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Office of Municipal Commissioner, Varanasi

As India makes significant commitments to combat climate change during COP26, Varanasi's unique
blend of rich cultural heritage and vibrant spirit positions as a pioneer in Uttar Pradesh, spearheading the
transition towards sustainable transportation. At the forefront of this movement is Varanasi Nagar Nigam
(VNN), playing a crucial role in inspiring other cities to follow suit.

Through meticulous planning and collaborative efforts with various stakeholders, VNN is paving the
way for a transportation landscape that is more environmentally friendly and sustainable. One of our
ambitious initiatives involves the establishment of public Electric Vehicle Charging Infrastructure (EVCI), aimed
at addressing critical challenge such as range anxiety which will encourage adoption of electric vehicles in
Varanasi. Given Varanasi's unique geographical and demographic characteristics, it serves as an ideal
implementing ground for EV infrastructure, showcasing how modern technology can seamlessly integrate with
the city's timeless allure.

The transition to electric mobility not only helps in reducing emissions and combating pollution but
also lays the groundwork for a brighter and more sustainable future for generations to come. | am hopeful
that VNN's comprehensive initiative will promote electric mobility in Varanasi. Through meticulous analysis,
proactive measures, and unwavering dedication, we lay the groundwork for a transportation revolution that
will beneéfit our city and beyond. Together, let us embark on this journey towards a cleaner, greener tomorrow.

With fegards,

(AksHat Verma)
Municipal Commissioner
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Executive
summary

During the COP26 climate summit, India, as one of
the 42 participating leaders, supported the UK's
Glasgow commitments and took on the role of co -
convener for the Glasgow breakthrough on road
transport, alongside the UK and the US. India made
pledges to achieve net-zero emissions by 2070 and
to decrease emission intensity by 45% from 2005
levels by 2030.

With India ranking as the fifth largest vehicle market
globally, there are substantial opportunities for the
adoption of electric vehicles (EVs). The establishment
of public electric vehicle charging infrastructure
(EVCI) is crucial in advancing Uttar Prad esh's (UP)
shift towards sustainable transportation. A well -
developed public charging network addresses
concerns regarding range anxiety, a primary obstacle
to EV uptake, by offering convenient and accessible
charging facilities for EV owners.

As UP implements policies to encourage EVs,
Varanasi can emerge as a leading city, inspiring other
urban centres in the state to follow its example.
Varanasi holds significant importance in Uttar

e"vyzO©}CO 2" vo@©~2~¥m a¥.y"

transportation for several reasons. Being one of the
oldest and culturally significant cities globally,
Varanasi symbolizes the embrace of modern
technologies while preserving heritage and tradition.
By leading the way in the adoption of electric vehicles
(EVs), Varanasi can demonstrate the seamless
integration of sustainable practices with historical
allure.

Varanasi's distinctive geography and demographics
make it an ideal location for testing EV

infrastructure. Its relatively compact size facilitates
the establishment of an efficient public charging
network, addressing concerns about range anxiety
and promoting EV adoption. Additionally, Varanasi's
status as a pilgrimage site attracts a diverse array of
visitors, providing an opportunity to showcase the
convenience and accessibility of EV charging facilities
to a broad cross-section of the population.

Varanasi Nagar Nigam (VNN) is taking a proactive
stance in addressing the pressing challenges
confronting the city's transportation sector. With
escalating pollution levels, growing energy demands,
and the urgent need to combat climate change, EVs
offer a promising avenue for cleaner mobility .

VNN is spearheading a comprehensive initiative
aimed at overcoming these barriers . Through
meticulous market segmentation, sizing, and
feasibility analysis, this initiative seeks to identify
promising markets and assess the viability of EV
deployment within VNN's jurisdiction.

Furthermore, by evaluating the city's charging
infrastructure requirements, VNN is laying the
groundwork for the seamless integration of EVs into
Varanasi's transportation ecosystem. Through
collaboration with key stakeholders and leveraging its
resources and expertise, VNN is driving meaningful
change towards a greener and more sustainable
transportation landscape in the city.

Demographics:

a ~
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immense historical and cultural significance as a hub
for trade, commerce, and spirituality along the Ganga
River. Its administrative structure, comprising five
zones and 90 wards, ensures systematic
development and efficient governance.

The city's economy, driven by its historical ties to the
Silk Road and a thriving textile industry, now relies
heavily on the tertiary sector, notably trade and
transportation. Tourism, drawn to Varanasi's iconic
riverfront and ghats, further bolsters its economy.

Yet, Varanasi grapples with challenges like rapid
urbanization, population growth, and changing land
use patterns. Urban sprawl and conversion of
agricultural land pose hurdles to sustainable
development and urban management.



The municipal area spans 82.1 sq.km. and has a
municipal area population of ~1.2 million according
to the Censusof 2011, The projected population for
Varanasi city and adjacent areas is expected to reach
2.27 million by 2035 .

Key government stakeholders:

KEY
STAKEHOLDERS

@@'%\

&

The city will have to strategically implement citywide
EV charging stations and develop infrastructure for
electric vehicles, enhancing accessibility and viability
for electric transportation. Policy advocacy efforts
will be bolstered through partnerships to offer
incentives and regulations for EV adoption, while
public awareness campaigns and educational
initiatives will highl ight the environmental and
economic benefits of e -mobility. Fleet electrification,
partnership collaborations, and monitoring
mechanisms will further pro pel the city towards its
goal. Integration of technology, pilot projects
Varanasi's commitment to safety, compliance, and
grid integration ensures a robust and sustainable e -
mobility ecosystem, positioning the city as a model
for sustainable urban transportation in the region.

Existing Transportation in Varanasi City:

During the period spanning from FY2015 to FY2023,
the Compounded Annual Growth Rate (CAGR) of
Internal Combustion Engine (ICE) vehicles progressed
at a rate of 0.3%, contrasted sharply by the
remarkable surge of 120% witnessed in Electric
Vehicles (EVs). As a result, EVs captured

Despite these obstacles, Varanasi remains vibrant,
with the potential to lead in sustainable development
and inclusive growth. By addressing urban
complexities and leveraging its cultural heritage,
Varanasi can emerge as a model city in the region.

Varanasi Nagar Nigam

Varanasi City Transport Limited

@)&SSin  Varanasi Smart City

Purvanchal Vidyut Vitaran

\é ! Nigam Limited (PuVVNL)

approximately 13% of the market share in Varanasi
transport by FY2023. This data highlights a notable
transition towards electric mobility, even as ICE
vehicles continue to retain dominance.

Policy Framework:

The adoption of e -mobility as a sustainable
transportation alternative is gaining momentum
worldwide, prompting governments to develop
frameworks and regulations. In India, the Ministry of
Power (MoP) and the Department of Heavy Industries
(DHI) are central to this transition, focusing on
establishing widespread charging infrastructure and
incentive programs. Designation of the Bureau of
Energy Efficiency (BEE) as the Central Nodal Agency
(CNA) underscores India's commitment to EV
adoption. State Nodal Agen cies (SNA) are also
engaged in establishing supportive ecosystems.
Various governmental bodies are formulating and
implementing policies to promote EV proliferation,
reflecting a collective determination to steer
transportation towards sustainability and m itigate
climate change impacts.



The Uttar Pradesh Electric Vehicle Manufacturing
and Mobility (EVMM) Policy 2022 has undergone a
comprehensive revision to adapt to the evolving EV
landscape. Flexible in approach, the policy charts a
course for the next five years, allowing adjustments
as needed. It encompasses various aspects of the EV
ecosystem, addressing manufacturing and mobility
infrastructure, overseen by the Infrastructure a nd

Market Assessment:

EV sales projections:

Vehicle category

e-2W

e-rickshaw

e-3W

e-4W (private)
e-4W (commercial)
e-bus

SWM vehicles

Power Projections:

Vehicle category

e-2W

e-rickshaw

e-3W

e-4W (private)
e-4W (commercial)
e-bus

SWM

Total

EV penetration rate

28%- 30%
100%
65%- 70%
5%- 10%
10%- 15%
100%
25%- 30%

48%- 50%
100%
90%- 100%
20%- 25%
35%- 40%
100%
45%- 50%

k¥¢t«£fz =CEEE>
80 383 225 -232
66 368 143 - 145
17 a19 54 356
3a4 17 a19
0.3 a0.5 2-3
0.21 30.22 0.24 30.25
0.1 20.3 0.6 30.8
174 - 175 453 - 454

Additional power demand due to tourist four

Management vehicles

Vehicle category

-wheeler (commercial) vehicles and electrification of Solid Waste

C«Ewz " © ~no

Tourist cabs (EV influx)
SWM vehicles (EV volume)

116 - 118
0.2 0.4

296 - 298
0.6 30.8

Total number of charger required by 2030 and 2035

Charger Rated Capacity

LEV AC
IS 17017 -2-6
Type-ll AC

kw

10 (3*3.3)
7.7
11

18 - 20
12 -14
4-5
1.0 31.5
0.1 0.2
0.06 30.07
0.06 30.08

EV Sales ('000)

35 -38
18 - 20
8-9
4-5
0.6 30.7

0.02 30.03

0.1 30.3

Total Power Demand (MW)

50 - 55
130 - 136
80 -85
12 314
3-5
43 - 44
0.3 305
340 - 341

CEE

18 - 20
0.2 0.4

Total Number of charger

required by 2030
2,949

310

167

150 -152
290 3294
242 - 244
60 - 62
27 -29
48 - 50
0.8 31.0
832 - 833

Total Power Demand (MW)

45 - 47

0.7 0.9

Industrial Development Department of Uttar Pradesh.
The policy promotes the EV industry through three
pillars and offers incentives in three categories,
including charging infrastructure and demand
incentives for buyers, along with multiple benefits for
manufacturers. These measures aim to drive EV
sector growth in Uttar Pradesh while promoting
sustainability.

Total Number of charger
required by 2035

6,762

881
456



Ccsl 30
Ccsl 180
Total

Impact on GHG emissions

The shift from ICE vehicles to EVs in
Varanasi could lead to a reduction of 0.8 to
1 lakh tonnes of emissions by FY 2028, with
estimates projecting a notable decrease of 4
to 4.5 lakh tonnes by FY 2035, illustrating
the significant potential for decarbonization.

Primary consultation with city level EV
stakeholders:

The analysis of fleet drivers in Varanasi indicates that
while 70% primarily operate small vehicles covering
an average of 140 km per day, 90% express
uncertainty about switching to electric vehicles (EVs)
in the near future. Concerns such as range anxiety
and charging infrastructure availability pose

Use cases of different vehicle segments:
Personal use

Last mile Connectivity

Cargo movement

Hailing / Passenger movement

Government leased vehicle

Rental service

e

V

é%o

48 227
44 50
3,518 8,376

Reduction in CO, emissions (in lakh tonnes)

~4

~0.8

FY 2028 (E) FY 2035 (E)

significant barriers. Fleet operators, managing an
average fleet size of 10 vehicles, show openness to
transitioning to EVs, but cite cost and charging
infrastructure availability as primary hurdles. In fleet
dealerships, there's a sales disparity between ICE and
electric vehicles in four -wheeler dealerships, while
electric two -wheelers see greater acceptance,
possibly due to lower operating costs and
environmental concerns.



