rate at which vapiesis ty
of batteries can be charged are given in the table
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Table5: Types of EV Batteries artteir Features

Max . : . Average Module
Life (Maximum PowerDensity Price (US$/kWh

Cycles) (Wh/kg for cell) in 2018)

Battery Chemistry Temperature
(°C)

'(‘Iig; JEPIEEHE oo e 40 15003000 100-130Whkg 270
Lilon- NickelManganese

Cobalt(NMC811) Cl2 40 10002000 230-250Wh/kg 250
Lilon- NickelManganese

Cobaltl(NMC622) 3C 40 30004000 200 Wh/kg 400
LiNickel Cobalt

Aluminium (N@) 2C 40 10001500 250-270Wh/kg 230
Lithium ion Titanate

Oxide (LTO) 6C 60 750010000 50-80 Wh/kg 700

Source(ISGF White Paper Electric Vehicle Charging Stations Business Models f@0l®jia,

3.2.3 BatterySzes
EV battery pack prices witnessed significant drop from USD 800tk\WIsD 227/kWh during tl

period 20112016. Battery prices are predicted to drop further to about USD 140/k\W20B%

Since40-60% of the cost of aalectric vehicle is the battery cost, it is very important to choose the right
size and typef the battery pack suitable for the use of the E3&rs2-Wheeles, 3-Wheelers, Buses and
Delivery Vans and other types of vehgfer specific usage maglect batteries depending on the average
distance driven daily and the charging infrastructurel uhilosophy adopted.The table below shows
the typical battery sizes for different types of EVs.

Table6: Battery Size Range and Typical Markets faifferent Types of EVs

Vehicle Type Battery Size Range (kWh

Smalisize /s China 18 to 23

China, Europe and

Mid-size EVs North America

20 to 60

Largesize EVs Global 60 to 120

The standardbattery sizefor buses globally, are 200 kWh and aboMeis idecause greater size batteries
have a greater cell to pack ratidhe BAS and cooling costalsogets diffusedover the capacity,thus
reducing the specific cost

Cost reductions for  Battery sizes are expected to improve to serve longer driving ranges.
batteries over the
period to 2030 are

likely to §tem from Better battery chemistries will be developed with greater energy
three main drivers:  density and lower cobalt dependence.

Economies of scale will be achieved for battery manufacturing.

3 Gbbal EV Outlook 2018
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3.2.4 Price Trajectory

LightDuty Vehicles

BatPaGs alLithiumlon Battery Performance and Cost Model for Eledbitve VehiclesThe recent
penetration of lithium-ion (Liion) batteries into the vehicle market has prompted interest in projecting
and understanding the costs of this family ofeafistries being used to electrify the automotive
powertrain. Additionally, research laboies throughout the U.S. Depanent of Energy complex and
various academic institutions are developing new materials faoriibatteries every day. The
performanceof the materials within the battery directly affects the end energy density and costeof th
integrated battery pack. Theestelopment of apublicly available model that can project benslale
results to real world battery pack values would be of great i$gs first version of the model, the battery
performance and cost (BatPaC) model, reprdsethe only public domain modehat captures the
interplay between design and cost ofitin batteries for transportation applications.

Using the BatPaC model, thstimation for cost range of batteries varies between 155 USD/kWh to 360
USD/kWh. Batterpacks for PHEVs will be costliban BEVs on a per unit energy basis on account of

their larger pack to cell ratio. Hence PHEV battery cost will be 1.2 times {2\ batteries. An EV

battery cost of 100 USD/kWh to 122 USD/kWh was derived by the Bat®d€l. The assumptions
include:aba/ymmk AN LIKAGS OKSYA&AUNRBXI LINRPRdzOGAZ2Y OF LI O
NI}y3ISYy Ttn G2 yn (2KEod

Table7: EV Battery Cost Target 2030

. EV battery cost target

Electric two wheelersable to deliver sufficient gonean Union 93
mileage will have a battery size df5 RVh to 4 - - n
kWh. Electric two wheelers are expected to shard S 2 LIt Shliciof Ghisd.. 116

the benefits of economies of scate offer lower
battery cost Ekectric two wheelers currently have
a battery cost range of 240 USD/kWh to 550 USD/KWh. It is expected to decrease approximé@ly 50

Japan 92

Heavyduty vehicles

HDVs cost range will not vary significantly compared with the cost range of electricHl&scheavy
duty vehiclesequire battery packs with a longer lifecycle and #todlity to sustairgreater charging loads.
LFPand LTO ba#ries arehenceused forelectric HDV applicationThe larger battery size leads to a
decrease in the specific battery cdsbwever the expensive battery chemistry compensai@r this
decreasehence e battery cost for HDVs will most likddg similar b that of electric light duty vehicles

3.3 Policy Support tcAccelerate EVRollout in Various Countries

A number of counies have implemented various fiscal incentives including subsidies, tax benefits and
others to encourage Eatloption. However, it halseen observed that an optimum combination of fiscal

as well as notfiscal incentives need to be put in place in order s@re the success of EV deployment.
These nodiscal measures include the development of charging infrasire¢c creating greater
consumer awareness, speckY parking spaces astficter regulations

3.3.1PurchaselncentivesOffered in Different Countries
Purchase incentives offered in different countries of the world are given below:
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China:Electric carsni China enjoy an exemptidrom acquisition tax and the excise tax, normally based
on engine displacement and price (Mock and Yang, 2014). Theofaheincentives was in the range of
CNY35000¢ 60000 (USD 600910000) to purchase electric cars (Lutsey, 2015).

Franceiln 2013 France began offering purchase incentives of 6300 euros (EUR) (USD 7100) for BEVs (cars
emitting less than 20 gram of C@2r kilometre [g CO2/km]) and EUR 1000 (USD 1100) for PHEVs
(vehicks emitting between 20 g CO2/km and 60 g CO2/km) through itsddoralus feebate scheme
(MEEM, 2016a). Scrapping diesel vehicles allows a supplementary bonus of EUR 10000 (USD 11000) for
BEVs and EUR 3 500 (USD 4 000) for PHEVs (MEEM, 2016b).

Germany:Germany, in 2016 announced that ICE production and sales will b@atbim 2030

Japan:Japan subsidies are based on the price difference between an EV and a comparable gasoline car,
with a maximum of 850000 yen (about USD 7800). Mock and Yang (2014) indibateincentives
amounted to EUR 3000 to EUR 5 000 (USD 3308»5500) for typical BEVs and PHEVS.

