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Foreword

The conventional Internal Combustion Engine (ICE) vehicles form 5

-

backbone of the transport sectoand contributesto 23% of global GO P

Ay

in large cities, leading to major héalconcerns. As a result, policy makers al

v

emissions. These vehicles are also responsible for high levels of air poll z;
concerned authorities are looking towards electric vehicles (EVS) to |

e

of the major drivers for growth in the number of EVs is the eaxyess to  Mohammad Naeem Malik

tackle air pollution problems and the climate change isstiEsvever, me /

charging infrastructure as well as the enabling environment for t Director

consumers in order to purchase thein. this regard, the electric utility and SAARC Energy Centre

supply companies have to play a major role in planning and in providing EV

charging infrastructureas they are the enablers of this infrastructure. Electric utilities start leveraging

the existing infrastructure to find additional sources of revenues or improve the way they manage their
energy grids. It is important that electric utilities act fasid tap into innovative business models to make
use of this opportunity, as the existing relationship with grid customers puts electric utilities in an

advantageous position.

The SAAREnergy Centrerecognising this challenge, has decided to chart asmtowards a sustainable,

secure and prosperous future based more heavilyt@msport sector electrification Accordinglytwo

studies related to the introduction of EVs within the SAARC regére carried out in 2017 and 2018

2019, SAARC Energy Cerdecidedto streamline its efforts to produce substantive results for the SAARC
region, anddecidedto coordinate with selected electric utilities of the SAARC member states and facilitate
them in formulating action plans for introducing EV chargingastfucture. The objective was ttevelop

medium to long term action plans and to create awareness among the stakeholders including decision
makers, regulators, project developers, utility companies etc. on the importance of EV charging
infrastructure. Thecurrent study reportINS A Sy G a GKS / Sy i NBQa S&mbiichhlia Ay
embed the issue of EV charging infrastructure high on the agenda of the member, atadés become a

driver for a positive change in SAARC.

This report is a resubf substantial investment in time, effort and dedication of the SEC staff, experts and
the peer reviewers. | would like to acknowledge their contributions in hope that you will enjoy reading this
report, but above all, benefit from its findings. SAARErgy Centrestands ready to supporSAARC

member states in charting out this exciting journey as they work together to build a secure, accessible,

affordable and sustainable energy future



Executiveummary

This report hasassessd the EV market in the threeAARQMember Sates (SMS)namelyBhutan, India

and Pakistan, and devigiean action plan for an electric utility in each of the three geographiegefdoy

EV charging infrastructure in their respective licensee areas. Eletilitees, which have been in the

business of selling power to their customers, have a new business opportunity ahead as electricity becomes
the new oil for vehicles. However, conventionally, utilities across the world (albeit exceptions) tend to take
acof ASNBI GAGS aolAd yR g1 d§0KE | LILINGE Hud kobutealcraiik S A y )
structures, lack of government interest (for stad&ned utilities) and unpreparedness towards changing
business areagsheir participationis this new busiass opportunity is affectedrhe report intends to allay

some of theuncertaintiesof such utilities by enumerating scalable business models based on feasibility

and practicabilityFollowing are the study outcomes for the three member states:

Bhutan

The wptake of EVs in Bhutan has been slow with ofllp2 EVs plying in the country and four charging
stations as of June 2019. The Royal Government of Bhutan (RGoB) plans to roll out 300 EVs in the country
by 2021. As ped (1 dzR & lestimiate® pPuation oEVs will reack700 by CY 2024 anre€2100 by CY

2030 majorly due to replacement of taxi fleet in cities, tax incentives/ tax rebates given out by the

government and rise in fossil fuel prices.

The study authors have worked with Bhutan Power Corporatiah (BPC) which is the only power
distribution utility in the countryBased on two different scenarios of low EV and high EV uptake in the
country, it is estimated that47 and~104 charging stations would be required by 2030 respectively. This
entails cajtal investment required is Nu 101,333,895 (US$ 1,447,627) for low uptake and Nu 190,522,472
(US$ 2,721,749) for high uptalkeurthermore, arOPEXoperating expensakequirementof Nu 16,071,677

(US$ 229,595) and Nu 16,262,046 (US$ 232,315) for low and high uptake respectively would be

necessitated.

Financial viability studies of Rublic Charging Systel®G$in Bhutan shows that at least 77.58tation
utilisation levels is requéd for electricity selling price of Nu 7/ kWh, which reduces mildly88% for
electricity selling price of Nu 7.5/ kWh. This shows that statitilisation levels need to be high enough to

cover front leadeccapital expenditure CAPE)costs.

Based on bcussons with BPC and market participantsur business models have been highlighted:



Tablel: Summary of Business Models for ExargingSationsin Bhutan

Initial Investment Operation &Maintenance Risk
Government Government Unsustainable
Government Government Unsustainable
Government Private company/BPC Low

BPC alone or through PPP BPC alone or through PPP Risky

The third business model feund to be themost sustainable model. Heréhe government takes the
responsibility to instalElectric Vehicle Charging Stati&@WVCrand leases out to a private company or BPC

to manage, operate and maintain for a fixed term with a condition that at the end ofetligel period the

lessee has to restore the EVCS to its original condition. Here, the government does not have any risk and
will also be able to recover the investment at the end of the lease period. Similarly, it will be a good
opportunity for BPC to enteinto the emobility space without adopting the associated risks and

uncertainties in its entirety.

India

While there are close to 1.7 million EVs in the country (with majority bemigleshaws), the same is
expected to reach-80.4 million by fiscal 2030. This is led by conducive economics (total cost of ownership
benefits), declining battery prices, subsidy suggmm government and development of a strong enabling
ecosystem (charging station development, domestic EV manufacturiing) exponential rise in EVs, albeit
majorly in the two wheeler (2W) and three wheeler (3W) segments (which charge at home/ oféieels

to be supplemented by adequafeCSieployment.

Abenchmarking studyas carried outn which all majoelectricutilities in the country were assessed on
major financial and operational parameters to assess the readiness of utilities for settif@C&p
infrastructure in their respective licensee areBestthe benchmarkingtudy authorhas worked with BSES

Yamuna Private Limited (BYPL), a private utility supplying poviadtern and Central Delhi.

As per estimates, the requirement of additionahtbin lieu of EV charging will reacB50 gigawatt hour

(GWh)in fiscal 2024 and750 GWhin fiscal 2030. This effect can be alleviated by distribution network
planning and effective ToU implementation. Based on model of location planning for chargiiog stat
RSLX 2eYSyids SFOK 2F .t $tdiadcldseymdossSigtionowtn the s€omMIOt S &
leadership of thautility on several parameters. Six out of 14 divisions were found to be suitable for charging
station deploymentFurthermore, finakial viability of PCS was assessed based on two underliers/ risks:
delivered cost of power and statiartilisation. It was found that a PCS with fast chargers will not be viable

Ay G2RIFe@Qa GAYS RdzS (2 KAIK dzLIF NRoyiig tonkAutNgatey) O2 & ¢



In fact,for a PCS of 6 chargers (3 fast chargers and 3 slow chargers), a federal sub$88680% on
Electric Vehicle Supply Equipment (EVSE) would be required for breaking even in 5 years. However,
economics are expected to be more conducive as EV sales grow and market matures, thereby bringing

down charger costs and improving statiotilisation.
The summary of business models as proposed are as follows:

Table2: Summary of Business Models for ExargingSationsin India
Business Model Modalities Risk

¢ KS dzii At A G &-NBy igstaiatioas by pfoviding keldctical
Makeready Minimal
infrastructure

Rebates for EVSEs Utilities provide host sites with financial incentives Moderate

Publicprivate partnerships = Both entitiescovera portion of the infrastructure cost, as mutually -~
oderate
(PPP) agreed, through a joint venture or a special purpose vehicle

The utility engages in electric grid enhancements and upgrades as w )
Owner and operator ) ] ) High
as full buildout and operation oEVSESs at host sites.

Theelectric utility, based on market conditions and viability, has been advised to set up PCS, either through
the PPP mode or by making strategic investments in anaidy installations in phase 1 (fissa020-2024).
Locationswith early EV adopters needs to be tapped to avoid low usage. In phase Z@32aR030), as
battery technologies mature, the own@perator route may be explored in strategic locations while

keeping the PPP model as the main stay.

Pakistan

While the population of fulfledged electric vehicles in the country is minisculet of the hybrid cars
imported into Pakistamas risen steadily. As of June 2019, a total of 250-plunybrids and full EVs were
registered in Pakistan, with 90% beiplgig-in hybrid cars. As per estimatby study authorselectric cars
density by 2030 is expected to be 15%, i.e., four electric cars per 1000 people withoclogdllion EVs
on the roadscumulatively during the same time. This will be led by governmash, policy incentives and

rise in per capita income in the country.