Role of STU in fleet electrification for
intracity bus movement:

Varanasi's bus network comprises 180 buses, with
ICE buses procured during 2009 -2010 and electric
buses acquired in 2021 under the FAME -l initiative.
Presently, 28% of the city's transportation network
consists of electric vehicles (EVs), with plans for
future expansions aimed at increasing eco -friendly
travel. The city transport department aims to

transiti on its entire bus fleet to electric by 2028,
reflecting a commitment to a cleaner, greener
transportation system. However, challenges exist
with a significant portion of the ICE bus fleet nearing
end of life, indicating potential maintenance and
infrastruc ture issues. The operational cost
comparison between ICE and electric buses reveals
financial implications and operational differences,
underscoring the need for strategic planning and
investment in modernizing the fleet. Presently,
electric buses are char ged at the Varanasi Cantt
depot with fast chargers, enabling efficient service
with an operational range of ~200 kilometres per
day.

Business Model Analysis:

This section explores a range of innovative business
models aimed at revolutionizing urban mobility in
Varanasi. From the installation of Public Bicycle
Sharing (PBS) systems to the electrification of

government fleets through Energy Efficiency
Services Limited (EESL). Simultaneously, EESL's
initiative to transition government fleets to electric
vehicles underscores a commitment to reducing
emissions and fostering a greener transport
ecosystem. Moreover, Varanasi is exploring diverse
procurement strategies for electric buses,
emphasizing reliability, cost -effectiveness .
Additionally, the proposed Hop -On Hop-Off (HOHO)
bus service promises to offer tourists a convenient
and flexible mode of transportation to explore the
city's cultural treasures. Integrating this service with
the PBS system further enhances connectivity an d
promotes sustainable tourism practices. These
initiatives collectively signify Varanasi's dedication to
redefining urban mobility while preserving its rich
cultural heritage and advancing e nvironmental
sustainability.

Estimating Total Cost of Ownership:

The Total Cost of Ownership (TCO) of a vehicle
encompasses all expenses from purchase to disposal,
including purchase price, depreciation, fuel costs,
maintenance, insurance, and financing fees. It guides
decision-making by analysing factors such as
purchase price, depreciation, fuel efficiency,
maintenance, insurance premiums, and financing
costs. Electric vehicles are cost effective in all
segments of vehicle category, as demonstrated
below.

Total cost of ownership across lifetime

21.4

17.56

5.6 5.3
3.76 205

2W 3W A4WP

*ICE 2W (scooter) considered for TCO comparison

ICE " EV 42.9

32.21

10
5.99

199 g6

4WC BUS BICYCLE



EV Charging Infrastructure:

In Uttar Pradesh, EV adoption is bolstered by
dedicated policies, including tariffs for EV charging
set by the UPERC, fostering sustainable
transportation. Collaborating with UPERC ensures
accessible charging, with incentives like subsidies and

open access, mandating charging, and swapping
stations in each district. Varanasi's Smart City
Mission advances e-charging with plans for 100
stations at heritage sites and 200 more at tourist
spots, including a comprehensive Electric Bus
Charging Station project cos ting 12.30 Cr, featuring
amenities for efficient operations and sustainability.

Mapping existing EV charging infrastructure in Varanasi involves a systematic four -step
process. Firstly, the city's boundary is delineated, dividing it into 1km x 1km grid
squares to establish the geographical scope. Next, major points of interest are
identified, including government buildings, key stakeholders' facilities, and existing EV
charging stations, ensuring comprehensive coverage. These initial steps provide
valuable insights into the current EV charging landscape and enable projections for
future infrastructure requirements based on demand and availability trends.
Subsequently, heat maps representing demand areas for Electric Vehicle Charging
Infrastructure (EVCI) installation are generated, followed by the identification of
potential implementation locations. This methodical approach facilitates the strategic
placement of EV charging infrastructure to meet the city's evolving needs while
promoting widespread accessibility and adoption of electric vehicles.

Potential Business Model for development
of EVCI for fleet adoption:

Public charging infrastructure is essential for
widespread electric mobility adoption. To promote EV
awareness and alleviate range anxiety, affordable
and accessible charging networks are crucial. In
Varanasi, the Land -owning Agency (LoA), such as

LoA own and operate

Varanasi Nagar Nigam (VNN) or Varanasi Smart City
Limited, plays a pivotal role in deploying Electric
Vehicle Charging Infrastructure (EVCI). Various
government bodies can serve as the LoA. Different
implementation models, including capital expenditure
for charging equipment and land provision, are
utilized for setting up public charging infrastructure.

LoA owns assets and operates on own land

PPP CPO owns the assets and operates on land provided by LoA

CPO LoA as CPO owns and operates assets, uses land by different player

Renewable energy integration:

The integration of Renewable Energy (RE) with
Electric Vehicle (EV) charging infrastructure is vital
for sustainable transportation. Combining clean
energy sources like solar and wind power with EV
charging systems addresses environmental concerns
and reduces carbon emissions. In Varanasi, this
integration offers environmental sustainability and
long-term energy cost savings. Uttar Pradesh's
proactive approach to renewable energy, including
initiatives like the Har Ghar Solar Abhiyan and solar
subsidy programs, demonstrates the state's

commitment to promoting solar adoption and
achieving renewable energy targets. Through
collaboration and innovative financing, Uttar Pradesh
is paving the way for a greener, more sustainable
energy future.

Government initiatives are pivotal in facilitating the
successful integration of renewable energy (RE) with
EV charging infrastructure. Establishing
comprehensive incentive programs, supportive
regulations, and fostering public -private partnerships
are key recommendations. Additionally, investing in
research and development, promoting



standardization, and enhancing awareness through
education campaigns are essential steps. For the
private sector, initiatives such as investment in
renewable energy infrastructure, collaboration with
renewable energy companies, and development of
smart charging infrastructure are recommended.
Private entities should also engage in community
education, offer incentives for sustainable practices,
and participate in government initiatives. DISCOMs,
as critical stakeholders, should collaborate with
renewable energy developers, implement net
metering policies, and introduce time -of-use tariffs to
optimize grid usage. Moreover, grid modernization,
dynamic pricing models, and educational campaigns
for consumers are vital for DISCOMSs to support the
integration of RE with EV charging. Through
collaborative efforts and strategic initiatives,
government, private sector, and DISCOMs can
accelerate the adoption of renewable energy -
integrated EV charging infrastructure, contributing
to a sustainable energy ecosystem.

Benefits of integrating EWCD friendly
features:

Integrating EV Charging Infrastructure with services
tailored to Elderly, Women, Children, and Disabled
(EWCD) populations offers a range of benefits,
promoting inclusivity, sustainability, and

accessibility. By ensuring that transportation
solutions are designed with di verse users in mind,
barriers to mobility faced by EWCD populations can
be addressed, fostering a more inclusive society. Key
advantages include reducing greenhouse gas
emissions, enhancing safety and security, and aiding
services tailored t o specific needs. Implementation
measures include selecting accessible locations,
providing well -lit and secure charging stations, and
offering charging assistance services. Clear sighage,
child-proof features, and convenient parking

configurations further enhance safety and usability.
By prioritizing accessibility and safety considerations,
EV charging infrastructure can become more
inclusive and welcoming to all members of the
community.

Recommendations:

Embracing modernity, Varanasi recognizes the
importance of robust EV charging infrastructure to
facilitate this transition smoothly. To integrate EVs
into the city's bustling streets, strategic planning and
collaboration among stakeholders are paramount,
with Varanasi Nagar Nigam and PuVNNL taking the
lead. Leveraging the city's accessible landmarks, the
provision of public charging stations not only
enhances convenience but also promotes sustainable
mobility, harmonizing tradition with technology.

Currently, Charging Point Operators (CPOs) face
challenges in setting up stations, yet simplifying
regulations and offering incentives can encourage
their involvement, thus fostering the growth of EV
charging networks. Moreover, to ensure the
economic viability of charging businesses, innovative
strategies such as flexible pricing and local
partnerships can maximize charger usage. The shift
towards electric mobility in Varanasi signifies more
than just embracing innovation; it's about preserving
heritage, f ostering inclusivity, and building a
sustainable future for generations to come. Through
strategic planning, collaboration, and innovation,
Varanasi can lead the charge towards a greener and
more vibrant tomorrow.

Recommendations for the adoption of e -Mobility in
Varanasi encompass strategic planning,
collaboration, technology integration, regular policy
review, and public -private partnerships, among
others, ensuring a comprehensive and sustainable
approach to elect ric mobility integration in the city.



Background

The project focuses on conducting a comprehensive
analysis to facilitate the induction and scale -up of
EVswithin various vehicle segments across critically
selected 5 cities in India.

In collaboration with the Asian Development Bank
(ADB), Energy Efficiency Services Limited (EESL),
and Convergence Energy Services Limited (CESL),
the initiative aims to identify promising markets and
assess the feasibility of EV deployment.

Out of the five selected city, one of the cities is
Varanasi, which is selected based on criteria such as
i 22 v’ e readines®fpr@ @nobility solutions,
existing EV deployment success, and private sector
participation, in close consultation with key
stakeholders.

Subsequently, a detailed market assessment is being
conducted, covering passenger and cargo
applications across various vehicle segments, with a
focus on understanding demand and supply
dynamics, policy frameworks, and business models.
This analysis involves evaluating fleet use cases,
assessing market size, and projecting demand until
2030, alongside an examination of EV key players,
industry barriers, and policy implications.

Moreover, the project delves into charging
infrastructure requirements, considering factors like
location, grid impact, and integration of renewable
energy options.

The findings are encapsulated in this report,
providing insights into market assessment, charging
network plans, and business models.



The need for this report arises from the urgent
imperative to address several critical challenges
facing the transportation sector in India. As the
country grapples with escalating pollution levels,
burgeoning energy demand, and the pressing need to
mitigate climate change, trans itioning to sustainable
modes of transportation is imperative. EVspresent a
promising solution to these challenges, offering a
cleaner, more efficient alternative to traditional fossil
fuel-powered vehicles. However, the widespread
adoption of EVs in comm ercial fleets faces several
barriers, including limited infrastructure, policy
constraints, and market uncertainties.

By conducting a comprehensive market
segmentation, sizing, and feasibility analysis, this
project seeks to address these barriers and unlock
the full potential of EVs in India's transportation
landscape. The project aims to identify promising
markets and assess the feasibility of EV deployment.

Furthermore, by conducting detailed market
assessments and feasibility analyses, the report
provides invaluable insights into demand and supply
dynamics, policy frameworks, and business models,
essential for informed decision -making. This analysis
enables stakeholders to understand the market
landscape better, identify potential barriers, and
devise strategies to overcome them. Additionally, by
evaluating charging infrastructure requirements and
proposing sustainable business models, the report
lays the groundwork for the seamless integration of
EVs into commercial fleets.