Netherlands:In Netherlands, as of 2016, cars emitting zero CO2 at the tailpipexarapg from paying
registration tax. For other cars there is a diffatiated taxation scheme with five levels of CO2 emissions
with progressively increasing taxation per g CO2/km. PHEVs qualify for the first level (below 80 g CO2/km)
and pay EUR 6 per g @&km. Diesels emitting more than 70 g CO2/km Beyond one millionrel@ars

also pay EUR 86 per g CO2/km (EVI, 2016a and Eneeyjigd@th6). This kind of structure provides
significant benefits for both BEVs and PHEVs compared with vehicles power€&Eqywlith a steep
growth for models having ICEs with emissions gatiabove 106 g CO2/km. The condition for exemption
from the regigration tax has become stricter since 2013, when it started to be fully coupled with CO2
emission performances (Energiel&pb2016).

Portugal: In Portugal, BEVs are exempt from vehicle regigin (about EUR 1250, or USD 1400) and
circulation taxes. Scr@mng existing vehicles for a selection of BEVs also entitles buyers to a bonus of EUR
4500 (USD 5000) (Apambiente, 2016T|M016). PHEVs are not eligible for specific incentives.

Sweden:in Sweden, passenger vehicles with emissions levels lower tha€&2m have been granted
40000 kronorroughly EUR 4000 or USD 4400) rebate since 2011.

United Kingdom:In the United Kindom, BEVs receive a purchase incentive up to 4500 pounds (GBP)
(USD6300) for cars and GBP 8000 (USD 11200) for light commercialegeffHEVs below GBP 60000
(USD 84000) receive incentives equal to GBP 2500 (USD 3500) (GOV.UK, 2016a).

United StatesInthe United States, EVs enjoy tax credits capped at USD 7500 &ittbeal level. PHEV
models with alelectric ranges (18 km to 40m) receive credits of USD 2500 to USD 4000; BEV models
and some PHEV models with relatively higkekdttric range (e.gChevrolet Volt) receive the maximum
USD 7500 credit (Lutsey at &015). States also apply purchase incentives (AFDC, 2016)stanice)
California offers incentives of USD 2500 for EVs and USD 5000 for FCEVs (or morénfmmew
consumers); Coloradoffers an income tax credit of up to USD 6000; Rebates of US@2BAWISD 2200

are provided on EV purchase by Connecticut andvizsla respectively. The average rebate across the
various states on purchase of EV is estimated to be approximately USHot @2Qtery Electric Vehicles

as well as for Plutn Hybrid Electd Vehicles.

3.3.2 Policy, Regulatory and Incentives Support #8¥Deployment in South East Asia

Thailand, Malaysia, and Indonesia have established comprehensive EV policidakéhat holistic
approach to developing the entire EV ecosystem by promoting consumer demand and incentivizing
private investments across thealue chainOther countrieslike the Philippines and Singapore do not
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have integrated roadmapbut they are also pushing EVs through variouspolicy initiatives E.g, the
Philippines has takeuap the modernization ofleepneys as the focus project to protathe E\&.

GThe Future of Electric Vehiclei South East Asigosition paper by Frost & Sullivanrecognizes the
following incentives for encouraging people in South East Asia to switch from conventional vehicles to
EVs

Charging

Priority Lanes

Stations in for EVs

Apartments

Free Parking | Toll Discounts

Apart from the number of inagtives discussed, various policies have been suggested that can be adopted
by policy makers to promote EV and Veii@ridIntegration (VGI):

Figurell: Some Suggested Policies for Promotion of EV and Vel@cld Integration

Special EV Tariff

fICreatingseparateelectricity tariff for EVchargingthat may be dynamicand concessional
basedon grid situation and use of differential pricingfor different times of day and night.
Differential pricingfor EVchargingmay alsohelp renewableenergyintegration ¢ subsidised
rateswhensurplusgenerationfrom REresourceson the grid.

Payment Settlement Mechanism

uDeveloping payment settlement mechanismsfor the EV aggregator/owner An EV
owner/aggregator may be charged with or incentivised on basis of net consumption
(import-export). The payments for grid servicing can be done through cash or
mobile/internet-basedpaymentgateway(e.g. prepaidcardsissuedby Utilities/third parties,
Credit/Debitcards,Mobile wallets,Rewardpoints).

Robust EVSE Infrastructure

wAdequateinfrastructure of chargingstations,also called ElectricVehicleSupplyEquipment
(EVSE)is a key enablerfor EVadoption and Vehicleto Grid Integration An EVSEan be
coupledwith interoperablecommunicationand networks,to enableoperatorsand EVswith
costeffective managementservicesand ease their integration with grid management
systems Suchfeatureswill ensureutilities and ownersto eliminate strandedassetswhich
can result from proprietary technologies Open standards such as Open ChargePoint
Protocol (OCPPJjor EVSHetwork managementcan be usedto managethis requirement
Technologyintegratorscanaccesgdatato provide innovativesolutionssuchthe availability
of the nearestchargingstation, chargingcosts,track energyusage etc.

3.4 EVMarketsin SAARCountries

Theautomotive industries in the South Asian countriifer greatly from each other due tdifferences

in their respectivemarket demand. India is the leading nationin South Asia in automobile
manufacturing.India hasmarny domestic automobile manufacturers prominent of which areTata
Motors, Mahindra & Mahindraand Hero MotoCorp;few foreign automobile manufacturerbiave also
established their manufacturing factories in Indiach as Honda, Toyota, General Motors, FoM\\B
Benz,Volkswagen ad HyundaiApart from these companiesndia also has a number of automobile
components ancccessdes manufacturersindia achieved an annual automobile production volume of
4 million and a sales volume of more than 3 million ib@@akistan has a feautomobile manufacturing
facilities; some of the other South Asian nations have automobile asggiarits. Bangladesh also has
domestic manufacturinginits for two and three wheelerds a result, Pakistaepal, Bangladesh, Sri
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Lanka and Bhutan depenbdeavilyon vehicleimports.* Similar circumstances have been observed for
Maldives and Afghanistan.ld€tric Vehicle adoption would require the automotive industries in the
respective SAARC nations to undergo transformation.

3.4.1 Automotive Manufactuling

Except for India, the automotive manufacturing capacities of other SAARC nations are presently quite
modest. For EV adoption, these countries will have to establish and improve their automotive industries
otherwise they will have toaly on expensive EV purts. For developing the EV industry, the countries

will have to first promoteforeign direct invesnent (FD) for EV manufacturing; collaborations or joint
ventures can be setup between local car manufacturers, automobile dealdratdaomobile assemblin
companies. India has aBV manufacturer§lassociation SMEV (Society of Manufacturers of Electric
Vehicles) that acts as a knowledge sharing platform aaodllective voiceof the manufacturers tanform

the government orEVmanufacuring concerns such gwices, taxes, standards, efother nations can
encourage similar associations in their respectivantries. The countries will have to setup a committee

to identify and adopt or prepare the requisite standards for EdequipmentincludingEVcomponens

and the charging infrastructurélhe nations will have to work towards developing various findncia
instruments and business models for promoting EV manufacturers; the countries can launch domestic
electric vehicle manufacturing itrative or scheme forthis purpose with a combination of funding
allocation and technology development.

