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Foreword by NITI Aayog

In 2015, India signed the historic Paris climate agreement along with more than 170 na tions, marking a
significant step that brought toge ther developing and developed nations in combating global warming by
cutting down on  greenhouse gas emissions

At COP21, India had pledged to reduce its carbon footprint by 33 -35% by 2030 below 2005 level s. It has
also pledged to increase the share of non -fossil fuels -based electricity to 40 per cent by 2030. Considering

the same, it is high time to switch to alternative fuel options to minimize air pollution and rising crude oil

import bill of the country so that we can meet our commitments at the global level.

The transport sector in India is the largest user of oil and second largest source of CO2 emissions world -
wide. India has seen a rapid increase in adoption of automobiles since the last ten years. C urrently, Indian
transportation sector accounts for one -third of the total crude oil consumed in the country, where 80% is

being consumed by road transportation alone. It also accounts for around 11% of total CO2 emissions from

fuel combustion.

Government of India had notified the National Electric Mobilit y Mission Plan 2020 which seeks to enhance
national energy security, mitigate adverse environmental impacts from road transport vehicles and boost

domestic manufacturing capabilities for Electric Vehicles. In addition to this, the Government has notified

Phase -1l of Faster Adoption and Manufacturing of Hybrid and Electric Vehicles (FAME) scheme to stimulate

the market of EVs in the country, de -licensed the charging infrastructure business and specified guid elines
& standards for charging infrastructure for electric vehicle thereby opening up the market of public charging
infrastructure & ensuring a roadmap for development of charging infrastructure, and introduced various

financial incentives to reduce upfro nt cost of EVs and charging infrastructure.

While, Government of India has taken crucial steps towards faster adoption of EVs, there are several

challenges and gaps existing in the EV ecosystem that must be addressed. In this context, the report on

i St a guo analysis of various segments of E -mobiltyand | ow carbon passenger road tran:
a welcome initiative. It is believed that that t he report will stimulate concerted and coordinated efforts by

Policy makers, Regulators, Utilities, OEMs an d other value chain players to understand the exist ing gaps in

current landscape of EV industry India and the key action items required for enabling accelerated adoption

of EVs to support Indiads vision of transitioning to sustain:

The team acknowledges and appreciates the contributi ons of all the stakeholders , who provided critical
inputs in shaping up the report.
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About the study

On behalf of the German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety

(BMU), the Nationally Determined Con tribution -Transport Initiative for Asia (NDC -TIA) is a joint project of
seven organisations and with the engagement of China, India, and Vietnam. It aims at promoting a
comprehensive approach on decarbonizing transport i. e. a coherent strategy of effective policies that are
coordinated among various sector ministries, civil society, and the private sector. The overall aim of the

project, which is being implemented by the consortium of seven organisations together to suppor t countries
in facilitating and inf  orming these stakeholder processes and in developing selected climate actions. This

enables partners to make a sectoral contribution towards achieving their NDCs and increase ambition in

transport sections of long  -term st rategies and 2025 NDCs.

In this co ntext, under the regional technical assistance programme NDC -TIA; one of the activities was to
AfPerform a status quo analysis/investigation on different se
freights) under it s International Climate Initiative (IKI). This analysis provided us the existing status,

opportunities, challenges, gaps, and way forward for low carbon road transport in India. Different types and

technologies, services, business models, standards, protoc ol s, contributiostermMDCdamli ads |

other climate action and clean energy targets were assessed for various segments of low carbon road
transport including electric mobility.

The main objective or goal of this study is to examine the Low -Carbo n Road Transport (LCRT)/E  -mobility
development, accomplishments so far, supported by the policy, schemes, and regulatory interventions in
India.

The global average temperature is on a continuous rise and has been a cause of worry for leaders across

the wor Id. Asper NASA,19 out ofthe 20w armest years have occurred inthe 21 st century. Therise in change
in global temperature was an alarming bell and therefore needed immediate global attention. The 215t yearly
session of the Conference of the Parties (COP 21) took place in Paris on 30 Novemb er 2015. It laid the
foundation for  global climate change agreement that came into being on 04 November 2016. The central
aim of the Paris Agreement was to strengthen the global response to the threat of climate change by limiting
the global temperature rise to 1.5 - 2 degree Celsius above pre  -industrial levels for the 21 st century, along
with increasing the ability of countries to deal with the impact of climate change. Worldwide, Energy Sector

had contributed 73% of GHG emission ! in 2016. W ithin the energy sector, transportation accounted for 7.9
GtCO2e in 2016, or 15% of total emissions.

Figure 1 Change in global surface temperature relative to 1951 -1980 average temperatures
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Source: 1 NASA's Goddard Ins titute for Space Studies (GISS)

! Greenhouse Gas Emissions by Countries and Sectors ( access here )


https://www.wri.org/blog/2020/02/greenhouse-gas-emissions-by-country-sector
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Transport industry of India and emission challenges

With one of the lowest motorization rates in the world (22 cars per 1,000 people 2), India is among the fastest

growing countries in trans portation sectorr F rom 2011 to 2020, I ndi ads Wpade st i c v
Passenger Vehicle, Commercial Vehicle) has grown at ~4% CAGR. With rising income and rapid urbanization,

the Indian mobility market is expected to expand rapidly

Transportation, h  owever, ha scontibut ed significantly in Indiads overal/l GHG

transport sector contributed to 270.6 MT CO

2e of GHG emission 3, third highest, only after power industry

and industrial combustion. Within transportation, road transpo rt has been the highest contributor to the
GHG emission 4. With the rising transport industry, India is also facing intense emission challenges.

Figure 2 Pollution level in India in the past has been alarming
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India therefore ha s a great opportunity to leapfrog towards decarbonizing the transport system to meet its
NDC commitments and to overcome environmental issues which would likely to become more severe, if
remain unaddresse d, as India has huge prospects for growth.

LCPRTande -mobi | i ty: I ndi ads solution for sustainable growth

As India is experiencing acute challenges

in controlling its carbon emissions , the country expects the

emission level to grow even furthe r as its transport industry is expanding. To tackle the emission from the

transport industry, 1|nd

ia is moving towards fizero or | ow

the use of alternative fuel vehicles and Electric Vehicles (EVs ).

In 2009, throughits National Biofuels policy
the diesel and petrol mix by 2017. However,

only around 2% bioethanol and 0. 1% biodiese
vehicle fuel efficiency standards in 2014 that came
than the EU norms.

In addition, India has also set the national targe

,India setsan fiaspirational 06 target to
it has fallen well short of these targets . So far, it has attained
| blend in 2018. Further, India came up with its first passenger

into being in 2017. However, they are still less stringent

t of achiev ing 30% EV sales penetration by 2030 and

launched National Mission on Transformative Mobility and Battery Storage to promote localization of EV
component manufacturing. Alongside the various central level interventions, several states have also notified
th eir respective policies for promoting Electric Vehicles which cover subsidy and tax exemptions, among

other incentives, for consumers/ buyers.

Low growth in this domain instigates to do a

deeper analysis to identify the barriers, challenges and gaps

existing in the EV ecosystem that needs to be address ed to unveil the growth of e -mobility and other LCPRT

systems in India.

2 India motorization rate ( access here )
3 The Carbon Brief Profile: India ( access here )

4 Distribution of greenhouse gas emissions from the transport sector in India in 2014 by type  (access here )

of

carb

bl en


https://www.ibef.org/archives/detail/bmV3cyYzNzc5MTcxJjExMA==
https://www.carbonbrief.org/the-carbon-brief-profile-india
https://www.statista.com/statistics/1051485/india-distribution-ghg-emmission-from-transport-sector-by-type/
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The structure of the report is high lighted as follows

Chapter 1  deals with the  As-is state of passenger road transport system in India including existing options
for clean mobility and review of passenger transport vehicle technologies

Chapter2  provides the market landscape of EV comp onents, EV charging infrastruct ure, role of distribution
utility, consumer perception and roles of financial institutions

Chapter 3  highlights the Central and State level policies on e -mobility, key gaps and recommendations and
also covers the Regulations and Technical standards coveri  ng e -mobility and clean fuels.

Chapter 4  provides a deep -dive into the forms and business models of e -mobility, charging infrastructure,
e-buses and provides a review of Model Concession Agreement for procurement of e -Buses and highlights
key gaps /improv  ement areas.

Chapter 5  provides the overview and key outcomes of stakeholder consultations and highlights the key

barriers in adoption of EVs and charging infrastructure through a mix of such consultations and international
best practices.

Vi
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1. As-is state of passenger road transport
syste m in India

1.1 Road transport industry in India

India has the second -largest road network in the
world, spanning a total length of 5. 89 million Kms?®.
Road transport contribute s towards 64.5% of the

@),
countryés overall goods movement aters to
of | n d i tatdl passenger traffic (Figure 3).
e

Figure 3 Gross Value Added (GVA) ° contribution from
transportation sectors during FY19

Road transport has been a preferred mode of () ()
transport for any passeng ers and goods movement

R IO INR 5,306.50 Bn INR 1,243.09 Bn
vis-a-vis other modes of  transport like air, water and GVA

rail transport. FYy

Road transport g enerated the

highest Gross Value Addition

(INR5.31 Tn) amongst other INR 170.4 Bn INR 112.3 Bn

transportation  segments in
FY19. It contributed ~78%
towardS the O\_/era” GVA added_ Figure 4 GVA (INR Tn) fro m road transport sector
by transportation sector during (FY15- FY19)

the year.

Source: 3 EMIS India transportation sector 2020/2024

Road transportation contribute d towards ~78% of the
total GVA generated by the entire transportation 3.70
sector, which accounts for 5.73% of the total GVA

added by the services sector in India.

4.00

Growth in urbanization has affected the growth o f

road transportation industry as well. From FY15 to

FY19, | matei o 6 wbanization increased from FY15 FY16 FY17 FY18 FY19
32.78% to 34.47% "which further led to the road
transport industry to grow at a CAGR of 9.40%,
resulting in a commensurate growth of the
automobile secto r over the same period.

Source: 4 EMIS India transportation sector 2020/2024

1.2 I ndi ads autseatmbil e

India is the fifth largest auto mobiles market inthe world , with 3.82 million unit s sold in 2019 8. Following
schematic highligh tsthe categorization of automobiles in India .

5 As per the System of National Accounts (SNA), gross value added, is defined as the value of output min us the value of intermediate
consumption and is a meas  ure of the contribution to GDP made by an individual producer, industry or sector. At its simplest it gives the

rupee value of goods and services produced in the economy after deducting the cost of inpu ts and raw materials used.

6 Road Infrastructure in In dia (access here )

7 India: Degree of urbanization from 2009 to 2019 (access here )

8 Ranking provided by OICA (International Organization of Motor Vehicle Manufacturers) and includes only passenger and commercial
vehicle sales ( access here )


https://www.ibef.org/industry/roads-india.aspx#:~:text=Indian%20Road%20Industry%20Report%20(Size,KB%20)%20(June%2C%202020)&text=India%20has%20the%20second%20largest,5.89%20million%20kilometres%20(kms).
https://www.statista.com/statistics/271312/urbanization-in-india/
http://www.oica.net/category/sales-statistics/
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Figure 5 Vehicle categories and associated services in Indian market

India n Transport
VELIES
—

Passenger Carrier Goods Carrier

- v v
Private Vehicle Public Vehicle aw 4w
o 2w Contract Stage carriage A Auto A Trucks
carriage 9 9 A E-cart A Mini-trucks
A Mopeds
A Scooter
A Motorcycle —> 3W —> 3w
A Electric 2 -Wheeler
A Auto A Shared Auto
A e-Auto A Shared e -Auto/ e -rickshaw
L aw
A cars — 4W —> 4W
A Vans
ﬁ J?ep‘ i A Cabs/ taxis A Shared Cabs/ taxis
Electric 4 -wheeler A Electric 4 -wheeler A Mini-bus
A Bus
A e-bus

Non - Commercial < Commercial >

Source: 5 IEBF, Motor Vehicles Act, 1988

Note: In  Contract carriage , single contract  with vehicle owner is entered into expressly or impliedly with full control over the vehicle.
Whereas, in  Stage carriage there is no single contract with the vehicle owner withno  full control over the vehicle and individual fares are

paid . Source i MoRTH (access here )

India manufactured 26.36 M n vehicles in FY20. The production volume  has been increasing at a CAGR of
2.44% since FY15commensurate  with the demand for vehicle s, which has also seen a similar steady increase

over the y ears barring FY20, owing to multiple factors such as slump in economic activities, delay in
consumer purchase decision in hope of availing heavy discount on BS IV vehicles, liquidity crunch due to

collapse of some non -banking financial companies , weak rura | demand ° fortwo -wheeler passenger vehicles
etc.

Figure 6 Domestic vehicle production trend of India Figure 7 Domestic vehicle sales trend of | ndia

I 40 2W & 3W dominates the domestic Indian auto —_ 40

2 ket 30.91 2

7 > iy / 26.36 5 26.27

§ 30 33 2402 253 ' A LA A : 2155

= = 19.72  20.47 ’ ?

g 20 2 20

L ©

< =

¢ 10 [ 10

S S

g , = m BH B EH = A A A A A A
FY15 FY16 FY17 FY18 FY19 FY20 FY15 FY16 FY17 FY18 FY19 FY20

m Passenger Vehicles Commercial Vehicles m Three Wheelers m Two Wheelers

Source: 6 SIAM©

Dueto decline indomesticdemand for vehicles in FY20, OEMs ha d resorted to increasing exports to achieve
the desired sale . During FY20, export s of vehicles grewto 4.76 M n vehicles from 4.62 Mn vehicles in FY19.

9 Weak rural markets hurt 2 -wheeler sales ( access here )
10 Data has been represented as per the vehicle categorization provided in SIAM report ( access here )


https://morth.gov.in/sites/default/files/MV-Act-1988-Chapter-1.pdf
https://asia.nikkei.com/Business/Companies/Honda-Hero-MotoCorp-cut-India-two-wheeler-production-amid-slowing-demand
http://www.siam.in/statistics.aspx?mpgid=8&pgidtrail=13
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Figure 8 Category -wise vehicle export trend in India from FY15 to FY20

~6% >
4.76
4, CAGR 462 oy
4.04

T o DUring FY15 to FY20,
= = €Xportvolumes have
£ 00 o €xpanded from 15%  to
® 100 s% 20% of total vehicles
“ oo o manufactured in India
FY15 FY16 FY17 FY18 FY19 FY20
N Passenger Vehicles mmmmm Commercial Vehicles
m Three Wheelers = Two Wheelers

=== [Export as % of total production

Source: 7 SIAM

It is expected that with growth in urbanization coupled with likely impact of increasing per capita income,

the slumpin vehicle sales, as observed during FY20 , will not continue in the future . However, the concerns
aroun d environment al impact of conv entional fuel and import dependency have pushed Indiato re-think its
automobile/ transport sector expansion strategy

Figure 9 Need for India to shift its mobility strategy

|| . Global temperature is rising every year; 19 out of the 20 warmest
Global . years have occurred in the 21st century
warming /

|| India is among the most polluted countries in the world;
Growth in ranked fi fth inworld & top polluted countries in 2019
domestic pol  lution

|| 97% of the overall v ehicle sale in last five years, have
. been from conventional vehicles (petrol & diesel)

Extremely high
conventional vehicle sales

In COP21, India had committed to r educe the emission
intensity of its GDP by 33  -35% by 2030 , from its level in  Figure 10 Fuel-wise sharei noverall vehicle sale
2005 . At present, 97% of  Indian vehicle s are p ropelled by o 2% 3% 3% 3% 3%
petrol and diesel that have an adverse impact on
environment. Therefore, in order to achieve the GHG
emission target committed under INDC, it is inevitable that
India transitsto greener mobility technologies in transport

12%
80%
60%
85%

40% 85%
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0%

Fuel share in overall sale (%)

Sustained high  share of conventional vehicl es in overall FY15 FY16 FY17 Fyis FY19
passenger automobil e mix , would aggravate the energy mPetrol WDiesel ®Other

security concerns , increase the risk of exposure to oil price
fluctuation s in future and lead to increasing GHG
emissions . Therefore , it would be a wiser move to embark
the journey towards  green mobility.

Source: 8 Vahan portal

11 Data has been represented as per the vehicle categorization provided in SIAM report ( access here )


http://www.siam.in/statistics.aspx?mpgid=8&pgidtrail=15
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Figure 11 Issues arise from high conventional vehicle on the road

Impact of high conventional
vehicle share

Increased fuel dependency High GHG emission

Low energy security

High Current Account
Deficit (CAD)

1.3 Fuel import status of India

Road transportation industry is Figure 12 % consumption of fuel sources by road transport industry
among the highest consumers of

natural gas and  high speed diesel SIS, ' LIS LIS
in India (Figure 12) Upto Second Highest

17.1% highest in 3.3% contribution in
3 i share of 4 i consumption
During FY19, only 12% of overall share in NG | consumption G | along with
. 0 consumption i after power copslrpuon i railway
crude oil demand and 64% of | sector | transportation

natural gas demand  was met from
domestic production and balance
was met through import S. |mp0rt NG: Natural Gas HSD: High Speed Diesel
trend s of crude oil and natural gas

for last five years (FY13 to FY19)

depicts that it has increased
considerably owing to the growthin Figure 13 Change in production and import of crude oil and natural gas

the road transport sector . (FY13-FY19(P))

Source: 9 Indian Petroleum and Natural Gas Statistics 2018  -19

Decline in pro duction

) FY13 -FY19(P) gﬂﬂ_‘
of crude oil and _ Production Import
natural gas during
FY13to FY19 has oil -1.68% 3.45%
further contributed
t owards coun s
NG -3.49% 8.51%

Import dependency

The import dependency of India on Source: 10 Indian Petroleum and Natural Gas Sta tistics 2018 -19
crude oil has been increased from

84% in FY13 to 88% in FY19, wh ereas, for natural gas , it has increased from 23% to 36% during the same
period .

Crude Oil import dependency: 88% (FY19) Natural Gas import dependency: 36% (FY19)

Limited availability of proven reserves of crude oil and natural gas is an area of concern , as they are not
commensurate with the longterm demand of crude oil and natural gas
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Figure 14 Oil and Natural gas reserves in India and their share at global
level

R Ll PP I ndi ads reserees & orude oil and

Yo 145 natural gas have declined during FY12 T
FY18. Crude oilreserves have  reduced at
a CAGR of 3.86%, whereas natural gas
reserve s have remained at the same
level as that of FY12  levels.

Trillion cubic meters
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2.00 y y 2‘0_7% . . .
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overall NG reserves stands at only 0.3% and 0.7% for crude
0.0 11 oil and natural gas respectively.

FY12 FY13 FY14 FY15 FY16 FY17 FY18 (P)

—a—Proven Oil Reserves (Thousand million barrels) o= Proven Natural Gas Reserves (Trillion cubic metres)

Source: 11 Indian Petroleum and Natural Gas Statistics 2018  -19

India needs to swiftly move away from conventional vehicle
technology in order to av  oid higher import dependency

131 Fuel i mport a nGlirreht Aatout Basance (CAB)
International  crude oil priceshave had si gni fi cant i mpcarentaccoont | baldnce.fend of
expenditure on  import s as a function of import volume s of crude oil for last nine years is provided at
Figure 15.
Figure 15 Impact of oil pricefluct uati on on I ndiabs oil i mport bill
CAB India saved Trillions of rupees 10.00
-32.40 U$ onimports as the prices of 9
oy Bn crude oil fell 220 226 ¢ 227 9.00
: 214
8.00
200
7.00
= 600 £
£ 150 I
o
s 5.00 <
g 4.00 g
g8 100 : £
g E
. 3.00
50 2.00
1.00
0 0.00
FY12 FY13 FY14 FY15 FY16 FY17 FY18 FY19 FY20
mmmmm Crude Oil Import (INR Tn) ==O== Crude Oil Import (Mn MT)
Source: 12 Petroleum Planning and Analysis Cell, Ministry of Commerce and Industry
For year FY16, when oil prices were at 46.17 US$/bbl, CAB was (min us) 1.1% of GDP 2, whereas it reached

to (minus) 2.1% of GDP 13 during FY19 when oil prices were at 69.88 US$/bbl , although the import volume
remained the same

Decoupling of Indian automobil e sector from oil and natural gas
would improve the overall trade ba lance of the country

2 RBI Annual Report 2016 -17
13 RBI Annual Report 2019 -20
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14 1 ndiads options for clean mobility

Although avenues for ¢ lean mobility are gaining momentum  in India, there is need to have  a large scale
adoption to withess  a conside rable impact on savings in import bill, reduction of GHG emissions a nd energy
security for the future.

Overall share of electric vehicles and low -carbon road transport
technology in  total vehicle sales is less than 1% 4
Among available clean/ low carbon mobility technologies , electric vehicles and CNG vehicles are most

preferred in India . Availability of fiscal incentives for electric vehicles and low prices of CNG compared to
petrol and diesel could explain such preference for these te chnologies .

Figure 16 Clean and low carbon technologies on road in India with share in sales
Electric mobility Low -carbon technology
Battery Solar CNG LPG LNG Methanol Ethanol
Vehicles vehicles
75% <% 2% % 0 <% <1%  <1%

7

% share in total clean mobility sales in last five years
Source: 13 Vahan dashboard; %  figures are rounded
1.4.1 Electric vehicles

EVs have emerged out as a promising alternative that could help in mitigating the adverse environmental
impacts caused by  convent ional vehicles .

Figure 17 Year-wise EV sales trend from FY15 to FY20 in India

a 5 1z o
‘ 9@ Y, 168

f 150 147 0.80%

As on July 2020 , < 0.77% 0

total ; 0.65% 0.60%
100

reglster_ed EVs in 3 - 7/
India were s

~ 0.29% e,

5,18,110

0.10%

0.00%

0.01%

FY15 FY16 FY17 FY18 FY19 FY20

= EVs sales (registered) =@/, share in EVs in total vehicle sale (registered)

Source: 14 Vahan dashboard (accessed 25th July 2020)

14 This does not include hybrid vehicles (conventional plus non -conventional fuel technology)
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Althoug h the numbers of EVs are rising in the country, however, the adoption across vehicle categories
is uneven. The sections provided below aims to explore the possible reason s for such observed
phenomena.

Figure 18 Category -wise distri bution of EV sales in India

&8 17% @ 1%

Source: 15 Vahan dashboard

~79% of the  EV addition is from three -wheeler segment , followed
by two wheeler s (17%); thef our-wheeler segment contributes only
3% towards the overall EVs on the road

1411 Two -wheeler EV segment
The Domestic vehicle sales data (refer Figure 7, depicting trends for domestic vehicle sales data cumulative
for conventional and  electric vehicle ), signifies that the two wheeler segment , with mo re than 80%
contribution towards total vehicle sales, is the major driver for increased sales in the Indian automobile
sector. The factors which could explain the dominance of two wheeler segment in India is p rovided at  Figure
19.

Figure 19 Reasons for domination of two -wheelers in Indian automobile market

Maj ority of population  lives inrural areas; average household

Why t wo - income in Indiais low

wheeler
dominat es _o Average motorized trip length in India is less which favors two -
the Indian wheeler vehicles

market? . ’ ! ! : .
Indian roads have high traffic density encouraging public to use

two -wheelers

Source: 16 SIAM

Two-wheeler EV segment has grownat a CAGR of 62% in last four years (FY16  -20) 5. The growth is fuelled
by the incentive s offered by Gol under its FAME Il scheme . Several states have also come up with their EV
policies which provide for  fiscal and non -fiscal incentives over and above as provided by Gol

Although the share oft  wo-wheel er EVs is me rely 17% of the overall EV population in the country, itis likely
to follow the similar trend as it is observed in conventional vehicle market today . So far, concern s around
new technology, relatively high prices of EVs (for same performance ¢ ompared to | CE vehicles), range
anxiety, adequate availability of charging facilities etc. have prevented the uptake of two -wheeler EV s.
However, with the maturity in EV technology , price parity achievement and development of the peripheral
infrastructure, the share o ftwo -wheeler EVs is expected to increase. OEMs are also increasingly considering
the two -wheeler EV market as an attractive avenue and therefore many start -ups such as Ather, Revolt,
Okinawa, Evolet etc.  have entered this space. The entry of conventional 2W players such as TVS, Bajaj and

15 JMK Research & Analyti cs i Two wheeler India Market Outlook, May 2020
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Hero inthe EV segment have further proven the attractiveness quotient of this market . Snapshot of players
in two -wheeler EV segment along with their range of products and price s is summarised below

Table 1 2W (Conventional and EV) offerings by traditional OEMs
Conventional vehicles Electric vehicles
No. of models Price range No. of models Price range

8 models

.: Hero 11 models 47k T 111k 35k 1 79k

(2 upcoming)

Tvs ﬂ 11 models 44k T 240k 1 model 115k

8 10 models 43k 1 194k 1 model 100k i 115k

BA A

rnahin:l{g 3 models 43k T 211k 1 model 80k

Source: 17 Deloitte Analysis

Note: Variants within the model are not considered separately

Figure 20 Emerging playersin 2W E V space (1/2)

TORK
(X) ATHER @ AMPERE Y bykes"
! '

By GREAVES

(Since 2006 in
EV)

No. of models 2 8 7 1 4

Entry year 2013 2015 (10 years in India) 2010

Price range 113k i 150k 39k T 108k 34k T 67k 125k 36k i 51k

Source: 18 Deloitte Analysis

Figure 21 Emerging players in 2W EV space ( 2/2)

<> =PURE NN - o
REvaLT s o #Ponv"Ec;s/ish“

Entry year 2019 2015 2017 2019
No. of models 2 3 3 6
Price range 111k 7 129k 51k i 80k 59k -80k 39k i 60k

Source: 19 Deloitte Analysis

It is evident from above tha t as the segment is evolving, the
companies are offering varieties of model s with competing price
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ranges to the customer. This is a good indicator for future prospect
of 2W EV s.

The high price s of electric vehicle s compared to ICE vehicles is still posing a big challenge in its adoption.
A cost comparison of  EV and ICE 2W vehicles , for similar performance , is shown at Figure 22.

Surveys conducted by Deloitte and various other agencies have also indicated that the hug e price
difference is actingas a barrier in large scale adoption of  electric vehicle over the ¢ onventional vehicle.

Figure 22 Variation in cost of 2W EV and conventional vehicles (ICE)

1.4 100
vy %\//9-0 w0 Current prices of 2W
| g5 ®  electric vehicles are
1 .
” -~ higher than the ICE 2W
= 60 £ . . .
AP 068 .. = vehicles in the similar
Z g
g 06 055 g 056 . g performance range.
= [
30 .
7 _ High upfront cost
02 ., Including future battery
e . replacement cost posing
TVS iQubAther 450 Okinawa Bajaj Honda CB Honda  Hero Hero - - .
IPraise+ Chetak Shine Activa 5GSplendor Passion Cha”enge |n |tS adopt|0n
Electric
s Price . —@— Top speed
Source: 20 Deloit te Analysis; Ex -showroom price i Delhi
As projected by Bloomberg, lithium battery prices are expected to  drop with 10% CAGR during 2018 to
2024 ¢, Drop in battery prices and consequential fall in prices of EVs may provide necessary thrust for
high uptake of two -wheeler EV s by bringing them at par with conven tional vehicles . It is expected that

sales penetration  of 2W would reachto ~24% in 2024 17 from current <1% sales penetration (2019)

Governmen t of India , through FAME Il scheme , is also supporting the adoption of two wheelers. Under
the s cheme , government is providing maximum subsidy of INR 30,000 on the purchase of 2W electric

vehicle. However, since the scheme is supportive for high speed 2W vehicles, the market is therefore
expected to be  shifting towards high speed vehicles.

Box 1: FAME Il & high speed 2W vehicles

Under FAME 1I, electric two  -wheeler are mandated to have a minimum range of 80 km per charge and minimum top speed of 40
kmph to qualify for the incentive.

CRISIL, in their assessment of the product portfolio of various E V manufactu rers indicated that, At he el e cwheelecsegmend
would be impacted the most by FAME -1l rules. More than 95 per cent of the electric two -wheeler models being produced now will not
be eligible for incentive under FAME S I o)

Source: 21 FAME-II to impact electric2  -wheeler segment most: CRISIL ( access here ); FAME Il dashboard ( access here )

16 A Behind the Scenes Take on Lithium -ion Battery Prices  (access here )
YI'ndiads Electric Mobiakcksslyere)ransf or mati on (


https://www.thehindubusinessline.com/economy/fame-ii-to-impact-electric-2-wheeler-segment-most-crisil/article26762483.ece
https://fame2.heavyindustry.gov.in/WriteReadData/userfiles/Notification%20dated%2028%20MARCH.pdf
https://about.bnef.com/blog/behind-scenes-take-lithium-ion-battery-prices/
https://rmi.org/wp-content/uploads/2019/04/rmi-niti-ev-report.pdf
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Going forward, it is expected that high speed electric vehicles will be
preferred in  the Indian 2W market

Maharashtra accounts for the highestn umberof 2W EV  presence among other Indian states . Thirteen states
in the country  account for 95% of all India 2W EV population

Figure 23 State -wise 2W EV presence and their share in all India 2W EV population  (till July 2020)
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Source: 22 Vahan dashboard
1.41.2 Three -wheeler EV segment
Three -wheeler EV segment contributes to 79% of overall EV presence in India . Currently, this  segment is
driving the electrification of the Indian automobile industry. Such high population of 3W EVs  could be
described through  following reasons:
1. Three -wheeler s are not only a mode of  transportation but  serve as the lifeline for several people formally /
informally employed by their use
2. 3 W offers b etter value proposition in the shared mobility space. Aride as low as Rs.10 attracts passenger
to take ride in E  -Rickshaw 8
3. There isa g rowing need for last -mile connectivity with increase of shared mobility through Rail - Metro,
Buses etc. (E -rickshaws tendto bridg e the gap between demand and supply of last mile conne ctivity in the
peripher al areas and areas far off from urban connectivity network ). Companies such as  Kinetic Green and
SmartE are working with governmen t agencies to offer theire  -rickshaws for the last mile ¢ onnec tivity from
metro stations.
4. The cost of maintenance  of 3W EV is almost reduced by 80 per cent ¢ ompared to an IC  E vehicle
5 Driving on smaller and known route i no range anxiety issues  (which otherwise is a concern for other
electric vehicle categories )
6 E-rickshaws are quieter, cleaner and cheaper to maintain than a traditional auto rickshaw. They also are
less strenuous than cycle rickshaws, which require manual peddling
18 prices may vary with city, however it still remain low as compared to othe r conventional means of travel

10
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The above factors are expected to drive the business case for investments in in 3W by various OEMSs. For
instance, Mahindra and Mahindra has revised its strategy to focus aggressively on development
and sales of electric three -wheelers instead of electric cars in the coming years.
Box 2: Mahindr  a & Mahindra revisiting their strategy on EV i shifting focus to 3W from 4W
segment
Background : M&M was initially focusing on developing electric cars , but they realized that factors like lack of
infrastructure and high prices are keeping customers at bay . The company has thus decided to focus on three -

wheelers whic h are more commercially viable and can attract considerable passenger demand.