Overall, the need for this report is underscored by
the urgency to accelerate the transition to
sustainable transportation solutions in  Varanasi. By
leveraging the expertise and resources of key
stakeholders, the report aims to drive meaningful
change, fostering a cleaner, more sustainable future
for the transportation sector in Varanasi.



Approach and
methodology

Methodology for estimating EV sales of 2W, E-
rickshaw, 3W, 4W (private) and 4W
(commercial)

A bottom -up approach is used to understand the
trajectory of electric vehicles penetration, the power
demand required for the EV charging, estimation on
the number of chargers required and capital
investment for deploying the required number of
chargers till FY 2035.

The assessment starts with understanding the
present demand of various vehicle segments such as
2W, e-rickshaw, 3W, 4W (private), 4W (commercial ).
To understand segment wise demand, the number of
ICE vehicles registered from FY 2015 to FY 2023 are
taken into consideration and then the number of ICE
vehicles are projected till FY 2035 based on the
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To assess the EV projections till FY 2035, the present
EV penetration is observed for various vehicle
segments such as e-2W, e-3W, e-4W (private) and
e-4W (commercial). Based on the growth rate of
present EV penetration rate and government targets,
assumptions are for future EV penetration. Based on
the projected number of ICE vehicles are future EV
penetration, the number of EVs are projected till FY
2035.

Methodology for estimating EV sales and
number of charger required by buses operated
by government for intracity movement

The assessment of electric buses in this report is for
government operated intracity movement buses
only.

Based on primary consultation, by 2026, all 130 ICE
buses will be scrapped, and 100 new electric buses
will be procured under the PM e-bus Sewa scheme,
achieving 100% electrification of the city's bus fleet.
Current trends indicate that each e-bus serves an
average of 6,000 people. Maintaining this trend, we
have estimated the number of additional electric
buses required by 2030 and 2035 to meet future
transportation needs.

Additionally, the charger -to-bus ratio has been
maintained at the current trend of 1.5 to ensure
efficient and reliable charging infrastructure.

Once the projected number of EVs are obtained,
based on the daily power requirement and daily
distance travelled by each EV segment, daily power
requirement for EV charging is evaluated. This
assessment of daily power requirement will form the
basis for estimating the number of chargers required
to support the EV charging. Based on the rated
capacity of chargers available in the market and their
percentage utilization, the total number of chargers
are evaluated. And further, based on the cost of each
charger, the total capital expenditure for deploying
the chargers is also evaluated.

Table 1: Assumption for Public Charging share by vehicle segment

. e-4W e-4W .
Charging type e-2W e-3W (private)  (commercial) e-Bus  e-rickshaw
Public Charging Share 10% 20% 30% 10% 50%
Home charging 80% 30% 10% 80% 50%

Captive charging 50% 60% 100%
Workplace charging 10% 10%



e-4W e-4W

Charging type e-2W  e-rickshaw e-3W (private)  (commercial) e-Bus
Public Charging Share 10% 50% 20% 10% 30%

Home charging 80% 50% 30% 80% 10%

Captive charging 50% 60% 100%
Workplace charging 10% 10%

The process flow for the assessment of EV sales
projections, power demand from EVCI and cost

estimation for deployment of projected number of EV
chargers is presented below:

Figure 1: EV Charging Infrastructure Model
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Power demand due to EV charging

Charging infrastructure is the backbone of any
electric mobility implementation. The provision of an
adequate, affordable, accessible, and reliable
charging network is a prerequisite for the mass
adoption of EVs. The provision of robust charging
infrastructure solutions is key to promoting
awareness and confidence in vehicle range among
prospective EV users.

For an ambitious shift towards sustainable
transportation, a comprehensive and easily
accessible network of electric vehicle (EV) charging
infrastructure is imperative. Infrastructure is a
prerequisite to match up the pace of EV adoption as
seen in the projections in the previous section. The
Government has an important role to play in the
planning and implementation of public charging
infrastructure.

1https://www.hindustantimes.com/cities/delhi  -news/dtc -to-launch-
pilot -project -for -smart -charging -system-for -electric -buses-with -ai-
software -to-reduce-grid -load-and-costs-101685729415393.html

The power demand will increase in the future in
tandem with more urbanization and an increase in
the number of consumers. With an increase in EV
penetration, the overall power demand will further
rise due to the charging requirements of different
segments of EVs. The significant rise in EV charging
power demand will come from the e -bus segment. It
has been estimated that e -buses with battery
capacity in the range of 200 kWh 3240 kWh
consume around 200 to 240 units while charging.
This is equivalent to 100 to 120 household Air
Conditioners (ACs) running for 1 hour 1.

To understand the power requirement for charging of
projected number of EVs in the years to come,
certain assumptions are taken to assess the power
demand. The percentage utilization of chargers is
assumed to be 40% for FY 2028 which would
increase to approximately 60% by FY 2035.
Assumptions considered for estimating power
demand due to EV charging by 2035 is mentioned
below:


https://www.hindustantimes.com/cities/delhi-news/dtc-to-launch-pilot-project-for-smart-charging-system-for-electric-buses-with-ai-software-to-reduce-grid-load-and-costs-101685729415393.html
https://www.hindustantimes.com/cities/delhi-news/dtc-to-launch-pilot-project-for-smart-charging-system-for-electric-buses-with-ai-software-to-reduce-grid-load-and-costs-101685729415393.html
https://www.hindustantimes.com/cities/delhi-news/dtc-to-launch-pilot-project-for-smart-charging-system-for-electric-buses-with-ai-software-to-reduce-grid-load-and-costs-101685729415393.html

Table 2: Assumptions considered for estimating power demand due to EV charging by 2035

Assumptions 2 e-2W e-rickshaw

Average Daily run (in kms) 20 60
Battery capacity (kwWh) 2.98 3.7

Daily battery charge

requirement (kWh) 0.66 2.04

Different EV models and segments have different
charging requirements. It is usually recommended to
have a good mix of different charger types that can
cater to existing and future demand. It is equally
important to determine the quantity of chargers to

be installed. Installing too many chargers will

increase the cost and installing fewer chargers will
create scheduling and access issues and will create a

e-3W  e-4W (private) (Commere(;;\ll)v e-Bus?
120 30 140 200
7.4 28.6 26 151
6.2 3.18 154 201.3

discouraging impact on the existing EV users and
upcoming potential EV buyers.

The number of installed EV chargers in a charging
station should aim to serve existing EVs as well as
additional demand in the future . Several research
v iz "© 0O«||]z©2 a}lva {vO?
on continuous basis depletes the battery life.
Therefore, it is recommended to keep this factor in
mind and choose a combination chargers to maximise
the life of the battery of the veh icles. For the
purpose of projecting the number of chargers to

cater the EV charging power demand as per the
projections in the previous section, the type of
chargers is assumed in this report as provided below:

Table 3: Charger types for different vehicle segments & estimated cost

Type of charger kW rating e-2W e-rickshaw
LEV AC 33 40% 100%
Type-ll AC 11 -
IS-17017 -2-6 7 60%
CCsl 30 -

E-mobility plays a critical role in decarbonization of
transport sector. The concerning levels of vehicular
emissions underscore the pressing need to address
and mitigate the adverse environmental impacts
posed by the ICE vehicles. A transition to electric
mobility has the potential to reduce the impact of

e-4W (private and Estimated cost of

e-sw commercial) charger (In INR.)
60% - 37,000
40% - 45,000
- 45,000
- 100% 14,00,000

vehicular emissions by road transport sector and it
will help reduce oil imports as well.

To assess the impact of additional CO2 emissions
reduction due to future penetration of EVs are
estimated based on EV stock volume, which is the
cumulative value of the year -on-year addition of EVs.
The following assumptions are considered as
provided in the table below.


https://fame2.heavyindustries.gov.in/ModelUnderFame.aspx
https://www.buses.tatamotors.com/products/brands/starbus/tata-ultra-9-9m-ac-electric-bus/

Table 4: Assumptions for CO2 emissions calculations

ICE Vehicle type 3?::'{2]5
oW 20
3W 120
AW - Private 30
4W g Commercial 140
BUS 200

While adoption of electric vehicles (EVs) can help in
reducing the impact of tailpipe emissions within the
city, it is also important to recognize that certain
level emissions are also present at the point of
electricity generation that fulfil the EV charg ing
demand. Presently, a significant portion of electricity
generation is derived from non -renewable sources
like coal based thermal power. Therefore, the actual
reduction in carbon emissions due to EV adoption is
projected by taking into consideration, th e impact of
carbon emissions due to electricity generation a s

Average mileage Emission norms *

(In kms) (Grams COz/km)
80 28.58

40 77.89

17 139.52

19 139.52

7 787.72

well. The assumptions for daily power requirement
for each EV segment is provided in the Table 2.

CEA Clean Development Mechanism

Based on the data of Central Electricity Authority
(CEA) for Clean Development Mechanism (CDM), the
weighted average emission factor for CO 2 based on
power generation from grid connected power plants
in India including Renewable Energy generation are:

Table 5: Weighted average emission factor for CO 2 based on power generation from grid connected power plants

FY

2017 -18 0.754
2018 -19 0.744
2019 -20 0.713
2020 -21 0.703
2021 -22 0.715

The above table shows the weighted average
emission factor over the period from FY 2017 -18 to
FY 2021-22. The weighted average emission factor
has been reducing by a factor of around 2% to 4%

except for FY 2021 -22 where it has increased slightly

due to increase in total generation, where coal -base
generation is increased compared to gas & hydro
based generation as per the CEA emissions report.

d

However, with Clean Development Mechanism (CDM),

generation of power will be more efficient with higher

Carbon Emission factor of Grid Electricity (including RE) tC ~ O2/MWh) 5

efficient technologies such as supercritical
technology, integrated gasification combined cycle,
renovation and modernisation of old thermal power
plants and co-generation along with renewable
energy sources. Therefore, it can be assumed that
the weighted average emission factor will reduce
slightly each year. The assumed weighted average
emission factor for FY 2024 to FY 2035 is mentioned
below assuming yearly reduction of 2%:


https://mohua.gov.in/upload/uploadfiles/files/Appraisal%20Guidelines%20for%20Metro%20Rail.pdf
https://cea.nic.in/wp-content/uploads/baseline/2023/01/Approved_report_emission__2021_22.pdf

Table 6: Assumed weighted average emission factor for FY 2024 to FY 2035 Reduction in CO 2 emission

FY Carbon Emission factor of Grid Electricity (including RE) tC ~ O2/MWh) ©
2023 -24 0.701
2024 -25 0.687
2025 -26 0.673
2026 -27 0.659
2027 -28 0.646
2028 -29 0.633
2029 -30 0.621
2030 -31 0.608
2031 -32 0.596
2032 -33 0.584
2033 -34 0.573
2034 -35 0.561

Step 1: The city of Varanasi is partitioned into a grid
measuring 1km x 1km to facilitate analysis and
visualization.

Step 2: Identification of key points of interest (Pol),
including railway stations, airports, bus stands,
hospitals, existing EV charging stations, commercial
malls, government buildings, public parking lots,

major 5 -star hotels , e-rickshaw stands and potential
parking lots .

