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EXECUTIVE SUMMARY

Name of the Project: Evaluation of retro-fitment of 2-wheeler & 3-wheeler
vehicles with electric drive as an option for improvement in
air quality in Delhi NCR

Approved Project Cost: Rs. 105 Lakhs

Date of Commencement: 21% February 2023

Date of Completion: 31 July 2024
Commissioning Commission for air quality management (CAQM),
Authority: Delhi

Objective:

The main objective of this project is to carry out the technical assessment of retro fitment of
IC-engine based 2-Wheeler (hereafter used interchangeably with 2W) & 3-Wheeler (hereafter
used interchangeably with 3W) using electric powertrain through a pilot exercise on 6 number
each 2W and 3W vehicles.

Background:

The transport sector is a major contributor to air pollution, particularly in urban areas. A joint
study conducted by ARAI and TERI in 2018 on the Delhi-NCR region reported that vehicle
exhaust contributes approximately 25% to PM2.5 emissions. Furthermore, vehicles account for
60% of NOx emissions and 35% of CO emissions in the region. Although the use of
compressed natural gas (CNG) is widespread in 3-wheelers in Delhi, about 90% of 3-wheelers
in neighbouring states such as Punjab, Rajasthan, and Haryana still run on diesel, significantly
contributing to air pollution in the region.

Electric vehicles (EVs) present a cleaner alternative to reduce tailpipe emissions, particularly
in densely populated and highly polluted areas. Retrofitting existing 2-wheelers and 3-wheelers
used for passenger and goods transport with electric drive systems can play a crucial role in
demonstrating the environmental benefits of EVs. The Government of India’s National Electric
Mobility Mission Plan 2020 and NITI Aayog’s BREATHE action plan emphasize the need for
widespread EV adoption. These initiatives also promote retrofitting existing internal
combustion engine (ICE) vehicles as an integral part of the strategy to improve air quality.

To address the objectives and challenges outlined in background, the Commission for Air
Quality Management (CAQM) in the Delhi-NCR region awarded a project to ARAI for
evaluating the feasibility of retrofitting 2-wheelers and 3-wheelers with electric drive systems.
This project also aimed to deliver the technical feasibility, user feedback, and pollution
reduction potential of electric retro-fitment Kits.
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Outcomes of the project:

1. List of the components of a Retro-fitment kit
The table below provides a list of components for the typical retro-fitment kit for both 2W

and 3W Vehicles.

Sr. No. 2W Vehicles 3W Vehicles

1 Hub / traction type motor Traction type motor

2 Motor controller unit Motor controller unit

3 DC-DC converter DC-DC converter

4 MCB (DC) Contactor

5 Junction box Junction box

6 Wiring harness Wiring harness

7 -- Fuse Box

8 Throttle Throttle

9 Chalr} Sprocket (Only for Gear Box & Transmission shafts
Traction Type Motor)

10 Battery pack SOC Meter Kit Integrated Display

11 g)r:!\é?f)swnch box (f/r, mode, Drive switch box (f/r, mode, on-off)

12 I\K/Ii(t)lmgﬂﬁtisr;[g)mtures (Motor Mounting Structures (Motor Kit Mounting)

13 Li-ion Battery pack, charger Li-ion Battery pack, charger and mounting
and mounting structure structure

For more details refer section 2.2 on page no. 9 of this report.

2. Guidelines for retro-fitment

2.1  2W retro-fitment

The table below highlights the broad-level, step-by-step guidelines to be followed for the

retro-fitment of a 2W vehicle.

1. Removal of unwanted parts from ICE 2W
vehicle.

2. Alterations to the vehicle frame for
mounting electric drive components.

3. Mounting of motor kit on vehicle.

4. Mounting and assembly of other electric
drive components on vehicle.

5. Fitment of battery mounting structure and
integration of battery.

6. Routing and fixing of wiring harness on
vehicle frame.

7. Connection of wiring harness with
electric drive components and auxiliary
supply systems.

8. Functional testing of vehicle to ascertain
smooth functioning of all electric drive
systems.

For more details refer milestone 3, section 3.2, page no. 19 -20 of this report.

2.2  3W retro-fitment

The table below highlights the broad-level, step-by-step guidelines to be followed for the

retro-fitment of a 3W vehicle.
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. Removal of unwanted parts from
ICE 3W vehicle.

. Alterations to the vehicle frame for mounting of

electric drive components.

. Assembly of Motor kit & gearbox
for 3W Kkit.

. Installation of mountings for integration of

electric drive components.

. Mounting and assembly of other
electric drive components on
vehicle.

. Fitment of battery mounting structure for

holding the battery pack onto the vehicle & then
battery placement in the mounting structure.

. Routing and fixing of wiring
harness on vehicle frame.

. Connection of wiring harness with electric drive

components and auxiliary supply systems.

. Functional testing of vehicle to
ascertain smooth functioning of all
electric drive systems.

For more details refer milestone 3, section 3.2, page no. 21-22 of this report.

. Certification requirements for retro-fitment
The standard AIS 123 outlines the certification compliances required for the retro-fitment
of 2W and 3W vehicles. These compliances are mandatory to ensure the retro-fitment is
valid and legally approved. The certifications include kit and vehicle-level testing
approvals. For more details, refer to Table 44 of Section 6.6 (page nos. 52-53).

. Recommended specifications for retro-fitment of 2W & 3W based on testing and
evaluation under this project (for Delhi & NCR)

Based on the testing and evaluation conducted during this project, the recommended motor

power and battery specifications required for the retro-fitment of 2W and 3W to achieve

the specified range and gradeability are outlined in the table below. The specified motor

power and battery capacity are recommended for specified GVW only for each category of

the vehicle for Delhi NCR.

Recommendation
Category Motor Power | Battery | Range | Gradeability
(kW) Capacity | (km)
2W Scooter _ )
(GVW — 200 to 270 kg) Rated:2-25 | 40Ah | 85-95 >7
2W Motorcycle o ) i
(GVW — 200 to 270 kg) Rated: 2 - 2.5 40 Ah 85-95 >7
3W Passenger a ) i
(GVW-—900t0 950 kg) | owed:4-45 1 200Ah | 90-100 >7
3W Cargo " ] ]
(GYW— 1000 to 1050 kg) | oed:4-45 | 200An 1 90-100 >7

The motor power and battery capacity will vary depending on the different Gross Vehicle
Weight (GVW), range, and gradeability requirements.
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5. Key considerations and measures to be taken to make retro-fitment a success
The table below outlines essential measures to ensure safety, compliance, operational
efficiency, and environmental sustainability before and after retrofitting vehicles with an
electric system.
Retro-fitment
Measures and

=

Pre-retrofit Vehicle Assessment needs to be done.
2. Certified kits should be installed to ensure operational safety.

Safety
1. Retro-fitment kits should meet safety standards as per AIS
123.
Safety standards 2. Retro-fitment of vehicle should be done only on authorised

conversion centre for safety and reliability.

3. Proper cooling systems if required must be integrated to
prevent overheating of battery pack, especially in case of 3W.

4. Implementing swappable battery systems for 2W is feasible,
but for 3W, further R&D is needed.

1. Ensure retro-fitted vehicles meet local emission standards
and adhere to environmental regulations viz-a-viz state RTO
norms.

2. To address scrapping of removed unwanted parts from ICE
vehicle, policies detailing measures should be framed for

and battery
swapping concerns

Environmental
measures and

compliance i .
authorised scrapping centres.
3. Initiatives  should  be  fast-tracked for  battery
recycling/scrapping.
1. To address maintenance issues, including the lack of
Operational issues standardized components, availability of trained technician
and Supply chain and supply chain management should be looked into.
management 2. Developing fast-charging infrastructure is crucial to reduce
vehicle halt timings.
Standardization of 1. Battery pack shape and size standardization is essential for
Batteries the adoption of swappable systems and efficient recycling.
1. Local mechanics should be trained for retro-fitted vehicle
Training repairs and regular maintenance.
requirements 2. End users should be educated to tackle on-road minor issues

with the vehicle electric drive system.

6. Guidelines to start an Authorised Retro-fitment/conversion centre
The process for registering a business entity and ensuring compliance with regulations for
retrofitting vehicles, especially in the context of hybrid and electric vehicle retrofitting,
involves multiple steps. Here is a breakdown of the key rules, regulations, and procedures:

6.1 Registration of the Business Entity
Register the company under the appropriate business structure, such as a Limited
Liability Partnership (LLP) or Private Limited Company (Pvt Ltd), as per the business

goals and legal requirements.

6.2 Application for Retrofit Kits Approval
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Retro-fitment Design Submission: Submit the retrofitting design and kits for approval
to certification agencies following guidelines like AIS 123, CMVR (Central Motor
Vehicles Rules), and MoRTH (Ministry of Road Transport and Highways).
Compliance Certificates: Ensure that components such as batteries, motors, and
controllers are certified for safety and performance.

6.3 Compliance with MoRTH Guidelines

Ensure that the retrofit kits and all vehicle modifications comply with the MoRTH
notifications to meet safety, performance, and environmental standards for electric and
hybrid vehicles.

6.4 Infrastructure Setup

Workshop Establishment: Set up a workshop equipped with all necessary tools and
machinery to perform retrofitting processes.

Environmental Compliance: Ensure that the workshop adheres to environmental
norms, particularly in areas like waste management, disposal of hazardous
materials, and other environmental concerns.

6.5 Personnel and Training

Certified Technicians: Hire skilled and certified technicians who are trained in the
retrofitting process, electric vehicle technology, and safety procedures.

Ongoing Training: Ensure that technicians undergo periodic training to stay up-to-
date with the latest technologies, regulatory changes, and safety standards.

6.6 RTO Registration and Certification

Centre Authorization: Seek authorization from the local Regional Transport Office
(RTO) for the retrofitting centre.

Vehicle Registration: After completing the retrofitting process, ensure the vehicle is
re-registered according to state RTO guidelines, including any tests required by the
RTO.

6.7 Quality Assurance

Record Maintenance: Maintain detailed records of all retrofitting work performed,
which may be required for audits or compliance checks.

Testing Protocols: Adhere to stringent testing protocols to ensure that the retrofitted
vehicle complies with all performance, safety, and emissions standards before
delivering it to customers.

6.8 List of Rules and Regulations

Follow the following key standards and regulations:

o AIS 123 (Automotive Industry Standards): Specific to electric and hybrid
vehicles, this standard sets out guidelines for retrofitting conventional vehicles
with electric drivetrains.
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o CMVR (Central Motor Vehicle Rules): These are comprehensive rules that
cover the registration, construction, and modification of vehicles in India.

o MOoRTH Guidelines: Ensure that the modifications comply with Ministry of
Road Transport and Highways' requirements, including performance,
emissions, and safety standards.

o BIS (Bureau of Indian Standards): Follow BIS standards for components like
batteries, motors, controllers, and charging equipment.

Project accomplishments:

1. Identification and procurement of 2W & 3W vehicle make/model for retro-fitment
The table below highlights the category-wise selected vehicles for retrofitting, based on a
physical and sales database survey of the available vehicles on the road.

Category Selected Vehicle Model
2-Wheeler Scooter (Activa) Motorcycle (Splendor)

i Passenger (Bajaj RE, Piaggio Cargo (Piaggio Xtra LD, Bajaj
3-Wheeler Ape City, Xtra) Maxima)

2. Procurement of components for retro-fitment Kit
Based on motor sizing, simulation and a market survey, multiple kits with different
specifications were procured to validate and compare their performance against the
requirements. The table below categorizes the kits procured for comparison.

Category Vehicle Retro-f_itment Retro-f_itment Retro-f_itment
Solution 1 Solution 2 Solution 3
Motor: 2 kW Motor: 2.65 kW | Motor: 2 kW
Motorcycle Splendor Battery pack: Battery pack 2.5 | Battery pack:
2.8 kWh kWh 2.5 kWh
Motor: 1.2 kW | Motor: 2 kW Motor: 2 kW
Scooter Activa Battery pack: Battery pack: Battery pack:
2.8 KWh 2.5 kWh 2.5 kWh
3-Wheeler Bajaj RE, P_iagg_io Motor: 3 kW Motor: 4 kW Motor: 4.4 kW
(Passenger) Ape xtra, Rlagglo Battery pack: Battery pack: Battery pack:
Ape City 4.8 kWh 9.6 kWh 9.6 kWh
3-Wheeler I_3ajaj Maxima, | Motor: 3 kW Motor: 4 kW Motor: 7.5 kW
(Cargo) Piaggio Ape Xtra | Battery pack: Battery pack: Battery pack:
Ld 4.8 KWh 9.6 kWh 9.6 kWh

3. Integration of electric drive components with vehicle

3.1 Mechanical Integration of electric drive system
Mechanical integration of electric drive system for both 2W & 3W should be done as
per guidelines mentioned in milestone 3, section 3.2, (page nos. 19 to 23) of this report.

3.2 Wiring architecture for 2 & 3-Wheeler category
Following image shows the wiring architecture of 2W & 3W retro-fitted vehicle. The
architecture for both categories remains the same with just the change in battery pack
that is being integrated with the vehicle’s electric transmission kit.
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Controller

For details of Wiring harness integration guidelines of 2W & 3W refer milestone 3,
section 3.3, (page no. 23 — 24) of this report.

4. Running and operational data acquisition of retro-fitted vehicles in real-life for 5000
to 6000 km in (Delhi NCR)
The table below mentions the overall kilometres for which the vehicles with different
integrated solutions were tested (across Pune & Delhi NCR).

Tested km’s data of retro-fitted vehicles
Solution\Category 2-Wheeler 3-Wheeler
Scooter | Motorcycle | Passenger | Cargo
Solution 1 6613 6340 6604 6352
Solution 2 5201 6688 5054 6274
Solution 3 5553 5604 7414 6702

5. Evaluation and certification of retro-fitment solutions

5.1 Technical Feasibility Summary
The table below shows the technical feasibility of retro-fitment kits with 2W and 3W

category.
Aspect 2-Wheeler 3-Wheeler
Compatibility with Minor frame/mounting | Significant frame/mounting

Vehicle

modifications needed.

modifications required.

Electrical System
Integration

e Main supply line drives motor
system.

o Aux. supply line (12V) for
auxiliaries with minor wiring
modifications.

New wiring harness required
for both main and aux. supply
line systems.

Mounted in engine compartment | Securely  mounted  with
Battery Pack & S ;
. (motorcycle) or under seat | proper casing; location
Mounting . - :
(scooter) with some alterations. depends on vehicle type.
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Range

55-100 km (60V 42Ah to 72V
42Ah).

55-100 km (48V 100Ah to
48V 200Ah).

Charging & Thermal
Management

Household AC charging (5-6 hrs),
no fast charging, battery
temperature below 42°C.

Household AC charging (5-6
hrs), no fast charging, battery
temperature below 42°C.

Motor, Shock

Specific  mounting  required,
especially for traction motors,

Major modifications required
for traction motors mounting,

Absorber, Drivetrain ; : L drivetrain and shock
minor drivetrain adjustments.
absorbers.
Compatible with existing system; . . .
Braking system hub motor kits with disc brakes g:y(;?;p:tlble with existing

may need adjustments.

Vehicle Performance

Top speed up to 80 km/h.

Top speed up to 60 km/h.

Maintenance &
serviceability

Limited availability of skilled
technicians and long service times
for components.

Similar  challenges  with
maintenance and long service
times.

5.2 User/Driver Feedback During Testing (for Delhi NCR)
The table below mentions the average rating feedback received from drivers covering
various performance aspects, as mentioned below:

Feedback aspect Avg. Feedback aspect Avg. Rating
Rating
Riding experience 4.6/5 Gear shifting (3 wheeler) 4/5
Comfort 5/5 Safety in Driving 4/5
Range 3.75/5 Charging Process 4/5
Acceleration 4/5 Maintenance Availability 2.5/5
Driving Experience on Gradients 3.5/5 Retro-fitment as Option 3.8/5

For more details refer section 6.2 on page no. 48 of this report.

5.3 Pollution reduction potential (CO2 emission savings per vehicle for 80,000 km)
The table below mentions the CO2 emission comparison and savings for 80,000 km
of vehicles from both categories. Data mentioned is specific for a unit vehicle.

. . CO2  emissions
COz2 emissions from | CO2  emissions ;
: . . savings for 80000
Vehicle Category | Fuel | conventional from electrical
. . km of run
vehicle (Tonnes) vehicle (Tonnes)
(Tonnes)
2W Petrol 3.12 2.15 0.98
AW Petrol 9.08 5.53 3.55
Diesel 10.58 5.53 5.05

Retro-fitment of vehicles in mass number will make significant changes in the above
data signifying greater pollution reduction potential.
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LIST OF ABBREVIATIONS AND SYMBOLS

Abbreviation/Symbol

Gu

Oy
Ftooth
Tr

1

t2
Tmotor
FC-cIamp
Fjerk
Pmotor
M'w

Nw
Trr

a

Fa

p

A

Cq

Vv

For
GVM
(S}

g

Fr
Cif
Facc
TCO
HV
LV
aux.

Description

Ultimate tensile strength

Yield Strength

Force acting on sprocket teeth
Torque on rear sprocket

Number of teeth on driving sprocket
Number of teeth on driven sprocket
Motor Torque

Force acting on C-Clamp

Jerking Force/Deceleration Force
Motor Power

Radius of the wheel

Wheel Speed

Total tractive Force

acceleration

Aerodynamic Force

Density of air

Frontal area

Coefficient of Drag

Vehicle Speed

Gradient force

Gross vehicle mass

Angle of inclination with respect to the horizontal
[degrees]

acceleration due to gravity
Rolling resistance force
coefficient of rolling friction
Acceleration Force

Total Cost of Ownership
High Voltage (Battery)

Low Voltage (Battery)
Auxiliary
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PROJECT DETAILS
A. Objective of the project

The main objective of this project is technical assessment of retro fitment of IC-engine based
2-wheeler (hereafter used interchangeably with 2W) & 3-wheeler (hereafter used
interchangeably with 3W) using electric powertrain through a pilot exercise on 6 number each
2W and 3W vehicles.

B. Introduction

Background

Transport sector is considered as one of the major contributors to the air pollution. ARAI-TERI
study (2018) in Delhi-NCR reports contribution of around 25% from vehicle exhaust to PM2.5
emissions / concentrations. Share of vehicles in NOx and CO emission load was about 60% and
about 35% respectively. Share of 3-wheelers in the emission load is 3-4% in total emission
load of Delhi. Although 3-wheelrs used for passenger transport predominantly operated on
CNG in Delhi city, large number of 3-wheelrs (about 90%) in adjoining states (Punjab,
Rajasthan and Haryana) which are part of NCR run on diesel and therefore are potential source
of emissions from tailpipe to ambient air.

Electric vehicles (EVs) offer alternate mobility options that can help to redress adverse impacts
of tailpipe emissions. 2-wheeler & 3-wheeler vehicles used for passenger / goods transport can
be retro-fitted with electric drive for demonstration of benefits of deployment of electric
vehicles on air quality.

Government of India has envisioned the future of electric vehicles through the National Electric
Mobility Mission Plan 2020 and encourage the penetration of electric vehicles in the market.
Further, NIT1 Aayog of India in their action plan for combating air pollution i.e. BREATHE,
also emphasizes on increasing distribution of electric vehicles. This action plan also suggests
to launch a scheme to convert existing IC engine autos into electric ones either by retrofitting
or through incentives for new vehicles.

Environmental benefits

e All-electric vehicles produce zero direct emissions, which specifically helps improve local
air quality and exposure to the population in the high vehicle density area.

e There is a huge emission reduction potential considering a total emission load of PM2.5
from 3-wheelers of about 10,300 T/year, in the year 2016, out of total transport sector
emission load of about 68,600 T/year (ARAI-TERI report, 2018). A few percentages of
vehicles retro-fitted with electric drive can accrue significant reduction in emission load of
PM2.5 as well as NOx.

Benefits to user

e Reduced operational cost with the initial investment of 1.8 lakh (including battery cost) for
3-wheeler the payback period is about 2 to 2.5 years for a usage of 80 km per day. Payback
period also depends on the daily running of vehicles. The investment cost is expected to
reduce in future with mass production.

1 TN THE

ARAI

Progress thraugh Research



e With swappable battery option, initial investment can be reduced significantly with about
similar payback period.
e Extended life of vehicle due to refurbishment and retro-fitment of electric drive.

C. Scope of the Work and Methodology

Scope of work to meet the objective of the project and methodology to be followed is presented
below-

¢ Internal combustion (IC) engine-based 2-wheeler (6 nos.) & 3-wheeler (6 nos.) would be
retro-fitted to run on electric drives
e Prototype development on
o Vehicle fitness assessment for conversion.
o Removing unwanted parts (engine etc.) and reconditioning vehicle existing parts related
to EV drive-train to remove operational inefficiency.
o Architecture and Wiring harness design and suitability of existing components (Lighting
load, switches etc.).
o Mechanical and Electrical Integration of drive-train with battery (designing structural
parts for battery and drivetrain support) and actual fitment of parts.
o System level trials and testing.
o Prototype development of various mounting on vehicle.
e Retro fitment of 2-Wheeler and 3-Wheelers
o Mechanical and Electrical integration of retrofit kit on 6 nos. of 2W & 6 nos. of 3W.
o Deployment of vehicles for real world usage.
¢ Run-time data collection and improvisation
e Data collection
o Fitment of 10T based device on vehicles.
o Cloud-based system for data transfer and acquisition.
e Data on the performance of vehicles would be collected over a period of 5-6 months.
e Pollution reduction potential for the region will be evaluated.
e Maintenance and servicing of vehicles during filed trials (ensuring manpower, parts and
assistance availability throughout pilot).
e Interpretation of data collected from vehicles, surveys and reporting.

D. Deliverables

e Carrying out the activities as mentioned in the scope of work.

e Successful completion of this phase will generate evidence, based on thorough scientific
evaluation of the option of retro-fitment of 3-wheelers and 2-wheelers. A report containing
information based on comprehensive data analysis would be carried out during the pilot
demonstration in terms of-

o Technical feasibility
o User feedback
o Pollution reduction potential
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E. PERT Chart

Identification of 2-
Wheeler & 3-Wheeler
vehicle make/model
for retro fitment.
Nil
20 Mar ‘23 to
20 Mar’23

Procurement of
components for retro
fitment kit.

3 months

20 Jun 23 to
30 Sep '23

Fitment of retro-
fitment kit, battery
pack on vehicles.
3 months

20 Jul ‘23 to
15 Oct '23

Running and Operational
data acquisition of
retrofitted vehicles in real-
life for 5-6K Kilometers.

6 months
20 Dec '23 to 30 Jun '24

Evaluation and Interpretation of

Preparation of Draft
Report/Final Report

Certification of retrofit

operational data collected

solution during running.
5 “"‘";"h’ 6 months 5.5 months
20 Feb 24to 20 Jan 24 to 20 Jan 24 to
31Jul"24 15 Jul 24 30 Jun 24

Figure 1 PERT Chart

Milestone 1: Identification of 2-wheeler & 3-wheeler vehicle make/model for retro-
fitment

This milestone covers the survey of vehicles in Delhi for finding out which are the common
and most used 2-wheeler and 3-wheeler by public in Delhi-NCR for their daily commute or
business purpose.

Milestone 2: Procurement of components for retro-fitment kit
This milestone covers the procurement process of components of retro-fitment kit based on the
calculations and simulation results.

Milestone 3: Fitment of retro-fitment kit, battery pack on vehicle
This milestone covers the fitment/integration of retro-fitment kit components procured for 2-
wheeler and 3-wheeler category including the battery pack & wiring harness integration.

Milestone 4: Running and operational data acquisition of retro-fitted vehicles in real-life
for 5000 to 6000 km

This milestone covers the on-road testing phase of all 12 nos. of retro-fitted vehicles,
identification of operational issues and resolving those, data acquisition with the use of DAQ
system integrated into the vehicle for 5000 to 6000 kilometres.

Milestone 5: Interpretation of operational data collected during running

This milestone covers the interpretation/analysis of the data collected from the vehicle related
to throttle, current, voltage and speed of vehicle during their testing trials at different loading
and gradeability scenarios.
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Milestone 6: Evaluation and certification of retro-fitment solutions
This milestone covers the evaluation of the retro-fitment solutions w.r.t the testing trails carried
out on all 12 nos. of vehicles and suggesting the best performing solution based on the testing

results achieved/analysed.

Milestone 7: Preparation of draft report/final report:
This milestone covers the preparation of final report containing the details of project execution.
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MILESTONE 1: IDENTIFICATION OF 2-WHEELER & 3-WHEELER VEHICLE
MAKE/MODEL FOR RETRO-FITMENT

1.1 Identification of 2-Wheeler & 3-Wheeler vehicles

The vehicles to be selected for retro-fitment, so as to cover a major share of existing vehicles
being used in market, were identified based on the below mentioned approaches:

e Using Society of Indian Automobile Manufacturers (SIAM) sales data
e Physical survey

e SIAM Sales Data

Using SIAM sales data, we have approached 3 different method for collection of data i.e.

e Market sales of OEMS for year 2006 to 2017 (as retro-fitment will be done on old vehicles)

e Market sales of OEMS for year 2021-22 (is the trend being followed or not)

e Model-wise top sales in the same segment (to finalize which model should be considered
for retro-fitment)

2-Wheeler Vehicle
A summarized version of SIAM sales data is provided into tabular format below.