Target : The Company has set a target of selling 10,000 units of 3W electric vehicles on a monthly basis, and has
also been engaging with  different state governments and private entities to pu sh these zero -emission vehicles

Recent development : The Company has launched its electric three  -wheeler, Treo, in 2019, and has also invested
in a manufacturing capacity for these ve hiclesin Karnataka . The company has already started supplying these vehicles
to fleet aggregating platforms like SmartE and others.

Government is offering subsidy to three -wheelersi nthe range of INR 32,200 to INR 68,923. Total ten OEMs
have been identified as eligible for subsidy = under the FAME Il scheme. The list has been provided in the
tables below:

Table 2 List of OEMs approved under FAME Il scheme (1/2)
OEM Kinetic Green
Best Way . .
) Champion Energy Electric . Energy and
Agencies Pvt. . Khalsa Agencies .
Ltd polyplast Vehicles Power Solutions
Ltd
No. of
Models
approved 2 models 3 models 1 models 1 model 4 models
under
FAME Il
Source: 23 FAME Il dashboard
Table 3 Listo f OEMs approved under FAME Ils  cheme ( 2/2)
OEM Mahindra. Saera Electric Thukral Electric Victory Electric Y C Electric
Auto Pvt. Ltd. Bikes Pvt Ltd Vehicles Vehicle
No. of
Models
approved 4 models 1 model 1 model 4 models 1 model
under
FAME II
Source: 24 FAME |l dashboard
Uttar Pradesh accounts for the highest number of 3W EV population among other states in the country

Cumulatively, nine states contribute to ~96% of total 3W EV population of the country

11
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Figure 24 State -wise 3W EV presence and their share in all India 3W EV population
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Source: 25 Vahan dashboard

1.4.1.3 Four -wheeler EV segment

The four -wheeler EV segment contributesto only 3% share
limited models available in EV 4W segment. However, major OEMs have
models suitable for Indian market in the future which could possibly
boost their adoption.

Table 4 Four wheeler offerings ( conventional and EV) by key OEMs in India

Uttarakhand

| As-is state of passenger

(till July 2020)
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92% g% 7,

100%
80%
60%

40%

20%
16599

10282

Haryana

6225
| 0%
Jharkhand

ofthe count r y 06 seVpaepelatianl [There are

planned to introduce more EV

increase competition in the market and

Conventional vehicles Electric vehicles

No. of models Price range No. of models Price range
8 models 4 models
5L 7T 20L 10.54L -25L
(3 upcoming) (2 upcoming)
10 models 5 models
mahindﬁg 55L i 37L 5.5L-18L
) (2 upcoming) (2 upcoming)
@ 9 models 4.57L -22L 1 model 23.75L
'@ 2 models 13L 7 18L 1 model 20.88L - 23.58L

Source: 26 Deloitte Analysis ; L: Rupees Lakhs

Similar to the other EV vehicle segments, high prices are

a major concern

for large scale adoption of AW EV .

One of the key reasons for high EV prices is limited presence of ancillary manufacturers in India. Most o f the
auto - parts of these vehicles are imp orted , with China being the major supplier of EV components to India 19,
which le ads to the increase in prices of EVs . Hence, developing local manufacturing hubs for EV component S

19 Impact of EV penetration on Indian

12

Automotive Component Industry (

access here )


https://evreporter.com/impact-of-ev-penetration-on-component-industry/
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could play a major role in bringing down the EV cost s in the future and enabl e the sector to be resilient to
supply disruption due to geo -political disturbances

As on July 2020, West Bengal has the maximum number of 4W EV presence in the country , followed by

Tamil Nadu.
Figure 25 State -wise 4W EV presence and their share in all India 4W EV population (till July 2020)
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Source: 27 Vahan dashboard

1.4.1.4 E-buses

Electric buses are the least adopted vehicle segment among EV, inIndia. However, with the growing focus
of the Gol to  transform the public transportation landscape in the country , several players have  ventured
into this arena and have started launching their electric bus models . An illustrative list of such players are

mention ed below:

Figure 26 Major playersine -buses segment in India

K6 200

Olectra is owned by
Megha Engineering.
K7 200 It has collaborated
with BYD fore -
buses. First
A Olectra Above INR 2 Cr. company .to deploy.
100 electric buses in
India. Has 160+

K8 300 buses deployed in
India and has won a
tender for 600 more
buses under FAME -1l
Star Bus Ultra 215 NA 60% market share in
Electric 6/9 FAME-1 bus
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Model Range (Km/charge) Price Key highlights

deployment. Has
won order for300e -
buses from
Star Bus Ultra 151 Ahmed abad Janmarg
Electric 9/12 Limited and 220 bus
contract under
FAME-II

First battery
swapping bus
project in
collaboration with
Sun Mobility in
Ahmedabad

. _—
§ . . JV with P olish bus
& Ecolife Electric 150 Above INR 2 Cr. .

maker Solaris

Owr milestones are touchstones

@ Circuit 7 S 50 Above 1.5 Cr
ASHOK LEYLANDO

Urban 144 JV between PMI
Electro Mobility and

i Beigi Foton M
@Fﬂ' Regio 168 Above INR 1oL Cr eig Foton Motor
(China). Won

Driving a greener tomorrow

contract for 760

Lito NA buses under FAME -II

Source: 28 Deloitte Analysis

By o bservingt he sales trend of e -buses in India n states, Maharashtra , West Bengal and Himachal Pradesh
could be identified as the early adopters ofe -buses.

Figure 27 State -wise cumu lative e -buses sales (FY17 onwards)  and their shareinallIn  dia e-buses population  (till July
2020)
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1415 Electric Vehicles @2030

The Government of India has targeted 30% EV penetration by 2030. However, the momentum required to
achieve the target  would require tr ansformational and radical measures to be adopted by Policy makers in
this space.

ANI TI A aapddRYyIl projected EV sales penetration of 80% for two and three -wheeler s, 50% for
four wheelers , and 40 % for buses by 20300
Figure 28 EV Sales penetration projected by NITI Aayog by Figure 29 Actual and projected EV sales by 2030 as per
2030 NITI Aayog projections
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The ambitious target  of adoption of EVs, if achieved, would  resultin savings of 474 MTOE of oil (approx. INR
15.21 Tn) annually and w ould cutdown CO ; emissionby ~846.3 Mn Tons annually .
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https://rmi.org/wp-content/uploads/2019/04/rmi-niti-ev-report.pdf
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Box 3: I ndi ads mobility |l andscape and possible EV ad
When compared with the advanced countries, India 6s mobility | andscape is very di
the western countries, whereas, in India, it is still evolving. Therefore, the dynamics for EV transition in India are bit

different compared to most of the western world, having developed economies and high per capita income. The key

differentiating factors are shown below:

Figure 30 Overview of Indian mobility landscape

LOW VEHICLE OWNERSHIP DEPENDENCE ON PUBLIC TRANSPORT
India has very low vehicle ownership ratio as compared with Public transport is the most preferred means of transport in

the western countries. Reported in 2018, India has 22 cars India; these includes buses, trains, shared autos etc. Also,,

per 1,000 individuals whereas US and UK had 980 and 850 India has higher share of passenger vehicle sales than its

cars per 1,000 individuals. western counterparts.
HIGH SHARE OF 2Ws & 3Ws HIGH TRAFFIC  DENSITY
2W is the most preferred vehicle category for The traffic density of Indian cities are much higher than
transportation in India. Sale of 2W contributes to more their western counterparts. This is largely due to the

than 80% share in overall vehicles sales in the country. limited infrastructure presence for transport in India.

Also, India has high 3W usage than European countries.

PRICE SENSITIVE CUSTOMERS LOW AVERAGE COMMUTE DISTANCE

The average income of Indian customers is less as compared Majority of Indians travels up to 5 km per day on an average
to the western customers limiting their affordability for for their work, whereas an American travels around 26 kn
owning a vehicle. Indian customers are  also highly price every day for work.

sensitive than their global peers

Noting the above -illustrated differences in Indian mobility landscape, EV adoption in the cou ntry is also expected to
be influenced by these factors. Table below enlist the expected EV adoption path in the cou ntry:

Table 5 Anticipated EV adoption path in India

1. 2W EVs segment would V  2W EVs fits perfectly in the equation of Indian mobility:
be the early adopters o Low upfront cost as compare to 4Ws and low cost of
compared to 4W EVs operation ;
Most suitable means of commutation in high traffic areas ;
Ideal for short distance commutation (within city/village)
2. Rise in adoption  of 3W V  3W EVs are the solution for cheap last mile connectivity. Which
EVs is essentially a driving factor for its higher adoption.

V  As 3W are source of earning for many Indians, will low cost of
operation, uptake of 3W EVs can be expected increase further

3. Greater adoption of EVs V  AslIndian customers prefers public transport, it is expected that
in commercial/ public public transport will play greater role in curbing CO2 emission
segment V  With low vehicle ownership, commercial fleets are expected to

turn ele ctric owing to their low operation cost

4. Introduction of EVs in V  Indian customers are price sensitive, and shared mobility is a
shared mobility cost effective way to commqte.' With EVs, the operation cost is
even lower and therefore bringing down the overal | cost of
vehicle sharing for customers resulting in higher uptake.

(o]

ff

Along with using electricity (preferably renewable) to power vehicles, hydrogen is another strong option to
ensure a cleaner future. It has always been considered as a clean energy carrier which can be produced
from renewable and nucle  ar energy and italso emits clean water.
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Although adoption of hydrogen ensures
when compared with
ano ther challenge that has hampered its

However, with technological advances and growing concerns over global warming, hydrogen
t breearthwtich eab heexdracted floma f ound

as the

wide range of substances

Hydr ogen

S

other

Afuture

a clean future, it has  a high production cost
technologies (electric vehicles). Storage and transportation of hydrogen is
large scale adoption in various countries as well

of energyo. It is

d including oil, gas, biofuels, sewage sludge and water

t he

isingleodo solution for

applications of hydrogen in different sectors.

Table 6 Applications of hydrogen in various sectors

Sector Applications

| As-is state of passenger

and is highly inefficient

has emerged

t Table @ betow g@rgvid nes thel s

Industrial Processes

1 The primary use case for green hydrogen is to replace the massive amounts of the gas
H 2 that are already produced using carbon -intensive methods to satisfy industry needs.
Replace existing
hydrogen feedstocks

1 Decarbonized hydrogen can be used as a fuel for power generation, to provide load
balancing for intermittent renew ables, particularly for seasonal storage - alonger time
period than is possible with battery storage.

1 Hydrogen is also a source of distributed power for off -grid applications,  such as the

“ v, military, public safety, and remote communities, providing primary power and cooling
'y d a and heating energy.
. 1 Some modern gas turbines can already burn up to 30% hydrogen and 70% natural
Power generation ) )
and grid|balancing ga§. They could be retrofitted to run on 100% hydrogen, produ cing zero carbon
emissions.

1 Existing nuclear plants can be used to produce high quality steam at lower costs than
natural gas boilers and potentially used in many industrial processes to allow utilities to
produce and sell hydrogen regionally as a commodit y in addition to providing clean and
reliable electricity to the grid.

1 Powering fuel -cell vehicles is one of the leading use cases for green hydrogen. This can

m play an important role in certain transportation segments such as long -haul trucks,
Transp ortation heavy equipment, cars, vans, minibuses, trains, ships, planes and material handling
equipment. Both high efficiency and low emissions could be achieved.

1 Renewable hydrogen presents an opportunity for gas utilities to respond to growing
pressure to decarbonize their distribution systems.

1 Blending hydrogen with natura | gas for water and space heating applications can help
decarbonize the building sector in the US with minimal or no end -use appliance

E upgrades.

Buildings 1 ltcancomplementt he use of heat pumps by meeting heating needs during peak cold
periods. It can produce combi ned heat and power (e.g., district heating systems) to
provide building climate control.

1 Onsite hydrogen fuel cells can provide heat and electricity to buildings.

T The o6l owest hangi ngalefusewfhydibgeh iodecatba r gueation is the
conversion of existing industrial uses to lower carbon sources of hydrogen since no

ﬁ process retrofits would be needed (the processes are already running on hydrogen).
1 They can serve as a source of decarbonized heat in industrial processes, especially in

high -grade (over 500°C) and medium
are difficult to electrify.

-grade (100 to 500°C) heat applications, which

17

of

e



Status quo analysis of various segments of electric mobility and low carbon passenger road transport in India | As-is state of passenger
road transport system in India

Acknowledging the advantages of hydrogen, countries across the globe have taken numerous initiatives
towards production, distributio n, and usage of hydrogen.

European Union, in July 2020, mapped out its vision to promote
renewable hydrogen , which is expectedto lur e aninvestmentof up
to 470 billion euros ($530.72 billion).

In transportation, hydrogen holds great advantage especially for long haul and freight vehicles. These
vehicles are operated year  -around covering distance of 1,00,000 i 2,00,000 Kms every year. Majority of
these v ehicles use diesel fuel which emits higher pollutants.

An IEA study 2° suggests that, road freight accou nts for more than
35% of transport  -related carbon dioxide (CO2) emissions, and
around 7% of total energy -related CO2 emissions.

Figure 31 Advantages of hydrogen over conventional and battery vehicles for long haul and frieght vehic les
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Hydrogen can help eliminate the pollution causing from diesel heavy duty vehicles. It has energy density

(~ 120 MJ/kg ) around three times more than diesel or gasoline. Half the energy generated by an internal
combustion engine is wasted as heat, where as Fuel Cell EVs only lose 10%. When compared with battery
vehicles, fuel cell vehicles also hold advantage in terms of th eir weight. Fuel cell vehicles offer higher range

than battery vehicles at same or even less weight.

Hydrogen production technology is not fully matured yet. One of the clean process of hydrogen production
is through electrolysis which uses power generated from renewable plants. However, researches have been
undergoing to improve the electrolyser in order to make the process more efficie nt.

Once the technology matures and the cost of hydrogen production
comes down, hydrogen is expected to be used in transp ort industry
and majority of energy use sectors.

1.5 Passenger transport vehicle technologies

Components of a vehicle can be categorized as: (i) Propulsion system; (ii) Chassis; (iii) Automotive
Electronics and (iv) Body. However, to assess vehicles on the bas is of technology, the propulsion system is
considered.

20 Road- Freight and Fuel Economy: IEA analysis ( access here )
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Figure 32 Vehicle components and the technology differ entiator
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Propulsion system of a vehicle includes components such as storage system, fuel system, drive train and

exhaus t system. Globally,  propulsion system using conventional technologies have been used for decades .
However, concerns over global warming have cause d aparadigm shift towards develop ment and deploy ment
of low carbon or electricity based vehicles. Figure 33 represents the conventional and key non -conv entional

technologies for vehicles used in India.

Figure 33 Conventional and non -conventional fuel technologies in passenger vehicles in India

Conventional technology : Non -conventional te chnology

| [ [ ] .........
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]
‘ 1 Diesel Vehicles 7
o ‘3,\; Electric Vehicles
Note: Details about conventional technology and CNG technology is provided in Annexure - 6.1. Hydrogen

fuel cell vehicles an  d e lectric vehicle techno logy is discussed in the below sections:

15.1 Hydrogen fuel cell vehicles
Figure 34 Propulsion system of a hydrogen fuel cell vehicle

Hydrogen is the single most abundant substance

in the universe. More than 200 years ago,

hydrogen was used in the very first internal

combustion engines by burnin g the hydrogen

Electric
Motor
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itself, si milar to burning gasoline today 21 However, this did not prove to be quite successful, due to safety
concerns as well as low energy density of hydrogen 22 Rather, in a modern fuel cell, hydrogen is a carrier of
energy, by reacting wi  th oxygen to form elect  ricity.

The propulsion system of the hydrogen fuel cell vehicle includes hydrogen tank as storage system; fuel -cell
and battery pack as fuel system; electric motor and drive train; and an exhaust system.

In a hydrogen fuel cell vehic le, the fuel cell syste m is comprised of a fuel cell stack and assistant systems.
As seenin Figure 35, the fuel cell stack is the core component which converts chemical energy to electrical
energy to power the car.

Besides the fuel stack, there are four assistant system in the fuel cell: hydr ogen supply system, air supply
system, water management system and heat management system. The hydrogen supply system transits

hydrogen from tank to the stack. An air supply sy stem, which is comprised of an air filter, air compressor
and humidifiers, provi  des oxygen to the stack. Water and heat management systems with separate water

and coolant loops are used to eliminate waste heat and reaction products (water).

Through the he at management system, heat from the fuel cell could be harvested to heat vehicle cabin and
improve vehicle efficiency. The electricity produced by the fuel cell system goes through a power control
unit (APCUO) to the el ectric naterydorprovide adbitiomatpsweswhenmeeded.f r om a b

Figure 35 Operating principle of a hydrogen fuel cell vehicle
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Hyf;?]gen supply Fuel cell stack Air supply system
system
e C_ontrol mmmm Electric Motor
i Unit
Battery
152 Electric vehicles
1521 Overview
An electric vehicle (EV) is propelled by an electric motor, powered by rechargeable batter y packs. Below are

the key components of an EV:

I. An electric motor;

2L A History of the Automobile (access here )
22 Hydrogen in internal combustion engines (access here )
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Figure 36 Propulsion system of an electric vehicle
ii. A power control unit; and
iii. A rechargeable battery

The electric motor gets its power from a
controller which in turn is powered by a
rechargeable battery.

1522 Operating principle

The electric vehicle operates on the
principle  of converting electricity to
kinetic energy to drive motor(s) which in
turn rotates the  wheels of the vehicle . It
uses batteries which are charged to store power for running the electric motor (s). Unlike conventi onal
technologies, there are no tail - pipe emissions from electric vehicles.

1523 Types of powertrains

Based on the input used to power the vehicle, electric cars (powertrains) are categorized int o three distinct
types:

Battery Electric Vehicle (BEV. Plug-in Hybrid Electric Vehicle

Fueltank Engine

Battery | G
motor

Engine

Electric
motor

==

Battery Electric Vehicle s (BEV) run entirely on a battery and electric drive train. These are fully -electric
with rechargeable batteries and no gasoline engine. BEVs are charged by electricity from an external source.

BEV vehicles in India: Hyundai Kona Electric, Mahindra e -Verito , Mahindra e20, Tata Nexon EV 2020 etc.

Hybrid Electric Vehicle s (HEV) are powered b y both fuel and electricity . The electric energy is generated

by the cards own braking syst(emsbocrétbkhdr ge e b)adEVsstatt @fe y br a ki
using the electric motor and subsequently the  gasoline engine is called in as load or speed rises. Only

conventional fuel is utilized by such  vehicles.

HEV vehicles in India: Toyota Camry, Toyota Prius, Volvo XC90 T8 Excellence etc.

Plug -in hybrid electric v ehicles (PHEV) are powered by conventional fuel s and by arechargeable battery
pack. The battery can be charged up with electricity by plugging into an electrical outlet or electric vehicle
charging station (EVCS).  PHEVs have much larger battery packs when compared to other HEVs and therefore

can run larger distances on battery energy.

PHEV vehicles in India: BMW i8, BMW 740e iPerformance, Toyota Prius Prime etc.

1524 Battery technologies

Battery play a vital role in overall development of electric vehicle indus try. The last decade has experienced
critical innovations in the field of battery te chnology. Lithium -ion batteries (L ithium Iron Phosphate -LFP,
Nickel Cobalt Manganese -NMC, Lithium Cobalt Oxide -LCO etc.) have emerged as a perfect combination for
electric vehicles. These batteries offer higher number of cycle life as compared to tradition al lead -acid

batteries, however the main reason for their high adoption in EVs is their high energy density characteristic.
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High energy density allows lithium -ion batteries to stor
more energy in less weight / volume which is an ideal
requirement for  e-mobility application s.

(=
L] |
\ \
Along with lithium -ion batteries, there have been
advancements in other battery technologies such as metal -
air, solid -state, lithium -sulfur batteries etc., how  ever, these
are still under research .
| |

e Figure 37 lllustration of a lithium -ion battery

%
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Figure 38 Commercial stage of k ey battery technologies
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Source: 31 Deloitte analysis

LFP, NMC and NCA batteries have been wi de trigvehicle esdhave NCAve hi c |
batteries; BYD uses LFP batteries, and Chevy Volt , BMW uses NMC batteries in their respective EV models.

It is estimated that in the next five years, use of LFP and LMO batteries will reduce due to their low energy
density, and chemi  stries such a s NMC532, NMC622 and NMC811 will experience increase in adoption.

Figure 39 EV cathode market share by 2025
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15.25 Cost of an electric vehicle
The cost of an electric vehicle i s currently higher compared to a conventional vehicle with similar
characteristics and performance . One of the major reason s for the same is the high price of the battery

which accounts for  nearly 40% of the total EV cost

Although the prices of batteries have fallen considerably in the last decade 23, they are still  at a level which
makes EVs difficult to attain cost parity with their conventional counterparts

Figure 40 Category -wise vehicle export trend in India from FY15 to FY20
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1.5.2.6 Electric vehicle charging infrastructure

Electric Vehicle Supply Equipment (EVSE) is an equip ment or a combination of equipment , Which provides
dedicated functions of supplying electric energy , from a fixed electrical installation or supply network to an

EV for the purpose of charging. There are different ways to classify an EVSE , depending on pow er supply
(AC or DC), power r ating le vels, speed of charging, communication and connector type.

Figure 41 Classification by EVSE output 1 AC and DC
11
A AC, D
Mt ima T R
ol == 4 £ ( r(®)
Grid EVSE Electric Vehicle

AC/DC Battery
TEl B
‘ bypass for DC

In AC charging, the vehicle has an on -board charger to convert AC from the grid into DC to charge the

vehicle. A DC ch arger, on the other hand, can be used to charge the vehicle directly using the Battery
Management System. An AC EVSE comes in different power ratings ranging from 3.3 kW to 43 kW. A DC

EVSE is able to supply highe r power rating ranging from 10 kW to 240+ k W. There are three levels of
charging stations available , with each successively providing faster charging capability. Details about
charging levels is provided in Annexure - 6.1 (Table 52).

2 A Behind the Scenes Take on Lithium -ion Battery Prices i BNEF (access here )
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India has laid guidelines for minimum requirement for setting up of Public Charging Infrastructure (PCI).
Minimum technical requirements for fast and slow charging stations as provided in Annexure - 6.1 (Table
61).

Details on EV charging is provided in Section 2.3.
1.5.2.7 Information and C ommunication Tec hnologies (ICT)

ICT provides access to information through telec ommunication. ICT is based on communication technologies
and integrates computer system/hand held system, audio video display with Internet /IoT .

ICT covers all forms of Computer and Communica tions equipment as well as the software used to create,

store, t ransmit, receive, interpret, and manipulate information in its various formats. It deals with all the

systems involved in creating, storing, sending or transmitting, receiving and manipulating these kinds of
information. The ICT system includes both hardwa re devices and the software that allow the hardware device

to carry out their intended functions. The hardware devices include computer system, monitor/ display

screen, communication devices s uch as modem, router, hubs etc.

ICT uses transmission media suc h as cables, telephone lines, cellular link, satellite links etc. and
communication networks such as Local Area Network (LAN), Wide Area Network (WAN), Internet, Satellite
links etc. However, in case of electric vehicles, the communication network will mos tly be wireless.

Information and Communication technology is widely getting used in fields such as Education, Agriculture,
Medicine, Defence , E-governance E -Commerce, Banking etc. With no excl usion, transportation is another

emerging space where ICT  have added significant value and holds promising potential for future growth

Figure 42 Application of ICT across transportation
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Source: 34 Deloitte analysis
ICT has been used in vehicles for decades now and is available in the form of electrics, electronics, and
software. It has  helped in introducing many innovations in the automotive sector such as anti -lock bra king

system, electronic stability control, emergency brake assist etc.

With the rise of technolog  y in automotive industry, ICT will play huge role in the next generation vehicles.

Some of 1 CTé6s role in future vehicles is provided in the bel
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Table 7 ICT - bridge between conventional and smart vehicle

Energy and ICT will be useful in  implementing Reducing Using its pro -safety function, ICT
cost ef ficiency functions using software which uses accidents can greatly help in bringing down
hardware previously (e.g. Steer, brake - total number of accidents. With
by -wire) thereby reducing the weights the help of ICT, vehicles will be
of the overall car. able to interpret their
environment and act
It can also use intelligent predictive autonomously in dangerous
management to reduce energy situation.
consumption.
Seamless Future vehicles will have seamless Personalization Personalizati on is expected to be
€O nnectivity connectivity including the state -of-the - the demand of future cust ~ omer.
art in infotainment. ICT will help update ICT will enable transfer secondary
the vehicle frequently to keep track vehicle functions to a personal
with the advances in multimedia and mobility device.

infotainment technology.

Source: 35 The Software Car: Building ICT Architectures for Future Electric Vehicles (access here )
| CT is the way forward for Asmarto vehi
ICT adds value to electric mobility th rough interconnection of existing and new platforms. It enable S

coordination betwee n smart grid, smart vehicle and smart traffic allowing them to operate seamlessly.

Figure 43 ICT - Key for smart mobility
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Source: 36 ICT for electric mobility Il: Smart Car i Smart Grid 1 Smart Traffic (access here )

Growth in EVs has the potential to increase loading of distribution networks with consequential issues

o

e

Tenunan

regarding variations in voltage s at tail end of the network and line congestion during charging . Suitable ICT
technologies including Active Managed charg ing, V2G, etc. will enable optimal charging of  electric vehicles
ina manner which does not cause substantial strain on the distribution network.

Also mentioned in  Table 7, ICT can help vehicles in reducing the weight and cost. Other than emergency
situations, ICT ha s the capability to enable controlling of the electric vehicle such as breaks, steering,
infotainment function etc. ICT can also helpin connecting platforms such as vehicle, charging infrastructure,
energy grid and traffic management. It assists in controlling vehicle traffic flow and grid load management

for implementing new mobility concepts. The technology uses cloud computing wh ich is acce ssible through
all mobile technologies. It helps in providing and analysing information regarding the vehicle, route planning,

energy systems and traffic situation.
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ICT also plays important role in charging of electric vehicles, as it enables EV owner, cha rging operator and
other associated players in coordination of overall EV charging process. An illustrative example of the same
in provided in  Figure 44.

Figure 44 Utilizing ICT i n real time data updation and communication for during EV charging
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Source: 37 NEC Electric Vehicle (EV) Charging Infrastructure (access here )

With t he help of ICT, EV owners will be able to receive real time information on the nearest charging station,

availability of the station, real -time price of chargi  ng, status of the battery, remaining run time , etc. Charging
station operators can also monitor t he health and utilization of charging stations, schedule maintenance
activities and manage the charging process remotely.

1.5.2.8 Battery management system (BMS)

A battery management system is said to be the brain behind the batteries. It is one of the most critic al
components of an electric vehicle.

The purpose of the BMS is to guarantee safe and reliable battery
operation.

To ensure the same, a BMS monitors and evaluates charge control and cell balancing in the battery.
Overcharging results in overheating which causes structural damage and raises risk of explosion and fire.
Every time a battery is drained below a critical level, its capacity gets reduced to a cer tain extent

permanentl!l y. BMS ensures that the batteryods charlgigs. Adoogesnot
with this, the BMS measures how much energy is left in the battery (State of Charge). It also monitors the

rate at which energy is getting utilized and estimates the duration it will last. Thus, the role of BMS can be

categorized into three  aspects:
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battery state
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Figure 45 lllustration of a battery management system (BMS)
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Source: 38 Towards a Smarter Battery Management System for Electric Vehicle Applications ( access here )
The key blocks of a BMS system are provided below:
a. Thermal Management Block: This block measures the batte ry temperature and accordingly initiates
the cooling or heating operation to maintain the temperature within the optimal range
It also sends signals to ECU if the temperature goes beyond allowable limit.
b. Measurement unit: The measurement  unit measures volt age, temperature, current at different places
and the ambient temperature.
c. Capability estimation block: This block sends information regarding the safe charging / discharging
levels to ECU and the charger unit.
d. Cell equalizer block: It co mpares the highest and the lowest voltages across all the cells to apply
balancing techniques
e. State of Health (SoH): State of Health (SOH) is a measure of the batt
electrical energy.
f. State of Charge (SoC): State of Charge (SOC) describes the level of charge of an electric battery
relative to its capacity
The overall system architecture of a BMS can be divided into two categories: software; and hardware. Figure

46 represents system ar  chitecture of BMS:
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Figure 46 System architecture of BMS

Battery Management

System (BMS)

—»  Safety circuitry —» Charge c ontrol —» SoC determination —»  Fault detection
—» Sensor system —» Communication F» SoH determination —» User interface
—» Data acquisition L “» Cell balancing
management
Source: 39 Battery Management Systems in Electric and Hybrid Vehicles (access here )

In the hardware  part of the BMS |, the safety circuitry is the core wunit for ensuring its safetyin the event of
an overcharge, over -discharge or overheating .The sen sorsystem monitors and measure battery parameters

including cell voltage, battery temperatu re and battery current. Data acquisition helps BMS in analyzing and

building a database for system modelling. Charge control helps in governing charge discharge con trol.
Communication module helps in transferring data/ information from /to BMS. Thermal ma nagement helps
in monitoring and  ensuring that the cells operate at an optimum temperature.

The software part of BMS is critical as it controls all hardware operati ons and analys is of sensor data for
making decisions and state estimations. Activities such as switch control, sample rate monitoring, cell

balancing control, and dynamic safety circuit design is handled by the software of BMS. BMS conducts
automated data  analysis that determines state estimation and fault detection.
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Box 4: Cell balancing by BMS
BMS uses cell balancing technique to maximize battery pack performance.

In a battery pack, single cells Figure 47 Cell balancing in battery pack
are connected in series and in

parallel in order to achieve
higher voltage and capacity. Normal operating (V2) -
Howeve r, every cell is distinct

uc uc ocC uc uc

- Voltage range (V1) = =] =] I=] I=] =] =] |=
due to manufacturing and
chemical offset, and for safety ot g2 o2 oA e o e o &7
purpose, the charging/
discharging of cells is allowed )
: Normal operating (V2)
only till any of the cell reaches
its maximum or threshold Voltage range (V1) | == = — - - o - - -
limit. Due to th iS, the Capacity c1 c2 c3 ca cs5 c6 c7 cs c9

of the battery pack is
contained by the imbalance in
the cells of the pack.

Cx: Cell X, UC: Under charged; OC: Over charged

Thereby reducing the overall energy efficiency and lifetime of the battery pack.

