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Introduction

With India’s transportation sector set to growing 

exponentially, a significant opportunity remains 

largely untapped - the electrification of passenger 

autorickshaws or the quintessential tuk-tuks. These 

autorickshaws serve as crucial first and last mile transport 

connectors in many Indian cities, facilitating about 5-25% 

of all motorized trips in cities.1 Electrifying passenger 

autorickshaws could help boost electric vehicles adoption, 

decarbonize the road transport sector and reduce urban 

air pollution. The government aims to take advantage of 

this opportunity with its commitment to achieving a 30% 

market share of EVs among new vehicle sales by 2030 

with an ambitious target of an 80% market share among 

new two and three wheeler registrations by 2030.2 In 

order to fully take advantage of that opportunity, creating 

and following a blueprint to retrofit existing vehicles for 

electric use could help bridge gaps and support large-

scale transport electrification. 
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Currently, India hosts an extensive fleet size of 7.4 million 

passenger-autos which is expected to reach 11 million by 2030. 

This constitutes nearly one-fourth of the overall3 three-wheelers 

(3W) on ground and provides livelihood to 11 million drivers.4

The tailpipe emissions from auto rickshaws under best case 

operating conditions constitute nearly 10% of the total road 

transport emissions in cities.5 It is estimated that over the 10-year 

period lifespan, the emissions of an ICE-auto escalate by almost 

49%, with each ICE passenger auto rickshaw producing as much 

as 37 tons of carbon emissions.6 Diesel operated passenger 

auto-rickshaws dominate the fleet of auto-rickshaws by 44% and 

emit significant 7.5 tons  amounts of CO
2
, particulate matter, 

black carbon, and nitrogen oxides (NOx), among other gases.7 

Electrifying passenger-auto rickshaws presents an opportunity 

to decarbonize and achieve zero tailpipe emissions for a sizable 

commuting mass.

India’s transportation sector is a major source of energy-related 

CO
2
 emissions, constituting 14% of the country’s total emissions.8 

Within this sector, road transport emerges as the predominant 

contributor, accounting for a substantial 90% share of these 

emissions.9 The increasing demand for private mobility and 

the transport of goods could double the energy use and CO
2
 

emissions from road transport by 2050 in India.10 The exponential 

growth of India’s road transport sector is leading to a rise in 

urban air pollution, with its emissions constituting  for 20-30% of 

overall pollutants.11  Furthermore, the rising cost of crude oil and 

India’s increasing reliance on imports makes it critical to develop 

alternate fuel technologies. One estimate finds that electrifying 

one-third of all vehicles by 2030 might result in savings of INR 

1.1 lakh crores per year on crude oil imports for India.12 Electric 

vehicles (EVs) powered by a progressively cleaner electricity 

grid, with a growing share of renewable energy sources have the 

potential to decarbonize the carbon-intensive road transport 

sector. Regardless of their power source, EVs produce zero 

tailpipe emissions, making them instrumental in reducing urban 

air pollution by an estimated 30% and mitigating its adverse 

health impacts.13 

India hosts an extensive 
fleet size of 7.4 million 
passenger-autos which 
is expected to reach 11 
million by

2030
Retrofitment extends the 
useful lifespan of existing 
vehicles by 5-7 years while 
significantly reducing capital 
expenditure by at least  

50-60%
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Despite the array of fiscal and non-fiscal incentives 

provided by both national and sub-national 

governments in India, the penetration rate of 

passenger electric auto-rickshaws remains low, 

standing at only 6.2%.14 This sluggish adoption 

can be attributed to the high capital costs of new 

electric vehicles and lack of public awareness 

regarding cost-effective technologies to retrofit 

older vehicles to electric.  Understanding the 

3W passenger market is crucial as it primarily 

operates under two ownership models: driver-

owned or on a lease rental basis. The segment 

is also highly price-sensitive. The high upfront 

costs associated with transitioning to new electric 

three-wheelers often delay the switch to electric. 

Therefore, retrofitting existing ICE-autos to electric 

offers a viable and expedited transition solution. 

Additionally, retrofitment extends the useful 

lifespan of existing vehicles by 5-7 years while 

significantly reducing capital expenditure by at 

least 50-60% compared to purchasing new electric 

three-wheelers.15 Although some states and 

union territories such as Tamil Nadu, Telangana, 

Rajasthan, Goa, Assam, and Chandigarh have 

introduced retrofitment incentives, gaps in the 

implementation framework hinder large-scale 

adoption, despite it being an effective pathway to 

transitioning the 3W fleet to electric.

In this context, this report aims to 

comprehensively analyze the e-3W retrofit 

ecosystem, evaluating its feasibility by examining 

the supply chain, technology, and business 

models. It also addresses operational hurdles, 

incorporating perspectives from certifying 

agencies, insurance companies, Regional 

Transport Offices (RTOs), and driver partners. The 

NRDC-ASCI team carried out extensive primary 

and secondary research, including stakeholder 

consultations and interviews with industry actors 

and driver partner unions. Additionally, the 

research includes a techno-commercial feasibility 

assessment of retrofitted e-3Ws with both fixed 

and swappable battery options, comparing them 

with existing ICE autos powered by diesel, petrol, 

and Compressed Natural Gas (CNG). Drawing 

from these extensive stakeholder consultations, 

it offers deeper insights into the challenges and 

potential solutions that Indian states can adopt 

to facilitate the conversion of existing 3W fleets to 

electric vehicles.

Source: Freepik
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1.1 THREE-WHEELER MARKET IN INDIA

Auto-rickshaws, also known as tuk-tuks, bajajis, baobaos, 

and baby taxis, are motorized three-wheeled vehicles, 

widely used for passenger transport in developing nations.16 

Auto-rickshaws (autos) play a vital role in shared mobility 

and provide crucial first and last-mile connectivity in urban 

areas, with approximately 7.42 million vehicles operating 

across India, or about a quarter of all urban trips.17 Auto 

rickshaws constitute the dominant mode of public transport 

in medium (1-10 million population) and small (<1 

million population) cities, accounting for 42–76% of public 

transportation modes.18 Even in larger cities with populations 

exceeding 10 million, auto-rickshaws account for 8% of 

public transport modal share and contribute substantially 

to last-mile connectivity and feeder services, seamlessly 

integrating with other mass transportation modes like buses 

and metros. In many cities, auto-rickshaws exhibit a mode 

Landscape Assessment of 
Three-Wheeler Market in 
India

1
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Source: Freepik

share significantly higher than their proportion in vehicle 

registrations. For instance, in Amritsar and Jaipur, auto-

rickshaws represent merely 2% of motor vehicle registrations 

but account for 22-25% of all trips taken. In cities such as 

Mumbai, which has a population of over 20 million, the mode 

share of auto-rickshaw stood at 20 percent.19 This demonstrates 

the significant role auto-rickshaws play in urban commuting 

and in facilitating seamless connectivity between public 

transportation hubs.  

As of March 2024, India (not including Telangana) has about 

9.32 million registered 3Ws, doubling from 4.8 million in 2010.20 

Out of this, 1.67 million are 3W goods vehicles, 7.42 million 

are 3W passenger vehicles, and 0.22 million are 3W personal 

vehicles. The trend is that newly registered 3Ws continue 

to surpass their previous high from the last 10 years.21 India 

leads the global three-wheeler market, with well-established 

manufacturers such as Bajaj Auto, Mahindra, and Piaggio 

commanding over 90% of the domestic market share.22 In the 

fiscal year 2021-22, India produced over 7.5 lakh units of 3Ws, 

of which 4.9 lakh units (60%) were exported to destinations like 

Sri Lanka and Nepal.23 

Despite this, the electric auto-rickshaw manufacturing 

landscape in the country remains in its early stages, with only 

4,250 e-autos registered in 2022.24 In the domestic market, over 

10.5 lakh three-wheelers (including petrol, CNG, LNG, and 

electric variants) were sold between April 2023 and February 

2024. Nearly 54% were electric, indicating that every second 

three-wheeler sold in India is now an EV.25 While e-rickshaws 

account for over 90% of the sales in the 3W category, followed 

by cargo-carrying three-wheelers, passenger auto rickshaws 

only represent 5%, indicating a fledgling stage.26 E-autos 

face challenges such as higher upfront costs and stringent 

regulations, resulting in low adoption rates despite their 

favorable total cost of ownership (TCO) and lower operating 

expenses compared to ICE counterparts.27 Additionally, 

barriers like inadequate charging infrastructure and limited 

access to financing further hinder adoption by fleet operators 

and individual owners.28 
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1.2 INDIAN 3WS: FUEL TYPE & 
ASSOCIATED EMISSIONS

As of February 2024, 44.5% of the total registered passenger 

three-wheelers in India are powered by diesel, 13% by petrol, 

and 19% operating with a mix of petrol, CNG, and LPG. 

The rest are CNG/LPG and Electric (Vahan Dashboard). 

The lifecycle emissions for diesel and CNG auto-rickshaws, 

encompassing emissions from manufacturing, operations, 

and end-of-life processes, are 177 grams of carbon dioxide 

equivalent (gCO2e) and 122 gCO
2
e of GHG emissions per 

vehicle kilometer,  respectively.29

Studies have shown that pollutant concentrations in 

unenclosed transportation modes are substantially higher 

than ambient. Specifically, fine particle concentrations 

within these vehicles are 1.5 times greater than those 

present in the surrounding environment, while black carbon 

concentrations reach a staggering 3.6 times ambient levels.30 

Such heightened levels of pollutants pose a severe threat to 

public health, exacerbating respiratory and cardiovascular 

issues.31 This concern is compounded by the widespread use 

of auto-rickshaws for school transportation in Indian cities. 