Step 3: Assignment of weightage to each Pol based
on various factors such as the type of charging it
supports, charger type, and expected time spent at
the charging station. Weightage values are defined in
tables representing charger type, charging type, and
time spent intervals.

Table 7: Assumed weightages for assigning weightages to Pol

Charging type  weightage Charger Type
PCS 3 Fast

Captive 2 Moderate
Private 1 Slow

Step 4: Normalization of weightage values to ensure
uniformity and prevent data discrepancies.

weightage Time spent weightage
(In minutes)
0-30 4
30 -60 3
60 - 90 2
> 90 1

Step 5: Visualization of the normalized weightage
data as kernel density heatmap , providing insights
into the distribution and significance of Pols across
Varanasi.


https://cea.nic.in/wp-content/uploads/baseline/2023/01/Approved_report_emission__2021_22.pdf

Tourist vehicles:

Between 2016 and 2023, Varanasi experienced a
notable increase in tourist arrivals, reflecting the
city's growing popularity as a travel destination.

To gain a deeper understanding of this surge, we can
analyse the data by converting the total number of
tourists into Passenger Car Units (PCUs), considering
the typical occupancy of cars, which is approximately
5 people per vehicle. This conversion allows us to
guantify the impact of tourism on the city's

transpor tation infrastructure more effectively.

Moreover, assuming that 10% of these vehicles were
intercity tourist cars while the remaining portion
comprised buses and other transportation modes.

As a next step, we can delve into projecting the total
influx of electric tourist cars expected in Varanasi for
the years 2030 and 2035. By forecasting the growth
of electric tourist cars over the years, we can better
understand the infrastructure requirement for
Varanasi.

SWM vehicles:

The Varanasi Nagar Nigam provided data on the total
count of Solid Waste Management (SWM) vehicles in
2023, serving as a foundational dataset for analysing
future trends and striving for a Compound Annual
Growth Rate (CAGR). To gain insights into the

traje ctory of SWM infrastructure, a meticulous
process of backtracking vehicles was initiated,
correlating their numbers with the households each
vehicle served. This detailed analysis facilitated the
projection of the total influx of electric SWM vehicles
expected in Varanasi by the years 2030 and 2035.






1.1. City Background

1. Varanasiis located in the central part (between
25.3176° N & 82.9739° E, Ganga River and Ram
Nagar lie to the east, while Chandauli is located
to the east, Jaunpur Road to the west,

Azamgarh Road to the north, and Chunar Road
to the south 7) of the Gangetic Plain in eastern
Uttar Pradesh.

2. Positioned at a distance of 293 km from
Lucknow and 820 km from New Delhi, the city is
situated along a crescent -shaped curve of the
Ganga River, following its course towards the
Bay of Bengal. Nestled within a fertile
agricultural region that cultivates v arious crops,

Figure 2: Geographical positioning of Varanasi city

UTTAR PRADESH
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Varanasi shares its borders with the districts of
Chandauli and Mirzapurs.

Varanasi is administratively divided into a
comprehensive structure consisting of five zones,
each further subdivided into 14 sub -zones, and a
total of 90 wards. This hierarchical division
facilitates the efficient management and governance
of the city, ensuring that various aspects such as
infrastructure development, public services, and civic
amenities can be organized and implemented
systematically across diffe rent geographical areas.
The zoning and ward system also enable local
authorities to address th e specific needs and
concerns of residents in different parts of Varanasi,
thereby enhancing the overall quality of life and
urban environment in the city °.

— Varanasi District
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Varanasi's archaeological evidence dates human
settlement to the 11th or 12th century BC 10,
establishing it as one of the oldest continuously
inhabited cities. By the 2nd millennium BCE, it
emerged as a key urban centre for Vedic religion and
philosophy, and later flourished as a hub for
commerce and industry, producing renowned goods
like muslin, silk, perfumes, ivory crafts, and
sculptures!?. Historically, Varanasi served as a
pivotal point along ancient trade routes, connecting
Taxila to Pataliputra and bridging western and
eastern India. It also lay on Sher Shah Suri's route
linking Peshawar to Kolkat a'?.

Graph 1: Climatic condition of Varanasi
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Varanasi experiences a humid subtropical climate
with notable differences between summer and winter
temperatures. Summers, from April to June, are dry
and hot, with May being the hottest month,

reaching an average of 33.4°C (92.2°F). Winters

are cooler, with January averaging 16.0°C (60.8°F)
13, The monsoon season, lasting from July to
October, brings the majority of the annual rainfall,
with July receiving the highest amount at 305 mm
(12.0 inches) 4. October receives about 5% of the
total rainfall, while the remaining months collectively
receive only 8%'°. Approximately eighty percent of
the precipitation occurs during the monsoon months,
leading to fluctuations in the flow patterns of the
river 16,
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Varanasi's connection to the Silk Road has shaped its rich heritage 7. With an estimated GDP per capita of

economy and culture for centuries, attracting traders $5.9 thousand and a labour force of 1.2 million,

and travellers . Its renowned textile industry, Varanasi's Trade and Transportation sector employs
especially silk weaving, remains a symbol of its nearly half of its workforce . The city hosts over
prosperous past. Today, the city's vibrant cultural 5,000 industrial units, primarily located in peripheral
scene and handloom industry continue to reflect its areas.

Formal sector: The formal sector comprises businesses and economic activities that are under the supervision
of the government.

Informal sector: The informal sector consists of workers and enterprises that do not come under the
regulation of the government.

Graph 2: Economic sector distribution in Varanasi and Distribution of Varanasi's economy via Trade and Commerce

Economic sector distribution in Distribution of Varanasi's economy via
Varanasi Trade and Commerce

Primary sector
Informal sector
4%
26%

Secondal
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sector 56% Tertiary sector
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Formal sector

Primary sector: This sector is responsible for providing raw materials and base products for goods and
services, it is an unorganised sector. Examples of primary sectors are agriculture, forestry, and mining.

Secondary sector: This industry manufactures natural products in various usable forms, it is an organised
sector. Examples of the secondary sector are manufacturing units, small -scale units, large firms, and
multinational corporations.

Tertiary sector: This sector provides services to both the primary and secondary sectors; it is an organised
sector. Examples of tertiary sectors are Banking, communication, and trade.

In Varanasi, the tertiary sector dominates the employment within the tertiary sector. The industrial
economy, comprising 56% of formal employment, sector serves as a primary source of livelihood for
followed by the secondary sector at 40% and the many Varanasi residents '°. The city's average
primary sector at 4%. Manufacturing and trade are annual per capita income is INR 1,93,616,
significant contributors to employment, with trade surpassing the national average of INR 68,747 20,

and commerce alone accounting for 36% of formal
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1.1.5. Tourism

Tourism thrives in Varanasi, particularly along the million tourists as of October 2021 , surpassing the
riverfront and ghats, which constitute the city's city's native population by over 56 times.
primary heritage zone. Varanasi welcomed over 233

Figure 3: Tourist spots in Varanasi
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1.1.6. Spatial Extent and features

Before independence, Varanasi's historical and spiritual Figure 4: Spatial growth of Varanasi
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1.2. Area and land use

The Municipal Corporation governs an area of 82.1
sq. km., while the urban agglomerations span 793 sq.
km21

The land cover analysis of Varanasi from 2001 to
2016 reveals a significant rise in high -density and

Graph 3: Varanasi land cover in 2001 and 2016

medium-density settlements, indicating rapid
urbanization. Conversely, there has been a notable
decline in green belts, vegetation, parks, and open
spaces during the same period?2.

Varanasi's Landcover in 2001
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Varanasi's Landcover in 2016
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1.3. Population and Population density
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Graph 4: Population of Uttar Pradesh 2011 -2036
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The top 6 most populous cities of Uttar Pradesh
are:

Kanpur §28,17,105
Lucknow g27,67,348
Ghaziabadg17,29,000
Agra 815,85,704
Meerut -12,26,709

o o & w0 NP

Varanasi g 11,98 ,491

Graph 5: Population of Varanasi (in million)

Varanasi ranks as the sixth most populous city in the
state of Uttar Pradesh . Classified as a ClasslI city, it
has a municipal area population of ~1.2 million
according to the Censusof 2011 . The total
population within the Urban Agglomeration reaches
~1.4 million?4.

As per the analysis of Nagar Nigam Varanasi, t he
population of the city experienced a compounded
annual growth rate of 2.74% from 2011 to 2018, and
a rate of 2.47% from 2018 to 2021 25. The projected
population for Varanasi city and adjacent areas is
expected to reach 2.27 million by 2035 26,

Population growth in Varanasi (in millions)

1.45
1.2

2011 2018

Varanasi's population density stands at 15,170

persons per square kilometre , showcasing significant

2.27
2.04

2031 2035

variations across the city's wards, ranging from 16
persons/ha to 1,991 persons/ha 27,
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2.1. Key government Stakeholders in Varanasi City

Initiates EV adoption through charging infrastructure, policy
collaboration, and awareness campaigns, transitioning fleet, forging
partnerships, and monitoring impact for sustainable urban mobility.

Varanasi's Transport

Department drives EV
policies, licensing, charging
infrastructure, fleet

Varanasi Nagar

Promotes EV adoption
and sustainable
transportation via
infrastructure,

electrification, adoption @ TATE R campaigns, collaboration,
collaboration, and usage AR D pilots, and policy
monitoring for sustainable > TR e et e advocacy for sustainable
transportation. urban mobility.
VNN g Transport Varanasi
department Smart City

Key government
stakeholders in

VCTL enhances Varanasi's
public transport with
electrified buses, charging
infrastructure, smart
technology integration,

partnerships, pilot projects, Varanasi City
and policy advocacy, Transport Limited
promoting sustainable
transit.

The Municipal Corporation of Varanasi, known as the
Varanasi Nagar Nigam (VNN), was formally
established on January 24, 1959, by the
Government of Uttar Pradesh under the Municipal
Corporation Act of 1959, initially designated as a
Nagar Mahapalika. However, under the U.P.
Government Act-2 in 1994, it reverted to its Nagar
Nigam status.

Governed by the Municipal Corporation Act of 1959,
this municipal body holds significant responsibility in
delivering civic services to both rural and urban
areas, including tasks like colony relocation, road
construction, water supply, public transportati on,
sanitation, solid waste management, and more.

Varanasi city
&
\!
}
AT

PuVVNL drives e-mobility
with EV charging stations,
grid integration, metering
accuracy, safety
enforcement, and

Purvanchal : .
Vidyut Vitaran infrastructure expansion
Nigam Limited collaborations.

(PuVvVNL)

The Nagar Nigam consists
of democratically elected
representatives, including
a mayor, the municipal
corporation is responsible
for overseeing the city's
infrastructure and public
amenities. Elected
officials from prominent
political parties within the state occupy positions
within the corporation. Both the Mayor and
councillors are elected for five -year terms. The
Varanasi Municipal Corporation is responsible for the
planning, development, and upkeep of the city and
the delivery of civic services to its ¢ itizens?8.



https://nnvns.org.in:449/nnvns/index.php?option=com_content&view=article&id=3&Itemid=121&lang=en
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Varanasi Nagar Nigam administers 90 wards 2°.

