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Abstract

Estimating the electricity requirement for Electric Vehicles is dependent on first estimating the demand
for electric vehicles, and thereafter their power requirements. The reasons underlying the uptake and

hence, the demand for electric vehicles can be broadly categorized into three- government enforced
measures, economic viability of using electric cars, technical feasibility (charging infrastructure, fast charging
stations, characteristics comparable to conventional vehicles). In the supply side, the factors that would
determine production would be dependent on profitability and technical capability for production. The
paper investigates three scenarios of Electric Vehicles demand in accordance with the targets that the
government has set. It first estimates the total number of electric vehicles sold in 2030 in India and
accordingly, calculates the estimates for Uttar Pradesh for all the three scenarios. Then it estimates the
demand of electricity as a result, for charging the electric vehicles and what additional capacities would be
required. The paper concludes that charging of EVs will hardly affect the grid owing to the miniscule
electricity required by them compared with total energy requirements. Then it compares economic viability
of using an Electric Car vs. Petrol Car. It concludes that, when costs (including capital cost of the car) of an
electric car are compared with that of a petro car, then beyond 5 years, electric car becomes more viable
to use. However, operational costs for running an Electric Car is already lower compared with that of Petrol
Car.

Investigating Demand for EVs and related Electricity
in Uttar Pradesh on time horizon of 2030
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Estimating the electricity requirement for electric
vehicles is dependent on first estimating the demand
for electric vehicles, and thereafter their power
requirements. The reasons underlying the uptake and
hence, the demand for electric vehicles can be broadly
categorized into three- government enforced measures,
economic viability of using electric cars, technical
feasibility (charging infrastructure, fast charging
stations, characteristics comparable to conventional
vehicles).

In the supply side, the factors that would
determine production would be dependent on
profitability and technical capability.

Demand-side estimation

The government of India has come up with the
FAME (Faster Adoption and Manufacture of Hybrid and
Electric Vehicles) India Scheme under National Electric
Mobility Mission Plan (NEMMP) 2020. The incentives
available are as highlighted below:

 Electric Scooters: Rs 1800 to Rs 29,000.

 Three-wheelers: Rs 3300 and Rs 61,000 and

 Electric and Hybrid cars: Rs 13,000 to Rs 1.38
lakh

 The total outlay available for the NEMMP is 14,000
crores

Through this scheme, NEMMP plans to have an
impact on ‘demand creation’ as one of the factors. By
2020, the sales of Electric Vehicles are expected to be
at 6-7 million units. The current EV sales stands at a
mere 56,000 units.

The EV industry annual growth stood at 124% in
the last year and the sales of EVs was 56,000 units in
India (mainly contributed to by electric two wheelers.
The total sales however of automobiles in India stood
at 24.9 million. Hence, EVs constitute a mere 0.2% of
the automobile sales in India. This would grow to 7%
of the total vehicle sales by 2030 as per conservative
estimates (BNEF).

Considering a CAGR of about 7% of automobile
sales in India (refer), as witnessed between 2013-2018,
the automobiles sales will grow to 3.6 million,
realistically (if the growth in share of EVs, compounds
by about 38% every year).

However, looking at the ambition of the Prime
Minister, the share of EVs should rise to 30% by 2030
(refer). In such a scenario, the graph would look
something as shown below. In such a case the growth
in the share of CVs should be 57.7% a year CAGR until
2030. At the end of 2030, the expectation of sales would
be of 15.7 million units.

Initially, the target of the government was to
switch to 100% Electric Vehicles, in such a scenario
52.41 million Electric Vehicles would be sold in the year
2030. Conservatively, assuming that the demand for
charging would be for 52.4 million vehicles, calculating
the relevant figures for Uttar Pradesh.

EVs in Uttar Pradesh

Uttar Pradesh vehicle sales in 2016-17 accounts
for about 10% of the nationwide sales at 2.3 million
(refer). In this, if we consider that the same
proportions as considered for the nation, then the sales
of the Electric Vehicles in the most conservative growth
scenario will amount to 3 lakh units (scenario 1), 15.72
lakh units (scenario 2) and 52.41 lakh units (scenario
3).

Now, coming to the electricity requirement for
the electric vehicles. On average, let’s assume that
vehicles travel an average of 25,000 km annually in
India. And for every 100 km, 10 kWh (units) of charge
is required. In such a scenario, the total requirement
from the grid would be as follows (annually).

