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‘ 1 Introduction



1.1 (Context

In India, there is growing interest among policymakers to encourage adoption
of Electric Vehicles (EVs) for road transport and phase out fossil fuel-
consuming Internal Combustion Engine (ICE) vehicles, in order to achieve the
following three major objectives:

= Reduce petroleum imports and thus increase national energy security

Import of crude oil accounts for about 85% of India’s petroleum supply.
Reduction of oil imports will also help decrease the country’s Current
Account Deficit (CAD).

= Reduce India’s carbon footprint by leveraging higher efficiency of EVs over
ICE vehicles and enabling effective renewable energy off-take

EVs are almost 5 times more efficient than similar ICE vehicles (NITI
Aayog & World Energy Council, 2018). The total greenhouse gas (GHG)
emission reduction potential from the vehicles supported under the
second phase of Faster Adoption and Manufacturing of Hybrid and
Electric Vehicles in India (FAME) is estimated to be about 7.4 million
tonnes of carbon dioxide emissions over the deployed vehicles’ lifetime
(NITI Aayog & RMI, 2019). Furthermore, India’s renewable energy
generation capacity (including hydro) has reached more than 129
gigawatts (GW), equivalent to about 35% of the total power generation
capacity (CEA, 2019). Thanks to strong policies to increase the share of
non-fossil fuel-based electricity, the emission intensity of grid electricity
in India can be further reduced. Not to mention the potential application
of EVs for energy storage could help ensure grid stability as dependence
on variable renewable energy sources increases.

* Reduce vehicular emissions of particulate matter (PM), other pollutants
and GHGs

Twenty-two of the 30 most polluted cities (in terms of PM,
concentration) are reportedly in India (IQAir, 2018). This is not only
an issue in Tier-| cities; pollution levels in Tier-Il and Tier-lll cities are
increasing at alarming rates.

It is evident that shifting away from ICE vehicles is no longer a choice; this
transformation is necessary to decarbonise road transport in India. However,
there are still some perceived barriers to adoption of EVs, including the high
upfront EV cost, limited driving range of existing EV models, lack of adequate
charging infrastructure, considerably long charging time, and the need for
awareness of vehicle owners about EVs.

The Government of India (Gol) has taken a slew of measures to address some
of these challenges. The FAME Phase Il subsidy scheme, with a budgetary
provision of ¥ 100 billion, is a major policy intervention that aims to reduce
the cost of EV acquisition and promote the establishment of public EV
charging facilities. One key aspect of this scheme is its strong push for
commercial fleets in the 2-wheeler, 3-wheeler, and 4-wheeler segments

to shift to electric. Apart from FAME-II, the Finance Bill 2019 encourages
private ownership of electric 2-wheelers (e-2Ws) and 4-wheelers (e-4Ws)

by allowing income tax deduction of up to ¥ 1.5 lakh for the interest paid on
EV loans (Press Information Bureau, 2019). Hence, there are significant fiscal
incentives available to generate demand for EVs. However, will such monetary
support be enough to address the implementation challenges around



electric mobility in India? Probably not. The fact is that no subsidy amount
is sufficient to overcome all the barriers to large-scale EV deployment. The
challenges are multifarious in nature and warrant a holistic strategy to
address them, which, in turn, requires the deep involvement of a myriad of
stakeholders. Charging infrastructure, the backbone of electric mobility, is an
area that requires special attention, planning, and strategy.

The report previously released by the Alliance for an Energy Efficient Economy
(AEEE) on this topic, entitled “Charging India’s Bus Transport”, takes a

deep dive into the challenges associated with electrifying intra-city public
bus fleets and emphasises the importance of comprehensive planning for

the establishment of charging infrastructure for the bus fleets. Continuing

the pursuit of AEEE’s research endeavour to address the critical challenges
related to EV charging infrastructure, this report focuses on the electric four-
wheeler segment.

1.2 Electric car usage in India

One of the first instances of mass EV adoption in India occurred under the
demand aggregation model for bulk EV procurement by Energy Efficiency
Services Limited (EESL) for use by various government departments. Against
the tender issued by EESL to procure 10,000 electric cars, 1,500 have been
delivered as of 2™ October, 2019. Some state governments, e.g. in Andhra
Pradesh and Gujarat, also adopted a similar model for the promotion of
electric cars (Saluja, 2019).

Commercial adoption of electric cars in the country got a fillip when Lithium
Urban Technologies and EEE Taxi started all-electric staff transport fleet in
2015. rydS, a Baghirathi Group company, has also been operating a fleet of
100 electric cars in the business-to-business (B2B) segment since February
2018 (Mahindra Electric, 2018). In addition, EV manufacturer Mahindra
Electric has started a connected mobility service using electric cars (Glyd,
2019).

In the business-to-customer (B2C) segment, Ola was the first player to
introduce electric cabs, in May 2017, as part of its multi-modal electric
mobility pilot project in Nagpur, Maharashtra (Arora & Raman, 2019). The
same year witnessed another cab hailing service provider, Uber, tying up with
EEE Taxi to bring electric vehicles into its fleet (PTIl, 2019). Other new players
in electric car passenger service include Blu Smart and Prakriti (Blusmart,
2019) (Prakriti, 2020).

It should be noted that there is no reported deployment of e-4Ws for freight
transport in India, which could be attributed to the lack of e-4W models for
this purpose in the Indian market. Most of the cars currently available in the
Indian market are only suitable for passenger transport.


https://www.aeee.in/wp-content/uploads/2019/07/full-report-charging-india-bus-transport.pdf

1.3 Electric car models in the Indian market

India has two categories of electric cars, based on their range and battery
capacity. The current Indian e-4W market is dominated by cars with a range
of 100-200 km and a lower battery pack capacity. The newer models in India
have higher battery capacities and ranges of up to 300-400 km. Table 1
provides the key details of e-4Ws in the Indian market.

There are different specifications and charging practices associated with

the older and newer models. The older models have a low voltage battery
pack (<120 volts (V)) that cannot be charged as quickly as that of the newer
models’. In this report, e-4Ws have been categorised into two broad classes,
based on the battery voltage:

1. Low Voltage (LV) e-4Ws: These cars have a battery voltage of up to 120V.

2. High Voltage (HV) e-4Ws: These cars have a battery voltage above
120V.

TABLE 1: OVERVIEW OF E-4WS IN INDIAN MARKET

Mahindra
Mahindra
Mahindra
Mahindra

Tata

Morris Garages
Hyundai

Tata

e20plus Passenger 110 11 54 360 LV
e20plus Passenger 140 15 54 440 95 LV
e-Verito Passenger 181 21.2 72 690 90 LV
e-Supro Passenger/ Freight 112 14 72 510 LV
Tigor Passenger 213 21.5 72 690 180 LV
ZS EV Passenger 340 44.5 350 1080 50 HV
Kona Passenger 452 39.2 350 1140 57 HV
Nexon Passenger 300 30.2 320 480 60 HV

1.4 Comparison of Indian and international
electric car models

There are almost forty passenger car models that are popular in the key
electric car markets in the United States (U.S.), Europe, and China. Only two®
internationally available models have been launched in India. All the other
models in India are home-grown in design. In comparison with the international
models, the battery capacity of the Indian models is lower, as highlighted

in Figure 1. This trend is expected to continue, given the cost sensitivity of
Indian consumers and the policy push for indigenisation of auto components
(Ministry of Finance, 2020). This makes the planning for EV charging
technology in India distinct from the evolution of charging facilities in the rest
of the world.

1 For more details, please refer to Chapter 5: Charging technologies for electric four-wheelers

2 The specifications of vehicles are obtained from the respective manufacturer websites (Mahindra Electric, n.d.)
(Tata Motors, n.d.) (Morris Garages) (Hyundai, n.d.) (Tata Motors, n.d.).

Charging time provided by OEM for charging at power <3.3 kW

(harging at 50 kW for HV e-4W and at 15 kW for LV e-4W

Estimated based on battery Ampere-hour (Ah) values provided by vehicle manufacturer

Hyundai Kona electric and MG ZSEV are the international car models that have been launched in India.

[« NN B
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FIGURE 1: COMPARISON OF BATTERY CAPACITY OF INDIAN AND INTERNATIONAL CAR MODELS

1.5 Need for investigation

The electric mobility sector in India is at a nascent stage. In spite of

the government’s unambiguous policy signal and considerable financial
support, EV market development is still on a bumpy road. One significant
challenge with regard to scaling up EV adoption is provision of EV charging
infrastructure. The e-4W segment in particular is grappling with this barrier
to EV adoption. Apart from issues like the limited availability of e-4W models
across different four-wheeler segments and vehicle quality issues, the lack

of e-4W penetration in the Indian EV market is attributed to lack of public
charging infrastructure.

To create a competitive, scalable market for setting up public EV charging
facilities in India, the Ministry of Power issued a clarification on 13t April,
2018 to delicense EV charging infrastructure (Ministry of Power, 2018).

This opens up the sector to a wide range of players who can invest in the
development of charging infrastructure without having a prior licence to

do so. In spite of this, the progress in the deployment of public charging
stations has been slow. The reason for this could be the lack of familiarity
with and perceived complexity of setting up public charging facilities, which
the stakeholders viz. the industry, policymakers, & public agencies, transport
planners, and financial institutions have never dealt with before.

The government has gotten involved in various sectors to catalyse
interventions in the public interest in their early stages and ultimately

attract private players. Similarly, in the case of EVs, the central and state
governments are encouraging central and state Public Sector Undertakings
(PSUs), state Power Distribution Utilities, and other public agencies, including
Urban Local Bodies (ULBs) and Urban/ Area Development Authorities, to
support the establishment of public charging facilities. Public entities such

as EESL, National Thermal Power Corporation, and state power distribution
utilities have already taken up some initiatives to this end.

However, despite the involvement of the aforementioned public entities, EV
charging is a new domain for them, and, thus, several challenges remain with



respect to the planning and establishment of e-4W charging infrastructure.
The following critical questions need to be analysed and addressed to achieve
effective roll-out of public electric four-wheeler (4-W) charging facilities:

i.  What could be the charging requirements and preferences of 4-Ws in
India?

ii. Where can the e-4Ws be recharged? How can the existing guidelines for
setting up public charging stations be effectively used for deployment of
e-4W charging infrastructure?

iii. Is there enough space available in Indian cities to establish this new
infrastructure for urban road transport?

iv. What types of charging technologies are suitable for e-4Ws? Are they
cost-effective in large-scale deployment?

v. What would be the electricity supply requirement at the public charging
facilities? Do the places identified for e-4W charging have the necessary
local electricity distribution network?

Addressing these questions requires comprehensive assessment of the key
issues. India’s infrastructural challenges are unique, and, hence, the best
practices in electric mobility (e-mobility) identified in advanced international
markets may not be feasible or effectively address India’s problems; the
approach to tackling the challenges and developing solutions needs to be
home-grown or tailor-made for Indian cities.

Apart from a few isolated studies that deal with EV charging infrastructure
in general, there is a lack of thorough analysis that focuses on the e-4W
segment in the Indian context. Considering this critical knowledge gap, the
researchers at AEEE have carried out a detailed study on e-4W charging
infrastructure planning in India.



2 Objectives,
scope, and
approach




This study aims to facilitate the planning and establishment of public e-4W
charging infrastructure in Indian cities. To this end, this research has three
main objectives:

1. To formulate an effective and easy-to-apply framework for facilitating the
identification of locations for public charging infrastructure for different
e-4W segments

2. To develop a tool to evaluate the suitability of different charging
technologies and objectively select the “best-fit” for deployment at
potential public charging locations or facilities

3. To provide useful guidance for the establishment of public charging
facilities

Planning public e-4W charging infrastructure in the Indian context is akin to
solving a jigsaw puzzle. There are various elements involved in e-4W charging,
such as the vehicle models, e-4W segments, types of chargers and their
technical and commercial specifications, observed commute/ travel patterns,
factors involved in selecting charging facility locations, available electricity
distribution network, etc.

Considering the abovementioned aspects, the investigation comprises the
following major steps:

i. Identifying the different e-4W segments based on a review of 4-W
transport in Indian cities

ii. Identifying the potential locations (or types of charging facilities) for public
charging stations to cater to the different e-4W segments

iii. Developing an approach for locating public e-4W charging facilities

iv. Creating model spatial layouts for different types of public EV charging
facilities

v. Examining the different categories of EV charging technologies prevalent
in mature EV markets and developing a specific classification framework
for e-4Ws in the Indian scenario

vi. Carrying out a comparative assessment of the charging options and
identifying viable charging technologies for e-4Ws in India

vii. Developing a unique Multi-Criteria Decision Matrix for selection of the
best-fit charging technology for each type of charging facility

viii. Identifying the key stakeholders and their possible roles in scaling up
deployment of public charging infrastructure in a city

The outcome of this exercise should be considered in the context of the
Indian e-4W market and the public parking options or patterns commonly
seen in the Indian cities. The recommendations given in this report are not
prescriptive; rather,

. The
findings should not be construed as specific to a particular city or fleet. For
actual implementation, a more elaborate feasibility study should be carried
out separately by the implementing agency.



2.1 Who can benefit from this study?

The research results can potentially help a range of actors, from the Central
Nodal Agency and State Nodal Agencies, to public implementing agencies
and power distribution utilities, to ULBs and Urban/ Area Development
Authorities. It is believed that all of these stakeholders can find specific and
actionable takeaways in this study and potentially use this report as a go-to
reference when implementing public charging infrastructure in Indian cities.
Table 2 summarises how different actors can make use of this study.