BMS approaches balancing in two ways: active balancing and passive balancing. BMS uses SoC of each cell to provide
balancing to the battery pack. It uses multiple algorithms to calculate accurate SoC of cells and ensures to keep
same SoC for each cellatagiv  entime.

In a ctive balancing, BMS transfers energy from energy -excess cell(s) to energy -depleted cell(s) via bi  -directional
DC-DC power converter circuits. Whereas, in passive balancing, BMS dissipates energy from energy -excess cell(s)
to their respective  resistors.

The role of BMS gets very important while using it in EVs. Not only
BMS ensures high efficiency and capacity to the battery, it also
provides safety to the vehicle driver/ passengers.

1.5.3 Vehicle technology comparison

In this section, we would aim to assess fuel technologies on the bas is of reliability, cost and their lifetime
CO; contribution.

Box 5 : Reliability: Electric vehicle vs Conventional vehicle

When it comes to reliability, EVs are far more superior to any other conventional vehicle. Fo rbes in 2018 reported
that a drivetrain for a conventional vehicle has more than 2000 moving parts, whereas drivetrain of an EV has only
20 m oving parts, reducing the risk of functional failure and increases reliability.

Source: 40 seven reasons why the internal combustion engine is a dead man walking (access here)

1531 Total cost of ownership (TCO)

Cost plays an important role in selectio n of vehicle by consumers. Total cost of ownership (TCO) for electric
vehicle is compared with TCO for other fuel vehicles.

BHP value has been considered as the ¢ riteria for selection ~ of the vehicle s for comparison . Vehicles with BHP
value s of 90-130 w ere considered (exc ept Tata Tigor EV , BHP - 40.2). It is observed that the TCO of an
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electr ic vehicle (Tata Nexon EV) when compared with an equivalent conventional vehicle is very high.
However, e lectric vehicle s which are available at price s comparable to con ventional vehicles tend to have
relatively inferior technical specification s (Tata Tigor EV).

Table 8 Total cost of ownership calculation of fuel technologies

CNG Maruti
Suzuki Ertiga
Vxi

Petrol Ford Dies el Ford

Tata Tigor EV Tata Nexon EV

Ecosport Ecosport

Cost of running ~10 Lakh ~16 Lakh ~12 Lakh ~12 Lakh ~9 Lakh

for 5 year (Rs.)

Source: 41 Deloitte analysis

Among electric, petrol / diesel and CNG vehicles, the Total Cost of Ownership  is found to be the least for the
CNG vehicle. On the other hand, the highest TCO was tha tof EV primarily due toits very highex -showroom
price (in comparison with other vehicle s). Detail ed comparison tables are  provided at Annexure - 6.1 (Table
59)

N Hi g hpriéey are delaying their adoption among consumers . Early

achievement of cost parity with ICE vehicles would favourably shape
the EV marketinIndia 0

1.5.3.2 Environmental impact

Electric ve hicle holds a great advantage in terms of improving the air quality of the region. It helps in
reducing the CO2 emission s aswellas particulate matter (PM), nitrogen oxide (NOx) , carbon monoxide (CO)
etc. In the below sections, we will review some of the studies that were conducted to as sess environmental
impact of electric vehicles.

15321 Lifetime CO » emission study
Altigreen Propulsion Labs conducted a study in October 2015, to estimate the lifetime CO 2 emission for
various Indian vehicles. The overall lifetim e CO, emission of a vehicle was bifurcated into three categories:

(i) Manufacturing emission; (ii) Indirect emission; (iii) Direct emission
a. Manufacturing emission

The report considered following m anufacturing emission numbers based on the expected lifeti me of the
vehicle in terms of kilometres driven:

1 Petrol vehicle: 40 g CO »/km; Diesel vehicle: 20 g CO 2/km; CNG vehicle: 40 g CO  ,/km; Electric
vehicle: 70 g CO ,/km

Higher value for EVs were considere d in the report assuming lesser lifetime (in terms of kilo metres driven)
and high energy intensive manufacturing processes.

b. Indirect emission

This emission category is also called as WTT (Well -to - Tank) and includes emissions from transport, refining,
puri fication and conversion from primary fuel to usable forms. For electric vehicles, the numbers were
calcul ated using Indiads power generation miXx.

c. Direct emission
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This emission category considers emissions directly from the vehicle exhausts. Data for the sa me was
collected based on the actual tests done by the ARA I. For EVs, numbers were considered based on the range
of EVs and the emissions from various power plants in India.

153.2.2 Study findings

The study found that petrol vehicles were the highest emitter of C O in the conventional vehicle  category.
However, itwas s tated that the figures only represent the CO 2 emission and not its quality. The report also
established that lifetime CO  , emission s from EVs was calculated  to be higher than petrol vehicles. Althoug h,
most of it was due to higher emission from associated thermal power plants in 2015 whose generated
electricity flows into the grid to charge such vehicles

Figure 48 Fuel category -wise lifetime CO 2 emission

350 A A soncluded from the
400 s study, petrol -based
7Y 232 vehicles were the highest
3 202 200 ;
N, emitter of CO2. The
2 report also concluded
5 150 Lo .
A, that, it is essential to
grow renewables in the
50 . . . .
generation mix to justify
0 . .
CNG Diesel Petrol EV (range 8 EV (range 4.7 I’eplaCI ng conve nt|0na|
km/kwh) km/kWh) .
technol ogi es
m Manufacturing emission ®Indirect emission ®Direct emission  Total
Source: 42 Autotech review: lifetime CO 2 emissions in different Indian vehic les
1.53.23 Reduction in emission of air pollutants

InNov 2020, CEEW publisheda study*whi ch esti mated the i mpact of EV adoption

level. The study found out that meeting the 30 % EV penetration target in 2030 could lead to reduction in
primary particulate matter (PM) by 17 %, nitrogen oxide and dioxide (NOx) emission level by 17% , and
carbon monoxide (CO) emission level by 18%. Also, achieving t he 30% penetration target will lead to 4%

reduction in greenhouse gas (GHG) emissions under the  business as usual (BAU) scenario.

Figure 49 Environmental impact of achieving 30% EV penetration by 2030

17% 17% 18%
reduction % % reduction P77 777777 b reduction
PM2.5/ PM10 NOXx CcO
Source: 43 CEEW-Can El ectric Mobil ity SupipcononicRecoveiya Bost COVIB 118Ri (aceebslhere )
2 CEEW - CanElectric Mobi | ity Support | nEgdnemicRecSvergRosti €@WD-29? (access here )
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In 2017, SWEEP 25 assessed the impact of adoption of electric vehicles (EVs) over gasoline vehicles in Ut ahods
Wasatch F ront region .26 It performed the analysis using the Greenhouse Gases, Regulated Emissions, and

Energy Use in Transportation (GREET) fuel -cycle model developed by the Argonne National Laboratory.

From the analysis, it was found out that compared to a gasolin  e-fuelled vehicl es, electric vehicles will reduce

the pollutant emissionsby 8 99% for Carbon Monoxide (CO), 90% for Nitrogen Oxides (NOx), 81% for PM2.5

and 57% for PM10.

In another study conducted by scholars of Denmark Technical University 27 if India achi eves higher EV
penetration, it may reduce its particulate matter (PM2.5) emission level by at least 50%.

% Southwest Energy Efficiency Project (SWEEP) is a public int erest organization dedicated to advancing energy efficiency i n Arizona,
Colorado, Nevada, New Mexico, Utah and Wyoming.

26 The Potential for Electric Vehicles to Reduce Vehicle Emissions and Provide Economic Benefits in the Wasatch Front ( access here )
27 Electric vehicles and India's low carbon passenger transport: a long -term co -benefits assessment ( access here )
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2. Review and assessm ent of electric
vehicle and charging infrastructure
stakeholder landscape

The electric mobility  ecosystem is composed of multiple stakeholders The primary role of developing a
holistic ecosystem and providing the policy / regulatory support is played by Central/ State government s
and the sector regulators. They enable investment, encourage adoption and ensure fair operation of the
industry.  An overview of the various stakeholders shaping electric mobility industry in India are outlined in

the figure below.

Figure 50 Ecosystem of electric mobility in India
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Source: Deloitte analysis

Note: Vital players are those players without support and participation of which, the targeted results  cannot be achieved ; Key actors
are those players  who will have direct participation in uptaking the electric mobility  marketin India; ~ Primary actors are those actors who
wi || support fAkey actor so irmeledric mebiity nigndian Sewmdaryastore m aredhose player s who would facili tate
the growth of electric mobility — space in India

2.1 Policy and regulatory landscape

As illustrated in  Figure 50, there are several key ministries which are playing important role in creating
holistic ecosystem for electric mobility  in the country.

21.1 Roles of various ministries in EV ecosystem
2111 Ministry of ~ Heavy Industries and Public Enterprises (M oHI &P E)

Under MoHI& PE, Department of Heavy Industries ( DHI) is spearheading the policy and implementation
measurest o fast -track adoption of Electric vehicles in India . To achieve the objectives of reduced emissio n
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and energy security, DHI has notified Faster Adoption a nd Manufacturing of (Hybrid and ) Electric Vehicles
in India (FAME) scheme , in March 2015 , with the f ollowing f our major focus areas

Charging

Demand incentives

Pilot projects

infrastructure

The scheme provides financial incentives/subsidies to achieve the objectives of National Mission on Electric

Mobility (NMEM). The total financia | layout for the scheme was INR 765 Cr which was further increased to
INR 895 Cr. In March 2 019, the ministry notif ~ ied FAMET Il scheme , with increased layout of INR 10,000/ -
crores which includes a  spill over from FAME -1 of INR 366 Cr. The primary role of the minis tryisto develop

framework for implementation of FAME scheme

National Automotive Board , under DHI , is an operating agency for implementation of FAME India
schemes. This organization monitors the state -wise progress and maintains the web portal for dissem ination
of data related to the scheme. Further, the ministry has formed a Project Implementation and

Sancti oning Committee to frame rules for sanctioning of projects under FAME scheme. This committee is
responsible for awarding PCI project implementation a gency.

Project Implementation and Sanctioning Committee (PISC) 28, aninter -ministerial panel ,is setup by
DHI for monitoring, sanctioning and implementation of projects under the FAME -1l programme  in March
2019. The committee is chaired by CEO, NITI Aay og and Secretaries, Financial Advisor and Directors of
various ministries and association are the members of the committee. Key roles and responsibilities of the

PISC is listed below:

1  Sanctioning of projects under the FAME Il scheme

1 Modifying coverage of v arious components and sub  -components of the scheme

1 Modifying limits of the fund allocation under the schem e

1 Review of demand incentive under the scheme, annually

1 Review of vehicle -wise capping of incentive, annually

1  Decide other scheme parameters for smoot h implementation
2.1.1.2 Ministry of Road Transport and Highways (MoRTH)
The ministry is responsible for formulating policies and regulations  pertaining to road transport. The Ministry
also plays a key role in formulating non -financial incentives for promoting EVs by provisioning for parking
infrastructure, priority lane access , etc.
Automotive Research Association of India (ARAI ) under the ministry carries out research and
engineering services on behalf of the Ministry. One of the functions of ARAI is to develop s tandards for
vehicles and its components. These standards are marked as AIS -XXX standards. Till date about 220
standar ds are published by the organization. AIS 138 -Part 1 and Part 2 are notified by ARAI which specifies
the charging requirements (AC and DC) for all electric vehicles (2/3/4) wheelers with the exception of trolley

buses, rail vehicles and off -road industrial vehicles.

2.1.1.3 Ministry of Power

The ministry is responsible for perspective planning, policy formulation, processing of projects for investm ent
decision, monitoring of the implementation of power projects, training and manpower development and the

administra tion and enactment of legislation in regard to development of Power Sector. The Ministry forms
policies for the sector and has notified th at electric charging stations are to be considered as service and not
distribution of electricity implying it is a del icensed activity. Further, the Ministry has issued guidelines for
implementation of Charging Infrastructure under which Bureau of Energy E fficiency (BEE) has been
entrusted with the role of Central Nodal Agency (CAN). BEE has notified 25 State Nodal Agenci es (SNAs)

for various states. SNAs for states are various agencies including DISCOMs, nodal agency for RE and EE,
transport authoritieset  ¢. whose responsibility is to enable implementation of charging infrastructure in states

28 Constitution of PISC under FAME I ( access here )
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/ cities. Central Electricity Authority (CEA) under the Ministry is responsible for preparation of standards
related to safety of EVSE. The committee on technical aspe cts of charging infrastructure has provided a
report on the standards and technical specifications to be followed for PCI.

State Electricity Regulatory Commissions (SERCS) were formed under the provisions of t he Electricity
Act, 2003. These regulatory co mmissions are responsible for notifying electricity tariffs applicable for the

PCI. In addition, as the PClIs can be in stalled in existing locations (parking lots, malls, shopping complex

etc. ) issues related to use of multiple connections in a single premi se are addressed by the SERCs.

2114 Ministry of Ho using and Urban Affairs (MoHUA)

Encouraging "Electric Vehicles" as a viab le option for phased transportation in terms of short and long
distance trips with appropriate "Charging Infrastructure" is therefore, the pre -condition for this paradigm
shift/ phased migration to sustainable transportation. In order to steer the developm ent of charging facilities

in commercial and residential building complex, MoHUA is playing a key role by amending building by e-laws.
MoHU A notified that residential and commercial complexes will have to allot 20% of their parking space for

electric vehicl e charging facilities. MoHUA has also amended Urban and Regional Development Plans
Formulation and Implementation Guidelines i 2014 to inc lude the formulations of norms and standards for
charging infrastructure in the city infrastructure planning.

2115 Ministry  of Finance

Ministry of Finance is one of the key ministries that has enormously helped in uptake of electric mobility in
India. In 2019,  Ministry of Finance rationalized the customs duty for all categories of vehicles, battery packs
and cells to support M ake in India. It also reduced the GST rates for the purchase of electric vehicles from

12% to 5% and announced income tax rebate of INR 1, 50,000 on purchase of electric vehicles.

2.1.1.6 Ministry of Environment, Forest and Climate Change

Ministry of Environment, F  orest and Climate Change is the main concerned union ministr yin the ANation
El ectric Mobility Mission Pl argals? GoffiedDraft Battery Vdaste Mamagemértt e mi ni st
Rules, 2020 to  strengthen the ecosystem for handling and disposal of batteries across India

2.1.1.7 Ministry of Science and Technology

The MoST has formed a fiTechnol ogy Pl at f or mprimarily byhe MaHIPE.i ¢ Mo b i |

MoST is play ing a key role in forming electric mobility standardization roadmap for India.
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Figure 51 Policy and regulatory structure for EVs in India
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Figure 52 Key nati onal level initiatives to promote adoption of electric vehi
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2118 Review of key policies notified by central government
21181 Faster Adoption and Manufacturing of (Hybrid and ) Electric Vehicles (FAME) [
and 1

Faster Adoption and Manufacturing o f (Hybrid and) Electric Vehicles (FAME) programme was launched by
DHIin 2015. Itis the flagship scheme under the NEMMP 2020 mission p lan of Central government to enhance
hybrid and electric technologies in India. The overall scheme is proposed till FY 20 22 to support market
development for EVs. Phase 1 of the scheme has been implemented over a two -year period starting from
FY 2015 -16 to FY 2016 -17 and was extended till FY 2018 -19. Phase 2 of the scheme has been launched
fromFY 2019 -20till FY 2021 -22.In March 2019, the ministry notified FAME T Il scheme with increased layout
of Rs 10,000/ - crores, which includes a spil | over from FAME -I of Rs 366 Cr ( for further detail on FAME
scheme please referto chapter 3 )

Initial Allocation of Funds under FAME-I Initial Allocation of Funds under FAME-II
Component 2015-16 2016-17 Total Fund Component 2019-20 2020-21 2021-22 Total Fund
(Rs.cr) (Rs.cr) (Rs. cr) (Rs.cr) (Rs.cr) (Rs.cr) (Rs. cr)
Technology Platform 70 120 190 Demand Incentives 822 4587 3187 8596
Demand Incentives 155 340 495 Charging Infrastructure 300 400 300 1000
Charging Infrastructure 10 20 30 Administrative Expenditure 12 13 13 38
Pilot Projects 20 50 70 Total for FAME-II 1134 5000 3500 9634
IEC/Operations 5 5 10 Committed from Phase-I 366 o] 0 366
Total 260 535 795 Total 1500 5000 3500 10000
2.1.1.8.2 National Mission on Transformative Mobilit y and Storage

The aim of the mission is to drive strategies for transformative mobility and Phased Manufacturing
Programmes for EVs, EV  Components and Batteries. Following are the key roles, roadmap and anticipated

impact envisaged under the mission:

A ag\gialits;r:;?jgﬁs;s;ériﬂn:rzz;gstl\r/iig A Pha;eq_battery manufacturing roadmap A !:)rive mobility solutions to benefits to the
Programmes for EVs, EV Components with initial focus on large  -scale module a_nd mdustry, economy aqd cpyntry .
and Batteries ’ pack assembly plants by 2019 _ -20 and Giga - A Improving air quality in cme_s alopg with _ _

A Creatinga Phased Manufacturing scale integrated cell manufacturing by 2021 - red ucing I ndiads oil i
Program (PMP) to localize 22 . o ) enhancing the up_take of renewable energy
production across the entire EV A Ensuring holistic and corr?preAhenswe gromh and stqra_ge sqlut|0ns
value chain of the battery manufacturing industry in A The Mlssmn‘wnl szly down the strategy and

A Details of localization will be finalized India through PMP ’ . roadmap Whlch W'”4 enable India to
by the Mission with a clear Make in A Prepanng roa_dmap for enabling India to leverage upon its size and scale to ldevelop
India strategy for the electric vehicle !everag_e its size an_q scale tp produce B a competitive domes_tlc ma_n_ufactunng
components as well as battery |nn0\{at|ve, competitive multi —moda_l mobility ecosy_stem f_o_r electric mob_lllty_

A The Mission will coordinate with key sqlutlons that can be deployed globally in A I?eneflt all citizens as the aim is toApromote
stakeholders in Ministries/ diverse contexts . 6Ease o f Living 6 an d en
Departments/states to integrate ARoa d ma p fo r trans f or mat i life of our citizens  and also provide o
various initiatives to transform mobility Indiao by _|ntrod_uC|_ng a |9 gmplqyn}ent opportunitde
in India ecosystem and fostering Make  -in-India in-l ndi a6 across a range

2.2 EV components  OEM landscape

India is the fifth largest market for automotive industry 2% and therefore has a strong presence of OEMs in

the conventional vehicle segment. Further, there are numerous companies dealing in auto -ancillary
component s as well as compa nies dealingin aftermarket s. A snapshot of auto -ancillary industry is provided
bel ow:

29 Ranking provided by OICA ( Internation al Organization of Motor Vehicle Manufacturers )and includes only passenger and commercial
vehicle sales ( access here )
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Figure 53 Overview of India auto ancillary industry FY19 The present auto -anCi”ary
industry plays avital role in the
development of automotive
sector of the country. During
FY19, it contributed 2.3% in

| ndi ads GDP and 4
export revenue. The industry is
highly unorga nized with more

than 10,000 players catering to
the market and employ ing mor e
than 50 lakhs people in the
country .
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Source: 46 ACMA

Conventional automobile s are an assembly of more than 2000 different components. Whereas, the transition
towards electric mobility have ope ned new avenues for few auto component manufacturers , the same has
also posed a threat to several other players in ancillary segment of conventional vehicles . Many of the
conventional automobile component s such as engine parts, clutches, radiators etc. run the risk of being
obsolete in a market dominated by EVs since it is expect ed that the EV market would be domi  nated by
different sets ofauto  -ancillary manufacturer , having expertiseinonly electron ics an d electrical related auto -
components. The broad classification of electric vehicle components of OEMs is provided in

Figure 54.

Figure 54 Categorization of OEMs in E V space

EV component  manufacturer Battery manufacturer

221 EV component manufacturer

In comparison with the con ventional vehicles, the EV auto -component industry is at a very initial stage. In
contr astto morethan 10,000 auto component manufacturer in conventional vehicle segment, there are very

few playersin EV  auto -ancillary manufacturing space currently . With the transition towards EVs, the existing

auto component manufacturer s would ha ve to rea lign their product portfolio to suitably match the
requirement s of upcoming EV market. This would not only help in reducing the cost of EV (reduced existing

import dependency) but also minimize the risk of unemployment in the conventional segment
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Figure 55 provides the likely imp act of EVs on conventional auto -component industry.

Figure 55 Impact of rise of  electric mobility  on auto component industry
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Source: 47 BEE - Technical study of Electric Vehicl es and Charging Infrastructure ( access here )

As shown in Figure 55, workers in auto -component industry having iextremely negativeo to
impact from the transition will have maximum risk of job losses. It will be crucial that these workers get
proper training and skill development on newer automobile tec hnologies to ensure job continuity.

2.2.2 Battery manufacturer

India has limited battery manufacturi ng capacity to cater  to the EV market . Presently , most of the electric
vehicles sold in India uses imported batteries as the major players  in EV battery manufact uring such as BYD,
Panasonic, CATL, CALB, LG Chem etc. have manufacturing facilities outside In dia. This also leads to higher
costs of batteries and consequential increase in EV prices in India.  However, the Govt. of India has taken
several steps in  buildi ng domestic battery manufacturing capability for the future. However, the scale and
outcomes of the same remains to be seen in the future

Box 6: Exide Industries and Leclanché JV

Exide Industries and Leclanché, entered in an exclusive agreement in June 2018 to form a new joint venture (75:25)
to build lithium  -ion batteries and energy storage sol utonst o power the growth of I ndiaéds
plant is located in Gujarat and is expected to be operational in 2020.

fiNexcharge will focus on e  -transport, on stationary energy storage systems and speciality storage markets. In e -
tran sport, t he target segment is fleet vehicles including e -buses, e -wheelers and e -rickshaws. 0 - Nexcharge

2.2.3 Gaps and challenges

The localization of the supply chain, being promoted through the Phased Manufacturing Program ( PMP), has
already surpassed its prev ious deadline of achieving the targets . Yet the extent of localization achieved is

very low. In September 2020, the Government has further pushed the effective date of indigenization of

XEV parts for PMP under FAME -1lto April 2021.
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Table 9 Localization timelines under PMP for key components

| Review and assessment

Category e-2W e-3W e-3W e-4wW e-4wW e-Bus
Item Description L1&L2 E- Rick/ L5 M1 N1 M2/M3
E-Cart

HVAC NA NA NA Oct 19 Oct 19 Apr 21
Electric compressor NA NA NA Apr 21 Apr 21 Apr 21
Power and  control wiring Apr 19 Apr 19 Apr 19 Oct 19 Oct 19 Apr 21
MCB/ Circuit breaker Apr 19 Apr 19 Apr 19 Apr 21 Apr 21 Apr 21
AC Charging inlet Type -2 NA NA NA Apr 21 Apr 21 Apr 21
DC Charging inlet CCS2/CHAdeMO NA NA NA Apr2 1 Apr 21 Apr 21
DC Charging inlet BEVC DC001 NA NA NA Apr 21 Apr 21 NA

Traction battery pack Jul 19 Jul 19 Jul 19 Jul 19 Jul 19 Apr 21
Wheel rim integrated with Hub motor Apr 21 Oct 19 Oct 19 Apr 21 Apr 21 Apr 21
DC-DC Converter Apr 21 Apr 21 Oct 19 Apr 21 Apr 21 Apr 21
Electronic throttle Apr 21 Apr 21 Apr 21 Apr 21 Apr 21 Apr 21
Vehicle control unit Apr 21 Oct 19 Apr 21 Apr 21 Apr 21 Apr 21
On -board charger Apr 21 Oct 19 Apr 21 Apr 21 Apr 21 Apr 21
Traction motor Apr 21 Apr 21 Apr 21 Apr 21 Apr 21 Apr 21
Traction motor controller/ inverter Apr 21 Apr 21 Apr 21 Apr 21 Apr 21 Apr 21
Instrument panel Apr 21 Apr 21 Apr 21 Apr 21 Apr 21 Apr 21
Lighting Apr 21 Apr 19 Apr 19 Apr 21 Apr 19 Apr 19
Body Panel Apr 21 Apr 19 Apr 19 Apr 21 Apr 19 Apr 19

Revised in September 2020

Source: 48 Phased Manufacturing Programme (PMP) for xEV parts for eligibility under FAME Il scheme (DHI) (

As the domestic market is tuning to the transition, there
components for electric vehicle. At this stage, the industry needs assistance from the government in
implementation. A focused effort is essential for the
development of localized market for EV component manufacturing, but the existing industry traction should
also not be derailed in the quest for localization. This is a delicate chall

realization of localization targ

ets with support in

access here )

has been limited capacity for production of localized

enge for the policy to address.

Further, there is need to support local manufacturers and workers in catching up with the electric vehicle
technology. This could be done by providing funds to the manufacturers and facilitating skill development

for the wor kers.

As per SIAM, support to local manufacturers to acquire and develop technology and collaborate globally with
technology suppliers is essential. A pool of funds may be considered for technology acquisition for multiple

manufacturers in India.

Neverthel ess, steadily number of models achieving localisation requirement are increasing.
-wheeler models being produced in the country, only three L2

approximately 50 plus electric two
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and fifteen L1 models met FAME Il localisation requirements 30 il Septe  mb er 2020. However,
this figure has reached to four L2 and twenty -six L1 model by mid of December 2020 8L,

Localization of the supply chain is critical from the perspective of bridging the cost differential between EVs

and ICE vehicles. Awell -established | ocal supply chain can help reduce the cost of electric vehicles. However,

in absence of any EV adoption mandate, developing local supply chain for EV component seems difficult .
China, under its NEV Policy, mandated EV manufacturing and sale by way of NEV ¢ red it systems (case study
provided below) and invested heavily in creation of charging infrastructure. Visibility of upcoming demand

of EVs through adoption mandate has played an important role in development of local auto component
manufacturing for EVsi n China.

Box 7: Case Study: China localization of EV component

In 2009, China adopted a New Energy Vehicle (NEV) plan to leapfrog existing automotive technologies. It has
launched pilot program in 10 cities to promote NEV. China adopted seven key tools as policy measures to promote

NEV i mandated government procuremen t (at least 30% of EV in total vehicle procurement), reduced taxes
(exemption from the standard consu mption tax), direct subsidies to manufacturers, consumer subsidies, industrial

policy Made in China 2025, NEV credit target (NEV credit targets for two yea rs: 10% of the conventional passenger
vehicle market in 2019 and 12% in 2020), Subsidies for developm ent of charging infrastructure.

To boost local supply -chain of EV component key strategy adopted by China through above mentioned policy
measures are as f  ollows:

1 Creation of certainty in upcoming demand for EV through government procurement mandate and NE Vv
credit mechanism

1 Invested in creation of charging infrastructure to strengthen EV ecosystem

1 Enforced manufacturer to use local manufactured components (40% by 2020 and 70% by 2025). This

policy coupled with NEV credit mandate pushed manufacturer to build and develop ecosystem of local
suppliers of EV component.
1  Actively done Lithium offtake deal s with countries rich in lithium

1 Increased production and mining of rare earth metals available in China

Further, abundant availability of raw material requires t o manufacture EV auto components offered additional
inherent advantage to create local supply chain for EV components.

However, supply chain localisation and availability of EV demand are not linearly correlated. The supply

chain localisation depends on three major aspects that should co -exist T conducive Government policies,
financial muscles of auto component man ufacture and access to raw material. While government policy

(PMP) provided the ample push for the local manufacturing and few auto -component manufactures have
enough access to capital for investment, India is lacking in availability of r aw material needed for

manufacturing of key EV component having high share in EV value chain.

Battery commands nearly 30 - 35% of the EV cost in the value chain. Therefore, Government is weighing

up plans to incentivize local battery manufacturing. NITI Aa yog sought Cabinet  approval in January 2020 to

provide subsidies to investors upon setting up of giga -scale battery manufacturing facilities for Li -lon

batteries compatible to EVs in India. However, success of this program lies on the access of raw materia |

from the countri  es that have its major reserve ( Figure 56). Strength of inter  -government bilateral ties and
geopolitical situation would govern the I ndiabés ambition to
Currently, Li -ion ba ttery production facilities are largely concentrated in China, North America, Euro pe,

Japan, and South Korea.

Key EV components and their potential to achieve localisation by 2030 is shown below.

30 CNBC (access here )Very High
3L FAME i Il dashboard ( access here ), accessed on 16 ™ December 2020
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Table 10 2030 localization potenti  al of EV components

Component Current Localiza tion Rationale
(% cost contribution) localization potential by 2030
Battery Cell Very Low Low 1  Unavailability of core raw materials like
(30 -35%) lithium

1  Battery R&D is capital intensive
1 Rapid evolving of batt  ery technology

1  Cost competitiveness of Chinese Li -ion
batteries
Chassis and  Body High Very High 1  No requirement of special raw materials
(10 -15%) or technology
1  Manufacturing know -how already exist
locally
BMS and TMS Moderate Very High 1 Primarily require software
(10 -12%) 1 Indiais known for development and
export of software
Motor Very Low Moderate 1  Unavailability of rare earth magnets
(10 -12%) such as the Neodymium magnet

1  Chinais the leading producer of rare
earth magnets accounting for over 90%
productio n and over 40% reserves.
Geopolitical risk involved in sourcing

raw material.
Power Electronics Very Low Very High 1 No major challenge exists except
(8 -10%) requirement for capital for doing R&D
and setting -up of infrastructure
Others (HVAC, Control Moderate Very High 1 Indian manufacturers have experience
units  etc) and know -how

1  Already manufacturing such system,
minor adaptation is required for EVs

Source: 49 Analyst reports, Sector outlook reports, Deloitte analysis

To leverage | ndi abs cost advantage and achieve the high l evel s
manufacturing in India, ecosystem stakeholders need to start with the following:

1 Facilitate exten sive support for Research, Development and Demonstration of technologies using

raw material abundantly available in India, to find alternatives and reduce dependence on scarce

natural resources required for EV manufacturing

Commitment and investments in te chnology from incumbent OEMs and auto component companies

1 Policymakers w ill have to strike a balance between promoting localization while making EVs
economical. Need to re  -think on waiving unrealistic riders of localisation requirement for availing
subsidy , at least during demand creation phase.

1 Investin creating charging in frastructure, to build ecosystem for EVs. Prospects for future demand
in EVs would bolster investor sentiments, leading to development of local supply chain for EV
components.

£
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Figure 56 Global reserves for metal used in battery man ufacturing
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Source: 50 Deloitte analysis, USGS Mineral Commodity Summaries 2019
Summary of gaps in existing electric mobility market for OEMS is provided in Figure 57.