The primary goal of VNN is to transform Varanasi
into a dynamic, lively, aesthetically pleasing, self -
sufficient, and sustainable city, equipped with
essential amenities, aiming to enhance the quality of

As provider

Potable Water Supply

Underground Sewage system

All-weather Roads

Efficient and sustainable Solid Waste Management

Health coverage to all focused more on the poor

Primary education to the needy & Library facility for all

Up-gradation of the amenities in the existing slums and
alternative accommodation

Clean, Green, and Pollution-free environment

Facilities to the Visiting Pilgrims and Tourists

life for its residents. VNN fulfils both mandatory and
discretionary functions in alignment with this
mission.

As facilitator

Trade and commerce

Health services

Higher Education and Research

Cultural activities

Sports and Games

Recreation and Entertainment

Development of Local Industries, Handicrafts, and
Artifacts

Varanasi Nagar Nigam departments

Accounts and

Finance Administrator Audit Computer Cell Advertisement

Council DUDA Encroachment Engineering Establishment

Garden Health Jal kal - JKV Revenue RTI
Sanitation Streetlight Transport Veterinary



https://www.varanasi.org.in/nagar-nigam-varanasi

2.1.2. Varanasi Smart City:

The Varanasi Smart City Limited (VSCL) is a Special
Purpose Vehicle (SPV) established on 29.10.2016 as

per directives from the Ministry of Housing and
Urban Affairs (MoHUA), Government of India, to
implement the SMART CITY MISSION (SCM) in

Varanasi.

VSCL is tasked with designing and managing IT and
Non-IT projects under the Smart City Mission, with a
primary focus on enhancing citizen welfare,

upgrading city infrastructure, and improving living
standards while preserving Varanasi's cultural
heritage °. The vision statement of Varanasi Smart

city is:

Vision

To rejuvenate the oldest Indian living city of Varanasi as a great place to live and visit by
conserving and showcasing its enriched heritage, culture, spirituality and traditions through
innovative social and financial inclusion solutions .

VSCL isoverseen by the Divisional Commissioner of
Varanasi Division, Uttar Pradesh, collaborates closely
with the Municipal Corporation of Varanasi to

The 6 pillars of Varanasi Smart City are:

Suramya Kashi

Area based Area based Area based Area based
development development development development

The goal is to
revitalize ancient
temples and
riverfront ghats in
Varanasi,
providing visitors
with an immersive
experience of the
city's vibrant
cultural heritage.
This initiative aims
to leverage
Varanasi's
recognition as a

UNESCO City of
Music to create a
meaningful
platform for
visitors to engage
with its cultural
offerings.

Nirmal Kashi

The objectives
include revitalizing
sacred water
bodies and parks,
implementing
efficient and
transparent solid
waste
management
systems, and
promoting eco -
friendly practices
like green rooftops
and rainwater
harvesting.

30 https://nnvns.org.in:449/nnvns/images/Smart

Overview.pdf

Surakshit Kashi

The aims are to
utilize analytics -
based surveillance
to decrease
infractions,
enhance
emergency
response
capabilities, and
enhance
interactions
between the police
force and citizens.

-City-Project -

implement the Smart City Mission in Varanasi, aiming
for its successful execution 31,

Samunnat Kashi

The goals include
setting up a Skill
Development
Centre, promoting
local artifacts,
supporting street
vendors,
incentivizing
research,
integrating smart
technologies, and
improving health
facilities for the
community.

Ekikrit Kashi
Pan-city
initiative

The aims are to
offer transparent
information and
quality services to
all citizens,
introduce a One-
stop-shop smart
card system,
provide easy
access to
information
through a mobile
app, and enhance
the effectiveness
of grievance
redressal
mechanisms.

Sanyojit
Pan-city
initiative
The objectives
include
establishing multi -
modal
transportation
hubs, integrating
traffic
management with
CCTV surveillance,
implementing
multi -level smart
parking to reduce
congestion,
introducing e -
rickshaws for
clean last-mile
connectivity, and
developing
waterways as an
alternate
transport option.

31 https:/iwww.efkonindia.com/case -study -varanasi-smart-city -
project.php?CaseStudies&VSC
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The Varanasi Municipal Corporation's Traffic
Department is committed to fulfilling its responsibility
by managing traffic engineering aspects to regulate
and control the city's traffic. Its mission is to ensure
the overall regulation and control of vehicle and
pedestrian traffic and transportation, thus ensuring
citizens safe and timely travel 32.

The main functions carried out by the cell are listed
below:

Conducting traffic and transportation surveys.

Installing and maintaining traffic signals at road
junctions.

Erecting channelisers at road junctions.

Building road dividers using either R.C.C. pardi

Placing traffic sign N y
boards (cautionary, @
mandatory,
informative, etc.),
and installing
signboards indicating
the names of new

streets and squares.

Constructing speed
breakers in coordination with the traffic police
department.

Implementing road markings such as zebra
crossings, stop Lines, junction markings, centre
lines, lane lines, etc., and affixing cat eyes on
dark roads along the canter line for better
visibility.

or guard stones, with provision for plantations. _ _ )

) o ) - Conducting maintenance of islands,
Installing automatic night blinkers at critical channelisers, and road dividers by conducting
curves, vehicular gaps, accident -prone points, minor repairs and painting them annually.

etc., and ensuring their maintenance. ) _ )
Designating spots for rickshaw stands, bus

Constructing traffic islands (rotaries) at road stands, and other traffic -related structures.
junctions.

Varanasi City Transport Service Ltd. functions as a Government of India, with its
municipal transportation service within the primary focus on serving Varanasi
framework of the JnNURM initiative launched by the city.

Vision

As per the facilities of organisation, benefits are to be given to passengers and to make the
organisation successful.

Mission
For the betterment of passengers, better facilities, services as per specified timetable and
other necessities are to be provided to passengers.

It provides extensive coverage throughout the entire aimed at providing environmentally friendly,

city and serves as the primary transportation choice convenient, and comfortable transportation options
for daily commuters. The fleet operated by Varanasi for various demographics including office -goers,
city transport service Ltd. comprises A/c and non-Alc students, senior citizens, and women.

low-floor Marcoplo Buses, Tata, and Kamal body, all
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In November 2009, the responsibility for public company was officially incorporated on June 15,
services was transferred to UPSRTC, Varanasi, as 2010, under the Companies Act 1956 33,
part of the INNURM Company initiative. The

Table 8: Bus fleet in Varanasi

Total number of

City buses Floor Height

Varanasi Low Floor 400MM Low Floor 400MM Normal 830+/ -100 Mini
A/IC NON-A/C MM

CNG 130 0 10 50 70

Electric 50 = = = =

2.1.5. Purvanchal Vidyut Vitaran Nigam Limited (PuVVNL)

Purvanchal Vidyut Vitaran Nigam Limited, Rabidas Nagar (Bhadohi),
headquartered in Varanasi, is a successor entity of Mirzapur, Sonbhadra, Mau,
Uttar Pradesh Power Corporation Limited (UPPCL) Azamgarh, Ballia, Deoria, Kushi
with a focus on distributing Electric Power in the Nagar, Gorakhpur,

Eastern region of Uttar Pradesh. Maharajganj, Sant Kabir Nagar,

Basti, Sidharth Nagar,
Allahabad, Pratapgarh,
Fatehpur, and Kaushambi districts. Purvanchal
Vidyut Vitaran Nigam Limited is dedicated to
enhancing consumer service, increasing revenue
realization, and ensuring the delivery of high -quality
electricity 4.

It was established on July 5, 2003, PuVVNL has
significantly expanded its services to cater to
approximately 33 lakh consumers in Eastern U.P.

PuVVNL's operational domain encompasses
Varanasi, Ghazipur, Chandauli, Jaunpur, Sant

Figure 5: PUVVNL's operational domain

33 https://uputd.gov.in/varanasicts| 34 https://puvvnl.up.nic.in/about_us.asp
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2.2. Role of government Stakeholders for facilitating e -mobility in

Varanasi city

Table 9: Role of key government stakeholders for facilitating e -mobility in Varanasi city

S. No. Role in facilitating e -mobility in Varanasi

1 Infrastructure

Policy advocacy
2 support and
regulation

3 Public awareness

4 Fleet
electrification
Partnership and

5 .
collaboration

6 Monitoring and
evaluation
Integration of

7
technology

8 Pilot projects and

demonstrations

Implement citywide EV charging stations
strategically for convenient access.

Develop charging infrastructure for
electric buses at depots and along routes.

Enhance accessibility and viability of
electric vehicles in Varanasi for
sustainable transportation.

Partnering with stakeholders to offer
incentives and regulations for EV
adoption.

Formulating transportation policies with
EV guidelines and adoption incentives.

Conduct campaigns highlighting
environmental and economic advantages.

Organize workshops and community
events to educate citizens on e -mobility
benefits, emphasizing environmental
sustainability and electric transportation
significance.

Advocate for transitioning office fleet to
electric vehicles.

Encourage converting city public transport
bus fleet to electric.

Departments should collaborate with
government agencies, private firms, and
research institutions to accelerate e -
mobility adoption including charging
infrastructure.

Partnering with stakeholders like EV
manufacturers and infrastructure
providers drives adoption and innovation,
facilitating electric bus adoption and
infrastructure development.

Continuously assess the impact of
transitioning to electric vehicles.

Track EV registrations, charging station
usage, and emission reductions to gauge
initiative effectiveness accurately.

Implement smart charging solutions and
mobile apps for streamlined EV charging.

Enhance accessibility for residents and
visitors, ensuring smoother operations and
greater convenience for electric vehicle
users to bolster e -mobility initiatives.

Launch pilot projects in specific areas to
assess emobility solutions.

Probable responsible stakeholder

Varanasi Nagar Nigam
Varanasi Smart city

VNN Transport department
Varanasi City Transport
Limited

Purvanchal Vidyut Vitaran
Nigam Limited

Varanasi Nagar Nigam
Varanasi Smart city

VNN Transport department
Varanasi City Transport
Limited

Purvanchal Vidyut Vitaran
Nigam Limited

Varanasi Nagar Nigam
Varanasi Smart city

Varanasi Nagar Nigam
Varanasi City Transport
Limited

Purvanchal Vidyut Vitaran
Nigam Limited

Varanasi Nagar Nigam
Varanasi Smart city

VNN Transport department
Varanasi City Transport
Limited

Purvanchal Vidyut Vitaran
Nigam Limited

Varanasi Nagar Nigam
VNN Transport department

Regional Transport Office
(RTO)

Varanasi Smart city

Varanasi City Transport
Limited

Varanasi Smart city



S. No. Role in facilitating e -mobility in Varanasi

10

11

12

Licensing and
registration

Safety and
compliance

Grid integration

Metering and
billing

Implement pilot projects on select routes
to demonstrate electric bus feasibility.

Gather insights for future expansion and
improvements, ensuring effective
implementation and scalability of e -
mobility initiatives.

Creation of EV zones within city to
promote EV adoption

Overseeing the licensing and registration of
EVs in Varanasi.