Post financial benchmarking efectric utilities,the study authorsvorked with Islamabad Electric Supply
Company (IESCO), a state utility supplying power to Islamabad esgido dstricts of Rawalpindi, Jhelum,
Attock and ChakwaBased on market interactions and discussions with the leadership team of IESCO, a
total of 46 potential charging station locations have been identified, with 23 in Phase 1 (CY 202%)

and the rest irphase 2 (CY 202&030) Based on the same, the utility has laid out plans for upgradation



of its power systems, totalling-44,256 million PKRII 2030, with Distribution System Expansion (DOP)
entailing ~ 12,294 million PKR. The proposed business nsofted entering the EV charging station

deployment are as follows:
Table3: Summary of Business Models for EWargingSationsin Pakistan
Business Model Modalities Risk

Longterm contract (~15/ears) between the public party and the private party,
Public Private

for the development and management of PCS, with proposed equity share High
Partnership

between public and private parties of 70% and 30%, respectively

) The public party delegates to a private sector entity to design and build
Build operate

infrastructure and to operate as well as maintain these facilfiiesa certain Low
transfer (BOT)

concession period

Based on practicality and feasibility, it is suggested tB&CO invesh makeready PCS installations by
setting up necessary distribution networks, transformers, meters and other electrical equipment. The
charger costs and other EVSE will be set up by interested private parties. The O&M of the sites will be the
responsibility é the host of the EV chargers, where the maintenance can be sublet to service companies
and these costs can be incorporated in the tariff modélse total CAPEXequired by IESCO tovest in
ready-to-build sites for the period of next 10 years will bgpagximately 70.4 million PKRelivering power

to readyto-build sites is a more practical approach to give a pstsint for setting up charging
infrastructure in the licensee area. This will shield ¢hectric utilityfrom unwanted risks and uncertainge

in the EV space.

Overall, it is observed that the market preparedness and acceptance for EVs is different for the three SMS.
While India looks to be wetioised to make the EV transition in the next decade, uncertainties hog Pakistan
due tolack offederal policy and weak economy. Bhufagmall size and mountainous terraiom the other

hand, makewide acceptance of EVs as personal commute questionable. Different risks alter suitability of
business modelBom one geography to the other. The modadeyisedin close consultation with market
participants and shortlistedlectric utility, take into account country level risks without compromising on

global uncertainties.
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1 Approach andviethodology

The objective of the study is to develop an action plan for a shortlisted power distribution utiBtyuitan

India andPakistanto introduce public charging infrastructure fdg\s. In order to do that, the first step is

to understand the overall ecosystem thie EV market in each of the three geographies. This was done by
reading up relevant countmeports andspeaking to stadholders across the value chdsuppliers, original
equipment manufacturers, operations, distributers, retailers, and buyefsirther, a market readiness
assessment was done by looking at the policy level, industry level andsandevel interest in the EV
segment.Overall EV sales were studied aptbjections were giverfor the next 10 years (till 2030) by
benchmarking to major underliersuch asrise in consumer interest, change in EV economics and

effectiveness of federal policies governingnebility.
Figurel: Methodology ofForecasting E\&les in aGeography
Improvement

in battery
technology

Outlook on
total cost of Present and
ownership future trends
across vehicle in raw material
categories

Effectiveness Present and
of federal future trends
policies in crude oll

Longterm forecast for EVs

In thesecond stepthe power distribution utilities in India and Pakistan were evaluated through a financial

benchmarking study to objectively shortlist one utilégchfrom both the countries.Key parameters for
utilities in India and Pakistawere collated and subsequentla utility scoring model was preparethe
scoring model has three major headsperational metricsfinancial metricsand other key parameters

Using the collated data, each utility has been rated 1/2/3/4 on each parameter based on tae@oed
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rating buckets. Finally, a composite rank is assigned to the utility on the basisiimiulative score (across

three major heads). The ranking mettaldgy of the utilities is as illustrated below:

Figure2: Methodology ofFinancialBenchmarking ofDistribution Utilities

Identification of broad buckets

Identification of measurable

parameters in each bucket

Rating each electric utility based on th

identified parameters

Establishing final and composite rank

after taking into account parameter an

The benchmarking study takes into calesiation major financial parameters fonalectricutility such as
ACSARR gaftdifference betweeraverage cost of supply and average realizable revdauéhe utility),
aggregate technical and commercidT&G losses, debtor and creditor positions as well as load data
(industrial and commercial load, base load, peak load). Any policy or implementation framestiork

respect to emobility, if rolled out by a utilitywasduly incorporatedn the model

In the third step each of the three shortlisted utilities in India, Pakistan and Bhwiare studied in detail
This included assessment of vision/ mission of the utititganisationaktructure, fnancial and technical
capacity andxisting plans for EV/mobility. In order to understand the preparedness and capacity of the
utilities for introducing EV charging infrastructudetailed discussions with the comparSi&afership
were held In the fourth step a market assessment of the EV chargingsystem intie three geographies
wasundertakento understand the external environmenthis would preclude devising a business model

for the EV charging station development.
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Figure3: Approach forMarket Assessment of E¢thargingSations

Market + Present EV charging infrastructure in the country
Assessment +  Competitive benchmarking and future outlook
Outlook on BV
Underliers + Capex and running costs for setting up a charging station
» Electricity Tariffs and capacity utilization of EV charging
stations

GUELIGELRRGIESYAN < Traction in adoption for charging stations across maturity
curve

charging adoption

» Business Model Development for setting up an EV charging
station

Development of
business plan
based on
different
scenarios of EV
penetration

Thefifth step was to devise a mutualbgreedbusiness plan for the utility to enter the business of EV
charging station deployment.

Table4: Approach forBusinessPlan Development

9. no. Area ofstudy Coverage

Detailed study of EV charging standards in the world
1 Technical specifications

1 Communication protocols

Federal regulations on EV charging standards

Chargingstandard
argingstancards 1 Charging standards (as specified), rated voltage and cuspatifications

and types of chargers T Policy clarifications awaited
Major factors on which charger requirements depend
Assessment of charger requirements in the country arghtion ofa potential roadmap
for EV charger adoption

Finalisationof EV charging station locations and assessment of transformer loading |

in residential/ commercial feeders in close vicirofygV charging stations

Requirementdor grid =~ Assessment of voltage level fluctuations and rise in peak load demand based on dif

augmentation scenarios of cumulative EV charging

Deviseremediation strategies taking into consideration outlook on EV charging static

utilisation as well as outloo&n power demand in the area
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9. no. Area ofstudy Coverage

Suggestocations for prospective EV charging stations based on:

3 Locations for setting i Static EV population in an area

up a charging station f  Floating EV population in an area
1 Chargingehaviourof EV buyers

Assessment dEAPEXequirement for a charging station. Major cost hea¢§ charger
costs (b)new electricity connectiomnd grid upgradation costs (civil works(d) EVSE

management softwarée) other miscellaneous equipment
4 CAPEXequirement

Determination ofnumber ofchargingstations to be set up by the utility each year

Determination of capital outlays each year

Assessment of three major riskg) upfront costs of a charging station (bhcertainty

about stationutilisation(c) role of federal, state and local government in driving the

Assessment of OKINBAY3 altltGA2yQa 20SNIXtf OGALoAtAGE
5 financial viability of a = Devising a viability model based on (#)isationfactor of a chargingtation (b) margin
charging station on electricity tariff

Sensitivity analysis dfet Present Value (NP®i)d payback period of a charging station

based on underliers

Analysis ofhe CAPEXide and revenue side interventions for the utility

Businessnodels for Assesmient of cost recovery methods for the utility

6 setting UpEV charging Benchmarking with international utilities across the watdt have invested ithe EV

Sl ecosystem
Possible business models fdrarging statiosin the country
Organsational Assessment of external factors, knowledge management progresn

el e RNl Proposal othanges in the utility at an oagisationalevel

The business model development has taken into consideration all possible facets and has been validated

by each of the three utilitieg India, Pakistan and Bhutan.
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2 Global EMMarket: Size Outlook and Opportunities

2.1 Evolution

The first EV was built by Dr Ferdinand Porsche for an auto ra889&The fruits of the industrial revolution
were beginning to loom andlJS 2 LisiSgidicome and available technologiesshedindividuals and
companies to experiment with nascent tecHagies with respect to newer forms of transpoftt that point

in time, steam was a matured and majetlged technology in automobiles. Electric powertrains were seen
in conceptcars mly for demonstrativepurposes. Companiesere beginning to consider al&ic cars as

the third alternativefor transportation (after steam and horggowered) owing teaseof driving oo gear
changing), zero emissions and silent to dridewever, inthe early 1900s, when the Ford Modeb&gan
mass production, isounded a @ath knell for electric car production. A Model T in 1912 cost $650 against
an EV thatcostked three timesmore at ~$1,750. Slowly, road networks began to improve and abundant
reserves of crude oil were discovered. This propelled rise in combustion emgaiedly and contributed

to the fall ofEVs at least for the next 50 years.

The oil crisis ithe 1970s was the first big jolt to internal combustion caveen supplyof oilwas curtailed

and prices skyrocketed following an embargo against the United States by the Organization of Petroleum
Exporting Countries (OPEQhis destabitied oil prices andthe innate energy security of eprocuring
nations. The US Congress passede tiElectric and Hybrid Vehicle Research, Development, and
Demonstration Act, 19780 support and seedund research and development in electric as well as hybrid
vehicles.Fastforwarding 20 yearsthe passage of new federal and state policles several cuntries
pertaining to protection of environment renewed interest among small and big automakimugh fuel

prices bottomed i the 1990s, a rising middle class andoming economies causedpsychological shift
among consumer®o fuel-efficient and claner vehiclesMore and more consumers were ready to pay a
premium and adopt electric cars. The market was getting ready to take the next big leap in the automotive

industry.