TABLE 2: RELEVANCE OF THE RESEARCH ON PUBLIC CHARGING INFRASTRUCTURE IMPLEMENTATION FOR

DIFFERENT ENTITIES

Implementing
agencies’

ULBs and Urban/
Area Development
Authorities

Power distribution
utilities

State Nodal
Agencies

Central Nodal
Agency

To identify potential charging station users in the 4-W segment
and understand their charging preferences

To set up public charging stations in a 3 x 3 km grid in a city, as
proposed in the current guidelines issued by the Gol Ministry of
Power

To identify potential locations and associated critical factors for
setting up different types of public charging facilities

To compare and select appropriate charging technologies
according to the types of public charging facilities and e-4W
specifications

To plan public charging facilities based on the model layout® of
different types of charging facilities

To engage with key actors for on-ground implementation of e-4W
charging infrastructure

To adopt an effective plan for earmarking urban space within their
jurisdiction for different types of e-4W public charging facilities

To engage third parties to set up public charging facilities in a city

To understand the possible opportunity to invest in the
development of e-4W charging infrastructure in their licence areas

To plan distribution network upgradation to cater to the EV
charging load

To make appropriate arrangements for establishing public
charging facilities

To make informed decisions on provision of electricity connections
for different e-4W charging facilities

To become familiar with the current e-4W models and applicable
charging technologies

To adopt a practical approach to prioritising locations in a city for
public e-4W charging stations

To develop appropriate plans for engaging implementing agencies
to set up, operate, and maintain public charging stations in the
state

To streamline the approval and incentive processes for the
establishment of EV charging facilities

To get an overview of the e-4W market and a thorough
understanding of the available charging technologies, which will
help in decision-making

To advise the state-level stakeholders on planning for the
establishment of public charging stations

7 As per the latest guidelines issued by the Ministry of Power, an implementing agency, to be selected by the respective
State Nodal Agency, would be responsible for the installation, operation, and maintenance of charging facilities.

8 Model layout refers to the recommended layout for setting up a charging facility in a given plot area. The layout
focuses on optimum usage of parking space.
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3.1 Electric four-wheeler segments

The share of 4-W commercial fleets in both passenger and goods transport
in Indian cities is increasing rapidly with the rise in app-based cab and
e-commerce services. For example, the two main ride-hailing companies in
India - Ola (India) and Uber India, have together registered about 3.65 million
rides per day in 2079 till May, compared to 1 million rides per day in 2015
(The Economic Times, 2019). A recent study on an electric mobility pilot
found that there is a business case for EV adoption in shared mobility, more
so than in private ownership. The e-4Ws provide operational savings of ¥3.07
per km for fleet owners, allowing the costs to be recovered in 5 years. On the
other hand, it takes around 11.5 years to recover the upfront cost for a private
user, despite higher operational savings of ¥ 4.57 per km (Arora & Raman,
2019). This

In addition, e-commerce companies are doubling or tripling their number of
delivery agents every year to meet the increased delivery demand, which
leads to fleet expansion (The Economic Times, 2018). The FAME-Il scheme
also recognises the potential of electric mobility in commercial fleets; the
scheme gives priority to commercial fleets in terms of subsidy allocation.

Hence, there is going to be significant charging demand from e-4W
commercial fleets, and, consequently, the upcoming public charging facilities
need to cater to these fleets to an appreciable extent, in addition to private
electric cars. It is anticipated that the bulk of private e-4W charging would
be in the form of home charging, which is supported by a study on charging
trends. The study shows that in key EV markets, the majority of charging
happens at the residences of EV owners. However, in urban areas, where
possibilities for home charging may be limited, public charging facilities could
potentially cater to private vehicles to some extent as well (ICCT, 2019).

On the other hand, shared mobility is gaining popularity. Because a
commercial 4-W covers more kilometres per day than a private vehicle,

the requirement for charging would be higher in the case of the former. It is
therefore predicted that the charging demand from e-4W commercial fleets
would exceed the demand from private cars. Therefore, the planning of e-4W
charging infrastructure has to take into account the charging preference of
commercial fleets.

The operation of commercial 4-W fleets varies significantly based on the
purpose of use/ mobility, origin and destination points of the trips, trip
attraction/ generation models, service/ business catchment areaq, etc.
Upon careful scrutiny of the different kinds of operations, these fleets can
be broadly segmented into two categories based on the type of load they
carry, i.e. passengers or goods. Each of these broad categories is further
segmented, as shown in Figure 2.



E-4W COMMERCIAL FLEETS
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CAB ON-DEMAND OFFICE LOGISTICS FLEETS
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FLEETS (food, grocery, courier and
e-commerce)

FIGURE 2: DIFFERENT SEGMENTS OF 4-W COMMERCIAL FLEETS

A. Commercial passenger car segment - This vehicle segment caters to
commercial passengers, transporting them from one point to another.

This segment can be further divided into the following two categories:

1.

On-demand cab fleets (intra-city): This segment caters to the
mobility demand of the public within an urban area. The services
of these fleets are increasingly becoming app-based. They
primarily operate in two ways:

i)

ii)

Single node operation: In this case, the starting point (node)
for a cab is fixed and is also the point to which the cab will
return after making one or multiple trip(s) (Rodrigue, Comtois,
& Slack, 2013).

Double node-buffer zone operation: Here, a cab’s movement
generally centres around two nodes, i.e. the starting point
(cab’s initial location) and ultimate destination (often, it is the
resting place as pre-set by the cab driver). An individual who
wishes to avail the cab service also follows similar two-node
movement (Riejos, 2019). The cab and rider(s) get connected
based on the preference of the driver and requirement of the
rider(s).

For example, a driver may wish to go from point A to point D,
and a rider may want to travel from point B to point C. If the
trip from B to C falls within a reasonable buffer zone of the
trip from A to D, the driver first moves from point A to point B
to pick up the rider and then drops the rider at point C. After
completing the trip, the driver continues to point D. Similarly,
requests for pick-up and drop-off that are on the way from A
to D and do not require significant detours are assigned to the
driver, depending upon seat availability (Schiller & Kenworthy,
2017). There could be cases where the driver does not set

a preferred destination, and, hence, connection with riders
becomes simpler.

Staff transport fleets: operation involves ferrying the employees
of an organisation between their workplaces (offices) and
residences or other prefixed drop-off points (lles, 2005)
(Yaghoubi, 2017). The trips are mostly pre-planned, and the

13
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drivers are generally aware of the travel demand that may arise
during the day.

B. Goods segment — The operation of this segment entails
transportation of goods from one point to another. In the context
of this study, the term logistics fleet refers to the use of a fleet
to transport goods from one point to another in a city, where the
transactions commonly take place through e-commerce. The
goods can be both perishable and non-perishable items. Often, the
operation of these fleets is based on the hub-and-spoke model® (Lun,
Lai, & Cheng, 2010).

3.2 Possible public charging facilities for
electric four-wheelers

Public charging infrastructure is a key enabler for electric vehicle adoption. It
is interesting to note that the global growth rates for electric vehicle uptake
and public charging infrastructure were similar during the 2013-2018 period.
At the beginning of 2019, there were almost 600,000 charging points
worldwide. The typical locations for installation of charging infrastructure,
besides homes and work places, are public locations such as highway exits,
fuelling stations, parking lots, and curbside locations (Hall & Lutsey, 2020).

Successful deployment of public e-4W charging infrastructure depends on a
set of intertwined factors, including:

e Capacity utilisation of the charging facilities
e Cost recovery by the charging service providers
e Cost-effective establishment and operation of the charging facilities

e Charging facility accessibility

To achieve the optimum of these factors, careful planning of charging
infrastructure is critical and should take into account two key elements:

v Where to charge, i.e. at captive charging facilities, public parking
spaces, or en-route

v How to charge, i.e. the type of charging technology to be adopted

It is envisaged that each of the identified electric fleet segments would
depend on a host of charging facilities, which would differ primarily based

on the locational aspect. In order to understand the preference of relevant
stakeholders in terms of types of charging facilities, a stated preference
survey was conducted with e-4W fleet operators and charging service
providers™. e-4W fleet operators are the stakeholders representing on-
demand cab, logistics, and staff transport fleets. Figure 3 highlights the
possible types of charging facilities for different e-4W segments. Most of
these charging facilities would also fulfil the charging requirements of private
vehicles.

9 Logistics companies use hub-and-spoke models for transporting freight, where delivery routes (connections) are
arranged like a wheel. Freight traffic moves along spokes connected to a central logistics hub.
10 Refer to Annexure D - List of stakeholders consulted in study.
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[7] Public charging facilities [ Private charging facilities

As the study aims to facilitate the deployment of public charging facilities, it does not
examine the captive charging requirements. The following three types of public charging
facilities may be required in order to support e-4W mobility in Indian cities:

1. En-route public charging facilities
2. Charging facilities at public parking spaces

3. Charging facilities within office premises

For the purposes of the study, these three types of public e-4W charging facilities are
considered.

Key features of the three types of public charging facilities are highlighted
below:

1. En-route public charging facilities are located on the side of roads. They
are similar to regular fuel refilling stations and are open to the public.
These charging facilities can cater to both private cars and commercial
fleets. In fact, en-route charging stations happen to be a popular
alternative for drivers without reliable home and office charging options
in a number of cities, such as London, New York, and Amsterdam (ICCT,
2020). Across Europe, for both inter- and intra-city travel, such facilities
are becoming increasingly common (Global Transmission Report, 2020)
(lonity, 2020).
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2. Charging facilities at public parking spaces refer to parking spaces
in public places like parking lots managed by ULBs, malls, business
districts, hospitals, schools, community halls, etc. that are equipped
with EV chargers or battery swapping systems. These facilities are open
to the public, but sometimes with restricted access. They are either in
off-street or on-street public parking spaces. Many such facilities have
been established in the Netherlands, France, and Germany (Global
Transmission Report, 2020). A few cities, including London, are planning
to install charging facilities for commercial fleets in public and commercial
hubs and semi-public depots (Hall & Lutsey, 2020).

3. Charging facilities within office premises are intended for charging the
electric staff transport fleet. In addition, employees can also use these
charging facilities to charge their private EVs (Funke, Sprei, Gnann, &
Plotz, 2019). However, it is envisaged that a certain number of chargers
would be reserved for use by the staff transport fleet. Currently, in
Europe and North America, the numbers of such facilities are on the rise
(Wood Mackenzie, 2019). Many cities, like San Francisco and Oslo, have
mandated installation of chargers in office parking spaces (Hall & Lutsey,
2020).

3.2.1 Preferences for e-4\W\ fleet charging facilities

To understand the relative preferences of fleet operators and charging
service providers pertaining to different types of charging facilities, a stated
preference survey has been conducted for the purposes of the study. The

list of respondents is presented in Annexure D. The survey team asked the
interviewees to rate a type of charging facility on a scale of 1to 9 based on
their preferences, as shown in Figure 4. “9” represents the highest preference
for a type of charging facility, and “1” represents the lowest.

Least
Important

FIGURE &: SCALE USED IN STAKEHOLDER SURVEY ON TYPES OF CHARGING FACILITIES

Following the survey, the stakeholder responses were aggregated and
averaged under the two stakeholder groups, e-4W fleet operators and e-4W
charging service providers. Subsequently, the calculated average preference
for a charging facility was normalised and converted into a percentage value
(using the formula where w, is the average weight of option “j”) to arrive at
the final preference for all charging facilities given by each stakeholder group.
As each segment is characterised by different operating models and unique
travel patterns, their requirements for charging would naturally vary. Figures
5 to 8 highlight the variations in preferences for different types of e-4W
charging facilities.
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Preference of on-demand cab fleet operators

ON-DEMAND CAB FLEET

43% T 26% 31%
Captive charging for Q Charging at Charging at public
cab on-demand fleets en-route parking spaces

public charging
stations

FIGURE 5: CHARGING FACILITY PREFERENCES OF ON-DEMAND CAB FLEETS

Figure 5 indicates that on-demand cab fleets prefer captive charging
facilities designated for them over other public charging options. However, a
cab cannot entirely depend on captive charging. According to the feedback
from cab-fleet operators, a cab drives more than 200 km a day on average,
whereas the effective range of the existing electric car models is around 100
km. Hence, to avoid range anxiety, an on-demand cab fleet would require
intermediate or opportunity charging, for which it would have to use charging
facilities at public parking lots and en-route public charging stations. The
survey shows a slightly higher preference for charging at public parking
spaces vs. en-route facilities.

Preference of staff transport fleet operators

STAFF TRANSPORT FLEET

36% A 33% 30%
Charging facility within Q En-route Charging facility
office permise public charging at public parking

facility spaces

=

FIGURE 6: CHARGING FACILITY PREFERENCES OF STAFF TRANSPORT FLEETS

Unlike on-demand cab fleets,

As per Figure 6, there is a slightly
higher preference for charging at the office premises over the other two
options. It is evident that the fleet would be willing to use all three types of
charging facilities.



Preference of logistics fleet operators
LOGISTICS FLEET

52% F 24% 24% g
@ Captive charging Q En-route Charging facility @

facility at logistics public charging at public parking
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=

FIGURE 7: CHARGING FACILITY PREFERENCES OF LOGISTICS FLEETS

In the case of logistics fleets, although there is a strong driver for e-4W
adoption for freight transport in India, there are no reported cases of e-4W
deployment by logistics fleet operators, due to the current lack of suitable
e-4W models. Hence, in the absence of hands-on experience of logistics fleet
operators in using e-4Ws in their fleets, the survey could not capture the
preferences of this segment. Considering that e-4W adoption will eventually
take off in this segment and has significant potential, the investigation
through internal deliberation, using the same computational approach, has
resulted in a prediction of the segment’s preferences (refer to Figure 7).

The study finds that captive charging at logistics hubs is the overwhelming
preference. The levels of preference for charging at en-route public charging
stations and public parking lots are almost at par.

Preference of charging service providers

CHARGING SERVICE PROVIDERS

15% 23% (e
3 i Charging facili
En-route public arging fact ity
charging facility at public parking
spaces
22% 21% 19%
Charging fa.cility within - Cm @ Captive charging
office premises facility at logistics hub facility for
on-demand cab
fleet
b6 v,
b-96-d

%’ ., ﬂ@’g@“

FIGURE 8: CHARGING FACILITY PREFERENCES OF CHARGING SERVICE PROVIDERS
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The charging service providers’ preference to set up charging facilities at the
identified charging locations is a critical data point for this study, as one can
draw a contrast between this and the preference of fleet operators. As shown
in Figure 8, the

Setting up en-route public charging
facilities is found to be the least preferable option, which could be attributed
to the difficulty in finding space, along with the high expected cost of land
rental in a city. Possible low capacity utilisation of chargers at en-route
facilities could also be a reason behind the limited interest of charging service
providers in this option.