Figure 57 Summary of g apsin OEMs electric mobility = market
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development on new
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Awith the transition towards EV, many
ICE auto ancillary workers are at the ri
of losing their jobs; there is need to
upskill, support (financially and
technically) them to ensure
employment

2.3 EV charging landscape

Abundant availability of EV charging infrastructure is one of the major drivers for enabling higher adoption
of electric mobility . A robust and well developed EV charg ing infrastructure alleviates the charge anxiety of
users and increases offtake.

The refuelling (charging) of EV batteries ¢ an be done in two ways: first, by charging the batteries; second,
by replacing (swapping) the drained battery with the new one whic h is commonly known as Battery
Swapping .
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Figure 58 Refueling in electric mobility

Charging in el ectric mobility

Charging by EVSE operators Battery swapping

231 EV charging infrastructure I market landscap e

There are multiple services that are provided within the EV charging infrastructure value chain, an illustration
of the same is provided below:

Figure 59 Value chain of EV charging infrastructure
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The Ministry of Power  has directed CEA to develop a database for public char  ging infrastructure , available in
India. However, as on date there exist no such database to have consolidated information of operating

charging infrastructure in India. CEA reported that there are more than 372 public charging sta tions in
Delhi %2, As per ¢ harging infra dashboard developed by a research institution , total of 1827 charging stations
have been deployed across the country

%2 CEA - India EV Charger PCS Locations (  access here )
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Figure 60 Total EV charging stations in Figure 61 Share of Charging point Figure 62 Charging stations a warded by
India - 2020 operators DHI under FAME i Il Scheme
PlugNGo
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Mahindra, :
1827 5% 2636 charging
i Oth 1
char_glng gl oy stations
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Chargezon
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1.50%
Source: 52 EV charging dashboard  (acces here ), DHI
EESL: Charging station aggregator, EESL, ha s been the leading charging point operator in the country. EESL
hasinstalled about 92 public charging stations acrossIndia  alongwith 308 AC and 180 DC captive chargers 33,
Furt her, the company has won a tender for installing about 600 PCI under FAME i Il scheme. Tendering
process for installing about 600 PCUI across 60+ cities in the country is underway. EESL intends to install
10,000 EV charging stations in India by FY22 -23% At present, EESL owns close to 20%
charging stations.  In July 2020, EESL has launched the first EV charging plaza 35 in the country.
Box 8: I ndiads first of i hagingkPilaradnaugwalked in New Bathi C

I ndi a0 &V (électricsvehicle) charging plaza was inaugurated on 20 ™ July 2020 at Chelmsford Club in New Delhi
The plaza was setupby EESL (Energy Efficiency Services Ltd) in partnership with NDMC (New Delhi Mu  nicipal Council).
The plaza has the capability to cha rge 5 EVs of different specification simultaneously.

REIL (Rajasthan Electronics and Instruments Limited): A public sector demand aggregator, REIL has
installe d about 200 Stations in India. In a recent tender floated by DHI, REIL has been awarded with 1000
charging stations under the FAME i 1l scheme. Further, the company has already started tendering work to

install 270 PC] 36

Tata Power:  Tata P ower, an electric utility, has installed about 100 PCS across the country, including 42 in
Mumbai. 3 The company has signed MoUs for setting up commercial EV charging stations at HPCL, I0OCL,

and IGL retail outlets. TATA Motors as also partnered with TATA P ower to set up 300  fast -charging stations
across Mumbai, Pune, Delhi, Bangalore and Hyderabad.

Apart from above, there are multiple other charging infra structure provider s and EVSE operator s that are
operating in the market. Some of the key players are lis ted below.
Figure 63 Charging infrastructure provider and EVSE operators in India
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33 EESL - Electric vehicles & EV charging infrastructure  (access here )
3 EESL EVSE (access here )

%] ndiads first of its kind public EV Chargi ndacd®dshezea) i naugurated by Union Power
36 Rajasthan Electronics Seeks to Empanel Agencies for Setting Up EV Charging Stations (access here )
37 Tata Power to Set Up 500 EV Charging Stations in India by 2020 (access here )
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Figure 64 Procurement of EV charing infrastructure
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Figure 65 Key aspects of EOIl released by DHI under FAME Il scheme

Extensive Demand for charging infrastructure in India e
under FAME |

States are sensitive for setting charging infrastructure
stations

DEMAND - Request through 106 proposal for 7,000 EV charging

24 states 62 cities
SUPPLY - Sanctioned the 2,636 EV charging stations

GAP - The demand for 4364 EV charging stations is not met

19 Public entities

19 entities across different states expressed their interest in setting charging stations
Promoting fast chargers

Positive Outlook for EV charging industry
L (F;?ft 1,633 charging stations ~62% The electric vehicle charging infrastructure market in
arger India is anticipated to grow at a CAGR of over 40%
during the forecast period 2019
i gli?;:ger 1,003 charging stations ~38%

-2025.

Source: 53 DHI, Deloitte analysi s

State -wise details of sanctioned EV charging stations is provided in

Figure 66:
Figure 66 State -wise break -up of charging statio  ns sanctioned by DHI

J&K: 25
Diverse representation
from various groups
Million Plus cities as per
2011 census

¢ HP: 10

' ] Uttarakhand: 10 Sikkim: 29
Delhi: 72 de= i
Chandigarh: 70

A
Smart Cities as notified
by MoHUA

i

i

1

1

1

1

i

Satellite towns connected H

to 7 metras (Delhi, : MP: 159
Mumbai, Kolkata, Chennai, |
Hyderabad, Bangalore and \
i

!

Bihar: 37
Ahmedabad)

West Bengal:141
Gujarat: 228

L L. . Maharashtra: 317
Major cities of special
categories state/ UTs

4 Chhattisgarh: 25
o

_,,;( Odisha: 18
| Telangana: 138 ;

The capital city of all
states/ UTs not covered in
the above categories

Kerala: 131
Private participation: Any private entity to

claim incentive from DHI will submit the proposal
to concerned Municipal/ ULB which in turn will
subsequently forward to the DHL.

Karnataka: 172

.
R

L. | Tamil Nadu: 256 Puducherry: 10

v -
AP: 266 y

Source: 54 DHI

In addition to the previously sanctioned 2,636 charging station

S, in
September 2020, Ministry of Heavy Industries further sanctioned

241 charging stations in Madhya Pradesh, Tamil Nadu, Kerala,
Gujarat and Port Blair. 38

38 670 new electric buses and 241 charging stations sanctioned under FAME scheme (access here )
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The next section elaborates on the process of installing an EV charging infrastructure in India.
2.3.3 Setting up EV charging infrastructure in India

Government of India has de-licensed the setting -up of an electric chargi ng station. Any individual or
organization is allowed to setup  their own EV charging infrastructure as long as the charging station meets

the technical standards laid out by Ministry of Power . Such an individual / organization needs to follow a
standard pr ocess starting from preparation of business model to inspection and commercial operation.  Figure
67 illustrates a five step process for commercial devel opment of EV charging station.

Figure 67 Process of setting up an EV charging infrastructure
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Source: 55 Deloitte analysis

2331 Preparation of business model

Preparation of business model include selection of type of charging station, identification of th e target
market, cost economics, pricing mechanism  and ownership model

233.11 Type of EV cha  rging station
For any EVSE operator, it is crucial to decide on type of charging station requirement . Selection of aparticular
type of charging station will depend upon various factors such as traffic density, expected utilization

availability of power i  nfrastructure, etc. Cost economics of a charging station is highly influenced by the
location and type of charg  ing station selected

Figure 68 Types of charging stations

- _[’ g i "ty S, SN

Kiosk - sid
Home Charging (i(;zsirgi:Ige Commercial space charging Parking lot / Group charging Public fast charging

Source: 56 Deloitte analysis
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2.3.3.1.2 Identification of target market

Target market for EV charging station relates to the category of vehicle the charging stations intends to
cover. For instance, e-2w, e -3w be the possible target markets for slow charging stations. e -4W can be
charged in both slow / fast charging stations depending upon the location . ldentification of target market

will help in ensuring highest possible utilizatio n of the charging station and also helps in selection of the
charger type (AC/DC)

Potential vehicle

segment (s) for Y
EVSE operator to g)@)
be picked as 5

3w 4w E-buses
target market
23313 Selection of EVSE charging
Once the charging station type and target market are identifie d, the next step is to select the suitable

charging type/level for the station. EV charging is categorized into three categories: Level 1 charging, Level
2 charging, and Level 3 charging.

Figure 69 Levels of EV charging

Level 3 Charging

Level 2 Charging DC fast charger

Typical duration of charge
event: 30 mins
Level 1 Charging A > 75 miles per hour charging
A Best for high traffic areas,
> 200 V AC outlet highways
120 V AC outlet A Typical duration of charge
Typical duration of charge event: _event:1-3hours

6-10 hours 10-20 miles per hour charging

5 miles per hour charging A Best for commercial charging
Best for hybrid EVs, home/

workplace charging

Source: 57 Vehicle Charging 1 US Energy ( access here ), EVSE 1 Types of charging ( access here ), Understanding the Different EV Charging Levels

(access here ), Levels of Charging (access here ), EV Charging Station Installation Guidebook (access here )
23314 Determining cost economics
The cost economics of the charging station will include three components: capital expenditure, operational

expenditure and the cost of power

Capital expenditure Operational expenditure Cost of power

This will include cost of land, supply This will include maintenance cost, This includes cost of power and
and erection of EVSE, CMS, meter, and services cost such as payment othe r additional surcharges. Breakup
LED screens, CCT V camera etc. gateway charges, parking charges, includes:

insurance premium etc. )
i Demand charge;
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Capital expenditure Operational expenditure Cost of power

ii. Energy charge;
iii. Surcha rges;
iv. Electricity duty

Details about the capital expenditure, operational expenditure and cost of power (demand charge) can be
estimated from the selected charging station type and charging methodology (levels)

23.3.15 Pricing mechanism
A suitable pricing mechan ism allows the operator to recover its investment and also ensures realization of
targeted IRR. The international experience suggests four key pricing mechanism that the EVSE operator can

adopt.

Figure 70 Pricing mechanism options for EV charging
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Source: 58 Deloitte analysis

In time based fees , EV owners are charged for the total time their vehicl e is connected to the charge unit.
Total energy consumed is not taken into consideration in time -based fees.

Inthe energy -based fees , EV owners are charged based on the total energy consumed during charging.
This does not take time for charge into account

In Fixed fees , EV owner is charged at a flat fee, irrespective of the time or energy consumed in  charging.
In Membership/ subscription fees , EV owner is usually charged on monthly /annual basis and in return
the EV owners can charge their vehicle at any of the operatords charging station.
Other than earning revenue from the charging service, the EVSE operators can earn non -energy revenue

through advertisement s as well .
2.3.3.1.6 Partnership  model

Globally, t here have been multiple established partnership based business models for public charging
infrastructure.  Some of these models are provided in the below figure:

Figure 71 EV charging station business models

UtilityiInstallations 2 Charging infrastructure
Independent model Y Integrated Model to increase revenue in
Own & through PPP i .
existing business

Source: 59 Deloitte analys is

Details about EV charging business model is provided in Section 4221 .

2.3.3.2 Location ident ification

Once all other information related to business model is determined, identification of location within the city
is the next step for the EVSE operator.
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Ministry of Power , in its technical Figure 72 3x3 Km grid for EV charging station (illustrative)
guidelines, has stated the requirement of I 2
at least one charging station in a grid of 3 | 1 { J J l I
Km x 3 Km along with one charging station [ : I = I q I

at every 25 Km on both sides of highways T
and roads. (=
7
.‘

To identify the optimal siting, EVSE
operator can evaluate several keyloca  tions
such as city highways and other p oints of
interest  within the city  (hospitals, malls,
commercial complexes, offices, fuel

Erabam

\
stations, etc.) . Further the operator can T : J&
install its charging stations in such a way 1 { ] ] I ] [ L o
that it cove rs maximum points of interest. e B R
Figure 72 illustrates a 3km x 3km grid for a city. Each grid as highlighted is expected to have at -least one
charging station. However, the optimal loca tion within each grid needs to b e evaluated through a multi -

criteria decision matrix. The EVSE operator may refer below criteria for selecting location for charging
infrastructure:

Whether the location witnesses

) Whether the location has adequate Whether the location can sustain the
adequate traffic and ensu  res )
. ) demand and infrastructure enablers EV load
convenience of charging
To assess the criteria mentioned above, following factors can  be cons idered to have data driven assessment

of loc ations.

Table 11 Key factors to consider in multi - criteria decision making for selection of location for EV charging infrastructure

Parameters Factors to consider ‘
Location  profile Location, Topography, Demography, etc.
Type of t ransportation Roadways, railways, airways etc.
prevalent
Key statistics Type of transport: 2 wheelers, 3 wheelers, 4 wheelers, Buses, Commercial vehicles,

Personal vehicles
Key attributes viz.

A Spatial distribution of registered motor vehicles

A Share of D ifferent Modes of Transport in overall transportation sector (LCV,
MCV etc.)

A Average annual growth by category

Key areas Ring roads, Commercial and industrial hubs, Expressways, Highways, Intra -city
roads, Bus terminals

E ¢ Forecast for private and commercial vehicles

ool Lol Forecast for freight transportation

POl ELIEH S8 s Expected penetration of conventional vehicles and E lectric vehicles in the
future

High level network overview with load growth forecasts
Overloaded / u nder -loaded areas
Optimal locations for solar power

Power infrastructure

To o To|  Bo e e

Source: 60 Deloitte analysis
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For selection of location, below is the shortlisting criteria for a detailed optimal location analysis for charging
station wit hin a specified grid  in a city:

Figure 73 Shortlisting criteria for selection of location for EV chargin g station

Available Leeaiin Power Traffic

otential
potent assessment network assessment
location assessment

Final set of

location

Level 3 criteria:

V Traffic flow
Level 2 criteria: V Vehicular congestion
V  Spare capacity in V Parking space
Level 1 criteria: network V Accessibility
V Population V Congestion V Visibility
V Total demand V Health of Dist.
V Proximity to traffic Network
V Cellular network V  Proximity to power
V EVSE to utility/ grid source
connectivity V Construction cost

Source: 61 Deloitte analysis

Locational enablers Network enablers Traffic enablers

A Spare capacity in DTs and
feeders

A Optimal bus voltage

A Proximity to service transformers

A Space for electricity/ civil works

A Adequate flow of vehicl es
A High daily run

A Adequate parking space

A Ease of access to EV users

A High demand and populatio  n
A Presence of C&I industry

A Availability of solar power

A Ease of monitoring of EVSE

A Robust network  connectivity

Siting of EVSE should be  such that the facility attracts enough traffic to be optimally utilized. Therefore, a
site near office complexes, business hubs, commercial establishments, reside ntial flats, etc. would make
better business proposition.

i Adequate parking and lanes: EVSE loc ations should have adequate parking space as well as entry
/ exit lanes for the vehicles and as such it becomes important to assess areas with similar provisions.
Areas with huge traffic density would have lesser provision for the same but the charging dem and
at such locations would be high.

ii. Traffic flow: The number of electric vehicles now and in the future will be great where the traffic
flow is large, so the sa  me as charging demand and the benefit of EVCSs.

iii. Distance from city centre: While rental feesw  ould be lesser in the city outskirts than the interiors,
those are not suitable locations for ensuring maximum utilization of EVSE. User charges will be
guided by rental and level of utilization of charging stations.

Choice for a ppropriate siting of an EV charging station is also dependent on whether the location has

sufficient electrical grid capacity to absorb the EV load growth at present and in future. To asce rtain the
same, a detailed framework is adopted by the developer for distribution network load flow analysis. The aim

of the network assessment is to determine: -
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i Location and spare capacities in distribution network
ii. EV penetration manageable in existing ne twork
iii. Appropriate mix of slow and fast chargers

iv. Time of the day wher e EV charging can be curtailed/ throttled

23321 Obtaining land for installation of charging infrastructure
Upon identification of suitable location

leased depending upon the respective state gu
of difficulty in seeking administrative approval is provided in

for installation of charging infrastructure , the land is acquired or
idelines. Typical process for acquisition of land and the degree
Table 12.

Table 12 Typical process for acquisition of land

Type of land Typical process Degree of difficulty in
securing Administrative
approval

Government Body make s request to District
Government Collector (DC) for transfer of land
. 2. Ifthe land is not earmarked for any future e
Difficul t
e development under the town and country
developer planning Act, the DC initiate the process of
creating transfer/lease of land with approval of State
Charging Government
infrastructure ) 1. Government Body make s request to District
for Government Private Collector (DC) for acquisition of land
bodies 2. DC initiate the process as per the State Land Very Difficult
Acquisition Act.
3. DC determine s the compensation to be paid
to the owner of such land
Developer make s request to District Collector
Government (DC) for transfer/lease of land
Private .
devel 2. Ifthe land is not earmarked for any future
eve.ope s development under the town and country
creating planning ac t, the DC determine s the fair
Charging value of land Very Difficult
infrastructure Initiate s the process of transfer/lease of land
for entity other with approval of State Government
than Developer need s to apply for changes in
government Land record in the office of Land and
body Revenue
) Developer and the o wner of land either  carry Easy
Private outa sale or lease transaction
Source: 62 Deloitte analysis
I'n addition, there are additional admini strative approval s

Lando. I n s u ¢ édppraval foruchandge o
purpose other than agriculture.

land use needs to be taken before using such land for

2.3.3.3 Civil works and equipment selection

Selection of e quipment is critical in setting -up of EV charging station.
ty pical hardware infrastruc ture requir edto setup an EV charging station.

Figure provided below depicts the
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Figure 74 Hardware required to setup EV charging infrastructure

EVSE can Hese-standing or mounted to a wall or ceiling.Connector
In case of "Smalttcharging, stations includeommunications hardware for
use with software applications.

Charge controller

eSS o I“"'o_ Rectifier module (In case of DC charg

c %
:. LA Switch gears
i > [ c B ;
7 £ Cabinet
o Visuallindicators/HMI etc.
P o Aucxiliary Supply Equipment
Transformer Safety switch Lighting Electricity EVSE
panel meter Chord

Source: 63 Siemens - Electric vehicles (EV) charging ( access here ), EVConnect - EV Charging 101 ( access here ), Deloitte analysis
Requirements for selection of right equipment has been detailed in section s below .

23331 Government mandate

Equipment selection for the charging station must be in line with the government guidelines. For public EV

charging stati ons, Ministry of Power (MoP) notified its guidelines on October 2019. Key requirements

mentioned therein are summarized below

1  The charging station should have an exclusive transformer with all related substation equipment
including safety appliance

1  The ch arging station should include 33/11 kV lines/cables and associated equipment including
line termination etc.

1 The charging station must have appropriate cabling and electrical work ensuring safety
1  The charging station must have adequate space for charging and entry/ exit of vehicles

1 The charging statio n should have any of the c  hargers shown below

Figure 75 Approved EV chargers for public charging in India

PEO® S

Bharat AC 001 Bharat DC 001 Type -2 charger CHAdeMo charger CCS charger
Power output: 10 kW Power output: 15 kW Power output: >22 kW Power output: >50 kW Power output: >50 kW
Rated voltage: 230 V Rated voltage: >48V Rated voltage: 380 -415V Rated voltage: 200 -500 V Rated voltage: 200 -750 V

Source: 64 MoP Charging Infrastructure for Electric Vehicles Revised Guidelines Standards (access her e)

Note: 2W and 2W charging stations are free to use any charger other than those provided above. However, they must be in |
technical and safety standard

1 The charging station must tie up with at least one online Network Service Provider (NS P) to
enable advance remote/ online booking of charging slots.
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1 EVSEshallbe typetested by athird party lab accredited by National Accreditation Board for Testing
and Calibration Laboratories (NABL)

For long range EV charging station, at least
two cha rgers of minimum 100 kW power
output of different specification
(CCS/CHAdeMo etc.) with  single connector
gun each should be installed

2.3.3.3.2 Other selection requirements
Beyond the government mandates, there are several other factors that influence selection of an EVSE. There
are multiple requirements that are required to be fulfilled by the EVSE operator while selecting the

equipment . Some of the key such requirements are provided in the below figure.

Figure 76 Key requirements for sele  ction of equipment

Environmental requirement Protection requirement

Specific requirement Communication requirement

Billing and payment Mark ing and painting
requirement requirements

Cable requirement

Environmental requirement

This includes the operational range of the EVSE in environmental conditions such as temperature, humidity,
pressure, storage temperature etc.

Below are the environmen  tal requirements stated in per AIS 138 Part |

A Ambient Temperatu re Range: 0°C to 55°C (section 11.11.1.2)
A Ambient Humidity: 5% to 95% (Section 11.2)
A Ambient Pressure: 86kpa to 106kpa (Section 11.11.2.4)
A Storage Temperature: 0°C to 60°C
Mechanical requireme nt
The mechanical requirement of an EVSE tests the system for me chanical impact, ingress protection,

mechanical stability and cooling function.
Below are some of the standards/ values accepted while procurement of a DC 001 charger:
1 Ingress Protection: The minimum IP degrees for ingress of objects is IP 54

1 Mechanical Impact: As per IEC 61851 -1 Section 11 .11 .2
1  Mechanical Stability: As per section 11 .11 .2.2. of AIS 138 Part
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1 Cooling: Air cooled or forced cool for protection and safety of equipment from an y fire hazards
Protection requirement
The protection requirement ensures the EVSE is equipped to sustain an electric shock, and provide Protection
for Over current, under voltage, over voltage, Residual current, Surge protection, Short circuit, Earth fault

at input and output, Input phase reversal, Over tem perature and Emergency shut ~ -down with alarm.

AIS 138 Part |  specifies the standard for protection against electric shock and earthing:

1  Protection against electric shock i Section 7.0

1  Effective earth conti  nuity between the enclosure and the external protect ive circuit - Section 6.4.1.2
Cable 1 As per AIS 138 Part ¥%; length of cord will be 5 meter; cord extension as per Section 6.3.1 of AIS
138 Part 1

Specific requirements

Specific requirement related to EVS E includes output power, charging current, load dump etc. These
requirements are in accordance with IEC 61851 standard

1 Rated outputs and maximum output power: IEC 61851 - 23 (Section 101.2.1.1)
1 Descending rate of charging current: IEC 61851 -23 (Section10 1.2.1.4)
1 Load dump: IEC61851 -23 (Annex BB 3.8.3)

Fun ctional requirements

The function requirement of EVSE equipment deals with its current and voltage level. The guidance for the
same is provided in AIS 138 -2 standard.

1  Measuring current and voltage: AIS 13 8-2 (Annexure C3.1)
o Voltage measurement: + 0,5%
0 Current measurement: +1 A if the actual current is less than or equal to (~) 50 A

Communication requirements

Appropriate ¢ ommunication system in an EVSE system is highly essential. The EVSE should have featur eto
remotely connect with a Central Management System (CMS) which will have the authorization to approve
or modify any activity in the EVSE.

1 Communication between EV and EV charging station should be through a physical layer of CAN
(Controller Area Networ k) bus. CAN bus should comply with the requirement of ISO 11898 -2:2003

AIS 138 -2 provides details about the system definition for communication between DC EV charging
station and electric vehicle

1 ForEVSEto Central Management System (CMS) communication, the general requirement is through
Ethe rnet/Wi -Fi/2G/3G/4G technologies. Also,the  CMS system mustuse  Open Charge Point Protocol
(OCPP).

CMS must have the authorization for allowing/ disallowing charging of an electric vehicle through.
1 Reliable Internet  connectivity is another requirement of the EVSE system

1 Metering is another requirement of EVSE. A g rid responsive metering as per units consumption of
the vehicle must be in place with the EVSE. The central system should be able to access the metering
info rmation from any remote location.

Billi ng and payment requirement

For billing and payments in the charging station:
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1  Billing should be done through a grid responsive meter which is in line with Indian metering standard,
and

1 Payments should be compliant with authorized mobile payment platforms (B HIM, Bharat QR, UPI
etc.)

User interface and display requirements
The user interface and display of an EVSE system should have:

ON/OFF (Start -Stop) Switches
Emergency stop switch

Visual Indicators

Display

Support lang uage

Display Messages

User Authenticati on

End of Charging

E e I N

Performance requirements

The performance requirement of EVSE can assessed on the basis of output voltage and current. The
approved value of the performance parameters is defined in AIS 138 standards . Below are some of such
requirements:

DC output and current tolerance requirement :
1 DC Output current regulation in Constant Current Charging (CCC): £ 2.5 A for the requirement
below 50 A, and + 5 % of the required value for 50A or more
1 DC Output voltage regulation in Constant Voltage Charging (CVC): Max. 2 % for the max rated
voltage of the EVSE

Control delay of charging current in CCC requirement:
1 DC output current Demand Response Time: <1 s Ramp up rate: 20 A/s or more
1 Ramp Down rate: 100 A/s or more

DC output current ripple limit of EVSE
T 1.5Abelow 10 Hz,
T 6 Abelow 5 kHz,
1 9A below 150 kHz

Periodic and random deviation (Voltage ripple)
1 Max. Ripple voltage: +5 V.
1 Max slew rate: +20 V/ms

Marking and painting requirements

Guidelines for markings on the EVSE is provided in AIS 138 standard. Some of the mandated markings given
in AIS 138 standard are:

Name or initials of manufacturer

Equipment reference

Serial number

Date of manufacture; rated voltage in V; rated frequency in Hz; rated
Currentin A;  number of phases;

IP degrees

=A =4 =4 =48 - -4

2.3.3.33 IT infrastructure for EV charging station

Suitable backend IT infrastructure is  highly crucial for seamless operation of EV charging station. A Network
Service Provider (NSP) is the responsible entity for managing and operating netwo rk related service s for
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charging stations . Such an entity enables cloud based access of information regarding EV charging, location
of charger, types and numbers of chargers and other details.

Overview of services provided by NSP is given below:

Figure 77 Services offered by NSPs  and key players

Network Service Provider (NSP) services

EV Charging NSPs

4 A

Interface s ] [ Network services ] I: Other magentapower

Green Energy Solutions

V Network

database 2VCE ﬂneCt

V Charging station

Charging station
management
Driver
management

V Diriver interface
V Operator
interface

interface ee
éil\zrr)tgzsst ation dr , ' Vz
operational

software (._ fOl‘tUITI

( B | BRIGHTBLU

O O O @ greenlots

V Admin interface
Customer

location

Pricing & access
control
Notification
Reporting

Source: 65 EVConnect - EV Charging 101 ( access here ), Delo itte analysis

Govt. of India has mandated Charging station operatorsto tie up
with at least one online Network Service Provider (NSP).

Other than EV and EVSE, there are two other vital components that remote |y access the information at
charging station vi z. CMS (Central Management System) and mobile apps. CMS is a cloud based backend
system managed by the EVSE operator . It communicates with EVSE to manage user authorization, billing

and rate of charging. The CMS also enable s end-users to find nearest charg ing stations, reserves a charging

slot and pay. Mobile application s are utilized for remotely accessing information about nearest charging
station, its availability, operating status, etc.

Figure 78 illustratesthe communication infrastructure in atypical EV charging process.

Figure 78 EV charging communication infrastructure

SAE J1772 OCPP OCPP h‘
protocol protocol protocol
EV EVSE CMS Mobile app
EV-EVSE EVSE-CMS CMS-Mobile app
Communication Communication Communication
Ensuring safe and secure To manage grid associated Locating nearest charging
supply of energy for EV paramet ers, user station, reservations, billing
charging authorization, billing and details etc.
other information related to
charging

Source: 66 DHI - Committee Report on Standardization of Public EV Chargers

Thereis a need for communication between the vehicle, EVSE, CMS and user mobile app in order to efficiently
operate the charging process. The EVSE communicate s with the Battery Management S ystem ( BMS) of
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battery pack s in EV, to enable it to charge at right rate
EVSE and Central M anagement
be controlled depending upon the

, for maintaining State - of-Charge ( SOC) of batteries.
System (CMS) communicates in order  to enable maximum charging rate to
grid parameters .

EV public charging uses OCPP protocol remotely to communica te the

EVSE status with the mobile app user

In case of managed charging , the utility has remote access to connect/disconnect EV
speed based on network parameters and conditions. International experience
protocols that could be followed during managed charging.

or alter the charging
suggest thatthere are multiple

Figure 79 Communication protocol for managed charging (lllustrative)
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As shown in Figure 79, there are multiple messaging protoco
the utility , which can be leveraged for different purposes.

Is layered between the EV, the EVSE,

NSP and

Presently, there are

no industry -wide standards

for the entire
advocating for open, non
charging implementation.

fér eifoonsatjos éxehenge and communication
- proprietary communications messaging protocol

Details about the standards p resently used for communication is provided in

Table 13 International c ommunication standards and their description

. Many industry stakeholders are
s to reduce the cost of managed

Table 13:

Standard Description

OSCP 1.0 The Open Smart Charging Protocol (OSCP)
developed by the memb

communication

ers of the Open Charge Alliance
OCPP 1.5

protocols provide charging statio

and the Open Charge Point Protocol (OCPP) were

(OCA). These are open protocol s for

between charging points and the EV charging network administrator. These
n owner an option of changing EV

charging network

OCPP 1.6

administrator ~ with out stranding equipment assets. The OSCP acts between the charging

station and the energy management system, can provide 24

OCPP 2.0 capacity, and fits charging

(among other things). Although not yet formalized as a standa

-hour prediction for local available

profiles to grid capacity. OCPP 1.6 includes smart charging support
for load balancing. The most recent version, OCPP 2.0, includes support for ISO/IEC 15118

rd and managed by a
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Standard Description

recognized S tanda rds Developing Organization (SDO), there is significant adoption of the
OCPP protocol and efforts are underway to develop it into a full standard within the IEC.

OpenADR 2.0 The Open Automated Demand Response (OpenADR 2.0b is the most updated version)
standard is currently ~ managed by the OpenADR Alliance. It provides an o pen and standardized
way for Virtual Top Nodes (e.g., electricity providers and system operators) to commun icate
with various Virtual End Nodes (e.g., aggregators, EV charging network operators, etc.) using
a common language over any existing IP -based comm unications network. Originally developed
as a peak load management tool, it has since expanded to include o ther DERs. Messaging
protocols such as OpenADR can also be used in combination with other protocols, such as
those used to communicate between a char ging station and a network operator (e.g., OCPP76,
IEEE 2030.5, etc.).

ISO/IEC 15118 ISO/IEC 15118 (alsor ef erred to as fAOpenV2Go), enables the
in an EV, such as optimized load management. More specifically, it specifies the
communication between the EV and the EVSE and supports , EV authentication and
authorization (also known as APl and Chargeodo), and metering andiopr
2 that will include V2G s currently under review, anticipated tocome by end of 2020 .

IEEE 2030.5/ IEEE 2030.5 (formerly Smart Energy Profile 2.0 or SEP2.0), is an application layer protocol
that defines messages between any client/server. Pricing, demand response, and energy use

SEP2.0 are among the types of information that can be exch anged using the protocol and can
integrate a wide variety of DER devices, including EVs and EVSE.