Ensures charging infrastructure meets safety
standards through inspections and audits.

Integrating charging infrastructure with the
electrical grid.

Metering electricity usage at charging stations
and accurately bills EV owners.

Probable responsible stakeholder

Varanasi City Transport
Limited
Varanasi Nagar Nigam

Regional Transport Office (RTO)

Purvanchal Vidyut Vitaran Nigam
Limited






The city boasts a comprehensive transportation network, including rail, air, and road connections 35,

3.1.  Air transport:

Air transport in Varanasi plays a crucial role in
connecting the city with major domestic destinations
and facilitating tourism, business, and pilgrimage
travel. Lal Bahadur Shastri International Airport
serves as Varanasi's primary air gateway, offering
both domestic and international flights. It is situated
approximately 24 km from the city  centre .

Figure 6: Lal Bahadur Shastri Airport

3.2. Rail Transport:

Rail transport in Varanasi is an integral part of the
city's transportation network, serving as a vital link

to connect Varanasi with various parts of India.
Varanasi Junction, also known as Varanasi Cantt
Railway Station, is one of the busiest railway stations
in Uttar Pradesh and a major hub for both passenger
and freight trains. Varanasi lies along the Delhi -
Kolkata railway route, with three primary rail lines
connecting the city to Lucknow, Bhadoi, and
Prayagraj .

Varanasi Junction is equipped with modern amenities
and facilities to cater to the needs of passengers,

35 https://niva.in/intranet/sites/default/files/189.pdf

Airlines operating at Lal Bahadur Shastri
International Airport connect Varanasi with major
cities across India such as Delhi, Mumbai, Kolkata,
Bengaluru, and Hyderabad. Additionally,
international flights to destinations in Southeast Asia
and the Middle East further enhance connectivity and
contribute to Varanasi's global outreach.

including waiting halls, food stalls, ticket counters,
and restroom facilities. The station has multiple
platforms to handle a high volume of train traffic
efficiently.

In addition to passenger services, rail transport in
Varanasi also plays a crucial role in freight
transportation. The railway network enables the
movement of goods, commodities, and raw materials
to and from Varanasi, supporting trade and
commerce in the region.



https://niua.in/intranet/sites/default/files/189.pdf

Figure 7: Varanasi Junction

3.3. Road transport:

Varanasi boasts a well-developed road network
comprising of 3 national highways, arterial roads,
and local streets.

National Highway 28 (NH 28) intersects NH31 in
Pandeypur and the intersection is named as
Pandeypur chowraha. This road stretches in the

north till Naugarh and passes through Azamgarh.

National Highway 31 (NH 31): NH 31 is another
important national highway that passes through
Varanasi. It connects the city with places like

Gorakhpur, Muzaffarpur, and Barauni. NH 31
plays a crucial role in regional connectivity and
serves as a key transportation corridor for both
passenger and freight traffic.

National Highway 44 (NH 44): NH 44 is an
extension of GT road which connects with NH31
in the north and NH 19 on the south, this road is
on the opposite side of Varanasi city and plays
an important role in rea ching the city.



3.3.1. Local transportation

Local transportation within Varanasi primarily relies transport for short distances, offering flexibility and
on a variety of vehicles, including auto -rickshaws, convenience for travellers navigating through the
cycle-rickshaws, taxis, buses, and private cars. Auto - narrow lanes and crowded streets of the city.

rickshaws and e -rickshaws are a popular mode of

Figure 8: Local transportation modes in Varanasi

Issues in road transportation: 3 The city's road network covers only 11 %to 15%

of its land, with less than 50% accessible by

3 Varanasi grapples with challenges such as
paved roads.

irregular parking and encroachments, which

occupy 50% of the carriageway capacity in its s Additionally, the organic growth pattern of the

central area. city, gaps in citizen awareness, and non -
operational traffic signals contribute to traffic
congestion in Varanasi.



Between FY2015 and FY2023, the Compounded share Varanasi transport in FY2023. This data
Annual Growth Rate (CAGR) of ICEvehicles crawled underscores a significant shift towards electric

at 0.3%, while EVssurged by an astounding 120%. mobility, despite ICE vehicles maintaining dominance.
This led to EVs accounting for ~13% of the market

Graph 6: All vehicle growth trend 2014 -2023
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Graph 7: Two-wheelers growth rate trend (2014 - 2023)
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Graph 8: e-rickshaw growth rate trend (2014 - 2023)
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Graph 9: three -wheelers (passenger) growth rate trend (2014 - 2023)
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Graph 11: Four-wheelers (commercial) growth rate trend (2014 - 2023)
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Graph 12: Buses growth rate trend (2014 - 2023)
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Graph 13: Modal share of Varanasi
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the data for year 2020 and 2021 seems to be
impacted by the effect of COVID19, due to which the
actual growth rate is compromised. For e-rickshaw

To assess the growth rates of various vehicle the CAGR is calculated for the years FY 2018 to FY
segments, the Compounded Annual Growth Rate 2022, and for three -wheelers segment CAGR is
(CAGR)from the year 2015 to 2019 has been calculated from FY 2015 to FY2023 . Below are the
calculated for two -wheelers, four -wheelers (private), segment-wise CAGR figures:

four -wheelers (commercial) and buses segment as

Table 10: Vehicle segment wise growth rate

Vehicle category Growth rate
@} 1.99%
v—0
(@)
(+) (+)
@" 9.37%
QO
3.31%
(o) (o)
Table 11: EV penetration status of different vehicle segments
Vehicle category EV penetration rate in FY 2023
@} 477 %
v—0
(@)
(+) (+)
QO
28%*
(o) (o)






The pressing need to address climate change has
sparked a significant shift in global climate policy,
driving nations worldwide to embrace the transition
toward a low -carbon economy as a vital step in
mitigating the detrimental effects of environmental
degradation. During the recent COP 26 summit, India
reaffirmed its commitment by pledging substantial
reductions, aiming to decrease the emissions
intensity of its GDP by 45 percent by 2030 compared
to 2005 levels. Simultaneously, India aims to achieve
an admirable milestone of 50 percent cumulative
electric power installed capacity from non -fossil fuel -
based energy sources by the same year.

On the international stage, the momentum to tackle
climate change has catalysed policies and
governmental incentives geared toward s accelerating
the adoption of e -mobility as a sustainable alternative
for both freight and passenger transportation. This
concerted effort has prompted Central and State
Governments worldwide to develop comprehensive
frameworks and regulations to facilitat e the
transition to electric vehicles (EVs). In India, the
Ministry of Power (MoP) has assumed a central role
in orchestratin g this transition, while the

Department of Heavy Industries (DHI) has been

tasked with establishing widespread charging
infrastructure across the nation, leveraging various
incentive programs.

The MoP's designation of the Bureau of Energy
Efficiency (BEE) as the Central Nodal Agency (CNA)
for Public EV charging infrastructure underscores
India's commitment to creating an enabling
environment for EV adoption. Additionally, State
Nodal Agencies (SNA) are actively engaged in
establishing supportive ecosystems at the state level
to streamline the transition to EVs.

Furthermore, beyond national endeavours, various
governmental bodies, including the Ministry of Road
Transport and Highways (MoRTH), Ministry of
Housing and Urban Affairs (MoHUA), Ministry of
Finance (MoF), Ministry of Science & Technology
(MoST), and Ministry of Environment, Forest, and
Climate Change (MoEF&CC), are actively formulating
and implementing policies conducive to the
proliferation of EVs. Together, these coordinated
efforts reflect a collective determination to steer
transportation toward susta inable solutions and
mitigate the adverse impacts of climate change on a
global scale.

The key central stakeholders in the E -Mobility sector are:

Figure 9: Timeline of e-mobility initiatives in India
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Figure 10: Key Central stakeholders in e-mobility sector
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Urban Affairs (MoHUA) MoHUA

Ministry of Power

The Ministry of Power (MoP) formulates policies
and oversees power projects. In 2018, it issued
guidelines for Electric Vehicle Charging
Infrastructure, updated in 2022. The MoP
appointed the Bureau of Energy Efficiency (BEE)
as the Central Nodal Agency (CNA) for national
charging infrastructure .

Ministry of Heavy Industries and Public
Enterprises (MoHI&PE)

Electric mobility initiatives in India, led by the
Ministry of Heavy Industries and Public
Enterprises (MoHI&PE), began with the National
Electric Mobility Mission Plan (NEMMP) in 2013,
followed by the Faster Adoption and
Manufacturing of (Hybrid and) Elec tric Vehicles
in India (FAME India) scheme in 2015. Phase-Il of
FAME India, introduced in 2019, built upon the
insights from FAME-I. The Department of Heavy
Industry (DHI) under MoHI&PE manages policy
formulation and implementation to drive EV
adoption in India.

The Ministry of Heavy Industries is launching the
INR 500 Cr Electric Mobility Promotion Scheme
2024 (EMPS 2024) to boost EV adoption
nationwide. Under EMPS 2024, subsidies up to
INR 10,000 for two -wheelers and INR 25,000 for
small three -wheelers will be provided. Large
three-wheelers will receive up to INR 50,000.
The scheme, active from April 1 to July 31,

2024, aims to accelerate the adoption of electric
vehicles and promote advanced battery
technology. It also implements the Phased

Ministry of Science and
‘ MoST Technology (MoST)

Central Electricity Authority

CEA | e

Manufacturing Programme to strengthen the EV
manufacturing sector, fostering a sustainable
transportation future in India.

Ministry of Road Transport and Highways
(MORTH)

The Ministry of Road Transport and Highways
(MoRTH) is tasked with developing policies and
regulations related to road transport. It
contributes to the promotion of electric vehicles
(EVs) by designing nonfinancial incentives, such
as facilitating parking infrastructure and
providing priority lane access.

Ministry of Housing and Urban Affairs
(MoHUA)

The Ministry of Housing and Urban Affairs
(MoHUA) has been instrumental in revising
building by -laws to accelerate the installation of
charging facilities in commercial and residential
complexes. It has also updated the 'Urban and
Regional Development Plans Formulation and
Implementation Guidelines §2014' to encompass
the establishment of norms and standards for
charging infrastructure within city planning
frameworks. These guidelines will serve as a
reference for State Governments and Union
Territories to integrate Electric Vehicle Charging
Infrastructure standards into their building by -
laws.



Ministry of Finance (MoF)

The Ministry of Finance has been pivotal in
driving the adoption of electric mobility in India.
In 2019, it streamlined customs duties for
vehicles, battery packs, and cells across all
categories to bolster the Make in India initiative.

Ministry of Environment, Forest, and
Climate Change (MoEF&CC)

The Ministry of Environment, Forest, and Climate

Change (MoEF&CC) is the principal union
ministry involved in the 'National Electric
Mobility Mission Plan 2020' initiative.
Additionally, the ministry introduced the Battery
Waste Management Rules, 2022, to enhance the
system for managing and disposing of batteries
throughout India. These rules aim to establish a
robust mechanism for battery disposal while
prioritizing public safety. They also seek to
ensure accountability across the entire value
chain, including central and state authorities.