3.4.2 Skilled Labur and Infrastructure

Automobile manufacturing facilities in SAARC nations will havautgment their workforce through
training andcapacity building programs to meet the skilled labour needs of EV manufacturing. One of the
business models used for ENaoying infrastructure involves the OEMs as the main operators. This would
require the OEMSs to train their personnel footh EVsas well as charging infrastructure operation and
maintenance. Along with charging stations, the allied infrastructure suafaasgort facilities, electricity
distribution and communication for information transfer will have to be built by th&R® countriem

order to nurture EV technology in their respective markets.

3.4.3 Import Strategy

PresentlyChina, Europe and tHgSare the hub forEwVtechnology; until proper EV manufacturing facilities

are established in the SAARC nations, they will have to relfe\orand EVSE imports from the
aforementioned countries. Depending on the needs of the specific country, the import stredegye
designedand the imports can be phased out over time as the manufacturing capacity grows to a sufficient
state in the givenauntry. The basic import strategy outline that can be followed is: initially, the imports
can include electric vehicles atide charging egipment, for which, relaxation on import duty can be
provided; the next stage could include battery imports whilexkhicle components and vehicle charging
equipment is locally manufactured through JVs between foreign companies andnacafacturers. i

ion batteries are the market favourite for the lategérsons of EVs launched globally amdnufacturing

of batteries is very large investment. However, SAARC countries could offer incentives for battery pack
assembly by importing battgrcells.

4 Automobile Industry Forecast to 2021: India, Pakistan, Bangladesh, Nepal, Sri Lanka and Bhutan
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4. EV mfrastructure and Policy Regulatory Support for EV Rollout in
SAARC Countries

With advancements in technology and wgiog consumer awarenes<Vs have beconme more
mainstrean over the past few year&iven this trend, it is expected that EV# be the lagely preferred
alternativein the future, overtaking demand for ICE vehidles.

Figurel2: EVComponents

BATTERY EVSE
CHARGER

Electrical
Source

4.1EV Types
Different types ofE\s aredescribed in the sectian

4.1.1Hybrid ElectricVehicle HEV)

The HE/shave both an internal combustion engine as well as an electric bap@meredengine built
within the vehicle The electricpropulsion systerris employed in conditions of greater power demand
The internal combustion engine operates for longer driv@fee is also an option to operate both
enginessimultaneoushytto improve thevehicleperformance.Turbocharged cars are designedHEVs in
order to resolve issues of turbo laghe HEV systenaso have the ability to manag®wer gapsthat
occurbetweengear shifts and providing speed boosts whattessaryThe internal combustion engines
in the HEVs can also be used to replenishdhiebattery when required. Newer HEV models have also
incorporated regenerative braking mechanism in their designs

4.1.2Plug-in Hybrid Electric VehicleRHEV)

Plugin Hybrid Electric Vehiclg®HEV,) similar to HEVs, employ combination of internal costlmn
engine as well as electric batteppweredengine. Howeverninlike HEVsthe electric power train is the
primary engne, with the internal combustion engine being used mostly for as a backuprduiding
boost and emergency charge to the battery B2 NJ &SN (iyS3/S3a A 2 YRHE\skkNdel? arfed
suggest, can be plugged into the power grid for chargdirvey battery. Hence, they have lower fuel
consumption, fewer GHG emissions and lower opatatiost Chevrolet Volt and oyota Priuare the
most @mmon PHEV models available in the market.

5 ElectricVehtle Charging Technology Analysis and Standards

8 A Comprehensive Study of Key Electric Vehicle (EV) Components, Teckn@lbailenges, Impacts, and Future Direction of
Development
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4.1 .3 Battery Electric VehicleBEV)

Battery Electric Vehice¥BEVare poweredexclusively with electric battery pack3n account of thighe
BEVmileage is directly proportional tahe energy stored in théattery. The average range for BEVs is
100 to 250 km, while the latest models have a range of 300 to 500 km, on single .CHiagge ranges
depend on a number of parameters including the battepgcifications, region of operation and vehicle
usage In compaison to ICE vehicles, the BEVs have a longer refuelingBiEMsare ecoefriendly, have
simpisticdesign and reliable ioperation.The BEV engines provigtestantaneousand high torques, ean

at lower velocities Thesevehicles are considered ideal far urban drivingconditions. Nissan Leaf and
Tesla arghe most populaBBEVsavailable in the marketn recent years, éew ChineseBEVs have also
begun to capturesizeablemarket share

4.1.4 Fuel Cell Electric Vehicle (FC&VFCY
Fuel cellsact as he primaryenergy sourcéor FCEVs. Hydrogen is the most commonly used fuel in modern

FCEV.sBatteries or supercapacitorare used tostore the extra electricity generated by the fumslls
FCEVs available in the market mostly fit batteries in the vellédder is produced as the waste in the
FCEVsThis is discharged from the vehicle through tailpipe€EVs have the greatepotential for
reducingGHG emissionECEVs haverafueling time that is nearly equal to &t of ICE vehicle$lowever,
fuel celscostover$200 per kWiwhich is more than four times the ICE cédusthe number of hydrogen
refueling stationsarevery less and almost neexistent in SAARC countries

Table8: Comparison of Different Types of EVs

Propulsion Electric Motor :\SllcligrElectrlc ICE/ Electric Motor Electric Motor
. . Regenerative .

Battery Chargng Plugin BreakingICE Plugin Fuel CelEnergy
Fuel Electricity Petrol/Diesel Petrol/Diesel/Electricity Hydrogen

Electric Charging |~ Refueling Refue_hng Stat!ons & | H Productm and
Infrastructure S ! Electric Charging Transportation

Facilities Stations L I

Facilities Facilities

TailpipeEmissions No Low Low No

1 High efficiency

9 Low emission
1 Better fuel

9 Low emission
1 Better fuel economy

comparal to ICE { High energy

o economythan . . efficiency
Features Toil mdependent ICE vehicles vehicles depending 1 Oil independent
9 Commercially . on motoruse and
. 1 Commercially - 9 Under
available . driving cycle
available ; Develgpment
{ Long range 9 Commercially
g rang available
T Z;?nh 2?;; 0 ICE 9 High cost compared
P 9 High cost to ICE vehicles
vehicles compared to | § Batery sizing and
9 Lack of charging pare y 9 9 Fuel Cell cost,
. ICE vehicles management o
infrastructure - . reliability, safety
Challenges . 1 Battery sizing | § Lack of charging
I Relatively short ; 9 Hydrogen
and infrastructure :
range infrastructure
management |  Longer range
i Battery and
9 Longer Range| compared to
battery ; .
. conventional hybrids
maintenance

17



4.2 Charging Infrastructure
The EV charging infrastructure comprises of the following:

91 Electricity supply infrastructure - transformers, meters, panels, conduits and wires that is
required to provide reliable el#égcity supply to the vehicle chargers.