19
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L.1 Site selection approach for public e-4W
charging facilities

Identification of suitable locations for public charging facilities may pose a
challenge to public entities concerned with charging service provision, such as
ULBs, area development authorities, State Nodal Agencies, power distribution
utilities, the Central Nodal Agency, and other implementing agencies. The
effectiveness and economic viability of running a charging facility depend on
its utilisation, which, in turn, is contingent on the selection of a good location
for the charging facility.

The ideal location of a charging facility is determined by a set of factors
related to the establishment and operation of the charging facility.
Specifically, one should consider the following when selecting a site:

¢ Charging demand potential: In order to establish a public e-4W charging
facility, it is vital to understand whether the locations under consideration
have the potential to attract vehicular traffic and, thereby, charging
demand. This is necessary to ensure sufficient usage of the charging
facility, which determines cost recovery.

¢ Infrastructure availability: There are various infrastructural requirements
involved in setting up an e-4W charging facility. Therefore, evaluating the
potential locations based on the availability of the requisite infrastructure
is crucial to determining their viability for a charging facility of a certain
capacity.

It should be noted that the above factors are important for site selection for
all types of identified public e-4W charging facilities. Each factor, in turn, is
accompanied by a set of locating criteria, which vary among different types of
charging facilities. Locating criteria are based on indicative and measurable
variables related to a prospective location for a particular type of e-4W
charging facility and can be used to determine the feasibility of a site for
hosting that type of facility. These criteria allow the implementing agency

to objectively gauge whether or not the identified location is suitable for a
charging facility. Such an approach would be useful to compare and select
suitable locations within a 3 km x 3 km grid in a city, as provision of at least
one charging station within each grid is strongly recommended by the Ministry
of Power (Ministry of Power, 2019). The study identifies the locating criteria
that are critical for site selection for each type of public e-4W charging
facility. The criteria that are important for each facility type are categorised
under the aforementioned factors.

The locating criteria markedly differ between types of charging facilities

due to notable differences in their physical and locational characteristics.

For example, on-street parking spaces refer to parking bays along the
carriageways of roads, normally by the sides of curbs or walls, whereas off-
street parking spaces are exclusively delineated land parcels for parking that
are off the carriageway™. Therefore, the space required for establishment

of EVSE(s) may be on the curb in case of on-street parking and within the
parking area in case of off-street parking. On-street parking is lined along
the ‘street’, and off-street parking is laid out based on the dimensions of the
available parking area.

11 Both parking spaces, for the purposes of this study, are assumed to be designated by relevant authorities, as
establishment of e-4W charging facilities should conform to the applicable local laws and regulations.



The four types of e-4W charging facilities for which locating criteria have
been identified are:

1. En-route public charging facilities

2. Charging facilities at off-street public parking spaces
3. Charging facilities at on-street public parking spaces
4

Charging facilities within office premises

The study proposes a stepwise approach to locating the aforementioned
charging facilities. In this approach, the charging demand potential of a
location is evaluated in the first step. For this evaluation, certain sub-steps
representing locating criteria are proposed. The locating criteria are either
related to procurable data points or require on-site assessment. For example,
in the case of a locating criterion like proximity of a location to a transit node,
the existing measurement of the distance between the nearest transit node
and the location can be used. On the other hand, a criterion like availability
of wall/ curb space for mounting a charger needs to be determined based

on site visits. The second step of the proposed approach entails assessment
of the availability of requisite supporting infrastructure at the prospective
locations. Figure 9© to Figure 12 summarise the suggested approaches for
comparative evaluation of possible locations, including factors and locating
criteria, that should be followed for each type of charging facility. In addition
to the identified locating criteria, there could be a range of other factors, such
as the condition of the parking surface or regulatory cap on parking charges
in different areas, which may impact an implementing agency’s locating
choices. This study does not cover every single aspect of locating criteria,

as the purpose is to identify the key determinants in site selection for public
e-4W charging facilities.

L.1.1 Site selection approach for en-route charging facility

As shown in Figure 9, the first step in identifying suitable locations for en-
route charging facilities has three sub-steps. The first sub-step is concerned
with the hierarchy of the roads, the data on which is available in the Master
Plan/ Comprehensive Mobility Plan of an urban area. The road hierarchy

is composed of classes like arterial roads, sub-arterial roads, collector

roads, and local roads, wherein each class of roads has a separate function,
design, and usage rules. Higher classes of roads cater to higher volumes of
traffic. After checking the road hierarchy and selecting all locations that are
abutting the roads of a desired class, traffic volumes on these roads should
be compared. This is because there is a direct linkage between traffic volume
and potential charging demand. After this comparison, the proximity of the
shortlisted locations to nearby traffic intersections should be evaluated, as
well as the visibility of the locations from the adjoining roads. The proximity
of a location to a traffic intersection and high visibility indicate higher
potential usage. The locations that satisfy all these criteria should then be
evaluated further in the second step, which looks at infrastructure availability.
Infrastructure required to establish an e-4W charging facility can be divided
into two broad categories: electrical connections and land. In the case of
electrical connections, two important aspects to examine are the difficulty of
getting a connection and the reliability of electricity supply. In this regard, the
approach considers the proximity of a location to distribution equipment and
the loading in the distribution network (or power outages at the location) as
the relevant indicators. The closer the location is to distribution infrastructure,
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the lower the cost and time required to obtain a new electricity connection.
The loading in the distribution network or frequency of power outages is an
indicator of available network capacity and supply reliability. Lower loading
and minimal power cuts in the distribution network are necessary for a
location to qualify as a suitable location for a charging facility. With respect
to land, availability of adequate space for a charging station to cater to the
estimated demand is an important locating criterion. Once availability of
sufficient space is ensured at a location, its circle rate should be compared
with other prospective locations to evaluate the cost-effectiveness of each
option.

Process for selecting site location of an en-route public charging facility

Step 1: Comparing charging demand potential of site(s)

Check road hierarchy? abutting the sites

Check whether the sites are close to traffic signals/ intersections

Step 2: Checking the availability of infrastructure at site(s)

Electrical connection Land

Check the circle rate © of
land for the sites

FIGURE 9: SITE SELECTION APPROACH FOR EN-ROUTE CHARGING FACILITY

 Road hierarchy, as set by the Indian Road Congress for all urban roads, determines the purpose, capacity, and functions of
different types of roads in a city's/ town's road network. Different types of roads include arterial roads, sub-arterial roads, local
roads, etc. and could impact the charging demand.

® The volume of traffic on a particular road could impact the charging demand and, thereby, the usage of a charging facility.

¢ land's circle rate is a proxy indicator for its market price.

4.1.2 Site selection approach for charging facility at off-street
public parking space

For locating charging facilities at off-street public parking spaces, a different
set of parameters are proposed, due to the different nature of parking. As
shown in Figure 10, in the first step, the approach proposes the estimation

of the parking turnover ratio. This determines the capacity utilisation

of a parking space. High usage of a parking area is desirable, as it may
potentially translate to high charging demand at the location. Moreover,

the proximity of a location to a transit node would potentially attract more
traffic. Furthermore, the space hierarchy of the location within the city should
be assessed, as a space ranking highly in the hierarchy implies a larger
catchment areq, and the parking lots in such areas may have higher charging



demand potential. In the second step, the presence of requisite floor/ wall/
curb space is evaluated, as it is necessary to install chargers at a given
location. In addition, the recommended indicators pertaining to electrical
connections for en-route charging facilities are also valid in the case of
charging facilities at off-street public parking spaces.

Process for selecting site location of a charging facility at off-street
public parking space

Step 1: Comparing charging demand potential of site(s)

Calculate the parking turnover ratio ¢ at the sites to
gauge the adequacy of parking space and its utilisation
Gauge the sites’ proximity to transit node(s) ¢
Check the hierarchy of space f at the sites

Step 2: Checking the availability of infrastructure at site(s)

Electrical connection Space availability

Check whether requisite floor/
wall space is available at the

Determine the proximity of the
sites to a distribution transformer,
feeder, or electric substation

sites for setting up/ mounting
EVSE

Examine the loading in the
existing distribution network or
power outages at the sites

FIGURE 10: SITE SELECTION APPROACH FOR CHARGING FACILITY AT OFF-STREET PUBLIC PARKING SPACE

d Parking turnover ratio is the ratio of parking demand to the total available parking bays in a parking space. It is used to evaluate
the degree of usage of a parking space, which may vary based on the activity (retaill office space, transport hub, etc.) it sup-
ports.

e Transit nodes are the locations in the transport network of a city where one mode of transport meets another, such as railway
stations, where rail-based transport meets road-based transport, or metro stations, where rail-based transport meets the
road-based and walking-based transport. These nodes generally attract large volumes of traffic.

f According the Urban and Regional Development Plan Formulation and Implementation (URDPFI) Guidelines, a city has spaces
where people congregate. The size, type, purpose, density, length of stay, etc. of such crowds of people are governed by the
hierarchy of space, where the space could range from being a commercial centre or an educational hotspot, to a recreational
facility or healthcare hub. A hierarchy of all such spaces is given in the URDPFI guidelines. The higher the ranking of a space in
that hierarchy, the higher the volume of citizens and traffic it attracts. This makes it an important parameter to consider from
a business perspective when setting up a charging facility. For example, it would be more lucrative to invest in a large-scale
charging facility in the central business district of an urban centre than in a convenience shopping centre that houses a milk
booth, stationery shop, and grocery shop, because there is higher guaranteed usage of parking space in the former location.

4.1.3 Site selection approach for charging facility at on-street
public parking space

In the case of an on-street public parking space, the approach is similar

to that for off-street public parking spaces (refer to Figure 11), except that
one of the key indicators related to the electrical infrastructure is proximity
to the nearest distribution pole or board, instead of proximity to electrical
distribution infrastructure. The reason for this difference is that a distribution
pole or board is the most probable source of electricity supply in the case of
an on-street charging facility.
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Process for selecting site location of a charging facility at on-street public parking space

Step 1: Comparing charging demand potential of site(s)
Calculate the parking turnover ratio at the sites to
gauge the adequacy of parking space and its utilisation
Gauge the sites' proximity to transit node(s)
Check the hierarchy of space at the sites

Step 2: Checking the availability of infrastructure at site(s)

Electrical connection Space availability

Check the availability
of multi-utility zone/
extra curb or wall

Determine the proximity of the sites to
nearest distribution pole/ board

Examine the loading in the existing
distribution network or power outages at
the sites

space at the sites for
setting up EVSE

FIGURE 11: SITE SELECTION APPROACH FOR CHARGING FACILITY AT ON-STREET PUBLIC PARKING SPACE

L.1.L Site selection approach for charging facility within office
premises

In the case of charging facilities within office premises, the locating approach
is quite different (refer to Figure 12). First, for the comparison of charging
demand potential between different locations, evaluation of the parking
turnover ratio and the number of employees availing cab services is required.
A high turnover ratio and high usage of cab services indicate higher potential
charging demand at a location. Since it is likely that the premises would have
existing electrical connections, instead of determining the site’s proximity to
the distribution network, the sanctioned loads at the locations need to be
checked, followed by assessment of the existing loading of the connections.

Process for selecting site location of a charging facility within an office premise

Step 1: Comparing charging demand potential of site(s)

Calculate the parking turnover ratio at the sites to gauge the
adequacy of parking space and its utilisation

Check the number of employees availing cab services/ using

charging facility within office premises

Step 2: Checking the availability of infrastructure at site(s)

Electrical connection

Determine the proximity of the sites to nearest distribution pole/ board

Examine the loading in the existing distribution network or power outages
at the sites

FIGURE 12: SITE SELECTION APPROACH FOR CHARGING FACILITY WITHIN OFFICE PREMISES




The approaches illustrated in the above figures can serve as a point of
departure in site selection and help implementing agencies identify potential
locations for the establishment of different types of e-4W charging facilities.

4.2 Model layout of public e-4W charging
facility

When setting up an e-4W charging facility, certain spatial requirements
related to charging infrastructure and vehicle manoeuvrability need to be
carefully considered. This study proposes a model angular parking layout

for the establishment of an e-4W charging facility, as shown in Figure 13.

For a parking area to accommodate the maximum number of vehicles,
keeping circulation and bay standards in mind, 45° angular parking is the
most suitable configuration. 45° angular parking layouts enable optimum
utilisation of space, as a single circulation lane suffices for manoeuvring in the
parking area. The same is true for other (sawtooth/ 60°/ 75°/ 30°) angular
parking layouts as well, but a significantly lower number of cars can be
accommodated in the same total available parking area in such set-ups.

Wall ?harger

2.5m (Exit-Ramp w/ Boom-Barrier)

x
Eal
1

o

2.5m (Entry-Ramp w/ Boom-Barrier)
oy V' N N

Ticket
Dispenser

~+1.2m Walkway for
Pedestrian Access

Control Room)/

Watch and Ward

A4mX3.5m . , DT and 5/G Installation

7m X 10m

FIGURE 13: MODEL ANGULAR PARKING LAYOUT (OFF-STREET PARKING)>

Note: The layout is for illustrative purposes only.

The detailed dimensions of the layout are presented in Table 3. A walkway on
the periphery of the parking area has been included in the design, to facilitate
pedestrian access.

12 The primary purpose of the model parking layout is to show how the bays should be serviced by e-4W chargers.
Therefore, a plan for one type of charging facility is sufficient.
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TABLE 3: REFERENCE SHEET FOR MODEL ANGULAR PARKING LAYOUT (OFF-STREET PARKING)

Parking Bay Type Angular

12.5
Parking Bay Angle (°) 45

Dashed lines at charging station entry/ exit
with boom-barriers and a ticket dispenser

Solid lines between bays for non-negotiable
movement

Area required for EVSE (m?) 1

70

Minimum Entry/ Exit Lane Width (m) 2.5

5
Sub-Level Parking Ramp Gradient (%) 33

Barrier
Curb Height (cm) “ 15

Optic

13 Source: Master Plan Delhi — Modification 2021, modified till 31/03/2016 (Delhi Development Authority, 2016)
14 Source: Traffic Engineering & Transport Planning (Kadiyali, 2018)
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This section explores the different e-4W charging technologies available for
public charging facilities.