Ministry of Science and Technology (MoST)

The Department of Heavy Industry (DHI) and the
Department of Science & Technology (DST)
under the Ministry of Science & Technology
(MoST) have collaborated to establish the
"Technology Platform for Electric Mobility
(TPEM)' aimed at bolstering research and
development (R&D) efforts and technological
advancements in electric mobility.

Central Electricity Authority (CEA)

The Central Electricity Authority (CEA) plays a
crucial role in setting and enforcing technical
standards across the power sector. It ensures
safety and reliability in power grid infrastructure
by establishing stringent guidelines for
equipment and operati onal practices.
Additionally, the CEA collaborates with
stakeholders to promote efficient energy
transmission, integrate renewable sources, and
adopt emerging technologies. By upholding
these standards, the CEA enhances the
reliability, resilience, and sus tainability of the
nation's power infrastructure, ensuring
uninterrupted electricity supply to industries,
businesses, and households nationwide.

Bureau of Energy Efficiency (BEE)

The Bureau of Energy Efficiency (BEE) plays a
crucial role in promoting e -mobility. As an
agency focused on enhancing energy efficiency
and sustainability, BEE is actively involved in
developing policies, standards, and initiatives to
support the adoption of electric vehicles (EVS)
and charging infrastructure. BEE works closely
with government agencies, industry
stakeholders, and research institutions to
implement measures that encourage the use of
electric vehicles, improve charging
infrastructure, and red uce greenhouse gas
emissions from the transportation sector.
Through its various programs and initiatives,
BEE aims to accelerate the transition to e -
mobility and contribute to India's energy security
and environmental sustainability goals.



4.1.  Overarching framework:

Figure 11: Overarching framework
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4.2.  Uttar Pradesh State EV Policy
The "Uttar Pradesh Electric Vehicle Manufacturing vehicle technology and mobility trends. Designed to
and Mobility (EVMM) Policy 2022" represents a chart a course for the next five years from the date
strategic initiative spearheaded by the Uttar Pradesh of notification, the policy framework remains flexible,
government. Originally introduced in 2019, the allowing the state government to make necessary
EVMM Policy has recently undergone comprehensive adjustments and amen dments as the sector
revision to adapt to the evol ving landscape of electric progresses.
Vision
The policy aims to promote adoption of sustainable and clean mobility solutions and infrastructure in
Uttar Pradesh and become one of I ndiads | eadin
to emerge as one of the Indiabs preferred inve
Mission

The policy aims to stimulate the demand side by promoting rapid transition in the transportation
system and faster adoption of non-ICE vehicles. The policy shall also stimulate the supply side by
encouraging the manufacturing landscape for EVs which includes Electric Vehicles (EVs), EV
components, EV Batteries / Fuel Cells and other EV Supply Equipment (EVSE).

Also, the policy aims at supporting measures to ensure adequate infrastructure and ecosystem for EV
Industry, which primarily includes creation of charging facilities, followed by R&D, innovations, and
skill development.




Encompassing a broad spectrum of areas within the
electric vehicle ecosystem, the policy addresses not
only the manufacturing aspects but also the mobility
infrastructure essential for their adoption. It extends
its purview to cover electric vehicles (EVs) , their
various components, batteries, and the indispensable
charging and battery equipment required for their
operation and maintenance.

Underlining the government's commitment to
effective implementation, the Infrastructure and
Industrial Development Department of the Uttar

Lead
e-mobility

Fleet
electrification

Facilitating

investments infrastructure

Setting up
manufacturing
units

Research &
Innovation

Pradesh government has been designated as the
"Nodal department” entrusted with overseeing the
policy's execution. This decision highlights the
significance attached to fostering a conducive
environment for electric vehicle manufacturing,
deployment, and m obility solutions across the state.
Through collaborative efforts and strategic
partnerships, the Uttar Pradesh gover nment aims to
propel the growth of the electric vehicle sector while
simultaneously addressing environmental concerns
and promoting sustainable development agendas.

To make UP a global hub for electric mobility development and manufacturing

To enable transition to eco -friendly transportation system particularly in cities

To enable investments for development of charging/ battery swapping

To attract manufacturers across the EV ecosystem to the state to setup their
manufacturing units and supply to a global market

To promote research and innovations in non -ICE based automobiles, battery
technology, fuel cell technologies and EV electronics

In order to above envisioned, the state government of Uttar Pradesh shall focus on 3 -pillars for promoting the EV

industry in the state , which are:
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The Uttar Pradesh Electric Vehicle Manufacturing and Mobility (EVMM) Policy 2022  offers incentives in three

categories which are:

Demand

A demand incentive

drives consumer

interest and purchases
by offering rewards or

Charging Infrastructure

benefits for certain

Other

products or services.

The EV charging
incentive aims to expand
and enhance charging
station accessibility,
fostering widespread
electric vehicle
adoption.

The Uttar Pradesh Electricity Regulatory Commission

(UPERC) has established a special tariff category for
EV charging, with the state government committed
to coordinating regularly with UPERC to adjust tariff
rates for EV charging in the state. Additionall y, the

state government will permit "open access" at

charging/swapping stations or swapping kiosks with a
contracted cumulative demand of 1MW and above.

The policy aims to attract investment for installing
minimum of 20 charging stations and 5 swapping

a

stations per district during its tenure. In addition to

offering land at subsidized rates, the policy will
provide the following incentives:

Capital subsidy to service provides:

1.
receive a one-time capital subsidy of 20% on
eligible fixed capital investments for service
providers, capped at INR 10 lakh per unit.

The first 2000 charging stations in the state will

The first 1000 swapping stations will be eligible

for a one -time capital subsidy of 20% on eligible
fixed capital investments for service providers,

up to a maximum of INR 5 lakh per unit.

buyers in Uttar Pradesh include:

a.
registered in UP within 3 years of policy
notification.

Registration fees and road tax exemptions for

A 100% exemption on any EV purchased and

Other incentives such
as capital subsidy,
stamp duty
reimbursement etc.

Types of Incentives

A 100% exemption on any EV manufactured,
purchased, and registered in UP during the
4th and 5th years of the policy period.

An early bird purchase subsidy incentive will be
extended to buyers through dealers for a one -
year duration starting from the date of
notification, exclusively allocated for this subsidy
scheme, at specified rates across defined
segments.

a. For 2-Wheelers EVs, the subsidy will be
provided at 15% of the ex -factory cost, up to
Rs. 5000 per vehicle, with a maximum
budget allocation of Rs. 100 Crore,

applicable to a maximum of 200,000 EVs.

For 3-Wheelers (3W), the subsidy will be
provided at 15% of the ex-factory cost, up to
Rs. 12,000 per vehicle, with a maximum
budget allocation of Rs. 60 Crore, applicable
to a maximum of 50,000 EVs.

For 4-Wheelers (4W), the subsidy will be
provided at 15% of the ex-factory cost, up to
Rs. 1 lakh per vehicle, with a maximum
budget allocation of Rs. 250 Crore,
applicable to a maximum of 25,000 EVs.

For E-buses (non-government: schools,
ambulances, etc.), the subsidy will be
granted at a rate of 15% of the ex -factory
cost, up to Rs. 20 lakh per vehicle, with a
maximum budget allocation of Rs. 80 Crore,
applicable to a maximum of 400 e -buses.

For E-goods carriers, the subsidy will be
provided at a rate of 10% of the ex -factory
cost, up to Rs. 1 lakh per vehicle, with a



maximum budget allocation of Rs. 10 crore,
applicable to a maximum of 1000 e -goods
carriers.

Fixed capital investment for EV and battery
projects may receive a capital subsidy of up to
30%.

Manufacturers could be eligible for stamp duty
reimbursement.

Reimbursement for quality certification chargers
can be availed at 50% of fees paid, up to INR 10
lakh per unit, for both large and MSME
EV/Battery projects.

Patent registration fees reimbursement is
available at 75% of the incurred cost, up to a
maximum of INR 50,000 for domestic patents
and INR 2 lakh for international patents, for
large and MSME EV/Battery projects.

Skill development incentives offer one -time
reimbursement of stipends at Rs. 5 ,000 per
employee per year for the first 50 employees in
all defined manufacturing projects.



Assessment




5.1. EV Sales projections

Table 12: EV Sales projections

EV penetration rate EV Sales ('000)
Vehicle category
e-2W 28%- 30% 48%- 50% 18 - 20 35-38
e-rickshaw 100% 100% 12 -14 18 - 20
e-3W 65%- 70% 90%- 100% 4-5 8-9
e-4W (private) 5%- 10% 20%- 25% 1.04al1l5 4-5
e-4W (commercial) 10%- 15% 35%- 40% 0.1 30.2 0.6 30.7
e-bus (govt intracity) 100% 100% 0.04 30.05 0.07 30.08
SWM vehicles 25%- 30% 45%- 50% 0.1 30.3 0.6 30.8
Electric Two -wheelers: roads, mixed traffic, and a lack of efficient traffic
_ o o _ _ _ management systems contribute to congestion and
Trafflc_ congestlon is a significant issue in Varanasi, delays, particularly during peak tourism seasons |
especially in the central areas and around popular hence for easy manoeuvrability electric two -wheeler
landmarks such as the ghats and temples. Narrow can be an optimal solution in private vehicle segment .

Graph 14: Electric two -wheeler yearly sales
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Electric rickshaw:

E-rickshaws thrive in Varanasi due to their eco -friendly nature, and their manoeuvrability through narrow lanes,

perfectly suited for the city's bustling streets

Figure 12: Electric rikshaw yearly sales
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Electric Three-wheeler:

Auto -rickshaws serve as the primary mode of public
transport in Varanasi, catering to both residents and
tourists. Their accessibility and flexibility make them
ideal for navigating the city's narrow lanes and

congested streets, providing access to destina tions

Graph 15: Electric three -wheeler yearly sales

where larger vehicles may struggle. Regulated fares
ensure affordability for most passengers, and auto -
rickshaws play a vital role in last -mile connectivity,
bridging transportation hubs with neighbourhoods
and tourist attractions. The city currently has 7%
electric three -wheelers. It is anticipated that the
penetration will reach 100% by 2035 .

Electric -3W Yearly Penetration (humbers in thousands)
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%
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Electric Four -wheeler (Private) :

Private cars in Varanasi provide residents with
flexible mobility for daily commuting, errands, and
leisure activities, particularly when public transport
options are limited. They offer comfort, shelter, and
privacy. However, the increasing number of cars has
led to traffic congestion, parking challenges, and

Graph 16: Electric four -wheeler (private) yearly sales

environmental concerns. To mitigate these issues,
Varanasi's authorities are focusing to encourage a
shift towards electric cars by charging infrastructure
development. However due to issues parking space
availability, it can be said that the overall penetration
of electric cars will be lower as compared to
commercial vehicles and private two -wheeler.

e-4W (private) Yearly Penetration (numbers in thousands)
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Electric Four -wheeler (Commercial) :

Taxis in Varanasi offer convenient accessibility,
operating at key transportation hubs and tourist
areas. They provide a diverse range of options, from
standard sedans to larger vehicles, catering to
different preferences and budgets. Known for
comfort and door-to-door service, taxis are popular

Graph 17: Electric four -wheeler (commercial) yearly sales

for sightseeing trips and exploring Varanasi's
attractions. Despite competition from ride -hailing
services, taxis remain favoured for their personalized
service and reliability. Safety is paramount, with
passengers advised to choose licensed operators for
a secure travel experience. Hence, it can be said that
commercial four -wheelers will adopt electric vehicles
in coming years due to the TCO benefits.

e-4W (commercial) Yearly Penetration (numbers in thousands)
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Electric bus : residential, commercial, and tourist areas, offering
affordable fares for daily commuting and errands.