2.2 Risein Popularity

¢tKS ¢2e820GF t NAdza> € I dzy OK S Roroduged hytirid electricavéhitle. it fe€ame 2 NI R
a hit worldwide andachieved an aspirational stature among all, desttite high price.EVtechnologies

were still in their early stages of development and battery storage (the heart of atrielear) was stilto

pick up. The Toyota Prius used a nickel mbyalride battery, a technology supported by th&lSenergy

R S LI NJir¥s8aychl®2D06, a small Silicon Valley stap, Tesla Motors, announced that it would begin
producing luxury electric sports cailss first completelyelectric car, the Roadstedebuted in 2008nd

evinced immense interest among prospective buyers.
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Figure4: Difference letween Hybrid andPlug-in Cars

- All EVs, AEVs, battemslectric cars, etcget their drive energy from their batteries and must be recharged fr
an electric source

- A hybrid electric vehicle (HE\annot be charged from the mains (or charge station) but has a battery
electric drive. Main drive energy comes from liquid fuel

- A plugin hybrid electric vehicle (PHE¢an be charged from an electrical source and be driven using eithe
battery or liquid fuel

- Plugin electric vehicle (PEV$ a catckall term for any of the above that can be completely or partig
recharged from an electric source (mains or charge station).

Subsequently, car manufacturessich asChevrolet, Nissan and Honda began unveiling electric cars. The
Chevy Leaf was the first commercially available {otudpybrid EV,which had a gasoline engine
supplemented by an electric driv&slowly, countriessuch as theUS, China, Germany, Norway, and
Netherlands began investing in setting up an EV ecosystem in their respectinaries Utility pilot
programmes began for charging station$ederal incentives were declared tdring EVs into the

mainstream.

California, a region which was one of the &=t adopters of EVs in the world, lz@ee a tes case for
infrastructure buildout charging programmes. Three California utilities ¢ Southern California Edison,
Pacific Gas and Electric Co and San Diego Gas & Electric began piloting public chargisarstataoiable
pricing programémes to woo consumers and propel California tacbmea pioneer in EV adoption in the
country. Meanwhilesales in other countriesuchad KAyl X b2NBIF& | yR DSNXI ye@
monthly EVsales surpassed monthly I€&es in mieR017 and continue to grow strong (77% of new vehicle
sales comprised of EVs in March 2618) the back of significant monetary and nemonetary incentives

as well as increasing choice of EV models one of the most advanced markets #Y¥s in the world
constituting~57% of new car sales in the country in 8301ip from~3% in 2013 C NJ y* O @ddkat gréw:
tepidly, reaching close t450,000 EVs eroad 3% of global EV stogkdiriven by industry push and

insourcing of E¥omponents. In the US, market share rose steadily to redch% inend-2018.

With fuel prices remaining low in the countttize operating cost advantage of EvMgshe USwvas staggered.

However, the biggest \E penetration (in terms of volume and sales) occurred in China. The nation

1 Norwegian Road Federatiohttps:/fingfx.thomsonreuters.com/gfx/editorchartsINORWANUTOS
ELECTRIC/0H001PBMO5K?7/index.html

2Norweigian Road Foundatiohttps://www.rystadenergy.com/newsevents/news/presgleases/currenipaceof-ev-salesin-
norway-setsthe-stagefor-rapid-future-vehiclefleet-electrification/
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outperformed allother countries on boththe market side (EV sales, available models, investment in

charging infrastructure) as well #se industry side (component manufacturijg

Figure5: Global E\Heet
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As ofend-2018,the global stock oEVssurpassed 5 million, an increase of 63% (3.14 million in 2017) from
the previous yeaflEAestimate9. China led the deployment, accounting fat5% ofthe electric car fleet,
followed by Europe (24%) atide US (22%)

2.3 FactorsDriving the Change
Followng are some of the factors driving the change towards:

1. Financial incentivesThe rise irEVadoption ismainlygoverned by policy and regulations (federal and
state). Financial incentivesich assehicle registrationexempton of applicable taxesand freeaccess
to toll roads are the most influential parametersy Norway, EVs are exempt from acquisition tax,
valueadded tax and enjoy privilegassich adree ferry rides and free parking in some cities. In the UK,
government gives subsidies tiuyers ofEVsbased on vehicle category. The amounts of grants for

different EV classes are given below:
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Table5: TheAmounts of Grants for Different EVdasses in the UK

Category Name

Car

Motorcycles

Mopeds

Vans

Taxis

Large vans and

trucks

Category 2 cars

Category 3 cars

Basis of classification

CQ emissions of less than 50g/km and can travel

least 112km (70 miles) without any emissiatsll

The grant will pay for 20% of the purchase price

thesevehicles, up to a maximum of £1,500

No CQ emissions and can travel at least 30km (

miles) between charges

CQ emissions of less than 75g/km and can travel

least 16km (10 miles) without any emissions

purposebuilt taxis and hav€Q emissions of less thai
50g/km and can travel at least 112km (70 mile

without any emissions at all

CQ emissions of at least 50% less than the equival
conventional Euro VI vehicle that can carry the sa
capacity. They can travel at least 16km (10 mil

without any emissions at all

CQ emissions of less than 50g/km and can travel at

least 16km (10 miles) without any éssions at all

CQ emissions of 50 to 75g/km and can travel at leas

32km (20 miles) without any emissions at all

Source: Government tfe UK

Grant

35% of the purchase price for thes

vehicles, up to a maximum of £3,500

20% of the purchase price for thes

vehicles, up to a maximum of £1,500

20% of the purchase price for thes

vehicles, up to a maximum of £D0

20% of the purchase price for thes

vehicles, up to a maximum of £8,000

20% of the purchase price for thes

vehicles, up to a maximum of £7,500

For the first 200 orders the grant will pa
for 20% of the purchase e for these
vehicles, up to a maximum of £20,00
The grant will then pay for 20% of th
purchase price for these vehicles, up

a maximum of £8,000

No plugin grant

No plugin grant

Francehas put in place purchase subsidies (#0® euros for EVand 4,000 euros for plumn hybrids

(onlyprivate car, varor specialized motor vehicle withQ emissions between 0 to 20 g are eligikie)

and adiesel scrappage plan with offers up2@&b00 euros fomew plugin hybrid and 3,700 euros for

new EVs whilérading with an old diesel vehiglaged over 13 yeatsGermany introduced a purchase

incentive in2016, earmarking 600 million pounds to rake BV sales. In China, the national Electric

Vehicle Subsidy Program grants subsidies for purchase of EVs, depending on vehicle range, battery pack

size and energy efficiency.

3 European Alternative Fuels Observatdritps://www.eafo.eu/countries/france/1733/incentives
4 Economist Intelligence Unitttps://www.eiu.com/industry/article/1547321338/francexpandsdiesetcarscrappage

scheme/201811-07
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2. Fueleconomy Severakcononies have mandated fuel economy and emissioggulations governing
the transport sector. With nations moving towards more stringent regulations (Eurch@ iBW region,
BSVI in Indid, vehicle manufacturers an@centivisedto invest inemissionfree EVsThe European
Union has stiff penalties undethe 2021 emission reduction program to enable phasg of
conventional, fossiluel-driven vehicles. China has brought in stiff standards for electrievitveelers
from April 2019which will propeltransition to Liion scooters from the more pollutingad-acid ones.
TheUK has hinted at introducing congestion chargemore cities (Leeds, Birmingham, Derby) after
London and nofEVsare liable to pay higher charges than ESsveral manufacturergcross the globe

have come up with elaborate plans to r@away from internal aobustion engines and embrace EVSs.

Table6: Transition toHectric Cars byMajor Manufacturers

Manufacturer Plans toTransition to Hectric Heet

Plans to phase out petrol and diedsl2 4 SNB R Sy 3 A y S&fzS G NIbB
General Motors o ] o
timelines provided, however will introduce 20 EVs by 2023

I NBI 4GSR a¢SIY 9RA&z2yé¢ (2 F20dza 2. Pledyd o
Ford invest close to $4.5 billion over the nexy&ars, starting from 2018 and aims to release

new allelectric models by 2023

To invest $84 billion for EV development, with ~$60 billion for battery produdditams to

VW Grou
g offer close to 300 B(all electric and hybrid versions) by 2030

Plans to electrify entire vehicle lingo by 2019 with five all-electric modetto be rolled
out from 201%to 2021

Volvo

The alliance intends to work jointly to develop new systems for use in upcdgviiges

Renault, Nissan, Mitsubish
Plans to releas 12 EVs by 2022

To invest $1 billion in Alabama plant for production ofeddictric SUVs and a batter

Daimler (parent company - o ) ) o
facility. A total of $10 billion shall be infused in EV developmétans to electrifyits

of MercedesBenz) ) ) ) )
completeportfolio by 2022, offering 50 electric and hybrid models

Jointly develop EV technology for use in future electric moékidsiged $1.6 billion to builc

Toyota and Mazda ] ] ] . )
a plant inthe US, dedicated to development of electric and hybrid vehicles

Source: Company disclosures

3. Customer demandEVs being offered today come wihgamutof features: performance, quigide,
low running cost, unique exterior and interior stylinthis technological progress has instilled trust
among customers to make jamp from conventional vehicle®d EVs.Rse in disposable income,
improvement in ancillary services (charging infrastructure, flexible power rates) and the associated
status quotient of owning an EV has pushed down the stratum G EMR2 Y o0 SAy® &St dz
GFAaLIANI GA2Y T ¢éd
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2.4 BarriersAgainstAdoption

Despite global acceptance and fagstced improvement ithe EVecosystemEVs are still to gain popularity
for their utility.