The apparatus required to
re-charge the battery of an EV. An EVSE is effectively the link between
the electricity distribution network and an EV and primarily consists of
electricity transfer equipment, a communication and protection system, and
connector(s). The EVSEs currently deployed worldwide differ in their method
of electricity transfer, power output levels, and control and communication
capabilities (IEA, 2018).

EVSE design parameters depend on both the EV
charging requirements and the characteristics of the available electricity
distribution network. As the EV charging requirements across vehicle
segments and the electricity grid design are not uniform internationally,

However, one can observe certain regional standards in prominent EV
markets, including the U.S., Europe, and China. India has also developed two
regional standards for EV charging.

The lack of universal standards for EVSEs makes it
difficult to compare the different charging technologies available in the market
in a uniform way and make informed decisions when selecting chargers
for different EV segments. In view of this challenge, this study intends to
create a framework to categorise the EV charging technologies based on
certain salient features such as their method of electricity transfer, power
output levels, etc. This will help implementing agencies objectively perform a
comparative assessment of the charging technologies suitable for a particular
EV segment, namely, e-4Ws.

As a starting point, an overview of EVSE classification around the world is
presented in the following section.

5.1 Overview of global EVSE classification
practices

One of the recognised classification standards for EVSEs is based on
the charging power levels, or simply “Levels”™®. As early as 1996, three EVSE
levels were defined in the U.S. The installation and safety requirements™ were
also defined for each level (Morrow, Karner, & Frankfort, 2008). Level 1 and
Level 2 charging were defined for single-phase voltage available in residential
and commercial buildings. Charging at higher voltages, via alternating
current (AC) or direct current (DC), was classified as Level 3. The initial U.S.
classification covered electricity transfer by both conduction and induction
within the prescribed Levels. The details of the original Levels defined for
EVSEs are presented in Table 4.

TABLE &: EVSE LEVELS DEFINED IN THE U.S.

Level 1 120 15-20 1.4-2.4
Level 2 240 20-100 4.8-24
Level 3 480 or above 60-400 50-350

15 As defined by the Infrastructure Working Council formed by Electric Power Research Institute (EPRI) and subsequently
codified in the National Electric Code (NEC) under article 625
16 The EV-EVSE communication requirements were not specified when the Levels were defined.



The Society of Automotive Engineers (SAE)" revised the Levels
classification™ later and separately defined the Levels for AC and DC
charging. The Levels for AC charging are the same as in the original Levels
classification presented in Table 4. However, three distinct levels were defined
for DC charging based on maximum output current and voltage, as shown in
Table 5 (Herron, 2016).

TABLE 5: DC CHARGING LEVELS DEFINED IN THE U.S.

Level 1 80 36
200-450

Level 2 200 90

Level 3 200-600 400 240

*It should be noted that currently, the maximum output voltage of DC chargers available in the market is higher than the
SAE numbers; the voltage range has increased to 50-1000 V. With the increase in output voltage, the output power has
also increased.

Europe defines four charging Modes™ (refer to Table 6) based on the
charging rates and output power levels, as well as communication between
the EV and EVSE (Spottle, et al., 2018). These EVSE Modes are different from
U.S. Levels, as installation, communication, and protection are considered
when defining Modes?°. Furthermore, the 120 V voltage level is not prevalent
in Europe, and there is consequently no European counterpart for U.S. Level
1. Both single-phase and three-phase AC connections are allowed under all
three Modes.

Mode 1 represents the simplest possible charging mechanism, plugging the
EV directly into a household power outlet. In Mode 2, the EV is generally
plugged in via a portable cable with an inbuilt protection and control device.
Mode 3 entails charging an EV through a fixed outlet or a tethered cable that
enables communication between the EV and charger. With the progressive
increase in charger power output from Mode 1 to Mode 3, the associated
communication and protection protocols get more complex. Advanced EV-
EVSE communication in Mode 3 facilitates smart charging aspects such as
controlled charging and vehicle-to-grid functionality (Vesa, 2019). A separate
subclass for DC charging is also defined under Mode 4.

TABLE 6: EVSE MODES DEFINED IN EUROPE

Mode 1 Slow AC charging in households 250 /480 16 3.7-11
Mode 2 Slow AC charging with semi-active 250 /480 32 7.4-22
connection to vehicle to communicate
for safety purposes
Mode 3 Slow/fast AC charging with an active 250 /480 32 14.5-43.5

connection between charger and
vehicle for safety and communication
for smart charging

Mode 4 Fast DC charging with an active 600 400 38-170
connection between charger and
vehicle

17 SAE International is a standards organisation for the automotive industry that is active in U.S.

18 The SAE committee that developed the J1772 or Type 1 connector revised the Levels classification.

19 The modes are defined in the international industry norm DIN/ IEC 61851.

20 Inthe U.S., the Levels were defined first based on output power, and the associated installation and safety require-
ments were specified later. In contrast, in Europe, the output power, installation, communication, and protection are
used in defining the Modes.
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The charging standards established in China are primarily for AC or
DC conductive charging. China originally adopted the erstwhile European
standards® and subsequently developed its own charging standards?? for the
conductive charging system. Hence, the Chinese standards for conductive
charging include the factors covered in the four European Modes described
above (Boyd, 2018).

India classifies charging based on private vs. public application. Private
charging denotes charging an EV at home using a single-phase industrial
plug®® with adequate protection. Public charging entails charging outside
the home. India has developed two standards?* (refer to Table 7) for public
charging, which are unique and suitable for EVs with battery voltages lower
than 100V (DHI, 2017). The Bharat AC OO1 25 standard is for a 230V
AC charger that can charge three EVs at once. The Bharat DC OO1 28, on
the other hand, is the standard for a DC charger and covers electric two-
wheelers, three-wheelers, and four-wheelers.

TABLE 7: PUBLIC CHARGING STANDARDS IN INDIA

Bharat DC oo1 48/60/72 10/15 200
Bharat AC oo1 230 3.3 15

5.2 Salient features of charging technologies

The salient features of charging technologies identified from the review of
different standardisation practices are described in this section. Charging
technologies deployed all over the world are generally categorised based on
the following four major aspects:

EVSEs can be characterised based on the
method of electricity transfer. EVSE charging can be performed through
a wired connection, i.e. via conduction, or wirelessly, i.e. via induction. In
the case of conduction, the electricity transfer can be achieved using AC
or DC power. Battery swapping is the third method of electricity transfer,
in which a fully charged battery replaces a depleted battery. Both
battery swapping and inductive charging technologies have seen limited
commercial deployment, and, hence, standards for these technologies are
not commonly applied?.

The power output of the charger can either be AC or DC?28,
However, the power output range of an EVSE is inextricably linked to the
power supply voltage, which can easily be obtained from the distribution
network. The maximum output current rating allowed at each voltage and
the charging requirement of an EV are the other factors that determine
the power output.

21 GBT18487.3.2001 and GB/T 20234.2.2001 adopting International Electrotechnical Commission (IEC) standards

22 GBIT18487.1.2015 covering Electric Vehicle Conductive Charging System, and GBIT 202341, GB/T 20234.2, and GBIT 20234.3
covering connections for conductive charging

23 (harging at 230V/15A to a maximum 2.5 kW output using an IEC 60309 industrial connector with residual current
devices

2 Department of Heavy Industries (DHI) constituted a committee of experts for the standardisation of charging practices
in 2017.

25 For more details, refer to Bharat AC 001.

26 For more details, refer to Bharat DC 001.

21 1EC61980-1:2015 for wireless charging and IEC 628140-1:2016 for battery swapping systems are the major international
standards available. These standards are not commonly used, and not many products conforming to these standards
are available in the market.

28 Itis important to note that an EVSE that facilitates AC charging requires an on-board charger on the EV. DC charging is
performed in the cases where the vehicle charger is not on-board.



An EVSE may be portable
or fixed in installation. Portable chargers are used for Mode 2 charging,
whereas fixed chargers are used in Mode 3 and Mode 4 charging. The
fixed installations are either wall mounted or floor mounted. According
to the Modes, the communication technology and protection protocol
associated with EVSEs also change.

In the case of conductive charging,
an EVSE has two types of designs: plug-in or pantograph. Plug-in
connectors®® are common and used in both AC and DC charging.
Pantograph connectors are mostly used in charging at high power using
DC. There is no physical connection between EV and EVSE in the case of
inductive charging and battery swapping.

A snapshot of charging technology characterisation is presented in Figure 14.

e e O 0g
Conductive Inductive Battery Swapping
DC AC
Level 1
Level 2
Level 3

Mode 4 | Mode 1
Mode 2
Mode 3

Pantograph| Plug in No physical connection
Connection between EV and EVSE

FIGURE 14: OVERVIEW OF CHARGING TECHNOLOGY CHARACTERISATION

5.3 (ategorising charging technologies

currently deployed around the world greatly vary
in terms of functional attributes and applications. The absence of global
standards for these technologies makes it challenging to categorise
them. Nevertheless, to objectively assess these different technologies, a
classification framework for charging technologies is required. This study
therefore proposes a framework for technology categorisation based on
the abovementioned key features of charging technologies. The proposed
framework, shown in Figure 15, also takes into account the standard practices
followed in India’s distribution network®".

29 Type 1, Type 2, Combined Charging System (CCS), CHArge de MOve (CHAdeMO), and GB-T are the common types of plug-
in connectors used in different protocols for AC/DC charging (Navigant, 2018).

30 Details of chargers covered in the study are available in Table 15.

31 Standard voltages of 230V for single-phase circuits and 415/11000/33000V for three-phase circuits.
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Charging technology categories

Battery

Inductive

Swapping

AC Charging DC Charging

AC Level 1 AC Level 2 AC Level 3 Bharat AC 001 DC Level 1

ACLevel 2 A DC Level 2

ACLevel 2 B DC Level 3

Bharat DC
001

FIGURE 15: E-4W CHARGING TECHNOLOGY CATEGORIES

5.3.1 AC Charging

. AC charging is the most prevalent type
of charging, since grid electricity supply is AC. Batteries, in contrast use DC
power, so the AC power from the grid needs to be converted into DC power
to charge the battery. The equipment that performs this AC-DC conversion
may be either on-board on the EV (in the case of AC charging) or part of the
EVSE (in the case of DC charging).

AC charging can be categorised into three levels: Levels 1, 2, and 3 (refer to
Table 8), considering the common service voltages available worldwide. The
classification combines the U.S. Level-based standard with the European
Modes covering associated installation, communication, and protection.

The upper limits for output power in relevant cases are set using standard
practices® applicable to the Indian power grid. The Bharat AC OO1is
considered as a separate class of AC charging due to its distinctive features.

AC charging technology is generally cheaper than DC technology, because
in the case of DC charging, the cost of the converter and other auxiliary
equipment is an add-on to the EVSE cost. The ancillary equipment needed
for AC charging for e-4Ws primarily consists of appropriately rated electrical
cables and circuit breakers®.

32 The maximum current output from a 230 V single-phase AC plug point is considered 16 A, and maximum output from
a single-phase circuit is estimated at 32 A.
33 The required rating of a cable/circuit breaker is determined by the output power.



5.3.1.1 AC Level 1(AC-I)

AC Level 1 charging takes place at the lowest service voltage prevalent

in some parts of the world. This type of charging is popular in the U.S. for
charging e-4Ws at home. The capital cost of charging equipment is negligible,
as it is a simple plug and play charging using the domestic socket. The wall-
mounted domestic socket provides a small amount of power (refer to Table 8),
resulting in prolonged charging time. For example, a battery of 20 kWh takes
about 14-15 hours to recharge at AC Level 1. This category is not relevant in
India, as the applicable service voltage level is not available.

TABLE 8: AC CHARGER TECHNICAL SPECIFICATIONS

Input Voltage (V) 120 230 230 415 or above 415
Output Voltage (V) 120 230 230 415 230
Maximum QOutput Current (A) 20 16 32 63 13
Output Power Range (kW) 1.4-2.4 1.4-3.3 3.3-7.4 11-43 33
Charging Mode Not applicable Mode 1/2 Mode 2/3 Mode 3 Mode 3

5.3.1.2 AC Level 2 (AC-II)

AC-Il charging entails single-phase charging performed at the most common
service voltage in India. The ability to charge an EV at Level 2 is essential, as
230V outlets are universally available. AC Level 2 is divided into two sub-
classes based on charging power, as shown in Table 8.

AC-Il (A) charging (see Figure 16 for an example) is simple plug and play
charging using an on-board EV charger. The LV e-4Ws in India have on-
board chargers that are typically between 1 and 3 kW, and, hence, this type
of charging is suitable for them. The EV is plugged into a socket for this type
of charging. Two AC-Il charging modes are possible based on the installation,
communication, and protection - Modes 1 and 2. Mode 2 has improved safety
features and is therefore a better solution for e-4W charging at home 34, The
maximum power output (refer to Table 8) for this type of charging is restricted
by the power output of the available socket and the charger’s capacity.

FIGURE 16: BHARAT DC 001 AND AC LEVEL 11-A CHARGERS AT CAPTIVE CHARGING FACILITY

Picture courtesy: Lithium Urban Technologies

34 It should be noted that Mode 1 charging has been actively discouraged for e-4W charging in many countries due to
safety issues.
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The ancillary infrastructure needed for such charging is typically
limited to an industrial plug socket®®, electrical cable® | and residual current
protection device®. Alternatively, this type of charging can be done using a
portable cable with an in-built protection circuit. The cost estimates for the
EVSE and ancillary infrastructure are shown in Table 9.

TABLE 9: AC CHARGING COST ESTIMATES

AC-II (A) 0 - 24,000 1,400 - 1,900 1,400 - 25,900
AC-II (B) 38,000 - 65,000 1,600 - 2,500 39,600 - 67,500
AC-IIT 80,000 - 1,20,000 4,000 - 11,000 79,000 - 1,41,000
Bharat AC oo1 40,000 - 50,000 1,800 - 2,500 41,800 - 52,500

(refer to Table 8), which a domestic
socket® cannot provide. Hence, this charging method entails the use of
dedicated wall-mounted charging points. This method is limited by the
maximum power possible for a single-phase AC circuit. This type of charging
is generally Mode 2 or 3, and charging is performed with a protection and
pilot control function (Spéttle, et al., 2018). The area required for the wall-
mounted charger is generally less than O.2 square metres. The cost estimates
for the charger and ancillary infrastructure are shown in Table S.