IEC 63110 IEC 63110 is an international standard defining a protocol for the management of EV charging
and discharging infrastructures. It is part of an IEC group of standards for electric road
vehicles and electric industrial trucks and is assi gned to the Joint Working Group 11 of the IEC
Technical Committee 69. At the date of publication it was still under development

Other than protocols mentioned above, t here are several proprietary protocols that can be used in
communications. These protocols are:

1 GPStagging: Vehicles can be managed through an on -board diagnostic interface (OBD2) which has
built -in capabilities, lik e GPS location software, which can be m anaged according to the local grid
circuit.

1 Programming capabilities: EVs can also have the ability to program their charging window that
would enable the user to align charging with TOU or other EV rates. In addition to this, such vehicles
also have the ¢ apabilities to receive  price, emissions, or grid stress signals from utility or aggregator
directly, so that the EVO6 mteligbndyralggn its gharging scgedwderoptimally | d

A case study on offerin  gs provided by Network service Provider highlighting the range of solutions provided
is presented below in Box T 9.

60



Status g uo analysis of various segments of electric mobility and low carbon passenger road transport in India | Review and assessment
of electric vehicle and charging infrastructure stakeholder landscape

Box 9:EV Connect 1 Overview of offering provided by NSP in New York

Background: EV Connect, a leading provider of EV charging solutions, was awarded a $4 million contract from the
New York Power Authority (NYPA) to install and manage approximately 300 additional Level 2 EV charging s tations
throughout New York State. EV Connect provided management of the charging ecosystem, which includes the

charging stations, host locations, electric utility interaction and the driver experience.

For the program,  EV Connect partnered with GE and EV Box to provide the charging stations, and local contractors
for installation work. EV Connect was also entru sted with activities such as initial site assessment, to recommending
the right charging stations to fit the need, installation, on -boarding/trainin g utility administrators and configuring
admin portal with utility preferences. EV connect also provides on -going care and management 24/7.

Overview of the EV cloud platform : The EV Connect management system is consisted of a cloud -based network
that commu nicates with the charging station, driver mobile app, site host portal, and utility. Communication from the

EV Cloud to the stations is either via OCPP or a cloud -to-cloud integration. The platform can manage an unlimited
number of geographically dispersed charging stations and provides the following features:

a) Charge point management and operation: The platform can manage chargers and sessions remotely, letting
the user to monitor and adapt charging sessions based on up -to-date analytics. Chargers can be c onnected via
an M2M connection to the Microsoft Azure cloud -based platform, which supports open protocols such as OCPP,
OCPI and OSCP. Utility can also input remote commands including start/stop charging, unplug connector, remote
firmware updates or change charger configuration and access a live KPI dashboard.

b)  Smart charging: Smart Charging through the EV cloud uses algorithms to manage EV charging sessions. Thus
the utility can smartly balance between the supply of power and available grid capacity and the demand for
energy for charging the cars.

c) Price control: Set pricing policies unique to differe nt stations, station groups, locations, and drivers. Some of
the pricing policies include: charging per kWh, per connected time, per charging time, etc.

d) EV-drive r app and interactive map: The EV connect can helps drivers find and monitor the perfect charge
point; charge and pay with your app; see exactly how fast, how much and at which rate the car is charging etc.
The platform also provides users information of h ealth of charging stations, geographical locations and real -time
availability
e) Insights and Repo rting:  The dashboard gives detailed insights on historical charging station data analytics,
session data, energy usage, utilization by station or driver, and mor e.
2.3.34 Obtaining power connectivity and inspection
Process for obtaining electricity connection fo r charging station  can vary as per state. However, an indicative

process for obtaining  connectivity is illustrated below:
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Figure 80 Process for obtaining electricity connection for EV charging station
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Source: 67 Deloitte analysis

As per inputs received from industry, average duration fo I receiving
connectivity for charging station varies from 30 to 45 days that may
further be extended in case network upgrade is required

As per policy mandate s, b efore the commercial operation, the charging station will undergo an inspection

by the appropr iate authority. The authority evaluates the charging station on various parameters as per
concerned qguidelines laid down by CEA or as per | nternational Standard s. Some of these parameters are
mentioned below:

Voltag e Sag,
Protection Harmonic Current DC Injection _Voltag(_e Sw_ell, Overload
Flicker, Disruptions,
etc.
. . . Protection against
Lightning Protection Protective device DIEEILIESe S LeEiig @ e overvoltage at the
from the supply coupler
battery

Note: Checklist for complete inspection of EV ch arging station is provided in Annexure 6.2
Once the inspection by the Discom official / Electrical Inspector is done, the charging station is made

available for commercial use.
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Box 10 : International experience on process of installation of public charging station

The City of Houston laid down guidelines for setting up of EV charging infrastructure in the Great Huston Area. The
guidelines were laid for all type of charging viz. home ch arging, outdoor charging, and public charging. Process flow
chart of installing a public charging is provided below:

Figure 81 Process flow chart of installation of a public charging station in Greater Houston Area

Utility consideration: Governing authority
AEV rate structure considerations:
AAvallqblllty of power Consultation with Constltationwith A Public planning
A Metering utility overning authori <« AFunding/ grant
ATotal load 9 g authority requirement
management A Public siting locations
A Smart grid T T A Traffic patterns
AlLevel 2/ Level 3 A Public street signage
charging
OEM considerations:
o ALevel 2/ Level 3 charging
ConsultaionwithEV A Current and future EV
& EVSE suppliers el
A Determination of number
of chargers required
A Determination of location
of parking areas
A Determination of electrical
loads
Business owner A User payment options
considerations: Consultation with Consultation with
A Quality of EVSE local business owners electrical contractor |
A Location of EVSE
station Contractor considerations:
A Ownership concerns v A Proximity to utility service
A Cost sharing panel
A Maintenance A standing water/ flood
responsibilities EV/ PHEV/ issue
A User payment for Promoter/ A Safety and accessibility
service Property considerations
Avandalism owner A Avoidance of tripping
A Lighting/ shelter hazard

A Advertisement AInstallation meets building
A Smart grid/ load l code requirement
sharing A Additional lighting
requirement

Site plan developed =~ +——— A Load sharing options
i Contractor considerations:
A Drawing of EVSE
location
Obtain permits — A Electrical plan including
new circuit
L——— A Additional meter
i requirements

A Concrete cutting,
trenching, landscape

> Conduct installation considerations

A Contractor estimate

Utility service upgrade
completed

l Approving authority
considerations:
A All building codes
satisfied
A Qualified and certified
contractor

Source: 68 Recommended Electric Vehicle Charging Infrastructure Deployment Guidelines for the Greater Houston Area ( access here )
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Box1 1: I ndiabs experience on setting up of a p

Background: The United States Agency for International Development

Ministry of Power (MOP), was assisting EESL to develop and imp lement a scalable business model for
Public Charging Station (PCS).  EESL, in partnership with the USAID's
its-kind large -scale roll -out of PCS project

To setup the large scale PCS project, EESL id entifi ed activities under four phases:

PHASE 1 PHASE 2 PHASE 3 PHASE 4

Location assessment

(USAID), under its bilateral program with the

Program, designed and implemented a first -of-

ublic EV

deployment of

: Scaling up & EV
. i EV analytics gup
and installation ecosystem development
v
5 E A Selection of region and type of A Location assessment A User mobile interface A Tools for scale up
n é E chargers A Field visit A Reporting and analytics A Capacity building
4 : .
2 E E A Business model design A Site prioritization A Partnerships
= g i A Cost economics of PCS A Installation of PCS A Asset monetization
= | A Pricing mechanism
o1
L

Location for the setup of large scale EV charging infra, EESL signed MoU with NDMC in January 2019 to
100 PCS in their region. NDMC was the land owner as well as the power supplier.

MoU, revenue model and utilization

*
o

* *
e
MoU between EESL and NDMC was signed in January 2019

@ Land owner: NDMC @ Charging station operator: EESL Power supplier:

17 V Adequate land for PCS V Location assessment V Ensuring
w V Approvals and permission V Demand aggregation the PCS
6’ for installation of PCS V Bulk power procurement
o V Support in power sanction V Install and operate PCS
Energy -based pricing mechanism was adopted by EESL for the PCS (EV e P .
owner will be charged based onthe total electricity consumed) Ptdjitiizatioplpegon thl(May i =g

The PCS was oper ationa | from May 2019, and its average monthly utilization till December 2019 was 6.2%

install up to

a:%;\ ‘J’

% Fwmn
NDMC

connectivity to

ember 2019)

Source: 69 Practi ti oner 6s Gu ntdf@ublic&hargingeSpationsyfanElectric Vehicles
public charging stations by EESL

2.

The key challenges in development of EV charging infrastructure are provided in
please refer information provided in the Annexure 6.2.
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Figure 82 Gaps in existing EV charging infrastructure

Delay in installation of charging

infrastructure

A Supply where distribution mains
require extension: up to 45 days

A Supply where augmentation of
transformer substation capacity is
required: up to 6 months

Lack of policy support for

workplace charging

A As per SIAM, Research has shown that
people are 20 times as likely to buy an
electric vehicle if there is access to
charging at their workplace

Additional charge is borne by
applicant in seeking electricity
connection
A As per the existing Supply Code of
many State, the cost of upgradation of
electricity network is required to be
infrastructure. Except Delhi no other borne by the applicant. The network
state provide subsidy in development upgradation cost includes cost of
of private charger infrastructure. 33/11 kV lines, Substation bay,
transformer cost etc. that increases th
cost economics of development of
Charging Station significantly.

Lack of focus on developing

private charging infrastructure

A International experience suggest that
more focus need to be given at
development of private charging

234 Battery swapping T market landscape

Batter y constitutes approximately 40% of the upfront cost of an EV . The high upfront cost of EV is a key
barrier to its widespread adoption. Removing the battery from the vehicle and providing the same through

a service can lower the cost of an EV and offer a be tter value proposition to users. Such a model can  ensure
that upfront prices of EVs are at par or even lower than the ICE vehicle s. Battery swapping provides such a
method of decoupling of batteries from  EVs and reducing their upfront costs . Italso ensure s reduced waiting

/ charging time for vehicles and offers a promising alternative to increase the adoption of EVs in commercial
segment .

Figure 83 Value promosition for battery swapping

Value proposition for
battery swapping

Lower vehicle dowtime
(especially for commercial
segment)

Reduced EV cost (Battery
ownership with third party)

In battery swapping, a third party takes the ownership of the battery and is liable for re placing the drained
batteries with fresh ~ / charged batteries. The third party also needs to ensure standardization in batteries
Battery Swapping Stations act as a battery aggregator and charge batteries by availing electricity connection

from either power distribution companies or through open access.
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Figure 84 Typical arrangement at Battery swapping station (BSS)

Battery swapping

station

A A A A
s st
- —
_: 'y A A A
@
Service Power

Battery swapping provides multiple advantages to all stakeholders in the value chain:

Table 14 Advantages of battery swapping stations to the stakeholders

1 Planned development of
infrastructure

T Reduced cost of real estate
(no need for large parking

1 Reduced cost of ownership
9 Fast refuelling 1 reduced

downtime/ charge time space) I BSS can be treated as flexible
1 Reduced range anxiety (in  Can minimize electricity cost load
pres ence of wide network of (in ToU scenario) T Increased p redictability of

BSS)
1 Relieving the concern of
battery lifetime

load , which otherwise  would
be difficult to have in high EV
penetration scenario

1 Can have other revenue
stream by participating in
electricity market

t adopter of EVs in India at the
-4 hours that have

3W (predominantly e  -rickshaw and some share ofe  -auto) is by far the larges
moment. In a typical charging cycle these commercial vehicle faces downtime of 3
significant impact on their earning potential.

To overcome such challenge, battery swapping is emerging as promising busine ss model for this segment

of vehicles with many ~ companies enterin gintoth is arena (Sun Mobility, Lithion,E  -Chargeup Solution, ACME,
Amara Raja, Panasonic etc. )
Figure 85 Private players in battery swapping space
Buses, 2W and 3 W
2W and 3W
(10T enabled keychain to .:‘ . . an
access the dock to place .. () L I t h I O n

. ithium-ion battery recycling (Swapplng takes Iess than

the drained battery, pay for

SUNMOSILITY 5 mins .
energy consumed and pick mins )
up a charged battery )
3W (e -rickshaw) 2W and 3W
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Panasonic

(Conducting pilot
programmes on battery
swaps in Delhi NCR )
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2W and 3W (e -rickshaw) 3W (e-auto)

@ OLA (Having operational battery \_/)) ) (Established battery

swapping station in Delhi AMARA RAJA swapping stations for fleet
and NCR) Golta be's belter way of e - Autos in Tirupati  city )
ZAVY

(Launched EcoCharge
station as India's 1st
ACME Battery Swapping and

Charging Station for Ola
Electric in Nagpur )

Even with significant benefits of fered by battery swapping to the associated players, this model is still at a
nascent stage inIndia. Key factors hindering the adoption of battery swapping are provided below

Figure 86 Reasons for low adoption of battery swapping in India

Reasons for lack of adoption of battery swapping by the industry

Standardization is the biggest bottleneck in the large -scale adoption of battery swapping in India. Without standardization of EV
batteries, the battery swapping business model cannot be a success.

There is risk of  brand reputation for the OEMs from battery swapping. OEMs have concerns that any fire or other fatal accident
caused as a result of plugging in faulty/ sub -standard battery with their vehicle, may severely tarnish their brand reputation.

Proprietary technology of battery is a strong selling proposition for any OEMs. As standardization would mean sharing the same
battery characteristics as their competitor leading to losing value in their product.

000

Reduction in upfront cost of EV is an important advantage of battery
swapping. H owever, OEMs such as Renault have come i up with
battery leasing option to their customers which reduces the high

upf ront cost of the EV for the customer, and also at the same time
ensures use of verified batteries in their vehicles.

2.4 Distribution utility i market landscape

24.1 Role of Distribution utility in EV marketplace

A well -developed and robust charging network is vita | for increased offtake of EVs and vice -versa.
Development of charging infrastructure and increased adoption rate of electric vehicles is a ¢ lassic case of
chicken -egg problem. Discom could play a vital role in providing a solution to this problem. Discom s are
aptly placed in the EV ecosystem to catalyse the development of charging infrastructure by leveraging its

business synergies and technic  al capabilities.  Following excerpts highlight the unique positions that d iscoms

possess in in development of chargi  ng infrastructure:

Discoms have existing grid infra structure that could be suitably augmented to cater to EV
§7 charging | oad. Further, discoms have the visibility of optimal locations which can absorb
= the EV charging load and can help stakeholders in determining such optima | locations.

Grid infrastructur
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Discoms have better visibility of the DT loading and  line capacities that could be utilized in
optimal siting  analysis . Zones could be earmarked for near -term, medium -termand long -
term suitability for charging infra development , matching withthe  Discomdés DT/ gr
augmentation plan. This would provide visibi lity to the charging infra developer of the
Distribution transformer adequacy of network infrastructure before investing in development of charging infra at a
loading particular location/zone.

Discoms have existing well  -established system of metering, billi ng and collection system.
This includes smart metering infrastructure, billing software etc ., which could be
leveraged for invoicing energy usage by EV owner/Charging Point Operator/ Commercial

Metering and Billing Institution

system

State owned Disc oms have access to land allotted to them by State Government, for

existing as wellas  future d evelopment of grid sub  -stations. Discom s can use such land for
development of charging infrastructure, in case ,they dondét have any n
term plan for u tilizing it for other purposes. Further, being a government owned entity, it
is expected thatd iscoms can acquire suitable land with minimum administrative hurdles.

Access to suitable

locations
Technical expert ise of discoms puts them in an unmatched position f  or developing
% charging infrastructure. CEA Regulations mandates Discoms to have Safety Officers that
could play an important role of inspection and safety audit in development of charging
infrastructure.
Technical expertise
Distribution Utilities worldwide have played an a ctive role in laying out and scaling up charging infrastructure
installations. The roles and responsibilities range from coming out with a prioritized set of locations for
setting up charging  infrastructure within their respective license areas, offer new tariffs and incentives as a
part of demand response (DR) program for the EV users, extend distribution operations and integrate EVSE
operations through advanced telemetry and communication pro tocols, etc. Involvement of utilities can range
from being a mer e network infrastructure provider to the EV charging stations to providing the full depth of
consumer services starting from network development, owning and operating the stations, and rolling out
DR programs. For instance,
A Discom coul d makev-eeatlydoi n nfirastructure, which include the

required up to, but not including, the actual EV charging equipment.

A Discom could Build, Own and Operate installations, which would include the make -ready
components as well as the charging e quipment itself, resulting in a single regulated entity building
out and owning the electric infrastructure and vehicle charging equipment.

A Discom could leverage their technical capabilities in inspection and auditing of charging
infrastructure.

Utilities are adopting a range of approaches while undertaking investments in network upgrades necessary

for facilitating EV ~ charging services. Supported by regulators, utilities in the US have taken an approach of
investing -i @madiynakienfrastructure where utilities set up the n
charging services providers to install charging stations . AiMalkeadyo infrastructure may i ncl
such as necessary transformer and transformer pads, new service meter, new service panel, associated

conduit and conductor necessary to connect each piece of equipment, and it can also include Smart Grid
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Devices. Whil a etaldeg ofi manke astructure i s owned dbychagingseriicei es, th
providers.

Box 1 2: Charge Ready Program

Through the Charge Ready Program, South California Edison (SCE) pr ovides the requisite grid infrastructu re at an
SCE consumers6 premises (also known as the site host) for i
reduce barriers to EV adoption by deploying electric infrastructure to serve EV charging stations (E V supply

equipment, or EVSE) at long d  well -time locations where EVs are usually parked for at least four hours. These
locations provide adequate time for most EV drivers to fully recharge their vehicles.

The Pilot is open to eligible non -residential custom ers in the following long dwell -time | ocation market
segments:

1  Workplaces

1 Multi -Unit Dwellings (MUDs), such as apartment buildings

1 Fleets

1  Destination centers, such as sports arenas or malls

Through Charge Ready, SCE installed, owned, maintained, and paid a Il related costs for make -ready
stubs serving EVSE, including:

1  Electric distribution infrastructure, such as transformers, service lines, and meters dedicated to EV
charging equipment deployed under the Pilot.

1  Customer -side infrastructure, such as panels, step -down transformers, wiring and con duits, and stub outs,
to allow for EVSE installations.

Participating customers were responsible for procuring, installing, and maintaining qualified EVSE,
including electrical energy and networking costs, but received rebates applicable against some or all of
the EVSE and installation costs.

The participant of this program has to enrol themselves on SCE Charge Ready Enrolment Portal. Once SCE confirm

that the applicant meet the initial qualifications of the program, an Account Manager (SCE  representative) provide
a program overview and discuss deployment considerations and options with the applicant. The following support

is provided by SCE:

1  Evaluation of the site, requirement of the actual number of charging stations ba sed on several criter ia,
including current and near  -term EV adoption and the number of parking spaces available at applicant site.
1  Provide approved list of vendors and charging stations to applicant to assist them in procurement
process and installation of charging stations. Rebate in the cost of installation by procuring through
SCE approved vendors
All permit and inspection are obtained by SCE or Charge Ready vendor, on behalf of applicant
1  On signing of the Agreement between SCE and Applicant, the SCE dep loy the necessary electrical
infrastructure suitable for the agreed number of charging stations to be developed by the applicant.
The above -mentioned case study provides an exemplary mechanism to fast -track the EV Charging
Infrastructure, however it requires Elec tricity Regulators in India to explore mechanism/design for
distribution utilities to allow recover yof cost associated -weadydmakhérastructur
their Annual Revenue Requirement (ARR) filings. States such as Andhra Pradesh and Madhya Pradesh
have already recognized th ese issues and allowed recovery of expenses incurred by Discoms in developing

of charging station s through ARR and tariff determination.

In the US, such practice of recovering investment cost of developing charging infrastructure is known as
firate -basing 0. Rate-basing investments add only a small amount to customer el ectricity bills, and
regulatory agencies may encourage these investments due to their potential to increase utilization of the

electric grid and incentivize wider adopt ion of EVs and drive down rates for all ratepayers.
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There are several reasons why rate

sense.

1 Rate-basing costs is much simpler than trying to ascertain individual customer responsibilit

upgrade

1 Imposing distribution facility upgrade costs on specific consumers may
purchasing
off - peak load and improving grid utilization.

an

-basing upgrade costs (if any) i

| Review and assessment

at least for an initial period T make

y for an

discourage them from

spread across all consumers will also have minimal impact.

of t he

ARBO s
(Service Line Extensions) perta

2008

serving multiple homes and network equipment used by just one customer respectively.

EV or fismart chargingo equipment that
1 Impact of EV charging on the distribution system has been minimal and hence the investmen ts if
The state of California issued the state policy goals under Assembly Bill (AB 32) to reduce greenhouse gas
emissions and the related ARB Scoping plan which includes a comprehensive strategy t 0 reducing
greenhouse gas emissions from the transportation sector. Electrification of vehicles is a critical component
Scopi nuleP-Raenl5 (DEtlibaton Line Extedsens) ahd Rule 16
in to grid equipment used by multiple customers, for example, a transformer
of EVSE is

As per California Public Utilities Commission (CPUC), the rationale for adoption of rate basing

highlighted below:

Figure 87 Rationale for adoption for rate basing

Particulars Rationale

Utility expenses
Vs customer
expenses

Upgrade as a
system asset and
Rule 16

provisio ns

EV as a new and
permanent load

Impro ved system
utilization and
reduced losses
for managed
charging

Residential level
upgrades

Adherence to
overall state
goals

An upgrade to equipment which has the potential to serve multiple customers

in California

is generally

considered a utility expense and the associated cost is borne by the general body of ratepayers

and not just by the EV customer or just by the group

transformer.

of neighbours being served by the

The cost to replace a shared distribution transformer, due to projected impact of additional

loading by EVs, would be considered a total system asset and, as a

rate base.

On the other hand, the cost to replace an existing ¢

be at the
system wide asset.

The load profile created by EVs is similar to that created by other

customer6s

result, should be included in

ustomer -specific service transformer would

expense. A commercial or publ

large residential appliances,

such as large portable air conditioners and hence it cannot be considered as a temporary load
created by specific customers.

1 Incremental EV load on a larger
asset utilization in the long

utilit ies

1 Onalarge scale EV charging occurring during off

scale has the potential to yield improved electricity system

-term. Benefits of the same would accrue to all customers of the

-peak periods could actually reduce the

price of energy for all ratepayers which would have otherwise been incurred by utilizing

expensive peaker plants in on

all customers

-peak periods. The benefits of the same would

Any expenses incurred over and above
owners, would be rate based provided that the additional expenditure pertains to only basic and
necessary investments

Adoption

of

EVs

is

be realized by

the standard residential allowances, if any given to EV

b a s e djoaldared@a greerfhousergas@&misions threulyts

the electrification of the transportation sector and hence any investments in achieving the same

is as pe r the state goals.

Source: 70 Deloitte analysis
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2421 Discom role in Building, Own ing an d Operating of Charging Station

Discom may further extend their role from developing of make -ready infrastructure to owning and operating
of Chargi ng Station. It is a classic case of forward integration, whereby Discom would embark into the
business of their prospective consumers ( EVSE operators ). Several regulators in US allow utilities to own

charging stations in -order to avoid stifing of market c ompetition except in particular cases where
provisioning of charging service is an issue such as in dis advantaged communities. In cases where there is

no restriction on utilities to own charging infrastructure, utilities have set -up charging stations along with

the necessary grid facing infrastructure. In this case, utilities are allowed to recover the cost of fAmake

readyo infrastructure almsingEVSE t hrough rate

For exampl e, the CPUC all ows APG&E t o i-basebecduse itwillbe uBitySE i t oW

property that is used and useful in r a@rPdbewrei Nguut DFi ve ,peroyr a
SDG&E is responsible for owning, operating and maintaining the installed chargers. The program is open to
existing SDG&E consumers who have dedicated parking spaces (minimum 5 for Multi Dwelling Units and 10
for businesses). The elig  ible property owners have to apply Utility/ regulators put a cap on
to the program through the SDG &E website and complete maximum rates to be charged
a similar evaluation process as in the case of SCE e
(explained in case study above).
In India, similar model could be adopted with necessary
approvals from regulators. Utilities can decide to recover Charging station
the full cost of EVSE infrastruct ure through an increase in (Home/ Public/ Workplace)
fixed charges; a mix of fixed and variable charges from EV —
charging services; or fully from EV charging services. In all
cases, regulatory approval is required. A r ange of options

. . . Onetime fixed Feg
can be considered for tariff rate structure desig n as shown !/
in alongside.

There could be several business model possible under this approach. Discom may consider to develop the
entire infrastructure under this model and may bid -outthe op  eration of charging station to third - party
under regulator approv  ed commercial arrangements.

2.4.3 Discom role in inspection and auditing of charging infrastructure

By leveraging its technical capabilities, Discom can facilitate in the inspection and auditing o f the charging
stations. As per CEA (Measures relating to Safety and Electric Supply) Regulation, 2010, Electrical Inspector

and Chartered Electrical Safety Engineer (CESE) are made responsible for providing permission to electrical

installation before con nected it with the electricity grid. The Discom could play a supe rvisory role during
construction of charging/ battery swapping stations. Suitable Regulatory provisions needs to be done to

waive -off the requirement of permission of Electrical inspector/CES E in case Discom provides undertaking
that the entire charging in frastructure has been develop ed under their supervision. As the electrical
installation could be expected to be constructed under the supervision of technical experts of Discom, the
Electrica | Inspector/ CESE could be allowed to provide permission to conne ct charging infrastructure with
electricity grid without any detailed testing and inspection against the undertaking provided by the Discom.

This would lead to reduction in number of administ rative approval s required in setting up of charging
infrastructur e as well reduce the overall time from commissioning to electrification of the charging
infrastructure.

Discom s can also play a role in specifying and standardizing the technical requirement of the equipment
used at charging stations and, as a step furth er, in specifying/developing communication protocol for
communicating with the Discom, charging station, captive generators (buil t for EV charging only) etc.
Discoms can also render assistanc e on understanding requirements for enabling demand response and
implementation of V2G in near future.
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Box 1 3: ElaadNL

ElaadNL is owned by the Distribution System Operators (DSO) in the Netherlands. Since its establishment in 2009,
ElaadNL provides the coordination for the connections of public charging stations to the electricity grid

on behalf of the i (nl®018)ehadBLSsGhe knowledge and innovation centre in the field of smart

charging infrastructure in t he Netherlands. Through their mutual involvement via ElaadNL, the grid operators prepare

for a future with electric mobility and sustainable charging.

Through ElaadNL DSOs helped in developing the Open Charge Point Protocol (OCPP) which is a de -facto
globa | standard for connecting different charge stations with different management sy stems which now is managed
by the 60Open Charge Alliancebd.

ElaadNL also facilitate inspection of the public charging stations . Network operators are responsible for the
quality, reliability and safety of the electricity grid. Even when charging stations for electric vehicles are connected

to the grid, it is important that these parameters remain guaranteed. That is why every new type of public charging

station must be inspected by the network operators before it can be connected to the electricity network. G rid
Operator Inspection is facilitated by ElaadNL in collaboration with all participating grid operators - Coteq Netbeheer,
Enexis, Liander, Rendo Networks, Stedin and Westland Infra. The applicant needs to apply for inspection by sending

email or calling at designated number provided by ElaadNL.

In addition to  the above, Distribution utilities / companies, in association with technology start -ups, are
reinventing the experience of EV charging t hrough the electricity network. In London, start -ups such as
Ubitricity, in collaboration with municipal corporations and grid operators is offering on -street electrical
vehicle charging services by installing smart socket in street light lamp post. Overvi ew of the Ubitricity model

is provided below:

Box 1 4: Ubitr icity model 1 streetlamp post charging station

The Problem: Requirement of planning permission for designated EV chargi ng spaces. No affordable solution
available for residents with electric vehicles without off -street parking.

The Solution: Ubitricity, a German company, developed a hardware & software solution to enable electric charging

points to be more ubiquitous. It uses a OSimpleSocket 6, installed at | amp
6Smart Cabl ed provided t o &EodfUbdrieity plan. Each SimpleBosketrandSmartGable has unique
identity that is used to charge EV owner on monthly basis against energy usage by them anywhere within the

permitted EV charging points.

The Business Model: Ubitricity tie d up with Municipa | Corporation for setting up of SimpleSocket in street lamp
post s. It provide s SmartCable to EV owner against payment of one -time h ardware cost. SmartCable is equipped with
communication and smart metering device that logs the electricity consumption and communicate s with the Ubitricity
server to transmit energy usage data, location and ID of SimpleSocket etc. At the end of a month, Ubitricity send s
monthly energy usage bill to its consumer having details of energy consumption and parking charges, if any. It
charges nominal monthly subscription charges in providing its services to the EV owner. Ubitricity reimburses the

energy charges and parking charges to grid operator and Municipal Corporation respectively and retain the

subscription charges as  its reven ue.

At present Ubitricity provide cable compatible for Type 1 and Type 2 charging

ﬁ oy v 77
.4 3 T
V ammm—
§ /
SmartCable Chérging Signage App based charging
Point point locator
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2.4.4 Discom role in managed charging

A major concern associated with the high uptakeof EVs is the risk of fAunmanaged cha
charging refers to random chargin g of electric vehicles at any time suitab le to the EV owner  which can

possibly lead to  simultaneous charging of many vehicles in a concentrated region thereby increasing the

stress on the distribution grid. This situation could be further aggravated by coi ncidence of peak EV charging

with peak el ectricity demand.

With high share of EVs, the unmanaged charging may lead to substantial increase in the peak load,

fluctuation in voltage, overloading of distribution equipment etc. to address the challenge of unma naged

charging, the concept of 6 Bihagedc harging & has been introduced in many advanced
the world . In managed charging, the utility or a third -party will remotely control  the vehicle charging by

either disconnecting it from the grid , connecting it at a time when the stress on the grid is the least or even

throttle / alter the charging speed to better correspond to the real -time needs of the grid 3.

Managed charging is categorised into following two types:

Figure 88 Categories of managed charging

Managed charging

Active managed charging Passive managed charging

In active managed charging , utilities will  be able to control vehicle charging schedule . This is done by
using algorithms based on certain grid conditions related to load, voltage, feeder capacity etc. The active
managed charging therefore can help in ens uring that vehicles do not cause excess strain on the network .
Customers also benefit  lower electricity rates during active managed charging and thereby lowering the

operational cost of owning an EV

Whereas, the passive managed charging focuses on load c ontrol through behavioural changes in
consumers. In this form of managed charging, utilities try to influence the EV charging behaviour by

incentivizing certain behaviour patterns through time -of -use tariffs for charging or other such inc entivizing
program s.