Table7: Major Challengesfor EVAdoption

Barriers ProspectiveSolutions
Provide financial and nefinancial incentives
High cost 1 Encourage discounts on utility rates
1 Enabling EV aggregators (taxi fleet, corporate fleet)
1 Improve chargingnfrastructure to reduce range anxiet
Limitedenabling 1 Incentivise instalmenof chargers
Demandside barriers infrastructure 1  Encouragesubsidisedfree parking for EVs
1 Create designated lanes along thoroughfares
1  Apprise consumers of low running costs, totasicof
Consumescepticism ownership (aftersubsidisindeV upfront costs)

towards advantages of EV Adopting fast charging, battery swapping to reduce id
time and waiting anxiety
1  Provide manufacturing incentives to enable domestic
) EVmanufacturing: provision of industrial land, GST
Lack of supply chain ) . .
rebate, tax holidays, lower import duties
development
1  Step up R&D in battery manufacturing and other

ancillary parts
Supplyside barriers
9 Incorporate new monitoring levels, protection and

control systems to improve capiéy, reliability and
Gridoptimisation efficiency
9 Utilisebatteries in network to address capacity

constraints and improve power availability

A lot of developments are expected to disrupt the EV space in the next 10 years. Several ceualrias
Germany, Italy and Australia have bdawilding Home Energylanagement System@EMS}kentredon
domestic EV charginglEMS economics are expectedré@ach grid parity soon, thereby unleashing a new
packaged way of charging EVs. Detachable/swappatitm lhatteries, which reduce the overall upfront
costs, are being experimentedith in emerging countriessuch asindia Battery management and
manufactuing areseeing innovationsnaking the batteries lighter andllowing rapid charging.These

innovations are expectkto propel EV sales globally in the years to come.
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3 Evolution ofBattery Technologies andchemistries

Battery technologies play a pivotal role in delivering advancements in several industries, from power
storage to EVs. The fast growth of the EV market is hinged on the development of new battery technologies
that help make more efficient and advanced védipowertrains. There are three major groups of EVs in

the market ¢ hybrid EVs (HEVs), phg HEVs (PHEVS), full electric vehicles (EVs). HEVs are just like
conventional ICE vehicles in which the propulsion systems are connected with electro motons,byrive
batteries that charge through regenerative braking. A PHEV has a battery that can be charged through an
external electricity source and also by itsloard engine and generator. Full EVs rely solelglectricity

for charging. The batteries used timese three classes of vehicles vary owing to difference in degree of

reliability on onrboard battery systems.

Table8: Battery Chemistriefequired AcrossDifferent EVSegments

EVdass PowerDensity Charging time Lifecycle
HEV High Extremely short Long
PHEV Medium Short Of less concern

Full EV High Short Long

There are majorly three types of batteries used in EVs now.

1. Lead acid batteries
2. Nickel metal hydride (NiMH batteries)

3. Lkon batteries

While lead acid and NiMH batteries are mature technologies, these types were originally used in early EVSs.
Lead acid batteries are heavy due to poor specific energy (34 Wh/kg) and are relatively inexpensive at
present. NiMH batteries are considered superidue to higher specific energy (68 Wh/ kg), leading to
lighter weight and lesser energy costs. However, due to low charging efficiencies amtissletirge
properties (can discharge up to 12.5% per day under normal room temperature conditions), NiMtiEisatt

have not been able to become mainstream.

Lithium ion (lion) batteries are now considered to be the standard for all modern EVs. Owing to
advantages such as good specific gravity (140 Wh/kg), energy density and a {disctelfge rate<5%

per morth), it has longer life and faster charging capabilities. There are several typesmbhtteries,

each having different characteristics and chemistries. Each combination has their own advantages and

disadvantages in terms of cost, performance, safmtgl other parameters. The most prominenidn
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battery technologies used in automobiles are lithimickelcobaltaluminium (NCA), lithiumicket

manganesecobalt (NMC), lithiummanganesespinel (LMO), lithium titanate (LTO) and lithium iron
phosphate (LF).

Table9: Battery TechnologiesAcrossDifferent Liion Battery Packs

Liion Battery Technologies

NCA

NMC

LMO

LTO

LFP

SpecificEnergy

(Wh/ kg)
200-260

150¢220

100¢150

50¢80

90¢120

ChargeRate

0.7C

0.7¢1C

0.7¢1C typical, 3C

maximum

1C typical; 5C

maximum

1C typical

SourceEnergy Materials Industrial Research Initiaiii#MIRIReport

Cyclelife

500

100052000

300¢700

3,000;7,000

2000 and higher

ThermalRunaway

150°C
210°C
250°C

One of safest kbn

batteries

270°C

Although there is no single pertinentitin battery technology prevalent today, manufacturers design

batteries keeping in mind five major trad#fs: a) Specific energy, which is the capacity of storing energy

per kilogram of weightp) specific power, with is the amount of power that batteries can deliver per

kilogram of massc) performance, which means endurance of a battery during extreme climates and

difficult terrains;d) life span; ancd) cost.

Tablel0: Tradeoffs of Hve Principal Liion Battery Technologies

NCA

NMC

LMO

LTO

LFP

SpecificEhergy
High
High
Moderate-High
Moderate

Moderate

SpecificPower
High
Moderate-High
Moderate-High
Moderate-High

Moderate-High

Performance

Moderate-High
Moderate-High
Moderate
High

Moderate-High

Life Span
High
Moderate-High
Moderate
High

High

Costper watt-hour

Moderate
Moderate-High
Moderate-High

Low

Moderate-High

LHon is expected to be the battery technology that will prevail at least for the nextesade. However,

it is very likely that new and betterilbn generations will emerge in the meantime.
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4 Battery Svapping

In a battery swapping model, a depleted battery, residing in the vehicle, is replaced by a fully charged
battery of the same architecte. Although the technical parameters for the battery swapping system
would depend on the charging point of batteries and the swapping infrastructure. All batteries swapped
in/out from the vehicle have to be homogenous. This is critical to maintain optibaitary life. Therefore,

all battery swapping stations must stock the same battery (common battery technology and chemistry) to
cater to the common swapping ecosystem in the country. The more disparate are the onboard batteries
on different EVs, the moreumbersome and coshefficient will be the stocking process. All vehicle
manufacturers across a segment\(2 3-W) who intend to be part of the battery swapping ecosystem
need to form a cohort and finalise battery technology which can then be rolled aasa models and
manufacturers. However, it is unlikely to happen. Internationally, the battery swapping model has not
succeeded due to differences around standardisation, commercial reliability and viaSéweral
manufactures wanted to have an exclusty in battery dynamics (which is the heart of an EV) sohe

even set up their own charging infrastructure (for instance, Tesla).
The advantages and challenges of a battery swapping system (BSS) is given below:

Table11: Advantages for a BSS
¢CKS oFGGSNE O02aiaz 6KAOK | O002dzy/i
and hinders sales due to high TCO. With swappable battery system, the
Low cost of ownership for EVs ) ) )
ownership of the battery shifts from the vehicle owner (end user) to the

manufacturer or swapping servigeoviders

A typical battery swapping takes around-18 minutes as against al2 hours

for charging over a charging station based on vehicle category and chargir
Reduction in charging time and extension SPeed. This improves reliabilignd confidence in an EV. The EV owner can
travel range make longer trip distances by accessing fast battery swapping services. Al

charging of batteries over a station is subject to faster depth of discharge ¢

depletion, which can be avoided via battery swapping

With the responsibility of charging of batteries shifting from EV owners to E
Postponement of charging of batteries at = Operators, a controlled charging strategy can be scheduled. The BSS, whit
BSS to night time or offeak hours large variable lod, can be charged during gfieak hours, thereby reducing

the risk of potential peak demand and system overloading

Thetable below specifies some of the challenges that are typically faced for the deploymaritatfery

swapping system (BSS)
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Tablel2: Challenges fobeployment of BSS

Standardisation of E\ibn battery packs

Reliability of leased/ rented battery packs

Commercially viable business models

It has not yehappened globally. Majority of the auto OEMs prefer to keep
tight control over their design strategies of battery packs as it is at the core
an EV

In case of a BSS, the auto manufacturer sells/ leases/ bextteries to the BSS
operator. However, the authenticity of the BSS operator, in terms of custor
service, is questionable. Any short change, on behalf of the operator, will I

to loss of credibity and trust

Governments in SAARC Member States (SN&enot given any clarity on
policy with respect to battery swapping in the country. There is no precede
of commercially sound business models for battery swapping as well. This

leaves significant risk and uncertainty
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5 Global EV Charging Standards

An EV can be charged through AC (alternate current) or DC (direct current) charging devices. The battery
of an EV requires DC, therefore a DC charger can be directly plugged into the vehicle to initiate charging.
Alternatively,the vehicle can be connected to an AC charger where the input AC supply is converted to DC
using an orboard AGDC converter. The time required to charge an EV through AC charging depends on
the singlephaseAC output (220 V standard for India and 120 V for the US), current rating of the charger
and output rating of the AOC converter. For example, a 220 V AC, 15 Amperes supply will lead to AC

output of 3.3 kW, which subsequently connected to an EV with a 10 kW on-board battery pack through an
AC-DC converter of output 1 kW DC will take 10 hours to fully charge the battery. On the other hand, DC

fast chargers (DCFC) have higher power output and charge an EV battery much faster due to loss aversion

in the AGDC converter side.