This is energy requirement thus attained as
shown above, is equivalent to installing a 45 MW solar
power plant which produces 4.5 units of electricity
through the year.
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This additional capacity required to for electric
vehicles will need to be addressed in demand
forecasting done by CEA (Central Electricity Authority),
based on Uttar Pradesh’s plans to scale up EVs in the
state. However, looking at the current requirement in
Uttar Pradesh (refer), 750 million units of demand form
a miniscule percentage of the additional electricity
requirement. 3,930 million units is about one-third of
one month’s demand in Uttar Pradesh. Similarly, 13,102
million units is a little above one month’s demand in
Uttar Pradesh.

Hence, looking at all the scenarios, it is evident,
that the electricity demand would not be a major
burden on the grid in order to supply to charging
stations. Also, with ‘peak demand’ not met reducing
historically from a whopping 11% of the times to a
mere 2% in 2017-18, introduction of EVs seem like
hardly a threat in terms of their electricity demand
being met (refer).

Operational Economic Viability

Looking at the table below, it can be concluded,
that the savings over a lifetime of an electric vehicle is
significant as compared with that of a petrol vehicle.
The initial cost of an EV may be slightly higher
compared with petrol vehicles, however, costs are
decreasing as the battery costs continue to decline
(refer to figure below the table). The cost will reach
optimal levels by around 2023 which is when, the capital
cost of producing an electric car will become even
cheaper.

Hence, affordability, a factor in determining
demand, is also currently there over a period of five
years with capital cost on a higher side. However, even
the capital cost will decrease by 2023 or even earlier
depending on technological advance and efficiencies of
manufacturing batteries.

Supply-side estimation

Among the electric car providers, Tata & Ola are
already partners in government of India’s mission 2030
electric India. Hyundai and Maruti Suzuki already plan
to launch a range of electric cars by 2020 (refer).
Mahindra plans to have an annual capacity for electric
vehicle production of 70,000 by 2020.

In order for the forecasted demand/ target to
be met, 50 such facilities will need to be setup with
will match the annual consumption of 3.6 million electric
vehicles by 2030. This is assuming all vehicles bought
are from the country’s production and not elsewhere.
Hence, if Uttar Pradesh were to have dedicated plants

in the state, the number of units of production it would
need to meet its production is equal to 5 (10% of the
total electric vehicle production in India).
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Bottlenecks in uptake of EVs

 Lack of EV Charging Infrastructure: No charging
station available for it

 The capital cost of an electric car is higher

 Current lack of options/ variety in electric cars

Way Forward

 Demand estimation of the Electric Charging needs

to be done in coordination with the central
electricity bodies in order to effectively forecast
and cater to the increase in demand of EVs

 Building of Electric Vehicle Charging infrastructure
in phases in order to allow for Uttar Pradesh’s EV
targets to be achieved

 For faster adoption, integrating app based
payment for using charging stations
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Coordinated energy management for grid integrated
electric vehicles
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I. Introduction

In a classical traditional power system network,
electrical energy is produced in big power plants which
are either coal-based, oil-based, nuclear-based or large
hydro-based. The power levels of generation is decided
based on techno-economic optimization studies being
carried out with a view to meet the forecasted demand
and supply. The generated power is dispatched as per
the power purchasing agreement and transmitted over
long distances at very high voltage (HVAC/EHVAC and
HVDC) levels (and at low currents). Power at
appropriate voltage levels is then distributed to
industries, commercial usage, transportation and
domestic purposes (fig. 1).

With the advent of improved semiconductor
devices and information and communication
technologies, electrical power systems are gradually
evolving with time. A modern power system consists
of various devices and equipment installed both at the
centers of power generation and end-use consumption.
These devices coordinate with supportive and
compatible information and communication
technologies to increase system reliability and
transparency. Other researched advantages include
reduced losses, increased system’s resiliency, low-
payback period, increased eff iciency, reduced
commercial losses and environmental friendly
operation and control of electrical power generation
and consumption. Renewable energy sources, both at
micro and macro level, are installed at the distribution
level (both at primary distribution voltage level and
secondary 3 voltage level) and such installations have
been very actively encouraged by governmental
sustainable energy policies with an aim to reduce the
nation’s carbon footprint.