INDIAN CASE STUDY
ChargeGrid: AC-II charging facilities in India

Providing charging solutions at natural stoppages for EVs is easier at the AC-II Level

for two reasons. First, the power supply matches the on-board EV AC chargers’ power.
Second, this type of charging only requires single-phase connections, which are available
almost everywhere. Magenta Power is working to provide 3.3/7/4 kW AC charging facilities
under their ChargeGrid brand. The company has already installed charging facilities at
malls, hotels, and co-operative societies (see Figure 17 for an example). These charging
points have a technology neutral socket that can accommodate three different types of
connectors. They are custom designed for Indian grid conditions and have in-built voltage
stabilisers to handle voltage fluctuations.

FIGURE 17:
EV CHARGER AT A
PARKING SPACE

Picture courtesy:
Magenta Power

35 [EC60309 industrial connector

36 2.5s5q. mm, Copper, 1100V, PVCinsulated cable

37 Adouble pole Residual Current Circuit Breaker or Earth Leakage Circuit Breaker.

38 Domestic 3-pin sockets are 6/16A in India, much less than the maximum output current of 32A in AC-II charging.



INTERNATIONAL CASE STUDY
ChargePoint: AC-Il workplace charging facilities in the U.S.

Workplace charging is a service offered by many charging service companies. One example
is ChargePoint in the U.S. ChargePoint operates chargers in workplace parking lots, thereby
allowing companies to provide on-site EV charging stations. AC-II charging options are
generally used in these workplace charging facilities. The chargers are of lower power
levels (less than 40 A), so EVs can be charged without costly electrical upgrades in the
facility. Despite being low power, these chargers allow two electric vehicles to be charged
in parallel through dynamic sharing. These facilities are smart facilities that allow one

to control who can use the facilities. Additionally, it is possible to plug in vehicles and
schedule charging during off-peak hours when electricity rates are lower (Navigant, 2018)
(Chargepoint, 2017) (Chargepoint, 2017).

5.3.1.3 AC Level 3 (AC-III)

AC Level 3*° entails vehicle charging at the three-phase AC distribution
voltage level. The minimum voltage level associated with AC-IIl charging in
the Indian context is 415 V. Table 8 lists the key technical specifications of
a range of AC-IIl chargers for e-4Ws currently available in the international
market. This type of charging is only possible when the vehicle has a three-
phase AC charger; in the Indian context, vehicles only have single-phase
chargers, and the highest observed charging capacity is 74 kW. In contrast,
in the European market, there are cars with three-phase 22 kW on-board
chargers (Navigant, 2018).

The AC-IIl chargers available in the market are generally wall-mounted with
minimal area requirement. The ancillary equipment associated with these
chargers is switchgear equipment, including circuit breakers and electrical
cables. AC-lll chargers with smart charging capability have additional
equipment to facilitate the necessary communication and control functions.
The cost estimates for AC-Illl EVSE are presented in Table 9.

INTERNATIONAL CASE STUDY
AC-Ill public charging facilities in Europe

AC-III public charging facilities are becoming popular all over Europe, since cars there
have on-board three-phase chargers (Navigant, 2018). The unique feature of the AC-III
chargers is that they are smart, with the ability to vary the output power rate. Etrel is
one of smart charging solution providers in Europe. Etrel’s charger typically has a 22

kW rating and charges one EV at a time. Sometimes, two 22 kW chargers interconnected
to a low voltage power supply* are installed together in a charging pile. The chargers
automatically select a charging rate for the EV, considering the needs of each connected
vehicle and limits of the electricity connection. Consumers have the option to input

the departure time and opt for cost-optimised charging at a lower speed. Multiple
chargers installed at one location can coordinate to provide optimal charging without
overloading the station (Etrel, 2018) (Etrel, 2019).

5.3.1.4 Bharat AC 001

Bharat AC OO1 is a special type of AC Level 2 charger with a three-phase
input and single-phase output. Bharat AC OO1 has a 10 kW input power
level and can charge three EVs at once. The technical specifications for
this charger are given in Table 8 (DHI, 2017). The Bharat AC OO1 charger

39 This type of charging is often called Type 2 AC charging, based on the connector developed in the European market for
charging.
40 Three phase 415V 32A/63A supply
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is a wall-mounted charger with three industrial plug output connectors. The
ancillary equipment needed to install this charger includes appropriately rated
electrical cables and circuit breakers. The costs associated with this charger
and the ancillary equipment are presented in Table 9.

INDIAN CASE STUDY
Captive charging facilities in Bengaluru

EV fleet operators often invest in captive fleet charging solutions to avoid issues with an
underdeveloped public charging network. Bengaluru-based fleet operator Bhagirathi
uses rydS’s low carbon, last mile urban mobility solution with captive charging. The
company identified the lack of charging infrastructure as the biggest operational
challenge during its EV pilot project (Kotecha, 2018) and proceeded to establish 4
captive charging facilities at its hub and an additional six in other strategic client
locations. These charging facilities have both 3.3 kW AC and 16 kW DC chargers that

get power via a 250 kilo-volt-ampere (kVA) transformer. rydS follows a charging routine
wherein after three fast EV charging sessions, it carries out one slow charging session to
maintain the health of the battery.

INDIAN CASE STUDY
Centralised captive charging facilities for fleet operation

Centralised captive charging facilities are considered the optimal solution for fleet
operation. Lithium Urban Technologies, which provides connected, shared e-mobility
solutions for corporates, has set up charging stations (see Figure 18 ) in each of its client
sites to enable controlled charging and quick turnaround time.

The company has an in-house optimisation algorithm that factors in the state of charge
of the EV battery when on-road so that once the vehicle is docked, it can be charged

to an optimal level in order to complete its next trip. Lithium Urban Technologies
maintains a 5:1 car to charger ratio to enable smooth operations. The chargers they

use are compliant with AC Level II(A) and Bharat DC oo1 Standards. The current EVs in
their fleet are subject to two types of charging- fast and slow, used during peak and lean
times, respectively.

Lithium Urban Technologies is soon launching a charging hub in Delhi NCR to further
optimise charging for its vast EV operations in the capital. 100% powered by renewable
energy, this charging hub will be a centralised location for its EV fleet to dock and
charge before embarking on its next trip. This will further help improve operations and
reduce travel times for individual trips.

| 4

FIGURE 18: CAPTIVE CHARGING FACILITY

Picture courtesy: Lithium Urban Technologies




5.3.2 DC Charging

DC charging is performed with chargers that are not on-board on the EV.
Their power output level is only restricted by the safe power limit the battery
can accept. Thus, the power output levels of DC chargers are usually higher
than those of their AC counterparts. However, the voltage level of the charger
still depends on the e-4W battery voltage. DC chargers can be classified

into two categories based on the system design - plug-in or pantograph. DC
pantograph chargers are of high power#! and generally not used for charging
e-4Ws.

5.3.2.1 DC Plug=in

DC plug-in charging entails charging via a plug-in connection. Charging

is performed by an EVSE unit that houses an AC-DC converter and a DC
charger unit. DC plug-in chargers can be further classified into multiple levels
based on power output. Bharat DC OO1 is a special DC plug-in charger with
two output levels and, hence, added as a separate category. The technical
specifications for DC plug-in chargers currently available in the market are
presented in Table 10.

TABLE 10: DC PLUG-IN CHARGER TECHNICAL SPECIFICATIONS*

Input AC Voltage (V) 415 >415 >415 415
Qutput DC Voltage Range (V) <1000 <1000 <1000 48 -72
Maximum Output Current (A) 80 200 >200 200
Output Power Range (kW) <50 >50 >150 3.3/10/15
Charging Mode Mode 4 Mode 4 Mode 4 Mode 4

Level 1 (DC-I) and Level 2 (DC-Il) DC chargers are generally used for charging
e-4Ws. DC Level 32 (DC-Ill) chargers of 175 kW are new in the market, but
not suitable for all existing EV models (Kane, 2019). DC-I is typically a wall-
mounted charger, whereas the DC-Il charger is floor-mounted. The ancillary
equipment needed for DC-I charging is limited to appropriately rated electric
cables and circuit breakers. DC-II plug-in chargers, on the other hand, require
additional ancillary equipment, including step down transformers, associated
high tension (HT) and low tension (LT) switchgears, cables, and a protection
system. The cost estimates for DC plug-in chargers are provided in Table 11.
The estimated minimum area requirements for DC-1 and DC-II chargers are
0.4 m2and 1.5 m2, respectively.

TABLE 11: DC PLUG-IN CHARGER COST ESTIMATES

DC-I 6,00,000 - 8,00,000 8,000 - 15,000 6,08,000 - 8,15,000
DC-II 12,00,000 - 13,00,000 6,25,000 - 8,25,000 18,25,000 - 21,25,000
Bharat DCoo1  1,80,000 - 2,60,000 2,800 - 3,500 2,02,800 - 2,63,500

41 DC pantograph chargers have a power output rating of 150 kW or above and are used to charge electric buses.
42 Applicable for e-2Ws
43 Very few details related to DC Level 3 chargers are available in the public domain.
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INTERNATIONAL CASE STUDY
DC network charging facility

The advancement in communication technologies has enabled the formation of fast EV
charger networks (Navigant, 2018). Fastned is a fast charging provider that operates over
ninety charging stations in the Netherlands, Germany, and the United Kingdom. Most
of these facilities have DC-II chargers, typically rated at 50 kW. Many of the charging
stations have solar PV rooftop systems over the parking space and use the generated
solar power for charging. In the last year, Fastned has also deployed 175 kW DC-III
chargers at select locations. However, not many EV models are equipped to charge

at this power level, and, hence, the maximum power drawn from these chargers is
significantly lower than 175 kW in most cases (Kane, 2019) (Fastned, 2019).

INDIAN CASE STUDY:

Bharat DC public charging facilities

Energy Efficiency Services Limited (EESL) has been at the forefront of e-mobility
ecosystem in the country. It is one of the first in the country to deploy EVs and Public
Electric Vehicle Charging facilities on a large scale. EESL has already deployed around
1510 EVs, more than 470 captive chargers, and 70 public charging facilities across
India. EESL is partnering with local municipalities, distribution companies (DISCOMs),
Metro Rail Corporations, oil companies, and City Development Authorities to conduct
feasibility assessment studies, select sites, and implement charging infrastructure in
urban areas. The majority of the public chargers installed by EESL are 15 kW chargers
that conform to the Bharat DC oo1 standard (an example is shown in Figure 19). EESL’s
success in forging partnerships with EV fleet operators has helped increase charger
utilisation. All of EESL’s public chargers are operated through a mobile app developed
specifically for this purpose.

L
- Headter
FIGURE 19: BHARAT DC 001 PUBLIC CHARGER IN KHAN MARKET, DELHI
Picture courtesy: EESL




INDIAN CASE STUDY
Public charging network of 5O kW chargers

Public fast-charging networks capable of quick re-charge of vehicle batteries are gaining
popularity in India. Under the Charge & Drive brand name, Fortum India has already
made 62 DC fast-charging points operational, out of which 20 points are DC Level 2.
These charging points (see an example in Figure 20) are India’s first public 50 kW

DC fast-charging points and are suitable for the upcoming HV electric vehicles. They
have already been installed in 5 cities: Delhi-NCR, Hyderabad, Mumbai, Bengaluru,
and Ahmedabad. These chargers are compatible with both the combined charging
system (CCS) and CHArge de Move (CHAdeMO) DC charging protocols. The company
also offers a cloud solution configured to suit a wide array of custom requirements,
including remote monitoring and diagnostics, price plan administration, and back-

end administration that allows an operator to see the current status of each charger,
enabling him/her to control the charging at each station. In addition, the consumer can
also get details on the status of charging points and use flexible payment options, e.g.
credit/debit cards or RFID payment (Singh, 2019) (Fortum, 2019) (PTI, 2019).

FIGURE 20: 50 KW DC CHARGER IN AHMEDABAD

Picture courtesy: Fortum India

5.3.2.2 Bharat DC 001

. This charger is designed at an output voltage level suitable for
charging the existing LV e-4W models*# in India. It is a floor-mounted charger
that has a high current output at a low voltage (refer to Table 10 for the
technical specifications). The ancillary equipment needed for these chargers
is similar to that for DC Level 1 chargers, but is relatively inexpensive due to
the lower power rating. The costs of the charger and ancillary equipment are
summarised in Table 11.

4L Typical battery voltages of e-4Ws are well above 150 V in established EV markets.
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INDIAN CASE STUDY
Establishment of charging facilities in Nagpur e-mobility pilot project

Ola has established a network of charging stations (see an example in Figure 21),
including AC II charging points at driver-partner residences, in Nagpur as part of India’s
first multimodal e-mobility initiative. The combined capacity of all the public facilities
allows them to charge 22 vehicles at the same time. The public charging facility has

AC and DC chargers compliant with the respective Bharat AC oo1 and Bharat DC oo1
standards. One of the key observations from the project is that the EV charging time
increases in the summer when using DC chargers. The charging time in the case of AC
charging is not impacted as much by ambient weather conditions. The pilot project

has also provided insights on challenges in operating EV chargers due to voltage
fluctuations in the distribution grid (Arora & Raman, 2019).

FIGURE 21: EN-ROUTE ELECTRIC VEHICLE CHARGING STATION

Picture courtesy: Ola Mobility Institute

INDIAN CASE STUDY
DC charging facilities for fleet operation

DC fast charging is considered the best solution for fleet operation. EEE Taxi, a fleet
operator in the on-demand cab and staff transport fleet segments, has EVs that comply
with the Bharat DC oo1 standard. The company has developed captive and public
charging facilities with Bharat DC oo1 chargers (refer to Figure 22 for an example) for
their fleet operations. Sophisticated algorithms are used for the EVs to keep track of the
state of charge of battery
and distance to the next
charging facility. EEE Taxi
has found that it is optimal
to maintain a 4:1 or 5:1
ratio of cars to charging
facilities. The current
chargers are of 15 kW
capacity, but the company
is planning to add 30 kW
chargers in the future,
where their charging
facilities are connected to
HT lines and have 100 kVA
transformers providing
power supply.