Table 1 below provides a summarized analysis highlighting the popularity of specific vehicle
models in 2-wheeler category.

Company/Type | Scooter | Motorcycle
Honda Activa NA

Hero Na Splendor
Table 1 Popular vehicle models in 2-wheeler category

3-Wheeler Vehicle

Table 2 below provides a summarized analysis highlighting the popularity of specific vehicle
models in 3-wheeler category.

Company/Type Passenger Cargo
Bajaj Bajaj RE Compact Maxima
Piaggio Piaggio Ape City | Ape Xtra LDx

Table 2 Popular vehicle models in 3-wheeler category

For a comprehensive overview of the popular vehicle sales data, please refer to the graphical
representations and detailed insights provided in SECTION 1 of 7.1 (ANNEXURE 1) Pg.
no. 61 of this report.

e Physical Survey

A physical survey was carried out in Delhi and nearby cities to find out the majority of models
used by public for their daily commute.
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Table 3 below mentions the details of this physical survey carried out in multiple areas of Delhi
and NCR.

State City

Delhi Delhi

Uttar Pradesh | Gautam Buddha Nagar (Noida), Ghaziabad, Meerut, Baghpat

Haryana Faridabad, Gurgaon, Sonipat, Bahadurgarh.

Table 3 Survey of cities for presence of vehicles in majority

For a comprehensive overview of city areas in which the physical survey was carried out, refer
SECTION 2 of 7.1 (ANNEXURE 1) Pg. no. 65 of this report.

1.2 Summary and Selection of Vehicle

Based on SIAM sales data from 2005 to 2016 and physical survey, following conclusions can

be made:

e Scooter segment: Honda Activa in scooter segment is the most observed vehicle in use on
Delhi and NCR roads.

e Motorcycle segment: Hero Splendor is the most observed vehicle in motorcycle segment.

e 3-wheeler passenger: For CNG fuel type Bajaj Compact CNG was seen predominantly,
while for diesel fuel type Piaggio Ape Xtra passenger and Bajaj Maxima passenger were
seen on the roads of NCR; also, Bajaj Compact RE diesel was seen in some outskirts of
Delhi NCR.

e 3-wheeler Cargo: In this category, for both the fuel types of diesel and CNG, Bajaj Maxima
and Piaggio Ape Xtra are seen to be in use, predominantly.

List of selected vehicles for 2W and 3W retro-fitment:

Table 4 below mentions the list of selected vehicle models for 2W and 3W category that will
be retro-fitted with purely electric drive system with multiple motor and battery configurations
(solutions) shortlisted from the available retro-fitment solutions in the market as per
requirements.

Sr. No. | Category Selected Vehicle Model

Scooter Honda Activa

Motorcycle Hero Splendor

3W Passenger | Bajaj Compact RE, Bajaj Maxima/ Piaggio Ape Xtra.

| WM

3W Cargo Bajaj Maxima, Piaggio Ape Xtra

Table 4 Summary table of selected 2w & 3w vehicles for retro-fitment
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MILESTONE 2: PROCUREMENT OF COMPONENTS FOR RETRO-FITMENT
KIT

This milestone covers the procurement process of components of retro-fitment kit based on the
calculations and simulation results.

2.1 Procurement of vehicles
2-Wheeler vehicle

The Figure 2 below shows the vehicles that were procured by ARAI (based on the findings of
survey) for getting retro-fitted with electric conversion Kits.

Honda Activa - for 2 wheeler scooter segment Honda Splendor - for 2 wheeler Motorcycle segment

e . e
Figure 2 Procured 2-wheeler (motorcycle & scooter) vehicles

Vehicle fitness assessment

To carry out the fitness assessment of 2-wheelers acquired for retro-fitment, a joint inspection
of 2-wheelers was carried out by ARAI & Droom Technology Pvt. Ltd (platform involved in
assessment and sale of old and new non-commercial vehicle).

Table 5 outlines the various parameters that were meticulously cross-verified to ensure vehicle
fitness before procurement. This comprehensive assessment ensures that all vehicles meet the
required standards for performance, safety and reliability.
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Inspected fitness points of 2-wheeler
(Scooter & Motorcycle)

Chassis & Body

(Body panels, fibre, mud-flaps)
Wheel system

(Wheel rim + hub, rim spokes tension)

Braking system

(Brake pedal, brake lines, brake-shoe, liners)

Steering system

(Bearing, T-bar)

Electricals

(Wiring, headlamp, tail-lamp, indicators, horn)

Rims & Tyres

(Rim & tyre condition)

Transmission

(Engine, gearbox, chain-sprockets, CVT)
Table 5 Fitness check parameters for 2-wheeler

Refer SECTION 3 OF 8.1 (ANNEXURE 2) Pg. no. 69 of this report, for a comprehensive
detail of the vehicle's condition, which has been converted into a rating format following the
inspection. The rating scale ranges from 1 to 5, reflecting varying levels of condition for the
parameters mentioned in Table 5.

3-Wheeler Vehicle
The Figure 3 below shows the vehicles that were procured by ARAI (based on the findings of
survey) for getting retro-fitted with electric conversion Kits.

Available at ARAI
Piaggio Ape Auto

[ -
.
: 3
< A

3
<

& d

Figure 3 3-wheeler’s procured on lease (passenger & cargo) vehicles
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Vehicle Fitness Assessment

To carry out the fitness assessment of 3-wheelers acquired for retro-fitment, inspection of 3-
wheelers was carried out by ARAI due to unavailability of any 3rd party inspection.

Table 6 outlines the various parameters that were meticulously cross-verified to ensure vehicle
fitness before procurement. This comprehensive assessment ensures that all vehicles meet the
required standards for performance, safety, and reliability.

Inspected fitness points of 3-wheeler
(Passenger & Cargo)

Chassis & Body (Body panels, fibre, mud-flaps)

Wheel system (Wheel rim + hub, transmission shafts, drums, rims, mount plates, wishbone
attachments)

Braking system (Brake pedal, brake lines, brake fluid, brake-shoe, liners)

Steering system (Bearing, T-bar)

Electricals (Wiring, headlamp, tail-lamp, Indicators, horn, wiper motor)

Rims & Tyres (Rim & tyre condition)

Transmission (Engine, gearbox, half Shafts)
Table 6 Fitness check parameters for 3-wheeler

Refer SECTION 4 OF 8.1 (ANNEXURE 2) Pg. no. 69 of this report, for a comprehensive
detail of the vehicle's condition, which has been converted into a rating format following the
inspection. The rating scale ranges from 1 to 5, reflecting varying levels of condition for the
parameters mentioned in Table 6.

2.2 Retro-fitment kit component details

The Table 7 below provides a detailed list of components included in a conversion or retro-
fitment electric kit for 2-wheeler and 3-wheeler category. These components are essential for
converting a conventional ICE vehicle to an electric vehicle, ensuring optimal performance,
efficiency and safety.

E;’_ 2-Wheeler 3-Wheeler
1 Hub / traction type motor Traction type motor

2 Motor controller unit Motor controller unit

3 Dc-dc converter Dc-dc converter

4 MCB (DC) Contactor

5 Junction box Junction box

6 Wiring harness Wiring harness

7 -- Fuse box
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Sr.

2-Wheeler 3-Wheeler
No.
8 Throttle & grip Throttle & grip
9 Chain sprocket (only for traction | Gear-box & Transmission shafts
type motor)
10 Battery pack SOC meter Kit integrated display
11 Drive switch box (f/r, mode, on-off) | Drive switch box (f/r, mode, on-off)
Motor bracket (only for traction type | Mounting structures (motor &
motor) gearbox kit mounting)
12

Swing arm (only for motorcycle hub
motor Kit)

13 Li-ion battery pack, charger & | Li-ion battery pack, charger &
mounting bracket mounting bracket

14 Swing arm and shock absorber set
(Only for scooter hub motor Kit)

Table 7 Components used in retro-fitment kit

2.3 Motor sizing

Following mathematical equations are used for calculating multiple parameters to derive
motor power and torque

e Wheel Speed

Vehicle speed to be considered as linear velocity

5
Speed (m/s) = Speed (kmph) * 18

Wheel speed in rpm
V60

Mw = s 'y
where,

nw= Wheel speed [rpm]

v = Vehicle speed [m/s]

rw = Radius of the wheel [m]
e Aerodynamic force

It is a resistive force acting on the vehicle, because of its frontal area, density of air, geometry
of car & cars velocity. When the area of the vehicle is not present the aerodynamic force can
be calculated by process called coast down test.

_p* AxCqxv?

B 2

Fa
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where,

Fa = Aerodynamic force [N]
p = Density of air [kg/m°]
A = Frontal area [m?]

Cq = Coefficient of drag

v = Vehicle speed [m/s]

e Grade resistance force

Gradient resistance force is the force acting on the vehicle when the vehicle is climbing an
inclined surface.

Fgr = GVM * sin(0) * g
where,
Fgr = Gradient force [N]
GVM = Gross vehicle mass
© = Angle of inclination with respect to the horizontal [degrees]
g = Acceleration due to gravity (9.81 m/s?)

¢ Rolling resistance force

Rolling resistance, sometimes called rolling friction or rolling drag, is the force resisting the
motion when a body (such as a ball, tire, or wheel) rolls on a surface. Rolling resistance force
is the product of gross vehicle weight and the rolling resistance coefficient. The coefficient of
rolling resistance, which has the dimension of length, is approximately equal to the value of
the rolling resistance force times the radius of the wheel divided by the wheel load. The
coefficient of rolling resistance value depends on the wheel and road material. This value
differs for every road surface and tyre conditions.

Figure 4 gives an overview and understanding of rolling resistance force for different road
surfaces and forces acting on a tyre of a moving vehicle.

(& Surface
0.001 - 0.0025 | steel wheels on steel rails
0.0015 - 0.0025 | bicycle tires
0.006 - 0.01 truck tire on asphalt

0.01 - 0.015 ordinary car tires on concrete
0.03 car tires on tar or asphalt
02-04 car tire on loose sand

Figure 4 Cyr with respect to road surface and forces acting on tyre

F. = C;r * GVM * g x Cos(0)
where,
Fr = Rolling resistance force [N]
GVM = Gross vehicle mass [N]
Cr = Coefficient of rolling friction
© = Angle of inclination with respect to the horizontal [degrees]
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g = Acceleration due to gravity (9.81 m/s?)
e Acceleration force

Acceleration force is the force that helps the vehicle to reach a predefined speed from rest in a
specified period of time.

Face = GVM * a
where,
Facc = Acceleration force [N]
GVM = Gross vehicle mass [kg]
a = Acceleration [m/s?]

e Total tractive force

Total tractive effort is the total force that the vehicle needs to provide to the wheel in order to
move the vehicle. The total tractive effort value does not represent for a single wheel, but it
represents the total force that needs to be provided to move the vehicle.

Trp =Fg+Fgr + Fr + Foee
where,
T+r = Total tractive force [N]
Fr = Rolling resistance force [N]
Fgr = Gradient force [N]
Fa = Aerodynamic force [N]
Facc = Acceleration force [N]

e Total tractive force with efficiency

TTF

Trr with Efficiency = m

e Wheel torque

The torque that is required on the wheel to produce the required drive characteristics is given
by
Tw = Trg with efficiency * ryy

where,

Tw = Torque of the wheel [Nm]
Trr = Total tractive force [N]
rw = Radius of the wheel [m]

e Motor power

Motor power is the power consumed by the motor.
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Trg with efficiency * v
PmOtOr = 1000

Where,
Pmotor = Motor power [kW]
v = Vehicle speed [m/s]

2.4 Parameters considered while motor sizing

2-Wheeler parameters

Table 8 below mentions the parameters that were used to calculate the motor sizing
requirements of 2-wheeler category. These standard parameters are selected based on the
engineering handbooks like "Fundamentals of VVehicle Dynamics" or "Vehicle Dynamics and
Control" after cross verification with the actual vehicle.

1. Parameters table

Parameters Scooter | Motorcycle
Density 1.16 1.16
Area 0.75 0.75
Drag coefficient 0.7 0.9
Rolling resistance 0.015 0.015
Diameter of wheel 0.355 0.632
Efficiency 0.9 0.9
Mass (Case 1: Single seated) 200 200
Mass (Case 2: Double seated) | 270 270

Table 8 Parameters considered for motor sizing of 2-wheeler

Speed (Km/h) | Gradient (°)
0to6 12
81010 7
11to 12 5
13to 15 3
15to 22 2
2310 28 1
29t0 60 0

Table 9 Speed & gradient consideration for 2-wheeler motor sizing

Table 9 mentions the maximum speed a vehicle can achieve if the vehicle needs to climb
certain gradient angle.

Refer SECTION 5 OF 8.1 (ANNEXURE 2) Pg. no. 70 of this report, for detailed overview
of performance goals, scenarios for sizing of 2-wheeler and 3-wheeler, SECTION 6 OF 8.1
(ANNEXURE 2) Pg. no. 72 of this report, for motor sizing simulations of 2-wheeler (scooter
and motorcycle).

13 TN THE

ARAI

Progress thraugh Research



Refer SECTION 7 OF 8.1 (ANNEXURE 2) Pg. no. 72 of this report, for MATLAB generated
model for powertrain calculation and battery pack power calculation.

Refer SECTION 8 OF 8.2 (ANNEXURE 2) Pg. no. 74 of this report, for results of motor
sizing for 2-wheeler category vehicle which are the outcomes achieved based on the parameters
mentioned in SECTION 5, 6, 7, Table 8 and Table 9.

3-Wheeler parameters

Table 10 below mention the parameters that were used to calculate the motor sizing
requirements of 3-wheeler category. These standard parameters are selected based on the
engineering handbooks like "Fundamentals of Vehicle Dynamics™ or "Vehicle Dynamics and
Control " after cross verification with the actual vehicle.

2. Parameters table

Parameters Passenger | Cargo
Density 1.16 1.16
Area 2.35 2.35
Drag coefficient 0.31 0.9
Rolling resistance 0.015 0.015
Diameter of wheel 0.48 0.632
Efficiency 0.8 0.9
Mass (Case 1: Unloaded) 380 450
Mass (Case 2: Fully loaded) 900 1000
Gear ratio 1:14 1:14

Table 10 Parameters considered for motor sizing of 3-wheeler

Speed | Gradient (%)
Oto6 12
81010 7
11to 12 5
1310 15 3
15 to 22 2
2310 28 1
29 to 60 0

Table 11 Speed & gradient consideration for 3-wheeler motor sizing

The Table 11 above mentions the maximum speed a vehicle can achieve if the vehicle needs
to climb certain gradient angle.

Refer SECTION 5 OF 8.1 (ANNEXURE 2) Pg. no. 70 of this report, for detailed overview
of performance goals, scenarios for sizing of 2-wheeler and 3-wheeler, SECTION 9 OF 8.2
(ANNEXURE 2) Pg. no. 85 of this report, for motor sizing simulations of 3-wheeler
(Passenger and Cargo).

Refer SECTION 7 OF 8.1 (ANNEXURE 2) Pg. no. 72 of this report, for MATLAB generated
model for powertrain calculation and battery pack power calculation.
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Refer SECTION 10 OF 8.3 (ANNEXURE 2) Pg. no. 86 of this report, for results of motor
sizing for 3-wheeler category vehicle which are the outcomes achieved based on the parameters
mentioned in SECTION 5, 9, 7, Table 10 and Table 11.

2.5 Motor Sizing Summary

Overview

This report summarizes the performance testing results of various electric motors under
different conditions for scooters, motorcycles, and three-wheeler vehicles. The data covers tests
conducted under different drive cycles, scenarios, and gradients, providing insights into motor
torque, power output, and availability in the market.

3. Vehicle Categories and Testing Conditions

Table 12 below mentions the summary of required motor power (nominal) w.r.t the
calculations carried out.

C\gisgigglﬁy g;gg Conditions (?(;? d ilezrcl)';s yotzvrzlzl%%ﬂ u?f’?&gl
Scooter vaﬁ)_?_g‘ b?ﬁggge% Zero & Combined 1.96
Motorcycle MV\I/EI)_?.[;& bﬁggge‘g‘ Zero & Combined 2.15
et | M | s | zoscombis | o
34&5}2‘2” MV\IIEI)_('I:'F? bﬁg:ﬂe‘z‘ Zero & Combined 4.06

Table 12 Summary of vehicle categories, required motor power & torque

Performance Analysis

o Scooters: Require motors with moderate power and torque. The market availability is
generally sufficient, but the higher torque needs are well-met with up to 60 Nm available.

e Motorcycles: Demand higher power and torque. Market availability for high-torque motors
is robust, with up to 70 Nm available.

e 3-Wheeler Passenger: Moderate to high power and torque requirements. The market
availability meets the moderate power needs but may be limited for higher power
requirements.

e 3-Wheeler Cargo: Highest power and torque requirements among the tested vehicles. The
market availability is substantial, especially for high-torque motors.
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2.6 List of Available retro-fitment kits and vendors in market (as of March-April 2024)
Table 13 below mentions the list of available retro-fitment kit in market. Fields highlighted in GREEN are the kits procured and tested under this

project.
. Max. .
Motor Power
Category Avallgble Bgttery_ Batt_ery Transmission type | Range Top Gradeability Speed_@ Tentgtlve
Solutions - Configuration | Option Speed d gradeability Price
Nominal | Peak (degrees)
2-Wheeler
Motorcycle
60V 35Ah 50-60 1520 | 54900
72V 21Ah 40-50 0510 | 59,000
2-Wheeler
Scooter
5 1.5 2.5 60V 35Ah Fixed Traction Motor 50-60 50 NA 15-20 54,900
6 3 5.5 48v 50ah Portable Hub Motor 60 75 NA 25-30 67,500
3-Wheeler
Passenger
3-Wheeler
Cargo
4 3 6 60V 100ah Fixed 2 speed gearbox 75 50 NA 15-20 2,40,000

Table 13 Available retro-fitment kits

* The prices mentioned in above table are tentative & incl. of all taxes. This prices may vary based on market conditions in future.
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2.7 Kits procured as per proposed solution

Following 3 different retrofit solutions for all category of vehicles are proposed:

* Retrofit Solution 1: Integration of certified retro-fitment kit (as per AIS-123) available with
kit manufacturer for 1 set of all finalized 2-wheeler as well as 3-wheeler vehicles.

* Retrofit Solution 2 & 3: Development of scalable retro-fitment kit. In these solutions, all
components required for kit, were procured independently and integrated into the vehicle.

The Table 14 Proposed retro-fitment kit for all category of vehicles below highlights the
specifications of the variety of retro-fitment kits available in market for conversion of a
conventional vehicle into electric vehicle. The table specifies the solutions opted for vehicles,

category-wise.

Catedor Vehicle Retro-fitment Retro-fitment Retro-fitment
gory Solution 1 Solution 2 Solution 3
Hub Type Hub Type Motor: Hgf;'r‘_’gm;e
Motor: 2 kW 2.65 kW (Peak (Peak 3 W)
(Peak 3.94 kW) | 5.6 kW) Batterv pack: 60V
Motorcycle | Splendor Battery pack: Battery pack: 72V 42Ah y pack:
72V 40Ah 35Ah (2.5kWh) (2.5KWh)
(2.8kWh) (Certified Motor e
(Certified Kit) Kit) (Certified Battery
pack Pack)
Traction Type
u‘(‘ﬁ;}’fez KW Hub Type Motor: | Motor: 2 kW
(Peak 2 ?;kW) 2 kW (Peak 3.51 | (Peak 3 kW)
. ' : kw) Battery pack: 60V
Scooter Activa Battery pack: B K 7oV | 42An
79V 40Ah attery pack:
(2.8KWh) 35Ah (2.5kWh) (2.5kWh)
(Certi fied Kit) (Not Certified) (Certified Battery
pack Pack)
Motor: 3 kW I(\I/Iag;?(r:?4k\ljvv;/ Motor: 4.4 kW
Bajaj RE, (Peak 6.5 kW) Battery pack: 48V (Peak 10 kw)
3-Wheeler | Piaggio Ape | Battery pack: 200 Aﬁ/ pack: Battery pack: 48V
(Passenger) | xtra, Piaggio | 48V 100Ah 200Ah
Ape City | (4.8kWh) (9.6kWh) (9.6kWh)
(Certified Kity | (Certified Battery | im0 igied Kit)
pack Pack)
Motor: 3 kW ?g,g;?(r:?4k\ljvv;/ Motor: 7.5 kW
Bajaj (Peak 6.5 kW) Battery pack: 48V (Peak 12 kW)
3-Wheeler | Maxima, Battery pack: 200 Aﬁ/ pack. Battery pack: 48V
(Cargo) Piaggio Ape | 48V 200Ah (9.6kWh) 200Ah
Xtra Ld (4.8kWh) (Cferti fied Battery (9.6kWh)
(Certified Kit) (Certified Kit)
pack Pack)

Table 14 Proposed retro-fitment kit for all category of vehicles

Refer SECTION 11 OF 8.4 (ANNEXURE 2) Pg. no. 96 of this report, for images and

details of kits (Solution-wise).
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MILESTONE 3: FITMENT OF RETRO-FITMENT KIT, BATTERY PACK ON
VEHICLE

This milestone covers the fitment/integration of retro-fitment kit components procured for 2-
wheeler and 3-wheeler category including the battery pack & wiring harness integration.

3.1 Compliance and regulations

1. Homologation requirement and environmental resistance

Below mentioned homologation tests are required for a retro-fitment kit to be certified for use,
in 2-wheeler and 3-wheeler category. These tests also involve conditions imitating
environmental scenarios, so that the components are subject to water, dust and other
environmental factors that the vehicle might encounter during real world use.

2. Noise and vibration

The retro-fitment kit components should be tested against safety, emission norms, vibration
levels as mentioned in the Table 15 Homologation requirements below. No additional noise or
vibration is observed in the retro-fitted vehicle. But, in some cases, the chain drive mechanism
noise can be heard clearly. Same noise is generated in an ICE vehicle as well, but is not
discretely audible due to higher engine noise. Retro-fitment of a vehicle should comply to AlS-
123 for optimum performance and safety.

3. Certification requirements for retro-fitment
Table 15 Homologation requirements highlights the types of certification requirement of a retro-

fitment kit. All types of tests mentioned in below table comes under model level / component
level certifications required for retro-fitment kit as per AlS-123 (Part 3).

Types of homologation testing

Vehicle weighment Code of practice for retro-fitment

Gradeability Traction motor (measurement of net power &
max. 30 min. power & speed)

Brakes Measurement of electrical energy
consumption

Pass-by noise level Environmental validation tests for traction
motor

Tell-tale symbols and controls (for switch | Thermal shock test

box)

EMC Media resistance test

Requirements for constructional and Impact test

functional safety

Requirements for rechargeable energy Dust test

storage system (REESS)

Wiring harness / Cables / Connectors Water immerse test

Table 15 Homologation requirements

3.2 Kit Integration and removal of unwanted parts

2-Wheeler
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Table 16 lists out the components to be removed from 2-wheeler which are unwanted and will
make it easy to get the vehicle retro-fitted with new electric kit.

Step Sub-Step/Action | Description
1 | Preparation
1.1 | Safety first Ensure the bike is on a stable stand, wear safety gear.
1.2 E)lg{:/(;nnect the battery pack Disconnect it to avoid any electrical hazards.
2 | Removing unwanted parts

2.1 | Fuel system

2.2 | Drain the fuel Safely drain any remaining fuel from the tank.
2.3 | Remove the fuel tank Use a wrench to remove bolts securing the tank.
2.4 | Remove carburettor Disconnect and remove carburettor/fuel injectors.
2.5 | Remove fuel lines Remove any fuel lines and fuel pump.

2.6 | Exhaust system

2.7 | Remove exhaust pipe Unbolt and remove the exhaust pipe and muffler.
2.8 | Engine & wiring

2.9 | Disconnect wiring Label and disconnect all wiring connection.

2.10 | Remove mounting bolts Use a socket set to remove engine mounting bolts.
2.11 | Remove engine Carefully lift the engine out of the frame.

2.12 | Powertrain controls

2.13 | Throttle & cable Remove throttle and its cable gently.

2.14 | Clutch & cable Remove clutch cable.

2.15 | Air intake system

2.16 | Remove air filter and intake | Remove the air filter box and intake tubing.

2.17 | Mountings/brackets

218 | 12V battery pack bracket Eemove the 12V battery pack bracket attached

elow the seat.
2.19 | Engine bracket Remove the engine bracket from the chassis.