Typically, there are different types of AC and DC chargers with different communication protocols. It is
important that the battery pack in the vehicle communicate with the charger (irrespective of type and
LINE G202t 0 (K NEPdedhénism. ThekdiffgfeRtactkatgdrsSahid protocols being followed for EV

charging are as follows:

Tablel3: Chargers anérotocols for EVCharging

) Maximum Power Output and
ChargerType Geographicalsage o
GommunicationProtocols

A. ACChargers

Type 1 with Yazaki Socket Japan, USA Up to 7.4 kW
Type 2 with Mennekes Socket Europe (majorly Germany) Up to 44 kKW
Type 3 with Le Grand Socket France, Italy Up to 22 kKW

B. DCChargers

CHAdEMO Originated in Japan, most popular DC Up to 400 kW DC charging; Control Ar.
e
chargerglobally used in US and Europ« Network (CAN) for communication
Up to 237.5 kW DC charging; CAN for

GB/T China, Bharat Chargers in India o
communication

The US and Europe wherever Tesla ci Up to 135 kW DC charging; CAN for

Tesla Super Charger i o
are sold in large numbers communication

C. Combined (AC and DChargers

. ) Up to 43 kW AC and up to 400 kW DC
CCs4l and CG8 versions are available .
(1000 Volt x 400 Amp); Power Line

Combined charging system (CCS) the same plug is used for both AC and L
. . . Communication (PLC) for
DC charging; used majorly in Europe o
communication
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Japan andKorea have adopted CHAdeMO, Europe has adopted CCS, while US has all four types of DC
chargers. Many EV manufacturers sell adapters to connect to other chargers (Nissan Leaf is sold with CCS

adapters in Europe and Tesla sells CHAdeMo adaptensiptove interoperability.

The charging standards for EVSE not only take into consideration charging stations and communication
protocol between EV and stations, but also include an entire gamut of ancillary services. The complete

scope ofstandards is shown below:

Figure6: VariousChargingSandards for EVSE

Roaming/
Payment
Gateway

! Aggregator ) 1 A 39
OCFF Charging / OSCP,
&Sﬁ Station ( %
U Management \ :
; IEC 63110 > Sygtem \ eMIP

' IEC15118 > \ 4 N

Distribution
Company

Note: IEC: International Electrotechnical Committee, OCPP: Oper Charge Point Protocol, OSCP: Open Smart Charging Protocol,
OCHP: Opern Clearing Ho®setocol, OICP: Open Inter Change Protocol, eMIP: eMobilityOptation Protocol

The standards discussed earlier pertain to standards and communication protocol between points A and B,
i.e. the EV and the charging station which sits outside the syatehprovides DC/ AC as per configuration.

Part 24 of IS 17017 or IEC 15118 pertains to digital communication systems over ethernet protocol.

The OCPP or IEC 63110 pertains to the communation protocol between B and C, i.e. the charging station
and the chaging management system (CMS). Considering the charging station (B) to be an internet of
things (1oT) device, there is an embedded controllerdigghe charging station which communicates with

a CMS system, which in turn communicates with several otheemabled charging stations. The entire
mesh of stations communicates through OCPP/ IEC 63100 with the CMS, drawing power from the grid or
transacting with the grid utility. While OCPP is an open source protocol, IEC 63100 takes into consideration
several security measures such as cyber security to ensure -theair secure contracting. The
communication between B to C gives the utility direct control over all charging stations remotely.
Communication protocols such as OSCP, OCHP, nOICP and eMIP enahlgication between a CMS

and other market makers. Protocols can be used for data gathering (charging profiles of EVs, time of use,
and peer to peer communication between market players such as clearing house and grid operators). This

will help the utilitymanage the load by monitoring important parameters such as degree of power drawl,
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degree of stress in the local sub station, etc. Through digital communication channels with the stations,
grid support functions (load management/ tarlfised controls for @ak shaving) can be implemented.
Further, by enabling energy flow from EV to the grid during peak period, desidedesponse as well as

smart charging can be enabled, building an ecosystem for vehicle to grid (V2G).

Globally, there are no universal clgamg standards for EVs. Europe defines four charging madeh

mode varying in power rating, type of connection (AC/DC) and charging speeds. They are illustrated below:

Tablel4: Modes of E\Charging in Europe

Vehicle is connected through standard thrpim

Mode 1: Household stket and extension cord . .
socket in residences

CE
AC —>

Charger in vehicle converts AC to DC and cont
battery charging

Allows for a maximum power delivery of 11A

Usability: Small motorcycles, electribicycles

Connected to power grid through househo

Mode 2 : Nondedicated socket with cablkéncorporated protection
socket outlets

device
. Deploys an adapter in charging cable to imprc
reliability
AC ‘ ) “ . Charging is done in a singddase orthree-phase
. ' network and installation of an earthing cable

Adapter
Usability: Transitional solution before mode 3 wa:

mainstreamed

. ) o Connected to electrical network thorugh specit
Mode 3 : Fixed, dedicated circuit socket . L
socket, plug and dedicated circuit

Type 1

Communication @

Maximum power output is 7.4 kW in a single pha
and 22 kW in three phases

“ Usability Recommended dajyo-day AC charging
‘ . method

Type 2
) Charging done in DC through an-bffard charger,
Mode 4: DC connection ) . .
allowing the system to withstand high power
%}:ﬁ:::fg Maximum power output is 50 kW for CHAdeM!

120 kW for Tesla and 350 kW for CCS

Converter

Usability: Commercial fast charging stations

Q@ (] L]
CCS

Connector
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Additionally, advanced EV charging methods like pulse charging, inductive chdigiag an
electromagnetic field to transfer electricity to a PEV without a card)being used.

The US, on the other hand, classifies standards of EVSEs based on charging power output, commonly known
Fa atft S@PStaeod

Tablel5: Levels 6EVCharging in the US
Level 1 Level 2 Level 3

Very high voltage circuit

Outlet Standard High voltage circuit e e
Type of charging AC AC DC
Maximum power range (kW) 1.4 19.2 90

Voltage rating (V) 120 240 480V and above

While levels 1 and 2 are for charging through a shpijiase voltage in residential and commercial buildings,

level 3 charging is through thrgghase voltage, via AC or DC.

China has adopted its own charging standar@8/T- which is capable of fast ciging at a maximum of
237.5 kKW. The country is working on a new GB/T standard which will be made available in 2019/2020.
Furthermore, China is working with the CHAdeMO netmar jointly develop an ultra fast charging

standard.

The type of charging reg@ments for a vehicle is mainly driven by the vehicle architecture, i.e. the battery

size and chemistryand these are explained in the table below:

Tablel6: TypicalBattery Szes andNumber of ChargesRequirement According toVehicle Type

Vehicle Avg km

Battery Sze km perCharge No of ChargesRequired
VehicleType Hficiency Run
kWh/vehicle km/kWh km/day km/charge charges/year
e-2W 15 50 20 60 120
e-3W 4.5 20 100 70 515
e-4W (personal) 15 8 40 100 144
e-4W (fleet) 15 8 200 100 720
e-Bus (intra city) 120 1 200 100 720

An e-2W will require charging every three days, whereas a commercial e-4W and an e-bus will require

charging thrice every day.
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Battery chemistryis a crucial factor in determining the correct method of charging. Bigger the battery size,
higher is the requirement of charger rating. There are different cells with varied chemistries. The major
three, though, are NMC, LFP and LTO.

LTO is a premium kary with long lifecycle, fast charging and high thermal stability. However, it is bulky
and expensive. NMC, on the other hand, is compacsitie and weight) and costs less. The downside is
that if an NMC battery is charged fast without taking into ¢degtion battery management, it impacts

the battery lifecycle. LFP, which resides between LTO and NMC, is being phased out.

Another important factor for selecting the right battery is tpewer train voltage of the vehicleEach
vehicle has a specifiedbprer train voltage, based on which battery voltage and charging current limit is
determined. This, in turn, helps in deducing the charging power limit for the vehicle, without compromising

on battery degradation.

Tablel7: TypicalBattery Voltage andQurrent Limits AcrossQasses of EVs

ElectricPower Train

VehicleType Voltage Battery Voltage ChargingQurrent Limit ChargingPower Limit
2W 48V 48V 10A 500 W
3w 48V 48V 15A 750 W
4W 2V 2V 75A 7 kW
Bus 650V 650V 45A 30 kw

On board A@o-DC charger ratinghat comes with EVs often limits higher power level forlmdard AC
charging. For example, the droard chargerfor e-Verito limits the charging limit to 2.3 kW.

The communication protocols between EV and EVSE is the next important factor in detetiméringect
charging method for an EV. When a low voltage vehicle (2W or 3W) with a low powertrain voltage is
connected to a charging station, the vehicle can be charged safely as the current limits are low. However,
in the case of a 4W or anlmis, wherepowertrain voltages are high, it is very important to secure the
connection between the charger and the vehicle such that thévoard electronics are safe. As highlighted
before, each charging method (CHAdeMO, CCS, or GB/T) has different current agellirnita, connector
requirements and communication protocols. However, interoperability of charging modes remain a

concern.
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6 Impact on Grid foHigh Scale EVAdoption

Several studies and research papers have highlighted the potential impactabfafying stations on the
distribution network. For different EV penetration scenarios, quantifiable impacts were measured on
several distribution networks across voltage loadings. In order to understand the detrimental effects of

largescale EV charging dme grid, it is important to understand how an electric grid works.

Individual generators, through a variety of sources (coal, natural gas, nuclear, hydro, solar, wind, etc.),
produce electricity to meet endse power demand (as captured by system lo&g¢stem load is transient

and is susceptible to changes, based on power usage. Some generators (majorly coal and nuclear power
plants) produce power at a steady basis to contribute to baseload demand of the system. Others (majorly
gasbasedplants) are mamiulated accordingly (ramped up or down) by adjusting to spikes and troughs in

the load. More variable technologies such as solar and wind are used whenever these are available. At any
LRAYG 2F GAYSS GKSNB Aa | WNBKU NASyenétathdicapactyto A @S @

account for potential forecasting errors and unscheduled power plant shutdowns.

