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Abstract- An empirical study on the growth and genesis
of charging stations for electric vehicles (EVs) in the
Mumbai region would shed light on the burgeoning EV
market and its supporting infrastructure in one of
India's most populous and economically dynamic areas.
An increasing focus on climate change and the need to
reduce reliance on fossil fuels are driving the transition
to electric vehicles (EVs). Mumbai, India's largest
metropolitan city, faces significant environmental
challenges, including air pollution, due to its dependence
on petroleum products. This has spurred interest in the
widespread adoption of EVs as an effective solution for
environmental mitigation and sustainable
transportation. However, the successful uptake of EVs
hinges on the availability of a robust and easily
accessible network of charging stations.

The growth of EV charging infrastructure in Mumbai is
currently a focus area for researchers and policymakers.
Studies are exploring optimal locations for charging
stations, considering factors like traffic patterns,
demand congestion, travel distance, and integration
with the existing electricity supply and transportation
networks. Research highlights the importance of
strategically deploying charging stations, especially in
central areas and near high-demand locations, to
alleviate range anxiety and improve EV usability.

Keywords: Electric Vehicle, Charging Stations,
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LINTRODUCTION

The fastest growing and the most advanced Education
and IT centre in recent time. Mumbai is the first
largest metropolitan city in India. The major capital
establishment in India is from the education sector,
manufacturing section and the Information sector
(IT). The megacity needs to be mega planned and
cost-effective manner. The megacity plans are
published. The municipal corporation of Mumbai is
planning to develop a smart connect structure for
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public transport and private transport. Mumbai is a
well planned and well-structured city. Need to
develop the EV segment infrastructure for Mumbai.
The mobile app and the charging station tracking
system are in Mumbai.

II.DATA COLLECTION & ANALYSIS

e  Surveys and Interviews:

Conducting surveys and interviews with EV users,
charging station operators, and government officials
to gather qualitative and quantitative data.

e  Charging Station Data:

Analyzing data from charging station operators,
including charging frequency, duration, and power
consumption.

e  Government Data:

Accessing data on EV registrations, charging station
permits, and government incentives from relevant
government agencies.

e  Spatial Data:

Utilizing Geographic Information Systems (GIS) to
map and analyze the spatial distribution of charging
stations and related data.

II1. DIFFERENT TYPES OF EVSE

Charging speeds-

Charging power, which determines the time required
to charge a vehicle, can vary by orders of magnitude
across charge points, as shown in Table 1. A small
household outlet may charge as slowly as 1.2 kW,
while the most advanced rapid charging stations can
charge at up to 350 kW. Charging infrastructure is
broadly broken into three categories based on speed:
Level 1, Level 2, and direct current (DC) fast charging
(sometimes referred to as Level 3).
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Private Charging:

Charging batteries of privately owned cars through
domestic charging points. Billing is mostly part of
home/domestic metering.

AC "Slow" Charging:

The home private chargers are generally used with
230V/15A single phase plug which can deliver a
maximum of up to about 2.5KW of power. The EVSE
supplies AC current to the vehicle's onboard charger
which in turn converts the AC power to DC allowing
the battery to be charged.

Public Charging

For charging outside the home premises, electric
power needs to be billed and payment needs to be
collected. The power drawn by these chargers may
need to be managed from time to time.

DC "Fast" Charging:

DC current is sent to the electric car's battery directly
via the charge port. FC chargers (usually 50 KW or
more) can supply 100 or more kilometers of range per
hour of charging. The fast chargers would generally
be used as a top-up, rather than fully charging
vehicles. These are important for cab companies and
corporate users who have a fleet of electric cars.

IVREVIEW OF LITERATURE

Growth of EV Charging Infrastructure:

e Rapid Expansion:

Several reports indicate a significant increase in the
number of public charging stations in India, including
Mumbeai, in recent years. This growth is driven by

Benefits of Electric Vehicles —

Zero Emissions

government initiatives like the FAME II scheme and
private sector investments.

e  Types of Charging Stations:

The literature discusses various types of charging
stations, including slow (AC) chargers, fast (DC)
chargers, and home charging options.

e Location Strategies:

Studies analyze the optimal placement of charging
stations, considering factors like proximity to
residential areas, commercial hubs, and major
roadways.

In an electric vehicle, there are different multiple
players involved that can bring the change in the
assiduity. Presently, government programs have a
major part in the Indian electric vehicle industry. Non-
availability of the charging stations in the Mumbai
corporation area. It will improve the distance range
and help people to charge their vehicles in very less
time. On average, 4 wheelers electric vehicles need 4-
5 hr. to charge full and with the help of the advanced
charging stations and the chargers, it will require 30-
45 min with the help of the charging slot booking
application consumer reduces the waiting time. The
construction of the cost of the charging station.

V. CHARGING INFRASTRUCTURE

At present Mumbai needs to provide additional
charging infrastructure to boost the adoption of
Electric vehicle by Mumbai customers. The lack of
charging stations in the Mumbai will put customers
under anxiety, as the vehicle driving range is not
sufficient as per the requirement and the vehicle may
not run long distance without charging stations at
frequently intervals on the road ways.