Table 16 Steps of removing unwanted parts from 2-wheeler

Table 17 Process of integration in 2-wheeler below highlights the process of integrating a 2-wheeler
with the retro-fitment solutions provided.
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Step | Sub-Step/Action | Description
1 | Preparation
1.1 | Safety first Ensure the bike is on a stable stand, wear safety gear.
Ensure all body parts are removed so as to access the bike frame
1.2 | Body parts
completely.
2 | Swing Arm (Solution 1 & 2)
Replace the old swing arm of the vehicle with the new swing
2.1 | Replacement . . .
arm provided with the kit.
Mount the motor into the swing arm with the attachments
2.1 | Motor provided in the Kit.
Tighten the motor with ny-lock or metal lock nuts only.
Controller & De- Mount the controller, Dc-Dc in the 12V battery pack
2.2 Dc compartment of the chassis, use of bolts is recommended
instead of zip-ties.
Throttle, Switch | Mount the throttle and switch box on the handle bar firmly
2.3 . g
Box (provided with internal bolts).
24 Battery Meter Mount the battery meter in the odometer; the fuel indicator
| (BM) needs to be removed and the BM needs to be fixed.
25 | Battery pack box Fix the battery pack bo>_< in the engine compartment (use of Ny-
lock or metal lock nuts is recommended).
26 | Battery pack Place the bgtt_ery pack inside the battery pack box and check for
any loose fittings.
. Fix the wiring harness on the chassis of the vehicle with the use
2.7 | Wiring layout S
of zip-ties.
28 | Connections Follow the connection diagram provided with the kit and refer
' Figure 72 for detailed architecture.
99 Battery pack Connect the battery pack with the opposite connector on the
"~ | connection wiring harness.
210 | Ramp test Start the vehlcle_ on ramp and check for any faults; run the
motor on ramp itself.
2.11 | Physical testing After ensuring everything to be normal test the vehicle on
normal conditions for 1-2 km.
212 | PDI Pre-check everything before delivering the vehicle to the

customer.

Table 17 Process of integration in 2-wheeler
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3-Wheeler

Table 18 Steps of removing unwanted parts from 3-wheeler lists out the components to be removed
from 3-Wheeler which are unwanted and will make it easy to get the vehicle retro-fitted with
new electric Kit.

Step Sub-Step/Action Description
1 | Preparation

1.1 | Safety first gen:rure the bike is on a stable stand, wear safety

13 Disconnect the battery pack Disconnect 12V battery pack to avoid any electrical
1 (12V) hazards.
2 | Removing unwanted parts

2.1 | Fuel system

2.2 | Drain the fuel Safely drain any remaining fuel from the tank.

2.3 | Remove the fuel tank Use a wrench to remove bolts securing the tank.

2.4 | Remove Carburettor Disconnect and remove carburettor/fuel injectors.

2.5 | Remove fuel lines Remove any fuel lines and fuel pump.

2.6 | Exhaust system

2.7 | Remove exhaust pipe | Unbolt and remove the exhaust pipe and muffler.

2.8 | Engine & wiring

2.9 | Disconnect wiring Label and disconnect all wiring connections.

2.10 | Remove mounting bolts Use a socket set to remove engine mounting bolts.

2.11 | Remove engine Carefully lift the engine out of the frame.

2.12 | Transmission If applicable.

2.13 | Disconnect transmission Unbolt and remove the transmission.

2.14 | Powertrain controls

2.15 | Throttle & cable Remove throttle and its cable gently.

2.16 | Clutch & cable Remove clutch cable.

2.17 | Gear & cable Remove gear cable gently.

2.18 | Air intake system

2.19 | Remove air filter and intake | Remove the air filter box and intake tubing.

Table 18 Steps of removing unwanted parts from 3-wheeler
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Table 19 Process of integration in 3-wheeler below highlights the process of integrating a 3-wheeler
with the retro-fitment solutions provided.

Step Sub-Step/Action Description
1 | Preparation

1.1 | Safety first

Ensure the vehicle handbrake is fully pulled, wear safety
gear.

Ensure all body parts are removed so as to access the
vehicle frame completely

1.2 | Body parts

2 | Component integration

For this process welding of bracket is recommended to

avoid any further accidents:

A. With reference to the detailed drawing and CAD
diagrams mark out the mounting points of brackets to
be welded on the vehicle frame.

B. After marking, place the rear brackets on its position
and check out for its inclination level with the help of
digital or water level meter.

C. Once the inclination in all axes comes to 0°w.r.t the
frame, fix the bracket firmly onto the frame with the
help of c-clamps or any other tightening clamps
available.

D. Later, the rear bracket can be welded using MIG or TIG
Welding (ARC welding is not recommended).

E. Mount the front bracket of motor on the mounting
points provided for engine in passenger vehicle.

F. For cargo vehicle the front bracket of the motor needs

Motor bracket to be welded to the frame.

mounting & other G. Once both the brackets are welded, mount the motor kit
2.1 | required fabrication with the gearbox on the brackets to check for any faults;

for component if everything is ok proceed further.

mountings H. After this, re-work in transmission shafts is required.

I. Cut the old shafts of the vehicle from exact centre;
attach the cut shafts with the output shaft of gearbox
and the other one with the hub of the vehicle.

J. Align both cut shafts to measure the required length;
once the length of shafts gets finalised weld them using
sleeve joining process (Refer Figure 82) (Grinding of
sleeve welds is not recommended in order to achieve
smooth finish).

K. Base support plates for battery pack need to be welded
on the frame in the rear side above motor controller in
case of passenger vehicle (similar to that of motor
brackets).

L. Cover or remove the motor controller kit before
welding the battery pack base plates.

M. In case of cargo vehicle, the battery pack needs to be
mounted on the rear side of driver cabin under the cargo
box.
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Step

Sub-Step/Action

Description

N. The cargo box mounting height needs to be raised
20mm above from the previous mounting height, for
this, metal spacer (rectangular in shape) of 20mm needs
to be welded on the previous mounting points matching
the centroid of hole in spacer and hole of mounting
point.

0. Once motor, controller, transmission shafts and battery
pack get mounted firmly on the vehicle, lay the wiring
harness of the kit and the vehicle and tighten it with the
frame using zip-ties.

P. Connect the harness by following the process
mentioned in Table 20.

2.2 | Throttle, Switch Box

Mount the throttle and switch box on the handle bar
firmly (Provided with internal bolts).

2.3 | Odometer

Mount the odometer provided with the kit in the
dashboard of the vehicle.

2.4 | Connections

Follow the connection diagram provided with the kit and
refer Figure 72 for detailed architecture.

2.5

Battery pack
connection

Connect the battery pack with the mating connector on
the wiring harness.

2.6 | Ramp test

Power on the vehicle on ramp and check for any faults
while running the motor on ramp itself.

2.7 | Frame attachment

Attach the frame of the vehicle on the chassis once
everything is cross checked and have no faults.

2.8 | Physical testing

After ensuring everything to be normal, test the vehicle on
normal conditions for 1-2 km.

29 | PDI

Pre-check everything before delivering the vehicle to the
customer.

Table 19 Process of integration in 3-wheeler

Refer SECTION 12 OF 9.1 (ANNEXURE 3) Pg. no. 98 of this report, for images of Kits
integrated on 2-wheeler and 3-wheeler (3D cad models).

3.3 Wiring architecture guidelines for 2 & 3-wheeler category

Table 20 Guidelines for Integration of wiring harness for 2-wheeler and 3-wheeler vehicles enumerates
the guidelines needed to be considered for integration of wiring harness of 2-wheeler & 3-
wheeler retro-fitment kit with aux. supply line (available on the 2 & 3-wheeler)

Step No. Guidelines

1 Connect the phase wires of motor with the motor controller.
Colour code (Green-Green, Blue-Blue, Yellow-Yellow).

2 Connect the hall sensor pin of motor to motor controller.
Colour Code (Red-Red, Black-Black, Green-Green, Yellow-Yellow, Blue-
Blue).

3 Connect the throttle with the motor controller.
Colour Code: (Red-Red, Green-Green, Black-Black).

4 Connect the switch box socket with the controller matching socket.
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5 Connect the key lock wire provided in the controller with the return line of key
switch available in the vehicle.

6 Connect the red (input) line of dc-dc converter with the return line of key switch.

7 Connect the black wire of DC-DC with the common ground wire.

8 The main input line of MCB should be occupied with a connector compatible
with the battery pack connector.

9 Connect the output of MCB with controller’s positive terminal and then with the
input wire of key switch.

10 Connect the common ground wire (Black) to controller’s negative terminal and
then with black wire of the connector connected with the MCB.

11 Connect the negative wire of 12V line with the common ground (usually green
or black).

12 Connect the yellow wire of DC-DC with positive wire of 12V line.

13 Connect the input line of key switch with the output line of MCB.

14 Once all connections are done connect the battery pack connector with the
connector on MCB side.

Note: In case of 3-wheeler replace the MCB with a contactor. Rest all connections remain

same.
Table 20 Guidelines for Integration of wiring harness for 2-wheeler and 3-wheeler vehicles

Refer SECTION 13 OF 9.2 (ANNEXURE 3) Pg. no. 102 of this report, for detailed
architecture of wiring harness integration for 2-wheeler & 3-wheeler, and index details of
wiring architecture.

3.4 Two-wheeler kit integration mountings/alterations
Retro-fitment Solution 3 (Motorcycle)

For the integration of the retrofit solution 3 into the vehicle, modifications to the body frame
(secondary members) have been performed. These alterations include:

e Removing the engine mounting bracket.

e Reshaping the connecting plates.

e Welding the base structure onto the frame for motor mounting.

¢ Reshaping the engine support member into a rectangular shape to create space for a safe and
sturdy placement of the battery bracket.

Refer SECTION 14 OF 9.3 (ANNEXURE 3) Pg. no. 104 of this report, for images of
integration & alterations performed on motorcycle for retro-fitment solution 3

Retro-fitment Solution 3 (Scooter)

For the integration of retrofit solution 3 into the vehicle, modifications to the body frame

(secondary members) have been performed. These alterations include:

« Removing the engine mounting bracket.

e Adding a shock absorber mounting to the frame through welding.

« Attaching an external swing arm reconstructed with a motor mounting plate.

e Using a front wheel rim attached with a plate and a hub to integrate the chain sprocket
mechanism on the rear wheel side of the vehicle.
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« Minor material removal from plastic case below the seat for comfortable fitment of battery
pack and facilitating easily locking of the seat.

Refer SECTION 15 OF 9.3 (ANNEXURE 3) Pg. no. 106 of this report, for images of
integration & alterations performed on scooter for retro-fitment solution 3

3.5 Three-wheeler Kit integration mountings/alterations
Retro-fitment Solution 2 & 3 (Cargo Vehicle)

A series of similar alteration work is required for the 3-wheeler segment of cargo vehicles to
facilitate the integration of EV components. Except for the retrofit kit mounting brackets, the
common modifications needed include:

Increasing the height of the mounting point of the cargo box:

o To accommodate the battery pack under the cargo box, the height of the mounting point
needs to be increased.

« This can be achieved by welding a rectangular spacer made of metal, with dimensions of 3
inches (L) x 1.5 inches (b) x 20 mm (h).

Accessing the battery pack for repairs:

e A rectangular cut on the base plate of the cargo box is required to create a cover for the
battery pack, allowing easy access for repairs.

Modifying the transmission system:

o Once the transmission system is integrated into the vehicle, the length of the transmission
shafts needs to be adjusted to connect the wheels to the gearbox output.

o This is accomplished by changing the previous transmission shaft length using the sleeve
integration method.

o These alterations ensure that the components of the EV are easily integrated into the vehicle.

e The sleeve integration method is done by welding a bush having 2mm thickness and internal
diameter equal to the external diameter of transmission shaft.

e The bush is welded in such a way that it holds the transmission shaft inline for optimum
power transmission from gearbox to wheels.

Refer SECTION 16 OF 9.4 (ANNEXURE 3) Pg. no. 108 of this report, for images of
integration & alterations performed on cargo vehicle for retro-fitment solution 2 & 3.
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3.6 Integration of retro-fitment kits
2-Wheeler Segment

The Figure 5 below shows the integration of retro-fitment kit into 2-wheeler segment, solution-
wise:

TR e

' Figure 5 All retro-fitment solutions (2-wheeler)
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3-Wheeler

The Figure 6 below shows the integration of retro-fitment kit into 3-wheeler segment, solution-
wise:

b

Lt e

Figure 6 All retro-fitment solutions (3-wheeler)'
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3.7 Force calculation and static analysis of motor kit bracket

Rear motor bracket jerk force analysis

To calculate the forces acting on the bracket and the c-clamp holding the motor gearbox
assembly, we need to consider both static and dynamic conditions. Here's a step-by-step
approach:

1. Static analysis

Firstly, let's analyse the static forces due to the weight of the motor gearbox assembly.
Weight of motor gearbox assembly (W):

W =50 kgx9.81 m/s?=490.5 N

This weight acts vertically downwards through the centre of gravity of the motor gearbox
assembly.

2. Dynamic analysis

Next, we need to consider the forces acting on the bracket when the vehicle experiences a jerk

or sudden acceleration. This will depend on the acceleration/deceleration of the vehicle and the

gravitational force.

Assumptions for dynamic analysis:

e The vehicle undergoes sudden deceleration or acceleration which can be considered as a
jerk.

« We assume a maximum deceleration/acceleration (jerk) equal to the gravitational force (i.e.,
1g = 9.81 m/s?) for worst-case analysis.

Dynamic force due to jerk:

Fierk = mass x acceleration

Fierk = 50 kg x 9.81 m/s?=490.5 N

So, the total force acting on the bracket during a jerk would be the sum of the static force and
the dynamic force:

Frotat = W + Fjenc= 490.5 N + 490.5 N = 981 N
3. Force acting on the c-clamp
The c-clamp is holding the motor gearbox assembly, and the forces acting on it will be

transferred to the bracket. In case of a jerk, the force acting on the c-clamp can be considered
the same as the total force acting on the bracket.
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Force on c-clamp during jerk:

Fc-clamp = Ftotal = 981 N

Summary

« Static force due to weight of motor gearbox: 490.5 N
o Dynamic force due to jerk: 490.5 N

« Total force acting on the bracket during jerk: 981 N

o Force acting on the c-clamp during jerk: 981 N

Figure 7 below shows the generated cad model of motor mounting rear bracket common for
solution 2 & 3.

0.00 200.00 {mm)
L E— -
100.00

Figure 7 Motor mounting rear bracket for retro-fitment solution 2 & 3

Refer SECTION 17 OF 9.5 (ANNEXURE 3) Pg. no. 111 of this report, for results of
deformation and stress analysis of motor mounting rear bracket.
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Figure 8 below shows the motor mounting front bracket for solution 2:

z

0.000 0.100 () L4
| e | E
0.050

Figure 8 Motor mounting front bracket for retro-fitment solution 2

Refer SECTION 18 OF 9.6 (ANNEXURE 3) Pg. no. 113 of this report, for results of
deformation and stress analysis of motor mounting front bracket.

3.8 Sprocket force calculation and analysis

To calculate the forces acting on the sprocket and determine the forces required for total
deformation and stress analysis, we need to follow several steps involving the principles of
mechanics and dynamics.

Step 1: Determine the torque on the sprocket

Given:

o Motor torque, T =31 Nm

o Number of teeth on driving sprocket, t; =9

« Number of teeth on driven sprocket, t> = 43

Using the gear ratio:

Gear ratio = t2/ t1 = 43/9

The torque on the rear sprocket:

Tr = Tx(t2/t1) = 31x43/9 = 148.11 Nm

Step 2: Determine the chain tension

The chain tension F can be calculated using:
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F=ti/r
where r is the pitch radius of the sprocket. The pitch radius r can be approximated by:
d =ty x (p/n)

where d is the diameter of the pitch circle. The pitch circle diameter for the driving sprocket
is typically related to the number of teeth and the pitch p.

For a typical chain pitch (assuming p=12.7 mm for a standard bicycle chain):
d=9x% (12.7/m) =36.4 mm; r = 36.4/2 = 18.2 mm

So, the chain tension F is:

F =148.11/0.0182 = 8133 N

Step 3: Calculate the forces acting on the sprocket teeth

The force acting on each tooth of the sprocket: Frooth = F/t1 = 8133/9 = 903.67 N
Stress analysis

For stress analysis, we have considered the material properties of EN9 steel:

« Yield strength (cy) of EN9: 465 MPa
« Ultimate tensile strength (ou) of EN9: 700 MPa

Figure 9 shows the cad model of sprocket for solution 3 (2-wheeler):

ol
0.000 0.030(m) &
e |

0.015

Figure 9 Sprocket for retro-fitment solution 3 (2-wheeler)

Refer SECTION 19 OF 9.7 (ANNEXURE 3) Pg. no. 115 of this report, for deformation and
stress analysis of sprocket 2 for retro-fitment solution 3.
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3.9 DAQ integration and configuration

As per scope of work, we had to integrate all vehicles with 10T based devices for gathering
performance data and monitoring vehicle during run-time. Also, a cloud-based system for data
transfer and acquisition was to be provided.

The data parameters to be captured to gauge the vehicle performance were finalized as:

a. Throttle — against driver input

b. Current and Voltage — to calculate power

c. Vehicle longitudinal speed

d. Geographic position with altitude — to capture terrains traversed

e. Ignition — to know vehicle on/off status

From the above parameters, throttle and ignition were to be tapped from the vehicle wiring
connections, whereas, current and voltage were to be measured by sensors. The speed and
geographic positions were to be provided by a data acquisition (DAQ) device, by using the
GPS technology.

3.9.1 Selection of DAQ

Based on above considerations, a data acquisition device (DAQ) (shown in Figure 10). Was
selected with 4G (LTE Cat 1) network coverage including 3G (UMTS), 2G (GSM) fallback
compatibility. Device is equipped with GNSS and LTE modules, external GNSS and LTE
antennas. It has 4 digital inputs, 4 analog inputs, 3 digital outputs and provision for CAN inputs
as well.

Figure 10 Sample DAQ product image
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Refer SECTION 20 OF 9.8 (ANNEXURE 3) Pg. no. 117 of this report, for DAQ product
specification.

3.9.2 DAQ configuration
The DAQ device was configured in subsequent sections to capture the various data parameters,
at a set frequency, as per our requirements. Also, these records were sent to a cloud server set-

up in ARAI premises.

Refer SECTION 21 OF 9.9 (ANNEXURE 3) Pg. no. 120 of this report, for details of sections
in which DAQ device was configured.

3.9.3 List of sensors

3.9.3.1 Current sensor - (Hall sensor based)

Figure 11 Current sensor

Refer section 22 pg. no. 122 of this report, for specifications of current sensor.

3.9.3.2 Stepdown Voltage Regulator (12 to 5V)

Stepdown
12V —>|  voltage Regulator

sV

v

Figure 12 Stepdown voltage regulator

Refer section 23 pg. no. 123 of this report, for details of stepdown voltage regulator.

3.9.3.3 Voltage Detection Module

Voltage Detection 9.6/12/14.4V

48/60/72 V Module ™ (Output = Input voltage/5)

Figure 13 Voltage detection module

Refer section 24 pg. no. 123 of this report, for details of voltage detection module.
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3.9.4 Wiring harness layout & DAQ pinout

Figure 14 shows the wiring harness architecture od DAQ system.
DAQ Wiring harness

Connector

#WVee

Vo Itage Signal E 3 5 z
detection 2 H 'g B
GND module é § b 3
s |2 T ¥

£ El g

£ 3

12V

12-5V stepdown [d]
voltage regulator [V

Figure 14 Wiring harness layout for DAQ system

Refer SECTION 22 TO 25 OF 9.9.1 (ANNEXURE 3) Pg. no. 122, 123 of this report, for an
overview of 3.9.3.1 TO 3.9.3.3 AND 3.9.4

3.9.5 DAQ Dashboard

Figure 15 shows the dashboard for tracking of vehicles and associated parameters. On the left,
the parameter values of ignition, altitude, throttle, current and voltage along with geographic
coordinates and time are displayed. While on the right we have a map showing the geographic
location of the vehicle. The Ul was used to track the live movement of vehicles.
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Refer SECTION 26 OF 9.10 (ANNEXURE 3) Pg. no. 124 of this report, for DAQ
placement images in 2-wheeler and 3-wheeler.

3.10 Vehicle validation (electrical and mechanical point of view) (checklist)

Checklists for validating a retro-fitted 2-wheeler and 3-wheeler from mechanical and
electrical point of view are as shown below:

« Mechanical validation checklist

Table 21 Mechanical validation checklist for vehicle below mentions the mechanical validation

checklist

ltem

Description

Chassis and Frame

Structural integrity

Inspect frame for any damage or stress fractures.

Mounting points

Verify all motor and component mounting points are secure.

Suspension and Steering

Suspension

Check suspension components for wear and proper operation.

Steering mechanism

Ensure smooth and responsive steering.

Brakes

Brake fluid

Check brake fluid levels and top up if necessary.

Brake operation

Ensure effective and responsive braking.

Wheels and Tires

Tire condition

Inspect tires for wear and proper inflation.

Transmission

Transmission mounting

Ensure transmission is securely mounted.

Gear operation

Verify smooth operation of gears.

General Mechanical

Fasteners

Inspect all bolts, nuts, and fasteners for tightness and security.

Lubrication

Ensure all moving parts are properly lubricated.

Table 21 Mechanical validation checklist for vehicle

o Electrical VValidation Checklist

Table 22 Electrical validation checklist for vehicle below mentions the electrical validation

checklist

ltem

Description

Battery pack

Battery pack mount

Ensure battery pack is securely mounted.

Battery pack connections

Check all connections are secure and properly insulated.

Battery pack voltage

Measure and confirm correct voltage.

Battery pack charging

Verify charging system functionality.

Motor and Controller

Motor mounting

Ensure motor is securely mounted and aligned.

Motor connections

Check electrical connections are secure and insulated.

Controller mounting

Ensure controller is securely mounted.

Controller wiring

Verify correct wiring and secure connections.

Wiring and Cabling

Wiring harness

Inspect wiring harness for damage and secure connections.
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Insulation Check all wires are properly insulated.

Routing Ensure wiring is properly routed and secured.

Connectors Verify all connectors are properly mated and secure.

Switches and Controls

Throttle Check throttle operation and response.

Switches Verify functionality of all switches (e.g., power, lights, Horn).

Display panel Ensure display panel is functioning and shows correct
information.

Safety Systems

Fuses Check that all required fuses are in place and functioning.

Circuit breakers Verify circuit breakers are installed and operational.

Emergency cut-off Ensure emergency cut-off switch is operational.

Table 22 Electrical validation checklist for vehicle

The checklists in Table 21 and Table 22 ensure comprehensive validation of both electrical
and mechanical components in a retro-fitted 2-wheeler or 3-wheeler, enhancing safety and
performance.
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MILESTONE 4: RUNNING AND OPERATIONAL DATA ACQUISITION OF
RETRO-FITTED VEHICLES IN REAL-LIFE FOR 5000 TO 6000 KM

This milestone covers the on-road testing phase of all 12 nos. of retro-fitted vehicles,
identification of operational issues and resolving those, data acquisition with the use of DAQ
system integrated into the vehicle for 5000 to 6000 kilometres.

4.1 On-Road Testing of Vehicles

All vehicles were prepared in a phase-wise manner. With the completion of integration on each
vehicle, they were extensively tested in Pune under various conditions to know the performance
and behaviour of kits and know the driver feedback in real world conditions. Based on inputs
from driver and routine monitoring, changes if necessary, were made to the respective vehicles.
Also, the data collected from these trial runs was worked upon to check the validity of the same
and ascertain performance as per expected trends.

Upon successful completion of testing activities in Pune, vehicles were brought to Delhi in
batches. Upon arrival, vehicles were rechecked for any transport related damages. Drivers
were then briefed about the various vehicle parameters and safety considerations to be kept in
mind while operating the vehicles. Also, they were accompanied for initial trials and
occasionally to monitor driver behaviour and ascertain all rules and regulations are abided.

SECTION 27 OF 10.1 (ANNEXURE 4) Pg. no. 131 highlights the on-road running of all the
retro-fitted vehicles in and around Delhi-NCR. All safety procedures and traffic rules were
followed during the testing phase. For 2-wheeler vehicles the testing was carried out for loaded
(with pillion) and unloaded (single rider) conditions. For 3-wheeler cargo vehicles the testing
was carried out in the loaded (dead weights equal to GVW minus the kerb weight of the vehicle)
and unloaded conditions. For 3-wheeler passenger vehicles, the weight for loading condition
was considered equal to the weight of 3 passengers (considering average weight of 70-80 kgs).

4.2 Major Routes for Testing in Delhi & NCR

Table 23 Major routes for testing in DELHI & NCR mentions the major routes that were selected
for testing trials of all retro-fitted 2-wheelers and 3-wheelers.