Buses form the backbone of Varanasi's public Varanasi's bus fleet includes various vehicles for
transport, linking neighbourhoods and major hubs, short and long -distance travel. The city government
serving diverse passengers including commuters, aims to electrify 100% of their intracity bus fleet to
students, and tourists. The extensive network covers electric .

Graph 18: Electric bus yearly sales

e-bus (govt intracity) Yearly Penetration (numbersin thousands)
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5.2.  Projection of power demand for different vehicle segment

Considering the overall stock of different segments of electric vehicles, the power requirements for charging
electric vehicles is mentioned below table:

Table 13: EV stock volume & total power demand of Varanasi in FY2028 and FY2035

k¥¢«£f£z =CEEEE> Total Power Demand (MW)

Vehicle category

e-2W 80 383 225 - 232 50 -55 150 -152
e-rickshaw 66 368 143 - 145 130 - 136 290 3294
e-3W 17 319 54 356 120 - 125 345 - 350
e-4W (private) 334 17 319 12 14 60 - 62
e-4W (commercial) 0.130.2 2-3 7-9 40 -42
e-bus 0.2 30.25 0.25 30.3 40 - 42 57 -59
SWM 0.1 30.3 0.6 30.8 0.2 30.3 0.6 30.8

Total 174 - 175 453 - 454 375 - 380 955 - 960



The share of public charging, home charging, captive charging and workplace charging are as follows:

Table 14 : Charging type wise power demand in FY 2030

Power Power Power Power
Public demand Home demand Captive demand | Workplace |demand from
charging |from public | charging from home charging from charging workplace
share charging share — share captive share charging
stations ging charging (2030)
e-2W 10% 55 80% 44 - - 10% 55
e-rickshaw 50% 68 50% 68 - - - -
e-3W 20% 24 30% 37 50% 61 - -
e-aw 10% 15 80% 12 - - 10% 15
(private)
eaw 30% 2 10% 1 60% 4 -
(commercial)
e-bus - - - - 100% 41 - -
SWM 100% 0.2
Total ~101 ~162 ~106 ~7

Expected Power demand by vehicle segments by 2030 (MW)

e-rickshaw e-4W (private) e-4W e-bus SWM
(commercial)

Expected power demand share at different locations by 2030 (MW)

© Public charging
" Home charging
 Captive charging

" Workplace charging
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Table 15: Charging type wise power demand in FY 2035

Public Public Home Captive

Workplace | Workplace

: : : Home : Captive : .
charging | charging | charging charain charging charain charging charging
share stations share ging share ging share (2035)

e-2W 10% 15 80% 122 - - 10% 15
e-rickshaw 50% 147 50% 148 - - - -
e-3W 20% 70 30% 104 50% 175 - -
e-4W o o ) ) o
(private) 10% 6 80% 50 10% 7
eaw 30% 12 10% 4 60% 25 - -
(commercial)
e-bus (govt ) ) ) ) o ) )
intracity) 100% 57
SWM - - - - 100% 0.7
Total ~250 ~428 ~257 ~22

Expected Power demand by vehicle segments by 2035 (MW)

152
- - 07

e-2W e-rickshaw e-4W (private) e-4W e-bus SWM
(commercial)

Expected power demand share at different locations by 2035 (MW)

© Public charging
“ Home charging
= Captive charging

" Workplace charging
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Additional power demand due to tourist
four -wheeler (commercial) vehicles and
electrification of Solid Waste Management
vehicles

As Varanasi continues to flourish as a prime tourist
destination, the city anticipates a surge in intercity
tourist vehicles, consequently leading to heightened
demands on its power infrastructure. With the
increasing global emphasis on sustainability, the re's

c«Ewz”
Vehicle category
Tourist cabs (EV influx) 116 -118
SWM vehicles(EV volume) 0.2 304

The total energy requirement forecast for Varanasi
is projected to reach ~3600 MW 3¢, excluding the
demand from electric vehicles (EVs). With the
inclusion of EVs, this requirement is expected to
increase to ~4000 MW, representing about 8.8% of
the total energy demand.

0.6 30.8

a notable shift towards electric vehicles (EVs). As a
consequence, the introduction of EV cabs to cater to
the tourist population.

However, this transition to EVs brings about
additional power demands for charging infrastructure
within the city. Thus, Varanasi's evolution into a
tourist hub necessitates proactive measures to
augment its power infrastructure to accommodate

the growing demand spurred by the integration of EV
cabs into its transportation network.

~o CEE Total Power Demand (MW)
296 - 298 18 - 20 45 - 47
0.2 304 0.7 30.9

By 2035, the forecasted energy requirement is
estimated to be ~4770 MW?7. When factoring in the
power demand from EVs, this number is expected to
rise to ~5700 MW, with the EV power demand
accounting for about 16.5% of the total energy
requirement 38,

Energy requirement forecast in Varanasi (MW)
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FY 2024 FY 2025 FY 2026 FY 2027 FY 2028FY 2029FY 2030FY 2031FY 2032FY 2033FY 2034FY 2035

= Energy requirement forecast (MW)

Figure 13: Energy requirement forecast in Varanasi (MW)

5.3.  Projection of EV Charging infrastructure

The number of chargers required is projected on the
basis of total power demand required for charging
electric vehic les and assumed utilization rate.

Energy requirement forecast including EVs (MW)

and cost


https://cea.nic.in/old/reports/others/planning/pslf/19th_EPS_Mega%20City_Part%20II.pdf
https://cea.nic.in/old/reports/others/planning/pslf/19th_EPS_Mega%20City_Part%20II.pdf

Accordingly, the numbers of chargers projected is
around 7,000 by FY 2030 which would further
increase to around 19,500 EV chargers by FY 2035.

The projected number of chargers for deployment is
mentioned in the table below:

Table 16 : Projected number of chargers required for public charging stations and bus depots by 203 0

Total number of chargers required for public charging stations and bus depots by 2030 |
Charger
Rated kW
Capacity
LEV AC 10 (3*3.3) 80 2,358 511 2,949
Type-Il AC 11 310 310
1S-17017 -2-6 7 167 167
CcCs 30 20 28 48
CCs i 180 41 41
Total 247 2,358 821 20 28 44 3,518

Table 17: Projected number of chargers required for public charging stations and bus depots by 2035

Total number of chargers required for public charging stations and bus depots by 2035

Charger

Rated kW

Capacity

LEV AC 10 (3*3.3) 216 5,093 1,453 6,762

Type-ll AC 11 881 881

1S-17017 -2-6 7 456 456

CCs 30 78 149 227

CCs 120 57 57

Total 672 5,093 2,334 78 149 41 8,383
5.4. Impact on GHG emissions

The link between decarbonization and the evolving

vehicle landscape in Varanasi is clear and significant.

Projections indicate that the transition from Internal

Combustion Engine (ICE) vehicles to Electric Vehicles

(EVs) could lead to a reduction in emissions ranging

Graph 19: Reduction in CO: emissions

from 0.9 to 1.2 lakh tonnes by FY 2028. This
noteworthy estimate is poised to experience a
significant upsurge by FY 2035, culminating in a

remarkable reduction in CO 2 emissions spanning from

4.75 lakh to 5 lakh tonnes.

Reduction in CO2 emissions (in lakh Tonnes)
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6.1. Fleet drivers

After the initial consultation, it was determined that
the drivers in the fleet use traditional vehicles for
ride-hailing purposes. The analysis reveals that ~70%
of the drivers predominantly operate small vehicles

o) O

Number of operational days in a year: The average
number of working days is about 350 .

Average distance travelled per day: The average
distance travelled per day is approximately 1 40 km.

Major pick up / drop off points in Varanasi

Figure 14: Major pick up / drop off points in Varanasi
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How likely are drivers to switch to EVs:
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with a seating capacity of 4. The breakdown of
vehicle distribution based on their seating capacity is
as follows:

4-seater §73%
6-seater 8 7%
7-seater §20%

Number of airport drops: The average number of
airport drops per year by fleet drivers is 70, which is
approximately 6 airport trips in a month.
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Approximately 90% of drivers were not sure and responded with a "Maybe" when asked

about the likelihood of switching to electric vehicles within the next 1

-2 years.




Concerns about switching to EV:
Graph 20: Fleet drivers concerns about switching to EV
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Acceptable range of vehicle run per charge the drivers falls within the span of 200 to 250 km.
as per fleet drivers: G_lve_r? that 38% of drlver.s e?<.press range anxiety as a
significant concern, availability of adequate EV
The current average daily distance covered by charging infrastructure will play a pivotal role in
vehicles stands at ~140 km. Nevertheless, the addressing this barrier to adoption of electric
anticipated optimal range for electric vehicles as per vehicles by fleet owners.

Graph 21: Ideal range of vehicles as per fleet drivers

Ideal range of vehicles as per fleet drivers
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Support or incentive to transition towards EV

Graph 22: Support or incentive to transition towards EV

Support or incentive to transition towards EV

54%

Financial incentives

6.2. Fleet operators

On average, fleet operators manage a fleet size of 10

vehicles, all falling within the 4W segment. Half of
these operators have incorporated electric vehicles
(EVs) into their fleets. Among these, all fleet owners
possess 4-seater vehicles, with 25% having a
combination of 7 -seater and 4 -seater vehicles.

For local commuting, the average daily distance
covered is 140 km, while outstation trips span an
average distance of 310 km. The general tariff

6.3. Fleet dealers

Annual sales:

1. Sales Disparity Between ICE and Electric Vehicles

in Four-Wheeler Dealerships:

Annual sales of 4Ws in dealerships selling
both ICE and EVs

11%

89%

ICE mEV

This indicates a greater acceptance of electric two -
wheelers among consumers, possibly due to factors
such as lower operating costs, environmental

Innovative financing option

33%

Charging access and convenience

hovers around Rs. 4000 per day. Three -fourths of
the operators have dedicated private parking spaces
for their vehicles.

When it comes to transitioning to electric fleets, 75%
of operators are open to the idea ("May be"), while
the remaining 25% are resolute about converting
their fleets to electric. The primary hurdles faced by
operators are the costs associated with the sw itch
and the availability of charging infrastructure.

Sales Ratio in Two -Wheeler Dealerships:

Annual sales of 2Ws in dealerships selling
both ICE and EVs

19%

81%

ICE " EV

concerns, and advancements in electric vehicle
technology.



7. Use cases of different vehicle segments













































































































































































































































































































