Renewable energy based decentralized energy
systems (DESs), off-grid and on-grid based microgrids
(MGs)/ home-based solar products are being considered
as an optimistic solution to the rural electrification

problems in under developed and developing
economies like India. Non energy storage home based
products, though cheap face the problem of unreliable
supply of electricity due to intermittent nature of solar
or wind generation. Problem of intermittency is solved
by implementing a distributed storage unit which
increases the cost and suffers energy loss while power
transmission due to degradation of battery while
charging and discharging processes. Energy storage
technologies which are easy to handle and design,
lower in cost, capable of handling voltage and current
gradients are being included in a modern power system
network. Robust communication infrastructures, and
transportation systems with or without embedded
energy storage capabilities (plug-in electric and hybrid
electric vehicles) are also included in a futuristic modern
power system network (fig. 2).

II. PLUG-IN ELECTRIC VEHICLES

Electric Vehicles (EVs), in the present study,
include battery electric vehicles (BEVs), plug-in hybrid
electric vehicles (PHEVs) and fuel-cell electric vehicles
(FCEVs). As per International Energy Agency (IEA),
more than 1 million EVs were sold in 2017, leading to
a 54% of growth in new EVs sale in comparison to
2016. In Norway, 39% of the cars sold in 2017 were
EVs, thereby, making it the world’s most advanced
market of EVs with Iceland and Sweden to follow. China
encountered the maximum number of EVs sale with a
market for EVs of 2.2% in 2017. This is more than half
of the EVs sale for the year 2017, worldwide and almost
double the amount of EVs delivered in the United States
of America (USA) in 2017. USA is the second largest
EV market, worldwide. Not only electric cars, but
electric buses and two-wheelers are also seeing a rapid
growth in the EV market, the vast majority of sales
being in China. Apart from China, USA and Norway,

countries like Netherlands, Japan, France and Germany
are laso in the EV market through the Electric Vehicle
Initiative (EVI). EVI is a multi-government policy forum
dedicated to accelerating the introduction and adoption
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of electric vehicles worldwide with India being one of
its members. EVI countries have set a goal to sell 20
million PEVs and PHEVs by 2020, worldwide.

Apart from EVI group, several nations around the
globe have set individual goals to create and sell million
units of EVs by 2020, as the COP countries have
engaged themselves with a decarbonisation goal of
the vehicle market, and a global deployment of 100
million PEVS and PHEVs by 2030 (fig. 3).

The rapid increase in stocks and sales of EVs has
been due to the growth of charging infrastructure as
any supply equipment refers to chargers and charging
infrastructure for EVs. Charging infrastructures installed
at residential buildings and at workplaces (parking
area) were most widely used in 2017. The estimated
number of the EV charging installations were almost 3
million worldwide in 2017 (fig. 3). Such Charging
installations were also utilized by electric buses in China.
Apart from private chargers, generic charging stations
for public use weredeveloped by the respective
governmental organizations which complemented the

role of privately owned charging
installations and thus, were regarded as
a significant component of the EV supply
infrastructure.

Under the context of Smart Grid,
Plug-in electric vehicles (PEVs) and plug-
in hybrid electric vehicles (PHEVs) are
considered as dynamic mobile energy
storage structures serving as carriers of
energy in both time and space.
Integration of EVs into the modern
electric power system network is
critical. Technical implications in terms
of voltage sags, load unbalance,
harmonics, and other power quality
issues exist, from a local point of view.
Other implications such as power system
stability of the network, frequency
regulation, transmission and distribution
infrastructure expansion, upgradation of
technologies for coord inated
management, demand-supply
matching, also exist from a global point

of view. Most likely, domestic load for EVs is expected
to be supplied from the residential electrical distribution
system. Hence, proper approaches and strategies are
significant to handle and schedule the charging and
discharging activities and patterns of EVs as a high EV
penetration rate with the grid shall introduce several
adverse impacts, especially on medium to low voltage
transformers, if not addressed properly.

III. COORDINATED ENERGY MANAGEMENT

During recent years, several EV energy
management problems have been formulated and
solved using Artificial Intelligence techniques (Table I).

System model for P2P energy trading among the
EVs in a smart parking station is shown in fig. Proposed
power sharing algorithm has been developed for a set
of rural households, few of which are equipped with
solar panels. Conceptual schematic of the proposed
power sharing mechanism is shown in fig. 2.