1 Electric Vehicle Supply Equipme(EVSEY, charging stations or EVSE supgither AC or DC
power to the EVs. EVSE networking enabféisient EV charging and other services among EVSE
owners and EV drivers

1 EVSE an&V integrationfor automated communications and EV identification

1 EVSE/EV communicatiowith electricity service mvider and/or gril operators for effective
monitoring and management of EV, as a grid resource

4.2.1 EVSHYypes'

There are two basic optiorier charging an electric vehicle: wired or conductive chargingwéreless or
inductive chargingConsidering that the wireless atging is still in early stages of developmemd
widespread acceptance, the focus is on wired charging. Wired chargimgniary option wherein
commercially ready solutions are widely available for EVs and EVSEs. Thare\¢&Esified into several
types and categorized by the current flows and the power ratings at which the EV batteries are charged.
The EVSE current folls are categorized, as alternate current (AC) and direct current (DC) charging.
Charging with AC issed for low and mediumpower charging at homes and offices or workplaces, and

at public spaces. Charging with DC is used forgdaster and are called DEast Charging (DCFCs), AC
Pulse Charging (ACPC) enabled through the deployment of Ultra Capapiaaso capable of fast
charging The global deployments gfublic charging infrastructure are dominated by AC chargers and
DCFCs. The advantage of Pulsar@ihg ighat the grid power supply intake is much less even though the
DC pulse charge (often ledgmn a secondian be twice as och as DCFC leve®nsidering that all EV
batteries require DC power to be charged, the grighplied AC power has to lsenverted to DC. An AC

DC convertor is needed to charge the battery using grid power. In treh&@ing,the AGDCconverter

is onboard the EV, while the DCFC and the A&®&ACDCconvertersand supply DC directly to the
battery in the EVForhigherpower DC charging, a more expensavel heavier ADCconverter is needed
which is not economical ah efficient to be placed insideM& These converters are therefore
incorporated in the EVSBEad DC power is delivered to the EV. The same is true of Codsegers as well.

Table9: EV Charging Type

Grid Voltage/C t(i . :
Power Levels rid Voltage/Current (in DC Power tdBattery (kW) | Applicable Vehicles
Amperes) Input

AC Level 1 108120V/15-20A ~1.4102.4 2W, 3W, 4W
AC Level 2 208-240V/>=30A ~7.210 19 3W, AW
DC Level 3 (DCFC)  400-800V/>=120A >=50 (up to 150) 4W, LDV, HDV
AC LevelACPC) 400V/60A 450-600 HDV

The EVSE types vamyr feach type of EVE.g.4W primarily use dedicated EVSEs in mesidential
charging, while buses can be charged with bead (pantograph based) charging. Whihe power
standards for EVSEs are mature for 3W, 4W and LDVs, the sstifi@imlving fobus and trackharging
infrastructure. It may be noted that battery chemistry dictates the limitations to the type of cingrg

" Implementation Plan for Electrification of Public Transportatiokakata
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method and charging speedNhile ths is taken care in the case of the AC L-évahd LeveR chargers
(with on boardAGDC convgers), in all other cases where the charger converter is external toehecle,
the selection of thirgparty chargers neds careful consideration of battery anéstry used indifferent
types of EVs.

4.2.1.1EVSE Power Standards

For both AC and DC chargj multiple plug designs and charging modes have been developed and
deployed throughout the world. Some of themajor chaging standards are describéuthis section:

a. Modes
The charging mode refers to power levels that charger and its connectonsatae for. IEC 61851
I 2YYAG(G882 #RdzG®A S OKFNBAYy3I aeaidsSyé KIa RSFTAYSR
1 Mode 1: sbw charging from a householgpe socketoutlet in AC
1 Mode 2: slow charging from a househdige socketoutlet with an incable proection device in
AC
1 Mode 3: slow or fast chargirig ACusing a specific EV socket outlet with control and pridbec
function installed
1 Mode 4: fast charging using an external charger in DC

b. Plug Type

i. AC Charging Statiof&C EVSE)

Both 3 and 4 wheels can primarily use the AC EVSEs, depending on the EV manufacturer
recommendationsThe IEC committee hdgfined three ypes of socket outlets:

 IEC 621961 « ¢ &-Isisyle phiase vehicle couplereflecting the SAE J1772/2009 automotive
plug specificaons

1 IEC621961 & ¢ &-kii§yle anél three phase vehicle coupleeflecting the VDRARE 26232-2
plugspecifications

 IEC 621961 & ¢ &-lsifigle @rid three phase vehicle coupler with shuttersflecting the EV
Plug Alliance proposal

ii. DC Chargig StationgDC EVSE)

Both 4V and buses can primarily use DC EVSESs, depending on thari¥acture recommendatiors,
basedon the battery chemistry. There are four standards for DCFCs in practiceasdigfed below:

CHAdeMO Japanset up the CHAdeM@®@ssociation (Charge de Mov&w years agoCHAdeMO
charging station can only be used faars with a matching CHAdeMO inéetd it is not possible to

use alternative cables such as for AC charging. The plug design is however not (yet) recognized as
such bythe IEC even though its power and safety ratings comply with the IEC 62196 normsr A maj
drawback of the CHAdeMO standdsdhat it prescribes a separate vehicle inlet that is used for DC
charging exclusively. The CHAdeMO equipment is typically ratetR® and 500 V DC, which
translates to 62.5 k\WRecent models offer up to 400 kW D@ut (1000 V, 400 A).

Combined Chaging System (CCSJhe Combined Charging System (CCS) was developed by the
Society of Automotive Engineers (SAE) for EVs with D@imfpaequirements. Similar to CHAdeMO,

the CCSupported EVSE can only be used for cars with a matching CCS inlet.réhex@\a&ersions

of the CCS connector: (ttje U.S. version combines the Type 1 Yazaki AC design with the additional
DC pins, and (2he European version combines the DC pins with the Type 2 Mennekes AC design.
Type 1 is rated up to 200 A and 600 V whieimslates to 120 kVgeak power. European Type<

rated at200 A and 850 V, which gives 170 kW peak polagest models offer up td00 kW.
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GB/T: TheChinese standar@B/T20234chargers are rated &250 A and 750 V, whiaffers 187.5
kW capacity. Thistandard is yet to & accredited by the international standards development
organisations.

Tesla SuperChargefesla begarhargingfrom 90 kW level, then increased t@3. kW in North
America. The connector in North America is unique. Tesla SuperChargen®pe have a different
connector which looks like Level 2 AC connector.