Route. No. Route-map
1 Burari — Ghaziabad - New Delhi — Burari
2 Burari — Alipur — Murthal — Sonipat — Narela — Burari
3 Burari — Budhpur — Bahadurgarh — Paschim Vihar - Burari
4 Burari — RedFort — Noida — Ghaziabad — RedFort- Burari
5 Burari — Mangalpur — Gurugram — Vikaspuri — Burari
6 Burari — RedFort — Faridabad — Chhatarpur — Burari

Table 23 Major routes for testing in DELHI & NCR

Refer SECTION 28 OF 10.2 (ANNEXURE 4) Pg. no. 135 of this report, for Testing route-
map direction images.
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4.3 Test Summary

As per scope of work, all vehicles had to be trial tested for 5000-6000 kilometres. Vehicles
were tested over a period of 6 months in Delhi-NCR with testing conditions ranging from no

load to full load. The test summary is shown in Table 24:

Total distance (km) tested as of 11.07.24
Pune Delhi Overall
Category Type Vehicle | Solution initial testing kilometres
trials trials tested
Solution 1 1200 5413 6613
Motorcycle | Splendor | Solution 2 850 4351 5201
2- Solution 3 1620 3933 5553
Wheeler Solution1 | 1100 5240 6340
Scooter Activa | Solution 2 350 6338 6688
Solution 3 1580 4024 5604
Bajaj RE | Solution 1 1230 5374 6604
Piaggio :
Passenger | Ape Xtra Solution 2 1250 3804 5054
Piaggio :
N Ape City Solution3 | 1625 5789 7414
Piaggio :
Wheel
eeler Xira LD Solution 1 980 5372 6352
Bajaj :
Cargo Maxima Solution 2 1120 5154 6274
Bajaj :
Maxima Solution 3 1150 5552 6702
Table 24 Vehicle total trial test km summary
38 TIHRTIHE

ARAI

Progress through Research



MILESTONE 5: INTERPRETATION OF OPERATIONAL DATA COLLECTED
DURING RUNNING

5.1 Observations during testing

The vehicles that were retro-fitted underwent a rigorous testing phase covering distances of
5,000 to 6,000 kilometres. During this testing period, a number of mechanical and electrical
issues were identified in several vehicles. These issues included, but were not limited to,
performance anomalies, electrical malfunctions, and mechanical inconsistencies. Each
identified issue was meticulously analysed and resolved by our technical team of Engineer’s
with the help of retro-fitment kit vendors whenever and wherever required to ensure that all
vehicles met the required performance and safety standards. Despite these challenges, the
testing process continued to ensure comprehensive evaluation and validation of the retro-fitted
systems.

The following table provides a detailed account of the specific issues observed during the trials,
along with the resolutions implemented to address them Table 25 Problems encountered in retro-
fitted 2-wheeler during testing and Table 26 Problems encountered in retro-fitted 3-wheeler during testin

Vieilslt Type Retrofit solution 1 Retrofit solution 2 Ret'jOf't
category solution 3
No issues. Testing Battery cut off was Teeth of
completed. observed during trials motor side
due to overcurrent sprocket
protection. Later both wore out
batteries were sent to after 3500
manufacturer for km of
repairs. The testing.
manufacturer reported 1
Motorcycle cell series and BMS
damaged due to
incorrect BMS
configuration.
BMS with current rating
2-Wheeler lower than required
current rating (motor
requirement) was used
originally.
While riding pillion Battery cut off was Teeth of
on continuous observed during trials motor side
gradients like fly- due to overcurrent sprocket
overs, motor is unable | protection. Later both started
to provide necessary | batteries were sent to wearing
Scooter | power. On pressing manufacturer for out after
boost button, repairs. 3500 km of
instantaneous power | The manufacturer testing.
surge is obtained but | reported 1 cell series
is short sustained. and BMS damaged due
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Vel Type Retrofit solution 1 Retrofit solution 2 REtr.Of't
category solution 3
to incorrect BMS
configuration.
BMS with current rating
lower than required
current rating (motor
requirement) was used
originally.
Table 25 Problems encountered in retro-fitted 2-wheeler during testing
Vehicle . . : . . .
Type Retrofit solution 1 | Retrofit solution 2 | Retrofit solution 3
category
1. Controller
changed THRICE
. (TWICE during
Plastic enclosure h £ nitial trials i
surrounding 1.C ange o Initial trials In Pune
. gearbox input shaft | & ONCE during
controller negative S
i due to worn out Delhi trials) due to
terminal crumpled
. teeth. battery undercurrent
due to overheating. .
issue & controller
Passenger power limit during
gradient climbing.
No other failures | 2 Motor-Gearbox Change of DC-
. coupler replaced i
occurred during DC converter during
: due to worn out g
trials. trails in Pune.
teeth.
3.Change of DC- 3. Change of Pre-
DC converter. Charge circuit due to
3- inrush current.
Wheeler 1. Controller 1. Change of 1. Change of DC-
changed due to gearbox input shaft i
. DC converter during
blown out internal | due to worn out o ;
initial trails.
fuse. teeth.
2. Pins were ibyféﬂﬁfgggx 2. Change of
changed on both P P Controller due to
o due to worn out L
transmission shafts. power limit.
teeth.
3. Motor phase wires
Cargo | 3 change of and Controller
SEM's unit during terminals damaged
initial trials. due to overcurrent

demand.

4. Change of
complete kit with
12KW motor kit due
o
underperformance.

Table 26 Problems encountered in retro-fitted 3-wheeler during testing
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5.2 Temperature Data

The battery temperature was observed over the testing duration for all vehicles with the help
of temperature sensors and BMS feedback. Table 27 summarizes the data capturing the
average change in temperature over a test run.

Average change in battery temp during test cycle (in °C)

2-Wheeler 3-Wheeler
Scooter Motorcycle Passenger Cargo
1 2 3 1 2 3 1 2 3 1 2 3
56 | 7-8 | 910 | 56 | 7-8 | 910 | 89 | 7-8 | 9-10 | 9-10 | 9-10 | 9-10

Table 27 Change in temperature of battery over a test run

5.3 Charging Summary

Over the test duration the vehicles underwent multiple charging cycles. The charging time,
charge rate, number of charging cycles and battery charger specifications for each vehicle type
have been detailed in Table 28 Summary of charging system for batteries of all 6 integrated solutions

C-rate
Vehicle | Solu- | Battery | Charger for Charging | Chargin | Charging
Type tion | Rating | Rating | Chargin | Time (hr) | g Cycles | method
g
2V
1 40AR 72V 10A 0.25 4-4.5 80-85
2W 2V
Scooter 2 35AN 72V 10A 0.28 4-4.5 80-85
60V
3 42AR 60V 6A 0.14 6.5-7 55-60
1 470% 72V10A| 0.25 445 | 8085
2W 72V
MotI(;rcyc 2 35AR 72V 10A 0.28 4-4.5 55-60
3 | SV 1 govea | 0.4 657 | 55-60
42Ah
48V CC-cv
1 100AR 48V 25A 0.25 4-4.5 85-90
3wW 48V
Passenger 2 200Ah 48V 40A 0.2 4.5-5 50-55
3 48V 48V 40A 0.2 4.5-5 85-90
200Ah ' '
48V
1 200Ah 48V 40A 0.2 4.5-5 80-85
3W 48V
Cargo 2 200AN 48V 40A 0.2 4.5-5 65-70
48V
3 200Ah 48V 40A 0.2 4.5-5 80-85
Table 28 Summary of charging system for batteries of all 6 integrated solutions
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MILESTONE 6: EVALUATION AND CERTIFICATION OF RETRO-FITMENT
SOLUTIONS

As covered in the scope of work, a comprehensive data analysis of the collected data in terms
of technical feasibility, user feedback and pollution reduction potential are to be carried out.
The same has been discussed in subsequent sections.

6.1 Technical feasibility
6.1.1 Compatibility with existing vehicle architecture

Structural/Frame integrity

Structural integrity refers to the base frame of the vehicle and its mounting points
generated/integrated onto the frame in considerations with the ICE vehicle. Therefore, this type
of frame is best fit for the ICE components.

While getting the vehicle retro-fitted, the existing frame of the vehicle, either 2-wheeler or 3-
wheeler, needs to be re-constructed/fabricated in consideration of the electric conversion kit
which include the details as mentioned in Table 29 and Table 30:

2-wheeler structural integrity:

Removed 2-Wheeler (Hub Type Motor) 2-Wheeler (Traction Type
part/component Motor)
Motorcycle Scooter Motorcycle Scooter
Engine & its | Makes space | Makes space for | Makes space for | Makes space for
mounting for  battery | battery pack | battery pack and | battery pack and
pack mounting motor mounting | motor mounting
mounting
Fuel tank & | No changes | Makes space for | Cutting of tank | Makes space for
mounting required controller and | from  bottom | controller  and
DC-DC makes space for | DC-DC
placement and | controller placement and
connections mounting connections
beneath the tank
Swing arm No changes | A  fabricated | No changes | A fabricated
required swing arm | required swing arm with
needs to be motor mounting
integrated  for needs to be
Hub Type integrated  for
Motor mounting Traction  Type
Motor mounting
Shock absorber No changes | Mountings to be | No changes | Mountings to be
required fabricated  on | required fabricated on
chassis w.r.t chassis w.r.t
external swing external  swing
arm shock arm shock
absorber absorber
mounting mounting
Air filter box
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Auxiliary battery | Makes space | Makes space for | Makes space for | Makes space for

pack & its | for controller | HV battery pack | controller and | HV battery pack

mounting and DC-DC | placement DC-DC placement
mounting mounting

Table 29 2W Structural integrity

Summary of 2-Wheeler Structural Changes:

e Unwanted parts removed from the vehicle alternately makes space for mounting of
multiple retro-fitment parts available in the Kit.

e Structural changes made in the scooter category is majorly focused on the rear wheel
side as an alteration needs to be done for mounting of swing arm in the scooter

vehicle.

e Also shock-absorber mounting needs to be altered in the scooter category for retro-

fitment.

3-Wheeler Structural Integrity:

Removed 3-Wheeler (Traction Type 3-Wheeler (Traction Type

part/component Motor) Motor)
Passenger Cargo

Engine &  its | Makes space for motor-controller | Make space for motor-controller

mounting Kit, transmission unit and battery | kit and transmission unit
pack placement/mounting placement/mounting

Fuel tank & | Makes an extra space for mounting | Does not have a significant

mounting battery pack safely impact but needs to be removed

CNG tank (if | No significant impact but needs to | Makes space for battery pack

applicable) be removed mounting beneath the cargo box.

Table 30 3W Structural integrity

Summary of 3-Wheeler Structural Changes:

e Unwanted parts removed from the vehicle makes space for mounting of motor-
controller kit of the retro-fitment components.
e Majorly no significate changes or alteration in the 3-wheeler category vehicle is

required except mountings for motor-controller kit.

e Addition of height increasing blocks for raising the height of cargo box depends on the
total height and mounting made for battery pack in 3-wheeler category.

6.1.2 Electrical system integration

Wiring and connector

2-wheeler

With the change in power source from engine to electric drive, in a retro-fitted vehicle, two
voltage lines come into play. The high voltage line is the primary line that drives the entire
vehicle. The auxiliary supply line (12V) is drawn from the high voltage line by using the Dc-
Dc converter. The existing wiring harness of the vehicle need not be altered. The auxiliary
battery pack may or may not be used to power the auxiliary lines.
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3-wheeler

For a 3-wheeler vehicle also, two distinguished power lines come into effect. Here however,
the auxiliary battery pack is used as the auxiliary load is higher relative to a 2-wheeler. The
existing wiring harness also needs to be replaced with the new wiring harness provided with
the kit. The new wiring harness comes with both voltage lines (main & aux.) integrated in a
single conduit.

Summary of 2-W & 3-W wiring integration
e No major changes in wiring harness integration are required for both 2W & 3W as a
separate wiring harness for retro-fitment kit is provided with the kit.
e A connection from DC-DC can be directly given to either 12V aux. battery supply or
12V/low voltage line already available with the vehicle.

6.1.3 Battery pack and its mounting

Table 31 2w Battery pack placement and safety highlights Battery pack placement and safety in
2-Wheeler Category

2-Wheeler
Motorcycle Scooter
The main battery pack integrated is placed | The main battery pack box and battery pack
within the engine compartment of the frame. | are mounted beneath the seat of scooter.
The battery pack box provided by the vendor | For mounting this, the luggage space of
has mountings that can be bolted with the | scooter needs to be cut-down according to
frame which further secures the battery pack | the size required. Later the battery pack box
within the specified space. can be mounted onto the frame.
Table 31 2W Battery pack placement and safety

Table 32 3w Battery pack placement and safety highlights Battery pack placement and safety in
2-Wheeler Category

3-Wheeler
Passenger Cargo
The main battery pack comes with mounting | The main battery pack mounting process
points provided with the battery casing. These | is similar to that followed for passenger
mounting holes need to be aligned with the holes | vehicle. However, here the battery pack
made on battery rest frame above the motor | is placed right behind the driver cabin,
controller unit. Later, the casing is tightened | beneath the cargo box, away from the
using unlock nut & bolts as per standards. motor and controller unit.
Table 32 3W Battery pack placement and safety

6.1.4 Range

The range of a retro-fitted vehicle depends on the battery pack configuration. Battery pack
configuration commonly used in different solutions of retro-fitment and their range are
mentioned in the Table 33 2w & 3w Range overview below:
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2-Wheeler

3-Wheeler

The current kit specification for 2-wheeler
category (Motorcycle and Scooter) and range
offered is as follows:

72V 42Ah: 95-100 km (Approx.)

72V 36Ah: 80-85 km (Approx.)

The current kit specification for 2-wheeler
category (Motorcycle and Scooter) and range
offered is as follows:

48V 100Ah: 55-60 km (Approx.)

48V 200Ah: 95-100 km (Approx.)

60V 42Ah: 55-60 km (Approx.)

Table 33 2W & 3W Range overview

6.1.5 Charging and thermal management/air cooling
Mode of charging and charge rating play an important role in maintaining a healthy battery life
over a long run. Different modes, such as normal charging and fast charging, are used for
battery pack. For this project we have used normal charging mode due to lack of infrastructure
used for fast charging. However, if the infrastructure is developed, fast charging can also
become possible. Details are as given in the Table 34 Charging and thermal cooling below:

Parameter

Normal Charging

Operating input voltage (V)

120-240

Available at

Household applications

Type of operating current

Household AC supply

Impact on battery temperature

Less impact on battery temperature rise

Cooling system

Not needed (If surrounding temperature is below

42 °C)

Time required for charging

Approx. 5-6 hrs

Over-duration charging

Charger auto cut-off is mandatorily required

Battery life and
degradation

performance

Minimal impact on degradation

Table 34 Charging and thermal cooling

6.1.6 Motor, Shock-absorber and Drivetrain compatibility
Table 35 Shock-absorber, Motor and Drivetrain compatibilit gives an overview of the motor type
used, drive-train option and necessary alterations in shock-absorber mountings for getting

integrated with the vehicle.

Parameter 2-Wheeler 3-Wheeler
Motorcycle Scooter Passenger and
Cargo

Hub type motor: No | Hub type motor: No | Traction type motor:
external adjustment or | external adjustment or | The traction motor
fabrication is required as | fabrication is required as | gets mounted with
the motor comes with a | the motor comes with a | the gearbox and the
swing arm which is|swing arm which is |gearbox is then

Motor compatible to getdirec_tly compatible to get direc_tly mountc_ad with the
fastened to the existing | fastened to the existing | mountings

Type . . . . . .
mounting points of swing | mounting points of swing | manufactured for
arm available on the bike. | arm available on the | integration.

scooter.
Traction type motor: The | Traction type motor: The
motor comes with a | motor comes with a
bracket which needs to be | bracket which needs to be
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bolted on an external
platform welded in the
engine compartment with
a height which will match
the centre point of motor
shaft with the axis of
swing arm.

bolted on an external
platform welded on the
swing arm matching the
base plane of the swing
arm. (The chain slag
should be maintained for
effective transmission)

Shock-
absorber

The upper eye length of
shock-absorber needs to
be increased by 3 inches
for 3 kwh motor only.

The upper eye length of
shock-absorber needs to
be increased by 3 inches
to achieve clearance
between battery base
plane and motor mounted
on swing-arm for Traction
Type Motor only.

No changes needed

Drive-
train

Traction type motor: A
driving sprocket of 9
teeth (sprocket on motor

side) needs to be
integrated  with  the
existing sprocket

available on the rear
wheel by using chain-
drive mechanism. The
sprocket should be of
EN9 material grade and
hardened

Or

Manufactured by vendor
as per standards.

Traction type motor: A
driving sprocket of 9 teeth
(sprocket on motor side)
needs to be integrated
with the existing sprocket
available on the rear
wheel by using chain-
drive mechanism. The
sprocket should be of
EN9 material grade and
hardened

Or

Manufactured by vendor
as per standards.

Existing

transmission  shafts
with altered lengths
as per requirement
can be used for
power transmission
purpose.

Table 35 Shock-absorber, Motor and Drivetrain compatibility

Summary of Integration compatibility
e [For 2W motorcycle there are no major changes required to mount hub motor kit, but
for traction motor mounting additional attachments are to be made both in motorcycle

and scooter category vehicles.

e The sprocket ratio for 2W traction motor can be changed as per requirements but to
meet the basic required torque and speed for both motorcycle and scooter, ratio should

be 1:5

e For 3W, mountings to be manufactured for assembling and holding of motor controller
kit for a justified retro-fitment.

6.1.7 Braking system
The existing braking system is compatible for use with the retro-fitment kit for both 2-wheeler
and 3-wheeler vehicles. However, vendors also provide hub motor kits supported with disc
brake system. If as an option a disk brake supported hub motor is used for retro-fitment of 2-
wheeler or 3-wheeler, then an external adjustment of brake calliper on swing arm, master
cylinder for rear brake lever is to be provided for mounting purpose of braking system.
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Summary of Integration compatibility
Braking system of both 2W and 3W remains unchanged as the standard braking system gets
easily integrated with the retro-fitment kit.

6.1.8 Vehicle performance
Table 36 Top speed of vehicles integrated with tested solutions (2 & 3-wheeler) mentions the top speed
achieved by vehicles category wise.

Tested Solution 2-Wheeler 3-Wheeler
Motorcycle | Scooter | Passenger | Cargo
Solution 1 70 55 50 55
Solution 2 80 70 55 60
Solution 3 75 55 50 50

Table 36 Top speed of vehicles integrated with tested solutions (2 & 3-wheeler)

6.1.9 Maintenance and serviceability

4. Ease of maintenance

The after sales service and maintenance of a retro-fitted electric vehicle (2-wheeler or 3-
wheeler) is not as easy as that for an ICE vehicle, for now. Several issues such as finding a
local mechanic for minor mechanical issues or service time taken by vendors for repairing of
damaged electrical component takes a lot of time due to unavailability of skilled technicians.
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6.2 User/Driver feedbacks During Testing

The Table 37 User/Driver feedback summarized rating below gives an overview summary of user feedback (Feedback of drivers). The feedback
received from all drivers was converted into rating format for different conditions which they experienced while driving in Delhi-NCR.

5 4 3 2 1 Feedback duration
Rating SATISFAC Needs
GOOD TORY NOT BAD BAD Improvement
Driving Gear Safety Meghanlc for Retro-
- experien o . Char- maintenance )
. Riding Acceler shifting in . fitmen
Category | Solutions . Comfort | Range . ceon . ging .

Experience ation . (3- drivin Mecha | Electri | tasan

gradient process ) :
s wheeler) g nical cal option

1 5 5 4 5 4 NA 4 4 3 1 3

I\Z/I'(\)’t\gie'gl'; 2 5 5 4 5 4 NA 4 4 3 1 4

y 3 4 5 2 3 3 NA 4 4 3 1 3

1 3 5 4 3 1 NA 4 4 3 1 2

3 4 5 2 3 3 NA 4 4 3 1 3

1 5 5 3 4 4 3 4 4 3 1 4

£l N S S S S S B

g 3 5 5 4 4 4 5 4 4 3 1 4

1 5 5 4 4 4 3 4 4 3 1 4

g 3 5 5 4 4 4 5 4 4 3 1 4

Table 37 User/Driver feedback summarized rati

>

g

Refer SECTION 29 OF 11.1 (ANNEXURE 5) Pg. no. 138 of this report, for feedback forms of drivers/users involved in testing & trials of
retro-fitted 2-wheelers and 3-wheelers.
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Summary of feedbacks received

e The riding experience of driving all type of retro-fitment solutions Good to
Satisfactory.

e Comfort of driving all the retro-fitment solutions at different driving conditions was
Good.

e The range offered by all the solutions was up-to the expectations (Good to
Satisfactory) but only for solution 3 for 2W it was below the expectations (Bad).

e The acceleration offered by all vehicle’s retro-fitted with different solutions lied
between Good to Satisfactory.

e The feedback received for maintaining the vehicles for their basic operations such as
removing puncture, or solving any on-road minor break downs ranged between Not
Bad to Needs Improvement. The major reason behind this is unavailability of trained
technicians which needs to be catered at the earliest.

e The feedback received from all drivers and also the locals from Delhi for retro-fitment
as an option lied between Not Bad to Good but the only reason why people will not
opt for this option is because of the heavy cost included in retro-fitment.

49



6.3 Pollution reduction potential

In an effort to understand the environmental benefits of transitioning from conventional ICE
vehicles to electric vehicles (EVSs) (retro-fitted or new), we used the E-Amrit website's
calculation tool to assess the pollution reduction potential of electric two-wheelers (2Ws) and
three-wheelers (3Ws). The tool uses the details such as vehicle travel details, vehicle category
and model, fuel type, CO> emission factor, battery capacity, electricity CO> emissions factor
and lifecycle of the vehicle. The life cycle of vehicle is considered to be 3 years, as after every
3 years the retro-fitted vehicle needs to be re-inspected for vehicle fitness test. The tool provides
a detailed comparison across categories as mentioned in Table 38 and Table 39 below.

Firstly, it quantified the CO2 emissions produced by conventional vehicles and contrasted them
with the emissions from their electric counterparts. Secondly, it highlighted the CO2 emission
savings that can be realized when an electric vehicle is driven for 5,000+ kilometres. These
findings offer valuable insights into the substantial reduction in carbon footprint that can be
achieved by switching to electric vehicles, demonstrating their potential as a key solution in
mitigating environmental impact and promoting sustainable transportation.

Table 38 2w pollution reduction potential summarizes the CO2 emissions from ICE vehicle &
electric vehicle (2-Wheeler)

CO; emissions from CO; emissions CO; emissions
Vehicle Category | Fuel | conventional vehicle from electric savings for 5000+
(Tonnes) vehicle (Tonnes) | km of run (Tonnes)
2W Petrol 0.21 0.14 0.07

Table 38 2W pollution reduction potential

Table 39 3w pollution reduction potential summarizes the CO2 emissions from ICE vehicle &
electric vehicle (3-wheeler)

CO; emissions from CO; emissions CO; emissions
Vehicle Category | Fuel | conventional vehicle from electric savings for 5000+
(Tonnes) vehicle (Tonnes) | km of run (Tonnes)
W P(_etrol 0.61 0.37 0.24
Diesel 0.71 0.37 0.34

Table 39 3W pollution reduction potential

Similarly, the CO. emission savings were calculated for 80,000 km per vehicle. Table 40
summarizes the CO emissions of 2W and 3W.

CO2 emissions from CO2 emissions CO2 emissions
Vehicle Category | Fuel | conventional vehicle from electrical savings for 80,000
(Tonnes) vehicle (Tonnes) | km of run (Tonnes)
2W Petrol 3.12 2.15 0.98
3W Petrol 9.08 5.53 3.55
Diesel 10.58 5.53 5.05

Table 40 Pollution reduction potential for 80,000 kms

Refer SECTION 30 OF 11.2 (ANNEXURE 5) Pg. no. 174 of this report, for overview of
pollution reduction potential calculated using e-AMRIT’s CO2 emission calculator.
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6.4 Cost benefit analysis (TCO)

e Total cost of ownership (ICE vehicle)

2-Wheeler

Table 41 TCO for ICE 2-wheeler below shows the total cost of ownership if a consumer procures

new 2-wheeler for his/her daily city commute. The TCO is calculated based on the current
market prices and for operation of 80,000 km.

Category| I.C engine vehicle | Retro-fitted vehicle (including resale value) |New electric

Splendor 3,51,800 1,30,280 2,12,320

Activa 4,01,943 1,80,840 1,41,459
Table 41 TCO for ICE 2-wheeler

3-Wheeler

Table 42 TCO for ICE 3-wheeler below shows the total cost of ownership if a consumer procures
new 3-wheeler for his/her daily city commute. The TCO is calculated based on the current
market prices and for operation of 80,000 km.

Category Fue! types Retro-fitted vehicle (including New
Petrol Diesel CNG resale value) electric
Passenger | 4,72,133 NA 451,467 3,05,000 to 3,85,567 3,04,800
Cargo NA 6,03,600 | 5,92,000 3,85,567 5,56,954

Table 42 TCO for ICE 3-wheeler

Refer SECTION 32 OF 12.1 (ANNEXURE 6) Pg. no. 195 of this report, for details of TCO
calculation.

Summary for Total Cost of Ownership

The total cost of ownership for owning a retro-fitted vehicle for a drive period of 80000 kms is
much lesser as compared to that of owning as new electric or ICE vehicle for both category of
vehicles. But the major drawback of people not intending to get their old vehicles retro-fitted
is the higher price of retro-fitment which makes up-to 80% cost of a new electric vehicle.
Providing subsidy options to the customers may increase the demand for retro-fitment.

6.5 Evaluation, recommendations and costing

Table 43 Table of recommendations and unit pricing mentions the recommended motor and battery
specifications for each category of vehicle based on the outcomes of testing trials carried out
in Delhi-NCR for 5000-6000 km.

It also mentions the Rated and Peak Motor power required to drive the vehicle at an average
speed of 40-45kmph for different loading conditions. The battery capacity mentioned in the
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Table 43 is based on the average range of 80+ km for 2-wheeler category and 90+ in case of
3-wheeler category under different loading as well as driving conditions across the city area.