There are a number of EVs, parked in the Smart
Parking Station connected together with power lines
and to the main grid at the point of common coupling
(PCC). Out of the connected EVs, few of them are
regarded are SEVs with more than 80% of SoC of their
battery and are represented as energy providers.
Another set of EVs is regarded as Buyer EVs (BEVs)
with SoC less than 80% of their battery. The dashed
lines, represent the flow of information from one
parking spot of the EV to a centralized P2P station.
The main purpose of this communication is to enable
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transparency of information on any transaction and
sharing that would happen at any instant of time
between EVs. This information can only be READ by
the EVs and can be edited only at the centralized P2P
smart Parking Station with administrator privileges.
Communication protocols, rules and strategy of
communication is beyond the scope of this paper. Solid
lines represent power flow from one EV to the other.
Every EV is equipped with a meter box capable of saving
the transactions, history of energy sharing, thereby
facilitating energy management.

IV. PROBLEM FORMULATION

A linear based approach is made use of to calculate
the nodal voltages for a lov voltage (LV) distribution
system. The nodal voltages are calculated taking into
account the number of EVs connected to the nodes
and the nodal load profiles. A centralized based approach
is presented in this paper which serves as a benchmark
to compare the coordinated energy management
problem through P2P energy trading among EVs in a

smart parking facility, in terms of technical benefits
and can be compared to any other developed
approaches as well.

Let us consider a set of V EVs in the smart parking
station, given by eqn. (1). 8

Primary objective is to minimize cost of energy
consumption of PEVs connected to the nodes. An
objective function is formulated as the sum of costs of
energy consumption values of all the PEVs connected
to the respective nodes of the LV distribution network.

V. SIMULATION RESULTS

The optimization problem formulated is solved
using Newton’s method with equility constraints, and
the Barrier method []. The problem is applied and
tested on an IEEE Radial connected residential LV
distribution grid (fig. 3).
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As shown in fig. 3, three PEVs have been assumed
to be connected to node numbers 2, 3 and 8. It has
also been assumed, that all the three PEVs will be
connected at the same time 18:00 hrs and are being
disconnected to 06:00 hrs, 04:00 hrs and 04:30 hrs
connected, respectively next day.

As the present study is applied to a residential
LV distribution grid, the voltage at the transformer
node is fixed at 230V. The limit to the charging/
discharging rates of the EV chargers has been selected
as 3kW with nominal battery capacity of 20kWh for
each EV. To avoid negative impact on the battery
lifespans, 16kWh of capacity is available for optimal
energy management which is around 80% of the
nominal battery capacity. The initial state of charge
for the connected plug-in EVs are assumed as 40%,
20% and 50% of available capacity, respectively. The
line parameters selected for demonstration of the
present study are described in table IV.

A LV cable line with 25mm2 cross-sectional area
and resistance per unit length of 0.78 ©/km. The voltage
profiles for the nodes of the LV distribution grid case is
shown in fig. This is the benchmark case for the grid
without plug-in EVs connected to the nodes. As can be
seen, that for each node the voltage profile is within
the limits of 0.9 p.u. to 1.0 p.u. and the loads on the
test grid are not causing any voltage limit violations
(fig. 5).

Now, when plug-in EVs are connected to the
loads, then without the use of the developed optimal
energy management strategy the batteries of the EVs
shall be charged at their maximum charging rate to
enable fast charging. As soon as the SoC of the battery
reaches its maximum limit, the EV stops to charge
and hence, there is no further energy consumption from
the grid. The energy consumed to charge the EVs along
with the time of charging is shown in table V.

The voltage profiles of all the nodes with PEVs
connected to the LV distribution grid is shown in fig. 6.
It can be clearly seen that the voltages at nodes 3 to
8 drop down to 0.85 – 0.86 p.u. (in comparison to thst
shown in fig. 5) This happens during 18:00 hrs to 21:30
hrs which coincides with the peak demand hours for
any residential sector. If a single tariff of ¹ 6/kWh is
taken (arbitarily), then he total charging cost of all the
three PEVs is around ¹ 184 for one day of charging.