TablelQ: EV Charger Types

Max PowerOutput and
Communication
Protocols

ChargerTypes&

. Origin andPopular EV
Sockets Fictire Models

A. AC Chargers

Japan, USA (uses

Typelwith Yazaki
ypelwith Yazal separate standard

Up to 7.4 kW (32 Amps,

Socket JISAE 1772 due to 10 Single Phase)
Type2 with Mennekes ma:: uagsz:asszé‘_? at Up to 44 kW (63 Amps, 3
Socket gnp Phase)

3068

Type3 with Le Grand France and Italg some | Up to 22 kW (32 Amps, 3

Socket European cars Phase)
B. DC Charger Types
Origin from Japan; Up to 400 kw DC
Most popular DC charging (100(/olts, 400
charger; used in Japan Amps); Control Area
CHAdeMO Korea& parts of Network (CAN) for
USAEurope;Nissan communication between
Leaf,Mitsubhi, Kia etc | EV and EVSE
Used in China; asell Up to 237.5 kW DC
as BharaCharges in charging (950 Volts x 25C
GB/T India; ChineseVehicles | Amps); CAN for
andMahindraElectric | communication between
in India EV and EVSE
Tesl& @wn charger. Up to 135 kW DC
Tesla Super Charger Tesla also §ells adapte, charging (410 V x 339;
for connecting to a CAN for communication
CHA@&MO clarger between EV and EVSE
C. Combined (AC and DC) Chargers
CCsl and CG8
versions available; Up to 43 kW AC and up ti
same plugused for 400 RV DC (1000 Volt x
SAE Combined cos1 e both AC and DC 400 Amp) Power Line
Charging System (CCS |/ G charging; Most Communication (PLC) for
L . . .
European CarsAudi, communication between
BMW, Daimler, Ford, | EV and EVSE.
GM, Porsche, VW etc.
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For buses, the EVSE typean alsobe overhead or pantograph based. Considering that the battery
capacities for buses are typically much larger than thos@f4 wheelers, a significantly higher level of
charging will be required. The U.S. Society of Automotive Engineerdg8ABsi@ring charging voltage

(V) limits in the range of 500 V to 1500 V and current ampere (A) limits from 200 A to 350 A, which
provides a maximum 350 kW DC charge. For buses, the following standards are under considerations:

1 Manual 3 phase AC at higowert SAE}3068
9 Manual DC connection at high poweBAE-1772
9 Overhead or pantograph connection at high pow&AE-3105

iii. AC Pise Charging Stations

These chargers are typically deployed on heavy duty vehicles (buses and trucks) mostly thraisgh the

of pantograph style connectors due to the heavy pulsed charging currents involved. This method allows
for charging erroute (and na just at depots) as well due to its short duration. The cost of the charger is
high due to its use of Ultra CapacitorsdaDCDC puse boosting converters.

c. International Standards

SAE International (Society of Automotive Engineers) has defined 24€haiihg as level 2 and 500V DC
charging as DC fast charging (level 3). Level 2 chargers can be installed at homeeAafistamdads
have been formulated for energy transfer, connection interface and communication for EV charging.

Tablell: International EV Charging Standards

SAE J1772 Level 1 and 2 for AC
SAE J1772 Comboupler Standard (CCS) DC
CHAdeMO (DC)

Americas

Tesla Supercharger (DC)

SAE J1772 Level 1 and 2 for AC

SAE J1772 Coml@oupler Standard (CCS) DC
CHAdeMO (DC)

IEC 61851

GBI/T (DC)

IEC 61851

Europe

Asia (China)

In addition to SAEtandards, the Internanal Electrotechnical Committee (IEC) and CHAdeMo, industry
association with a mission to sap fast charging infrastruate too have developed standardss given
in below table.

Table12: Other International EV Charging Standasd

Charging Typical charging Charging Price
Voltage time Suitable Location 0 SD)

Level | 1.5 kW 120V AC 6-8 haurs | Homes, offices, parking areas ~50
Level Il 6.6 kW 240V AC| 3-4 hours | Malls, railway stationairports ~3000
Level 11l 40 kW amdl above | 500 V DC| <30 min @ Public charging stations ~30000
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4.2.2 CommunicationProtocol between EV and EVSE aBetween EVSENd the Electric Gid

EVSE Communication Standards

While powerstandards are key to determine interoperability to charge differemtkes of EV/dut with
different makes of EVSEs, their management and use for services to respective owners is the iogy funct
of the standardization of communication standards. The figbelow shows the communication
requirements between EV and EVSE BNGE/EV with the electric grid through electric utilities and EVSE
service providers (EVSP). These communication standeedarther described below.

Figurel3: EVSE Communication Protocol

OCPP OCPP
CLOUD
Y ISO 15118
EVSP IEEE 2030.5
@ EVSE >

‘ t EV
OpenADR . .
IEEE 2030.5 UTILITY g’gi da‘-“r'z:"ectlww
GreenButtons

L - | H 4 }r‘:.';{.
"o fewga AN
j-*, |, _'ﬁ*","‘f ®
(EVSP: EVSE Service Provider; E¥StECB/ehicle Supply Equipment; OCPP: Open Charge Point Protocol)

Open Charge Point Protocol (OCPP)

EVSE communicate thrgh the internet to management software for the purposesopkrating and

controlling the charging stations. The Open Charge Poitib&b(OCPP) is an internationally established

open protocol for the communication between EV charging stations and clgestation networks (akin

to a cell phone service provideiQCPP tells the charging station to communicate and send data to a
partictk  NJ 9+{ 9 &ASNIWAOS LINPJDARSNI 69+{t 0 2NJ 2LISN}GAyY3
That charging stationmanag@ny/ i a2 FG 6 NB A& (GKS YI22NRPRRY¥MR2YEyAa+
charging station network is necessary to monitor chargingi@iatiptime, control access to charging,

enable payment processing, capture driver and usage data for reporting, an@gpate with enterprise

software systems beyond the chargistation network ¢ including utilities, building management

systems, HR syems, customer loyalty programs, and other charging station networks.

ISO 15118

ISO 15118 specifies the communicationvieeén Electric Vehicles (EV) and the Electric Vehicle Supply
Equipment (EVSE). As the communication parts of this generic equipmerthearElectric Vehicle
Communication Controller (EVCC) and ENéSupply Equipment Communication Controller (SECC), 1ISO
15118 describes the communication between these components. [HO 15118 can be applied to any
vehicles that wishes to communicate withe supporting EVSE in a standardized fashion. ISO 15118 does
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not specify the vehicle internal communication between batteind charging equipment and the
communication of the SEGE other actors and equipment (beside some dedicated message elements
related to the charging). All connections beyond the SECC, and the method of message exchanging are
considered to be out of # scope as specific use cases.

OASIS Energy Interoperatidgor OpenADR 2.0)

OpenADR is commonly being used in peak load managemegtams in electric utilities. The last few
years have seen an increasing uptake of this standard for fast demand res@Ryerograms and
auxiliary service which deploy DR resousragithin seconds to balance inconsistent generation from
renewables. Distbuted energy resources (DER) management and electric vehicle charging are also key
aspects in many recent trials. OpenARR can communicate event messages, reports, registration
services, and availability schedules for priaad energy usagbased progams.