- g————

FIGURE 22: ELECTRIC VEHICLE CHARGING FACILITY AT OFF-STREET PARKING SPACE

Picture Courtesy: EEE Taxi




5.3.3 Inductive Charging

The inductive charging category includes all charging technologies that

entail wireless transfer of electricity, either by static or dynamic induction.
Specialised equipment such as high-frequency converters and induction

coils are required to transfer energy wirelessly. Additionally, the EVs need to
be equipped with receiver units for wireless power, along with the on-board
charging equipment. The capacity of these receivers and chargers determines
the power limits for charging by this method.

Inductive, or wireless, charging had taken a backseat in the past primarily
due to its lower efficiency in comparison with conductive technology (Mi,
2014). However,

, as the efficiency has improved over time (Hurst, 2018).
Norway is planning to install wireless charging stations for electric taxis
in the city of Oslo [refer to International case study: Wireless charging of
commercial electric taxis in Oslo for details]. In this model, the taxi driver
parks the EV over the in-ground charging unit embedded in the road, and
charging begins automatically (Navigant, 2018). Installation of underground
inductive charging pads and cables is quite expensive. The cost of an in-road
inductive charging project in South Korea is estimated at approximately $69
million USD#® (Yeon-soo, 2019).

Inductive ground pads for home-based charging are also available in the
market. These ground pads can be plugged into wall-mounted outlets and
placed under the EVs for charging. The technical specifications and costs for
home charging units are presented in Table 12 (WiTricity, 2016) (Evantran,
2019) (Hurst, 2018) (Shahan, 2015).

TABLE 12: TECHNICAL SPECIFICATIONS AND COST OF WIRELESS HOME CHARGERS

Input AC Voltage (V) 230

Maximum Output Current (A)+ 32

Output Power Range (kW) 33-11

Charging equipment cost (3) 91,000 - 2,10,000
Ancillary infrastructure cost (%) 1,600 - 2,500
Total EVSE cost () 92,600 - 2,12,500

INTERNATIONAL CASE STUDY

Wireless charging of commercial electric taxis in Oslo

Norway is one of the biggest markets for electric cars in Europe (Reuters, 2019). Norway
is committed to converting its commercial taxis to a zero-emission system by 2023. In
order to achieve this, the municipal government in Oslo has partnered with Fortum and
Momentum Dynamics to implement a wireless charging pilot project for EVs. 75-kW
wireless charging pads will be embedded in taxi lines, which will help minimise waiting
time and charging time for electric cars at charging stations. In order to use the facility,
an EV has to be equipped with high power wireless receivers and on-board chargers. The
project cost is unknown (Statt, 2019).

45 Equivalent to X 483 crores
46 The maximum output current is specified taking into account applicability in the Indian context. Inductive chargers
available in the U.S. market are rated for 30/50 A maximum output (Evantran, 2019).

43



44

5.3.4 Battery Swapping

Battery swapping-based charging entails swapping depleted vehicle batteries
with fully charged batteries. This system consists of the battery charging
system and battery swapping mechanism. Hence, the technical parameters
for battery swapping systems depend on both the charging point for the
batteries and the swapping infrastructure. Hardly any information is available
on the power requirement for battery charging facilities and swapping
operations. The minimum voltage required for this type of charging is typically
415V or above.

Though

, it has often received attention as the future of EV charging. In the
case of Indiq, there have been a lot of discussions surrounding the application
of range extension batteries (refer to Indian case study: Range extension
batteries). However, a major barrier to implementing battery swapping is the
fact that most EVs are not designed for this method. Only select car models
from Renault, NIO, and Tesla are designed with swappable batteries. The
learnings from battery swapping pilots can be summarised in four main points:

1. Battery swapping necessitates changes in EV and battery pack
design.

2. Battery swapping can reduce upfront EV cost.
Significant investment is required to set up a battery swapping facility.

4. EV owners incur recurring charges for using the swapping facility.

The time required for swapping is typically 5 minutes. The system requires
special equipment such as battery-swapping arms and battery movement
systems, along with the battery charging systems, which would potentially
increase the capital and operating costs. The ancillary infrastructure includes
a distribution transformer, associated LT and HT switchgears, cables, a
protection system, and a supervisory control and data acquisition (SCADA)
system. The estimated cost for battery swapping infrastructure is presented
in Table 13 (Spottle, et al., 2018).

TABLE 13: BATTERY SWAPPING COST ESTIMATES

3,20,00,000+ 2,50,000 - 4,00,000 3,22,50,000+

INTERNATIONAL CASE STUDY
Better Place battery swapping pilot project

In Israel, as part of a pilot project focused on converting ICE vehicles to inexpensive
electric cars, a battery swapping pilot for e-4Ws was implemented. The Renault Fluence,
the retrofitted EV model used in the project, only had a range of 120 km. Better Place,
an Israeli startup, set out to eliminate range anxiety concerns by installing battery
swapping facilities. The company built a network of facilities capable of swapping

the batteries in 5 minutes. However, the cost of the car and usage of the swapping
facility were too high for customers, which eventually caused the project to the fail.
Each swapping facility was projected to cost at least $2 million USD (equivalent to 112.6
crores in 2014), four times the initial estimate by Better Place. The consumers who
received a $35,000 USD (equivalent to 122 lakhs in 2014) car would have to spend $3000
USD (equivalent to I1.9 lakhs in 2014) annually for swapping services (Feldman, 2017)
(Chafkin, 2014).
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INDIAN CASE STUDY
Range extension batteries

The Centre for Battery Engineering and EVs at Indian Institute of Technology (IIT)
Madras is promoting swappable range extension batteries for electric vehicles in
India. In their design, the EV has a fixed battery and a swappable battery. All EVs
will have a slot for a second battery, called a range extension battery, which can be
added or swapped at a swapping station. This is an alternative to the conventional
battery swapping system, wherein the entire battery is detachable. The discharged
range extension battery is taken to a conditioned environment and charged in about
two hours. The fixed vehicle battery is charged using the AC charging technology.
This enables EV operation in an ecosystem with both charging and swapping options
(CBEEY, 2019).

5.4 Comparative assessment of available
charging options

Considering that it might not be plausible to deploy every available charging
technology to recharge the entire range of EV segments (e.g. 2- and
3-wheelers, 4-W passenger cars, buses, light commercial vehicles, etc.),

this study has undertaken a thorough comparative assessment of the
abovementioned charging options using a set of critical parameters, in order
to identify the ones that could be practically implemented for e-4W charging
in India (refer to Table 14). AC-I charging and DC pantograph technology
are not part of the comparative assessment matrix, because the former
requires a service voltage that is not prevalent in India, while the latter is not
used to charge e-4Ws. Since e-4Ws suitable for DC Level 3 charging are
not envisaged in the Indian market in the near future, this type of charging is
also not included in the assessment table. The values in the table have been
compiled based on the technical and financial specifications observed in the
market and applicability in the Indian context.

Based on the assessment (as summarised in Table 14), the study has found
that:

e Battery swapping is not an ideal solution for charging e-4Ws currently
available in the market. The requirement for significant EV modifications
and high installation and operational cost are two major barriers to its
implementation.

e Inductive charging has only achieved limited success as a home charging
solution, primarily due to its high cost. The inductive charging solutions for
public charging are at the nascent stage. These solutions necessitate high
investment and require EVs to be retrofitted with additional equipment.

e AC-Ill charging is also not found to be suitable, as the current and
upcoming EV models in India do not have three-phase on-board chargers.

Thus, this study has shortlisted the following viable e-4W charging
technologies for public charging facilities: AC-Il, Bharat AC OO1, Bharat DC
OO01, DC-I, and DC-Il charging. These technologies are further examined in
Chapter 6, in terms of how to select the best-fit technology for the charging
requirement of an e-4W fleet in India.
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TABLE 14A: COMPARISON OF AVAILABLE E-4\W CHARGING OPTIONS IN INDIA
Parameter AC-II(A) AC-1II

(B)
Input AC volt- 230 230
age (V)
Rated output  1.6-3.3 33-73
power® (kW)
Output volt- 230 230
age (V)
Maximum 16 32
output current
A)
Output power 2 6.6
considered
for analysis®®
(kw)
Charging/ 14 - 20 4-6
swapping
time for HV
e-4W in hours
(40 kWh rated
battery)s
Charging/ 7-10 Not ap-
swapping plicable
time for
LV e-4W in
hours> (20
kWh rated
battery)
Required LT LT
electricity
connections*
(HT/ LT)
Required Industrial ~ Cable
ancillary in- plug top, (copper
frastructure residual (Cu), 6
current sq. mm),
circuit moulded
breaker case
circuit
breaker
(2-pole
(P), 32A)
Auxiliary Nil Low
electricity
consumption

Bharat AC
001

415
10 (33x3)
230

15

14 — 20

7-10

LT

Cable (Cu,
6 sq. mm),
moulded
case
circuit
breaker
(4P)

Low

AC-1II

415

11-43

415

63

22

1.3-1.8

Not ap-
plicable

LT

Cables
(Cu, 16-25
sq. mm),
circuit
breaker
(3P)

Low

Bharat
DC oo1

415
10 — 15

48/ 60/
72
200

10

Not ap-
plicable

LT

Cable (6
sq. mm),
moulded
case
circuit
breaker
(4P)

Low

DC-1I

415

<50

50 - 500

8o

25

1.1-1.6

Not ap-
plicable

LT

Cables
(16-25
sq. mm),
circuit
breaker
(3P)

Low

47 The parameters for battery swapping depend on both the battery charging point and swapping infrastructure.
48 Voltage set at the common single-phase and three-phase AC distribution levels in India or based on respective India-specific standards
49 For ACII (A) and ACII (B) charging, the power range is set considering the 16A/32A input current range for a domestic socket in the Indian context. Others
are based on standards or as per the specifications of e-4W chargers currently available in the market (DHI, 2017) (WiTricity Corporation, 2018) (WiTricity,

50

2016) (Evantran, 2019).

DC-1I

2415

>50

150 - 950

200

50

0.6-0.8

Not ap-
plicable

HT

Distribu-
tion trans-
former,
HT/LT
switch-
gear, HT/
LT cables

Medium

Inductive
charging
2230
33-7.2

230

30

7.2

Not ap-
plicable

LT

Simple
plug and
play

Low

Battery
swapping*’

2415

Data not
available

Data not
available

Data not
available

Data not
available

0.083% (5
minutes)

Not appli-
cable

HT

Distribution
transformer,
HT /LT
switchgear,
cables,
protection
relays, &
SCADA

High

Output powers are set according to DHI guidelines and on-board charger capacity (DHI, 2017) or the highest possible power considered at a power factor of
0.9. For ACIII, the output power is assumed based on the study of chargers in the European market (Spottle, et al., 2018)
For more details, please refer to Annexure C - Charging time estimation.

Swapping time set based on available details

For more details, please refer to Annexure C - Charging time estimation.
(onnection requirement assessed as per India's grid code



TABLE 14B: COMPARISON OF AVAILABLE E-4W CHARGING OPTIONS IN INDIA

Parameter AC-1II(A) AC-1II
(B)

Cost of As per LT As per LT

electricity connection connec-

for charging tion

(energy and

demand

charge as per

connection)

Capital cost of 0-24,000 38,000
charger (%) -65,000

Capital cost 1,400 1,600
of ancillary -1,900 -2,500
infrastructure

®)

Arearequire- Not ap- 0.2 (wall-
ment (m?) plicable mounted)

Requirement  No No
of 11/ 22/ 33

kV connec-

tion

Length of 5 5
cable connec-

tor (m)

Difficulty of Not Not
drawing elec-  difficult difficult
tricity from

distribution

network

Established Yes Yes
precedence

for e-4W

charging

Suitability for  Yes Yess®
installation in

public charg-

ing facilities

in India

Bharat AC
001

As per LT
connec-
tion

40000
-50,000

1,800
-2,500

0.2 (wall-
mounted)

No

Not
difficult

Yes

Yes

AC-1II

As per LT
connec-
tion

80,000
-1,20,000

4,000
-11,000

0.15
(wall-
mounted)

No

Mod-
erately
difficult

Yes

No

Bharat
DC oo1

As per LT
connec-
tion

1,80,000
-2,60,000

2,800
-3,500

0.8 (wall-
mount-
ed)

No

Mod-
erately
difficult

Yes

Yes

DC-1I

As per LT
connec-
tion

6,00,000
-8,00,000

8,000
-15,000

0.4 (wall-

mounted)

No

Mod-
erately
difficult

Yes

Yes

DC-1I

As per HT
connec-
tion

12,00,000
-13,00,000

6,25,000
-8,25,000

1-1.5 (floor-

mounted)

Yes

Difficult

Yes

Yes

Inductive
charging

As per LT
connection

91,000
-2,10,000

1,600 -
2,500

Not ap-
plicable

No

Not ap-
plicable

Not dif-
ficult

Limited>®

No

Battery
swapping

As per HT
connection

3,20,00,000+

2,50,000 —
4,00,000

Data not

available

Yes

Not appli-
cable

Difficult

Limiteds”

Limited

55 (osts estimated based on available literature and consultation with stakeholders regarding market values (Spéttle, et al., 2018) (Navigant, 2018) (EVConnectors, 2019)

(IndiaMART , 2019)

56 Few successful commercial use cases have been reported for inductive charging and battery swapping for e-4Ws.
57 Few successful commercial use cases have been reported for inductive charging and battery swapping for e-4Ws.