Consequently, children, who are among the most vulnerable 

groups, are disproportionately exposed to these harmful 

emissions, potentially impacting their health. 

Table 1: Pollutants in Vehicle vs Ambient Levels32

Pollutant Unit In-vehicle VS Ambient Ratio

Fine particles (PM2.5) µg / m3 190 vs 130 1.5x

Black carbon µg / m3 42 vs 12 3.6x

Ultrafine particles µg / cm3 280,000 vs 35,000 8.4x

Note: Black carbon, a byproduct of incomplete combustion and a component of PM2.5, is linked to “probable” human carcinogens like diesel exhaust 

and polycyclic aromatic hydrocarbons.33

Source: Freepik
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Emission standards are relatively less stringent for the three-

wheeler category, compared to four-wheeler vehicles.These 

three-wheeled vehicles are powered by small, single-cylinder 

diesel engines with less than 500 cc displacement; if this 

engine size is exceeded, regulations for four-wheelers will 

apply under the Central Motor Vehicle Rules. Experts note 

that these small engines, with their unstable emissions and 

high exhaust temperatures, limit the applicability of advanced 

and effective after-treatment systems typically used in other 

diesel vehicles. These vehicles generally meet emission 

standards through improved calibration and optimization, as 

most solutions for larger engines are not adaptable to these 

small engines. None of these diesel models employ widely 

used systems in cars, such as automatic fuel injection timing 

control, catalytic converters, or exhaust gas recirculation. 

Instead, they focus on optimizing combustion, automatic 

ignition timing, reducing friction, and improving air filters 

and lubricating oil. Additionally, given the price sensitivity 

of this market, expensive solutions are not feasible. Under 

the advanced BSVI regime, while testing parameters for all 

other vehicle segments will significantly improve, three-

wheelers will still be subjected to the same outdated testing 

systems and requirements, such as the much less rigorous 

and older Indian Driving Cycle.34 For instance, under the BS 

IV emissions guidelines, diesel autos were permitted to emit 

1.7 times more PM and 1.3 times more NOx + HC than BS IV 

diesel cars.  Under BS VI standards, a diesel auto-rickshaw 

emits approximately six times more PM and two times more 

nitrogen oxide as compared to a diesel car.35

Additionally, a majority of the ICE auto-rickshaws in India 

still operate on two-stroke and single stroke engines. With 

their unstable emissions and high exhaust temperatures, 

these engines release excess amounts of PM
10

 emissions.36 A 

2017 study found that a fleet of over 1.2 lakh auto-rickshaws 

in Bengaluru produced over 1,200 tonnes of carbon dioxide 

emissions per day. A complete transition to e-autos within 

Bengaluru could potentially decrease 0.45 million tonnes 

of carbon dioxide emissions each year.37 It would also lower 

emissions of other pollutants, with an estimated reduction 

of 164.6 tonnes of PM
10

 and 1,445.3 tonnes of NOx38. On an 

average, a single ICE auto releases 3.72 tons of CO
2
, 0.014 tons 

of NO
x 
and 0.004 tons of PM

10 
signifying substantial potential 

to mitigate vehicular emissions in urban areas by shifting 

from internal combustion engine (ICE) auto-rickshaws to 

electric ones.39

However, the high initial costs of new electric auto-rickshaws, 

which are nearly 50% more expensive than conventional ICE 

autos, remain a major deterrent to the switch to electric. For 

example, the cost of a new electric autorickshaw ranges from 

INR 3 - 4.5 lakh. Retrofitment can reduce this cost by 50-

60%, offering similar environmental benefits as purchasing a 

new electric vehicle. 40 Retrofitting offers a potential solution 

to overcome the significant obstacle of range limitation 

in new e-3Ws, by ensuring a substantial portion of capital 

expenditure can go towards enhancing battery capacity and 

effectively addressing operational concerns. This strategic 

approach to retrofitment can improve the range of e-3Ws and 

thereby better meet the needs of users.

1.3 BENEFITS OF RETROFITMENT 

 1.3.1 Material Savings from Retrofitting 
Internal Combustion Engine (ICE) Three-
Wheelers to Electric 

Retrofitting has emerged as a viable solution to address 

the declining efficiency and increasing operational costs 

associated with aging vehicles, such as ICE auto-rickshaws 

that have already surpassed the 4-5 years lifespan.41 This 

technology extends the lifespan of these vehicles by an 

additional 5-7 years, resulting in direct reductions in resource 

consumption and carbon emissions.42 With an estimated 7.5 

lakh three-wheelers reaching end-of-life (ELV) status by 2025, 

nationwide retrofitment initiatives present an opportunity to 

salvage a significant amount of valuable metal resources.43 

For example, retrofitting a single auto-rickshaw can reclaim 

approximately 220-230 kilograms of metals from the existing 

ICE engine and components, while also extending the 

lifespan of existing ELV autos, thus saving the approximately 

390 kilograms of metal required for each new auto 

introduced.44 This conservation is made possible by reusing 

the same chassis, body frame, braking systems, trailing arm, 

and steering system. For example, in the retrofitting process of 

an L5M ICE autorickshaw, approximately 41 components are 

retained, and the following 15 components are added.45
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Table 2: Components that are Added to the Auto-rickshaw during Retrofitment46

MCB Motor Gearbox Battery Charger

LED bulb
Fabricated 
attachment

Throttle with 
gripper

Instrumental 
Cluster

Anderson 
connector

Power Cable Wiring harness Junction box ControllerAC-DC converter

Notably, the weight of an ICE-autorickshaw, including the engine, is around 392 kgs. Retrofitting reduces the net weight by approximately 10-15% 
(considering the weight of an 8-kWh battery), thus lightening the load of the vehicle.47

Source: Freepik
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Figure 1: Survey Data Illustrating Average Driving Hours, Working Days per Month, Frequency of Doctor Visits, and 
Associated Medical Expenses.

Frequency of Seeing a Doctor

Figure 11: Frequency of seeing a Doctor 

Monthly
43%

Never
12%

Weekly
45% No, 6%

Less than INR 
1,000, 10%

More than INR 
3000 - 34%

INR 1,000-INR 
2,000 
25%

INR 2,000 - 
INR 3,000

25% 

Doctor Fees per Month

8-9 Hours
30%

4-5 Hours 
3%

More than 12 
Hrs
67%

Typical Driving Hours per Day

20-25 
days  14%

15-20 
days - 4%

More than 
25 days

78%

Working Days per Month

Less than 15 
days - 4%

These significant health issues and related medical costs are due to the specific driving requirements with ICE-autorickshaws such 

as the high number of gear changes ~1300 times per day.48
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 1.3.2 Health Benefits of Retrofitment: Insights from a Survey Analysis

In partnership with the Telangana Gig and Platform 

Workers Union, NRDC-ASCI conducted a survey  among 

approximately 50 auto drivers within the Greater Hyderabad 

Municipal Corporation (GHMC) limits to evaluate the 

musculoskeletal health issues and associated costs incurred 

due to operating ICE-autorickshaws. The findings reveal: 

 � The majority of ICE-autorickshaw drivers experience 

frequent musculoskeletal issues, including back pain 

(82%), shoulder pain (77%), knee & leg pain (92%), and 

neck pain (82%) on a daily or weekly basis. A significant 

portion of these drivers seek medical attention either 

on a weekly (45%) or monthly (43%) basis, while some 

opt to ignore their health symptoms due to financial 

constraints.

 � The severity of these health impacts is exacerbated by 

the extended daily driving hours, with 67% driving for 

more than 12 hours daily, and 30% driving for at least 8-9 

hours. Additionally, 78% of drivers operate vehicles for 

over 25 days in a month.

 � While 69% of respondents possess basic 

awareness regarding the health and cost benefits 

of e-autorickshaws, barriers such as upfront costs 

and limited understanding of financing and uptake 

mechanisms hinder their interest. Among those unaware 

of retrofitment benefits, 92% express a willingness to 

learn more.

These findings underscore the urgent need to transition to 

electric autorickshaws, highlighting the significant health 

benefits associated with such a shift, particularly given the 

health costs incurred from operating ICE-autorickshaws. 

The following figure shows the survey data illustrating the 

average driving hours, working days per month, frequency of 

doctor visits, and associated medical expenses.
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2.1 WHAT IS ELECTRIC VEHICLE 
RETROFITMENT?

Electric vehicle retrofitting involves converting conventional 

petrol or diesel vehicles into electric ones by replacing the 

original engine with an electric powertrain.49 Any retrofit kit 

must undergo approval from a designated testing agency, 

as mandated by rule 12b of CMVR 1989.50 The Automotive 

Research Association of India (ARAI) has published the 

Automotive Industry Standard AIS-123 (Part 3) to regulate 

retrofit kits, also known as electric propulsion kits.51 Following 

homologation (i.e. essential approvals required by vehicle 

manufacturers before marketing and selling a vehicle) 

by ARAI or ICAT and approval from local state transport 

authorities, retrofitting can proceed for specific vehicles. Once 

completed, the vehicle must be re-registered at the RTO as an 

electric vehicle. The company conducting the retrofitment, 

approved by ARAI or ICAT, is considered the vehicle 

manufacturer and provides all necessary documentation for 

RTO compliance, similar to new vehicle manufacturers.52

2.2 WHAT COMPONENTS GET 
REPLACED IN THE ICE TO ELECTRIC 
VEHICLE RETROFITTING PROCESS?

Retrofitters adapt the old vehicle’s chassis and body to 

accommodate the electric powertrain, but this process of 

disassembling and reassembling the vehicle presents its own 

set of engineering complexities. The fuel tank, engine, fuel 

pipes, and exhaust system are removed and substituted with 

a battery, inverter, and a motor. Engineering challenges in 

the retrofitment process include determining the appropriate 

size for the battery and motor, as well as effectively coupling 

the motor with the existing vehicle transmission system. 