IEEE 2030.5 (or Smart Energy Profile)

IEEE 2030.5 is a standard for communications between the smart grid andcélectnistomers. The
standard is built using Internet of Tgjs (IoT) concepts and gives consumers a variety of means to manage
their energy usage and generation. Information exchanged using the standard includes pricing, demand
response, and energy usagenabling the integration of devices such as smart thermsstmeters,
electric vehicles, smart inverters, and smart appliances.

Enegy Services Provider Interface (or GreenButton)

The GreenButton initiative is an industigd effort that responds to &SGovernmentcaltto-action to

provide utility customers witleasy and secure access to their energy usage information in a consumer
friendly and computefriendly format. Customers are able to securely download their own detailed

energy usage withasimp@t A O1 2F | f AGSNI f & DNBi®Ry The GréetBuyon 2y S
initiative was officially launched in January 20This ensures homes and businesses to securely access

their own energy information in a standard common, machieadableformat.

4.2 3 Indicative Costof EVSE

The costs of EVSESs need to be consider#idallyto support scaledieployment of EVs. Foelel 2 and
DCFCs, which are widely deployed using CHAdeMO arsta®@&rds, the following are the early 2017
costs for theUnited States market. While the costsay behigher, the federal state, and citylevel
incentives and funding allocation have texdd their costsignificantly. Te table shows typical costs in

the United States for Level 2 and DCFC EVSEL3P toN. The hardware constitutes the majority the

EVSE costs and are in the range of 45% to 65% of the total costs, depending on #meltgpak charging
power level. The other costs include communications, installation, commissioning, and annual operation.

Table 13: EV Chager Costs

Charger Type Cost in USD

Level 2 AC Wall Mount (~7 kW) 900
Level 2 AC Ground Mot~7 kW) 1350
Level 2 AC Ground Mount (~25 kW| 2410
DCFC Ground Mount (~50 kW) 31000
Level 3 DCFC ~75 kW 56000
Level 3DCFC ~100 kW 78000
Level 3 DCFEL50 kW >95000
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4.2.4 Battery ManagementSysten?
The batteries in an EV have modul: Figurel4: Battery Management System
configuraton with each battery comprising [ Battery Management

hundreds to thousands of individual batter User Tnterface Electrical Control

cells. Eacleell has a voltage ranging from N2 ~

to 3.6 V. These modular, higénergy battery | [ Battery State i |
. . . State

pack requires intricate electronics and softwai Determination I

to manage voltage, current levels @n

temperatures for each individual (module of
cells. This system is called the Batte
Management System (BMS). The BMSoa
manages the statef-charge (SOC) of the
battery, and controls the maximum power leve — Th;i’n .
of the charger and the maximum regenerativ | | Communication Management
breaking levelWhen an EV is connected to the
EVSE a harghake is established betweéme EV and EVSE; and the BMS énEN takes control over the
charging processThe BMS is tightly integrated with the battery chemistry and its thermal properties.
BMS determineghe charging rate depending on the input voltage, current, ambient tempeeatand

the residuakharge remaiimg in the battery

Figurel5: The Role of a Battery Management System

Ability to measurejl Ability to control
Data Acquisition Safety Protectionjl and forecast the battery charging Cell Balancing
battery state and discharging

Delivery of Communication
Thermal battery status and between all Extended battery
Management authentication to battery life
a user interface components

4.2 5 Distribution Grid Upgrades foEVSE

The concept of vehicle to grid (V2@akes a case falectric vehicleso act asboth power loadsduring
times oflow power demandand also asdynamic energy storage devigdseding power back into the
gridduring peak demand hourBy utilizingthe functionalities of smart gridespecially smart meter&Vs
can be use@s dynamic loads or dynamic storage systems.

4.2.5.1Typical Components for V2G

There are three basic components in a V2G model for recharging a vehicle or discharging eneltgy from
vehicle to the electrical grid:

1 Point of gridinterconnection
1 EVSE
1 EV and the BMS (Battery Management System) thatages the operations

The vehicle has several important components that manage and regulate the charging and discharging
functionalityof the battery and the battery itself. A brief degation of thesecomponents is given below:

8 Smart Grid Handbook for Regulators and Policy Makers; Battery Management Systems in Electric and Hybrid Vehicles
° Emerging Technologies for Electric and Hybrid Vehicles
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Figurel6: Vehicle to Grid Integration (V2G)
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I. V2G Capable Vehicle

Most essential element is an electric or plinghybrid vehicle Wwh the capability to connect and
communicate with grid

Figurel7: Vehicle to Grid Capable Vehil

/ " communication with TSO
(3 J/ or aggregater
GPs 3
controlier
& meter ~ 220V AC~
AV AN
mater Alp— 4
CopI AC/DC KWh
DG/AC:| Y. =
~ Dattery + BAIS (150-200V DC) > q; 4 charger
" bi-directionat chargee or
00parate DC-ACT comvarter

Schematic drawing of o V2G-copabie vehicle

II. Battery

PHEVs have advanced batteries with a storage capacity of 4 to 15kWh, giving the vehicle aroelgctric
range of 1580km. BEVs generally have 15%ttkWh on board, for a range of 8@0km.The DC voltage
of the batteries is generally betvem 180V and 400V DC.

lll. Battery Management System (BMS)

The battery performance of an electric vehicle changes according to tiferedift operation and
environment variablesThe BMSis designed to deliver optimurbattery performancefor the EV It
manages the state of chargestate of health, and state of lifef the battery.

IV. Battery Charger (ADC)and Inverter (DGAC)

The Battey chargers generally have an output voltage of-#80 Volt DC. If they are rated for a standard
220V AC socket, their maxum (dis)charge power in Europe is generally £3.5kW avhilthe US, the
residential socket output is 110V, and hence maximum pawégput is +1.5kW. However, if a twghase
AC outlet is used, a much higher charge power can be drawRQR\ is the curret norm).Most of the
current research assumes that futucbargers will have a (djsharge power level of 220kW,and that

25



there will thus be dedicated EV charging connections installed in the house of (PH)EV aeeBiS
controls the maximum chargkevel of the charger, which is usually connected via a-lDfeface
(Controller Area Networknterface). In order to achieve the VZ@ctionality, either the charger needs
to be bidirectional, or a separate BDAC inverter is required.

V. Controller, GP8nd Electricity Meter
A communication signal required to be sent to a remotely controlled regulation device (controller) to

regulte the power taken from or fed into the grid by the vehicle. The signal can be provided in the
followingways:

via the cdlular phone network

via a radio signal

GAl YUOKSNIUELG Q ofFad LI NI 2[!Db O2yySOGA2yD

AL I waYl NI YSiS Ny, i pad idtéidet oo cellular phorglineddork)g A NSt S
9 via the power grid (TSO signals)

=A =4 =4 4

Ideally, a GPS device keeps track oémehthe vehicle is and an dvoard electricity mé&er measures in
and outflow of electricity. However, in a less advanced V2G sagnialis not the orboard meter that
measurezlectricity consumed and generated by the vehicle, but a (smart) residefictricity meter.