Transmission lines carry high voltage electricity over long distances from the generators to the distribution
network. Once power reachesoske to the eneusers, the high voltage is stepped down and delivered to

the consumer via the distribution network. Several systems have been put in place to maintain reliable
power distribution, such as load forecasting measures (to schedule power supglieses accordingly),

usage of spinning generators (to arrest change in frequency), and usage of advanced power electronics (to

control reactive power through the transmission and distribution system).

Traditionally, large conventional generators provitte power demand (baseload as well as peak).
However, offlate, distributed generation, energy storage, and demand response measures are being

incorporated to make the grid more reliant and improve variab#figndling capacities.

Table18: Measures ofReliability for anHectric Grid

Number of times a customer experiences interruption during a particule

SAIFI _ )
time period
Customeroriented reliability i : :
o AIDI Average duration of interruption per customer
indices
CAIDI Average duration of interruption for customers interrupted during a
particular time period
ENS Total energy not supplied (energy deficiency) by the system
Energyoriented reliability
— Energy not served during a particular time per{@derage system load
s AENS aqy gap perf ge sy

curtailment index)
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The typical charging load profile for a 15 kWhiohi car battery using AG01 and D@01 chargers are
shown below. The AC charger uses a 3.3 kW charger and regfiveshours to charge, whereas a DC

charger uses 15 kW charger and requires less than two hours.

The AC mode is a constant current charging where power continuously keeps rising, after which the power
settles during a settling time period. The impact of the charging method will be a 3.3 kW chargiranloa
the peak load for a duration of five hours. In case of the DC mode, the battery is charg@d%oin one

hour, and the peak contributed by the charging-i5 kW.

Therefore, depending on individual chargers, load profiles, and voltage and currefikegr peak
contribution will vary. When aggregated across different vehicles and different chargers deployed at
different time periods over a day, the load contribution from EV chargers in a region can be deduced at a

regional grid level.

The major consguences of uncoordinated charging of EVs are:

9 Distortion of voltage profile
1 Change in system harmonics

1 Increase/ change in peak load behaviour

Forum of Regulators (India) had assessed the impact on a transformer due to charging of EVs (slow as well
as fast charging). Several scendrasedanalysesvere carried out through system simulation over a period
of 24 hours.

In order to simulate a syste of varying sizes, two sets of inductance and resistance parameters were
selected. Set one consisted of a small network of renewable energy generators located within 5 km from a
diesel generator located within 1 km from the point of demand. Set two haeggors located at different
points, with a wind generator located farthest at 25 km from the load.

The major scenarios and output results have been tabulated below:
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Tablel9: ScenariogPertaining to ResidentialLoad

Case Islow charging

Case qFast DC

Case 3Fast DC

Case 4Fast DC

Charging Charging Charging

Impedance Impedance values from Se - Impedance values Impedance values
2 from set 1 from set 2

Baseline Residential load (10 kW) Residential load (10 = Residential load (10 Residential load (10

kw) kw) kw)

Scenario 1 Baseline load + 0.66 MW Baseline load # MW | Baseline load 4 MW Varying EV and
EV load (24 kWh battery  EV load (8&%Wh EV load (8&%Wh residentialloads
capacity, 100 EVs) battery capacity) battery capacity)

Scenario 2 Baseline load .66 MW Baseline load 8 MW | Baseline load 8 MW
EV load (8&Wh battery EV load (8&Wh EV load (8&Wh
capacity, 100 EVs) battery capacity) battery capacity)

Scenario 3 Baseline load .32 MW Baseline load 8 MW = Baseline load 8 MW
EV load (2&Wh battery EV load (2&Wh EV load (2&Wh
capacity, 200 EVs) battery capacity) battery capacity)

Scenario 4 Baseline load .32 MW Baseline load 4 MW | Baseline load 4 MW
EV load (8&Wh battery EV load (24Wh EV load (2&Wh
capacity, 200 EVs) battery capacity) battery capacity)

Scenario 5 - - Baseline load 4 MW -

(Peakcoincident
charging)

EV load (8&%Wh
battery capacity)

Source: Forum of Regulators (India)

For acommercial feeder, the impact of EVs on the distribution network was assessed on a transformer with
95% loading. The commercial load was also simulated for two power ratings of 6.6 kW and 40 kW with two
battery capacities of 24 kWh and 85 kwh.

Table20: ScenariogPertaining to CommercialLoad

Case 1 (Némpedance) Case 2 (Set lmpedance)

Baseline Commercial load (10 MW) Commercial load (10 MW)
Scenario 6 Baseline + EV load (4 MW 85 kWh) Baseline + EV load (4 MW 85 kWh)
Scenario 7 Baseline + EV load (0.66 MW 24 kWh)
Scenario 8 Baseline + EV load (0.66 MW 85 kWh)

Source: Forum of Regulators (India)
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Table21: OutcomePertaining to ResidentialLoad

Case 1 Case 2 Case 3
Voltage drop (%) 0.013% 1.70% 1.60%
Scenario 1
Rise in maximum demand (%) -0.08% 16% 13%
Voltage drop (%) 0.002% 2.20% 2.00%
Scenario 2
Rise in maximum demand (%) 0.15% 39% 36%
Voltage drop (%) -0.006% 2.20% 1.80%
Scenario 3
Rise in maximum demand (%) 0.72% 36% 35%
Voltage drop (%) 0.002% 1.70% 1.50%
Scenario 4
Rise in maximum demand (%) 1.64% 12% 11%
Voltage drop (%) 11.7%
Scenario 5
Rise in maximum demand (%) 38.6%

Note: Scenario where distortion in voltage was greater than 6% hasHigielighted in red
Source: Forum of Regulators (India)

For cases 1, 2 and 3, the residential load was kept constant at 10 kW. For Case 4, EV load was varied from
4 MW to 20 MW, and residential load was varied from 4 MW to 20 MW.

The results are as follay

Table22: VoltageDrop andIncrease inPeak Demand with Change in E\Load

VoltageDrop Increase inMax. Demand

Residentialload (MW)

4 8 12 4 8 12
e]
g 4 1.036% 0.465% 2.374% 36% 16% 13%
o
-_g g 8 1.196% 1.913% 5.043% 85% 36% 27%
()
> =
L > 12 2.323% 3.672% 8.69% 139% 57% 41%
3]
(O]
w 16 3.130% 5.304% 12.67% 153% 65% 52%

Note: Scenarios where distortions in voltage were greater than 6% have been highlighted in red
Source: Forum of Regulators (India)

With the model being simulated on a commercial load of 10 MW, an EV load of 4 MW (40 kW rated capacity
charger) was used for Scenario 6 and 0.66 MW (6.6 kW rated capacity charger) was used for simulation.
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Table23: OutcomePertaining to CommercialLoad

Scenarios Parameters Case 1l Case 2
Voltage drop (%) 0.64% 0.66%
Scenario 6
Rise in max. demand (%) 36% 23%
Voltage drop (%) - 0.56%
Scenario 7
Rise in max. demand (%) - 1.31%
Voltage drop (%) - 0.56%
Scenario 8
Rise in max. demand (%) - 1.31%

Note: Scenario where distortions in voltage were greater than 6% has been highlighted in red
Source: Forum of Regulators (India)

6.1 Outcome of theSudy

Allowable variations on supply of low voltage is +6%68. In residential feeders, on several occasions,

the voltage drops surpassed 6%. It was observed that for transformers with less than 50% baseline load,
rise in~20% of EV load will not lead to vadte deviations beyond allowable limits. For transformer loadings
beyond 90%, occurrences of transient fluctuations rise significantly. Slow charging does not have any
adverse impact on any of the feeders. However, DC fast charging causes significanpeke loads and

drop in voltage levels.
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7 Considerations foiselecting EV Charging Locations

The key factor for setting up a charging station is usability of the station. There have been several research
studies conducted to assess the key elements for afeiieingcharging station locations in a geographical
area. The major determinants for planning a charging network vary on type of geographical area under

consideration.

Station planning for a metropolitan area would follow a nduised approach, whereasesas on major

inter-city thoroughfares could use a flebased approach.