Voltage profiles and SoC for the batteries of EVs
connected to the test grid, after
applying the developed optimal
energy management strategy is
shown in fig. It can be observed that
with the application of the developed
optimal energy management
strategy, the power consumed by the
plug-in EVs has been redistributed
along the 24h simulation period. Also,
it can be noticed that the peak
charging period does NOT coincide
with the peak demand hours and
moreover, the peak charging occurs
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at low demand periods of the day which supports the
valley filling structure of the load profile thereby
facilitating matching of the demand-supply gap. This
means, the with the help of a charged EV plugged-in
to the grid, sufficient amount of energy is injected into
the grid which compensates with the power
consumption of the charging EVs and thereby,
maintains the voltage profiles of all the nodes within
the limits of nominal operation. However, even under
this case the total amount of energy consumed for a
24h simulation period remains the same and the cost
of energy also remains unchanged.

VI CONCLUSION

In the present study, a linear-based centralized
approach has been developed to calculate the voltage
profiles for a 8-node low voltage residential desitribution
test grid. The load profiles developed are as per the
house instantaneous load and the instantaneous

consumption/injection of PEVs. A linear optimization
problem is formulated to control the charging schedule
and charging/discharging rate of three PEVs connected
to the LV test grid under certain assumptions.
Simulation results for the nodal voltages are shown
under the situations of “without PEVs” and “with PEVs”.

The voltage profiles of the test grid without PEVs
suffer with voltage limit v iolatoions for load
disturbances occurring in the test grid. Whereas, the
voltage values remain within limits when PEVs are
connected to the test grid with the developed optimal
energy management strategy with controlled charging
and discharging. Adequte power is injected into the
grid by the charged EV at the times of peak demand
periods and maximum charging occurs during the low
demand periods.

The developed strategy acts only as a benchmark
for the further study of peer to peer energy trading
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among EVs in a amsrt parking facility. Also, a single
factitive charging price in ¹ 6/kWh has been considered.
A two part or three-part dynamic tariff can be
considered and the developed strategy can be applied
for the 24h simulation period.
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Abstract

Electric Vehicles not only signify a move towards Urban Mobility that is Clean, Connected and Convenient
but is also undoubtedly, the Future of Mobility. A paradigm shift towards this requires a synergy between

Regulatory, Policy, Engineering and Technological developments, among others. China and Europe today
dominate this market with a share of more than 75% of global EV sales. In the transition to EVs, the early
adopters have been personal mobility segments, whereas in the Indian context, we believe that the first
adopters will be the shared mobility segment. With current cell costs around USD 150/kWh, commercial
mobility players will be early adopters as they have higher capacity for asset utilization and minimal risk
from low public charging infrastructure availability. As battery costs come below USD 100/kWh, the personal
mobility segment is likely to pick up. Technology in the EV space has been rapidly evolving, with focus
largely on battery chemistries and powertrains, which are the two biggest costs in an electric vehicle.
Today, battery costs account for almost 40% of the EV cost.  If we look at the Total Cost of Ownership (TCO)
comparison of EVs and ICE vehicles, an important factor is electricity costs. Electricity is an important input
for an EV in its life cycle, thus, the tariffs for EV charging will play a critical role. Going forward, auto OEMs
will be new long-term partners of Electricity Regulators. One of the key concerns has been how EV charging
will impact electricity demand as well as the grid infrastructure. Estimates indicate that an ambitious
growth trajectory of electrified transport will impact peak electricity demand for India, by only 6% in 2040.

The government has also been promoting EV adoption with the FAME scheme at the central level.
More than 10 Indian states also have notified/draft EV policies with states like Uttar Pradesh, Maharashtra
and Karnataka leading the way.

The shift to EVs is also coming with other new technology shifts such as second life batteries, energy
storage, renewables integration, among others. Thus, the road to this new mobility paradigm would eventually
present opportunities for strategic partnerships, but will also require industry and regulators to work
together to ensure seamless ecosystems in a dynamically evolving environment.
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Abstract

Honda will support Indian Govt. direction on Electric Mobility. Honda is committed to make two-thirds
of its overall global sales from plug-in hybrid/hybrid vehicles and zero-emissions vehicles such as,

FCVs and battery EVs by around 2030. Currently, Honda is adding worldwide 3.1 Crore customers annually.
Honda Cars sincerely thank UPERC for organizing such a leading event and would like to mention three
important points for Energy situation, Electric Vehicle direction and Mobility.