4.2.5.2Special Tariff for Eldric Vehicles (EVS)

1 Timeof-use (TOU) rate, where in the electricity rate varieghwhe hours of the day; charges a
lower price for energy during certain hours of the day and higher during other howrsulid
provide EV owners with an incentive to dglEV charging from the d#éiyne peak hours, to
overnight offpeak hours. For examgl NV Energy, Nevada offers ToU rates having wide
differentials for on and offpeak power. Its summertime rate for northeNevada varies from
40.7 cents/kWh for ompeak pwer (from 1 pm to 6 pm) and to 5.53 cents/kWh for-péak
power (from 10 pm to 6m). In Europe, EDF in France offerspaffik discount; a special EV TOU
rate is offered by RWE in Germany; and a day/ntghff is offered by EON in Germany. The
effect of TOU rates in shifting the EV charging times tepetik hours was supported by audy
done by the California Public Utilities Commission.

1 Realtime pricing (RTP) tariff dynamically sets prices based erré¢attime marginal cost of
energy. Although elgricity tariffs provide indirect control of EV charging, detailed analyses of
suchschemes are scant. However, experience with such dynamic pricing arrangemeBgig for
charging is still limited, and ongoinganges in technology, including the systemsiusecontrol
charging, contribute to uncertainties about how dynamic pricing widlcfcharging behaviour.

1 Dayahead hourly rate provides dynamic hourly rates for EV charging on-ahgsd basis. It
allows the user to know optimum hours for charging kishicle and gives the flexibility to
minimize the charging cost predictably andiably. This structure is being tested by San Diego
Gas and Electric (SDG&E). However, one disadvantage of this structule e that the
customers may not be comfortableith the complexity of dynamic pricing, in which case
aggregators will needed to agggate the load and obtain the benefits of dynamic pricing.

1 Managing the load through direct control: In this approach giveg loads could be controlled
directly by grid perators or utilities or aggregators of charging infrastructure within the defined
parameters set by the user. This would give the flexibility to avoid overloading the distribution
network and optimize allssets on the grid under a dynamic pricing regitiewever, it would
be infrastructure intensive and require Advanced Metering Infiattire (AMI) to measure
hourly or subhourly demand and to enable billing for dynamic pricing. It would also require high
degree of communication between the network op#yes, aggregators, distribution utility and
the EV user.
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4.2.5.3Innovative TariffStructures inSelectCountries

Tempo Electricity Tarif€ Electricité De France (EDF), France

In France, electricity bill§or residential and small businesaistomers include a standing charge
determinedby the level of maximum demand (in kVA) nominatgdhe customer (puissance souscrite),

and an energysage charge based on the type of tariff chosen by the customer (@ded 2 Y Y SYSY (i 0 @
1993, EDHntroduced a new rate design, TEMPO tariff to its 120,000 residential customers. Thus, a
residential andsmall business customer could choose from three types of electricity contract.

Table14: Tempo Eledicity Tariff ¢ Electricité De Frace (EDF), France

Option Base Option Heures Creuses (Option H( Option Tempo

For lower usage,
smaler homes with
infrequentusage.

For high use hous$mwlds with electric
heating andfull-time occupation, and for
small business customers.

For the majority of houses occupiec
full-time with non-electric heating

1 Complicated tariff system witsix rates
of electricity prichg based upon the
actual weather on particular days and
on hours of use.

1 Each day of the year is colocoded.

1 Two-part time-of-use tariff with - Blue (jours bleus): low prices
. . normal (heues pleines) and off - White (jours blancs): medium price
Simplest, with the ( p ) .(J ) . p .
. peak (10 prruntil 6 am each - Red (jours rouges): high electricity
lowest standing charge . .
night) (heures creuses) rates. prices.
and a flat rate for : . . . . .
- 1 Usually used in conjunction witt The colour of each day @etermined
electricity usage all the . .
. a water heater operagd by mostly by the electricity provider
time throughout the . : L
ripple control so that the Electricité de France (EDF) based on t
day and year. ) . . L
heating element is switched on forecast of electrity demand for that
only during offpeak periods. day.

1 The French transmission network
operator also has the ability to
determine the day colour if theris
significant congestioon the electricity
network.

Tempo tariff has been successful but less than 20% of electricity custonkeesize have chosen Option
Tempo. The Tempo tariff was designed specifically for the situation where EDF is a mongjeolsator

and retailer ofelectricity. In July 2009, EDF discontinued the Tempo tariff for new customers and for
customers who are othe tariff at their current residence and then move house.

DdzZf ¥ t2¢6SNRa D22R/ Syda {StSoOi

The Florida based Gulf Power Canp employ<Critical Peak Power Pricing mechanism, which is similar

to a timeof-use rate most of the time, with the exception thayo RS Of | NBR I tONRG R AL f
prespecified higher price is charged for a specific time period. GoodCents® SELEEJdental

advanced energy management system that allows consumers to program their central heating and
cooling system, electric wet heater and their pool pump to automatically respond to varying prices.

There are three TOU prices for noritical hours and a CPFEhat can be invoked no more than one

percent of the hours in a year. The Program showed SignificantTieal demand redction and
customers could save up to 15% on electricity bill annually.
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Real Time Pricing

Several utilities in US and Europiéer real time electricity tariffs for their consumers. Réiahe pricing

means that the electricity prices vary hewar-hour and ae determined from wholesale market prices

using an approved methodology. Réiahe pricing allows consumers to adjust thelecticity usage by
scheduling usage during periods of low demand with cheaper electricity price. Utilities of lllinois i.e.
ComEdand Ameren offer realime pricing programs in lllinois. For RTP, enabling technologies (e.g., smart
meters) are usuallynivolvedto support the accuracy of measurements. The reason RTP highly relies on
enabling technologies is that it has to be clos@grected with wholesale market prices, as well as with
consumer feedbacks (tweay communication required). Nova Scotia RoyCaada offers onegpart Real

Time Pricing (RTP) to customers who have loads of 2,000 KVA or 1,800 KW and over. The consumers are
cKF NBESR o0lFaSR 2y GKS O2YLIl yeQa | OldzZ f Kapezhdn@ YI NB
off-peak usage.

PeakTime Rebate

PTR refers to the payment that consumers can receive for reducing demand during peak periods on event
days. It is invees of CPP, where customers will be reimbursed for the amount of reduced power
consumption during the critical peak periodilities such as San Diego Gas and Electric (SDG&E) ComEd
offer PTR to their consumers.