Below are some of the advantages of managed charging:

Figure 89 Advantages of managed charging

Advantages Particulars
Improve grid By modulating/varying the charging levels to reflect the grid conditions, managed cha  rging can
economics achieve higher utilization rates, and therefore capacity factor of generation assets (increased

charging rates during off ~ -peak period and reduced rates during peak load/overload conditions)

Reduction in Managed charging can reduce emi  ssions by aligning charging with surplus renewable generation,
emissions thereby creating a scenario where excess renewable capacity can be absorbed in the system,
such as photovoltaic (PV) production during peak solar hours and wind spikes du ring off -peak
hours.
3% Beyon d load growth: The EV managed charging opportunity for utilities (access here )
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Advantages Particulars
Reduced stress on Managed charging can reduce grid stress and maintain grid stability by minimizing charging ramp
the grid rates and reducing the strain on local distribution transformers which tend to be overloaded

during peak period

Capex deferral Manag ed charging can reduce the need for new peak generation and distribution capacity
resulting from EVs charging during peak hours.

Reduction in T&D Modulating the amperes flowing through the charging station can also result in reduction of
losses technical losses in the distribution system
New market Capacity and ancillary market services such as frequency regulation and spinning reserves.

opportunities

Benefits to EV Economic returns to EV owners by reducing the cost of charging through dynami c rates and
consumer potential payments for the supply of ancillary services.

Box 1 5: International experience in managed charging
1. Los Angeles Department of Water and Power (LADWP)

The Los Angeles Department of Water and Power (LADWP), through its fACharge Up L. A.
$500 for Level 2 res idential chargers or $4,000 for commercial chargers. As a condition of the rebate program,
recipients must agree to participate in LADWPOGSs indtalaiannndther e
event the utility needs to curtail that load. Further , LADWP can disconnect the load from the EV charger for the

duration of the event without notice.

2. Managed charging for bidding in CAISO

eMotorWerks, which developed a Vehicle Grid Integration platform called JuiceNet, has its own smart grid enabled
JuiceBo x EV charger, and provides JuiceNet platform capabilities to five other Electric Vehicle Supply Equipment

(EVSE) manufacturers. Additionally, eMotorWerks has started deploying its platform to control vehicle charging
directly over the telematics link with select OEMs. By controlling how and when large quantities of EVs charge
throughout the day, eMotorWerks can bid that capacity into wholesale power markets such as the California

In dependent System Operator (CAISO), use it to balance renewable generation, o r provide traditional DR services
to the utilities, while observing driver behaviors and allowing driver override to avoid customer dissatisfaction.

The key challenges which discoms could face with high penetration of EVs is summarized in the figure below.
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Figure 90 Key challenges for Discoms wit  h high EV penetration

Voltage Stability and Harmonics
Nontlinear load of EVs, sudden onset of
charging load etc. may cause voltage
unbalance, harmonics, voltage dips and
may lead to voltage crossing acceptable
limits at various nodes.

Choosing appropriate locations for
placement of EVSE

Aldentification of nodes that have a
capability to handle external load is a
key challenge.

AUltilities shall be required to identify
strong buses in the system for
connecting EVSE, in order to maintain
system stability.

Uncontrolled charging in peak

hours

Uncontrolled charging would lead to
increase in peak load demand,
transformer overloading, line losses, anc
power losses shall become more relevai
as EV penetration increases

AOptimizing siting of charging stations
such that congestion related to EV
charging demand does not occur and
the station is optimally utilized

Distribution utilities should proactively conduct adequate tech nical
analysis to understand the impact of EV penetration under different
scenarios and devise a mechanism for optimal integration of the

same in the grid

2.5 Consu mers 1 market landscape

Although, there have been significant developments in the electric mobi lity space, the perception of
consumers is still not in favour of electric vehicles. Deloitte , through its Automobile Consumer Study 2020,
surveyed 3022 consumers in In diato understand opinions regarding critical issue s in automobile sector.

1  Over past fe w years, there ha s been decline in 2 -3% of consumers who are unwilling to pay any
more for either autonomous technologies or alternative engine technologies.

1 Around40% consumers preferred Electric vehicles (Battery/ hybrid) for their next vehicles. Howeve r,
decision of buying an EV is dependent upon the price of fuel for ICE vehicle. Only when the fuel
pricesrise by an additional 40% -50% from the presentlevel, itisex pectedthat majority consumers
will prefer electric vehicles over ICE.

Figure 91 Consumer preference for their next vehicle Figure 92 Consumer preference toown BEVs with change in
purchase petrol prices

P .
\

Source: 71 2020 Deloitte Automobile consumer Study

80%
75%

= Gas/diesel (ICE)

= Hybrid EV

= Battery EV

Current petrol prices in the
range of 7680 Rs. per liter

= Others (including ethanol,
CNG, and hydrogen fuel

cell)
95 114 133 152 >152

Rs. per liter

Percentage of consumer like to own BEV

Conventional vehicles are still the preferred choice for the Indian
vehicle user
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Majority of consumers state d that lower emission from EVs is their primary reason for purchas e. However,
only 14% of consumers are willing to pay an additional Rs 3 Lakh for an electric vehicle  in comparisonto a
similar conventional vehicle.

operating costs incentives  status/keeping up brand/other
with latest
technology

Figure 93 Reasons consumers consider hybrids or BEVs Figure 94 Consumer willingness to pay extra for an EV

60% 56%

50% %
= More than 3 Lakh

40%
= Between 1 to 3 Lakh

30%

21%
; = Less than 1 Lakh
20%
11%
10% 5% % = Wouldn't pay more
7 [ - [ s
Lower emision  Lower vehicle Rebates/tax Social Vehicle

Source: 72 2020 Deloitte Automobile consumer Study

Even though consumers prefers EVs due to their low emission
capability, they are not willing to pay extra for EVs.

Majority of consumers expect the range of an EV to be more than 340 km s for buying . Around 64% of
consumers are willing to wait for at least 30 minutes to fully recharge a battery electric vehicles.

Figure 95 Minimum driving range consum ers are expecting Figure 96 Amount of time consumers are willing to wait for

from a BEV (km) full EV charging
35% A 35%
30% 0
30% 28% -y
30%
24%
25% 250% ’ 22%
20% 20%
15%
14% 9
15% 6 15%
10% % 7%
10%
5% 0%
z . Less than 10 10 minsto 30 mins to 1 hour to less 4 hours and
0% r mins less than 30 less than 1 than 4 hours more
640Km 480Km 320Km 160Km 80Km 52y Qi i o

Source: 73 2020 Deloitte Automobile consumer Study

Indian consumers prefers EVs with high travel range and charging
infrastructur e supporting fast charging
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Figure 97 Responsibility of building accessible EV public charging

infrastructure

Around 65% of consumers think that it is
either the responsibility for vehicle 40%
manufacturers or government to build 7 34%
publicly accessible EV charging stations 31%
and other infrastructure. 30%

25%
Majori ty of consumers 20% L -
believe that the  vehicle 15%
manufacturers should 10%
install and operate EV 77
Charglng InfraStrUCture 77 Vehicle manufacturer ~ Government Existing fuel Electic utilities

companies

ICE vehicles are still the preferred vehicle option among  Indian

consumers and expected to remain the same unless fuel prices
jumps 40% -50% from their existing level.

High vehicle prices is one of the major bottleneck in adoption of EVs
as Indian consumers are not willing to pay extra for EVs

2.6 Financial instituti ons i market landscape
Financial institutions are one of the vital stakeholder s that can catalyse uptake of electric mobility . They
enable stakeholders in realizing their electric mobility  plan by helping them in financing various acti  vities

such as develo ping of manufacturing unit s, upgrading / augmenting distribution network, setting up EV
charging infrastructure 0 r for purchasing electric vehicle.

Figure 98 Role of financial institution in uptake of electric m obility

Electric mobility
stakeholders

""" B om =i

127 .40

EV component Battery/ Cell Power utility Charging & Battery Customers/ End -
manufacturer manufacturer swapping service provider user
(7 (7 (7 (7 (7
. t® [® 1® t® 1®

Financial support to all value chain players Eraronl

| BANK |
HH Institution

There is no proactive participation of financial institutions in promoting electric mobility  in India. Among all
nationalized banks, only State Bank of India has come up with the loan facility for  electric car buyers at
reduced interest rate.

State Bank of Inda i ntroduced counftGryedesn fQ ars (Blectrawn &ar) to encourage
customers to buy electric vehicles. The scheme offers a 20 basis points smaller interest rate than on
the existing car loan schemes

Further, access to debt  capital by the small and medium manufacturers of auto ancillary part and start -ups

venturing into EV manufacturing , is very difficult, as the financial institutions still consider EV as a nascent
market with ahigh technological risk perception . Newentrantsinth e EVmarketh ave limited financial muscle
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as their business models are still evolving and they do not have substantial financial backing . Therefore, it
is very difficult for such players to raise capital from lending institutions. However, the established OEMs are
rela tively in comfortable position to raise debt fund , based on the strength of their balance sheet.

The industry need s the support of  financial institution s in bridg ing
the gap to access finance for increased offtake of EVs . Thereis an
increasin g need to con sider electric mobility as a priority sector for
lending , so as to catalyse large scale uptake of EVs in the country.
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2.7. Summary

Summary of

79

electric mobility  landscape analysis

Commitment towards GHG reduction, huge dependency on importe d crude oil, high
urbanization, and growing population are the key drivers  that could propel the transition

from conventional mobility to electric mobility . Policy makers and regulators have taken
collective effort to promote electric mobility  in India. DH | introduced FAME schemes (I & I1)
to spur the EV demand whereas MoP notif ied guidelines on installation of charging
infrastructure. Electricity regulatory commissions have also brought out special tariffs for EV
charging, and ARAI has introduced standards for AC & DC charging. MoHUA ha s amended
Building Bye -laws and Urban and R egional Development Plans Formulation and
Implementation Guidelines to make charging infrastructure development as an integral part

of urban planning, development and construction.

Along with the  policy effort s by the Govt. of India |, states have also come  out with their

independent EV policies to help uptake of electric mobility

Although central government and state government are putting substantial effort s to drive
the EV adopt ion in India, traction can only be seen in 3W and 2W segments. The 3W
segment, particularly e -rickshaw s, is driving the high adoption rate of EVs. For 2W the major
drivers are lower operational cost, ease of charging at home with avai lable infrastructure.
However, EVs still need to achieve cost parity with ICE vehicle for large offtake by

consumers, especially inthe  2W segment. High cost of EVs is identified as the biggest
bottleneck in adoption of electric vehicles in the country.

Exclusion of 4W private  vehicle from FAME 1 |l eligibility for demand incentive along with
multiple issues related to high cost, unavailability of adequate charging infrastructure, range
anxiety etc. is causing this segment to witness lesser adoption of EVs

E-buses have not witn essed the required level of traction as envisaged under various

policies. Even after allocating more than 40% of total incentive pie for e -buses under FAME T
I, no significant traction has been observed. Mandatory requirement of procu ring e -buses on
GCC mo del needs to be re  -looked with consideration for relaxing requirement of huge bank
guarantees as security to increase uptake of e -buses.

From supply -side point of view, there are several constraint s. For battery manufacturing,
India lacks in accessto raw material s (mineral resources). EV auto ancillary in India is also at
nascent stage with limited manufacturing capabilities. Huge dependency on imported auto

component (mainly electronic and electrical) acts as a barrier in attaining price parity with
ICE vehicle. P hased Manufacturing Program, Aatma Nirbhar Bharat, and incentives
announced by several states in their EV policy is expected to strengthen the supply  -side

scenario in medium to long run.

FAME Il scheme allotted 10% of its overall outlay for EV ch arging however, there has been

no significant growth in development of EV charging infrastructure. Administrative

procedures of land acquisition and electricity connection, lower utilization of charging

infrastructure, absence of provisions forre  covery of expenditure through tariffs, absence of
regulatory provision for participating in ancillary market etc. are some of the challenges

industry is currently facing.
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Discoms have not been mandated to actively participate in the development of chargin g
infrast ructure. Further , as highlighted above, T  here exist s no regulatory clarity on allowing
capex for charging -infra development as pass  -through in tariffs .

With their inherited capability of existing infrastructure, existing consumer base and su perior
technical skills, the role of distribution utilities will be crucial for uptake of EV charging.

Discoms need to actively participate in planning for EV chargi ng infrastructure.  Random
charging of EVs may put strain in the grid. Harmonics from EV ¢ harging stations will also
impact the power quality of the system. There is need to carry out analysis and determine

the need for strengthen ing the distribution networ Kk in order to integrate EV charging
stations.

Battery constitutes approximately 25 - 40% of the vehicle cost. Battery swapping model

allows to take out of the costof battery fromthe  upfront cost of EVs. T he cost can be
reduced, and a better value proposition could be offered to consumer for adoption of EVs

with prices at par or lower tha n the ICE vehicle . However, lack of policy guidance on
standardization of battery for EVs, and huge upfront capital requirement is posing challe nge
in massive uptake of battery swapping business model.

To incentivize charging infrastructure developme nt, regulatory commission needs to play an
active role. This can include the following: -

1  Devising mechanism for recovery of investment made by discoms as part of tariff.

1 Incentivizing charging infra  structure developer s by allowing them to participate in
real-time and ancillary power market

1 Developing framework to promote managed charging

Although there are still challenges across EV landscape, private players are betting heavily

on success story of EVs in India. Many start -ups have entered in to manufact uring of EVs in
past 5 -7 years and conventional vehicle manufacturers, both domestic and global, are also
launching EVs in Indian marketplace.

Similarly, several players have ventured into development of charging stations and have
substantial plans for de veloping charging station s as well as battery swapping station across
India in the futur e.
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2.9. Risks & challenges to EV stakeholders

Risks & challenges for EV stakeholders in the existing marke t are categorized into five categories:
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Supply Chain Technological Risk

Risk

Financial Risk

| Review and assessment of
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2.10.

Recommendations

Recommendations for uptake of electric mobility in India:

01
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Natio nal / State level policy should be formulated for incentivizing Distribution Utilities on
investing in  development of EV charging infrastructure

In line of international case -studies, a Charge -ready infrastructure programme to be
launched mandating Dis  coms to spearhead the development of charging infrastructure by
leveraging their technical capabilities, international case studies shall be capitalized to align
Discom role in charging infrastructure ecosystem

Electricity Regulator to be mandated to pr ovide mechanism for approval for Rate -basing of
utility investments in building EV charging infrastructure

Electricity Regulator should design and implement TOU tariffs for EV charging

Technical standards for charging equipment in the case of Manage d charging should be
designed and approved

Designing electricity market structures for participation of EVs. Electricity regulators shall be
mandated to devise mechanism for allowing charging infra developer in demand response
market.

Policy consider ation to be deliberated for workers in ICE Auto Ancillary industry (primary
mechanical) to skill them suitably for working in EV auto ancillary industry (primary electrical
and electronics)

Standardization of battery should be done to enable battery swa pping a plausible business
model catering primarily to commercial vehicle

Financial Institutions should be encouraged to extend their lending facility to electric mobility
sector.

Existing scheme/policies designed for promoting electric mobility nee ds to be fine -tuned,
based on the scheme/policy performance and market expectations. For examples, riders are
availing subside s could be re -examined.
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Many of the new technology related to managed charging of EV has been introduced first
using a pilo t platform. The results for these pilots are then used to carry out large scale
1 j deployment of technology. While standards and guidelines introduced in India do provide
provisions for communication protocol between EVSE and other stakeholders, there has bee n
no pilot initiative on large -scale managed charging pilots. Utilities and regulators across India
need to take initiative on introducing pilot projects which can demonstrate the benefits of
managed charging of EVs.

It has been observed that having ded icated tariffs and incentives for EV encourages
~ adoption. While few states in India have taken EV policy initiatives, a large number of states
1 ‘ are yet to introduce EV specific tariffs for public and home charging as well as incentives
under state policies  for purchasing EVs and setting up home and public charging stations.

National level policy for Urban Local bodies / municipalities, etc. to issue Charger
~ Deployment plans and undertake investments in PCS through loans from Central
1 = government. The sam e could be converted to grants on timely achievement of milestones
subject to the local authorities tying up with designated government agencies for
implementing the roll out plan.

Adopt a framework for state level / city level authorities to undertake competitive bidding for
1 Z allotment of zones for PCS installations

Develop frameworks for public private partnerships / franchisee agreements for developing
EVCS.

Explore innovative business models for development of charging stations.

ForEVusers,inte r oper abi | irtoya,mimnrg, e means t hat uaestation ¢ a

communicate equally with vehicles. For this to work seamlessly, common standards for

1 ': with a single identification or payment method, and that all charging stations can
- charging networ k operators must also be established

A key enabler for smart charging and other vehicle -grid integration aspects is collaboration
among various stakeholders . There is a need to create a common platform which can bring
1 E together expertise of all stakehold ers.
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3. Review of policy, regulation and
technical standards for  electric mobility
and LCPRT

Conducive policies and regulations play a vital role in unleashing the potential of new technology and opening
corridors for new opportunities. Similarly, techni cal standards play a major role in streamlining of
technological development, compatibility of various systems and component s used in value chain . It also
ensures safety and reliability of new techn ologies which in turn increases consumer confidence . This chapter
will focus on highlighting various policy and regulatory measures taken collaboratively by several ministries
under Central/State government to expand the uptake of electric mobility  and cle an fuel based automobile
market in India. It also covers t he review and analysis of CEA regulations for electrical safety standards and

grid interconnection.

3.1 Policy initiatives

3.1.1.1 Central policies

As EVs are at nascent stage, policy and regulatory measure s are crucial to provide push to the develop ment
of the electric mobility ecosystem. Globally , the policy and regulatory measures have focused on providing
various fiscal and non -fiscal incentives  for adoption of EVs and charging infrastr ucture . Realising the need
of the transition to cleaner techno logy, the government has been leapfrogging in developing various policies

and support structures for increased adoption of EVs. There have been several policies issued at different

stages of the journey of Indian automotive sector which are aimed at adopti  on of clean fuel and electric
mobility . These policies and interventions are highlighted subsequently.

31111 National Electri ¢ Mobility Mission Plan (NEMMP)

Adopted in 2013, the National Electric Mob ility Mission Plan (NEMMP) 2020 laid down the vision and roadm ap
for EV penetration in India. NEMPP outlines incentives along four priority areas for EVs viz. demand
incentives, manufacturing of EVs, charging infrastructure development , and research and development.

In terms of the assessment made by the joint Government -Industry study, the total investment requirement
envisaged in the mission document for setting up the require d infrastructure to achieve the target (both
power and chargin g infrastructure), is summarized in following table:

Table 15 NEMMP Targets

Area 4w 2w 3wW Buses LCV Total
Additional generation 150 -225 600 10-15 <5 10- 775-
Capacity (MW) 20 865
Power Infrastructure 1,200 -1,300 3,300 -3,400 75-85 20-30 90- 4,685 -
(Rs Crore) 100 4,915
Charging Infrastructure 950 -1000 - 70-80 10-20 115-1,145 -
(Rs Crore) 125 1,225

87



Status quo analysis of various segments of electric mobility and low carbon passenger road transport in India

regulation and technical standards for electric mobility and LCPRT

Source: Department of Heavy

It was expected that Gol will support the develo

stages of development when the pilot projects wil
business model will be at a nascent stage. Subsequently, private sector participation
up country wide charging infrastructure. Moreover, roll out of the EV charging infrastruc

a phased manner as follows:

Phase | (first year)

Phase |

Phase lll (Year 3 to
2020)

There were several provisions listed under the policy, ho

The Government

Vi,

| Review of policy,

I ndustries. 2013. ANational El ectric Mobility

pment of electric vehicle charging infrastructure in the initial

| be rolled out for cities and during the phase when the
will be required to set
ture was planned in

This will involve detailed and in -depth evaluation of various options, pr ioritization and putting

in place the required frameworks and models for EVSE adoption, enabling policies, chargin g
infrastructure standards, laws and undertaking detailed studies that will facilitate the roll out
of the optimum EV infrastructure.

I (Yearl - 3) The activities in the medium time frame would build on the initial basic work done and include

deeper impact assessment studies
infrastructure consortium building activities, development of

This will include the following activities: -

i.  Ensuring availability of reliable and regular electricity supply,

ii.  Making available adequate recharging facilities with convenient access,

iii. Development

of EV charging as a viable business entity,

and programs, pilot projects in various cities, EV
possible busine ss models, etc.

iv. Well established and synergic linkage between EV charging infrastructure with
renewable energy generation infrastructure,

v. Development of public recharging infrastructure that includes opportunities for rapid
recharging throug h either setting up of optimal number of fast recharging centres or by
use of batteries swapping stations that allows quick replacement of discharged battery
packs with charged ones.

wever the same were not effectively implemented.

Permissive legislations: Legislations to allow usage of electric vehicles in various areas

Operational regulations: Use of legislation framework and regulations aimed at setting safety
regulations, emiss ion regulations, vehicle performance standards, charging infrastructure standards,

etc.

Fiscal policy measures: Trade related policies for shaping the market, imports and exports
Manufacturing policies aimed at encouraging investments. Specific polici es aimed at incentivizing

manufacturing and early adoption of electric vehicles through demand creation initiatives

Schemes and pilot projects for facilitating infras  tructure creation

Policy for facilitating  research and development

all likelihood the EV penetration target of 14%
achieved. ( In Chapter 1 , we observed that
less than 1%)

of India has taken considerable measures to keep efforts aligned to the provisions laid

down under NEMPP, however the EV sales penetration stands nowhere near to the planned target level. In

-16% by 2020 as envis aged under NEMMP is unlikely to be
the yearly sales penetration of EVs in last five years has been

Failure in achieving EV penetration target s envisaged under
indicates that the policy measures undertaken to promote
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mobility were not sufficient. Nevertheless, the actions taken as per

the provision of NEMMP has  provided the initial boost for upta ke of
EVs and increased the awareness level among consumers and

industry players FAME Scheme

The FAME (Faster Adoption and Manufacturing of (Hybrid and) Electric Vehicles) scheme was first launched

in 2015 as a flagship scheme under NEMMP 2020 mission plan of Central government to enhance hybrid and
electric technologies in India. The overall sche me is proposed till FY22 to support market development of

EVs.

FAME Phase |

Phase 1 of the scheme  was initially launched for over a two -year period starting from FY 2015 -16 to FY
2016 -17 with an overall outlay of INR 795 Cr. The scheme was later extended four times for six months

each with additional outlay of INR 100 Cr.

The funds were used to provide direct subsidy to the EV buyers. Along with direct subsidy, gr ants for specific
projects under pilot projects were sanctioned, also, R&D/technology develop ment, and public charging
infrastructure components were also sanctioned under the scheme. 465 buses were sanctioned to various

cities/states under this FAME |.

Figure 99 Snapshot of FAME | scheme

« 2015 -2019 ® >

________________________________________________________________________________________________

SN
-

TVS =& \! Hero

g 7 7 |
S 41% i i i i OKINAWA Mahindra i
% fund : i : i Y Power the Change ise :
g utilization L | (®ATHER <> :
B i HIETICGREEN !
: | 2.8Lakh vehicles || 30 registered
‘_ = Total incentive amount (INR Cr) “\ Sold Y N OEMs J

’ ” ’ ~

______________________________________________________________________________________________

The FAME | scheme failed in u  tilizing complete allocated fund in four years of its period. Only 41% of its
overall outlay of INR 895 Cr was utilized.

Although the FAME | scheme failed to utilize sanctioned funds, it has
provided the stepping stone for uptake of electric mobility in In dian
market. The scheme was successful in creating awareness and

momentum for  electric mobility  in the market.

FAME Phase I
In March 2019, the ~ MoHI&PE notified FAME 1 Il scheme with increased layout of Rs 10,000/ - crores, which
includes a spill over from FAME-1| of Rs 366 Cr. Period for Phase 2 of the FAME scheme was from FY 2019 -

20till FY 2021 -22.
FAME Il aims to leverage  the buzz created by FAME | to create a platform for the EV industry to take off in

the country. The scheme is focused on promoting dema nd as 86% of the scheme outlay is reserved for
demand incentive. The overall outlay is segregated into four categories:
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Figure 100 Outlay break -up under FAME Il

Charging Administrative Committed

Demand incentive infrastructure expenditure expenditure of FAME |

As far as subsidization of vehicle goes, the scheme is supporting sale of close to 1.56 Mn vehicles (all
categories) . Breakup of this provided in below figure.

Figure 101 Category -wise no. of vehicles to be subsidized under Figure 102 Demand incentive category  -wise distribution
FAME I1 in FAME Il
@@ Demand incentive
1000000
g b Bus, 41%
500000
&
55000 7090
|
0,
2W 3W 4W Buses P

Source: 74 FAME Il scheme

Subsidies under FAME Il are limited to EVs using advanced Li -
battery and newer  technologies only

Figure 103 Snapshot of FAME Il and progress till date

< ® 2019 -Aug 2020

I/';:und allocation breakup (INR Cr) ™ I,’/ ’ e I// I' A \\‘
{ 1 — 1 TUS el !
| e < | &Ko By N0 L3
i astructure ] i E_ buses ) i gg!ﬂﬂ:l‘ﬂﬂ mahlnd;!ja ’
1 Demand i H i 1 o i
i incentive , 8596 ) fund E i ﬁ Sold under i i @ATHER i
| utilization oo FAME Il till || AT .
i till date | / i |
: CPMEL i1 25,017 vehicles date P 22 approved ;
‘\\ : fund , 366 /:' '\\\ sold /',’ \\\ OEMs /
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Key policy gaps in FAME Il scheme

No incentive for vehicle
scrappage/ Retro fitment
allowance

mobility and low carbon passenger road transport in India

| Review of policy,

The incentives under the policy are for purchase of new
EV only, however it does not provide for any scrappage
incentive , to encourage ICE vehicle owner  sto scrap
their vehicle for EVs . Further, it does  not talk about any
retro -fitment allowance for conv  erting existing ICE
vehicle to EV.

No mandate for EV adoption

Unlike China and California, there is no EV mandate
provided under the scheme that led to following issues:

1. Insufficient development of charging
infrastructure :In China, State  Owned Grid
Utilities are investing hugely in development of
charging infrastructure  ; EV mandate in the country
provide s assurance to investors in terms of
business cont inuity, higher utilization of assets and
early payback

2. Investment dilemma among automob ile
manufacturer  : Currently , automobile
manufacturers  have hugely invested in ICE
technology. India is transitioning towards BS IV to
BS VI standard and EV at the same time. In the
absence of clarity on certain uptake of EV (through
mandate) it will be ver vy difficult for the automobile
industry to do parallel investment in two
technologies simultaneously as limited resources
are available with industry.

No provisionf  or fee -bate
concept

ICE vehicle s have been in use since decades and
therefore users are comfortable in using it. A huge

inertia has been developed among consumers that

restrict sthem to switchto EVs . Presently, thereisn o
concept of fee -bate being used i n the policy that allow s
to put huge fees/ penalty /cess/surcharge in using ICE
vehicle that may reduce the inertia carried by ICE
technology. (Sweden has increased taxes on cars that
create pollution, thereby dissuading consumers from

buying vehicles with  internal combustion eng  ines as
they contribute significantly to noise and air pollution)

Additional riders for availing

w subsidy

Under FAME |, two -wheelers with top speed of up to
25km/hr were qualified for incentives of up to INR

17,000 and INR 22,000 for high speed ones. However,
riders put under FAME Il mandated to have a minimum
range of 80 km per charge and minimum top speed of

40 kmph to qualify an electric two -wheeler for an
incentive of INR 20,000.

The higher performance parameters comes at a hig her
cost that have excluded the large section of society
that are price -sensitive from EV purchase.

At herds 450X model (Top speei
RE400 (Top speed: 80 km/ hr),
speed: 80 km/hr) all priced at more than Rs. 1.15
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Lakh. Avon E S tar (range 65km/charge, top speed less
than 50kmph comes at Rs. 60,000)

No subsidy  for private 4W With growing per capita income of the country, it was
expected that there would be an increase in purchase
of private 4W s. However, the FAME II is providing

subsidy only for public 4W  s.

Requirement of re - certification To be eligible for demand incentive OEM s are
mandated to undergore  -certification process for
conformity check to obtain ci
Phase Il eligibility ~ fulflmen t 8 fr om approve
agencies in India. Further, the OEMSs need to get the
certificate in each year to claim the subsidy . This
creates and unnecessary administrative bottleneck for

OEMs
Requirement of indigenous FAME 1 Il guideline require s OEMs to use certain
component percentage of indigenous components to be eligible for

availing subsidy. However, the Auto ancillary industry
for EV s is at a nascent stage. To have  a large number
of EVs onroad, the reis aneedfor well-developed
supply chain of aut o0 component s. In absence of the
same, the requirement of indigenous components acts

as a barrier in realizing the incentives. . Further,
limited number of indigenous manufacturer s of EV
components leads to  import of such c omponents
thereby drivingupthep  rices of EVs .

No institution is assigned with Uptake of EV and setting  -up of charging infrastructure

responsibility of developing is a chicken and egg problem. FAME -1l allocated Rs.

charging Infrastructure 1000 crore as incentive for developing charging
infrastructure. However, presently there is no
centralised institution which is assigned the
responsibility of development of country wide charging
infrastructure.