ENERGY SITUATION

Renewable Energy is necessary to reduce CO2 in future. This is to reduce India’s dependence on
Crude Oil.

ELECTRIC VEHICLE DIRECTION

BEV can be effective solution for short range driving without charging infrastructure. FCV can cover
long range with Zero emission by renewable energy from “Well to Wheel” point of view.

HONDA ELECTRIC MOBILITY

Honda Globally has all the technologies which can be effectively used  to cater to needs of Indian
customer’s.

Hybrids Vehicles” are intermediate to the journey of “Zero Emission Vehicle

Presentation by Shri Yash Pal Sachar, General
Manager, Honda Cars India Ltd.
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Abstract

EV in India - Sustainable Adoption of Technologies and likely Business Models

The proposed study aims at identification of key stakeholders in the E- Mobility landscape and the
evaluation of various business models that can be envisaged in the near future, considering the policy

framework, regulatory guidelines and standards notified for EV Charging Stations by Ministry of Power
(MoP). The Discoms role is paramount in terms of both power supply as well as network availability for
such EV charging infrastructure, Discoms readiness for anticipating capacity up-gradation, defining the
grid connectivity process and administering a Universal Service of providing a Central Monitoring System /
Interface for all its consumers shall be the key to successful rollout of technology and adoption of Business
Models. The Paper concludes with the case-study on international adoption strategy, incentive schemes
adopted for making the business models self sustainable and rapid adoption of the masses.

Presentation by Shri Abhishek Ranjan/Chetan
Pathak, AVP and Head Renewable/Manager -
Renewable, BSES Rajdhani Power Ltd.

Chetan has 7+ years of experience in Renewable Energy
Generation and Electricity Distribution. His present Focus areas
are Integration of DER's (Distributed Energy Resources) to
Distribution Infrastructure: a.) Solar PV Rooftop Net Metering, b.)
Energy Storages (working on distributed energy storage &
Community Energy Storage Solutions) c.) Concepts to Realization
of Electric Vehicles (EV) charging infrastructure (Clean Energy
Transportation) in DISCOMS area of operation. Before joining
Electricity Distribution Company had worked for Billion Dollar
Groups (Reliance, Azure Power, ACME) as Business Development
Manager for Renewable Generation Companies and had been
responsible for setting up of approx. 2 GW of Solar PV And Wind
Power Projects in India.

Abhishek  Ranjan  has  about  two  decades  of  experience  in
Power  and  Information  Technology  sectors  in India.  He  started
his  career  with  Infosys  Technologies  Limited,  an  IT  company
based  in  India, where  he  worked  on  development  of  enterprise
applications  for  a  major  US  utility  and  a technology MNC.
He  is  currently  leading  a  team  in  the  areas  of  Energy
Efficiency  &  Demand  Side  Management, Renewable  Integration
and  Rooftop  Solar,  grid  level  Energy  Storage  solutions,  EV
charging infrastructure,  Power  scheduling  &  demand  forecasting
and  Energy  Analytics  at  BSES  Rajdhani Power  Limited  (BRPL),
New Delhi.
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Indian E- Mobility Finance (IEMF) Initiative

Vinod is an entrepreneur and one of the early movers in
the area of sustainability. In 1999, he founded Emergent
Ventures India Pvt Ltd (EVI), focused it on Climate Change
in 2004, and thereafter helped launch a number of
pioneering ventures in the area of Renewable Energy,
Sustainability and Climate Change. EVI has become one
of the leading service providers in these areas, with
delivery across 25 countries and more than 500
engagements. EVI's clients include Governments, Public
Sector units, Multi National Corporations, Development
Finance Institutions, Banks, Investors, Utilities and so on.

Recently Vinod, with the support partners and well known
foundations, has launched India E Mobility Finance (IEMF),
a not for profit Initiative to help cities , public sector
entities and innovative entrepreneurs prepare
'viable' projects, supported with 'market-based
business models', and 'catalyze' flow of investments'
into E Mobility.