Metropolitan regions serve as congregation of EVs, where charging demands are at the origin or the
destination for intracity travel. Therefore, nodbased planningusesthe originationdestination (OD)
approach, where charging stations are strategically placed to optimise usage emanating frofwityntra
travel (which constitutes majority of travel behaviour in a city). Flmased approach, on the other hand,

is suited fo station planning at a state level. This entails mapping of major -zitgrhighways and
expressways passing through the region and subsequently assessing the traffic demand across the routes.
Upcoming industrial and commercial clusters, and developnoésimart cities along a road corridor are

major considerations while forecasting incremental traffic. The approach is equivalent to planning of

pumping stations along a highway.
The major differences between the two approaches are:

Table24: Modalities ofNode andHow-basedApproaches
Parameters Node-basedApproach FlowbasedApproach

Usability Cities, metropolitan regions At state level, excluding cities

Top-ups betweerorigination

Charging demand type OriginationDestination o
destination

. . i . Traffic volume passing through the
Major determinants Number of EVs in the city area

. . . . Major residential and commercial = Traffic demand on highways, node
Considerations for location planning . o . )
areas, parking availability spacing intransportation network

7.1 Number andTypes ofSations Needed
Demandside planning to assess the number of PCS within a geographical area will take into consideration:
9 Static EV population in an areaAssessment of endse demand of charging is paramount in

planning the trunk infrastructure. This needs to take into consideration average miles driven by an
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EV, average time to recharge, and travel behaviour of EV owners (used for shoditintirdgps/
long duration trips)

1 Floating EV population in an are® commercial hotspot of a city attracts vehicles far more than
the static EV population of the region. This necessitates additional charging requirement

1 Charging behaviour of EV buyeid/hile majoriy of the charging{95%) in the US is done at home
and office, the presence of PCS provides psychological comfort to EV owners. Hence, the degree of
charging via PCS needs to be objectively deduced before planning for the same. The number of PCS
per EV als starkly varies between geographies, ranging from five in Europd@an China. This

shows variation in usage of PCS among countries

Once the average charging demand and, therefore, the aggregate PCS is determined, site and location
planningarekey d&NXA Y | yia G2 aasSaa | aidliAz2yQa odzaAiySaa
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8 Country in Focus: Bhutan

8.1 Present EVSdes andCharginglnfrastructure

The government of Bhutan introduced electric vehicles (EVs) in the country in 2013 in keeping with its
policy to remain carbomeutral and reduce import of fossil fuel. Since then, the government has offered
fiscal incentives, devised policy regulations, and set up quick charging (QC) stations with free charging
where the users need not pay to charge their EVs. However, the upfake EVs has been rather slow.
According to the record maintained by the Road Safety and Transport Authority (RSTA) of Bhutan, there
are only 102 EVs in the country as of June 2019.

Table25: Growth in EVs in Bhutan

Year Total Vehicles
2013 7
2014 7

2015 7

2016 97

2017 93

2018 93

2019 102

Source: RSTA, 2019

All the EVs in Bhutan are in capital Thimphu and Paro. For 102 EVs, there are four quick charging stations,
two each in both the cities. It is assumed that all #¢ owners have home chargers (HCs) which enable
charging of the vehicle at home. In Thimphu, the QCs are located at Bhutan Post and memorial. Chorten
The existing QC is CHAJEMO for the Nissan Leaf model. There are three models of EVs available in the
courtry ¢ the Nissan Leaf, Mahindra Rewa and Mitsubishi Outlander (PHEV). The Rewa and Outlander do
not have specific QC model of their own and uses CHAJEMO. The government plans to install eight more
QCs in core Thimphu in 20EBhutan is expected to have TQCs in Thimphu and two in Paro by the end of

2019.
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Figure?: Installation Points of Existing andProposed QCs in Thimphu
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8.2 Regulations andrederalPoliciesDriving EVAdoption

The Royal Government of Bhutan, ineaxdeavour to push EV sales, has not imposed any taxes on EVs. The
existing taxes on different classes of vehicles are as follows:

Table26: Taxed evied onVehicle Categories in Bhutan

VehicleCategory Taxes Levied

Light vehicles élow 1,500 cc 100% tax (45% customs duty, 45% sales tax, and 10% green tax)
1,500ccc 1,799cc 115%

1,799¢ 2,500 cc 120%

2,500cqg 3,000 cc 125%

Above 3,000 cc 180%

EV 0%

Hybrid vehicles up to 1,500 cc 45% (20% customs duty, 20% sales tax, andrg@n tax)

Hybrid vehicles greater than 1,500 cc 50%

Source: Income tax Act of Bhutan
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Moreover, the Bhutan Sustainable Lemission Urban Transport System project offers subsidy of $5,500

for EVs. The total tax on hybrid vehicles increases by Sbitdioer engine capacity.

The following are some of the government policies:

1

Kdzi I y Q& + A &-yearystrategy Hfar ational development, places transport and
infrastructure development at the core of its strategy and, inter alia, highlightsndesl for the
development of a safe, reliable and comfortable system of public transport. A national strategy and
action plan for low carbon development has been prepared, which seeks to reduce GHG emission
significantlyc by 15% by 2040, which is on topthé expected decrease of 8% in the businass

usual scenario

Kdzi 'y bl dA2ylFf ¢NIyalLR2NI t2tA0& wnmt asSsSia G2
affordable, convenient, costffective and environmentfriendly transport system in suppouf
strategies for soci® 02y 2 YA O R 5 ¥h6 polick BuRpgris the principles of inclusiveness,
sustainability, sound asset management, effective governance and an emphasis on low carbon

transport solutions such as EVs

The Nationally Determined Coitrd dzi A 2y 6b5/ 0 adz2oYAUGGSR AY HAME
target of remaining carbon neutral pledged in 2009 at thé' E&ssion of the United Nations
Framework Convention on Climate Change (UNFCCC). The NDC notes that the emissions from the
transport secbr are showing a rapidly increasing trend and identifies the promotion of low carbon

N} VALRNIG 28aGSY a + 188 YAGATFEGAZ2Y YSI adNB o
Second National Communication (2011) to the UNFCCC both report signi@inaitiwtions of the

energy sector to the national GHG emissions. Options for the transport sector included promotion

of alternative fuels, electric and hybrid technologies and mass transport systems

The 11" FiveYear Plan (2008 nmy 0 A Yy Of dzR Sbgreew QhdNdirgae reyilermizii
RSPGSt2LIYSyidQ a 2yS 2F AbGa wmc (1 Sé& NBdridmdya | yR
safe, reliable, affordable and alternative modes of transport. The draft 12thYeéeae Plan (2019

2024) also identifies prootion of EVs as one of the key programmes of the transport sector to
address environmental issues and reduce dependency on fossil fuels, and contribute to national
key results, such as remaining carbon neutral and enhancing climate and disaster resilient

development

In order to establish clean, safe and affordable and reliable mass transportation systems, the

Economic Development Policy (EDP) 2017 explicitty recommends the introduction of an

Sa2L/ 3 ablGA2yFt ¢NIyaLRNI t2tA08 wnmtés {S$SO02yR RNIFOS aAyra
Bhutan, 2017.
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electric/hybrid public transport system in major urban centresaldo encourages to provide
subsidy and incentives as targeted intervention wherever economic viability is at stake due to low

mass

9 The draft Vehicles Emission Road Map proposes a comprehensive package of policy measures to
control vehicle emissions whi&dhutan intends to implement until 2025 to maintain clean air and
reduce C@emissions by the transport sector by an additional 25%. It also proposes clear incentive

instruments and targets for the purpose

8.3 Outlook on E\&les

In order to give an impetustd KS  O2dzy i NE Q& OIF Nb2y ySdziNIt L}RfAOex
and improve energy security, the Royal Government of Bhutan (RGoB) plans to support rollout 300 more
EVs by February 2021 under the Bhutan Sustainableghoiasion Urban Transpory&em project funded

by the Global Environment Facility (GEF) through the United Nations Development Programme3BRNDP
2018). These new EVs will replace at least 300 existing taxi fleet in Thimphu, Paro, Haa, Wangdue, Punakha,
and Phuentsholing. By 2021 js estimated that Bhutan would have 402 EVs (102 existing plus 300 new).
The EV programme in the country is being managed by the Ministry of Information and Communication
(MolC). The government has publicised the project in the media, inviting inéetéaxi drivers to register

for the EV programme. Under the project, the government will provide 20% subsidy (max of $5,500) and
financial institutions will provide loan equity of 5094s the taxis are estimated to consume more than
6,000 litres of fossifuel per year, it is envisioned that the replacement of the taxi fleet will help reduce

fossil fuel import and greenhouse gas (GHG) emission substantially.

Figure8: FuelConsumed in ayear byDifferent Vehicles in Bhutan in 2016n Litre)
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Source: DRE, 2015

6 Kuensel, http://www.ekuensel.com/index.php/user/pdfView/1600, viewed dnSeptember 2019.
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Two scenarios were considered while estimating the number of EVs likely to be added ov&0202%
uptake and high uptake. In the low uptake scenario, it was assumed the EVs will clock 10% compounded
annual growthrate (CAGR) and in high uptake 20% CAGR. The forecast is based on the following

assumptions and limitations:

1 CAGR of 10% was based on the historical growth rate of vehicles ove2Q083

9 The forecast includes both replacement and new vehicle registrations

1 The government continues to support with financial subsidy/tax rebate and policy regulations to
make EVs affordable to general public

91 Vehicle fuel price is steadily increasing and there is no subsidy on fossil fuel

1 There are adequate and easily accessfalblic electric vehicle charging stations (EVCS) and the
EV users do not face operational challenges

T ¢KS O2dzyiNEQ& D5t A& adSIFIRAfE& NARAAY3T FyR LIS2L
conventional vehicles to EVs

9 There are enough and willingkers for EVs

Table27: Forecast of EVs in Bhutan

Year Low Uptake HighUptake
2022 442 482
2023 486 579
2024 535 695
2025 589 834
2026 647 1000
2027 712 1200
2028 783 1440
2029 862 1729
2030 948 2074

8.4 Assessment oPower Distribution Utilities

8.4.1 CountryMacros andPolicy rameworksGuiding Uil A f OuveralPerf@mance
Bhutan is a small country in South Asia, sandwiched between China and India in the Himalayas. Because of
its geographical location, it endowed with huge hydropower potential. Only about 2.335 GW of the total

24 GW potential is utilised till date. The generating stations are managed by Druk Green Power Corporation

48



(DGPC). The Bhutan Power Corporation Ltd (BPC) is the operator of thamissioa and distribution
network. The transmission network is interconnected with the Indian grid for exporting power to Indian

states.