According to India’s Automotive Industry Standards 123 (AIS 

123), it is considered ideal if the weight difference between 

the original and retrofitted vehicles is approximately 10%.53

Understanding the Electric 
Vehicle Retrofitment 
Process – What Does It 
Entail?

2

Motor

Charger

Rechargeable 
Electrical 

Energy 
Storage 
System 
(REESS)

Controller

Figure 2: Key Components for the Retrofit Kit
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The Electric Propulsion Kit for retrofitting vehicles primarily 

comprises of four major components: 54

 � Motor with Controller

 � Throttle Body

 � Rechargeable Electrical Energy Storage and Supply 

System (REESS)

 � Charger and Other Accessories

Additionally, minor components such as the Throttle 

Controller, State of Charge Display, Transmission Wires, DC/

DC Converter, and Battery Management System are integral 

to the retrofit process.55  A visual schematic illustrating the 

retrofit kit is provided in Annexure 1.

2.3 OVERVIEW OF THE RETROFITTED 
3W & THE ASSOCIATED COST 
STRUCTURE 

The retrofitted auto specifications include a 5,000 W motor 

capable of achieving a maximum speed of 50 km/h. These 

e-autos have a gross vehicle weight (GVW) capacity of up to 

680 kg and can carry loads of up to 380 kg. Featuring a peak 

power of 7,700 W and an impressive range of 80-100 km, they 

offer versatility for urban transportation. Charging typically 

takes 3-4 hours using a standard 220/230 V power source, 

with the option for battery swapping. Both the battery and 

motor/controller components come with a 3-year warranty. 

With a peak torque of 58.5 Nm, these vehicles ensure 

sufficient acceleration and power delivery to meet diverse 

urban transportation demands.56 For details on the testing 

parameters of the retrofit kit please refer Annexure 2. 

Table 3: Overview of Retrofitted 3W Specifications

Motor 5,000 W Range 80-100 km

Speed 50 km/h Charging Time: 3-4 hours

Type: 220/230 V

Battery swapping is also possible

Weight GVW: up to 680 kg 

Load: up to 380 kg

Warranty 3 years for both battery & motor and controller

Peak Power 7700 W Peak Torque 58.5 Nm

Based on the stakeholder consultation with retrofitment kit providers, the costs associated with the various components are 

captured below. 

Table 4: Cost of Components57

Kit Name and Description Cost (Avg)

Motor with Controller - core element of the electric propulsion system, responsible for converting 

electrical energy into mechanical motion

INR 40,000

Throttle Body - component, contributes to the overall functionality of the electric propulsion system by 

controlling the power output

INR 15,000

REESS - Component responsible for storing and providing energy (an 8 kWh battery assumed with 

approximate costs at INR 11,000 per kWh)

INR 88,000

Other Accessories - Charger and more INR 10, 000
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Additional costs involved with retrofitment would be:

 � Installation Charge: approximately INR 5,000

 � GST (Goods and Services Tax): 5% on the overall cost

Therefore, the Total Cost of Retrofitment = (Cost of Kit) + 

(Installation Charge) + (GST) which would cost approximately 

INR 1,65,900 in total.58

2.4 ELIGIBILITY OF ICE-3W FOR 
ELECTRIFICATION

While the age of the auto-rickshaw remains a critical factor 

in determining eligibility for retrofitting, clear standards are 

still lacking in many states. In practice, the age limitations 

for converting ICE auto-rickshaws to electric vary depending 

on fuel type, emission levels, and regulatory factors. Diesel 

autos might have stricter age restrictions due to their 

higher emissions.  For example, following NGT norms, the 

Delhi government has outlined regulations stating that 

diesel/petrol/CNG autos under 15 years old are eligible for 

retrofitment.59 However, petrol and CNG vehicles older than 

15 years require re-registration and a fitness certificate to 

qualify for retrofitment, while diesel autos over 15 years old 

are not eligible for retrofitting. This criterion could serve as a 

guideline for other states too.60  Further details are discussed 

in the following section.

2.5 STEP-BY-STEP GUIDE TO 
RETROFITTING: A CASE STUDY OF 
DELHI’S RETROFITMENT PROCESS  

The Delhi government has established a procedure to 

ensure the retrofitment process is in compliance with safety 

and regulatory standards, as per Rule 47A of the CMVR, 

1989. Vehicle owners seeking retrofitment must submit a 

retrofitment request using Form 22 PART-I to the registering 

authority.61 They are also required to fill out Form 22C PART-I, 

providing details such as vehicle registration number, make, 

model, month and year of manufacturing, category, existing 

fuel type, pure electric kit manufacturer/importer name, 

kit name, kit identification number/name, and the name 

and address of the Electric Retro-fitment Centre (ERFC) 

chosen for the retrofitting process.  Upon submission of the 

form, permission for retrofitting would be granted or denied 

within seven working days from the submission date.62 If the 

registering authority fails to approve or reject the application 

within this period, the approval is deemed to be granted 

automatically. Once permission is obtained, vehicle owners 

proceed to an approved ERFC to have their vehicles retrofitted 

with the approved pure electric kit. This procedure could be 

replicated in other states as well.63

Figure 3: Process of Retrofitment in Delhi64
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After the retrofitment process, vehicle owners need to 

apply for the new registration certificate (RC) certifying the 

conversion to electric fuel. It takes about seven working days 

to issue the new RC.65 For more details on forms 22F22A, 22C 

please refer to Annexure 3. 

A significant challenge hindering the adoption of retrofitment 

is the dearth of retrofit kit providers, mainly due to the limited 

scale and the complexities of the homologation process for 

retrofitment kits. Therefore, it is imperative to delve into the 

homologation process, identify the challenges to chalk out 

the roadmap for smooth operationalization of the retrofitting 

process. 

2.6 NAVIGATING HOMOLOGATION: 
UNDERSTANDING THE PROCESS AND 
ASSOCIATED CHALLENGES

In India, there are two agencies, ARAI and ICAT, that are 

responsible for conducting comprehensive vehicle and kit-

related tests and issuing certifications. The homologation 

tests ensure that electric vehicles adhere to the Central 

Motor Vehicle Regulations, verifying their compliance with 

standards for roadworthiness, safety, and emissions within 

India. 

Figure 4: Process of Homologation

Components' fit 
such as electric/
electronic 
sub-assemblies, 
vehicle audio 
systems are 
validated

Testing of proper 
functioning Systems 
such as braking 
mechanism, 
exhaust emission, 
cooling of the 
engine, fuel supply, 
suspension, and 
steering systems

The compliance 
of an entire 
vehicle model 
with safety, 
environmental 
and regulatory 
standards are 
verifies by 
governing 
authorities

The concerned 
authorities will grant 
system approval to 
each sector in 
accordance with 
the relevant CMVR 
(Central Motor 
Vehicle Rules). Once 
all approvals have 
been received, the 
testing organization 
will issue the report 
for the 
homologation 
certificate

Component 
Approval

Component Fit 
Vehicle 

System 
Approval 

Whole Vehicle 
Type Approval 

Vehicle 
components, such 
as lamps, mirrors, 
tires, and the 
battery, are 
examined and 
validated

For the process of retrofitting ICE vehicles to electric autos, 

homologation of the retrofit kit is necessary. This is a multi-

phase process ranging from component-level approval to 

whole vehicle compliance. The process of homologation is 

detailed above in Figure 4, illustrating the comprehensive 

steps involved in ensuring regulatory compliance and 

safety standards for electric vehicles. Annexure 4 provides 

a comprehensive list of testing & safety standards that the 

retrofit kit needs to comply with. 
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2.7 UNDERSTANDING OWNERSHIP MODELS TO ENHANCE RETROFITMENT 
SOLUTIONS 

Research indicates that owning an auto-rickshaw typically 

yields greater savings and higher overall incomes for 

drivers compared to renting.66 However, many drivers face 

challenges in vehicle ownership due to limited access to 

formal and affordable credit, leading them to resort to renting 

autorickshaws instead. Given the price-sensitive nature of this 

segment, it is crucial to explore various ownership models to 

make retrofitment solutions more appealing. These models 

typically fall into two categories: fixed battery ownership and 

battery-as-a-service (BaaS), which decouples the EV and its 

battery by enabling the use of the battery as a service, rather 

than requiring ownership of the battery.

Battery Ownership Models 

Fixed Battery: A fixed battery refers to a battery that stays 

connected to a specific EV for its entire period of use in 

mobility applications. EVs equipped with fixed batteries 

can only be charged via plug-in charging, which requires 

utilization of public charging stations, workplace charging 

facilities, or home charging setups.