Vinod specialization is Finance and Incubation of
Technology businesses. He is a Mechanical Engineer with
PGDM from IIM Ahmedabad.
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Abstract

Indian Market for EVs, is set to take off across variety of applications such as Public Transport (Buses, Last
mile 3 Wh/2wh, Taxies), Personal Use (4/2 wheelers), Urban Freight etc. EVs  are viable in most applications

at today's costs. Once the market is kick-started, subsidies can be withdrawn. In 2-3 years time, EVs will
start to give 20%-40% cost advantage on INR/KM basis, thus reducing overall costs in India. A bouque of
policy support can be constructed to kick-start EVs in Cities. Cities will drive  adoption of EVs. Financing will
play an important role. A number of business models around leasing, performance linked leasing, battery
leasing, battery swaps etc evolving and getting implemented.
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Indian E Mobility Finance - IEMF

'India E Mobility Finance (IEMF) prepares 'viable'
projects, supported with 'market-based business
models', and 'catalyzes' flow of investments from public
and private sources into the Electric Mobility space'

SYSTEM BENEFITS OF EVS
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Presentation by Shri Akash Gupta, Consultant, PWC
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Presentation by Shri Rahul Bagdia, Director,
Co-Founder, Pmanifold Business Solutions

Rahul has 18+ years of Research and Consulting
experience across industries and geography. He is Co-
Founder of pManifold, a Strategic Energy & Utilities
focused Research and Consulting company, helping
industries and organisations innovate and transform their
solutions, services and business models, for higher
customer experience and market growth. He specialize
in new energy technologies and market development,
business transformation, PPP structuring, financial
modelling, technology valuation, customer experience,
econometrics, policy advocacy, and stakeholder
engagement. His work spans power, electric vehicles, solar,
Low Voltage DC (LVDC), smart, and enviro sectors. He is
Secretary of India Utility Knowledge and Network (IUKAN)
and Nagpur Smart City Council (NSCC).
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Abstract

Ease of EV charging is an important element for driving adoption of EVs in any vehicle and usage
segments. The battery design (size, chemistry etc.) and EV architecture (voltage, on-board charger

rating etc.) shall be important determinants of type of charging required - slow AC or fast/ rapid DC. Hence
different vehicle segments (2Ws, 3Ws, 4Ws, buses) will need different types of charging and associated
infrastructure. The usage characteristics of different vehicle segments (personal vs. commercial use, kms/
day, etc.) will further drive the selection of location and time of day for charging. A 2W, which forms close
to 80% mode share in India, would mostly use small battery, and may need say 2 times charging in a week,
depending on its travel distance. With such characteristic, it may be convenient for the users to charge it
overnight at home on simple 15A AC plug point. In contrast, a commercial 4W cab that runs some 200 kms
a day may need 2 times charging in a day -one of which may be conveniently done at home through AC
slow charging, and another during day time would benefit from fast charging.

Above diversity of EVs and use cases shall need different combination of private and public charging
infrastructure. India's dominant mode share of 2Ws, comparative lower avg. travel distance and lower
affordability will likely lead to higher percentage of home charging and increased adoption of battery
swapping system. In one of our study for city of Pune, these aspects of EVs and charging choices selection
was studied from end-user adoption, charging business economics and operating model and city planning
and integration perspectives.
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Presentation by Shri Sunil Kumar Agarwal, Deputy
Director, NTPC

Mr. Sunil Kumar is working as deputy manager in NTPC
Ltd., India's largest energy conglomerate and leading
power generator. Mr. Sunil has completed PGDM in power
management from NTPC School of Business (Supported
by IIM Ahmedabad) in 2017-18. His undergraduate degree
of B Tech was in Mechanical Engineering from NIT Silchar
in 2007-11. He has completed leadership development
course from Judge Business School, Cambridge University,
U.K. He is BEE certified energy manager and green belt
in Six Sigma from ISI Pune. He has published three
research papers in Electric vehicle charging infrastructure
development domain from IIM Ahmedabad. His article
"India's shift from conventional transport to electric
vehicles" was published from world renown "Intelligent
Transport" magazine.