Approximate price per unit (including taxes) of kit procured for lot sizes varying from 1000 to
10,000 nos. is mentioned based on the quotations collected from vendors. The price mentioned
in the below table is for all those components mentioned in Table 7 of section 2.2.

The prices mentioned in the below Table 43 are based on the quotations as of July, 2024 and
are subject to change based on future market scenarios.

Category Recommendation Approx. unit price for different lot
sizes
Motor power Battery 1 Nos. 1000 Nos. | 10000 Nos.
(kW) capacity
2W Scooter | Rated: 2.0-2.5 40-42 Ah Rs. Rs. Rs.
Peak: 3.5-4.0 compatible 88,000/- 74,000/- 70,000/-
(Range: 85 km)
2W Rated: 2.0-2.5 40 Ah Rs. Rs. Rs.
Motorcycle | Peak: 4.0-4.5 compatible 1,05,420/- | 84,000/- 74,000/-
(Range: 85 km)
3w Rated: 4 —4.5 | 200 Ah for 90+ Rs. Rs. Rs.
Passenger Peak: 7—7.5 Km range 2,47,566/- | 1,99,570/- | 1,90,627/-
3W Cargo Rated: 4 —4.5 | 200 Ah for 90+ Rs. Rs. Rs.
Peak: 7—-7.5 Km range 2,47,566/- | 1,99,570/- | 1,90,627/-

Table 43 Table of recommendations and unit pricing

Refer Section 31 OF 11.3 Vehicle Trials Test Data Result 5) (Pg. no. 180) of this report,
for detailed analysis of Data collected through test trials.

Aesthetical Changes in the retro-fitted vehicle:

e There are no such visible aesthetical changes into a retrofitted vehicle for both 2W &
3W categories as the retro-fitment kits available into the market needs a minor
alterations/mounting to be done on the vehicle for getting retro-fitted.

e For traction motor category vehicle (only in case of 2W) mountings or alterations are
clearly visible as it lies in the engine compartment. But, this has no effect on the vehicle

aesthetics or driving behavior of the vehicle.

e Foe 3-W category vehicles it is hardly observed that the vehicle is retro-fitted as
everything lies within the body of the vehicle making no visible changes as well as
aesthetical changes onto the vehicle.

6.6 Applicable certification (component & model level)

Table 44 Table of certification required mentions the certification requirements for components
used in retro-fitment of a conventional 2-wheeler & 3-wheeler. This includes the IS & AIS
references considered for testing and certification at component level and model level.

These requirements are based on findings from AIS 123 (PART 3): CMVR Type Approval of
Electric Propulsion Kit Intended for Conversion of vehicles for Pure Electric Operation.
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Components Certification Against (IS / AlS)
Vehicle weighment IS: 11825-1986
Gradeability AlS-003-1999
Brakes IS:11852-2001 (Part 1 to 9)
Pass-by noise level IS: 3028-1998
Tell-tale symbols and controls (for switch AIS-071-2009 (Part 1 & 2)
box)
EMC AlS-004 (Part 3):2009
Requirements for constructional and AIS-038(Rev. 1):2015
functional safety
Requirements for rechargeable energy AlS-048:2009
storage system (REESS)
Wiring Harness / Cables / Connectors AIS-123 (Part 3):2016
Code of practice for retro-fitment AIlS-123 (Part 3):2016
Traction motor (measurement of net power AlS-041 (Rev. 1):2015
& max. 30 min. power & speed)
Measurement of Electrical Energy AIS-039 (Rev.1)/2015
Consumption
Thermal Shock Test IS: 3141: 2007
Media Resistance Test IS: 3141: 2007
Impact Test 1S:9000 (Part 7)
Dust Test IS: 3141: 2007
Water Immerse Test IS: 8925: 1978
Table 44 Table of certification required
6.7 Key Highlights
1. Finance options availability
« New EV: Many financial institutions offer loans for new electric vehicles with competitive
interest rates and flexible repayment options.
« Retro-fitted EV: Currently, retro-fitted vehicles do not have any dedicated finance options
available.
2. Feasibility of battery swapping option
« New EV: 1. Revolt motorcycle offers battery swapping option for their motorcycle only.
2. No established company offers battery swapping in scooters.
« Retro-fitted EV: Battery swapping is less feasible due to the lack of standardized battery
packs and infrastructure.
3. Noise Level Comparison

New EV: Generally quieter due to better integration of components and advanced noise
reduction technologies.

Retro-fitted EV: Produce more noise due to less optimized integration techniques and
potential for older mechanical components.
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4. Incentives Offered by Govt.

o New EV: Typically, significant incentives, including tax rebates, subsidies, and reduced
registration fees.

« Retro-fitted EV: No significant incentives, including tax rebates, subsidies, and reduced
registration fees.

5. Registration Process/Tax/Fees

o New EV: Streamlined process with incentives; typically, lower registration fees.

« Retro-fitted EV: More complex process, registration needs to be done via authorised retro-
fitment centre leading to higher cost.

6. Life Span

« New EV: Typically, 10-15 years, depending on usage and maintenance.

« Retro-fitted EV: Varies widely; usually shorter than new EVs. Re-fitness test required every
3 years.

7. Maintenance Cost

o New EV: Generally lower due to fewer moving parts and newer technology.
o Retro-fitted EV: Generally higher due to older components and less optimized integration.

9. Depreciation Value

o New EV: Depreciates faster initially but may retain value better in the long term due to
increasing demand.

« Retro-fitted EV: Depreciates faster overall due to older base vehicle and less demand.

13. Warranty

o New EV: Comprehensive warranties, often covering 5-8 years or 80,000 km.

« Retro-fitted EV: Limited warranties, often only covering specific components like the
battery and electric motor for a period of 1 year.

14. Service Availability

« New EV: Widely available through authorized service canters with trained technicians.

o Retro-fitted EV: Limited availability, often through specialized vendors or third-party
service providers.

15. Break-even (ROI) Point

e New EV: Typically, 3-5 years, considering lower running and maintenance costs and
government incentives.

Retro-fitted EV: Varies widely; generally, longer than new EVs due to higher initial retro-
fitment costs and potential for higher maintenance costs.
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6.8 Conclusion and Recommendations

Based on the observations and challenges encountered during the project activity, below
conclusion and recommendations are evaluated to make retro-fitment a success.

Retro-fitment measures and safety

Table 45 below outlines the essential measures and standards that needs to be taken before
carrying out the vehicle retro-fitment. In general, the retro-fitment of a vehicle should adhere
to the standards mentioned in AIS-123. Following this will ensure that the retro-fitted vehicle
assures optimum performance, safety and environmentally responsible.

Section

Measures and Safety

Reasons

Usage of certified
kits only

Compliance with Certified | Certified Kkits ensure that the

Kits: Only use kits that are | components meet safety,

certified by  recognized | performance, and environmental

authorities. standards, reducing the risk of
malfunctions and enhancing
reliability.

Verification of Certification:
Verify the authenticity of the
certification before purchasing
or installing the Kkit.

Ensures that only legitimate and tested
products are used, protecting against
counterfeit or substandard kits that
could compromise vehicle safety and
efficiency.

Pre-retro-fitment
vehicle
assessment

Structural Integrity Check:
Assess the vehicle’s structural
integrity before retro-fitment.

Ensures that the vehicle can safely
accommodate the retrofitting
components, preventing issues related
to weight, balance, and mechanical
stress.

Electrical System
Compatibility: Evaluate the
compatibility of the vehicle’s
existing electrical system.

Compatibility checks prevent
electrical issues that could arise from
integrating new components with the
existing system, reducing the risk of
short circuits or failures.

Safety standards

Battery Safety Testing: Ensure
that the batteries meet safety
standards and is tested as per
AIS 123 standards.

Prevents potential hazards such as
battery fires or explosions, ensuring
safe operation of the retro-fitted
vehicle.

Installation by  Certified
Technicians:  Require that
retro-fitment be performed by
certified professionals.

Certified technicians ensure proper
installation, which is critical for the
safe and efficient operation of the
retro-fitted vehicle.

Environmental
compliance

Emission Standards Check:
Verify that the retro-fitted
vehicle will comply with local
emission regulations.

Ensures that the retro-fitted vehicle
contributes to environmental
sustainability and avoids penalties for
non-compliance  with  emission
standards.
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Warranty on Retrofit Kits: | Provides assurance to vehicle owners
Ensure that the kits come with | that any defects or issues with the
a comprehensive warranty | retrofit kit will be addressed by the

covering all major | manufacturer, reducing the risk of
components. additional costs.
Warranty and
after-sales
support Availability of After-Sales | Ensures that vehicle owners have

Support: Verify that after-sales | access to necessary support and parts
support is available for | after retro-fitment, maintaining the
maintenance and repairs. vehicle’s performance and safety.

Table 45 Standards and measures to be followed for retro-fitment

Operational Issues
a) Maintenance and Total cost of ownership (TCO):

During the retro-fitment process, several operational challenges were identified, particularly in
maintaining the converted vehicles. The initial cost of retro-fitment is relatively high, and
ongoing maintenance could further increase the TCO. Additionally, the lack of standardized
components for retro-fitted vehicles complicates maintenance tasks, leading to higher costs and
longer downtimes. Finding a local mechanic to repair mechanical issues also becomes difficult
due to lack of awareness/knowledge of safety precautions to be taken while repairing
mechanical issues of an electric vehicle in road-side mechanics.

b) Charging options and measures:

Currently, the primary method for charging the retro-fitted vehicles is through normal charging,
as the infrastructure for fast charging is not yet in place. Although normal charging is feasible,
it results in longer charging times, limiting vehicle availability. It is recommended that efforts
be made to develop the necessary infrastructure to support fast charging options, which would
significantly reduce charging time and improve vehicle usability. Table 46 below mentions the
requirements of fast charging method.

Parameter Fast charging
Operating Input Voltage (V) | 240 & above.
Available at Charging station.
Type of Operating current DC battery powered charger.
Impact on battery | Increases battery temperature.
temperature
Cooling system Effective thermal management (air or liquid cooling) is

necessary to prevent overheating.
Time required for charging Usually 45-60 mins. For full charge.

Over-duration charging Charger is already having auto cut-off function.
Battery life and performance | Can lead to slightly faster degradation as compared to that
degradation of slow charging.

Table 46 Requirements of Fast charging method
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Safety Concerns
a) Battery temperature management:

One of the critical safety concerns observed is the management of battery temperature during
operation, particularly in hot climates. Effective cooling systems must be integrated into retro-
fitted vehicles more specifically in passenger 3-wheelers to prevent overheating, which could
lead to battery failure or safety hazards.

b) Swappable battery options and feasibility measures:

The implementation of swappable batteries could significantly enhance the efficiency of retro-
fitted vehicles. However, to make this feasible, standardization of battery size and shape,
connectors and configuration is essential. Additionally, dedicated stations for battery swapping
should be developed to ensure quick and safe battery replacements. This would reduce
downtime and extend the operational range of the vehicles. Whereas swapping of batteries is
easily possible in case of 2-wheelers, for 3-wheelers it becomes difficult to do battery swapping
for extended range. This issue can be resolved if some design and attachment changes are made
in battery as well as retro-fitment kit setup on the vehicle. This will require a thorough R&D
activity related to retro-fitment kit integration with battery swapping as an option in 3-wheeler
category (split battery system can play a vital role in making battery swapping feasible for 3-
wheeler category).

Environmental measures
a) Scrappage of old vehicle parts:

A significant environmental concern is the disposal of old vehicle parts that are removed during
retro-fitment. It is crucial to establish a proper scrappage policy to ensure that these parts are
recycled or disposed of in an environmentally friendly manner. Focus area on scrapping or re-
using the engine of old vehicle which becomes unusable after retro-fitment should be done.

b) Battery scrapping:

As retrofitting involves replacing traditional fuel systems with electric batteries, the scrapping
of used batteries presents an environmental challenge. A robust recycling program must be
implemented to handle end-of-life batteries, reducing the environmental impact and ensuring
that valuable materials are recovered and reused. To make battery scrapping more convenient
the cell structure standardisation, battery assembly process standardisation, Overall battery
shape and size standardization w.r.t the configuration need to be done.

c) Standardization of batteries

From the perspective of battery swapping and scrapping, standardization is a critical factor.
Uniform battery specifications would facilitate the adoption of swappable battery systems and
ensure that batteries can be recycled efficiently. This would not only reduce costs but also
simplify maintenance and enhance the feasibility of widespread adoption of retro-fitted
vehicles.
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Training requirements
a) Training for local mechanics:

To support the transition to electric vehicles, it is imperative to provide training for local
mechanics. This training should cover the specific needs that are required in maintenance of
minor to major mechanical issues, minor electrical issues of an electric vehicle. It should also
cover the safety precautions to be taken before and during repairs of an electric vehicle.

b) User training:

End users of retro-fitted vehicles should also be educated on the new systems installed in their
vehicles. This includes instructions on safe operation, charging procedures, and routine
maintenance. Proper user training will enhance vehicle longevity and ensure the safety of the
operators.

c) Supply-chain management

Improving supply chain of spare parts is also important as this will help vendors to maintain a
good inventory which eventually will reduce time of repairs for major electrical issues. This
will lead to making the vehicle more usable. Currently the repair time taken by vendors for
electrical issue varies between 5-6 days making the vehicle un-usable.
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Summary of available retro-fitment kits in market (as of March 2024):
Table 47 below mentions the list of available retro-fitment kit in market. Fields highlighted in GREEN are the kits procured and tested under this

project.
Category Available Certification Motor Power Battery Range Top Gra'(:l/zlaz)gility Speed @ Price
Solutions Configuration Speed radeabili
Nominal | Peak g P (degrees) g v
2-Wheeler
Motorcycle
Uncertified 60V 35Ah | 50-60 15-20 54,900
2-Wheeler
Scooter
5 Uncertified 15 25 60V 35Ah 50-60 50 NA 15-20 54,900
6 Certified 3 55 48v 50ah 60 75 NA 25-30 67,500
3-Wheeler
Passenger
3-Wheeler
Cargo
4 Certified 3 6 60V 100ah 75 50 NA 15-20 2,40,000
Table 47 List of available (certified & uncertified) retro-fitment Kits in market.
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Recommendations based on testing outcomes.

Table 48 mentions the recommended motor and battery specifications for each category of
vehicle based on the outcomes of testing trials carried out in Delhi-NCR for 5000-6000 km.

Category Recommendation
Motz)krvli’l())wer Battery Capacity
owsconer |58 20°23 4042 0 el
ov oy | oS 20254470 conprn
3W Passenger Ezfl?: 74 3:74 E? 200 Ah for 90+ Km range
3W Cargo Ingfl?: 74 (())__74 55 200 Ah for 90+ Km range

Table 48 List of recommended solutions
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ANNEXURE 1

MILESTONE 1: IDENTIFICATION OF 2-WHEELER & 3-WHEELER VEHICLE
MAKE/MODEL FOR RETRO-FITMENT

7.1 Identification of 2-Wheeler & 3-Wheeler vehicle with different methods

e Using Society of Indian Automobile Manufacturers (SIAM) sales data
e Physical survey

SECTION 1
2-Wheeler Vehicle (Scooter)

The Figure 16 below provides a comprehensive analysis of the market share and model-wise
sales within the 2-wheeler scooter category in India, based on data from the Society of Indian
Automobile Manufacturers (SIAM). It includes:

« Historical market share data from FY 2006 to 2017, 2021-2022.

e A detailed breakdown of sales by specific scooter models in 2022.

This analysis highlights the dominance or showcases the popularity of specific scooter models
such as the Honda Activa.

2W Scooter (SIAM FY 2006 - 2017) 2W Scooter (SIAM FY 2021-2022)

a
Honda Matorcycle & Scodier ® Honda Motorcycle & Scooter

® TVS Motor Company Ltd TSt o
otor Company

® Hero MotoCorp Ltd

% - o

% B Suzuki Motorcycle India Pvt Ltd M Suzukiibotorcyeietnai g

W Mahindra Two Wheelers Ltd ® Hero MotoCorp Ltd

Market Share of 2W Scooter (SIAM 2005 to 2016) Market Share of 2W Scooter (SIAM 2021-22)
Model Wise - 2W Scooter Vehicle (2022)

® Honda Activa

M TVS Jupiter

W Suzuki Access
Honda Dio

m Hero Pleasure

Model Wise Sale 2W Scooter (2022)

Figure 16 SIAM Sales Data for 2W scooter Category

» Honda Motorcycle & Scooter covered 56% of the total 2-wheeler scooter market in FY
2006-2017 and 53% in FY 2021-22.

» Honda Activa is the model with the highest sales of 2W scooters in 2022 (56%), as also
similar trend of sales of vehicle can be seen in previous years.
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2-Wheeler Vehicle (Motorcycle)

The Figure 17 below illustrates the market share and model-wise sales within the two-wheeler
motorcycle category in India, based on data from the Society of Indian Automobile
Manufacturers (SIAM). It includes:

« Historical market share data from FY 2006 to 2017, 2021-2022.

e A detailed breakdown of sales by specific motorcycle models in 2022.

This analysis highlights the dominance or showcases the popularity of specific motorcycle
models like the Hero Splendor.

2W Motorcycle (SIAM FY 2006 - 2017) 2W Motorcycle (SIAM FY 2021-2022)

® Hero MotoCorp Ltd # Hero MotoCorp Ltd

Bajaj Auto Ltd
Bajaj Auto Ltd ajaj Auto

¥ Honda Motorcycle & Scooter
® Honda Motorcycle & Scooter

M TVS Motor Company Ltd
™ TVS Motor Company Ltd
W Suzuki Motorcycle India Pvt Ltd
Market Share of 2W Motorcycle (SIAM 2005 to 2016) Market Share of 2W Motorcycle (SIAM 2021-22)

Model Wise - 2W Motorcycle Vehicle (2022)

M Hero Splendor

® Honda CB Shine

B Hero HF Delux
Bajaj Pulsar

M Bajaj Platina

M Hero Passion

m Honda CB Unicorn

Model Wise Top Sale 2W Motorcycle (2022)

Figure 17 SIAM Sales Data for 2W Motorcycle Category

e Hero MotoCorp Ltd. covered 57% of the total 2-Wheeler motorcycle market in FY 2006-
2017 and 53% in FY 2021-22.

e Hero Splendor is the model with the highest sales of 2W scooters in 2022 (41%), as also
similar trend of sales of vehicle can be seen in previous years.
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3-Wheeler Vehicle (Passenger Carrier)

The Figure 18 below presents a detailed analysis of the market share and model-wise sales
within the 3-wheeler passenger vehicle segment in India, based on data from the Society of
Indian Automobile Manufacturers (SIAM). It includes:

« Historical market share data from FY 2006 to 2017, 2020-2021.

o A detailed breakdown of sales by specific three-wheeler passenger vehicle models in 2021.
This analysis highlights the dominant positions of Bajaj Auto and Piaggio in the market, along
with the popularity of specific models such as the Bajaj RE Compact and Piaggio Ape Auto.

3W Passenger (SIAM FY 2006 - 2017) 3W Passenger (SIAM FY 2020 - 2021)

W Bajaj Auto Ltd

M Bajaj Auto Ltd

™ Piaggio Vehicles Pvt Ltd
Mahindra & Mahindra Ltd

¥ Atul Auto Ltd

™ Piaggio Vehicles Pvt Ltd
Mahindra & Mahindra Ltd

W TVS Motor Company Ltd W TVS Motor Company Ltd

M Scooters India Ltd m Atul Auto Ltd

Market Share of 3W Passenger (SIAM 2005 to 2016) Market Share of 3W Passenger (SIAM 2021-22)

Model Wise - Passenger Vehicle (2021)

M Bajaj RE Compact

M Bajaj Maxim Z

M Piaggio Ape Auto DX
Piaggio Ape City+

B TVS King 45

Model Wise Top Sale 3W Passenger (2021)

Figure 18 SIAM Sales Data for 3W Passenger Category

e Bajaj Auto Ltd. covered 52% of the total 3-wheeler passenger vehicle market in FY 2006-
2017 and 61% in FY 2021-22.

e Bajaj RE Compact is the model with the highest sales of 3W passenger vehicle in 2022
(43%), as also similar trend of sales of vehicle can be seen in previous years.
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3-Wheeler Vehicle (Cargo Carrier)

The Figure 19 below presents a detailed analysis of the market share and model-wise sales
within the 3-wheeler cargo vehicle segment in India, based on data from the Society of Indian
Automobile Manufacturers (SIAM). It includes:

« Historical market share data from FY 2006 to 2017, 2020-2021.

o A detailed breakdown of sales by specific three-wheeler cargo vehicle models in 2021.
This analysis highlights the dominant positions of Bajaj Auto and Piaggio in the market, along
with the popularity of specific models such as the Bajaj Maxima and Piaggio Ape Xtra LDx.

3W Cargo (SIAM FY 2006 - 2017) 3W Cargo (SIAM FY 2020 - 2021)

™ Piaggio Vehicles Pvt Ltd

m Piaggio Vehicles Pvt Ltd
Mahindra & Mahindra Ltd

™ Bajaj Auto Ltd

® Atul Auto Ltd
Mahindra & Mahindra Ltd

¥ = Bajaj Auto Ltd H Atul Auto Ltd

W Scooters India Ltd

Market Share of 3W Cargo (SIAM 2005 to 2016) Market Share of 3W Cargo (SIAM 2021-22)
Model Wise - Cargo Vehicle (2021)

W Piaggio Ape Xtra LDX
W Bajaj Maxima C

W Mahindra Alfa

B Atul Gem

| Atul Shakti

Model Wise Top Sale 3W Cargo (2021)

Figure 19 SIAM Sales Data for 3W Cargo Category

e Piaggio Vehicles Pvt. Ltd. covered 52% of the total 3-wheeler cargo vehicle in FY 2006-
2017 and 44% in FY 2021-22.

e Piaggio Ape Xtra LDX is the model with the highest sales of 3W cargo vehicle in 2022
(45%), as also similar trend of sales of vehicle can be seen in previous years.
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SECTION 2

e Physical Survey

Table 49 below mentions the details of physical survey of city that was carried out in multiple
areas of Delhi and NCR to check the presence of vehicles in majority, being used by public for

their commute.

State City Places
Delhi Delhi Various public places like Connaught
place, Akshardham, India Gate, Red
Fort, Metro Stations
Uttar Gautam Buddha Nagar | Various Public places like Civil
Pradesh (Noida), Ghaziabad, Meerut, | Hospital, Malls, Railway Station,
Baghpat Subji Mandi, City Market, Bus Stop.
Haryana Faridabad, Gurgaon,
Sonipat, Bahadurgarh,

Findings done in the above survey are shown below:

2-Wheeler Vehicle

Table 49 Survey of Cities for presence of vehicles in majority

Figure 20 and Figure 21 below shows the collected snaps from physical survey findings of
the 2-wheeler vehicle category highlighting the most observed vehicles in this category that
are being used by public for their daily commute.

65

TN THIE

ARAI

Progress thraugh Research




\ 7

Ghaziabad — Railway Parking

Honda Activa

Faridabad — City Centre

Figure 20 2-Wheeler Motorcycle & Scooter Vehicle survey

Bahadurgarh Gurgaon - DHL Office

Honda Activa

|:| Hero Splendor

Faridabad — Industrial Area

Figure 21 2-Wheeler Motorcycle & Scooter Vehicle survey
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3-Wheeler Vehicle

The Figure 22, Figure 23 and Figure 24 below show the collected snaps from physical survey
findings of the 3-wheeler vehicle category highlighting the most observed vehicles in this
category that are being used by 3-wheeler owners for their needs of passenger/cargo transports.

ct RE II

Bajaj Maxima

Bajaj Compa

Meerut

Faridabad

Figure 22 3-Wheeler Passenger Vehicle survey
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Bajaj Compact RE

Bajaj Maxima

v (Roen Inadd

P b R R

Ghaziabad Sonipat

Bajaj Maxima Piaggio Ape Xtra

Bahadurgarh

e | -

Faridabad

Figure 24 3-Wheeler Cargo Vehicle survey
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ANNEXURE 2

MILESTONE 2: PROCUREMENT OF COMPONENTS FOR RETRO-FITMENT
KIT

8.1 Procurement of Vehicles

SECTION 3

2-Wheeler Vehicle

Vehicle Fitness Assessment

Table 50 represents a comprehensive detail of the vehicle's condition, which has been
converted into a rating format following the inspection. The rating scale ranges from 1 to 5.