Battery Swapping: Battery swapping refers to a method of 

addressing the charging needs of battery-powered EVs by 

replacing depleted or partially charged batteries with fully 

charged ones. This process can be carried out manually or 

with mechanical assistance. It allows for the separation of the 

cost of the EV battery from the overall vehicle cost, enabling 

the purchase of the vehicle without the added expense of 

the battery. To support this approach, NITI Aayog released 

a draft battery swapping policy in 2022. However, there are 

operational challenges related to standardization and safety 

of swappable battery form factors that need to be addressed 

for the development of a comprehensive swapping network.

Image 1: Typical Retrofitted e-3W with fixed and swappable battery pack (Source: RACEnergy and Zero 21)

Both fixed charging and battery swapping are two distinct approaches for recharging e-autorickshaws, each with their own 

set of use-cases and advantages. The choice between these methods depends on the needs of the owner and the available 

battery charging and/ or battery swapping infrastructure. Therefore, the next crucial step involves comprehending the 

market landscape of retrofitment service providers and their offerings concerning fixed and swappable battery packs.
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2.8 RETROFITMENT SERVICE PROVIDERS 

As of January 2024, India had approximately 956 Retrofitment 

Centres (excluding Telangana) specializing in converting 

vehicles from petroleum to CNG and diesel to CNG. However, 

there are only a few retrofitment service providers offering 

the conversion of ICE auto to electric auto. The table below 

provides the list of electric retrofit kit providers: 

Table 5: Current Suppliers of Retrofitment Kits67

Retrofit Supplier Category Battery Type Vehicles Retrofitted

3 EV e-3W Fixed Not Available

Zero 21 e-3W Fixed 46+ (as of 06.04.2024)

Velev Motors e-3W Fixed Not Available

RACEnergy e-3W Swappable 90 (as of 03.10.2022)

Envirosmart e-3W Fixed 60 (as of 30.10.2023)

Bounce e-3W Swappable Not Available

Existing EV retrofit operators and OEMs typically provide 

complete retrofitted vehicles rather than just retrofit kits. 

Telangana, the first state to recognize and incentivize 

retrofitment, has become a hub, with 70% of retrofit kit 

providers located there. These retrofit kit providers offer 

services such as fixed battery retrofit kits and swappable 

battery retrofit kits, catering to diverse customer needs. While 

fixed battery retrofit kits entail higher capital expenditure 

compared to swappable battery options, both alternatives 

boast significantly lower operational costs compared to 

traditional ICE vehicles. In the realm of autorickshaws, several 

certified providers of retrofitment kits exist, including Zero 

21, Envirosmart Enterprises, and RACEnergy, all situated 

in Telangana.68 These service providers are equipped to 

retrofit any ARAI “L5M” category autorickshaw intended for 

passenger transport. While headquartered in Hyderabad, 

these entities extend their services beyond Telangana, 

catering to other states as well.

ZERO 21 commenced its operations in 2018, focusing 

on fixed battery options ranging from 5 kWh to 10 kWh 

capacities. The retrofitment kit offered by the company 

has received approval from ICAT. In 2024, they initiated a 

project named Gagan with an ambitious goal of converting 

at least 100,000 ICE-autorickshaws into e-autorickshaws 

through retrofitment or by exchanging them with new 

e-autorickshaws over the next five years. This initiative 

aims to support India’s transition towards sustainable 

transportation and a zero-emission future. 

Envirosmart Enterprises commenced operations in 

2021 and provides fixed battery choices ranging from 6 

kWh to 9.6 kWh in capacity. Their retrofitment kit has 

received approval from both ICAT and ARAI. According 

to Envirosmart, their retrofitment kits are compatible with 

platforms such as TATA Ace, Honda Active, Bajaj RE, and 

Piaggio Ape autorickshaws.

SERVICES PROVIDED BY TWO RETROFITTING COMPANIES
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This section offers a comprehensive techno-commercial analysis of retrofitted autorickshaws in contrast to their ICE counterparts. 
The evaluation draws upon data gathered from retrofit kit providers, auto driver partners, and on-site surveys. The primary aim of 
this endeavor is to furnish policymakers with an in-depth understanding of Total Cost of Ownership (TCO) parity, operating costs, 
and the payback period linked to retrofitment models employing fixed and swappable battery technology. This understanding 
serves as the cornerstone for devising strategies to incentivize retrofitment.

Table 6: Total cost of ownership for auto-rickshaws by fuel type over a 10-year period

Type of cost Retrofit - 
Swappable 

Retrofit-
Fixed

New E-3W CNG-3W Petrol-
3W

Diesel-
3W

C
ap

it
al

 C
os

t

Vehicle/Kit Cost (₹) (inclusive of GST) 65,00069 1,53,00070 3,17,00071 2,35,39872 2,27,00073 2,48,07374

Installation & Misc. Cost 5,000 5,000 - - - -

GST on retrofit vehicle @5% 3,500 7,900

Registration Fee (New + renewal)75 3,100 3,100 0 3,100 3,100 3,100

Permit Fee76 - - - 1,200 1,200 1,200

Road Tax @ 12% (₹) - - - 28,248 27,240 29,769

State Financial Incentive (₹) 0 15,000 - - -

EMPS Subsidy - 50,000 - - -

Average 3-year Insurance Cost (₹) 19,70477 19,70478 20,09479 18,72380 18,54381 18,09382

Effective Vehicle Cost (₹) 96,304 1,73,704 2,87,094 2,86,669 2,77,083 3,00,235

Remaining Insurance Cost (₹) 45,955 45,955 46,886 43,687 43,267 42,217

Interest Rate (%) for 3 years at 90% 

LTV ratio

18 18 14 11 11 11

Additional Interest Paid 83(₹) 26,673 47,133 59,531 46,078 44,537 48,258

Total Capital Cost (₹) 1,68,932 2,66,792 3,93,511 3,76,434 3,64,887 3,90,710

O
p

er
at

io
n

al
  C

os
t

Energy Cost (₹/kWh; ₹/kg; ₹/L) 2584 14 14 90.5 107.41 95.65

Mileage (km/l, km/kWh) 10 10 12 28.485 20.186 25.487

(Fuel/charging cost)/km 2.5 1.4 1.16 3.18 5.34 3.76

Average Yearly Energy/Fuel Cost (₹) 

(considering 110 VKT/day) (300 days/

year)

82,500 46,200 38,500 1,05,158 1,76,344 1,10,551

Battery Replacement88 (₹) (@INR 

11000/Kwh)

- 88,000 88,000 - - -

Maintenance Cost89 (₹/km) 0.10 0.05 0.05 0.8 0.75 0.75

Running Cost per km Including 

Maintenance 

2.6 1.45 1.21 4.6 6.09 4.51

Annual Maintenance Cost (₹) 3,300 1,650 1,650 26,400 24,750 24,750

Total Operational Cost (10 years) (₹) 8,58,000 5,66,500 4,89,500 13,15,580 20,10,940 13,53,010

Average TCO 90(₹/km) 2.61 2.18 2.37 3.83 5.09 4.23

Techno Commercial 
Aspects 3
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NOTES:

 � Vehicle Selection: The analysis focuses on the Bajaj 

RE model and its variants: CNG, petrol, diesel, and 

electric.

 � Fuel Prices: Fuel prices are assumed to reflect the 

current rates in Hyderabad as of April 15th, 2024.

 � Driving distance: An average driving distance of 

110km/day, with 25 days a month as operational are 

assumed.

 � The loan tenure is assumed for 3 years i.e. 36 months 

 � Battery capacity assumed of 6 KW for swap scenario, 8 

KW for fixed battery, mileage of 10km/kWh.

 � The assumed resale value at the end of the holding 

period is 5% for retrofitted autos and 10% for ICE 

and new e-auto. Similarly, discount rates of 5% for 

retrofitted auto and 10% for ICE and new e-auto are 

applied at the end of the holding period.

 � TCO for retrofits only considers the post-retrofitment 

period, excluding expenses from ICE operation, 

focusing solely on the expenses incurred after the 

conversion to electric power. In contrast, TCO 

calculations for ICE vehicles encompass the entire 

lifespan of the vehicle. This approach provides a 

more accurate view of electric propulsion’s economic 

benefits from retrofitting.

 � For details on insurance costs related to retrofit auto 

please refer to Annexure 5. 

Figure 5: Total Cost of Ownership for Auto-Rickshaws by Fuel Type over a 10-year period (INR/km)
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Figure 6: TCO breakdown (INR/km)

Figure 7: EMI Payable for Auto-Rickshaw Models Over a 3-Year Period by Fuel Type (Retrofitted, New Electric, Diesel, Petrol, 
CNG)
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Table 7: Payback period analysis for retrofit, new electric and ICE autorickshaw models.
P

ay
ba

ck
 p

er
io

d 

Passenger retrofitted e-auto (fixed 
battery) with ICE-auto

Passenger retrofitted e-auto 
(Swappable battery) with ICE-auto

Description CNG Diesel Petrol CNG Diesel Petrol

Fuel savings per km (INR) 1.78 2.36 3.94 0.68 1.26 2.84 

Total Saving per km (incl. maintenance) 

(INR)

2.53 3.06 4.64 1.38 1.91 3.49 

Working Days in Year (days) 300 300 300 300 300 300

Fuel Savings in Year (INR) 58,740 77,880 1,30,020 22,400 41,580 93,720 

Savings in Maintenance in Year (INR) 24,750 23,100 23,100 23,100 21,450 21,450

Total Savings in Year (INR) 83,490 1,00,980 1,53,120 45,500 63,030 1,15,170 

Cost of Retrofitment to Consumer 

(including GST, re-registration) (INR)

1,73,704 1,73,704 1,73,704 96,304 96,304 96,304 

Amount Payable with Interest (INR) 2,03,467 2,03,467 2,03,467 1,12,805 1,12,805 1,12,805 

Payback Period (years) 2.44 2.01 1.33 2.48 1.79 0.98

The table above presents a brief comparative analysis of petrol, diesel, and CNG autorickshaws with retrofitted e-autos, considering 

both fixed and swappable battery configurations, within the urban settings of Delhi.