Pr
of

ile

Abstract

The adoption rate of electric vehicles depends on two major factors- charging infrastructure availability
and total cost of ownership (TCO) of vehicles. Recently released Electric Vehicle policies of the states of

Delhi and Kerala have identified the importance of charging infrastructure development as the prime
requirement for fast adoption of electric vehicles and have proposed extending various incentives for
installation of charging infrastructure. However, the investment in developing the charging infrastructure is
constrained due to the market risk involved with this investment, mainly the high upfront capital expenditure,
demand risk, and technology obsolesce risks. To manage and decrease these risks, the optimum capital
cost of charging asset and best utilization of charging infrastructure of electric vehicles are the most critical
factors. The following points may be discussed on the topic- "Charging Infrastructure readiness, evolution
& swapping of batteries and changing skill set"

1)Understanding of Charging infrastructure for the electric vehicle. (Evolution, Basic technical details of
various types), 2) Current status of the charging infrastructure development in Indian cities vis a vis that of
cities in developed countries., 3) Challenges in developing charging infrastructure requirement for Indian
cities. 4) Recent research works, which may support in tackling the challenges of developing charging
infrastructure requirements.
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Vivek Mishra, an Electrical Engineer with Masters in
Finance and a Cost Accountant from Institute of Cost
Accounts of India, has more than thirty years of consulting,
regulation and operational experiences in Generation,
Transmission and Distribution of  Power Sector. He has
also worked in Renewable Energy and Energy Access
space. Vivek has worked in the related areas of Policy,
Regulations, Reforms, Transactions, Procurement,
Strategy, Commercial Agreements and Business
Processes structuring Vivek apart from India has also
worked in in Nepal, Sri Lanka, Maldives, Bangladesh,
Uganda and Solomon Islands.  Vivek is presently Executive
Director with Meghraj Capital Advisors and previously he
has worked in various capacities with Mercados-EMI,
KPMG, MPERC, UPERC, UPSEB and GAIL.
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Abstract

In the presentation emphasis has been placed on notifying a regulation which comprehensively addresses
the tariff and other regulatory issues so that various commercially feasible and competing business

models are facilitated. This will help in the quick development of charging stations in the state as envisaged
in the policy issued by MoP. The regulation may clearly state that both public and private charging stations
can source power from the grid either from the incumbent Distribution Licensee or third party sources.
The Charging Stations may be permissible under the off-grid mode as well. The regulation may facilitate
bilateral exchange for Charging stations sourcing power from RE Sources with the grid either under
banking or net metering arrangement. The presentation proposes the standards to be followed while
permitting interconnectivity with the grid and the safety standards to be adhered. The presentation also
indicates the tariff principles and the tariff structure that can be adopted for determination of tariff for grid
connected charging stations. The last section of the presentation proposes the contractual framework for
RE connected Charging Stations.

Presentation by Shri Vivek Mishra, Executive Director,
Meghraj Capital Advisors Pvt. Ltd.
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Tanmay Nag, part of Ernst and Young's Renewables and
Electric mobility team has been working with central
governmental organizations on technological aspects of
electric mobility including EV charging standards and
possible policy frameworks for promotion of EVs in India.

Prior to EY, he also has a prior experience of working on
Electric vehicles, as a part of his under-graduation. His
work titled 'Small Scale Electric Vehicle Public Transport
(SSEPT)' focusing on developing micro-mobility solutions
was recognised for research by Technical University of
Germany. Tanmay is a recipient of Finolex Founder Shri
P.P. Chhabria Award for Social Contribution.
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Abstract

The presentation briefs on the projection of electric mobility ecosystem including electric vehicles,
charging infrastructure and the associated energy requirements. It further suggests ways for government

to play a facilitative role to promote electric mobility at the state and central level.

Presentation by Shri Sushovan Bej, Consultant, Ernst
and Young LLP
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Presentation by Shri Himanshu Chawla
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Sanjay Kumar Singh, an Electrical Engineer from IIT,
BHU with MBA in strategic management from MDI,
Gurgaon is a seasoned professional having more than 30
years of experience in the power sector. He has been
with power utility for 17 years comprising of 7 years board
level experience. He also has 13 years of experience with
Electricity Regulatory Commission of Uttar Pradesh there
by making significant contribution to the power sector of
the State.

Sanjay Kumar Singh also done LLB and Ph.D. in Hindi
Literature. Amongst various awards and accolades, he
received Gold Medal from Ministry of Personnel, Govt. of
India for securing first rank in MBA. His paper on study on
Korwa Tribes was adjudged best paper by Anthropological
Society of India. He is also a voracious reader.
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Electric vehicle charging infrastructure planning and
deployment Dr. Sanjay Kr Singh, Secretary, UPERC
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