Parameter 2-Wheeler 2-Wheeler
Scooter Motorcycle
1 2 3 1 2 3
Chassis & Body 55| 5/5 | 5/5 |5/5|5/5| 5/5
(Body Panels, Fibre, Mud-Flaps)
Wheel System 5/5| 4/5 | 5/5 | 4/5 | 4/5| 5/5
(Wheel Rim + Hub, Rim Spokes Tension)
Braking System 4/5 | 5/5 | 4/5 | 5/5 | 5/5 | 4/5
(Brake Pedal, Brake Lines, Brake Shoe, Liners)
Steering System 55 | 5/5 | 5/5|5/5|5/5| 5/5
(Bearing, T-bar)
Electricals 4/5 | 3/5 | 5/5 |5/5|3/5| 4/5
(Wiring, Headlamp, Tail-lamp, Indicators, Horn)
Tyres 5/5| 4/5 | 5/5 | 4/5 | 4/5| 3/5
(Tyre Condition)
Transmission 5/5| 5/5 | 5/5|5/5 |5/5]| 5/5
(Engine, Gearbox, Chain-Sprockets, CVT)

Table 50 Fitness Check Parameters for 2-Wheeler

SECTION 4

3-Wheeler Vehicle

Vehicle Fitness Assessment

Table 51 represents a comprehensive detail of the vehicle's condition, which has been
converted into a rating format following the inspection. The rating scale ranges from 1 to 5.
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Parameter Passenger Cargo Vehicle
Vehicle
Piaggio | Bajaj | Piaggio Bajaj
Ape Re Ape Maxima
City Xtra Ld
Chassis 5/5 5/5 5/5 5/5
Wheel System 5/5 5/5 5/5 5/5
(Hub, Shafts, Drums, Rims, Mount Plates,
Wishbone Attachments)
Braking System 5/5 5/5 5/5 5/5
(Brake Pedal, Brake Lines, Brake Fluid,
Brake Shoe, Liners)
Steering System (Bearing, T-bar) 5/5 5/5 5/5 5/5
Body (Body Panels, Fibre, Mud-Flaps) 5/5 5/5 5/5 5/5
Electricals 5/5 5/5 5/5 5/5
(Wiring, Headlamp, Tail-lamp, Indicators,
Horn, Wiper Motor)
Tyres (Tyre Condition) 3/5 5/5 5/5 5/5
Transmission (Engine, Gearbox, Half 5/5 NA 5/5 5/5
Shafts)
Table 51 Fitness Check Parameters for 3-Wheeler
SECTION 5

Performance Goals and Scenarios for sizing

Driving Cycles Considered: Modified Indian Driving Cycle (MIDC), Worldwide
Harmonized Light VVehicles Test Procedure (WLTP).

Speed (knvh)
Part One + Pant Two —————————
120 +
100 +
80 4+ Elementary
urban cycle
60+
404
201+ D ES
"0 \ I I | /
0 l'
0 Time (s)
195 e 195 195 195 400
[+ 1180
BS: Beginning of ine start

ES: End of sampling

Figure 25 Modified Indian Driving Cycle (MIDC)
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WLTP Class 2 Driving Cycle
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Figure 26 Worldwide Harmonized Light Vehicles Driving Cycle (WLTP)

e Max Speed: Top speed is limited to 80 kmph, considering general driving scenarios.
e Gradient Scenario: Considering a harshly steep gradient of 12° or 21 % for speeds below
15 kmph.

e Loading Condition: Both loaded and unloaded conditions have been considered.
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SECTION 6

Motor Sizing Simulation

2-Wheeler (Motorcycle & Scooter)

Figure 27 below shows an overview of results obtained after performing a virtual simulation
of motor sizing using MATLAB software for a 2-wheeler vehicle. It shows the output required
(Motor power & Energy) for a vehicle to achieve certain required velocity against the given
input parameters.

INPUT EV Powertrain

Estimation and Simulation Application OUTPUT

Mass of Vehicle

]
]
o
&

Gradeability Degree Motor - Max Power 6.6205 kW

Tyre Radius 0.3165 m -
Motor_RPM LEEeL DD 114.23... Nm

— Motor - Max RPM 850 RPM
Drag Coefficient
Battery Pack - Total Energy 3.8029 e
Drive Ratio

50 100 150 200 zsa‘
Vehicle Speed 0

z
g
g
-4
>

§
H

kg/m*2

km

2
s 50 100 150 200 250‘

Friction Coefficient 0.015

|
600 200 1000 1200

Vehicle Speed - Drive Cycle

Motor Torque

Figure 27 EV Powertrain Estimation and Simulation for 2-Wheeler
SECTION 7
To determine Max power of the Electric motor

For the given base specification of the vehicle and with a goal to be able to drive certain road
conditions, standard MIDC and WLTP driving cycles were considered to derive the max
power.

The sizing of Electric Motor is derived from the tractive forces required for the vehicle to
execute the standard driving cycles with loaded and unloaded conditions.

e Modified Indian Drive Cycle (MIDC).
e Worldwide Harmonized Light Vehicle Test Procedure (WLTP).

In the initial phase of sizing, we conduct a simulation of the entire vehicle model using
MATLAB. This simulation helps us determine the maximum torque and power values of the
electric motor during the drive cycles. Additionally, the simulation assesses whether the vehicle
can meet the velocity requirements of the pre-determined drive cycles. Through the simulation,
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we gather data on the torque and power demanded by the motor at different RPM and speed
values. Then we plot the maximum torque and power values at specific RPM to establish the
necessary characteristics of the electric motor. Based on these simulation results, we generate
a typical electric motor profile using the MATLAB/Simulink toolbox.

Figure 28 below shows the model created in MATLAB for calculation of powertrain (Motor)
sizing.

Powertrain Calculation

Max Motor Torque P

Velocity (mis) Miasc Moler Power Max Power (Motor)
Max Molor RPM

Energy/km (kWh'km) P

— ] Mass Total Energy for BATT Pack P Max RPM (Motor)

Max Wheel R
Motor_Power_Calculation

Max Motor Torque
i ’: Veiocity (mis) Max Motor Power [
Drive_Cycle me Max Motor RPM [
H Energy/km (KWhikm)
mass P Mass Total Energy for BATT Pack
Max Wheel RPM I Total Energy of Batt Pack (KWh)

Battery_Calculation

Max Motor Torque

Max Motor Power

Velocity (m's) Max Torque (Motor)
Max Motor RPM

Energy/km (kWh/km)

——» Mass Total Energy for BATT Pack

Max Wheel RPM
Motor_Torque_Calculation

v

Figure 28 MATLAB Model for Powertrain Calculation

Figure 29 below shows the model created in MATLAB for calculation of battery-pack capacity
required by a vehicle to achieve a certain range of 80-100 kms per charge.
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Velociy (i)

—_)

Max Wheel RPM

velocity (mis)

Ve {mis) Max Motor Torque

Max Motor Torque

diff

MASS Jotal Tractive Foros @Motor

Mass

Total Tractive Force

—

L

Total Tractive Force @Nddarhotor Powsr

Velocity (mis) Motor Power

Max Motor Power

Motor_Power

Power

Velocity (mis)

Distance Covered

Energyfk (kWivkm)

Total Energy for BATT Pack|

Total Distance

Battery Pack Energy Calculation

Energyfm (kKWhikm)

Total Energy for BATT Pack

Figure 29 MATLAB Model for Battery Power Calculation

8.2 Results: 2-Wheeler Motor Sizing

SECTION 8

Based on the mathematical expressions for motor sizing in 2.3 and the parameters provided in
the Table 8 and Table 9. The calculated power and torque, under various conditions and drive
cycles required to drive the vehicle are presented in the images below.

2-Wheeler Scooter

Figure 30 below shows the graph of values of power-torque-speed for MIDC driving cycle for
loaded condition and zero gradient
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MIDC Loaded (270 kg)
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Figure 30 MIDC Loaded Zero Gradient

Figure 31 below shows the graph of values of power-torque-speed for MIDC driving cycle for
unloaded condition and zero gradient

MIDC Unloaded (200 kg)
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Figure 31 MIDC Unloaded Zero Gradient
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Figure 32 below shows the graph of values of power-torque-speed for MIDC driving cycle
for loaded condition and combined gradient

MIDC Loaded (270 kg) Combine Gradient
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Figure 32 MIDC Loaded Combine Gradient

Figure 33 below shows the graph of values of power-torque-speed for MIDC driving cycle
for unloaded condition and combined gradient

MIDC Unloaded (200 kg) Combine Gradient
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Figure 33 MIDC Unloaded Combine Gradient
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The Table 52 below shows the summary of results obtained from the above graphs (Figure
20, 21, 22 & 23)

S(clz\e/zlr;grclzo Max Torque Power @ Max Power Torque
Driving Gradient of Motor Max Torque of Motor @Max
Cycle) (Nm) (kW) (kW) Power (Nm)
Loaded Zero 63.89 113 5.68 47.39
Condition
Unloaded Zero 47.48 0.84 5.06 42.17
Condition
Loaded | o hined 172 2.01 5.68 47.39
Condition
Unloaded | ) pineg | 127.47 1.49 5.06 42.17
Condition

Table 52 Results of Required Motor Sizing to drive the vehicle for MIDC

Figure 34 below shows the graph of values of power-torque-speed for WLTP driving cycle
for loaded condition and zero gradient.

WLTC Loaded (270 kg)
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Figure 34 WLTP Loaded Zero Gradient
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Figure 35 below shows the graph of values of power-torque-speed for WLTP driving cycle
for unloaded condition and zero gradient.

WLTC Unloaded (200 kg)
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Figure 35 WLTP Unloaded Zero Gradient

Figure 36 below shows the graph of values of power-torque-speed for WLTP driving cycle
for loaded condition and combined gradient.

WLTC Loaded (270 kg) Combine Gradient

Torque, Speed

Time

Speed (kmph) Torque (Nm)@ motor —Power (kW)@ Motor

Figure 36 WLTP Loaded Combine Gradient

78 TN THIE

ARAI

Progress thraugh Research



Figure 37 below shows the graph of values of power-torque-speed for WLTP driving cycle
for unloaded condition and combined gradient.

WLTC Unloaded (200 kg) Combine Gradient
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—Power (kW)@ Motor

Figure 37 WLTP Unloaded Combine Gradient
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The Table 53 below shows the summary of results obtained from the above graphs (Figure

24, 25, 26 & 27)

(S\(/:\?E%_';O Max Torque | Power @ Max Power | Torque
Driving Gradient | of Motor Max Torque | of Motor @Max
Cycle) (Nm) (kW) (kW) Power (Nm)
Loaded Zero 62.22 2.62 6.63 50.65
Condition

Unloaded | - o 48.64 5.68 6.01 45.93
Condition

Loaded Combined | 157.32 2.21 6.63 50.65
Condition

Unloaded 1 0 ied | 116,63 1.64 6.01 45.93
Condition

Table 53 Results of Required Motor Sizing to drive the vehicle for WLTP
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2-Wheeler Motorcycle

Figure 38 below shows the graph of values of power-torque-speed for MIDC driving cycle

for loaded condition and zero gradient.

MIDC Loaded (270 kg)

Time

Speed (kmph) Torque (Nm)@ mator

— Power (kW)@ Motor

Figure 38 MIDC Loaded Zero Gradient

Figure 39 below shows the graph of values of power-torque-speed for MIDC driving cycle

for unloaded condition and zero gradient.

MIDC Unloaded (200 kg)
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Figure 39 MIDC Unloaded Zero Gradient
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Figure 40 below shows the graph of values of power-torque-speed for MIDC driving cycle
for loaded condition and combined gradient.

MIDC Loaded (270 kg) Combine Gradient
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Figure 40 MIDC Loaded Combine Gradient

Figure 41 below shows the graph of values of power-torque-speed for MIDC driving cycle
for unloaded condition and combined gradient.

MIDC Unloaded (200 kg) Combine Gradient
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Figure 41 MIDC Unloaded Combine Gradient
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Table 54 below shows the summary of results obtained from the above graphs (Figure 28, 29,

30 & 31)

S(?\;Tg%o Max Torque | Power @ Max Power Torque
Driving Gradient of Motor Max Torque | of Motor @Max
Cycle) (Nm) (kW) (kW) Power (Nm)
Loaded Zero 114.05 113 6.62 98.23

Condition

Unloaded Zero 90.05 5.42 5.99 88.93

Condition
Loaded |0 iined | 306.34 2.02 6.62 98.23

Condition

Unloaded 1 o pined | 227.07 1.49 5.99 88.93

Condition

Table 54 Results of Required Motor Sizing to drive the vehicle for MIDC

Figure 42 below shows the graph of values of power-torque-speed for WLTP driving cycle
for loaded condition and zero gradient.
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Figure 42 WLTP Loaded Zero Gradient
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Figure 43 below shows the graph of values of power-torque-speed for WLTP driving cycle
for unloaded condition and zero gradient.

WLTC Unloaded (200 kg)

°
3
s
g
S

Time

Speed (kmph) Torque (Nm)@ moator —Pawer (kW)@Motar

Figure 43 WLTP Unloaded Zero Gradient

Figure 44 below shows the graph of values of power-torque-speed for WLTP driving cycle
for loaded condition and combined gradient.

WILTC Loaded (270 kg) Combine Gradient

Torque, Speed

'<
\ [ 1
ML ‘ l\\ 'N" M lrh l ll pef Iy '*‘MW.A. P

800 1000

Time

Speed (kmph) Torque (Nm)@ motor

— Power (kW)@ Motor

Figure 44 WLTP Loaded Combine Gradient
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Figure 45 below shows the graph of values of power-torque-speed for WLTP driving cycle
for unloaded condition and combined gradient.

WLTC Unloaded (200 kg)} Combine Gradient

Speed (kmph) Torque (Nm)@ motor — Power (kW)@ Motor

Figure 45 WLTP Unloaded Combine Gradient

Table 55 below shows the summary of results obtained from the above graphs (Figure 32, 33,
34 & 35)

S&?;EELO Max Torque Power @ Max Power Torque
Driving Gradient of Motor Max Torque | of Motor @Max
Cycle) (Nm) (kW) (kW) Power (Nm)
Loaded Zero 114.07 7.33 7.85 106.68
Condition
Unloaded Zero 99.75 6.55 7.24 97.59
Condition
Loaded | ) hined | 280.27 2.21 7.85 106.68
Condition
Unloaded |~ v ined | 207.93 1.64 7.24 97.59
Condition

Table 55 Results of Required Motor Sizing to drive the vehicle for WLTP

These results provide a comprehensive understanding of the power and torque requirements
under different driving conditions and cycles, ensuring the motor is appropriately sized for
optimal vehicle performance.
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SECTION 9
3-Wheeler (Passenger & Cargo)

Figure 46 below shows an overview of results obtained after performing a virtual simulation
of motor sizing using MATLAB software for a 3-wheeler vehicle. It shows the output required
(Motor power & Energy) for a vehicle to achieve certain required velocity against the given
input parameters.

EV Powertrain

© Mass of Vehicle g Estimation and Simulation Application
PcmsiI | 0 | o Molor-MexPower 159234 W
Motor_RPM

| TyeRadis n Motor - Max Torque 46.0328 N
| FonalAma m2 Motor - Max RPM 5996 reu
© Drag Cosficent .

Battery Pack - Total Energy  1().3426 kWh
DsreRsEe [ 14|
o Effcency
| AirDensity K/mn2 ti 5'0 160 15'0 250 zéo‘

Vehicle Speed 0

| TargetRangs o
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 Fiistion Cosfisiont bR 0

T T T T 1
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Motor Torque 0

|
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Figure 46 EV Powertrain Estimation and Simulation for 3-Wheeler
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8.3 Results: 3-Wheeler Motor Sizing

SECTION 10

Based on the mathematical expressions for motor sizing in 2.3 and the parameters provided in
the Table 10 and Table 11. The calculated power and torque, under various conditions and
drive cycles required to drive the vehicle are presented in the images below.

3-Wheeler Passenger

Figure 47 below shows the graph of values of power-torque-speed for MIDC driving cycle
for loaded condition and zero gradient.
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Figure 47 MIDC Loaded Zero Gradient
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Figure 48 below shows the graph of values of power-torque-speed for MIDC driving cycle
for unloaded condition and zero gradient.
MIDC Unloaded (380 kg)
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Figure 48 MIDC Unloaded Zero Gradient

Figure 49 below shows the graph of values of power-torque-speed for MIDC driving cycle
for loaded condition and combined gradient.

MIDC Loaded (900 kg) Combine Gradient
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Figure 49 MIDC Loaded Combine Gradient
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Figure 50 below shows the graph of values of power-torque-speed for MIDC driving cycle
for unloaded condition and zero gradient.

MIDC Unloaded (380 kg) Combine Gradient
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Figure 50 MIDC Unloaded Combine Gradient

The Table 56 below shows the summary of results obtained from the above graphs (Figure
36, 37, 38 & 39)

S((I:\(;zngr(lzo Max Torque Power @ Max Power Torque
Driving Gradient of Motor Max Torgue of Motor @Max
Cycle) (Nm) (kW) (kW) Power (Nm)
Loaded Zero 20.45 3.74 10.05 12.88
Condition
Unloaded |, 8.68 159 4.89 6.27
Condition
Loaded | o hined | 55.29 3.4 10.05 12.88
Condition
Unloaded | oo yhined | 23.35 1.43 4.89 6.27
Condition
Table 56 Results of Required Motor Sizing to drive the vehicle for MIDC
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Figure 51 below shows the graph of values of power-torque-speed for WLTP driving cycle
for loaded condition and zero gradient.

WILTC Loaded (900 kg)
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Figure 51 WLTP Loaded Zero Gradient

Figure 52 below shows the graph of values of power-torque-speed for WLTP driving cycle
for unloaded condition and zero gradient.

WLTC Unloaded (380 kg)
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Figure 52 WLTP Unloaded Zero Gradient
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Figure 53 below shows the graph of values of power-torque-speed for WLTP driving cycle for
loaded condition and combined gradient.

WILTC Loaded (900 kg) Combine Gradient
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Figure 53 WLTP Loaded Combine Gradient

Figure 54 below shows the graph of values of power-torque-speed for WLTP driving cycle
for unloaded condition and combined gradient.

WLTC Unloaded (380 kg) Combine Gradient
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Figure 54 WLTP Unloaded Combine Gradient
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The Table 57 below shows the summary of results obtained from the above graphs (Figure

40, 41, 42 & 43)

Scenario Max Torque Torque
(WLTP . q Power @ Max | Max Power of q
. Gradient of Motor @Max Power
Driving Torque (kW) | Motor (kW)
(Nm) (Nm)
Cycle)
Loaded Zero 19.4 8.45 12.6 16.72
Condition
Unloaded Zero 8.45 3.68 5.9 7.83
Condition
Loaded | - hined 50.31 5.13 12,6 16.72
Condition
Unloaded .
Condition Combined 21.25 2.17 5.9 7.83

Table 57 Results of Required Motor Sizing to drive the vehicle for WLTP

3-Wheeler Cargo

Figure 55 below shows the graph of values of power-torque-speed for MIDC driving cycle
for loaded condition and zero gradient.

MIDC Loaded (1000 kg)
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Figure 55 MIDC Loaded Zero Gradient
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Figure 56 below shows the graph of values of power-torque-speed for MIDC driving cycle
for unloaded condition and zero gradient.

MIDC Unloaded (450 kg)

Torque, Speed

Speed (kmph) Torque (Nm)@ motor —Power (kW)@ Motor

Figure 56 MIDC Unloaded Zero Gradient

Figure 57 below shows the graph of values of power-torque-speed for MIDC driving cycle for
loaded condition and combined gradient.

MIDC Loaded (1000 kg) Combine Gradient
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Figure 57 MIDC Loaded Combine Gradient

92 TN THIE

ARAI

Progress thraugh Research



Figure 58 below shows the graph of values of power-torque-speed for MIDC driving cycle
for unloaded condition and zero gradient.
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Figure 58 MIDC Unloaded Combine Gradient
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The Table 58 below shows the summary of results obtained from the above graphs (Figure
44, 45, 46 & 47)

S((':\(jn?)rcl:o Max Torque Power @ Max Power Torque
Driving Gradient of Motor Max Torque of Motor @Max

Cycle) (Nm) (kW) (kW) Power (Nm)
Loaded Zero 22.73 416 11.04 14.16
Condition
Unloaded Zero 22.72 418 11.04 14.18
Condition

Loaded | o ined 61.44 3.78 11.04 14.16
Condition
Unloaded | o v ined | 27.65 1.7 558 7.16
Condition
Table 58 Results of Required Motor Sizing to drive the vehicle for MIDC
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Figure 59 below shows the graph of values of power-torque-speed for WLTP driving cycle
for loaded condition and zero gradient.

WLTC Loaded (1000 kg)
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Figure 59 WLTP Loaded Zero Gradient

Figure 60 below shows the graph of values of power-torque-speed for WLTP driving cycle
for unloaded condition and zero gradient.
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Figure 60 WLTP Unloaded Zero Gradient
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Figure 61 below shows the graph of values of power-torque-speed for WLTP driving cycle
for loaded condition and combined gradient.

WLTC Loaded (1000 kg) Combine Gradient
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Figure 61 WLTP Loaded Combine Gradient

Figure 62 below shows the graph of values of power-torque-speed for WLTP driving cycle
for unloaded condition and combined gradient.

WLTC Unloaded (450
kg) Combine Gradient

o
@
v
a
7]
@
3
o
S
L

Speed (kmph) Torque (Nm)@ motor —Power (kW)@Motor

Figure 62 WLTP Unloaded Combine Gradient
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The Table 59 below shows the summary of results obtained from the above graphs (Figure
48, 49, 50 & 51)

S&?{Lﬁg Max Torque Power @ Max Power Torque
Driving Gradient of Motor Max Torque of Motor @Max
Cycle) (Nm) (kW) (kW) Power (Nm)
Loaded

Condition Zero 21.5 9.37 13.89 18.43

Unloaded

Condition Zero 9,92 4.32 6.8 9.03
Loaded | o hined 55.9 5.7 13.89 18.43

Condition

Unloaded .

Condition Combined 25.16 2.57 6.88 9.03

Table 59 Results of Required Motor Sizing to drive the vehicle for WLTP

These results provide a comprehensive understanding of the power and torque requirements
under different driving conditions and cycles, ensuring the motor is appropriately sized for
optimal vehicle performance.

8.4 Available Kits survey as per proposed solution and procurement

SECTION 11
2-Wheeler Vehicle Retro-fitment Kits

The Table 60 below shows the kit images for the different solutions opted along with their
specification for 2-wheeler category.

Vehicle Retro-fit Kits Details
. . Kit Specification
Ret(rsof:;r?gcl)llj’tgn 1 Splendor: Hub motor- 2kW
pient Activa: Hub motor - 1.2kW
Activa)

Battery: 72V 40Ah

. : Kit Specification
Ret(ré)f:;r?gél:tgn 2 Splendor: Hub motor - 3kW,
pen Activa: Hub motor - 2kW
Activa)

* |Battery: 72V 35Ah
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Retrofit Solution 3
(Splendor &
Activa)

Kit Specification

Splendor: Traction motor - 2kW
Activa: Traction motor - 2kW
Front to Rear Sprocket Ratio:
1:4.78

Battery: 60V 42Ah

Table 60 Procured Retro-fitment Kit for all category of 2-Wheeler Vehicles

3-Wheeler Vehicle Retro-fitment Kits

The Table 61 below shows the kit images for the different solutions opted along with their
specification for 3-wheeler category.

Solution

Retro-fit Kits

Details

Retrofit Solution 1
Bajaj RE Passenger
& Piaggio Cargo

Kit Specification

o Power: 3kW
. |Gearbox: 2-Speed Auto-clutch.

Battery: 48V 100Ah
(Passenger)
Battery: 48V 200Ah (Cargo)

Retrofit Solution 2
Piaggio Ape
Passenger & Bajaj
Maxima Cargo

Kit Specification:

Power: 4kW

Gearbox: Single Speed gearbox
(1:14 Ratio)

Battery: 48 V 200Ah

Retrofit Solution 3
(Piaggio Ape City
Passenger and Bajaj
Maxima Cargo)

Kit Specifications:

Power: 4.4kW (Passenger)
Power: 7kW (Cargo)
Gearbox: 2 Speed gear-box
Battery: 48 VV 200Ah

Table 61 Procured Retro-fitment Kit for all category of 3-Wheeler vehicle
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ANNEXURE 3

MILESTONE 3: FITMENT OF RETRO-FITMENT KIT, BATTERY PACK ON
VEHICLE

9.1 3D Scanning and CAD Generation
SECTION 12

2-Wheeler Scooter

The Figure 63 below shows the 3D scan generated CAD model for Activa Vehicle.

Figure 63 CAD Model of Activa 2-Wheeler (Without Body)

The Figure 64 below shows the CAD model of Activa vehicle with integrated retro-fitment
solution.

Figure 64 CAD Model of Activa 2-Wheeler (With Body)
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2-Wheeler Motorcycle

The Figure 65 & Figure 66 below shows the 3D scanned CAD model of Splendor vehicle.

Figure 65 CAD Model of Splendor 2-Wheeler (Without Body)

Figure 66 CAD Model of Splendor 2-Wheeler (Without Body)
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3-Wheeler Passenger Vehicle

Retro-fitment Solution 2
The Figure 67 below shows the CAD model of solution 2 integrated into the passenger vehicle.

Figure 67 Piaggio Ape Xtra (Passenger Vehicle) CAD Model

Retro-fitment Solution 3
The Figure 68 below shows the CAD model of solution 3 integrated into the passenger vehicle.

& ENENEN

Figure 68 Piaggio Ape City (Passenger Vehicle) CAD Model
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3-Wheeler Cargo Vehicle

Retro-fitment Solution 2
The Figure 69 below shows the CAD model of solution 2 integrated into the cargo vehicle.

Figure 69 Bajaj Maxima (Cargo) CAD Model

Retro-fitment Solution 3
The Figure 70 below shows the CAD model of solution 3 integrated into the cargo vehicle.