Source: Freepik
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3.1 KEY FINDINGS

OPERATING COSTS

The aforementioned analysis indicates 

that concerning operating costs, the 

running expenses of retrofitted autos 

with fixed batteries, are 62% lower than 

diesel, 70% lower than petrol, and 54% 

lower than CNG/ICE counterparts. On 

the other hand, the operating costs 

of retrofitted autos with swappable 

batteries are 34% lower than diesel, 48% 

lower than petrol, and 20% lower than 

CNG/ICE counterparts. Retrofitment 

with fixed battery results in slightly 

higher savings vis-à-vis swappable 

battery. From conversations with 

retrofitment kit service providers, this 

is mainly due to the relatively higher 

costs related to swapping (cost per 

swap) and lower range with swappable 

batteries as compared to fixed battery 

charging (cost per kWh). It is pertinent 

to note that players such as Zero21 and 

EnviroSmart have customised offerings 

with 10 kWh batteries, providing a 

range of 140-180 kms on full charge, 

a significant distance that directly 

mitigates concerns around range 

anxiety.

PAYBACK PERIOD 

The payback period for retrofitting 

e-auto rickshaws with fixed batteries 

varies from approximately 1.33 to 2.44 

years, contingent upon the type of ICE-

auto (Petrol, Diesel, or CNG). Likewise, 

for retrofitting e-auto rickshaws with 

swappable batteries, the payback 

period ranges from about 0.98 to 2.48 

years. For petrol and diesel autos, the 

payback period is relatively shorter, 

ranging from less than a year to 2.4 

years. Since auto drivers typically rely 

on Non-Banking Financial Companies 

(NBFCs) or private financiers for 

loans, the above estimations assume 

an interest rate of 18% per annum on 

retrofitment-related costs. However, 

if demand incentives & affordable 

financing options with lower interest 

rates and a three-year tenure are 

made available, the value proposition 

of retrofitment becomes even more 

lucrative for the driver partner. Based 

on the data and analysis, a diverse 

mix of regulatory and market-based 

instruments is necessary to unlock and 

operationalize retrofitment solutions. 

These solutions hold immense 

potential to transform and transition 

the 3W fleet to electric. Therefore, 

the following section delves into the 

regulatory framework governing 

retrofitment and the incentives 

provided by various sub-national 

governments in India.

MONTHLY EMI

The analysis of Equated Monthly 

Instalments (EMIs) for various auto-

rickshaw models over a 3-year period 

by fuel type highlights the cost-

effectiveness of retrofitting existing 

vehicles with electric components, 

particularly those with fixed batteries. 

With EMIs substantially lower than 

those of new electric three-wheelers, 

retrofitted auto-rickshaws present 

a financially attractive option for 

driver partners. Despite offering 

environmental benefits, the higher 

EMIs associated with new electric 

models may deter some drivers from 

transitioning to electric vehicles. 

Conventional fuel options, while having 

varying EMIs, generally fall within a 

similar range. However, they entail 

higher operating costs and contribute 

to pollution. Affordable financing 

schemes can significantly enhance the 

appeal of retrofitting, making it a more 

lucrative option for driver partners and 

potentially accelerating the adoption of 

electric vehicles in the auto-rickshaw 

segment.
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To promote the rapid adoption of electric and hybrid vehicles, 

the government introduced the FAME II (Faster Adoption 

and Manufacturing of Hybrid and Electric Vehicles) scheme 

in 2019, offering purchase incentives across various vehicle 

segments and charging infrastructure. While the scheme 

provided purchase incentives for new electric 3Ws, it did not 

cover retrofitment. The absence of subsidies or incentives 

for 3W retrofitting under the FAME II scheme posed a 

significant challenge to achieving cost parity with new ICE 

three-wheelers. While several Indian states have established 

goals to electrify their three-wheeler fleets, many states are 

not on track to achieve the national objective of attaining an 

80% market share of electric three-wheelers by 2030. They 

have struggled to meet these targets primarily due to the 

characteristics unique to this segment. The current targets set 

by each state are outlined in the table below:

Navigating the Regulatory 
Landscape of 3-Wheelers 
and Retrofitment 4

Table 8: ZEV targets set by states in India

State Policy Period Target

Karnataka 2017-2022 Transition to 100% electric auto-rickshaws by 2030.

Kerala 2018-2023 Procure 90,000 e-autos by 2022 with a pilot fleet of 50,000 by 2020.

Tamil Nadu 2019-2024 Conversion of all auto-rickshaws within 10 years in a phased manner.

Uttar Pradesh 2019-2024 Achieve 100% electric auto-rickshaw fleet in 5 major cities by 2030.

Punjab 2019-2024 25% of new auto-rickshaw sales to be electric by 2024.

Bihar 2019-2024 Phase out manually-pedaled rickshaws and upgrade them to 100% electric 

rickshaws by 2022.

Maharashtra 2021-2026 At least 20% new 3W registrations to be electric by 2025.

At least 25% of the urban fleet operated by fleet aggregators and operators in 

the state to be EVs by 2025.

Assam 2021-2026 Deploy 75,000 e-3Ws by 2025.

Goa 2021-2026 30% of annual registrations to be electric from 2025.

Chandigarh 2022-2027 All new auto-rickshaw registrations to be electric by 2025.

Rajasthan 2022-2027 30% of all new 3W-wheeler sales to be electric by 2027.
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As states push for increased adoption of electric three-

wheelers, retrofitting emerges as a potentially quicker and 

unique solution for transitioning this segment to electric 

power.

While the Government of India’s FAME II scheme does not 

offer incentives for retrofitted e-autorickshaws, several state 

EV policies have integrated incentives for autorickshaw 

retrofitment.91  Telangana, which was the first state to promote 

retrofitment incentives through its Electric Vehicle and 

Energy Storage (EVES) Policy 2020–2030, has inspired other 

states and Union Territories such as Goa, Assam, Tamil Nadu, 

Rajasthan, Chandigarh, and Delhi to propose incentives for 

retrofitment. The table below outlines the retrofitment-related 

incentives proposed in various state policies.

Table 9: Comparison of Incentives for 3-Wheeler Autorickshaw Retrofitment

State Policy Period Incentive No. of Vehicles

Tamil Nadu 2023-2027, but 

vehicle cap period is 

2023-2025

INR 10,000 per kWh of battery capacity and a 

maximum incentive of INR 20,000 

15,00092

Telangana 2020-2030 15% of Retrofitment cost capped at INR 

15,000 

First 5,000 retrofitted vehicles 

(250 from the GHMC area and 

the remaining 4,750 from the non 

GHMC area)93

Rajasthan 2022-2027 15% of the Retrofitment kit cost (including 

taxes) upto INR 10,000 per vehicle

3,00094

Goa 2021-2026 Purchase incentive for conversion of old ICE vehicle into EV vehicle by retrofitting 

kit subject to approval by the RTO, will be provided to the registered owner of the 

EV as per the capacity of the battery or maximum upto capping of the state subsidy 

whichever is applicable95.

Assam 2021-2026 15% of Retrofitment cost capped at INR 

15,00096

(no mention)

Chandigarh 2022-2027 15% of Retrofitment cost with a maximum 

incentive of INR 15,000

For the first 1,000 e-autorickshaws 

registered during the policy period 

including new e-autorickshaws and 

retrofitted e-autorickshaws97

Despite some states offering incentives for retrofitment, uptake has been limited, underscoring the importance of delving deeper 

into the challenges that constrain adoption and examining the perspectives of various ecosystem players. 
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5.1 CHALLENGES 

Challenges and 
Recommendations 5

A. The Fundamental Challenge of Accessing Affordable Finance for Retrofitment 

Access to financing stands as a formidable obstacle hindering 

the transition from ICE auto-rickshaws to e-autos. While 

banks and NBFCs increasingly offer financing options for 

e-2Ws and e-4Ws, loans for e-3Ws remain scarce and costly. 

Securing financing for retrofitment poses an even greater 

challenge. Banks are hesitant to extend auto-rickshaw loans 

due to borrowers’ lack of credit history, unstable income, 

absence of collateral, and perceived high default risks in the 

sector. Moreover, the lengthy and complex loan application 

processes, along with stringent documentation requirements, 

inconvenience auto-rickshaw drivers seeking financing for 

electric models.