Mo Adr Pollution

Benefits of

Electric Vehicles
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Layout of EV Charging Stations-
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Here's a breakdown of key aspects that such a study
would likely explore:

1. Genesis and Growth Factors:
e Policy and Regulatory Framework:

Examining government initiatives, incentives,
and regulations related to EV adoption and
charging infrastructure  development in
Mabharashtra, particularly in Mumbai. This
includes understanding the role of state and local
governments in promoting EV charging.

e Technological Advancements:

Analyzing the evolution of charging
technologies, including different charging levels
(slow, normal, fast), connector types (CCS,
CHAdeMO, Type 2), and their impact on the
deployment and adoption of charging stations.

e Infrastructure Development:

Investigating the availability and distribution of
charging stations across different locations
(public places, residential areas, commercial
zones) and the challenges associated with
establishing ~and  maintaining  charging
infrastructure.

e  Grid Integration:

Assessing the impact of EV charging on the
electrical grid, including issues related to grid
stability, capacity, and the need for smart
charging solutions.
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User Behavior and Demand:

Understanding the charging patterns of EV
users, their preferences for different charging
options, and the factors influencing their choice
of charging locations.

Economic Factors:

Analyzing the cost of establishing and operating
charging stations, the economics of EV
ownership, and the potential for revenue
generation from charging services.

Environmental Considerations:

Evaluating the role of EV charging in reducing
carbon emissions and promoting sustainable
transportation in Mumbai.

VI. KEY TERMINOLOGIES

Electric Vehicle (EV): Any vehicle which has an
electric motor and can be powered by battery
storage, fuel cell, photovoltaic array, or any other
source of electric current. An EV can either be a
hybrid electric vehicle or a battery electric
vehicle.

Battery Electric Vehicle (BEV): A battery electric
vehicle is only powered by a battery storage and
cannot be powered by any other type of fuel.
Hybrid Electric Vehicle (HEV): An HEV
combines an internal combustion engine powered
by conventional fuels with a battery-powered
electric motor. The battery is charged using the IC
engine and through regenerative braking.
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Plug-in Hybrid Electric Vehicle (PHEV): PHEVs
are hybrid EVs, but the batteries in PHEV can be
charged by plugging into an electrical outlet.
Charging Point/ Electric Vehicle Supply
Equipment (EVSE): A charging point or an EVSE
is the actual point of connection of the EV with
the electrical network. A charging point or EVSE
can have different connectors attached to it for
compatibility purposes but only one may be used
at a time. (SWEEP, n.d.)

Charging Station/ Electric vehicle Charging
Station (EVCS): A charging station or EVCS is
the physical station with one or more charging
points.

Charging Pool: A charging pool consists of
multiple charging stations within a geographical
area as shown in Figure 1.1. The charging pool is
operated by one charge point operator.
Connector: A connector is a physical interface
between the EVSE and the EV. Based on different
standards there are different connectors such as
J1772, Mennekes Type 2 connector etc.

Charge Point Operator (CPO): The charge point
operator is responsible for the management,
maintenance, and operation of the charging
stations.

VII. GENESIS OF EV CHARGING
INFRASTRUCTURE IN MUMBAI

Early Initiatives: Maharashtra was one of the first
states in India to formulate an Electric Vehicle
(EV) policy in 2018. This policy aimed to align
with the central government's FAME II scheme
and stipulated a target of 10% new vehicle
registrations being electric vehicles by 2025.

Government-Driven Infrastructure: The
Mabharashtra government committed to setting up
approximately 2,500 charging stations across
seven major cities within four years, according to
E-Mobility Institute. Of these, 1,500 were
specifically earmarked for the Greater Mumbai
region.

Coordination and Support: The state government
facilitates the installation of charging stations by
coordinating with transit authorities and urban
local bodies, who in turn collaborate with the
power distribution company (Maharashtra State

Electricity  Distribution Company Limited,
MSEDCL) to provide the necessary electrical
infrastructure and  connections. MSEDCL
announced plans to install 2,375 charging stations
across the state by 2025.

VIII. GROWTH AND CURRENT STATUS OF
CHARGING STATIONS

e Significant Expansion: Although the initial goal
of 1,500 stations by 2025 in Mumbai might not be
fully met yet, significant progress has been made.
As of a recent report, Mumbai has 413 installed
EV charging stations. Another report
highlights that Maharashtra, including Mumbai,
had 3,728 public charging stations by December
2024.

e Private Sector Involvement: Several private
companies are actively involved in deploying and
operating charging infrastructure in Maharashtra,
including Mumbai, utilizing both private and
Public-Private Partnership (PPP) models, notes
JETIR. Companies like Tata Power have
established a strong presence, expanding their
network across India.

e Focus on Two-Wheelers: With a significant
number of electric two-wheelers on the roads,
there's a particular focus on addressing charging
infrastructure gaps for this segment, according to
Granthaalayah Publications and Printers. Studies
analyze factors affecting user experience and
suggest optimal locations based on population
density and traffic flow.

e Challenges and Opportunities: While there's
strong potential for growth in the EV charging
market in Mumbai, challenges remain. These
include high capital expenditure, land availability
issues, and the need for greater grid reliability.
However, opportunities exist in promoting fast
charging, integrating renewable energy sources,
and expanding to Tier-2 and Tier-3 cities.