58 However, high-power single-phase charging may lead to an imbalance in the distribution network.

47



™6 (0—0- ©H—6 (o,'——u'_ —o lo—o @@7@\‘1 0—0" -6 ‘o—o ‘oo

QA.-‘%
@Qr@u-m@;rfi
@&@gf@idg
@fé“rﬁ{'——v

T

) o @
Qr@i‘
rf"@llréua

6o

d 6

Q@@%ﬂa
@Qr@s
Qr@na

oo

; o 3 r@q.- % S 4

I'I

Qr@i‘m@_—v

& 5o

@@@%ﬁ@“‘
Qr@i‘
rf"@llréua

6o

;J o”m?? 4 5 670 =y 88 4

I'I

Qr@w-mc:l—u

pr— Y

6o

Q@%zar
@:Jr@i
Qr@n@*i

g [—  pr— N CCICY



6 Selection
of “best-fit”
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technologies
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Understanding “where to charge” is not enough to ensure successful
establishment of EV charging infrastructure; knowledge on “how to charge”
is equally important. The multiplicity of technologies available in the Indian
market, with each technology having its own set of pros and cons, makes it
hard to select the “best-fit” charging technology.

The effectiveness and feasibility of deployment and use of a charging
technology depend on a range of factors, both technical and economic.

The technology should satisfy the criteria for charging the vehicle (e.g.
charging time, grid infrastructure needed, proximity to grid, etc.), and its
implementation should be cost-effective. Considering that charging and
battery technologies are still evolving, it is possible that none of the charging
options currently available in the market would satisfactorily meet all the
criteria; hence, the selection of a suitable charging technology may involve
trade-offs.

However, objectively deciding on the trade-offs is a difficult task, and a
framework would be useful in the decision making process. Recognising the
possible complexity in pinpointing the best-fit technology for e-4W charging,
the study provides a methodology for this using a composite Multi-Criteria
Decision Matrix (MCDM) for any type of public charging facility. An MCDM
consists of a set of techno-economic parameters, each assigned a weight
based on the assessed degree of importance using the following scale (refer
to Figure 23):

1 2 3 4 5 6 7 8 9 10
Least Less Fairly Very Most
Important Important Important Important Important

FIGURE 23: SCALE FOR ASSESSING THE IMPORTANCE OF A PARAMETER

The “high-impact” technical and economic parameters mentioned in the
MCDMs below were filtered from a comprehensive list of parameters. The
weights assigned to these parameters vary with the type of public charging
facility. This is inevitable, as the criteria for best-fit technologies change
for different public charging facilities. For instance, charging time may be
the most important factor in the case of a charging facility that caters to
time-bound business operations (such as logistics), whereas it may not be
as important for operations where customers are at the location for several
hours for another purpose (e.g. at a charging facility within office premises).

While considering the technical or economic parameters and assigning their
respective weights, one should treat them in isolation from other contesting
parameters and in the context of the given public charging facility. Each
charging technology is ranked against individual parameters, whereby the
technology that satisfies most the ideal value for a parameter is ranked
highest (e.g. Out of four charging technologies, the most suited technology
against a particular parameter will have the rank of “4”). These ranks

are derived from the comparative assessment of the identified charging
technologies. By multiplying the parameter weights by the technology
rankings for each respective parameter, taking the sum, and dividing it by the
sum of the parameter weights, one arrives at a normalised weighted score for
each technology (see Table 18 for an example). The charging technology that



has the highest normalised weighted score represents the most appropriate
option.

, which may
impact the technical and economic viability of the concerned charging
technologies. Therefore, it is critical to bear in mind that the given rankings
of the charging options are only reflective of the present scenario and may
require revision as the market evolves. Stakeholders should take a fresh look
at the Decision Matrices and revise them as required on a regular basis, to
make appropriate decisions.

As explained above, e-4W charging may happen at different types of public
charging facilities. The study has identified three main types of public
charging facilities that can serve e-4W fleets. However, in the face of the
charging technologies’ trade-offs against the commonly-used performance
standards (such as charging time, capital cost, operational expenditure, input
grid power, etc.), a particular charging technology may not be the best-fit
option for all types of public charging facilities. Hence, this study focuses on
separately evaluating the charging technologies in the context of the three
identified types of public charging facilities. These charging facilities are

such that they can cater to the requirement of both commercial fleets and
privately-owned vehicles. To this end, separate parameter tables and MCDMs
have been developed.

An example of MCDM application to identify the best-fit charging technology
for an en-route public charging facility is illustrated below. The MCDMs to
assess the suitability of technologies for other types of public charging
facilities are presented in Annexures A and B.

The technical and economic parameters considered for chargers for en-route
public charging facilities and their respective weights are presented in Table
15 and Table 16, respectively. Similar details for chargers in public parking
spaces and office premises are available in Annexures A and B, respectively.
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TABLE 15: TECHNICAL PARAMETERS FOR CHARGING TECHNOLOGY SELECTION FOR EN-ROUTE PUBLIC

CHARGING FACILITIES®

36 for HV
Charging e-4Ws
time
(minutes) 84 for LV
e-4Ws
Land
requirement
for fixed .-
-4 W Minimal
charging
demand
Difficulty
of drawing

electricity Not
from the difficult
distribution

network

59 For detailed analyses, refer to Annexure C - Charging time estimation.

Minimum time
required to charge
a40-kWh and a
20-kWh battery is
considered the ideal
value for HV and LV
e-4Ws, respectively.>

Area requirement

for the parking

bays, manoeuvring
lanes, core charging
infrastructure, and
ancillary equipment
for a fixed number of
EVs should be as low
as possible.

The difficulty of
drawing electricity
depends on:

e Availability
of existing
connection
with adequate
sanctioned load

¢ Ability to cater
to charging
requirement
without an 11/ 33
kV connection

10

10

In the case of en-route
charging, this parameter is
given the highest weight,

as charging by stopping
during a trip may lead to a
significant increase in travel
time. In order to keep the
charging time to a minimum,
the operator would prefer
the most rapid charging
technology available, in order
to:

e Serve more EVs and
increase the capacity
utilisation of the charging
facility

e Attract more consumers
to use its service for
opportunity charging

Land requirement basically
translates to capital
investment or recurring cost
linked to the market value
of the land and, therefore,
has significant impact on
the economic viability of
operating a charging facility.
Hence, this parameter is
assigned the highest weight.
The land requirement is
calculated based on the
number of chargers required
for a fixed EV demand.
Technologies that are able to
charge in less time are ranked
higher, due to the lower
space requirement to charge
an equal number of EVs.

Following consultation with
stakeholders, the study
found that, to install one
charger, the sanctioned load
requirement comes under the
LT connection category in
most states. Therefore, this
parameter has a relatively
low weight.



TABLE 16: ECONOMIC PARAMETERS FOR CHARGING TECHNOLOGY SELECTION FOR EN-ROUTE PUBLIC
CHARGING FACILITIES

EVSE cost is one of
the most significant

The minimum price components of the
. .. of an EVSE is the developer’s capital
Capital cost Minimum . . . 1
R st most ideal case for 8 investment in establishing
P a suitable charging a charging facility. This
technology. has a major impact on
the project’s economic
feasibility.

Cost of electricity for
charging is the main
operational expenditure

The charging system . . .
in running a charging
that consumes the i1s
facility. Hence, most states
least amount of energy, . g
in India have announced
and therefore has . .
. . . promotional EV charging
Electricity the lowest associated . ;
.. .. tariffs. Furthermore, in the
cost for Minimum electricity cost, would . . .
; 6 future, if there is a hike
e-4W cost get the highest rank. . e e
. in tariffs, it is expected
charging The amount of energy .
. that the corresponding
G e i increase in the cost of
facility level for EV

s . service provision would be
charging is considered .
{0 be fixed proportionately passed on
. to the consumers. Hence,
it is not weighted as highly
as the EVSE cost.

Based on the listed technical and economic parameters and their ideal values,
with the help of the MCDM tool, the study has assessed the applicability of
charging technologies for en-route e-4W charging. The MCDMs for LV and
HV e-4Ws have to be separate, due to the fact that these categories of
e-4Ws can only be charged using certain types of technologies. The charging
technologies associated with LV and HV e-4Ws are presented in Table 17.

TABLE 17: CHARGING TECHNOLOGIES APPLICABLE FOR LV AND HV E-4WS

AC-1I (A) Yes Yes
Bharat AC oo1 Yes Yes
AC-II (B) Yes No
Bharat DC 001 No Yes
DC-I Yes No
DC-II Yes No

Table 18 and Table 19 present the MCDMs for best-fit charging technology
selection for the en-route public charging of LV and HV e-4Ws, respectively.

60 For detailed analyses, refer to Annexure ( - Charging time estimation.
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TABLE 18: MULTI-CRITERIA DECISION MATRIX FOR LV E-4W CHARGING AT EN-ROUTE PUBLIC CHARGING FACILITY

g Bharat AC 001 AC-II (A) Bharat DC 001
- . 61
% Criteria 2/‘\,7\1;)1 it
;ris RBACool62 W*RBACom RAC-II(A)63 W*RAC-II(A) RBDC00164 W*RBDCOOI
Charging time 10 1 10 1 10 3 30
Land requirement for fixed 10 L 10 L 10 o
- g e-4W charging demand 3 3
© =
= = Difficulty of drawing
5 % electricity from the 5 1 5 3 15 1 5
= 5| distribution network
¥
§ g 6 3 18 3 18 3 18
[S3N=h

Sum 39 59 77 91

- Normalised Weighted Score 1.51 1.97

The charging technology with the highest normalised wei ghted score would
qualify as the most appropriate option. The above MCDM shows that the
Bharat DC OO1 EVSE has the highest normalised weighted score. This implies
that it is the most suitable technology for charging LV e-4Ws at an en-route
public charging facility.

TABLE 19: MULTI-CRITERIA DECISION MATRIX FOR HV E-4W CHARGING AT EN-ROUTE PUBLIC CHARGING FACILITY

001

Criteria

Parameters

Weight® (W)

Charging time 10 1 10 1 10 3 30 4 40 5 50
0 Land requirement
% for fixed e-4W 10 1 10 1 10 3 30 4 40 5 50
§ charging demand
é Difficulty
= of drawing
E electricity from 5 3 15 5 25 4 20 2 10 1 5
G the distribution
& network
8 4 32 5 40 3 24 2 16 1 8
a
29
g
S g
g 6 5 30 5 30 5 30 5 30 5 30
ok

39 97 115 134 136 143

Sum
Normalised Weighted Score 2.49 2.95 3.44 3.49

61 W = Weight of criterion for particular charging requirement of specific vehicle segment
62 Ry, = Rank of Bharat AC 001 charging technology against a particular criterion
Ryci = Rank of AC Level 2-A charging technology against a particular criterion
64 R ;o = Rank of Bharat DC 001 charging technology against a particular criterion
65 W = Weight of criterion for particular charging requirement of specific vehicle segment
aon = Rankof Bharat AC 001 charging technology against a particular criterion
i = Rank of AC Level 2-A charging technology against a particular criterion
e = Rank of ACLevel 2-B charging technology against a particular criterion
69 R, = Rankof DC Level 1 charging technology against a particular criterion
70 R, = Rankof DC Level 2 charging technology against a particular criterion

R
67 R
R



The MCDM shows that the DC Level 2 EVSE gets the highest normalised
weighted score, indicating it is the most suitable technology for charging HV
e-4Ws at an en-route public charging facility.

As mentioned above, similar multi-criteria analyses have been carried out
for two other types of e-4W charging facilities. Table 20 presents the list
of best-fit charging technologies identified by the MCDMs for LV and HV

e-4Ws.

TABLE 20: BEST-FIT TECHNOLOGIES FOR E-4\W CHARGING AT DIFFERENT TYPES OF CHARGING FACILITIES

En-route public charging facility Bharat DC oo1 DC-1I
Charging facility at public parking space” AC-II (A) AC-II (B)
Charging facility within office premises AC-II (A) AC-II (B)

MCDM results may vary based on the characteristics of a specific location.
For certain locations, additional costs (such as the cost for cabling) and more
time (e.g. to get permission for road-cutting) may be required to get the
necessary electricity connection.

One should consider MCDM results with some level of caution. The global
and Indian EV markets are both still at a nascent stage, and the technical
design of EVs and chargers is continuously being updated, which may impact
the technical and economic viability of the concerned charging technologies
in the coming months. Therefore, one has to remember that the parameters
considered in the MCDMs and the results reflect the current context and may
change in the future as the EV market evolves. For example, future advances
in battery technology and increases in battery size may impact required EV
charging time. Furthermore, changes in charger cost with improved economies
of scale can alter the ranking. Additionally, the evolution of charging
technology (for example, the application of AC-IIl or DC-IIl chargers for
e-4Ws) could necessitate incorporation of new technologies into decision-
making tools. Decision-makers therefore have to reevaluate the possible list
of technologies and ideal values of parameters to assess in the MCDM(s)
when deciding on chargers for a particular public charging facility.

71 In the case of best-fit charging technology selection for charging facilities at public parking spaces, there is no need for
developing separate MCDMs for off-street and on-street parking, as there is no difference in the parameters considered
for selection in these two categories.
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7 Stakeholder
collaboration
IN charging
iINfrastructure
deployment
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14

The availability of charging infrastructure is the most important requirement
for e-4W adoption in India. To create a competitive scalable market for
setting up public EV charging facilities in India, the Ministry of Power issued
a clarification on 13" April, 2018 to delicense EV charging (Ministry of Power,
2018). This opens up the sector to a wide range of players who can invest

in the development of charging infrastructure without having a prior licence
to do so. However, on its own, this may not be the silver bullet needed to
achieve rapid and large-scale deployment of public charging facilities in a
city, as the potential investor or charging service provider will have to depend
on the power distribution utility to obtain the necessary (LT/ HT) electricity
connection and may also have to depend on other entities to get the required
land for the charging facility. It is therefore important to bring multiple
stakeholders on board to create a conducive ecosystem for rolling out public
charging facilities in a city.

The primary requirement for establishing an EV charging facility is the land
for EV parking during charging. The challenge with the land is two-fold: its
availability and cost. In Tier-1 and Tier-I1l Indian cities, availability of space at
the desired locations could be the biggest hurdle to implementation. This lack
of availability results in high land rental costs, which, in turn, directly drives
up the charging service cost and negatively affects the charging businesses’
viability. One of the premier on-demand cab fleet operators has reported
that land lease alone constitutes more than 40% of the charging station’s
operational cost (Arora & Raman, 2019).

ULBs, the custodians of public land in cities, can potentially play a critical
role in supporting the interested charging service providers in getting the
necessary space. Not only do ULBs have land they can lease, but they also
manage parking lots across cities, where space can be earmarked for EV
charging bays.