In instances where formal loans are available, financing 

institutions impose high interest rates, low loan-to-

value ratios, short repayment periods, or strict collection 

mechanisms (such as demanding daily or weekly payments), 

which are unfavorable for borrowers.98 Additionally, as part 

of the retrofitment process, drivers typically receive only 

around INR 20,000 as the scrap value for the ICE engine 

and components. Given that drivers typically take 3-5 years 

to repay loans for their ICE autos before owning the asset, 

their willingness to take on another loan for the same asset is 

minimal, especially when faced with exorbitant interest rates 

ranging from 18-24% per annum.99

Source: Freepik

PAGE 22 Powering Progress: A Blueprint for Retrofitting Three-Wheelers Internal Combustion Engine to Electric



PAGE 23Powering Progress: A Blueprint for Retrofitting Three-Wheelers Internal Combustion Engine to Electric

 Navigating Constraints: Retrofitment 
Solutions Pave the Way for e-3W Adoption – 
Looking through the Lens of Driver Partners 

Current ownership patterns highlight that affordable 

financing remains one of the foremost challenges for driver 

partners. Financial apprehensions persist among auto 

drivers, leading a significant majority to seek assistance from 

financial institutions for vehicle procurement. Approximately 

76% of vehicle owners opt for loans from banks and non-

banking financial institutions, ranging from INR 2–2.75 

lakh. The repayment period spans from three and a half 

to five years, with monthly installments ranging between 

INR 4,300 to INR 6,200. Consequently, a driver partner only 

assumes full ownership of the auto after approximately five 

years. As a result, they may hesitate to transition to new 

electric three-wheelers, which are even more expensive than 

conventional ICE three-wheelers. Retrofitting old vehicles 

presents an enticing opportunity, as it not only prolongs the 

vehicle’s lifespan but also provides an opportunity to reduce 

operational costs.

While retrofitment presents a financially viable alternative, it 

necessitates substantial upfront subsidy support. Currently, 

retrofitment solutions are priced between INR 160,000-

180,000 (INR 60,000 retrofit kit + INR 1-1.2 lakhs for the 

battery).  One could likely see a significant adoption boost 

with a subsidy increase to 50% of the kit cost, as proposed by 

driver associations and unions.100 Reducing the retrofitment 

costs to INR 1,00,000 could go a long way in accelerating 

adoption. 

High charging costs also remain a challenge, as electricity 

bills for driver partners’ residences can climb to INR 1500 or 

2000.101 To counter this, governments could intensify efforts 

to incentivize EV charging, mirroring successful practices 

implemented in other states.

 Retrofitment – A unique value proposition 
for driver partners to be part of the Clean 
Mobility Transition

The adoption of e-3Ws faces numerous challenges, but 

retrofitment solutions offer hope for auto drivers. Range 

limitations remain a significant barrier, with new e-3Ws 

typically offering a real-life range of about 70 kilometers, 

falling short of the average daily run for drivers, which ranges 

from 110-140 kilometers.102 However, retrofitment solutions 

provide a distinct advantage by directing much of the capital 

expenditure towards enhancing battery capacity, thereby 

addressing operational concerns more effectively.

Shaik Salauddin

National General Secretary, Indian Federation of App Based Transport 
Workers (IFAT) & Founder State President, Telangana Gig and 
Platform Workers Union

B. Permit Challenges Hindering Retrofitment for Electric Three-Wheelers

Local contract carriage permits are issued to auto-rickshaws, 

providing them with legal authorization to transport 

passengers at fares determined by state or Regional Transport 

Authorities. These permits are typically restricted in major 

cities to regulate the number of vehicles on the roads and 

ensure equitable livelihoods for auto-rickshaw owners 

and drivers. Consequently, permits play a pivotal role in 

facilitating the transition to electric auto-rickshaws.103 The 

Ministry of Road Transport and Highways issued a 2018 

notification directing states to exempt electric vehicles 

EVs from permit requirements but, most states are yet 

to implement this directive. 104 Permitting requirements, 

therefore remain a significant obstacle to the advancement of 

the retrofitment industry. Drivers often procure permits from 

the secondary market at inflated prices, and, if they choose 

retrofitment, the vehicle must undergo re-registration, which 

requires the permit to be surrendered for a substantially lower 

rate than its original acquisition cost. Additionally, the current 

digital infrastructure and processes within Regional Transport 

Offices (RTOs) frequently lack the capacity to manage 

the re-registration of existing ICE vehicles into electric 

ones. Additionally, many states’ existing regulations and 

administrative procedures lack provisions specifically tailored 

for converting ICE vehicles to electric ones. This regulatory 

void creates uncertainty and impedes the re-registration 

process.105
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 Navigating Insurance Challenges in the 
Retrofitted Vehicle Landscape. Strategies 
and Solutions

Getting insurance for retrofitted vehicles presents a significant 

challenge, as traditional insurance principles, such as the 

law of large numbers, do not seamlessly apply. This difficulty 

is compounded by the lack of comprehensive information 

regarding the various components of retrofitted vehicles. 

While this poses obstacles, the retrofitment space holds 

immense promise. Retrofitting breathes new life into aging 

vehicles, offering drivers a sustainable livelihood while 

keeping costs manageable. Many private and public sector 

insurance providers are open to covering retrofitted vehicles, 

provided there are sufficient numbers to substantiate 

potential losses and accurate RTO descriptions.

 To underwrite risks associated with retrofitted vehicles, 

insurance companies typically require several pre-requisites. 

These include valid RTO registration, traceability of the 

vehicle in case of loss or damage, unique identification 

numbers for key components, and comprehensive coverage 

options such as extended warranties and product recall 

insurance. When underwriting the risks of retrofitted three-

wheelers, insurers consider factors such as roadworthiness, 

vehicle value, usage (commercial or private), and driver 

licensing. Clear RTO certification significantly influences 

insurers’ willingness to underwrite risks associated with 

retrofitted vehicles. To reduce financing costs associated with 

retrofitted three-wheelers, insurers may prioritize paying 

financiers first in case of total loss, theft, or fire, provided the 

policy and RTO endorsements are in place.

Challenges in this space can be mitigated through enhanced 

data sharing from kit manufacturers, OEMS, and battery 

providers. Access to comprehensive data enables insurers to 

conduct more accurate risk assessments and offer tailored 

coverage options. Simplifying the insurance process for 

retrofitted vehicles requires streamlined documentation and 

pre-inspection risk reports provided to underwriters during 

the insurance application process. This approach ensures 

smoother coverage and claims management, benefiting both 

insurers and vehicle owners alike.

Sundaram Venkatavaradhan 

Mananing Director, Abhivridhi Insurance Brokers

C. Getting insurance for the retrofitted vehicle 

Establishing an insurance ecosystem tailored to retrofitted 

vehicles poses a multifaceted challenge for insurers. Central 

to this challenge is the assessment of risk, which plays a 

crucial role in determining premiums for such vehicles. 

The inherent modifications involved in retrofitting presents 

difficulties for insurers in accurately gauging the safety and 

reliability of retrofitted vehicles, thereby impacting their 

ability to underwrite policies effectively.106 Furthermore, the 

scarcity of extensive historical data in the nascent market 

of retrofitted vehicles exacerbates this challenge. Insurers 

heavily rely on historical data to accurately predict claims 

frequency and severity.107 However, the lack of sufficient data 

hampers their ability to make precise predictions, potentially 

resulting in higher premiums or reluctance to provide 

coverage.

Another obstacle is the cost implications associated with 

repairing or replacing custom parts in retrofitted vehicles. 

These specialised components often come at a higher price, or 

their pricing is not yet standardized by the market compared 

to standard parts. As a result, insurers may consider charging 

higher premiums or imposing coverage limitations to mitigate 

potential losses in the event of an accident. Moreover, the 

early stage of the retrofitment market further complicates 

matters for insurance companies. The fundamental principle 

of the ‘law of large numbers,’ which posits that selling more 

policies enhances the predictability of claims, is challenged 

by the limited penetration and unpredictability of the retrofit 

market.108
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D. Infrastructure and Homologation Challenges: 
Barriers to Market Entry in the Retrofit Ecosystem 

Homologation often comes with high costs, with expenses 

reaching up to approximately INR 18 lakhs.109 The costs 

serve as a major barrier for many startups seeking to enter 

the EV retrofitment space. Moreover, the absence of proper 

electronic testing facilities exacerbates the issue, impeding 

product innovation and development for early-stage startups. 

Consequently, companies struggle to ensure the quality and 

safety of their retrofit kits at competitive prices. The current 

infrastructure for retrofitting is limited, with only around 

10 retrofit kit provision centers in the country nationwide. 

Although there are approximately 956 retrofitment centers 

listed on the Vahan Sewa portal, they primarily cater to the 

conversion of vehicles from petrol/diesel to CNG, further 

limiting the scope and reach of services in the EV retrofitment 

sector. 110

CHALLENGES ASSOCIATED WITH HOMOLOGATION OF RETROFIT KITS:

While the homologation process is efficiently designed 
to uphold safety and environmental standards for 
emerging technologies in the automotive industry, the 
homologation of retrofit kit continues to face several 
challenges, as follows:

 HIGH COSTS 

The homologation process for a 3W retrofitment can cost up 

to INR 15 - 18 lakh, which is which is a significant amount 

considering that most companies involved in this solution are 

startups, and the scale is limited.111

 LIMITED TESTING FACILITIES

Currently, homologation centers are concentrated in Pune 

and Manesar, posing significant challenges to local or 

regional players who lack access to proper electronic testing 

facilities. To address some of the issues with testing facilities, 

the Government of India has allocated over INR 3,727 crore 

for the National Automotive Testing and R&D Infrastructure 

Project (NATRiP).112 This initiative aims to establish state-of-

the-art automotive testing facilities dedicated to homologation 

and research and development in automobile engineering. 

Agencies such as ARAI (Pune) and ICTA (Manesar) have 

been tasked with homologating Electric 2Ws and 3Ws. 