IX. COMPANIES PROVIDING EV CHARGING
STATION IN MAHARASHTRA

As of last update in 2023, several companies in India
were providing EV charging stations using both
private and Public-Private Partnership (PPP) formats.
However, it's important to note that the EV charging
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infrastructure landscape is continuously evolving, and
new companies may have entered the market since
then. Here are some prominent companies that were
involved in offering EV charging solutions in India.

1. Tata Power: Tata Power is one of India's leading
power companies and has a significant presence in the
EV charging infrastructure sector. They offer charging
stations for electric vehicles across various locations
and have been actively involved in PPP projects with
government bodies.

2.ChargePoint India: ChargePoint is a global EV
charging network company that expanded its
operations to India. They provide charging solutions
for both private and commercial customers and have
collaborated with multiple stakeholders to deploy EV
charging stations.

3.ABB India: ABB is a multinational corporation
specializing in electrification, automation, and
digitalization solutions. They have a presence in
India's EV charging infrastructure market, offering a
range of charging solutions for different applications.

X. INCENTIVES PROVIDED BY
MAHARASHTRA GOVERNMENT.

1.  Capital Subsidy:

The Maharashtra government offered capital subsidies
to private entities, individuals, and businesses for
setting up EV charging stations. The subsidy amount
varied depending on the type and capacity of the
charging station.

2. Electricity Tariff Incentives:

Electricity tariffs for EV charging stations were set at
lower rates to make the operation of charging stations
more cost-effective for operators. These reduced
tariffs aimed to attract more investment in the EV
charging infrastructure sector.

3. Land Allocation:

In some cases, the Maharashtra government allocated
land at subsidized rates for the installation of public
EV charging stations. This measure was aimed at
making it easier for private companies and
entrepreneurs to find suitable locations for charging
infrastructure.

4. Support for PPP Projects:
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The government supported Public-Private Partnership
(PPP) projects for the deployment of EV charging
stations in the state. These partnerships helped
leverage private sector expertise and resources while
aligning with the government's vision of promoting
sustainable mobility.

5. Green Building Incentives:

For commercial and residential complexes that
incorporated EV charging infrastructure as part of
their green building initiatives, the government
provided additional incentive and benefits.

6. Waiver of Permit Fees: The Maharashtra
government waived or reduced permit fees for the
installation of EV charging stations to simplify the
process for private entities and reduce upfront costs.

7. Fast-Track Approvals:

To streamline the approval process, the government
established a fast-track mechanism for granting
licenses and permits for EV charging station
installations.

8. Public-Private Collaboration for Infrastructure
Development:

The Maharashtra government actively collaborated
with private companies and electric utilities to develop
a robust and widespread EV charging network across
the state.
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XII. CONCLUSION

While Mumbai is witnessing significant progress in
the growth of its EV charging network, propelled by
government support and increasing EV adoption,
challenges related to infrastructure gaps, urban-rural
disparity, and grid stability remain. Addressing these
challenges through collaborative efforts, strategic
planning, technological innovation, and continued
government support will be key to achieving the state's
ambitious EV adoption targets and building a
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sustainable and resilient electric mobility ecosystem in
the region.

In conclusion, an empirical study on the growth and
genesis of EV charging stations in the Mumbai region
would provide valuable insights into the dynamics of
EV adoption and the infrastructure supporting it. By
understanding both the challenges and opportunities,
stakeholders can work collaboratively to accelerate the
transition towards a greener and more sustainable
future for Mumbai's transportation sector.

1.
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After the overall study of EV and the charging
infrastructure we observed that Growing
Network: Maharashtra has been witnessing a
steady increase in the number of EV charging
stations across the state. Major cities like
Mumbeai, Pune, Nagpur, Nashik and Aurangabad
have seen substantial growth in charging
infrastructure.

Public and Private Charging Points: Both public
and private entities have been actively installing
EV charging stations. Public charging points are
usually located in prominent places like shopping
malls, parking lots, and fuel stations, while private
charging points are often found in residential and
commercial complexes.

Charging Speeds: Different types of charging
stations are available, offering varying charging
speeds. Slow chargers (AC) are more commonly
found in residential areas, while fast chargers
(DC) are installed at public locations for quicker
charging.

Government Initiatives: The Maharashtra state
government has been implementing various
initiatives to promote electric vehicles and
support  the charging
infrastructure. Incentives and subsidies are often

establishment  of

provided to encourage the adoption of electric
vehicles and the expansion of charging networks.
Charging Station Maps: Several online platforms
and mobile applications offer maps and real-time
information about EV charging stations across
Maharashtra. These maps help users find nearby
charging points and check their availability.
Charging Station Operators: Multiple companies
and organizations have entered the charging
infrastructure space, leading to diverse operators
managing various charging stations.
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