4.2 6 RenewableEnergyand Energy Sorage Sysems for EVSE

With the large influx oflistributedrenewable energy in the grid, energy storage &\Ware being looked

atas viable options to balance RE power supply and consumer defifamdistributed renewable energy
sources, particularly rooftop sal projects can be used to charge electric vehicles. Public parking spaces
can be built with solar roddp panels as shedsyhich can charge electric vehiclesnd through the
concept of V2G, the charged electric vehicles can be used to inject eledtrtoitthe grid at times of
excess power demandlarge scale energy storage projects at the distributemel can also be sl as
charging option for EV&Jsage of distributed RE and energy storage will help to improve thetavell
wheel efficiency of the ektric vehicle, translating to fewer GHG emissions across the vhais.

4.3 Battery and Motor
4.3.1 Battery Soecifications andTechnologyTrends

Tablel5: Types of EV Batteries aritheir Features

Max Life Power Density Average Module

Max C
Rate

Battery Chemistry

Temperature | (Maximum
(°C) Cycles)

Price(US$/kWh

(Wh/kg for cell) in 2018)

Li lon Iron Rosphate Up to 1500-3000 100-130 Wh/kg

(LFP) 2C

Li lorr Nickel

Manganese Cobalt C/2 40 10002000 230250 Wh/kg 250
(NMC 811)

Li lon Nickel

Manganese Cobalt 3C 40 30004000 200 Wh/kg 400
(NMC 622)

Li NickelCobalt

Aluminium (NCA) 2C 40 10001500 | 250270 Wh/kg 230
L) o MEED | ge 60 750010000 5080 Whikg 700

Oxide (LTO)

Source(ISGF Wite Paper Electric Vehicle Charging Stations Business Models for India, 2018)
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Batteries are the most important componeint an EV and constitute approximately-60% of the cost

of the EV. Battery in an EV should be robust enough to handle high poveeridshave high energy
capacity,should be stable and ideally be lightweight irder to reduce the deadweight in the vekhdcl
which impactghe fuel efficiencyToday, Lithium lon Batteries (LIB) are used in all EVs. There are different
battery chemistriesn the LIB familyput the ones popular with most EV manufacturers are:

1 Lithium fon Phosphate Oxide (LiFeffOr simply caéd LFP for Lithium Ferro Phosphate
9 Lithium Nickel Manganese Cobalt (LNMC) or popularly known as NMC

9 Lithium Nickel Cobalt AluminiuCA)

9 Lithium Titanate Oxide (LTO)

The commercially available electric vehicléth Liion batteries suffer from small dfing range on single
charge As a result, ithiumgair batteries (with specific energies reaching 3000 Wh/lkaye being
developed thattan deliver driving ranges comparable to that of petrol caheperformance, durability
and cost are key consideratiomselection of batteriesAll batteries cannot be fast charged. In the battery
parlance the @ate is used to refer the charging rateC rate refers to full charging in one hour; 2C rate
refers to ful charging in 30 minutes; and 10C refers to full chaydn 6 minutes. And C/2 means two
hours to fully charge.

4.3.2 Motor Types Used in EV%

The electric motoris the major driving foce of the EV propulsiosystem.Under normal mode of
operation, the motor sets the EV in motiorAnd when regenerative brakg mechanism is applied, it
behaves as a generatddifferent motors have been designexer the years, on the basis thfe driving
requirements The categorization of thesaectric motors is described below.

4.3.2.1Brushed DC Motor

Brushed DC motors we used in the early electric vehicle models. They could deliver large torque even
at lower speeds. However, these motors were disoared mainly due to their weight, low éiency

and heating issues. Permanent magnets were used for the stator desitg lwhshes were placed on

the rotor. This structure made it very difficult to remove heat generated in the rotor center.

4.3.2.2Permanent Magnet Brushless DC Motor (BLDC)

The BLDC motoremploy a permanent  Figure18; Permanent Magnet Brushless DC Motdvtotor

magnet as the rotor and an inverter i Torque vs Motor Speed
connecteal to the stator The BLDC motors
have greater efficiency thannduction
motors, compact size, fewer heatin 2, o8
issues and deliver moreeliable output & ~—
b g‘ 0.6 |— T

However, the torque is limited at highe <
speeds on account of back EMF produc =
in the motor stator winding. The
inclusion of reluctance motors ir= ,,_
combination with the PM motors are
called PM hybrid motors. For achievin ~ © L L a— L .
greater efficiencyn the BLDC motor, the Motor speed, pu

conduction angle of the power convertor is modulated. BLDCs are mostly installed in smalles\ahicle

need a power output of at the most 60 kW

0.4 —

Moto

10 A Comprehensive Study of Key Electric Vehicle (EV) Components, TeesnBluglienges, Impacts, and Future Direction of
Development
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4.3.2.3Permanent Magnet Synchronous Motor (PMSM)

The PMSM motors can be drivenatariety of different speeddespite the lack of a gearing system.
These motors aresmall and highly efficient, capable délivering large torque even during driving
conditions of love speedHowever, the motor loses stability when operated duringvheel operatiors

at high speeddMost of the latest battery electric vehicle models use PMSMs

4.3.2.4Induction Motor (IM)

Induction motorshave been used in both older
as well as the latest EV desigimgluction motors
employ commutatorless motor drive ystem.
The existing EV models that run on intioc
motors use Pphase, 4pole AC motors with Cu
rotors. Vector control andfield orientation
management are several techniques that are
used to improve the speed output delivered by
the induction motors inhe electric vehicles.

Hgure 19 Induction Motor: Motor Torque vs Motor Spee

4.3.2.5Switched Reluctace Motor (SRM)

SRMs are synchronous motahst are run usinginipolar inveter-produced current. Thee motorshave

plain and durable desigend canbe driven at high speed$hey are also more affordabes vell as safer

than theirPM counterparts.However, these motors create noise during operation and are very dualky
certaindriving conditions the SRM motors also display low efficiencies. As these motors do not require
permanent magnets, which contain mearth metals, modern resech is underway to develop more
efficient SRMs.

4.3.2.6Synchronous Reluctance Motor (SynRM)

Synchronous Reluctance Motsare resiliert, compactfault tolerantand highly-efficient. These motors
have a control structure framalike the PM motorsThe gplicability ofSynRN for EVare limited on
account ofissues otontrollability,low manufactuing and low power factoNew and enhared design
techniques, control systems and advanced manufactuarebeing employed to impk@ the SynRM
motors.

4.3.2.7PM Assisted Synchronous Reluctance Motor

Thesemotorsdo not face the issues demagnetizatio causeddue tooverloading and high temperature.
Through an appropriatefficiency optimizatiormethod, this motor carbe built to celiver operational
performance similar to IPM motors.

After having gone through the various types of motors used in E\swhs a compason of some EV
motorsalong with their torque densities, and advantages/disadvantages.

Table16: Power Comparison obifferent EV Motors

Power (kW) .
o N esverc T———

HEV BEV
IM 57 93 3000 12000
SRM 42 77 2000 12000
BLDC 75 110 4000 9000
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