Additionally, new centers such as GARC (Chennai), NATRAX 

(Indore), NIAIMT (Silchar), and VRDE (Ahmednagar) are 

being developed.113 This government initiative aims to ensure 

that electric vehicles meet regulatory requirements and 

undergo rigorous testing to ensure safety, performance, and 

compliance with standards. However, some of these facilities 

are yet to be operationalized, and even if they are, they may 

not have the capacity to certify retrofit kits.

 MODEL-SPECIFIC CERTIFICATIONS

Each retrofit kit needs to be certified for each vehicle model, 

requiring a significant investment of finances and time, which 

may not be viable at the current scale.

 RECERTIFICATION REQUIREMENTS

Updates in government policies often necessitate different 

testing standards for vehicle components, leading to the need 

for re-certification.

 CERTIFICATION TIME

Ambiguity and lack of awareness regarding documentation 

and processes during the application phase are increasing 

certification times.
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5.2 RECOMMENDATIONS 

A. Fiscal incentives to harness potential of retrofitment solutions 

Implementation of following steps could help accelerate the 

adoption of retrofitment technologies in the three-wheeler’s 

segment:

 � Offering Fiscal Incentives: Policymakers could 

implement an incentive of INR 25,000 to INR 30,000 per 

auto-rickshaw to offset retrofitting kit costs, and reduce 

the upfront costs for auto owners. This reduction in 

upfront costs for retrofitted e-3Ws can have significant 

impact in attracting entrepreneurs to explore business 

opportunities if scaled up.

 � Streamlining State Incentive Processes:  Policymakers  

should establish consistent and transparent processes 

across states. Despite some states offering retrofitment 

incentives, the lack of operationalization and consistency 

in processes hampers adoption. Streamlining and 

standardizing incentive processes can provide clarity 

and encourage wider participation from auto owners and 

retrofitment providers.

 � Retrofit kit providers could offer a comprehensive 

three-year warranty and retrofit service providers could 

establish retrofitment service centers in each state.

B. Facilitating Affordable Financing for Retrofitment 

To address the challenge of high financing costs associated 

with retrofitted three-wheelers, the following strategies are 

recommended:

 � Interest subvention: Governments can provide financial 

incentives to reduce the cost of financing retrofitted 

vehicles, thereby making them more accessible to 

drivers. For example, the Kerala Financial Corporation, 

a government-owned enterprise, offers accessible loans 

for the conversion of ICE vehicles to e-autos. These loans 

cover up to 80% of the total vehicle conversion cost, 

including charger expenses, with a repayment period of 

up to 5 years. The interest rate for these loans stands at 

7%, with the state government providing a 3% interest 

subvention.115

 � Increased access to Green Funds (Green Funds, 

also known as sustainable or eco-friendly funds, are 

investment vehicles that primarily focus on companies 

and projects that promote environmental sustainability) 

for financing EVs: Financiers can leverage green funds 

or sustainable financing initiatives to offer loans at lower 

E. Warranty and After-Service Concerns in Retrofit 
Kits and Battery Packs

Driver partners express significant concern regarding the 

warranty and after-service support for retrofitted vehicles, 

particularly concerning the battery and kit beyond the 

warranty period. Since battery costs constitute more than 50% 

of the retrofitted vehicle, any malfunction directly impacts 

the asset’s earning potential, driver’s livelihoods and ability 

to repay loans. 114 Additionally, the scarcity of service centers 

where retrofitted vehicles can be serviced adds to their 

apprehensions. Moreover, the lack of charging infrastructure 

further limits drivers willingness to pursue vehicle retrofitting.

Based on the challenges identified in the previous section, 

extensive on-ground surveys and stakeholder consultations 

were conducted with technology service providers, insurance 

and finance facing retrofitment solutions, which are outlined 

in the order of importance in the following section.
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interest rates for retrofitted vehicles, incentivizing their 

adoption.116

 � Credit guarantee mechanisms: Governments or financial 

institutions can establish credit guarantee schemes 

to mitigate the risk for lenders, encouraging them to 

provide loans at lower rates to retrofitted vehicle owners. 

Collaboration with developmental banks such as SIDBI 

and the World Bank to establish a risk-sharing facility for 

scaling EV financing could further facilitate this process.

 � Expansion of existing government schemes: Existing 

government schemes like the Micro Units Development 

and Refinance Agency Ltd. (MUDRA) and the National 

Clean Air Programme (NCAP)  could be expanded to 

include financing for the retrofitment of ICE vehicles to 

electric autos. This expansion would enhance liquidity 

in the e-auto lending sector and provide collateral-free 

loans to small businesses and individuals, including 

auto-rickshaw drivers.117

 Scaling up Retrofitment: Innovations and 
Challenges in the EV Financing Landscape

In Indian culture, the principles of reduce, reuse, and recycle 

are deeply ingrained in daily life. These principles also extend 

to larger investments like vehicles, where repurposing and 

extending their lifespan are prioritized. At Evate, we recognize 

the vast potential of the retrofitment market, estimated at 

upwards of USD 130 billion, based on the current on-road 

fleet. To catalyze this industry, we offer a tailored loan product 

for retrofits with flexible payment options and zero down 

payment, aiming to introduce leases and hybrid loan/lease 

options in the future.

Partnering with retrofitting companies, we’ve worked 

alongside Go-digit to craft an insurance product for retrofitted 

vehicles, considering parameters such as technology risk, 

asset condition, compliance, service support, and credit risk 

in our underwriting process. However, despite our efforts, 

we are yet to issue a loan due to the unavailability of OEMs 

meeting our rigorous criteria.

Challenges persist in ensuring the reliability of retrofit 

kits, scaling up on-ground service support, maintaining 

prompt issue response times, and complying with state-level 

regulations. Greater data sharing among kit manufacturers, 

OEMs, and battery providers could significantly mitigate these 

challenges. Implementing CAN-connected telematics devices 

to monitor drivetrain and battery health and sharing this data 

among stakeholders could facilitate preventive maintenance, 

product improvement, and better securitization for financiers, 

ultimately fostering a more robust retrofitment ecosystem.

Vijay H Madhusudan

Co-Founder, Evate

C. Ratifying Permit Regulations to Drive Adoption of Electric Three-Wheelers 

To expedite the transition to electric auto-rickshaws and 

promote retrofitment, policymakers can implement the 

following permit-related measures:

 � Ban on New Permits and Registrations for ICE Auto-

Rickshaws: Following the examples set by other states, 

such as the Commission for Air Quality Management’s 

ban on registrations of petrol and diesel auto-rickshaws 

in the National Capital Region, and similar initiatives 

by the Punjab Pollution Control Board in major cities of 

Punjab, states can enforce a ban on issuing new permits 

for ICE auto-rickshaws. This policy signals a commitment 

to shifting away from fossil fuel vehicles and incentivizes 

the adoption of EVs.118

 � Non-Renewal of Permits for ICE Auto-Rickshaws: 

State Transportation Authorities (STAs) can emulate 

successful practices from other regions by halting the 

renewal of permits for ICE auto-rickshaws. Mandating 

a conversion to electric vehicles as a prerequisite for 

permit renewal, as seen in various states, would prompt 

existing auto-rickshaw owners to transition to EVs.119

 � Implementation of Priority Permits and Open Permits 

for E-Autos: Drawing inspiration from states that have 

introduced priority permits and restricted open permits 

solely for electric auto-rickshaws, STAs can adopt similar 

measures. By providing incentives for e-autos, including 

retrofitted ones, through prioritized permit availability, 

new entrants into the auto industry are encouraged to 

opt for electric vehicles.120

To complement these permit regulations, fiscal support 

instruments such as subsidies and incentives for e-autos and 

retrofit kits should also be introduced. 
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D. Zero Emission Vehicle Credits: Incentivizing Electric Retrofit Solutions

Globally, zero emission vehicle (ZEV) credits have been 

effectively utilized to incentivize OEMs to transition to EVs. 

Our interactions with stakeholders indicate that India is at 

a pivotal juncture where it should chart a roadmap that is 

not solely reliant on subsidies. Instead, it’s time to gradually 

introduce a framework for ZEV credits.

Similar to the system implemented for new vehicles, 

ZEV credits for retrofit solutions can play a crucial role 

in incentivizing the adoption of electric retrofitment 

technologies. By rewarding OEMs and retrofitment providers 

with ZEV credits based on the emissions reduction achieved 

through retrofitting ICE vehicles to electric, we can encourage 

widespread adoption of cleaner transportation solutions.

Implementing a ZEV credit framework will not only 

incentivize manufacturers to invest in electric retrofitment 

technologies but also stimulate innovation and competition 

in the market. This approach aligns with India’s ambitious 

goals for reducing vehicular emissions and transitioning to a 

sustainable transportation ecosystem.

E. Fostering an Insurance Ecosystem for Retrofitted Vehicles 

To address the challenges surrounding the insurance 

ecosystem for retrofitted vehicles, insurers could prioritize 

collaborative efforts with industry stakeholders to establish 

standardized safety protocols and certification processes. This 

will enhance insurers’ ability to accurately assess risk and 

determine premiums.

 � Standardized Safety Protocols and Certification 

Processes: Insurers could work closely with industry 

stakeholders to develop and implement standardized 

safety protocols and certification processes for retrofitted 

vehicles. This collaborative approach ensures that all 

retrofitted vehicles meet minimum safety standards, 

reducing insurers’ risk exposure and enhancing their 

confidence in providing coverage.