In the implementation of a charging facility, the vital role of the power
distribution utility cannot be over emphasised. From providing a timely (LT or
HT) electricity connection for the required sanctioned demand, to supplying
uninterrupted electricity, to metering and billing and, gradually, implementing
Vehicle-Grid Integration (VGI)72, the power distribution utility’s part is very
crucial. Clearly,

Apart from the ULB and power distribution utility, the State Nodal Agency
(SNA) is another important stakeholder in rolling out public charging
infrastructure in a city. The revised guidelines and standards issued by the
Ministry of Power on 15t October, 2019 stipulate that every state should
nominate a Nodal Agency for public charging infrastructure deployment
(Ministry of Power, 2019). As per the guidelines, the SNA is responsible

for selecting an Implementation Agency to set up, operate, and maintain
public charging facilities in the state, in order to achieve the phased plan for
prioritised roll-out of public charging infrastructure.

Apart from facilitating

72 Comprising demand response or virtual power plant programmes.



charging facility deployment, SNA has the mandate to limit the fees charged
by a charging service provider at a public charging facility”®. There are other
activities that also involve the SNA, such as accessing charging station
data, disbursing subsidies to charging service providers, etc. When the SNA
is the power distribution utility, it also has the important abovementioned
roles of a power utility in the implementation process. A summary of the key
stakeholders’ possible roles is presented in Figure 24.

The bottom line is that understanding a charging service provider’s
requirements for public EV charging facility implementation and realising
the coordination and/ or collaboration between the public agencies and the
interested investor in order to satisfy these requirements are vital to quickly
achieving large-scale roll out of public EV charging infrastructure.

Acessing Implementation
charging station of Vehicle Grid
data Integration Timely
Ensuring Subsidy provision of
availability of disbursement to electricity
sace at suitable charging service connection

locations i — .
Designation of P of requ{red
capacity

charing bays in Elec.tricity
public parking metering and
lots billing

Offering Coordination
competitive among

Supply of
' uninterupted
land prices stakeholders electricity
go-between
Implementation
Agency
selection

Fixing ceiling
for service
charges

ULB's possible Role of SNA
role

FIGURE 24: MAPPING OF POSSIBLE KEY STAKEHOLDER ROLES IN FACILITATING CHARGING
INFRASTRUCTURE ROLL-OUT IN AN INDIAN CITY

73 This is applicable in the case where the public charging facility has been set up with government incentives.
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Annexure A

TABLE 21: TECHNICAL AND ECONOMIC PARAMETERS FOR CHARGING TECHNOLOGY SELECTION FOR

CHARGING AT PUBLIC PARKING SPACE

Charging time

Land requirement for fixed
e-4W charging demand

Difficulty of drawing electricity
from the distribution network

Capital cost per charger

Electricity cost for e-4W
charging

In the case of charging at parking lots, this
parameter is given high weightage, as there
is a possibility for opportunity charging.

A quicker top-up would be preferred by
commercial fleet operators.

Land requirement basically translates to
capital investment or recurring cost linked

to the market value of the land. Here, this
parameter is assigned the lowest weight, as
parking space is already available. Additional
space is only required for charger installation.

Following consultation with stakeholders,
this study found that, to install one charger,
the sanctioned load requirement comes under
the LT connection category in most states.
Therefore, this parameter has a relatively low
weight.

EVSE cost is one of the most significant
components of the developer’s capital
investment in establishing a charging facility.
This has a major impact on the project’s
economic feasibility.

Cost of electricity for charging is the main
operational expenditure in running a
charging facility. Hence, most states in India
have announced promotional EV charging
tariffs. Furthermore, in the future, if there

is a hike in tariffs, it is expected that the
corresponding increase in the cost of service
provision would be proportionately passed on
to the consumers. Hence, it is not weighted as
highly as the EVSE cost.



TABLE 22: MULTI-CRITERIA DECISION MATRIX FOR LV E-4W CHARGING AT PUBLIC PARKING SPACE

Bharat AC 001 AC-II (A) Bharat DC oo1

Criteria

Parameters

Charging time

Difficulty
of drawing
electricity
from the
distribution
network

Technical parameters

Electricity
cost for e-4W
charging

Economic parameters

=l Weight™ (W)

~

s

Score

Normalised Weighted

1
1
2
3
56
1.60

1 5

3 21

3 27

3 18
79

15

73

2.09

The above MCDM shows that the AC-Il (A) EVSE gets the highest normalised
weighted score, indicating it is the most suitable technology for LV e-4W
charging at a public parking space.

74 W = Weight of criterion for particular charging requirement of specific vehicle segment

5 Ryan
6 RAc»u(A)
R

BDCOO1

= Rank of Bharat AC 001 charging technology against a particular criterion
= Rank of AC Level 2-A charging technology against a particular criterion
= Rank of Bharat DC 001 charging technology against a particular criterion
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TABLE 23: MULTI-CRITERIA DECISION MATRIX FOR HV E-4W CHARGING AT PUBLIC PARKING SPACE

BhfgIAC AC-TI(A) | AC-11(B) DC-1I

Criteria

Weight® (W)

Charging time 8 1 8 1 8 3 24 4 32 5 40

Difficulty
of drawing
electricity
from the
distribution
network

Electricity
cost for e-4W 6 2 12 2 12 2 12 2 12 1 6
charging
Sum 3 8 105 106 % 87
Normalised

234 3.00 3.03 2.74 2.49

Weighted Score

The above MCDM shows that the AC-Il (B) EVSE gets the highest normalised
weighted score and, thus, is the most appropriate technology for HV e-4W
charging at a public parking space.

78 W = Weight of criterion for particular charging requirement of specific vehicle segment
79 R 0 = Rankof Bharat AC 001 charging technology against a particular criterion

80 R, = Rank of AC Level 2-A charging technology against a particular criterion

81 R, = Rankof ACLevel 2-B charging technology against a particular criterion

2 R =Rank of DC Level 1 charging technology against a particular criterion

8 R, = Rankof DCLevel 2 charging technology against a particular criterion

DC-I
DC-II



Annexure B

TABLE 24: TECHNICAL AND ECONOMIC PARAMETERS FOR CHARGING TECHNOLOGY SELECTION FOR CHARG-

ING WITHIN OFFICE PREMISES

Charging time

Land requirement for
fixed e-4W charging
demand

Difficulty of drawing
electricity from the
distribution network

Capital cost per charger

Electricity cost for e-4W
charging

In the case of charging within office premises, this
parameter is given low weightage, as there is not a
strong case for opportunity charging. The vehicle is
not parked specifically for the purpose of charging,
and, hence, charging time is simply a function of
parking time, which is typically longer.

Land requirement basically translates to capital
investment or recurring cost linked to the market
value of the land. Here, this parameter is assigned
the lowest weight, as parking space is already
available. Additional space is only required for
charger installation.

Following consultation with stakeholders, the study
found that, to install one charger, the sanctioned
load requirement comes under the LT connection
category in most states. Therefore, this parameter has
a relatively low weight.

EVSE cost is one of the most significant components
of the developer’s capital investment in establishing
a charging facility. This has a major impact on the
project’s economic feasibility and is therefore given
the highest weightage.

Cost of electricity for charging is the main operational
expenditure in running a charging facility. Hence,
most states in India have announced promotional

EV charging tariffs. In the future, if there is a hike in
tariffs, it is expected that the corresponding increase
in the cost of charging service provision would be
proportionately passed on to the consumers. Hence,
it is not weighted as highly as the EVSE cost.
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TABLE 25: MULTI-CRITERIA DECISION MATRIX FOR LV E-4W CHARGING AT CAPTIVE CHARGING FACILITY
WITHIN OFFICE PREMISES

Bharat ACoo1 | AC-II (A) Bharat DC oo1

Criteria

Parameters
S Weight® (W)

Charging time

g Land requirement

£ for fixed e-4W 5 1 5 q 5 B 15

g charging demand

= Difficulty of drawing

é electricity from . ) )

5 thedistribution 5 5 3 5 5

& network
g g 2 16 3 2 4 1 8
1
g g 3 18 3 8 3 -
| e

50 68 64

The above MCDM shows that the AC-Il (A) EVSE gets the highest normalised
weighted score and is, thus, the most appropriate technology for LV e-4W
charging within office premises.

84 W = Weight of criterion for particular charging requirement of specific vehicle segment

85 R0y = Rankof Bharat AC 001 charging technology against a particular criterion
86 R, = Rank of AC Level 2-A charging technology against a particular criterion
7 R, = Rank of Bharat DC 001 charging technology against a particular criterion



TABLE 26: MULTI-CRITERIA DECISION MATRIX FOR HV E-4\W CHARGING AT CAPTIVE CHARGING FACILITY
WITHIN OFFICE PREMISES

Criteria

Parameters

Charging
time

Technical parameters

Capital cost
per charger

Electricity
cost for e-4W 6 5 30 5 30 5 30 5 30 5 30
charging

_ 30 38 106 107 100 98

Normalised
Weighted Score

Economic
parameters

2.93 3.53 3.57 333 3.27

The above MCDM shows that the AC-Il (B) EVSE gets the highest normalised
weighted score and is, hence, the most suitable technology for HV e-4W
charging within office premises.

88 W = Weight of criterion for particular charging requirement of specific vehicle segment
89 R = Rank of Bharat AC 001 charging technology against a particular criterion

90 R, = Rankof ACLevel 2-A charging technology against a particular criterion

91 R, = Rank of ACLevel 2-B charging technology against a particular criterion

92 R, = Rankof DC Level 1 charging technology against a particular criterion

93 R, = Rankof DC Level 2 charging technology against a particular criterion

BACOOT

67



Annexure C

The calculation of EV battery charging time is a challenging exercise, as it
depends on the charger output power, as well as the battery characteristics.
Batteries themselves are complex energy storage devices wherein the
available energy, chemistry, configuration, and safe operating limits determine
the charging rate and time. A simplified estimation method has been
developed correlating the energy required for charging with the charger’s
output power. For the purpose of this study, applicable industry-accepted
standards for EVs and Lithium Iron Phosphate (LFP) batteries®* are used.
Based on the charging curve of LFP batteries and observations on e-4W
charging characteristics, the study adopted the following approach®® to
determine the upper and lower limits of charging time. The battery is charged
fully, i.e. from the existing state of charge (SoC) to 90% SoC. Initially, the
battery is charged up to 60% SoC at the charger’s rated power. After that,
the charger power drops down to 50% for the remaining charging duration.

The estimated charging time for an EV with a 20-kWh low voltage battery is
presented in Table 27

TABLE 27: CHARGING TIME FOR LV E-4W

Charging power (kW) 2.0 33 10.0
C-rate for battery capacity®® 0.1 0.2 0.5
Charging time (hours) 10.0 6.1 2.0
Effective C-rate for required energy 0.14 0.14 0.71
Effective charging time (hours) 7 4.2 1.4

The estimated charging time for an EV with a 40-kWh high voltage battery is
presented in Table 28.

TABLE 28: CHARGING TIME FOR HV E-4W

Parameters AC-1I(A) AC-II(B) Bharat AC-1II DC-1 DC-1II
AC oo1

Charging power 2.0 7.4 2.0 22.0 25.0 50.0

(kw)

C-rate for battery  0.05 0.17 0.05 0.55 0.63 1.25

capacity

Charging time 20.0 5.4 20.0 1.8 1.6 0.8

(hours)

Effective C-rate for o0.07 0.26 0.07 0.79 0.89 1.79

required energy

Effective charging 14.0 3.8 14.0 1.3 1.1 0.6

time (hours)

94 Lithium Iron Phosphate batteries are the common EV batteries.

95 The approach is based on the assumption that the charger power output is such that the charging rate is not more
than the battery's charge-acceptance, i.e. its ability to accept and store energy under given external parameters such
as time, temperature, SoC, etc.

96 The (-rate is a measure of the rate at which a battery is charged/ discharged.



Annexure D
List of stakeholders consulted in study

TABLE 29: LIST OF STAKEHOLDERS CONSULTED IN QUESTIONNAIRE-BASED SURVEY

Stakeholder

Type

(2]
Pt
%]
=]
=l
>
)
P
a
(<]
=
5
2]
o0
|
=
()
]
a
=
o
¥
(<]

e-4W fleet owners/ operators

Name

Charge Zone

Energy Efficiency
Services Limited

Fortum India

Magenta Power

Panasonic

Volttic Electric
Vehicle Charging
Solutions

Baghirathi Group

Blu Smart

EEE Taxi

Lithium Urban
Technologies

Ola Electric
Mobility

Description

The company has deployed an unmanned, automated,
and open EV charging network that allows EV drivers
to find vacant charging spots based on real-time data.

EESL is engaged in bulk EV procurement. They
support the EV fleet dedicated to government staff
mobility by establishing charging station networks.

Fortum India provides solutions for charging network
operations. They are establishing DC charging
facilities equipped with 50 kW CCS/CHAdeMO
chargers.

Magenta Power provides EV charging solutions and
is also involved in coupling EV and renewable energy
technologies.

Panasonic is working on smart EV charging in India.
They supply components such as charging stations,
battery swap stations, on-board chargers, telematics
systems, and virtual components like cloud services,
intuitive dashboards, and artificial intelligence.

Volttic EV Charging is a brand of Tvesas Electric
Solution Pvt. Ltd. They provide household, public, and
commercial EV charging solutions.

Baghirathi Transport Solutions is a shared mobility
group, providing services to corporates and
educational institutions. They offer their services to
schools, corporates, & ride-hailing individuals and
have now ventured into e-4Ws for service provision.

Blu Smart is India’s first all-electric shared smart
mobility platform for efficient, affordable, intelligent,
sustainable ride-sharing, car-sharing, and scooter-
sharing.

EEE Taxi is a strategic partner of Uber and is using a
phase-wise approach to add EVs to its all-electric fleet,
which caters to company employees and executives.

Lithium Urban Technologies has a fleet of EVs
& associated charging infrastructure to support
employee transport management.

Ola Electric is working with vehicle and battery
manufacturers, cities, & driver-partners to ensure
electric mobility is convenient, dependable, and
affordable.
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