Gap 8

In China, the g uidance for developing electric vehicle
charging infrastructure for 2015 1 2020 was developed
as focused policy document to develop charging
infrastructure across country. It has established clear
goals for national and regional electric charging
infrastructure layout and identified strategic regions for
development of charging inf ~ rastructure. State Grid
Corporation of China, a State  -owned elect ric utility is
investing hugely in development of charging
infrastructure across country.
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3.1.1.2 State policies

Several states have notified their

EV policies aimed at promoting
manufacturing and increasing
demand of electric vehicles in
their respective state  s. Karnataka
was the first state to release its
EV policy. Till date, a total of
eleven states have notified t  heir
EV policies viz. Delhi,
Uttarakhand , Uttar  Pradesh,
Madhya Pradesh, Maharashtra,
Telangana, Andhra  Pradesh,
Karnataka, Kerala , Tamil Nadu ,
and Gujarat

In the sections below, we will
analyse the state policies in
detail. Each State policy has been
assessed across three levels:

ility and LCPRT

Figure 104 States with notified and draft EV policy

Puniab

Haryana

Gujarat

Maharashtra

Karnataka

| Review of policy,

Uttarakhand

Uttar Pradesh

hd Assam
Bihar

Madhya Pradesh

Odisha

Telanaana *

Andhra Pradesh

Tamil Nadu

Kerala

* State Governmentof ~ Telangana & Gujarat have ap

not available in public domain

- Policy notified
[ Draft policy

proved their EV policies , however the final policy is

Draft EV Policy : Punjab, Bihar, Goa, Odisha, Assam, and Haryana have either published their Draft

policies or are in process of drafting

Figure 105 State EV policy analysis framework

&)

Institutional mechanis

A Policyguidelines on institutional
mechanism for policy rebut, roles
and responsibilities of key
departmentsg Discoms, Transport,
Industries etc.
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EV Value chain suppor

A Promotional measures taken in policy
for EV value chain playecs
Infrastructure support, fiscal and nen
fiscal incentives

Ecosystem support

A Features of policy for development of
peripheral ecosystem across EV value
chaing R&D support, skill
development, amendment in building
bye-laws, public awareness measures,
battery recycling, data sharing and
promotion of digital payment,
promotion of shared mobility etc.
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3.11.21 Delhi

Key highlights of fiDelhi Electric Vehicles Policy, 2020 0

Policy notified: 07 August 2020

Table 16 Key policy guidelines of Delhi EV policy

Key Policy guidelines

9 Setting -up of EV Cell wit hin the transport
department for monitoring of effective day -
Institutional setup to-day implementation of EV policy
9 Creation of State EV Board , an apex body
to implement EV policy

@

1 Within 1year all 4W fleet of government
departments  will be transitioned t o EV

Govt. departments Key policy  targets

©0

- 25% of new vehicles to
Discoms i Facilitate consumerto purchase and (=) be EV by 2024
instal | of a Private Charging Point Induction of 1000 e -
@ buses by 2020
The EV policy of Delhi focuses  primarily on creating demand for EVs. There are gy, Delivery Service
. . . é provider to go 100%
no promotional measures taken to provide thrust to supply side actors. electric by 2025
Delhi announced additional incentives (over and
above FAME Il incentives) on purchase of 2W, 3W and 4W EVs
Snapshot of promotional measures in D el hi 6s EV BYedlue chgin pfagers isgivenin Figure 106.
Figure 106 Snapshot of promotional measures for EV value chain players
A Component _Ind_ividual/ EV Charging Battery swapping
Value chain players s Battery OEMs ettt el EV OEMs institutional i o,
buyers

oy 6)6 Gy
Key policy measures @ @ é w* . e aj ” ’ #
&5

Allotment of land ¢

Land at concessional ratk I

Logisticssupport ¥

Infrastructure | === Category

Plug& Play facilityge

Capital subsidyk I D

SGST rebatek

Interest subventionyk

Stamp duty exemption

ElectricityDuty exemption

Road tax exemption

Subsidizeelectricity

Subsidizeavater

Fiscal & Noffiscal incentives

Other fiscal incentives

Other nonfiscal incentives

Y High impact policy measures - Included in the policy Not included in the policy

Source: 75 Note: Non -fiscal incentive is provided to only 3W vehicles in the form of open permit
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The EV policy of Delhi is offering purchase incenti ve to all E-rickshaw
or E-cart including model s with lead acid batteries as well.
There are several ot her key promotional mewts asrireentives dot i f i ed

scrapping, skilldeve lopment initiatives, battery recycling provision s etc. which is expected to enable creation
of the requisite  ecosystem for larger uptake of electric mobility.

Figure 107 Other key measures taken by Delhi for uptake of electric mobi lity
PAGRG PIGRGHu .O.f R&D Skill development Batteryrecycling Vehl_cle scrappage
arrangement® shared mobility incentive
LHAILY

() b

Retrofitting EV tariff Building bylaws o Wo'rkplace PO EIdi
charging payment

$$ e 0 &

Public awareness

A |dentification of funding sources - Included in the policy Not included in the policy
Summary:

9 Addressed the gaps of FAME -1, extended purchase 9 No definition of roles, responsibilities and
incentive support to private vehicle owners as powers of institutions set  -up under EV policy
well 9 Discoms are not mandated to invest in

1 Interest subvention on loan amount to individual development of charging infrastructure
buyer

9 No support  provided to Charging In  fra structure
1 Scrappage incentive developer, in expediting administrative approval
process such as single window clearance
system/dedicated help desk

1 Incentive for purchasing equipment for home/
workplace charging

9 No focus on power system upgradation and
augmentation to cater  to EV load

Extended incentivesto  e- Carriers

{ Identifie d avenues to arrange funds for policy

implementation 9 Purchase incentive to lead acid battery based 3W

vehicles
i Target to adopt EVsin  one govt. department

9l Very short  policy tenure which may not be
sufficient to provide confidence of business
community / consumers

9 Lack of clarity on reimbursement procedure and
time interval for installation of EV charging sta tions
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3.1.1.2.2 Andhra Pradesh

Key highlights of Andhra Pradesh fiElectric Mobility Policy 2018 -23 0

Policy notified: O 8 June 2018

Table 17 Key policy guidelines of ~ Andhra Pradesh EV policy

Key policy guidelines

9 Creation of Smart Mobility Corporation to
Institutional setup coordinate all necessary activities for
promoting futuristic needs of tra nsportation

1 Model Electric Mobility ( EM) cities to
convert 100% of all commercial and logistics
fleets to electric fleet by 2024

EV adoption for Model
cities

1 All government d e p ar t meehitles 6 to be

Govt. departmen ts .
converted into  EV by 2024

1 Torelease connection to Private Charging
Infrastructure  (PCI) within 48 hours of
application
Discoms I Toset-up 100 DC charging station eachin 4
Model Electric Mobility (EM) cities -
Vijayawada, Vishakhapatnam, Amaravati and
Tirupati

© 00 ©

To develop charging stations at depots , bus
~F}  Transport Department U Sl gt 2
terminals  and bus stops

| Review of policy,

Model Electric Mobility (EM) cities

Vishakhapatnam

?

Amaravati ? ? Vijayawada
Tirupati §

Key policy  targets

State bus fleet all
electric by 2029
Phasing out of all ICE
based commercial
fleets and logistic
vehicles by 2030

The EV policy of Andhra Pradesh is highly focused in promoting supply (manufacturing) and EV charging
stations/ battery swapping stations. The policy does notenvisage  any subsidy orinc entivestothe EV buyers.
Figure 108 Snapshot of promotional measures for EV value chain players
Component Il EV Charging Battery swapping
Value chain players sy Battery OEMs EV OEMs institutional

manufacturers
buyers

Key policy measures @ @ w" Etb w@ . L

Allotment of land A I B _

station stations

B cm

Land at concessional ratlt

Logisticsupport ¥

Infrastructure | «== Category

Pluge Py fociiykc [N [

Capial subsioyk — 1 &

Interest subventiony

SGST rebatck I S S S S

Stamp duty exemption

ElectricityDuty exemption

Road tax exemption

Subsidizedectricity I B

Subsidizedvater

Fiscal & Nosfiscal incentives

Other fiscal incentives

Other nonfiscal incentives _

Y High impact policy measures [l Included in the policy Not included in the policy
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The state of Andhra Pradesh has also promoted V2G (Vehicle -to-
grid) for sale of power from EVs and battery swapping stations.
V2G wiill allow EV owners  and battery swapping stations to realize additional revenue by selling power from

the batteries to  the grid. The policy has directed Electricity Regulatory Commission (APERC) to issue
regulations on V2G.

To further promote uptake of electric mobility , Andhra Pradesh has provided for special tariffs for EV charging
and has introduced TOU tariff s.

Figure 109 Other key measures taken by Andhra Pradesh for uptake of electric mobility
PAGRG PIGRGHu .O.f R&D Skill development Batteryrecycling Vehl_cle scrappage
arrangement® shared mobility incentive
Gﬁ%{} ©)

() 8 h O 5

Home/ Workplace  Promoting digital
charging payment

$$ e 0 &
I R ]

Retrofitting EV tariff Building bylaws Public awareness

A |dentification of funding sources - Included in the policy Not included in the policy
Summary:
9 Discoms are man dated to develop charging 9 No purchase incentive has bee n provided (except
stations. They are allowed cost recovery through road tax/registration fees reimbursement)
tariffs
9 No support  provided to home charging  / workplace
1 Allocat ion to the extentof ~ Rs. 500 Cr. for R&D has charging
been done
TDoesndt iydeemuesitofarrange funds for policy
1 4 cities to be developed as Model Electric mobility City implementation
with provision t o h aGremn Zone 0 , EVionly

R 9 No focus on public awareness
zone 0

9 No focus on power system upgradation and

Battery Swapping Station s can provide ancilla
g J s o . augmentatio nto cater to EV load

service
9 No provision of  single window clearance system
1 EV parks with plug and play facility to be developed
9 Lack of clarity on  reimbursement procedure ,

1 Efforts takento  ease out administrative approval installation timeline etc.
procedures

| Stipend to employees for upskilling on EV related
issues
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3.1.1.2.3 Uttar Pradesh

Key highlights of AUttar Pradesh Electric Vehicle Manufacturing

Policy notified: 7 August 2019

Table 18 Key policy guidelines of ~ Uttar Pradesh EV policy

Key policy guidelines

9 Provision of single window clearance
system and s ingle sanction of reimbursement,
subsidies, etc. under the policy

Institutional setup

9 Public parking spaces man dated to have
charging stations

New ¢ ommercial complexes, housing societies

and residential townships  will be mandated to

have EV charging

Space for EV charging 1

to be
by 2024

1 All forms of government vehicles

Govt. departments . .
converted to  electric vehicles

1 Discom to release supply to
charging/battery swapping stations within 15
days of application
Discoms 9 Discom to invest in settingup both slow
and fast charging networks in government
buildings and other  public places (to setup

100 DC public charging stations )

© 0 0 ©

i State busdepots ,bus terminals and bus

Transpor t Department . . .
stops will have charging stations

and Mobility Policy 201

| Review of policy,

90
Model Electric Mobilty (EM) cities
'Meerut
haziabad
% Noida
§Mathura
Dagra
@ Lucknow @ Gorakhpur
@Kanpur
Prayagraj
(Allahabad) § §Varanasi
Key policy targets

10 Lakh EVs by 2024
5 GWh storage
manufacturing in next 5
years

2 lakh EV charging
swapping stations by
2024

Induction of 1000 e
buses by 2030

o
@
=)

The State policy provides multiple supporting measures for manufacturing of EVs and other associated

components. For charging infrastructure, the
cost of land.

Uttar Pradesh EV policy provides exemption

and road tax for EV buyers, however it is only
vehicles which are manufactured in the state itself
The state also ai ms to promote development and use of

the state aims at incentivising manufacturing of Hydrogen

developers to setup hydrogen stations. Such developers will receive 50%
setup refuelling infrastruc ture .
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Hydrogen powered fuel cells
-powered fuel cells and

policy offers capital subsidy of up to 25% which excludes

from registration fees
applicable to

the

and

the

. Under the policy,

would allow private
capital subsidy (excluding land) to
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Figure 110 Snapshot of promotional measures for EV value chain players
Individual/ . f
Value chain players sy Battery OEMs Compapent EV OEMs institutional Y Chargmg Barcry, SWapPing
manufacturers buyers station stations

o #® S 0
ey policy measures '~ ﬁ w* &
Allotment of land y¢

Land at concessional raske [N [ [

Logisticsupport

Pluga Play facilityk I B

Capital subsidyk

Infrastructure | == Category

g merestsuvenionk [N DN IS
>
£ SGST rebatek I B
Q
£ sSampduyexempton [N I
8 Electricityuty exemption [N I
§ Road tax exemption _
ad Subsidizeelectricity
g Subsidizeavater
- Other fiscal incentives _
Other nonfiscal incentives
Y High impact policy measures - Included in the policy Not included in the policy
In addition to the above measures, Uttar Pradesh has announced to introduce Special P ower Tariff Policy to
facilitate low -cost EV charging along  with TOU tariff for vehicle charging. The state also envisages to  focus
on upskilling its manpower on EV technologyand  promote R&D on next generation battery chemistries, fuel
cell systems, powe rtrains, automotive electronics and electrical road systems (ERS).
Figure 111 Other key measures taken by Uttar Pradesh for uptake of electric mobility
iy BleEion .O.f R&D Skill development Batteryrecycling Vehl.cle FHAIAd
arrangement* shared mobility incentive
Tl
R & 2 ()
z D
2 s
Retrofitting EV tariff Building bylaws Heue) Wo_rkplace PIeGg Al Public awareness
charging payment
o N ®
;$ o ﬁ::l B
A |dentification of funding sources - Included in the policy Not included in the policy
Summary:
1 25% Capital subsidy on development of EV 1 Vehicle registration and road tax exemption is only
charging infrastruct  ure provided to vehicles  manufactured in the state of

Uttar Pradesh
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®

9 Parking spaces
stations

are mandated to install charging

ia | Review of policy,

@

9 No capital subsidy
buyers

in addition to FAME Il scheme for

9 Discom to release connection for supply to
charging/ battery swapping station within 15 days of
installation

1 No policy ince ntive for scrapping
retrofitting

or provision for

1 No promotion of home/workplace charging

1 New EV enabling building codes for 10 EM cities

9 No focus on power system upgradation and
1 Interest subvention to EV and associat ed augmentation to cater EV load (through network flow
component manufacturer s study )
9 Incentives  to battery recycling units
3.1.1.24 Maharashtra

Key highlights of fiMaharashtra 6s El ectri c

Policy notified: 14 February 2018

Table 19 Key polic y guidelines of Maharashtra EV policy

Veh2@xl&0 Policy

Key policy guidelines

1 High power ed committee to be
constituted at the state level to monitor
o the implementation of policy ,and .
Institutional setup » Key policy  targets
develop procedures and  modalities where
requilred (Committee composi tion is 5 Ll SR e e
provided) by the end of policy
period
1 Common charging points in residential Employment to 1 Lakh
Location of charging areas, societies, bus depots, public parking people
infrastructure areas, and fuel pumpsi s allowed as per the 9 INR 25,000 Cr
policy investmentin  electric
mobility space
9 Development Control Rules (DCR) of

local sel f-government and special planning
authorities to be suitably modified in order
to allow setting up of public charging
infrastructure

Govt. departments

9 Discomsto grant permission to the

Discoms . . L
charging station within 15 days

© @

The EV policy proposes -fiscal

incentives applicable for

to setup a high powe red committee which will further decide the fiscal and non
EVs and associated component manufacturers.
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Figure 112 Snapshot of promotional measures for EV value chain players
Individual/ . f
Value chain players sy Battery OEMs Compapent EV OEMs institutional Y Chargmg Barcry, SWapPing
manufacturers buyers station stations

S

oy & A -
Key policy measures @ \" é\jﬁsﬁm w* i’ Cj

Allotment of land v
Land at concessional rat

Infrastructure | == Category

Logisticsupport
Plug& Play facilityge
Capital subsidyk I
g eessuveniork [ I
E] SGST rebatek
£ sampauyeempion [N I B
g ElectricityDuty exemption _ _ _
§ Road tax exemption _
€ Subsidizealectricity I B
g Subsidizeavater
© omerfiscalincenves [N I S
Other nonfiscal incentives
Y High impact policy measures - Included in the policy Not included in the policy

Note: The fiscal and non-fiscal incentives to the manufacturers will be on approval from High Power Committee

Mahar ashtr aos, hdwéver,p ddcks dny addressing support to wards scrappage activities , battery

recycling, home or workplace charging , etc . Also, no special tari  ff for EVs has been mentioned in the policy.
Figure 113 Other key measures taken by Maharashtra for uptake of  electric mobility
GUrding RGN .O.f R&D Skill development  Batteryrecycling Vehl_cle P
arrangement* shared mobility incentive
Tl

&) %
I R

Home/ Workplace  Promoting digital
charging payment

45 (1Y o

Public awareness

Retrofitting EV tariff Building bylaws

A Identification of funding sources - Included in the policy Not included in the policy
Summary:
1 Interest subsidy for EV and associated component 9 No provision of public awareness
manufacturers

9 No policy incentive for ~ scrapping or provision for
9 Capital subsidy on purc hase of EVs retrofitting
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® @

1 25% capital subsidy on development of  charging 9 No promotion of home/workplace charging
infrastructure -
9 No focus on power system upgradation and
1 Training -based certification and placement augmentation to cater EV load

rogrammes for skill development
S > 91 No provision of land allotment for charging

I  Establishment of center of excellenc e for R&D infra structure business

9 No provision of single window clearance system

9 Lack of clarity on  reimbursement procedure ,
installation timeline etc.

3.1.1.25 Uttarakhand

Key highlights of Uttarakhand EV Policy 2019

Policy notified 2 December 2

Table 20 Key policy guidelines of  Uttarakhand EV policy

Key policy guidelines

91 Nodal agency  for the policy will be Industries
@ Institutional setup Department , Uttarakhand and State
Infrastructure &  Industrial Development
Corporation of Uttarakhand (SIIDCUL)

Uttarakhand state policy offers significant support to manufacturing of EV
components in the state. Along with this, buyers will also receive exemption from Motor Yan tax and
commercial vehicles  will receive exemption from carriage permit.

Figure 114 Snapshot of promotional measure s for EV value chain players

Component indiyiddal, EV Chargin Battery swappin
Value chain players sy Battery OEMs p EV OEMs institutional 1arging Y swapping
manufacturers buyers station stations

_ : o ol ma o
Key policy measures @ @ ﬁ w%\ ﬁﬁﬁ E‘J C/

Allotment of land v

Land at concessional rask [T [ [

Logisticsupport

Infrastructure | === Category

Plug& Play facilityge

Capital subsidyk

g nerestsubvenionk [ [
£ SGSTrebatek I B
£ sampauyeempron [ I B
§ ElectricityDuty exemption _ _ _
é Road tax exemption
ad Subsidizeelectricity
g Subsidizedvater
T Omerfiscalncenives [ O O
Other noniscal incentives _
Y High impact policy measures - Included in the policy Not included in the policy
Note: Other fiscal incentive for manufacturers is EPF reimbursement; for buyers it is exemption from paying Motor Yan tax; Other non

fiscal incentive for buyers is receiving priority is attaining route permit
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Along with supp orting manufacturing of EVs, the state

of electric mobility and low carbon passenger road transport in India

| Review of policy,

would also provide financial support to the

organizations who wish to upskill their manpower on EV related aspects

Figure 115 Other key measures taken by

Funding Promotion of
arrangement* shared mobility

A & ¢

R&D

Skill development  Batteryrecycling

Uttarakhand for uptake of electric m obility

Vehicle scrappage
incentive

() &5

00*%0
s

Retrofitting EV tariff

%9

Building bylaws Home/ Workplace = Promoting digital

e O

2 Public awareness
charging payment

A |dentification of funding sources - Included in the policy

Summary:

®

9 Land at concessional rate
manufacturers

for EV or component

9 Provision for interest subvention for manufacturers

9 Stamp duty and electricity duty exemption for
manufacturers

9 Training reimbursement
in upski lling workers

for organizations  involved

9l 50% EPF reimbursement
employing 100+ skilled/semi

forl0yearsfo r
-skilled workers

3.1.1.2.6 Karnataka

Key highlights of

fiKarnataka  Electric Vehicle & Energy Storage

Not included in the policy

@

9 No focus on power system upgradation and
augmentation to cater EV load

9 No provision for incentivizing
or battery swapping stations

EV charging stations

1 No EV purchase subsidy

9 No incentives for  scrapping  or provision for
retrofitting

1 No provision for  battery recycling

9 No provision for R&D in electric mobility

Policy 20170

Policy notified : 25 September 2017
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Table 21 Key policy guidelines of

Key policy guidelines

®

Institutional setup

@ Discoms

The EV policy of Karnataka
however, there are not

Transport Department

Karnataka EV policy

1 Karnataka Udyog Mitra to facilitate
EV/Battery/Charging Equipment manufacturer
in taking clearances from environment, labour
and other departments

9 Technical committee to be set -up to certif y
the EV component manufacturer including EV
Li-ion battery supplier claiming incentive and

concession under the policy

1 To examine permitting use of renewable
energy at low connection cost and offer zero
wheeling charges by EV charging station

i Selected state transport corporations to
introduce 1,000 EV buses during the policy
period

aims to offer fiscal support to  wards manufacturing

adequate demand -side incentives to boost  sales of EVs .

Figure 116 Snapsho t of promotional measures for EV value chain players

Value chain players sy

Key policy measures

Component Individual/
Battery OEMs p EV OEMs institutional
manufacturers
buyers

- & n A -
P8 &2 o

India | Review of policy,

Key policy targets

100% fleet and

commercial electric
mobility in Bangalore
by 2030

To set Fast ¢ harging
station/Battery

@ swappin g station at
every 50 km on
highways

of EV charging stations,

EV Charging Battery swapping
station stations

Ej ) 5|

Infrastructure | «== Category

Allotment of land v

Land at concessional rak

Logisticsupport

Plug& Play facilityge

Fiscal & Nosfiscal incentives

Capital subsidyk

Interest subventionyk

SGST rebatek

Stamp duty exemption

ElectricityDuty exemption

Road tax exemption

Subsidizealectricity

Subsidizedvater

Other fiscal incentives

Other nonfiscal incentives

Y High impact policy measures - Included in the policy Not included in the policy

The state policy also focuses on promoting shared mobility

and mandates parking spaces under its building

by-laws. It also envisages focus on upskilling its  manpower and promoting R&D in electric mobility  space.
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Figure 117 Other key measures taken by Karnataka for uptake of electric mobility
g FAOROUCH .O.f R&D Skill development Batteryrecycling Vehl_cle PSR
arrangement* shared mobility incentive
0% e

& 8 aia ¢ &5
I R

Home/ Workplace  Promoting digital
charging payment

e O

Retrofitting EV tariff Building bylaws Public awareness

%9

A ldentification of funding sources - Included in the policy Not included in the policy
Summary:
9 Zero wheeling charg es for EV chargin g station 9 No p urchase incentive has been provided for EV
procuring renewable power purchase (except reimbursement of  vehicle taxes)
1 EV parks with plugand play facility 9 No support  provided to home charging  / workplace
charging

9 Setting -up Udyog Mitra  to ease out administrative
approval  procedures TDoesndt iydeemuesitofarrange funds for policy

) . . . . implemen tation
9 Provides clarity on incentive disbursement

mechanism  to manufacturer through Technical 9 No focus on public awareness
Committee . . .
9 No mandate  for inducting EVs in government
9 SPV of municipa | corporation, discom, transport offices/departments
company, indu strial board and renewable energy . .
. ] 9 No focus to develop slow charging stations
company to develop charging infrastructure
(improved coordination process ) 9 No focus on power system upgradation and

. . augmentation to cater to EV load
1 Plan to deploy used EV batteries for solar application

(clarity on battery lifecycle management)

9l Stip end and in - plant training for upskilling

3.1.1.2.7 Madhya Pradesh

Key highlights of fiMa dhya Pradesh Electric Vehicle ( EV) Policy 20190

Policy notified: 01 November 2019
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Table 22 Key policy guidelines of  Madhya Pradesh EV policy

Key policy  guidelines

1 Madhya Pradesh Urban Development &

Housing Department (UDHD) will be the Key policy targets
nodal department for the implementation
of the policy 25% of all new public
' Government of Madhya Pradesh (GoMP) will transport vehicles
Lo . . L. registrations by 2026
Institutional setup setup a high level committee consisting of
stakeholders from all concerned departments Camiens A0 CliEll
) » commercial and
9 State Electric Mobility Board (Madhya logistics fleets to
Pradesh Electric Mobilit y Boar d f MPE electric fleet by 2028
shall be constituted as the apex body for Convert 100% of public
. . . transport bus fleet into
effective implementation of the policy electric buses

1 All forms of Government vehicles ,
including vehicles under Government
Govt. department Corporations, Boards and Government
Ambulances etc. willbe  converte dto
electric vehicles by 2028

1 MPERC toissue regulations , defining tariff
and related terms  and conditions, for
Vehicle -to-Grid (V2G) sale of power to

@ Electricity regulator mee.t the requi.rements of real time and

ancillar y services for DISCOM

9 Sale of po wer from battery swapping
stations  to the grid will also be considered
as V2G sale of power

9 Discoms to invest in setting up both slow

and fast charging networks in
government buildings and other public places
9 Discoms allowed to  recover expenses done
@ Discoms in setting -up of charging infrastructure as
part of ARR
1 Discoms shall release supply to
charging/battery swapping stations within 48

hours of application

9 Inter State Bus Terminals (ISBT), bus
PN Transport Department terminals and bus stops will have charging
stations

1 Municipal Corporations Public parking spaces
will be mandated to have charging stations.
1 All new permits for commercial
Space for EV charging complexes , housing societies and
residential townships with a built -up area
5,000 sg.mtand ab  ove will mandatorily
have a charging stations

MP6s EV polInbterpvide oadegjuate push at the supply as well as demand side of EVs. However, it
provides for land  at concessional rates to m  anufacturing facilities along with providing grants for R&D . EV
buyers are not provided with any subsidy.
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Figure 118 Snapshot of promotional measures for EV value chain players

Individual/
EV OEMs institutional
buyers

Key policy measures @@ w© m w@ e
< L7 fe )|

Allotment of land v _ _

Land at concessional ra _ _ _

Logisticsupport

Plug& Play facilityge

Capital subsidyk I

Interest subventionyk

SGST rebatek

Stamp duty exemption

EV Charging Battery swapping
station stations

Component

Value chain players sy Battery OEMs Pt

Infrastructure | == Category

ElectricityDuty exemption

Road tax exemption

Subsidizeelectricity

Subsidizeavater

Other fiscal incentives [N [ O
Other nonfiscal incentives _

Y High impact policy measures - Included in the policy Not included in the policy

Fiscal & Nosfiscal incentives

Madhya Pradesh incl uded the provision of  Electric Mobility Bonds by ULBs to ensure sufficient funding in the
electric mobility  sector. The state is also promoting recycling of batteries and provid es incentives for vehicle
scrappage.

Figure 119 Other key measures taken by  Madhya Pradesh for uptake of  electric mobility

Vehicle scrappage
incentive

Funding Promotion of

arrangement shared mobility R&D Skill development  Batteryrecycling

% Oc*%{} ©
() 20 ¢) =
. Y ¥ rFr ¥ ¥

Retrofitting EV tariff Building bylaws Home/Wo.rkplace PO i
charging payment

43 (0 o

Public awareness

A |dentification of funding sources [  Included in the policy Not included in the policy
Summary:
1 Onlin e portal for applying for EV related incentives 9 No purchase incentive has been provided for EV
urchase (exceptroad tax/registration fees
1 Battery Swapping Station can provide real time and 4 . ( . . .g
. . ” reimbursement/parking fees waiver)
ancillary service to have additional revenue stream

107



Status quo analysis of various segments of electric mobility and low carbon passenger road transpor tinIndia | Review of policy,
regulation and technical standards for electric mobility and LCPRT

® @

1 Net Metering for Energy Operators (EOs) and 9 No support  provided to home char  ging / workplace
Battery Swapping Operators (BSOs) who set up charging

captive renewabl e energy facilities . . S
1 Vehicle scrappage incentive limited to buses

9 State Electric Mobility Board having cross -
department representations for effective
implementation of policy

I No plan to provide plug and facility to attract EV
manufacturer and component manufacturer

9 No foc us on power system upgradation and

9 Mandate for govt. department for EV adoption .
augmentation to cater EV load

9 Discoms are mandated to develop charging stations
and are allowed to recover expen ses through tariff

1 Allowed to establish and run public amenities
like cafeteria, publict oilets and outdoor media devices
at charging station

1 Identified avenues to arrange funds for policy
implementation  (Electric Mobility Bonds)

9 AiE-Zones 0 wi t h e ntomoy -fassil fusl based
vehicles in Smart Cities

1 Plan to stop registering new Auto (ICE vehicles) in
a phased manner

i Re -skilling of ICE vehicle mechanics/ Job fairs at
skilling center

3.1.1.28 Kerala

Key highlights of AiPolicy on Electric Vehiclesodofor the State of

Policy notified: 10 March 2019

Table 23 Key policy guidelines of  Kerala EV policy

Key policy guidelines

9 Technical Advisory committee - Mobility
State Level Task Force (e -MobSLTF) will be
set up by Governme nt. Committee shall
define and strategize  the policy for
development of sector. Committee shall
scrutinize  the technology adoption and
manufacturing proposal and recommend

Institutional setup
Key policy targets

. . @ 1 million EVs on road
the Governm ent for its adoption by 2022
. . . Replacing existing
9 Discomto set -up fast charging station @ 6000+ buses withe -
and battery swapping station in PPP mode buses by 2025

1 Discomto set -up slow AC charging
station on street and parking lots with
Standard 15A outlet for slow charging
e Discoms (Charging station 20 each in Trivandrum ,
Ernakulum and Kozhikode)
9 Discomto set -up Battery Swapping
Stati on , swapping operation to be done by

independent player selected through
transparent bidding process (150 battery
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swapping station in ~ Trivandrum , Ernakulum
and Kozhikode)

The policy extends support to EV manufacturers and buyers, however no fiscal or non
provided to the EV charging or battery swapping operators.

| Review of policy,

-fiscal support is

Figure 120 Snapshot of promotional measures for EV value chain players
Individual/ . ;
Value chain players sy Battery OEMs Eoppopent EV OEMs institutional & Chargmg Beltery, swapping
Pl manufacturers station stations
<3 buyers
Q
g P &5 m;bs 7
Key policy measures @ w* . ~ -
l o ) | o < i
g Allotment of land v
g Land at concessional ra*
g Logisticsupport
= Plugg Play facilityk I B
Captal subsidyk I S B B
9 Interest subventionyk
>
] SGST rebatek
(9]
e Stamp duty exemption
g ElectricityDuty exemption
§ Road tax exemption _
®  Subsidizedlectricity I B .
[
3 Subsidizedvater
w
Otner fiscal ncentives [ [
Other nonfiscal incentives _
Y High impact policy measures - Included in the policy Not included in the policy

Note: Capital subsidy is only given to 3W only

The state policy includes provisi on for special tariff for EVs including promotion of home or workplace
charging. The state is also promoting skill development and R&D in EV space. Along with these, Kerala

announced no new registration of ICE vehicles in certain cities of the state.
Figur e 121 Other key measures taken by Kerala for uptake of electric mobility
Iog0g PUEeion .O.f R&D Skill development Batteryrecycling Vehl_cle PArpcep
arrangement® shared mobility incentive
ol @
FFa [ |
80& -

Retrofitting EV tariff Building bylaws

%%

Home/ Workplace  Promoting digital
charging payment

e O

Public awareness

A ldentification of funding sources - Included in the policy Not included in the policy
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Summary:
1 Plan for mandating certain cities to convert all 4W as 9 No clarity on recovery of expense made by
EV by enforciRgl themoasf bee Discoms in developing of charging infrastructure
1 Mandate for Discom to set -up charging s tation and 9 Purchase incentive is limited to only 3W
battery swapping station in PPP mode
y ppIng 1 Interest subvention on loan is limited to
1 Plan to set -up fund for technology acquisition Govern ment employees only
9 EV parks with plug and facility 9 No support  provided to home charging /workplace
, . . A . . charging
1 célectric mobility z 0 n endcertain pilot region such
as tourist villages/spots, technolo gy hubs TDoesndt i deavehuesftaagahge funds for
L ) . policy implementation
1 Plan to stop registering new Au to (ICE vehicles) in
certain cities 9 No focus on public awareness
9 No mandate  for inducting EVs in government
offices/departments
9 No vehicle scrapp age policy
9 No provision to have single window clearance
system/dedicated help desk to expedite
Administrative approval
9 No plan to amend building bye -laws to enable
home/workplace charging
9 No focus on power system upgradation and
augmentation to cater EV load (through network flow
study )
3.1.1.29 Tamil Nadu

Key highlights of fiTamil Nadu  Electric Vehicle Policy 20190

Policy notified: 16 September 2019

Table 24 Key policy guidelines of Tamil Nadu EV policy

Key policy guidelines

1  Tamil Nadu Industrial Guidance and
Export Promotion Bureau will be set -up
for sanctioning of incentives provided by
Government to Industries

9 Allinvestment proposal s under the EV Key policy  targets
Institutional setup sector will be provided the necessary
facilitation ~ through the  Single Window Commercial fleets are
Cl f | encouraged to convert
earance .aC| ity . into EV
i Created a high -level Steering Introduce 1000 new e -
Commi ttee formed to monitor the buses every year

implementation of  the policy

1  The Industries Department wil | be the
@ Industries Department nodal department for the implementation

of all manufacturing related incentives
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1  The Energy Department will ensure that

public and private charging station are
Energy department . . ——
provided with all  necessary facilitation

and incentive

I State Discom toinvestin setting up both

Q . Slow and fast charging networks in
Discoms - .
Government buildings and other public
places
1 Shallactas nodal department for
- P} Transport Department issuing guidelines to achieve the other
objective of EV policy
Tami | NBWpalidyg reatly supports EV s and component manufacturers and provides various incentives
to EV buyers. The EV charging station owners would receive capital subsidy on setting up of charging
stations.