Currently, power is transmitted across the country mostly through 132 kV and 66 kV transmission lines.
More high voltage transmission lines are expected to come up by 2020. These lines have the potential to
reduce the losses incurred. Around 59% of thedim the country are 132 kV and 30% 220 kV. The 400 kV
lines were established in 2015 and they transmit power from Tala hydropower station to Malbase and Pagli
which is interconnected with Indian grid for exporting power to India. The transmission atnithution

network is not only indicative of the access to electricity but also serves to demonstrate the probable loss
in the system. Longer lines with lower voltage can lead to greater losses in the system. There are very few
high voltage lines except BaMalbase and TatRugli. Setting up high voltage lines across the country is a
challenge due to the difficult terrain. Reaching some of the less populated pockets is highhteosive.
Economically, it is more feasible for those regions to generateepahrough pico, micro, mini and small

hydel projects or through other staralone renewable resources such as solar and wind.

BPC was formed as an offshoot of the erstwhile Department of Power, the then Ministry of Trade and
Industry and was launched agpublic utility on July 1, 2002. The corporatisation of the utility was expected

to result in greater efficiency and better delivery of services in the power sector. Later the ownership of
BPC was transferred to Druk Holding and Investment Ltd (DHIgotmenercial arm of the government
Saildlof AaKSR GKNRdAZAK GKS w2eéelf /KFENISNIAY uvwnnt a2
the Royal Government for thengtermo Sy STA G 2F GKS LIS2L)X S 2F . Kdzil y¢

DGPC is a company that operates and maintayasopower assets of Bhutan. It was established in January

2008 by merging the three hydropower corporations of Basochhu, Chhukha, and Kurichhu under DHI. Tala
gla YSNHSR gAGUK 5Dt/ Ay Hnndpd® {AyOS GKSysSow& Dt/ K
installed capacity is 1,615 MW. With about 70% of the generated energy exported to India, hydropower
NEOSYydzS FT2NX& W1 2F GKS O2dzyiNBEQa SEOKSIdzZSNJ | yR
¢KS aS0G2NI | OO2dzyia T 2 Nibss dodeitic prodoct. The Total (BlkcBic ORedzy ( NE
generation amounted to 6,573.990 million units (MU) in 2018. The net energy exported to India, including

the royalty energy, was 4,053.588 MU. The quantum of electricity supplied to BPC for domestiasise
2,454.306 MU. The national coincidental peak load during the year was 399.35 MW.

” Basochhu, Chhukh&urichhu, andralahydropower plants which are fultywned by the RGoB have to provide 15% of the

annual generation as royalty energy to RGoB free of charge.
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Figure9: Generation, Import, Domestic Supply and Export of Electricity in Bhutan (MUSs)
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Figure10: Revenue, Expenditure, and Profit for tiale of Electricity in BhutanMlillion Ngultrum)
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The figure below shows the system peak during the last six years. As is evident from the data, the demand
hasbeen increasing steadily. Therefore, for the successful implementation of the EV project, the power
distribution system will have to be boosted so that it can take up the additional load when a large number

of EV charging stations are integrated with it.
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Fgure 11: SystemPeak Demand in Bhutan
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The domestic demand for electricity has been steady and the peak demand recorded was 399.35 MW on
December 27, 2018, at 1818 hours. The second highest vaA83MW recorded November 14, 2017 at

Mpnn K2d2NE® .t/ Qa OdaAG2YSNE FINB OFi{iS3I2NR&aSR & KA
(LV bulk) and low voltage (LV) customers. The 16 HV customers remained same in 2017 and 2018.
Meanwhile, its MV cstomers increased from 59 in 2017 to 63 in 2018 and LV bulk reduced from 778 to

775. The company has seen steady increase in LV customers over the years even after completion of major
Renewable Energy (RE) programs. The LV customers increased from 1842@%7 to 191,998 in 2018,

an addition of 7,722 customers. BPC today serves more than 192,852 customers in the country. The

increase was mostly a result of electrification of rural homes through continuing RE programs.

In order to meet the domestic demaridr electricity, 2.5 GWh of energy was purchased from DGPC in the
year 2018 compared with 2,326.384 MU in the previous year. The internal generation from embedded mini
and micro hydel plants owned by the company, including generation from diesel gemesatowas 19.24

MU during the year 2018. BPC also imported 0.064 MU from Assam State Electricity Board (ASEB) and 0.258
MU from West Bengal State Electricity Board (WBSEB).

The total sale during the year 2018 was 2,328.44 MU, up 6.5% from 2,185.75 M iretvious year. The
energy wheeled for export to India for DGPC decreased to 4,437.920 MU from 5,306.564 MU in the

previous year largely due to lowpowergeneration by DGPC and some increase in domestic consumption.

BPC has been maintaining its transaidn and distribution (T&D) losses in limits comparable within the
region. Of the total energy of 6,919.03 MU received by the system during the year 2018, 6,766.36 MU was
utilised. This translates the global energy loss for the year 2018 to 2.21% compizined.00% in the
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previous year. The domestic T&D loss (excluding wheeling) in 2018 was 6.15% compared with 6.54% in
2017. The company has been able to maintain its losses within permissible limits due to timely preventive

and planned maintenance and upaglation of its network system.

¢KS d2aGFf @LrfdzS 2F (GKS O2YLIl yeQa |aasSia AyONBIlaSH
2017. There is a decrease in the net worth of the company from Nu. 22,984.53 in the previous year to Nu.
21,965.80 milbn in 2018 due to adjustments in investment reserved on transfer of Dungsam Cement
Corporation Ltd. shares to DHI. The gross assets added during the year are Nu. 3,583.70 million compared

with Nu.1,262.49 million in 2017.

In order to improve power reliably and, most importantly, to meet the increasing demand, distribution
planning and system expansion are carried out across the country whenever required. The expansion of
the primary distribution system is usually carried out as turnkey projects. Sorte afoticeable works

carried in the current year are the supply and construction of 33/11kv, 2 x 5MVA GIS substation at
Tshongdue, Paro and the upgradation of 33/11 kV, 1x2.5 MV AIS substation to 2x2.5 MVA GIS substation,
Phobjikha, Wangduephodrang. Somiethe new projects in progress are the supply and construction of
33/11kV, 2x2.5MVA substation at Denchi, Pemagatshel, and conversion of 33kV AIS to GIS Panels at
33/11kV Changangkha Substation, Thimphu.

8.4.2  ShortlistedUtility
In Bhutan, the sole distributioutility, BPC was selected for detailed study and development of roadmap

of EV charging infrastructure in the country.

8.5 Planning for theTransition

8.5.1 Charging Standards

Broadly, there are two types of EV chargerthe conventional charger or the homghargers, usually
attached to the residential buildings, and QCs, located at the charging station. The type and standard of EV
chargers vary with the region where it is used. There are three recommended QCs forc&¥bined
charging systeniICCS), CHAdeM®&urface vehicle recommend¢8AE) combined charging system. For the
convenience of EV owners, slow charger such as the home charger dr@hahchargers are equipped

with the vehicles so that the user can charge at home or at the workplace. The gaigjectakes about

20-30 minutes while the home charger takes thsieir hours.

Based on the specification of the EVs currently plying in Bhutan and proposed EV taxi project funded by the
UNDPRGEF, it is recommended to have either CCS C&2n@@ or CHAdeMfast DC chargers. During the

course of this study, we talked to a few taxi drivers and also drivers who used EVs in the past. One of the

52



issues raised by the users is EV users sometimes had to wait as there were others already charging at a

station. Theusers recommend for two chargers per QC station as shown below.

Figurel2: Existing andRecommended Q®&ation in Bhutan

Existing QC Recommended ComibQC
The RGoas selected four EV models for support from the UNGEHF projeét They are Nissan LEAF e
NV200 (Hatch Back from Nissan Motors), loniq (Hatch Back from Hyundai Motors)38¥Ini Van from
BYD Group), and iEV7S AUDA EU5 AUDA (SEDAN from Auda Mutorsfommended QC &CS and
CHAdeMO athese chargersupport all the four identified models of EV8ased on the existing QC users,

it takes approximately 30 minutes to achieve 80%.SoC

8.5.2 Number of Chargers

The number of QCs required during 2622 wasestimated based on the following factors:

i Same EV model selected for implementation through the USIEBF project will be continued
beyond 2021

1 Every EV is supplied with slow AC/home chargers and EV drivers/owners prefer slow chargers to
QCs as it adversehffects the life of the battery

1 The minimum range of fully charged EV is approximately 200 km for new EVs. Therefore, once the
9+ A& TFdzZ fe& OKFENHSR 20SNYyA3IKG i K2YS3E Ad R2S:

1 Gradient and condition of the roatktwork due to which the mileage per full charge may decrease

1 Driving habits of Bhutanese drivers may further decrease the mileage per full charge

1 Charging stations are distributed along the highway and core public place

8a2L/ 3 ab20ATAOFGA2YE S aA yatiens] Rdyal @overnmghifo? Bhdtan (ANGRISI 2019y R/ 2 Y Y dzy A
D2LI tX Y®T Gt NPLRASR ¢SOKYAOFf {LISOATAOIGAZ2YE FT2NJ 9f SOGNKRC
SYyrdaaAazy ! Nbly ¢NI}yaLRBERBhYtad, Apri2018. t N22S0iGés ! b5t

53
















































































































































































































































































































































































































