 � Enhanced Data Sharing: Insurers could advocate 

for enhanced data sharing from kit manufacturers, 

OEMs, and battery providers. Access to comprehensive 

data enables insurers to conduct more accurate risk 

assessments and offer tailored coverage options, 

ultimately improving the affordability and availability of 

insurance for retrofitted vehicles. 

By fostering an insurance ecosystem that prioritizes 

collaboration, standardized safety protocols, enhanced data 

sharing, and streamlined processes, insurers can effectively 

address the unique challenges associated with insuring 

retrofitted vehicles, ultimately promoting the widespread 

adoption of electric vehicle retrofitment technologies.

F. Addressing infrastructure barriers 

To address infrastructure barriers hindering the adoption of 

retrofitment technologies, concerted efforts are needed to 

reduce certification costs for retrofit providers and enhance 

testing infrastructure. Budgetary provisions from the 

Ministry of Heavy Industries could be allocated to promote 

research and development (R&D) and foster innovation in 

the retrofitment sector. The government could prioritize 

the establishment of electronic testing facilities accessible 

to OEMs, facilitating product innovation and streamlining 

the certification process. These facilities could offer testing 
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slots at affordable rates to encourage widespread utilization. 

Furthermore, support could be extended for capacity building 

in existing retrofit services to enable them to transition to 

electric retrofits effectively. This includes providing training 

and resources to equip employees with the necessary 

expertise in retrofit technology. By leveraging the existing 

network of 956 centers, the government can expedite the 

incorporation of retrofitment services into their offerings, 

thereby expanding the market for electric retrofits. Although 

the VAHAN is a portal that facilitates the retrofitting process 

from diesel/petrol to CNG, individual states should develop 

similar portals dedicated to transitioning from ICE to electric 

vehicles. These portals should streamline procedures and 

eliminate existing inefficiencies in the process, ensuring a 

smoother transition. 

By investing in R&D, enhancing testing infrastructure, and 

supporting capacity building initiatives, the government can 

overcome infrastructure barriers and accelerate the adoption 

of retrofitment technologies, driving the transition from ICE 

to electric vehicles.

Furthermore, the lack of adequate infrastructure for scientific 

engine disposal poses a barrier to sustainable transition by 

risking environmental hazards and the illegal re-circulation 

of outdated technologies. Establishing robust mechanisms for 

the responsible disposal of engines is crucial to safeguarding 

environmental integrity and preventing the resurgence 

of obsolete technologies in the auto-rickshaw sector. 

Additionally, stringent enforcement measures and regulatory 

oversight are essential to deter illicit activities and uphold 

sustainable practices in engine disposal.121

G. Promoting Awareness: Equipping Driver Partners with Retrofitment Technology Knowledge 

To expedite the adoption of retrofitment technology among 

driver partners, it’s essential to develop sustained outreach 

campaigns aimed at educating them comprehensively. These 

campaigns could focus on various facets of the technology, 

including operational features, total cost of ownership, 

charging requirements, safety regulations, and health benefits 

associated with switching to electric vehicles, including the 

alleviation of musculoskeletal health issues often faced by 

ICE-autorickshaw drivers. Implementing a standardized color 

scheme for retrofitted models can improve their visibility. 

Furthermore, organizing roadshows and events provides 

driver partners with practical experience and the chance to 

engage with experts, streamlining the transition to electric 

vehicles. 

Source: Freepik
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Conclusion 
In conclusion, this paper offers a comprehensive blueprint 

for the widespread adoption of retrofitment technologies 

across the country. By prioritizing fiscal incentives, 

streamlining state processes, facilitating affordable 

financing, and addressing regulatory challenges, India can 

accelerate the transition to electric vehicles in the auto-

rickshaw segment. Initiatives such as zero emission vehicle 

credits, fostering an insurance ecosystem, addressing 

infrastructure barriers, and promoting awareness among 

driver partners further contribute to creating an enabling 

environment for nationwide retrofitment adoption. 

Through these coordinated efforts and insightful findings, 

India can effectively pave the way for a sustainable and 

electrified future for its three-wheeler fleet, significantly 

reducing emissions and operational costs while extending 

the lifespan of existing vehicles.
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Annexures
ANNEXURE 1: ARAI KIT SCHEMATICS
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ANNEXURE 2: ASSESSMENT PARAMETERS OF THE RETROFIT KIT

Assessment parameters of the retrofit kit

COMPONENT Parameter Description Specification

MOTOR Type Type BLDC

Power Rating (kW) Power Rating (kW) 3 kW

No. of Phases No. of Phases three-phase

Maximum Power (kW @ xxxx rpm) Maximum Power (kW @ xxxx rpm) 5.6 kW @ 38 kmph

Maximum torque (Nm) Maximum torque (Nm) 55 Nm

Maximum Thirty Minutes Power, kW Maximum Thirty Minutes Power, kW 3 kW

Maximum Thirty Minutes speed (kmph) Maximum Thirty Minutes speed 

(kmph) 

37.5 kmph Air

Cooling System Cooling System 3 kW

REESS Type Li-ion, Lead Acid, etc. Li-ion 

Voltage (V) The potential difference which the 

battery can generate 

60 V

End of discharge voltage value (V) The Potential difference which is 

there in the battery when completely 

discharged 

39 V

Weight of REESS The weight of the overall battery pack 38.3 kg

Capacity (kWh) Battery Capacity 6 kWh

CONTROLLER Rated Voltage Rated Voltage 60 V - 72 V

Control Principle Control Principle 

Cooling System Cooling System Air

CHARGER Type Li-ion, Lead Acid, etc. Li-ion

Rating (Ah) Charge rating 20 Ah

Charger type on board / external External

Cooling System Liquid /Air / Naturally air cooled Air
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ANNEXURE 3: FORMS RELATED TO RETROFITMENT

ANNEXURE 3(A): FORM 22F
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ANNEXURE 3(B): FORM 22C
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ANNEXURE 3(C): FORM KMV 29
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ANNEXURE 4:  TESTING & CERTIFICATION STANDARDS FOR HOMOLOGATION

Vehicle weighment Permissible increase in vehicle unladen weight due to Electric Propulsion Kit 

shall be as follows:

L5M = 25%

L5N = Equal to weight of Electric Propulsion Kit

IS 11825-1986

Coast down test Coast down test shall be done as per IS 14785-2000 to find out vehicle road load 

coefficients for range and electric energy consumption tests

IS 14785-2000

Visual indication Electric Propulsion Kit manufacturer/supplier shall provide minimum following 

indications:

Rechargeable Energy Storage System State of Charge (REESS SOC)

Motor temperature

Electric Kit fault

AIS-071 (Part 1 and 

Part 2)

Gradeability test The vehicle fitted with Electric Propulsion Kit shall meet requirement of 

gradeability as specified in AIS-049(Rev 1), as per AIS-003

AIS-049(Rev 1) and 

AIS-003

Brake 
performance

The vehicle fitted with Electric Propulsion Kit shall meet the requirements of 

brake performance test when tested as per IS 11852-2001 (Part 1 to Part 9)

IS 11852-2001 (Part 

1 to Part 9)

Measurement of 
electric range and 

electric energy 
consumption

The electric range of vehicle fitted with Electric Propulsion Kit shall be measured 

as per AIS-040(Rev1):2015.

The electric energy consumption of vehicle fitted with Electric Propulsion Kit 

shall be measured as per AIS-039(Rev 1):2015.

Reference mass for chassis dynamometer setting shall be as per AIS 049(Rev 1) 

and Driving cycle shall be as per clause 5.1 of AIS-039(Rev 1):2015

AIS-040(Rev 1):2015

AIS-039(Rev 1):2015 

AIS 049(Rev1)

Measurement of 
pass by noise level

The vehicle fitted with Electric Propulsion Kit shall meet the requirement of pass 

by noise level as per IS 3028-1998 with additional test conditions as specified in 

AIS-049(Rev 1).

IS 3028-1998

AIS-049(Rev 1)

EMC test Electric Propulsion Kit electronic components shall meet the requirements of 

EMC test as per AIS-004 (Part 3):2009.

REESS charger shall be excluded from the test as it is utilized when vehicle is in 

off condition.

AIS-004 (Part 

3):2009

Requirements for 
constructional and 

functional safety

The vehicle fitted with Electric Propulsion Kit shall meet requirements for 

constructional and functional safety as per AIS-038(Rev 1):2015

AIS-038(Rev 1):2015

Vertical 
orientation of 

dipped beam – 
head lamp

Electric Propulsion Kit manufacturer / supplier shall carry out head lamp leveling 

adjustment on converted vehicle to comply with the requirement of AIS-008 

(Rev.1): 2010

This requirement is not applicable to L5 category converted vehicles.

AIS-008 (Rev.1): 

2010

Traction motor 
test

Motor Power Test: Test shall be carried out as per AIS-041(Rev 1):2015

Environmental validation tests for traction motor:

Thermal Shock test shall be carried out as per IS:3141:2007

Media resistance test shall be carried out as per IS:3141:2007

Impact test shall be carried out as per IS:9000 Part 7/Sec1:2006

Dust Test shall be carried out as per IS: 3141:2007

Water immerse test shall be carried out as per IS: 8925:1978

AIS-041(Rev 1):2015 

IS:3141:2007 

IS:3141:2007

IS:9000 Part 7/

Sec1:2006 IS: 

3141:2007

Requirements 
for rechargeable 

energy storage 
system (REESS)

The REESS of the Electric Propulsion Kit shall meet the requirements of AIS-048 AIS-048
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ANNEXURE 5 
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