Figure 122 Snapshot of promot ional measu res for EV value chain players

Component o) EV Chargin Battery swappin
Value chain players sy Battery OEMs P EV OEMs institutional 1arging Y swapping
manufacturers blyers station stations

7 - ® o
Key policy measures @ @ 62&5% W@ a} g

Allotment of land ¢

Land at concessional rarkr [ [T [

Logisticssupport Y

Infrastructure | «== Category

Pluga Play faciliyk I B
Capital subsicyk I B B D D

2 Interest subventionyk

£ SGST repatek I B

£ sampauyeempion [ I

§ ElectricityDuty exemption _ _ _

§ Road tax exemption ]

ad Subsidize@lectricity

_% Subsidizedvater

© otherfiscalincentives [N I I

Other nonfiscal incentives _

Y High impact policy measures - Included in the policy Not included in the policy
Note: Capital subsidy is given only on purchase of e -buses
Tamil Nadu is also promoting shared mobility in the state. The policy has provided for  special tariff for
charging of EVs and its building by -laws have made it mandatory to allow adequate space for EV chargers.
The state also aims to focus  on R&D and skill development in electric mobility  space.
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Figure 123 Other key measures taken by Tamil Nadu for uptake of

Funding Promotion of
arrangement* shared mobility

n @ ¢

R&D

Skill development  Batteryrecycling

sportin India | Review of policy,

electric mobility

Vehicle scrappage

incentive
00@0 ©
o 1

Retrofitting EV tariff

%9

Building bylaws Home/ Workplace = Promoting digital

e O

2 Public awareness
charging payment

A ldentification of funding sources - Included in the policy

Summary:

®

9 Single Window Clearance
proposals under the EV sector

facility for all investment

9 Discoms are mandated to develop charging stations

1 High -level Steering Commi  ttee having cross -
department representations for effective
implementation of policy

1 Responsibility division among department
(separate nodal Department for charging infra
development, manufacturing facilitation and EV policy
implementation)

1 Plan to provide capital subsidy for development of
Public Charging Stations

1 Interest subvention on
Additional capital subsidy for MSME

1 Reimbursement of employer's contribution to
the EPF for all new jobs created till 2025

9 One -time Re-skilling allowance for existing
employees

1 Logistic Parks and Free Trade/Warehousing Zones
for better inventory management

1 EV parks with plug and facility

1 EV Venture Capital Fund
to EV start -ups

to offer financial support

1 Long policy tenure (10 years), help in providing
long term stability of policy terms and building
confidence among investors

112

loan for Medium Industries.

Not included in the policy

@

9 No clarity on recovery of expense made by

Discoms in developing of charging infrastructure
9 Purchase incentive is limited to only buses
9 Commercial tariff appli cability for EV charging
1 No vehicle scrappage incentive

9 No support  provided to home charging  /wo rkplace
charging

TDoesndt iydeemuesitofarrange funds for policy
implementation

9 No focus on public awareness

9 No focus on power system upgradation and
augmentation to cater EVload (through network flow
study )
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3.1.1.2.10 Bihar

Key highlights of fi Dr aBihar Electric Vehi cl e Policy 20190

Draft p olicy issued : 08 Marc

Key policy targets
Bihar has issued a draft EV policy on March 2019

with atenure of five years. The policy does not have f2) 100% electric mobilty
any gu idelines for institutional setup or any mandate by 2030
for any government department to promote electric 100% e-rickshaw by
mobility . 2022
However , the state policy provides several fiscal and
non -fiscal incentives to EV OEMs , component manufacturers, EV buyers and charging station oper ators.
Figure 124 Snapshot of promotional measures for EV value chain players
Individual/ . y
Value chain players sy Battery OEMs Compapent EV OEMs institutional Y Chargmg Barcry, SWapPing
manufacturers buyers station stations

| : o o ma o
Key policy measures @ '\of‘ ﬁ w* ﬁﬁﬁ E‘j g

Allotment of land v
Land at concessional rat

Infrastructure | == Category

Logisticsupport
Plugg Play faciltyk I B
Captal subsidyk I S
g eessuveniork [ I &
£ SGST rebatok I B I
£ sampauyeempion [ I B I
g ElectricityDuty exemption _ _ _
§ Road tax exemption _
ad Subsidizelectricity
g Subsidizedvater
 omerfiscaiincenves I I D O e
Other nonfiscal incentives
Y High impact policy measures - Included in the policy Not included in the policy
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Figure 125 Other key measures taken by Bihar for uptake of

Funding Promotion of
arrangement' shared mobility

f & ¢

R&D

electric mobility

Skill development  Batteryrecycling

Oo*%{}

e O

| Review of policy,

()
[ |
)

Vehicle scrappage
incentive

Retrofitting EV tariff Building bylaws

%$

Home/ Workplace = Promoting digital

charging payment

Ao

A\

Public awareness

A |dentification of funding sources @  Included in the policy

Summary:
1 Addressed the gaps of FAME -l , extended purchase
incentive support to private vehicle owners as
well

9 Private investor s are encouraged to set -up
Industrial park/EV Parks

1 Interest subvention on loan for development of

Charging Infrastructure and setting -up of EV parks by

private investo rs

1 Plan to set -up EV Park by government with plug and
play facilities

1 Special incentive package for women / differently
abled persons/ SC/ ST etc. for setting u p of
manufacturing unit or development of charging
infrastructure
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@

Not included in the policy

9 Primary focus on replacing of ®Paddl ed rick:
with EV

1 No institutional mechanism proposed for
implementation of EV Policy

9 No support  provided to home charging  / workplace
charging

9 Plan fo r setting public charging infra is limited to

cater Rickshaw - pullers only

TfDoesno6t iydiemue $tbarrange funds for policy

implementation

1 No focus on public awareness

91 No mandate  for inducting EVs in government

offices/departments

1 No vehicle scrappage p

olicy

9 No provision to have single window clearance
system/dedicated help desk to expedite

Adminis trative approval

9 No separate EV tariff,
charging station

industrial tariff for EV

9 No focus on power system upgradation

augmentation to cater

EV load

and
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3.11.2.11 Punjab

Key highlights of Draft A Pu n | Bldctric Vehicle Policy ( PEVP) 20190

aft policy issued: 15 November

Table 25 Key policy guidelines of  Punjab draft EV policy

Key policy guidelines

1 EV Cell to be established within the
Transport Department for effective day  -to -

day implementation of the EV Policy

i State EV Committee to actasthe a pex Key policy  targets
body for effective  implementation of the

@ Institutional setu State EV Policy. 100% transition
P 1 Discom has been designated as the =) %ozva;df eglegtrtlc '”C -

State Nodal Agency for developmentof EV phased mann er
Charging Infra Replace 25% of bus

1 District Level Implementation @ f"ffit under ?fpa"mem

. . of Transporttoe -
Committee (DLIC) shall be responsible for S F
creation/approval  of charging infrastructure. 2W/3W sales to reach
@ 25% penetration during
1 100% transition of public vehicle fleetto the policy period
Govt. departments . . )

electric in a phased manner (used in offices)

9 Discomisthe State Level Nodal Agency
(SLNA) for implementation of Charging
Infra. It would be responsible  for setting
up charging infra on State Highwaysinco -
ordination with PWD and also aggregate
procurement at the State Level

9 Discom and District Level

@ Discoms Implementation Committee (DLIC)

responsible for providing permit and
inspection of charging infra (would develop
detailed guidelines fo  r the same to simplify
the approval, renewal and inspection process
to be completed in a time bound manner.)

9 Discomis designated as SLNA for
implementation of EV Charging Infra

9 Policy interpretation an d coordination
- P} Transport Department with state EV C ell. Enable implementation of
incentives related to the department

The state policy provides  several fiscal and non  -fiscal supportto EV value chain players such as concessional
allotment of land, capital subsidy, tax rebate etc.
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Figure 126 Snapshot of promotional measures for EV value chain players

S i L 'Ety?"l EV Charging  Batery swapping
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I < e o) |
g Allotment of land v I
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g Logisticsupport

£ Pluge Play faciltyk I B

Capital subsidyk I

§ Interest subventionyk
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g ElectricityDuty exemption

§ Road tax exemption

ad Subsidizeelectricity

g Subsidizeavater

© omerfiscalincentves [N I S

Other nonfiscal incentives _

Y High impact policy measures - Included in the policy Not included in the policy

The state promotes shared mobility in the state along with R&D and skill development. The policy also
supports battery recycling and vehicle scrapping.

Figure 127 Other key measures taken by Punjab for uptake of  electric mobility

PG Ponodap .O.f R&D Skill development Batteryrecycling Vehl_cle scrappage
arrangement* shared mobility incentive

o@(‘) ®
(s) 20: 0O 5
. . Y r

Retrofitting EV tariff Building bylaws Home/Wo_rkplace ONOuna s
charging payment

%5 Az o o

Public awareness

A |dentification of funding sources - Included in the policy Not included in the policy
Summary:
1 District Level Implementation Committee (DLIC) 9 No purchase incentive has been provided for EV
chaired by District Collector responsible for monitoring purchase (except waiver of Motor Vehicle Tax)
of policy implementation and ea sing out

9 No support  provided to home charging  / workplace

administrative approval rocess.
PP P charging
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1 Well established institutional mechanism .DLIC
to report State EV Committee, apex body for

implementation of EV policy

1 Cross -department representation in EV Committee for

policy implementation
1 e-marketplace for res ale of used batteries

9 Discom is mandated to develop charging stations

fTDoesnot
implementation

iy chemuesitofarrange funds for policy

9 No clarity on recovery of expense made by
Discoms in develo ping of charging infrastructure

1 Interest subvention on loan for EV owner or
manufacturer is not considered

9 No focus on power system upgradation and

across highways and to aggregate demand at State augmentation to cater EV load (through networkf low
level study)

9 Dedicated inspection and approval desk to be
set-up by discom for  quick and easy approval for

charging infra development
1 Vehicle S crappage incentive

1 Special vehicle tax w aiver for EVs manufactured in

Punjab State

15 citi es Sperialh@rgeaZoiie 0 a nGleem

Transportation Corridor 0
9 EV parks with plug and facility

i Efforts taken to
procedures

ease out administrative approval

1 Stipen d to employees for upskilling

9 Employment
manufacturer

generation subsidy to EV/ component

1 100% Electricity Duty Exemption
electricity for EV charging purpose

on using

1 Plan to stop registering new Auto
certain cities

(ICE vehicles) in
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3.1.1.2.12 Telangana

Key highlights of fiTelangana Electric Vehicle Policy i Dr af t o

Draft policy issued: 27 September 2017

Note: F inal EV policy of Telangana has been approved by state cabinet on 5" August 2020; policy not
available in public domain

Table 26 Key policy guidelines of ~ Telangana draft EV policy

Key policy guidelines

9 Steer ing Committee for EV Charging

Infrastructure : Responsible for time bound Key policy  targets
implementation of charging station network
1 Telangana State EV Advisory council : To o 100% EV mi_gration by
advise the Government on remedial ‘ 2030
measures required to address any concern as Intra. -city goods
well as course correct ions at policy level. @ g\j}i't\éiriloszc"scgj ;%30
Council will have representatives from B
Industry, Academia and Research @ 25% penetration during
1 Single -Window System - An escort officer the policy period
@ Institutional setup will be ap pointed at Commissioner of
Industries and TSIIC office to ensure fast
track clearance and grievance redressal fo r

applications received from EV
vehicle/component manufacturers

1 Change in Labour laws - permission to the
Electric Vehicle and components indust ry for
24x7, employment of women in night shifts,
flexibility in employment conditions,

1 EVindustry wilbedec lareda 6 Publ i c

Utilityo
1 Government vehicles (owned and
Govt. departments contractual) to switch to all electric by

2025 ,in phased manner

1 Encourage to set -up charging

©®

Discoms .
infrastructure
9 Target for phased adoption of e -buses
'Y Transport Department (25% by 2022, 50% by 2025 and 100% by
2030)
Telangana EV policy provides balanced support to all EV value chain players. It encoura ges EV manufacturers
to setup plants in the state by providing them land and plug and play facility. The EV buyers in the state are

exempt from giving road tax, and the charging infrastructure receives land, capital subsidy and SGST rebate
from the state.
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Figure 128 Snapshot of promotional measures for EV value chain players

S i L 'Ety?"l EV Charging  Batery swapping

2 s

8 Key policy measures @@ w© m w@ i’ T

1 < e %) /- |

g Alotment of land I B . I

g Land at concessional rat

g Logisticsupport

£ Pluge Play faciltyk I B

Capital subsidyk ]

§ Interest subventionyk

£ SGST rebatek ]

_é Stamp duty exemption

g ElectricityDuty exemption

§ Road tax exemption _

€ Subsidizealectricity I B

8 subsidizeaater I B .

- Other fiscal incentives _

Other nonfiscal incentives

Y High impact policy measures - Included in the policy Not included in the policy
Telangana focuses on p romoting R&D and skill development in the state. It include s provision for special
tariff for EV charging. The state also promotes adoption of EV charging station by providing capital subsidy
to home chargers and mandates commercial complexes, housing soci eties etc. to have a n EV charging
station.

Figure 129 Other key measures taken by Telangana for uptake of electric mobility

Vehicle scrappage
incentive

Funding Promotion of

arrangement shared mobility R&D Skill development  Batteryrecycling

% Oc*%{} ©
s\ &2 0O
I

Retrofitting EV tariff Building bylaws Home/Wo.rkplace PO i
charging payment

43 (0 o

Public awareness

A |dentification of funding sources [  Included in the policy Not included in the policy
Summary:
1 Single -Window System - An escort officer be 9 No purchase incentive has been provided for EV
appointed at Commissioner of Industries and T SIiC purchase (except road tax exemption)
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office to ensure fast tracked clearance and grievance
redressal

1 Mandate for EV adoption
9 Mandate for govt. department for EV adoption

9 Electricity Duty Exemption
EV charging purpose

on using electricity for

9 EV parks with plug and facility

1 Plan to have mandatory provision for having
Charging points in all commercial buildings

9§ Mandate for Transport Department to have 100%
fleet of e -buses b y 2030

120
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1 Interest subvention on lo an for purchase of EV is
limited to Government employees only

9 No support  provided to home charging  / workplace
charging

1 No mandate for Discom to set -up charging
infrastructure

1 Plan to set -up charging infra for Government
employees only

1 No vehicle scrappage incentive

TDoesndt i deavehuesftaagahge funds for
policy implementation

9 No focus on public awareness
I No plan for battery recyc ling

9 No focus on power system upgradation and
augmentation to cater EV load (through network flow
study )
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3.1.1.3 Summary of sta  te policies

Tabular summary of state policies briefed in Section 3.11.2 :

Table 27 Tabular comparison of state EV policies

Institutional Mechanism

Tar get
EV target n n n n n n n n n
Institutional setup n n n n n n n n n
Model EM cities n n
Policy Mandates
EV adoption mandate  to institutions n n
Plan for induction of EVs in

n n n n n
government department - - N - -
Mandate for Discoms n n n n n n n n n
Mandate for Transport Department n n n
Demand Incentives
Fiscal Incentives -2 W n n n n n n n n
Fiscal Incentives -3 W (e -auto, e -
. n n n n n n n n
rickshaw and e -cart) - - - - - N - -
Fiscal Incentives -4 W n n n n n n n n
Fiscal Incentives -2W fleet/ 4 W

n n n n

(Fleets) - - - -
Fiscal Incentives - Bus n n n n n
Fiscal Incentives - Goods carrier n n n n n
EV Charging infrastructure
Incentive for publ ic charging

n n n n n n n
de ployment N - - - - - -
Incentive for Energy Operator/Battery n n n n n n n

Swapping station - 2 - L 0 0 n
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Incentive for Home/Workplace

X n n n n
charging 4 4 n n
Manufacturing
Incentive to manufacturer n n n n n n n n n n n
Focus on promotion of auto  -ancillary

n n n n n n n n n n

manufacturer - L 1 L 0 N 0 n n n

Provision for Industrial Parks and
Clusters for EV/Ancillary n n n n n n n n
manufacturing

Battery OEM n n n n n n n n n

Scrapping and recycling

Vehicle scrappage inc entive n n n

Battery recycling related provision n n n n n n n n

Miscellaneous

Payment system and information

exchange o n s s

Identification of source of funding for

various incentives declared in policy L 0

Skill Development/Job creation n n n n n n n n n n n

R&D n n n n n n n n n n n

Public awareness n n n

Changes in building bye  -laws n n n n n n
Note: *Draft ; DL: Delhi; AP: Andhra Pradesh; UP: Uttar Pradesh; MH: Maharashtra; UK: Uttara khand; KA: Karnataka; MP: Madhya Pradesh; KL: Kerala; TN: Tamil Nadu; BR: Bihar; PB: Punjab; TS:

Telangana
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Promotion of electric mobility by California (USA) and China

California and China have set an example in promoting electric mobility , in their resp ective regions. While
California has the maximum penetration of electric vehicles across United States, China is the global leader

in EV sales. One common aspect of such successful adoption of electric mobility  in these regions is favourable
policy and reg ulatory support to encourage use of EVs.

Below tables list some of the key supporting measures adopted by California and China:

CALIFORNIA

[~ ] :
A@@ é V  Manufacturers with annual sales greater than
60,000 vehicles must sell 14% sales from T

EV OEMs zero emission veh icle a

V  Utilities are mandated to file transportation electrification proposals (plan to set -
up charging Stations) with commission

V  California Energy Commission (CEC) provides funding (loan) to the EV charging
. stations
i] - - V Institution al set -up for assessment of EVSE requirement to support on road EVs
EVSE and V  Mandatory Electric Vehicle Supply Equipment (EVSE) Building Standards for EVSE
battery installation in parking spaces
swapping V  State agencies are directed to actively identify and pursue opportunities to i nstall

EVSE, and accommodate future EVSE demand, at state employee parking
facilities in new and existing agency buildings

Commission allows investor  -owned utilities to own and operate charging stations

EV owners earn Low Carbon Fuel Standard (LCFS) credit which is used to receive
PY & i_. rebate in energy charges
AA V  Electricity used to charge PEVs at a state -owned parking facility is exempt
Consumers V  EV purchase incentive up to $7,000 under Clean Vehicle Rebate Project (CVRP)

V  EV owner receive exemption for High Occ upancy Vehicle (HOV) and High
Occupancy Toll (HOT) late

V  Incentive Programs for Alternative Fuel Vehicle (AFV) parking

Legend: Measures that can be adopted by India

CHINA

= :
l@@ A V  Vehicle manufacturers to meet 10% and 12%

new energy vehicle credit targets in 2019 and
EV OEMs 2020
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Central level initiatives

V  Purchase incentives are provided based on electric drive range and other technical
parameters

V  Plan to develop huge network of Charging Infrastructure; Incentives f or charging
infrastructure development
l] > i V  Support for electric car  -sharing pilots

State level initiative S
EVSE and

battery
swapping

A=

Consumers

Cities are providing subsidy over and above the central government subsidies
EVs are exempted from the annual Vehicle and Vessel Tax in China
Reduction in parking fees for EVs

License plate fee waived for EVs

Maximum cap on EV charging fees

Capital subs idy on home chargers

Exemption on road toll

Dedicated parking space for EV owners

< < < <K<K <K<K KLKKL

Road access privilege T In congested cities EVs are exempted from odd -even
restriction

Legend: Measures that can be adopted by India
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Key recommendations for state policies

Best policy practices for promotion of electric mobility  value -chain :

V  Formulate a cross-departme nt apex committee cons tituting members
from at least the Transport Department, Energy Department, Industrial

Development, and Housing and Urban Development for better co -
ordination , policy implementation and effective monitoring .

V  Set-up a District Level Im  plementation Committee headed by District
Collector for f ield level monitoring and implementation of EV policy; and
to smooth out administrative approval processes

Institutional setup

V  Online portal and single window clearance system for availing clearances
and subs idies/rebate in transparent manner

= = @ V  Provision for interest subvention on loan
Provision for State Guarantee on loan for Micro and Small Industries

State support in knowledge and technology transfer (Technology transfer

‘ ‘: n fund could be created as proposed in Kerala policy)

ﬁ V  Longer policy tenure to develop confidence among industrialist in
sustainability of rebates and subsidies for longer horizon

o V  Employment generation subsidy to be included as part of state policy
? [ ] (Punjab is providing employment generation subs idy to industrialist in
3 é EV domain, Rs. 36,000 per male employee and Rs. 48,000/ per employee
per year in case of females and SC/ST/OBC employee )
OEMs
V  Reimbursement of employer's contribution to the E PF for all new jobs

created in EV industry (Tamil Nadu have si milar policy provision)

V  Stipend to individual taking in  -plant training in manufacturing units

V  Discoms to mandatorily file transportation electrification proposal (plan
to set -up charging stations)

Targets to discoms on installation of EV charging infrastructure

Policy s hould encourage conducting network flow study to assess the
need of power system upgradation and augmentation due to EV charging
Network operators and provide capital subsidy for development of infrastructure

V  Allow recovery of network inve stment cost through regulatory prov isions
of ARR and Tariff Determination

V  Online portal and single window clearance system for availing clearances
and subsidies/rebate in transparent manner

V  Allow Charging Infra Developer to use certain percentage of  allotted land
- - to open public amenities such as cafeteria/food zone etc. to have
HJ g +¥- additional revenue stream to ensure sustainability of business (Madhya
Pradesh EV policy has made similar provision)
EVSE and battery

swapping V  Provide opportunity to Battery Swapp ing Stations to partici  pate in real

time market and ancillary service market

V  Discoms to be mandated to provide connectivity within a limited time
frame under State Guaranteed Delivery of Service Act
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V  Electrical Inspectorate Department/ Discoms to be mandate d to set -up
express helpdesk for expediting inspection and clearance in respect of
CEA Regulations for electrical safety and grid interconnection

EV Purchase subsidy over and above FAME Il subsidy

° . V  Interest subvention on loan amount taken for EV purchase
"‘a r' V  Creation of non -financial incentives such as priority lanes, reserved
parking for EV only vehicle in commercial/shopping complexes etc.

Consumers
V  Incentives for vehicle scrapping

Include EVs and associated business in priority lending sector

State backed loan guarantee s for EV and associated component

manufacturers
V  Electric Mobility Bonds (Madhya Pradesh have similar provision)

Finan cing V  Useoffee -bate concept for funding of policy provisio ns (Delhi policy have
similar provision), whereby additional t axes to be levied on conventional
fuel vehicle

V  Green Zone to be demarcated within cities that permit only EVs and
charge heavy taxes on conventional fuel vehicle

A m%o V  Green Corridors to be earmarked on which only e -buses are provided
LA @303 permitto operate
(Y

V  Provision for providing training in electric mobility , upskilling of existing
Miscellaneous ICE mechanics needs to be focused in State policies
V Disseminate public awareness through launching test driv es,

competitions, celebrating Electric mobility  day etc.
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3.1.2.1

From the early 1970s, factors
rising concerns among environmentalist
need for creation of an institution for overseeing effor
Central Pollution Control Board (CPCB)
ol of Pollution) Act, 1974.

levels. This led to

establishment of
(Prevention and Contr

Initiatives for monitoring and control of air pollution in India

such as rapid industrialization and urbanization

Gover nment for planning and execution of nation

of water and air pollution.

Post the formation of CPCB, several initi

| Review of policy,

led to increased pollution
s and governme nt authorities which drove the
ts on curbing such pollution levels. This led to the

on 22 " September
CPCB along with SPCBs act as

1974 under the Water
the key machinery

of the

-wide programme for the prevention, control, or abatement

atives have been taken

initiatives taken by the governmentin area of monitoring and control of air pollution

Figure 130 India's initiatives for monitoring and control of a

Central Pollution Control
Board (CPCRByas
established Undethe
Water (Prevention and
Control of Pollution) Act,
1974

® 1934

CPCB launched
National Air Quality
Monitoring
Programme (NAMP)
to measure four air

PM2.5 and PM10

pollutants i SO,, NO,,

ir pollution i Timeline

2009

NAQQS are revisedto
lower downthe maximum
permissible limits for
pollutants

for curbing pollution. Some of the key
are provided below

® 5019

National Clean Air
Programme (NCAP)
launched. Set national level
targetto achieve 20630%
reduction of PM2.5 and
PM10

concentration by2024 with
2017 as base year

Toimprove the quality ofair
and to control air pollution
CPCB was conferred with
powersunder Air (Prevention
and Control of Pollution) Act,
1981

Source: 76 Deloitte analysis

The Air (Prevention and Control) Act 1981

safeguard the environment.

several other ministries, departments

National Ambient
Air Quality
Standards

(NAAQS) were
introduced. Notifying
permissible level of
12 types of air
pollutants

e 1994

NationalAir Quality Index (AQI)
waslaunchedunder theSwachh
BharatAbhiyan

CPCB and IIT Kanpur developed
methodology to Calculate Air
Quality Index (AQlon October
2014

@ 2015

introduced the concept of Air Quality Management (AQM) to
MOEF&CC (previously MoEF), constituted in 1985,
administrative structure of the Central Government responsible for AQM. Along with MOEF&CC, there are

and institutions who play important role in effe

mechanism. The ov erall institutional mechanism of AQM in India is provided in
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Figure 131 Ins titutional mechanism of AQM

Ministry of Environment, Forest and Climate
Change

Central Pollution Control Board

Environment Pollution Control Authority

Central
Level

Ministry of Petroleum & Natural Gas
Ministry of Road Transport & Highways
Other Central Ministries/Agencies

R&D Centers & other Institutions

Department of Environment

Pollution Control Board/Committees

Local Bodies/Authorities

VVV VVVVVVYV

Source: 77 Strategies to reduce air pollution i n India ( access here )

31211 National Air Quality Monitoring Progr amme (NAMP)

NAMP embarked the journey for air quality = monitoring in India with establishment of air quality monitoring
stations. In 1984, the programme was originally called as the National Ambient Air Quality Monitoring

(NAAQM) and started at Agra and Anpara with 7 stations, the programme has since been substantially

expanded.

Major objectives of NAMP are to:
1. Determine the status and trends of ambient air quality
2. Ascertain whether the prescribed ambient air quality standards are violated;
3. Identify non -attainment cities;
4. Obtain the knowledge and understanding necessary for developing preventive and corr ective
measures
5. Understand the natural cleansing process undergoing in the environment through pollution

dilution, dispersion, wind -based movement, dry deposition, precipitation, and chemical
tran sformation of the pollutants generated

At present, there  are 793 manual operating stations across India 4°
in 344 cities and towns , monitoring air pollutants such as SOz, NO»,
PM10, and PM2.5 4

The monitoring of pollutants at manual station is carried out by taking 4 -hourly sampling for gaseous
pollutants and 8 -hou rly sampling for particulate matter ( during 24 hours) with a frequency of twice a week,
to have one hundred and four (104) observations in a year.

40 CPCB Monitoring Network ( access here )
41 PM10: S uspended particulate matter ; PM2.5: Fine particulate matter
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Figure 132 Snapshot of a ir pollution monitoring and institutional mechanism

In add ition to above, there are 231 Continuous Ambient Air Quality Monitoring Stations (CAAQMS) established to monitor live air qua lity data on
8 parameters - PM10, PM2.5, SO2, NO2, ammonia (NH3), CO, ozone (03), and benzene.

CPCB: Central Pollution Control Boar d; SPCBs: State Pollution Control Boards; PCCs: Pollution Control Committees; NEERI : National
Environmental Engineering Research Institute

The monitoring is carried out with the hel p of Central Pollution Control Board; State Pollution Control Boards;
Pollution Control Committees; National Environmental Engineering Research Institute (NEERI), Nagpur. The
monitoring of meteorological parameters, such as wind speed and wind direction, r elative humidity (RH),
and temperature are also integrated with the moni toring of the air quality.

3.1.2.1.2 National Ambient Air Quality Standards (NAAQS)

Indiads first ever ambient air quality standar dThe'@PCB latdropt ed |
notif ied National Ambient Air Quality Standards in April 1994 by exercising i ts powers conferred to it by Sub -

section (2) (h) of section 16 of the Air (Prevention and Control of Pollution) Act, 1981 (Act No. 14 of 1981).

The standard was further revised in Octo  ber 1998.

Major objectives of NAAQS are to:

1. Indicate necessary air qu  ality levels and appropriate margins required to ensure the protection
of vegetation, health, and property

2. Provide a uniform yardstick for the assessment of air quality at the national level

3. Indicate the extent and need of the monitoring programme

In November 2009, CPCB suppressed all its previous notification s issued in relation to NAAQS and issued
stringent norms for air quality standards. Further, it has recognized and spe cified permissible norms for new
set of pollutants that includes T PM2.5, Benz ene, Benzo (a) Pyrene, Arsenic and Nickle.
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