Figure 70 Bajaj Maxima (Cargo) CAD Model
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9.2 Wiring diagram
SECTION 13

The Figure 71 below shows the detailed wiring architecture of a 2-wheeler (common for all
retro-fitment solutions) across 2-wheeler category.

2-Wheeler Wiring Architecture (Without Aux. Battery)

Oisplay

L
53
£5

Charge Port

v G 1
- E
Controller E . jmcunc)

& ©

High Voltspe Baltery

Figure 71 Detailed 2W Wiring Architecture

The Figure 72 below shows the detailed wiring architecture of a 3-wheeler (common for all
retro-fitment solutions) across 3-wheeler category.
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3-Wheeler Wiring Architecture (With Aux. Battery)

oisplay

Controller E

Figure 72 Detailed 3W Wiring Architecture

Common Index for Wiring Harness

The Figure 73 below shows the Index details of the wiring architecture common for 2-wheeler
& 3-wheeler. It highlights the colour coding and diameter of the wiring harness used for
different connections across the complete architecture.

INDEX

_ High Voltage Phase1] To

(Orange-10mm) Phase 2 | Motor
Phase 3] (5mm)

1 Hall Sensor 1 To Motor
ngh VOltage Hal Sensors Hall Sensors
. e Halll S€NSOF 3
- (Battery Negative) Commantigate | (0.5mm-
= Common Positive Signal Pins)
(Black-10mm) =
m— Auxilary Electrical Components Note:
E—— Like: " All Auxilary Electrical Devices are
. ) Headlight Connected with Switch Box Available
]2V A uxi la I’\/ _— Tail-ight on Left and Right Side of the Handle
T == Indicators Bar,
— (Battery Positive) | === [ tom R
— uzzer ront & Rear Left Side
(RE d-Im m) Kill Switch Front & rear Right Side
el [ 5 i dhmcd per
ux. Battery Supplu
l == Brake 5witc\{1 & FL)?ghts on asingle button available
i = ; ; left side switch box of
12V Auxilar Switch Boxes (Left & Right) on
V - Al1mm Handle bar.

= (Battery Negative) [

The complete wiring of any vehicle is manufactured in consideration to the SAE standards & ARAI Norms so as to pass

(B la c k-] m m) Quaity Check. All wires are then occupied with a black hose pipe forming a single canel keping the wires protected from
cuts,open terminals & waterproof.

Figure 73 Index Details of Wiring Architecture
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9.3 Two-Wheeler Mountings/Alterations
SECTION 14

2-Wheeler Mountings/Alterations
Retro-fitment Solution 3 (Motorcycle)

For the integration of the retrofit solution 3 into the vehicle, modifications to the body frame
(secondary members) have been performed. These alterations include:

e Removing the engine mounting bracket.

¢ Reshaping the connecting plates.

e Welding the base structure onto the frame for motor mounting.

¢ Reshaping the engine support member into a rectangular shape to create space for a safe and
sturdy placement of the battery bracket.

The alterations performed on 2-wheeler motorcycle for solution 3 are illustrated in Figure 74,
Figure 75 and Figure 76.

’, Q 07/74/ 44

Figure 74 Alterations in Splendor for Retro-fit oution 3 "
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Figure 75 Alterations in Splendor for Retro-fit Solution 3
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SECTION 15

Retro-fitment Solution 3 (Scooter)

For the integration of retrofit solution 3 into the vehicle, modifications to the body frame
(secondary members) have been performed. These alterations include:

Removing the engine mounting bracket.

Adding a shock absorber mounting to the frame through welding.

Attaching an external swing arm reconstructed with a motor mounting plate.

Using a front wheel rim attached with a plate and a hub to integrate the chain sprocket
mechanism on the rear wheel side of the vehicle.

Minor material removal from plastic case below the seat for comfortable fitment of battery
pack and facilitating easily locking of the seat.

The alterations performed on 2-wheeler scooter for solution 3 are illustrated in Figure 77,
Figure 78 and Figure 79.

Figure 77 Alterations in Activa for Retro-fit Solution 3
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Figure 78 Alterations in Activa for Retro-fit Solution 3

Figure 79 Alterations in Activa for Retro-fit Solution 3
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9.4 Three-Wheeler Mountings/Alterations

SECTION 16

Retro-fitment Solution 2 & 3 (Cargo Vehicle)

A series of similar alteration work is required for the 3-wheeler segment of cargo vehicles to

facilitate the integration of EV components. Except for the retrofit kit mounting brackets, the

common modifications needed include:

3.5.1 Increasing the Height of the Mounting Point of the Cargo Box:

e To accommodate the battery pack under the cargo box, the height of the mounting point
needs to be increased.

« This can be achieved by welding a rectangular spacer made of metal, with dimensions of 3
inches (L) x 1.5 inches (b) x 20 mm (h).

3.5.2 Accessing the Battery Pack for Repairs:

« A cut in the base plate of the cargo box is required to create a cover for the battery pack,
allowing easy access for repairs.

3.5.3 Modifying the Transmission System:

o Once the transmission system is integrated into the vehicle, the length of the transmission
shafts needs to be adjusted to connect the wheels to the gearbox output.

o This is accomplished by changing the previous transmission shaft length using the sleeve
integration method.

These alterations ensure that the components of the EV are easily integrated into the cargo
vehicle. Following images show the alterations made.

The alterations performed on cargo vehicle to raise the height of cargo box for solution 2 &
3 are illustrated in Figure 80 and Figure 81.
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Figue 81 Alterations made for height increase of cargo box
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The Figure 82 below illustrates the alteration made in shaft of all 3-wheelers for power
transmission to wheels

Figure 82 Change of length of transmission shafts using sleeve method
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9.5 Results of Analysis for Motor Mounting Bracket (Rear)

SECTION 17

Total Deformation Analysis

Figure 83 below shows the total deformation that has occurred in the bracket after application

of sudden jerking force on its mounting point. As the deformation value is less than its
permissible value of 3 mm, the mounting will be considered safe.

0.00 200.00 {mrm)
L E— ®
100.00

Figure 83 Total Deformation of Motor Mounting Rear Bracket

Stress Analysis

Figure 84 and Figure 85 below show the results of equivalent stress produced in the mounting
bracket after applying jerking force on the motor bracket. The yield strength of Structural steel
material is 365-400 MPa and the maximum stress induced in the bracket is 168.04 MPa which
is less than the maximum yield strength. Thus, the bracket will be considered safe for mounting.
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Figure 84 Equivalent Stress of Motor Mounting Rear Bracket

0.00 200.00 (rmrm)
I -
100.00

Figure 85 Equivalent Stress of Motor Mounting Rear Bracket

Table 62 below mentions the results of deformation and stress analysis of motor mounting
bracket.

Sr. Material Permissible Value Result Remark
No.
1 Structural Deformation = 3mm 2mm Safe
Steel Yield stress = 365 MPa 168.04 MPa Safe

Table 62 Summary of Rear Bracket Analysis
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9.6 Results of Analysis for Motor Mounting Bracket (Front)

SECTION 18
Total Deformation Analysis

Figure 86 and Figure 87 show the total deformation that has occurred in the bracket after
application of sudden jerking force on its mounting point. As the deformation value is less than
its permissible value of 3 mm, it will be considered safe.

z

L
0.000 0.090 (rm) }
L — -
0.045

Figure 86 Total Deformation of Motor Mounting Front Bracket

Z

0.000 0.100 (rm) :>
I
0.050

Figure 87 Total Deformation of Motor Mounting Front Bracket
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Stress Analysis

Figure 88 and Figure 89 below show the results of equivalent stress produced in the mounting
bracket after applying jerking force on the motor bracket. The yield strength of structural steel
material is 365-400 MPa and the maximum stress induced in the bracket is 118.48 MPa which
is less than the maximum yield strength. Thus, the bracket can be considered safe for mounting.

1.3199%7
39611 Min

4
0.090 {m) >ﬂ<
|
0.045

1.3199e7
39611 Min

Z
0.000 0.100 (rm) '?
[
0.050
Figure 89 Equivalent Stress of Motor Mounting Front Bracket

Table 63 Ssummary of Front Bracket Analysis below mentions the results of deformation and
stress analysis of motor mounting bracket.

Sr. Material Permissible Value Result Remark
No.
1 Structural Deformation = 3mm 0.42 mm Safe
Steel Yield stress = 365 118.48 MPa Safe
MPa

Table 63 Summary of Front Bracket Analysis
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9.7 Results of Analysis for Motor Sprocket
SECTION 19
Total Deformation Analysis

Figure 90 shows the total deformation that has occurred in the teeth of motor sprocket after
application of chain force on its teeth peripheral exposed to the acting force. As the deformation
value is less than its permissible value of 3 mm, the designed motor sprocket is considered to
be safe.

5.585e-6
4.6542e-6
3.7234e-6
2.7925e-6
1.8617e-6
9,3084e-7
0 Min

-
0.000 0.020{m) L—’ X
[ |

0.010

Figure 90 Total Deformation of Motor Sprocket for
Retro-fitment Solution 3 (Motorcycle)

Stress Analysis

Figure 91 below shows the equivalent stress analysis of motor sprocket. The maximum stress
induced in the sprocket is 100.48 MPa which is less than the maximum yield strength. The
yield strength of Structural steel material is 460-500 MPa. Thus, the bracket can be considered
safe for mounting.
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Figure 91 Equivalent Stress of Motor Sprocket for Retro-fitment Solution 3 (Motorcycle)

Table 64 below mentions the results of deformation and stress analysis of motor mounting
bracket.

Sr. Material Permissible Value Result Remark
No.
1 Structural Deformation = 3mm 0.008 mm Safe
Steel Yield stress = 460 100.48 MPa Safe
MPa

Table 64 Summary of motor sprocket analysis
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9.8 DAQ Specification and Configuration

SECTION 20

Module

Name

Technology

GNSS

Protocol compatible
Receiver

Tracking sensitivity
Position Accuracy
Hot start

Warm start

Cold start

Cellular
Technology

2G bands

3G bands

4G LTE bands

Data transfer

Data support
Power
Input voltage range
Internal Back-up battery
Power consumption

PRODUCT SPECIFICATIONS

Quectel EG91-EX, Quectel EG91-AUX

LTE (CaT1) / 3G (UMTS / HSPA) / 2G (GSM / GPRS) / GNSS

NMEA, GGA, GGL, GSA, GSV, RMC, VTG
33/99 acquisition channels

-165 dBM

< 2.5m CEP

<lis

<25s

<35s

LTE Cat 1, UMTS, GSM

EG91-EX: GSM: B3/B8
EG91-AUX: GSM: B2/B3/B5/B8

EG91-EX: WCDMA: B1/B8
EG91-AUX: WCDMA: B1/B2/B5/B8

EG91-EX: LTE FDD: B1/B3/B7/B8/B20/B28
EG91-AUX: LTE-FDD: B1/B2/B3/B4/B5/B7/B8/B28/B66

LTE: LTE FDD: Max 10Mbps (DL)/Max 5Mbps (UL)
UMTS: WCDMA: Max 384Kbps (DL)/Max 384Kbps (UL)
GSM: GPRS: Max 107Kbps (DL)/Max 85.6Kbps (UL)

SMS (text/data)

10-30 V DC with overvoltage and reverse polarity protection
550 mAh Ni-Mh, 8.4 V battery

At 12V < 4 mA (Deep Sleep)

At 12V < 19 mA (Online Deep Sleep)

At 12V < 24 mA (GPS Sleep)

At 12V < 38 mA (nominal)
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Physical specification

Dimensions 1041x768x 315mm(LxWxH)

Weight 201g

Operating environment

Operating temperature (without  -40 °C to +85 °C | Storage temperature (with battery) -20°C to +45 °C
battery)
Ingress Protection Rating P41
Storage temperature (without 40 °Cto +85°C Battery storage temperature -20 °C to +45°C
battery)
Bluetooth®
Specification 5.0 + LE

Supported peripherals  Temperature and Humidity sensor, Universal BLE sensors support

Interface

Digital Inputs 4 J1708 1

E K-line 1
Analog Inputs 4 GNSS antenna External High Gain
1-Wire 1 Cellular antenna External LTE CAT 1 High Gain
RS232 2 UsB 2.0 Mini-USB
RS485 1 Switchable CAN terminals Not Supported
CAN J1939 2 LED indication 2 status LED lights
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Features

Sensors

Scenarios

Supported peripherals

Sleep modes

Configuration and firmware update
SMS

GPRS commands

Time Synchronization

Fuel monitoring

Ignition detection

RS232 Modes

RS485 Modes

Accelerometer

Green/Eco Driving, Over Speeding detection, Jamming detection, Excessive IdI
detection, Towing detection, Crash detection, Immobilizer, iButton Read
Notification, Auto Geofencing, Manual Geofencing, Trip detection, Odometer, F
counter, GNSS Unplug Detection, DDD download and Tacho online data, Offfin
tracking

Garmin, RFID RS232, RFID 1-Wire, iButton 1-Wire, Temperature 1-Wire, LV-
CAN200, ALL-CAN300, CAN-CONTROL, CAN FMS (J1939, J1708), K-line data,
Continental tire pressure measurement sensor, Iridium SBD (Iridium
Edge/TSM232), Carrier freezer, Log Mode, NMEA, TCP ASCII/Binary, Temperat
and humidity sensor, Universal BLE sensors support

GPS Sleep, Online Deep Sleep, Deep Sleep

FOTA Web, FOTA, Teltonika Configurator

Configuration, Events, DOUT control, Debug

Configuration, DOUT control, Debug

GNSS, NITZ, NTP

LLS (Analog), Digital LLS (RS232, RS485), LV-CAN200, ALL-CAN300, CAN-
CONTROL, CAN FMS, Ultrasonic level sensor

Digital Input, Accelerometer, External Power Voltage

Log Mode, NMEA, LLS, LCD, RFID HID/MF7, Garmin FMI, TCP ASCII/Binary, TCF
ASCII/Binary (Buffered), Rec to LCD, Atol Tachograph, UL202-2 Fuel Sensor,
Iridium Edge/TSM232 Satellite backup, Carrier Freezer

Silent, Log Mode, NMEA, LLS, TCP ASCII/Binary, TCP ASCII/Binary (Buffered)

Figure 92 DAQ Product Specifications

Figure 92 shows DAQ product specifications.
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9.9 DAQ Configuration
SECTION 21

A. System configuration

{2 TettanikaConfiguratar 1.7.64.5.F464 .68

Fy om desice = ™ Update firmware £ Reset

System Settings @

Movement Source

Battery Charge Mede

Analog Input Value Range

AING/DIUT Mode

Analog Input Value Range 2-4

Odormeter Sourc

Speed Source settings

10 Global settings ()

10 Send Mode

Send Last Known ¥

Pratocol Settings )

Data Protocel
Recards Settings i)

Reconds Saving/Sending Without 18

[ ersaarn ||
Adter Time Sync

Open Link Timeaut (5) 0%
Respange Timeout () /B
Sort By

Save records to

Ping made

Empty Codec12

Wetwark Ping Timeout - {min) £

DufF

Seatic Navigation Settings @

Siatic Navigation

T

Static Nawigation Deactivstion Source

Ignition Settings i}

Ignition Seurce

T T

High Voltage:

Low Voltage ) [
Meverrent Start Delay (5] 2%
Meverrent Stop Delay (5] i
Time Synchronization

Synehrorizarion Settings

Disable: (GNSS only) NITZ+NTP

TP syn, timeois W
INTP Server © a1 tettonikalt

TP Server 2 ooolatpirg

Figure 93 DAQ System Configuration

Most parameters, as seen in Figure 93, were maintained at the default value. The sleep timeout
was set to 10 min.
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B. GPRS configuration

{2 TettonikaCorfigurator 1.7.645.F464 RLES

3”‘

&reLronka

GPRS Limits Server #2 Sattings @)

GPRS Limits Backup Server Mode

o L

Horme Limit (48] 000 ¥

Roaming Limit (VE) 1000 »

SIM1 GPRS Settings 1o -
=0 Backup Serves Comain  183.183.165.155
GFAS Context
- Backup Senvr Fort 20 3
o [ |
AN airtelgprs.com FOTA WEB Settings ()
PN Usemame Status
Darmain fm.teltanikalt
SIM2 GPRS Settings () =
port 5000
GRS Co
el ontext peiod i) —
o |
AN
APN Usemname
AN Passwart

Server #1 Settings ()
Domain 10363872
Fort 11500 &

Protooa!

Figure 94 DAQ GPRS Configuration

In this tab, as seen in Figure 94, the sim card APN was added (sim card from Airtel was used).
Also, the cloud storage server IP address was added so as to establish a connection between
the device and the server and send the gathered data to the server (placed in ARAI premises).

C. Data Acquisition configuration

% Tebtarika Corfigurstor 1.7645.7464 68 -8 x

- device B Save to desice ‘E] Update fimmware £ Reset confiquration
r”‘ ]

ST ELTONIKA

B Loadfams e B3 Rebaot device

Onstop )

Raaming Unknown

Win Period 360 % 3600 % 3600 3
Min Saved Records 0e L '
Send Period 2% 22 2%
Moving @)

Roaming Unkniown

Win Period i m e ms
Win Distance 101 5 1005 0 5
Win Angle 0% w3 0%
Min Speed Delta 0 " 0
Min Saved Records 0y 0y 0%
Send Periog 2v 13 2%
On Demand Tracking

Period (5 0y
Durstion [5) 600 %

Activation by:

Figure 95 DAQ Data Acquisition Configuration
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The data collection frequency was set in this tab based on various vehicle movements. As seen
in Figure 95, there are provisions for setting the data acquisition frequency for the ‘stop’ and
‘moving’ state of the vehicle. During the stop state, we don’t require the data to be acquired at
a higher frequency. However, during the moving state, we require the data to be collected at a
higher frequency.

D. Input/ Output (1/0O) parameters configuration:

1 TeltorikaCorfigurstor 1764 57464 R.ES

o Load fram device ™ update firmware 3 Reset configuration

&reLronika

B Load fom file B soetofi
e
Input Naine Currerit Valug Lnits Prianty Low Level High Leved Event Only Operand Avg Const

igniticn 1

Movement 1

Data Mode

G5M Signal

Sleep Mode

(GNSS Status

GINSS PDCP 0 MNone | low | High
o oW gh

Bxternal Voltage: 13333 my

Speed 0 kan/h

GSM Cell ID

GEM Area Code

Battery Voltage 10208 my oW |
Battery Current 43 mA Nore | low | High

Trip Odomster 0 m

Total Odometer 1172400 m

Digital Input 1 1

Digital Input 2

0 honitoring

Figure 96 Input / Output (1/0) parameters configuration

The number of data values of each parameter, to be collected per unit of time, was set in this
tab. The considerations for setting these values were based on the priority of the parameters.
As with ignition and geographic positions, the priority was set to low as the change in these
parameters isn’t rapid. However, for the sensor values of current and voltage as also the speed,
the priority was set to high as these values see instantaneous changes.

9.9.1 List of sensors

SECTION 22

9.9.1.1 Current sensor - LEM HASS 100-S

Table 65 below highlights the specifications of the Current sensor.
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Specifications:

Series HASS

Measurement Current

Nominal Value 100A

Measuring Range +- 300A

Secondary Nominal Signal Voltage

Secondary Nominal Signal Value Instantaneous 2.5 +/- 0.625V
Primary Signal AC+DC

Supply Voltage External DC Unipolar
Supply Voltage Range 5-5V

Accuracy 1%

Operating Temperature -40°C to 105°C
Technology Open loop Hall effect
Mounting Panel

Table 65 Specifications of Current Sensor

The LEM HASS 100-S, was selected as it provides a measuring range of +-300A, which was
found to be the maximum operating current range of the kits procured. The current sensor was
placed between the battery and the motor controller (with the arrow pointing towards the motor
controller), to measure the current drawn from the battery against the input provided by the
driver. The current sensor has a base value of 2.5V corresponding to OA of current. For current
being drawn from the battery, there is a change in the signal value by (300/2.5=0.00833 or
8.33mV) over the base value of 2.5 V. So, for 1A current flowing through the sensor, the signal
value would be 2.508 V; and so on. Similarly, during regeneration the signal value would
change by the same factor, albeit below the base value of 2.5V.

SECTION 23

9.9.1.2 Stepdown Voltage Regulator (12 to 5V)

The current sensor mentioned above operates at an input voltage of 5V. To provide this source,
we used IC 7805 to stepdown the 12V input to 5V. The output of this circuit was provided to
the current sensor as an input. The IC needs to be integrated with two capacitors of the specified
ratings.

SECTION 24

9.9.1.3 Voltage Detection Module

This is a simple module which uses a potential divider to reduce an input voltage by a factor
of 5. The module has two input ports for voltage source (VCC) and ground (GND). The signal
to be measured is connected to these ports, whereas, the output is obtained at ‘S’ port.

9.9.1.4 Wiring Harness Layout & DAQ pinout

SECTION 25
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The wiring harness connections of DAQ system as integrated on all vehicles are explained
below:

The throttle signal tapped from the vehicle wiring connection is connected to pin number
14 of the DAQ which is an analog input port, as shown in Figure 95 below.

Ignition, also tapped from the vehicle wiring connection, is connected to pin number 15, a
digital input port.

The power source (12V) for the sensors and DAQ device is drawn from auxiliary battery in
the case of 3-wheelers and from the DC-DC converter output in the case of 2-wheelers. One
line drawn from the power source is connected to pin number 11 of the DAQ, with a 3A
fuse connected across to safeguard the DAQ device.

As mentioned in 3.8.3.2, the current sensor operates on an input power of 5V. To stepdown
the 12V input to 5V, a line drawn from the power source is supplied to the input of stepdown
voltage regulator. The output from this regulator, is provided as an input to the current
sensor. The current sensor signal is connected to pin number 7 of the DAQ.

For the voltage detection module, connections drawn from positive and negative terminals
of the high voltage source are connected to the input ports (as discussed in 3.8.3.3). The
signal line from ‘S’ port is connected to pin number 10 of the DAQ device.

Ground lines from all the above discussed components are merged and connected to pin
number 1 of the DAQ.

9.10 DAQ Placement Images

SECTION 26

2-Wheeler Motorcycle

Current Sensor

Fuse Holder

Connector

12-5V Voltage
Regulator

Voltage Module

s 4

DAQ Enclosure

Figure 97 Seéor units of DAQ system in Motorcycle
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DAQ Placement

/f

le

Figure 98 DAQ placement in Motorcyc

In 2-wheeler motorcycles, the DAQ and sensors were placed in the space beneath the seat,
where the auxiliary battery is placed in an IC engine vehicle.

2-Wheeler Scooter

—

I
| Current Sensor

Voltage Module

12-5V Voltage
Regulator

DAQ

Connector

DAQ Enclosure

Figure 99 Sensor units of DAQ system in Scooter
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DAQ Placement

W

FigurelOO DAQ placement in Sooter

In 2-wheeler scooters, the removal of fuel tank leaves an empty space for the motor controller
and DAQ to be mounted. The sensors and DAQ’s were placed in this compartment in all the

2-wheeler scooters.

3-Wheeler Passenger

Current Sensor

12-5V Voltage
Regulator

Voltage Module

Figure 101 Sensor units of DAQ system in 3-wheeler passenger vehicle
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Figure 102 DAQ wiring in 3-wheeler pasenger vehicle
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Figure 103 Sensor units enclosure in 3- wheeler passenger vehicle
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| DAQ Placement

QL ) N\
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Figure 104 DAQ placement in 3-wheeler passenger vehicle

In 3-wheeler passenger vehicles, the sensor units were placed in the junction box. The DAQ
device was placed beneath the driver seat in the front compartment.

3-Wheeler Cargo

Current Sensor

12-5V Voltage
Regulator

Voltage Module

Figure 105 Sensor units of DAQ system in 3-wheeler cargo vehicle
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Heat Insulated

Figure 106 Heal insulated sensor units in 3-wheeler cargo vehicle

Sensor Box

N
k '
“

Figure 107 Sensor units enclosure in 3-wheeler cargo vehicle
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DAQ Placement

Figure 108 DAQ placement in 3-wheeler cargo vehicle

In 3-wheeler cargo vehicles, the sensor units were placed in the junction box beneath the cargo
box. They were accessible from the cut-out in the cargo box. The DAQ device was placed
beneath the driver seat in the front compartment.
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ANNEXURE 4

MILESTONE 4: RUNNING AND OPERATIONAL DATA ACQUISITION OF
RETRO-FITTED VEHICLES IN REAL-LIFE FOR 5000 TO 6000 KM

10.1 On-Road Testing of Vehicles
SECTION 27

2-Wheeler Scooter

Retro-fitment Solution 1

Retro-fitment Solution 3

B o
.
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2-Wheeler Motorcycle
Retro-fitment Solution 1

Retro-fitment Solution

2
S i
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3-Wheeler Passenger

Retro-fitment Solution 1
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3-Wheeler Cargo
Retro-fitment Solution 1

134 TN THIE

ARAI

Progress thraugh Research



10.2 Major Routes for Testing in Delhi & NCR
SECTION 28
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Route 1: Burari — Ghaziabad - New Delhi — Burari

Route 1 covers the Ghaziabad area of Uttar Pradesh which falls under Delhi-NCR region.
Also, areas from Delhi namely Red Fort, ITO and Mayur Vihar are covered.
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Route 2: Burari — Alipur — Murthal — Sonipat — Narela — Burari

Route 2 covers the Sonipat area of Haryana which falls under the Delhi-NCR region.
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Route 3: Burari — Budhpur — Bahadurgarh — Paschim Vihar - Burari

Route 3 covers the Bahadurgarh area of Haryana which falls under the Delhi-NCR region
Also, areas from around Delhi namely Paschim Vihar, Pitampura, and Rohini are covered.
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Route 4: Burari — RedFort — Noida — Ghaziabad — RedFort- Burari

Route 4 covers the Noida area of Uttar Pradesh which falls under Delhi-NCR region.
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Route 5: Burari — Mangalpur — Gurugram — Vikaspuri — Burari

Route 5 covers the Gurugram area of Haryana which falls under the Delhi-NCR region. Also,
areas from Delhi namely Vikaspuri and IGI airport are covered.
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Route 6: Burari — RedFort — Faridabad — Chhatarpur — Burari

Route 6 covers the Faridabad area of Haryana which falls under the Delhi-NCR region.
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ANNEXURE 5

MILESTONE 5: INTERPRETATION OF OPERATIONAL DATA

COLLECTED DURING RUNNING

11.1 User Feedback
SECTION 29

2-Wheeler Motorcycle

gvbale Mg,
User/Driver Feedback Form
e fsdw B

User/Drives Name: _,

Vebicle Driven: __Splrudis (Qa! g

How would you p of driving a d vehicle (EV)?
31 g-Reds TR A1 (V) T W S ) B8 b
Riding experienoe as compared to ICE vehicle ($5F @151 25 Gt & il a1 3ia)
o Not as good s ICE vehicle
o Similar to ICE vebicle
e Better than ICE vehicle

o Cowmfort (RTH)
© Not s good as ICE vehicle
o Similar 10 ICE vehicle
o Better than ICE vehicle

| o Rage ()
o Compuatively Low
& Sufficicat
@ Necd more for daily commute

Acceleration and Top speed (@IRUI 30 7R
o Not s good as ICE vehicle

o~ Similar 1o ICE vehicle

o Beter than ICE vehiclo ,

 Driving experience on Gradicnt surfce (AU Wi TR FR 1 3F3Ha)

© Notas good as ICE vohicle

& Unsble o sustain with pillion /
o Similar o ICE vehicle

o Better than ICE vehiclo

Gonr shifting i case of 3-wheslers (IR et & wrwsdt 3 iy Rufen w1 srpv)
o Notas good as [CE vehicle

o Similar to [CE vehicle

o Better than ICE vehiclo

o Any other (please specify)

Mot Aol

UsenfDriver Fecdback Form
Sz el W

Did you experience any issues with the charging system in roferenoe 1o the charging lime
takea?
2 S ] s v e e e ot ofpv s 1 e A e aren
i

2-Wheeler uvﬁ?mm)

o Charging happens oo

—e Normal Charging lime (u Shra?
o Need fast charging at home

o Any other

o 3-Wheeler (-0fR%1 31
o Charging happens oo slow
o Normal Charging time
© Need fast charging at home
o Any other

6. How confident do you el o solve any minor issus that occurred in dhe vehicle while
driving, s compared fo that of ICE Vehicle?
CE A 4 el 1 g wend e g o g et o) 9 o e ) g
g fer St g A
5 Confidest 1o only solve minor mechanical issucs
o Confident to solve minor electrical issucs also
o Nood training fo solve minor cloctrical ssues
o Not confident

How would you compare finding the local mechanic for vehicle maintcnance as compared
to that of conventional ICE vehicle?
19 ureafe g arg o e A ded v B R il AR el 9
el B8
o Easy tofind

= Need to search at multiple locations
< Local mechanic avoids to handle Floctric vehicle maintenance

8 Will yon consider using retrofitted clectnic vehicle for your: daily commute?
0 1 A T ST 3 forg Y E Teae® ared 1 Iud A W AR
i
o No
o Maybe
o Yes

Uscr/Driver Feedback Form
Il SvdE Wi

2. How safo do you fecl while driving s EV as conpared 1o s ICE Vehicle?
1CE e @ e 3§l sienid s a4 e et g w7
o Feels unsafe
o Fecls safe
o Will be better if additionl safety is provided (please specify)

H::l would you rate the battory rsnge of retro-fitted EV w.r. daily travel noeds in Delhi
R?

g&nﬂwﬁmﬂmmmmaﬂﬁwuﬂﬁmfmﬁkﬂ}wm
i R

2- Wheeler 3-Whesler
2-ufiar arg Jufgmangd

Sufficient

Neod more | Too Low | Sulficicat
e

flm;y\s
ok
N by nectld

Vo0 Fii

K|

Haw convericnt was the charging process?
i et v un

2:Wheslor (2-Sfm arget)

o Difficalt

o (‘nmplw.llni

° AnwnﬂwrMﬁw‘ Clicen, ndindhivn o (ereiph doger
o 3-Wheeler (307241 a1g)

o Difficult
o Complicated

Easy

4

o Any other

UserfDriver Fecdback Form
Sydvrpdifggay Misds Gt

9. Did you notice any sudden drop m SoC after certain level of SoC drain?
A SoC s PRI R 5 0 69 35 02 S 71 e 0 e 3l
o 2:Whooler (2-9f31 a15°1)
v

+ 3 Wheelor .U ) o
¥y

10, you notice any difference while staring & driving during diferent woathee condifions
(Cold, Swimer & Rainy scason)?

e Rf s Rl @, 7l ok e 5 e
Y IR TR W B SR . Qi
Moo

11, What addiiona features do you thnk should be integrated with the vehicl for improved
driving experience?

mwamgmmmumﬂmmmmwm
80 Tl So-0ff Seiithshald be_preaded

12. Did you cocounter any issucs while driving the ychicke?
AT TR F (630 e o W @ v

13. Any additional comments or obscrvations you would like 1 suggest?
e

S T T
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2 Whacler Modwigols

User/Driver Feedback Form
ITARTFRAVZZAT FSdE FoT

User/Driver Name: kn.shm_&.ﬁki
Vehicle Driven: _Splade; (1)

How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?

3119 Y-S Gafe AT (5 V) T & T M B S S

Riding cxperience as compared to ICE vehicle (§%1 a1g+1 &} ettt #f ardl &1 srpra)
o Not as good as ICE vehicle

o Similar to ICE vehicle

e~ Better than ICE vehicle

Comfort (3T

o Not as good as ICE vehicle
& Similar to ICE vehicle

o Better than ICE vehicle

Range (39))

o Comparatively Low

@ Sufficieat

o Need more for daily commute

o Acceleration and Top speed (@RUT R 7Y
o Not as good as ICE vehicle
w Similar to [CE vehicle
o Better than ICE vehicle

Driving experience on Gradient surface (AfSGE §g TR FTgfam @1 ha)
o Notas good as ICE vehicle
o Unable to sustain with pillion
& Similar to ICE vehicle
o Better than ICE vehicle
Goar shifting i case of 3-whelers (R argeit & wieel 2 e RfteT 1 i)
o Not as good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle
o Any other (please specify)

Mot Aﬁw\ﬁm“n

User/Driver Feedback Form
IwaEc/gRat Pedd E

“

. Did you experience any issues with the charging system in reference 1 the charging time

taken?
Sy s 1 =l fiveen 3 ey R wvven 1 s R &1 anfof A e aren
Rietid
2-Wheeler (2-Ufeed1 1)
o Charging happens too slow
~ Normal Charging time (4= § hes )
o Need fast charging at home
o Any other

3-Wheeler (3-07341 d16)

o Charging happens 100 slow
o Normal Charging time

o Need fast charging at home
o Any other

=

How confident do you feel to solve any minor issue that oceurred in the wvehicle while
driving, as compared to that of ICE Vehicle?

(CE @G ) e A gt e v arget 1 g el o YA e g
e BT S TR B ¢

o~ Confident to only solve minor mechanical issues

o Confident ta solve minor electrical issues also
—e Need training to solve minor electrical issucs

o Not confident

)

How would you compare finding the local mechanic for vehicle maintcnance as compared
to that of conventional ICE vehicle?

1 RO S g & gern 1 AT veRw & R wiFt AR e 3
qe B8 BN

o Easy to find
& Need to search at multiple locations
_o— Local mechanic avoids to handle Electric vehicle maintenance

P

Will you consider using retrofitted electric vehicle for your daily commute?
1T T R AT ¥ fog Y gafdee are Bl Iud Bt W R
L0l

o No

o Maybe
o Yos

User/Driver Feedback Form
IYANTFAIGIEAT PEdE B

2. How safe do you fecl while driving an EV as compared to an ICE Vehicle?
1CE a1 @) e & §8t wrard T 3 fiee [RidE e akd §
o Foels unsafe
o Feclssafe (Taroty ene FF vig)
@ Will be beter i additional safety is provided (please specify)

w

How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?

o fereeht wrRfloim 71 Qe upen sragudarsil & s A 1) -fhes 6 @ ded Ww
HelidA A HHY
2- Wheeler 3-Wheeler
2-0fgm e 3ufgurargt

Too Low Sufficient Need more Too Low Sufficient Need more

agawn | wiw dRafey | agaen | wia sl gy |
s,‘wkn?
b dn q

Anvd &
%040 km

~

How convenicnt was the charging process?

et e R gl u

§
’%
€|

& Any other

3-Wheeler (3-UfRan areget)
o Difficult

o Complicated

o Easy

o Any other

User/Driver Feedback Form

utrdigEa frsde wel

9. Did you notice any sudden drop in SoC after cortain level of SoC drain?
TN A SoC b 0 P &R & T B & a1 SoC & SrarT Y firerae 2y
o 2-Wheeler (2-0fga1 amgT)
— o, e vebith g > « i
A e su(s chowicy  coreecd m)nug_mmhde

b uddic pattoy™ dyop
g P

o 3-Wheeler (3-Ufgan arg)
LAY

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy scason)?
a3 fafi v Rufivdl (&, il iR azra & ) A T g e
R R TG T e @ sl
o

11. What additional features do you think should be integrated with the vehicle for improved
driving expericnce?

e 3 e i o 3 R 4 e s i o
Mo

12. Did you encounter any issucs while driving the vehicle?
I G AT el H e w1 e e wg
ND

13. Any additional comments or obscrvations you would like to suggest?

aﬁjsﬁﬁmﬁmﬁmm@ﬂwﬁmwm
0

Place:

Signature: {321
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2 oheden Moysreycde |

User/Driver Feedback Form
ITaREdgEa Pads o

User/Driver Name: h

Vehicle Driven: %&m*&agu,

How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?

31 Y01 fipds alfde dig (EV) deil & 5 a6 3 ity

Riding experience as compared 1o 1CE vehicle (§UF1 aT6 @) gt ¥ HaRi &1 3 a)
o Not as good as ICE vehicle

o Similar to ICE vehicle

User/Driver Feedback Form
ITANTEFAIGIGAT Rgdar Bl

~

How safe do you foel while driving an EV as compared to an ICE Vehicle?
1CE a1 @1 el 3§ st e i faer Rfére wevg ova 8
o Feels unsafe

a~Fecls safe

o Wil be better if additional safety is provided (please specify)

w

How would you rate the battery range of retro-fitied EV w.r. daily travel needs in Delhi
NCR?

v Botor Hia TCH yehicle 3 foeelt wRftam 7 3f e arn siazasarall 3 ey A ¥Q-fnes & Ak T
e I Han
» Comfort (4RIH) 2- Wheeler 3-Whecler
o Not as good as ICE vehicle
<o Similar to ICE vehicle 2R s-ufRarae
o e e Ik veliie Toolow | Suflicient | Needmors | TooLow | Suffiient | Need more
o Rango Q29 | dgaen |_agasn R =dy_|
o Comparatively Low
o~ Sufficient Rarge of
© Need more for daily commute g
bl P~ — — —
= 1S ok
o Acccleration and Top spocd (@RUT 3R 71fa)
@ Not as good as ICE yehicle
_o~ Similar to ICE vehicle [
o Beller than [CE vehicle
o Driving experience on Gradicat surface (AfSe e TR ZTSfd &1 F@)

o Not as good as ICE vehicle
o Unable to sustain with pillion

4. How convenient was the charging procss?

; st v f R 4
&~ Similar to ICE vehicle ufan
| o Better than ICE vehicle . z-whnlbifr: (]2‘ dlg)
a ul
o Gearshifting in case of 3-wheelers (fuf&an arg1 3 s & Mo fRifte @1 srgva) o Complicated

© Not as good as ICE vehicle
o Similar to ICE vehicle

o Better than ICE vehicle

o Any other (please specify)

N AoeMes B

ARAL

User/Driver Feedback Form
FqaTEAgEa Bisda we

. Did you experience any issues with the charging system in reference to the charging time

taken?

1 ! A o e 3 e Rl v o apgaia R @1 anfof 3 v v
i

2-Wheeler (2-4fR41 A6T)
o Charging happens too slow

—o Normal Charging time (&= Vw8 )
o Need fast charging at home
o Any other

3-Wheeler (3-9f01 a1g)
o Charging happens t0o slow
o Normal Charging time
o Necd fast charging at home
o Anyother

How confident do you feel to solve any minor issue that occurred in the vehicle while
driving, as compared o that of ICE Vehicle?

CE 8T ) e arget < v g o g el o Sl e @ g vt
7 31 R 1 TE A 8
«o Confident to only solve minor mechanical issucs

o Confident to solve minor electrical issues also

e Need training to solve minor electrical issues

o Not confident

How would you compare finding the local mechanic for vehicle maintcaance as compared
to that of conveational ICE vehicle?

1 TR TS aTe ) e 1 are TR ¥ oy vt A6R® e 9t
EeeEakaad

o Easy tofind

& Nead to search at multiple locations

o Local mechanic avoids to handle Electric vehicle maintenance

Will you consider using retrofitted clectric vehicle for your daily commute?

1 31 3 e s & firg Yhes gafde are @ S v w RER

AR I

_# Eassy

< Anyother  Aoldibiael Clagie Sdiadon vy (erup) a,f,ﬁ)
o 3-Wheeler (3-fga1 arg)

o Difficult

o Complicated

o Easy

o Any other

User/Driver Fecdback Form
IR Padas il

9. Did you notice any sudden drop in SoC after certain level of SoC drain?

13U SoC B T P TR B o B B i SoC H ST B frerae Jdly
o 2-Wheeler (2-fga1 a1E)

_Mp,

o 3-Wheeler (3-0fg01 a1g)
sep

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy scason)?
a1 s fafirs e Rl @, il o a3 i) % A ) g o
R SR T TR W B S 3
Nuy.

1. What additional features do you think should be integrated with the vehicle for improved
driving experience?

:rlrgqhanéimmﬁﬂ S B for et 3 o i aifafaa g gt o
No.

12. Did you encounter any issues while driving the vehicle?
I I AT T T ) S 1 T @ g
Ao

13. Any additional comments or observations you would like (o suggest?
ﬁimﬁmmaﬁﬁﬂdmﬂlﬁ!ig i
Mo

Place:

Signature: _R_/S-_.;_ﬂ;__.
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)

=

2~ Wheeley M,p,,g s

User/Driver Feedback Form
IrAhIgIEa FEdE S

User/Driver Name: €l

Velicle Driven: J,dm{

How would you rate the ovorall experience of driving a retrofitted electric vehicle (EV)?

¥R gafdes At (EV) T & T M B Y B
o Riding expericnce as compared to ICE vehicle (§%FT g @ eI 7 Tard) @ SfJo/a)
e—Not as good us ICE vehicle (maoker jerk)
o Similar to ICE vehicle
o Better than ICE vehicle

Comfort (3{RTT)

o Not as good as ICE vehicle
o~ Similar to ICE vehicle

o Better than ICE vehicle

Range &)

o Comparatively Low

o Sufficient

o Need more for daily commute

o Acccleration and Top speed (@RVI IR TIRY)
o Notas good as ICE vehicle
o Similar to ICE vehiclo
o~ Better than ICE vehicle

« Driving experience on Gradicat surface (3UE cIE W SEFAT 1 313a)
o Notas good as ICE vehicle
o Unable to sustain with pillion
o Similar to ICE vehicle
o Better than ICE vehicle

Gear shifting in case of 3-wheelers (AU aTgett & w3 v Fften 1 afgpia)
© Not as good as ICE vehicle

o Similar to ICE vehicle

o Better than ICE vehicle

o Any other (please specify)

Np

THRT,

ARAI

User/Driver Feedback Form
IudiIdgEaT Fredd wik

Did you experience any issues with the charging system in refereice (0 the charging time
taken?

Sy atead i o Rreen & e i v a1 sigvia R &1 i A aren
T

2-Wheeler (207891 a6 )

o Charging happens too slw

o Normal Charging time i"%: (V)

o Need fast charging at home

o Any other

3-Wheeler (3-Ufga1 1)
o Charging happens too slow
o Normal Charging time
o Need fast charging at home
o Anyother

How confident do you feel (o solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?

1CE ATl 9 et A age e e e 4 g el 1R Bl Nt anen o g BT
T 3y faert SRl HEgE B
o Confident to only solve minor mechanical issues

o Confident o solve minor electrical issues also
o~ Need training to solve minor electrical issues

o Not confident

How would you compare finding the local mechanic for vehicle maintenance as compared
to thal of conventional ICE vehicle?
31 TRARG SIS arga B ga # aigd v ¥ g wirt 3R ¢e @)
T 8 T
o Easy tofind

& Need to scarch at multiple locations

o Local mechanic avoids to handle Elcetric vehicle maintenance

Will you consider using retrofitted electric vehicle for your daily commute?
i A A srarnE ¥ R Xafes gaffee e @1 Sudn $ W R
wan
o No
o Maybe
o Yes

User/Driver Feedback Form
ITARTFN ST Prade G

How safe do you feel while driving an EV as compared to an ICE Vehicle?

1CE aTet o e 2 §ft <temd v 319 R 3t o e

oo Feclsunsale (Mokor  Slading dragie 1k
~o Fools safe b i

o Will be beter if additional safety is provided (please specify)

3, gngwomd you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
im0 feeeft GRAGIR 3 2 el sl % ey AR Rods §d) o At Yo
A awn
2- Wheeler 3-Wheeler
2-ufRar arg 3ufgar A
Too Low Sufficient Need more Too Low Sufficient Need
L more

agd & sRafdy | agawn R

Range of

100w

Wok — - _.

4. How convenicat was the charging process?
“nfdfn s e g an
o 2-Wheeler (2-01301 drg)
o Difficult
o Complicated

o Easy .
o AnyotherAcdoral OM%_M@‘-:Q xyy L"“MH)
* 3-Wheelor (3-0fR1 a1

o Difficult

o Complicated

o Easy

o Any other __

User/Driver Feedback Form
FTARTd/gEa FrEdd wie
Did you notice any sudden drop in SoC after certain level of SoC drain?

1T SoC U5 v Pl Tt b W BR a1 SoC 1 ST T fivrae iy
2-Wheeler (2-UfRa1 arg)

—bedings lgl.[d A ?.‘@m *: o afffﬁ' p— :

3-Wheeler (3-ufgan argeT)
_Wp

.

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy scason)?
a3 faft st Rufit @, olf ol e % wivm) & N ) g
aﬂ::hnmmmﬁé et 2@m il

11. What additional features do you think llwuld be integrated with the vehicle for improved
driving experience?

mmammﬁwtmmﬂﬁmmwmm
® “Thyolts O S swiitn dold Lm;a&ﬂ
(lclm@q_g\.a}.nmvld h«_umpmlj_md«l_m

12. Did you encounter any issues while driving the vehicle?
T I AT Fare T e e a1 G e wgn
3

O o ‘ Mﬂm‘fm —-&M L

13. Any additional comments or observations you would like to suggest?
a’t# sfh&rﬂﬁmfnm Sreelleb il ST I AN

Place:

Signature: M :

TH I
A
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2:wheelic motercy e

User/Driver Fecdback Form
ITANTRAIGEAR PEdEw wa

User/Driver Name: J{ﬁd‘,\,,‘;&k
Vehicle Driven:

. How would you rate the overall expericnce of driving a retrofitied clectric vehicle (EV)?

19 Q-8 GAfIe® AT (EV) TR P T M P HE S

Riding expericnce as compared to ICE vehicle (§4 arga @ il & il &1 3iwa)
o~ Not as good as ICE vehicle (Motec Atk dony 0410 Jphe)

o Similar to ICE vehicle

o Better than ICE vehicle

Comfort (HRTH)

o Notas good as ICE vehicle
& Similar to ICE vehicle

o Better than ICE vehicle

Range (3

© Comparatively Low

o~ Sufficient

o Need more for daily commute

o Acceleration and Top speed (R0 3R A1fd)
o Notas good as ICE vehicle
o Similar to ICE vehicle
<o Boitor than ICE vehicle

Driving experience on Gradient surface (A3 e Helg R grgfan @1 sifya)
o Not as good as ICE vehicle
o Unable to sustain with pillion

e Similar to ICE vehicle
o Better than ICE vehicle

« Gear shifting in casc of 3-wheelers (fufgan argett ¥ smyat # v Rufden 1 s
o Not as good as ICE vehicle

Similar to ICE vehicle

Better than ICE vehicle

Any other (please specify)

Not Applicable

000

User/Driver Feedback Form

IuIThgEa Pisdd Wiy

5. Did you experience any issucs with the charging system in reference o the charging time
taken?
T 3t e A afole e 3 ey sl e et oo fa ) anfdfer A e e
Rl
o 2-Whoeler (2-UfRa1 a1
o Charging happens too slow
o Normal Charging time €S -6 hs )
o Necd fast charging at home
o Any other

o 3-Wheeler (3-afa ateeT)
o Charging happens too slow
o Normal Charging time
o Need fast charging at home
o Any other

6. How confident do you feel 1o solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?
1CE gt 3 e & et wrim e arget 7 g Rl ot @1 wen ) gt A
3 e S T A &
& Confident to only solye minor mechanical issucs
o Confident to solve minor electrical issucs also
o~ Need training to solve minor electrical issues
o Not confident

~

How would you compare finding the local mechanic for vehicle maintenance as compared
to that of conventional ICE vehicle?
g uraRe S are 1 qee & dig v F g wirt ARE gad @
N AR T
o Easy tofind

o Need o search at multiple locations
o~ Local mechanic avoids to handle Electric vehicle maintenance

8. Will you consider using retrofitted electric vehicle for your daily commute?
a1 i i 2 ST B g e gafiee ared 1 Swi s W RER
N

o No
o Maybe
& Yes

THR O HE

User/Driver Feedback Form
IR/ PEds B

~

How safe do you feel while driving an EV as compared to an ICE Vehicle?
[CE a1 1 e A $eft wraet T 3 e Rfera e e @
o Feels unsafo

o Fecls safe (ot 0a- OFF v+

o Will be better if additional safety is provided (please specify)

How would you rate the battery range of retro-fitted EV w.r. daily travel needs in Delhi
NCR?

g foeell TR 7 2R wia sirazuaaal & ddv i 2)-5ee &) ) ded Yo @
Heuiad HA eHY

2. Whoeler 3-Wheeler

2-ufgan arg s-ufeanag

TooLow |  Sufficient | Needmore | TooLow | Sufficient | Neod more
| dgawu | wiiw dRafd | agawn
Sulbiciend
fewnge of

— ap-100 - g - =
[
or

4. How convenient was the charging process?
<fef T fba v u
o 2-Wheeler (2-UfRa1 A1)
o Difficult
o Complicated
o Easy

& Any other AddiBoced ‘h“\]‘\“f Inhaﬁm.,qy‘md- (fkup\ M")
o 3-Wheeler (3-Ufdu1 arg)

o Difficult

o Complicated

o Easy

o Any other

TIHR T
/

User/Driver Feedback Form
FTATEAEGa Rsdd B

9. Did you notice any sudden drop in SoC afier certain level of SoC drain?
1 31 SoC s Ffls S & e 03 B a1 SoC 7 apaes 1 ferae e
o 2-Wheeler (2-ufRu a1
Noy, b ef oo _selfey gh))LAﬂ‘_\w% dux
ﬁmﬂ‘kq\m segais Mo poblire oo “xedul uﬂal
o 3-Wheeler (3-TR41 a6

10, Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy season)?
aan 3R faf e Rufidt @, il site ara ¥ sivem) 2R d) g T
w\fnn@mﬂwﬁém un
N

11. What additional features do you think should be intcgrated with the vehicle for improved
driving oxperience?

mﬁmammmtmmﬂmmmdamwm
Ol eo- ) guiich shold b proededr

12. Did you encounter any issues while driving the vehicle?
1 A1) e e T e e e @ usn
Vo,

13, Any additional comments or observations you would like to suggest?
g aifofa feurdh a aqaeitas=t ol i g A
Yo -

Place:

Signatre: {5974 .
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2~ wheelsr motoreyde

User/Driver Feedback Form
IENERA/gEaR Redd ol
UserfDriver Name: __5babh, J:C)L\

Vehicle Driven: .

1. How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?

31 Y2 s gafte dre (V) Te % E oFpHa B B s
o Riding expericuce as compared to ICE vehicle (§UF a1g @ gl # ward &1 3igwa)
= Not as good as ICE vehicle (majvr ek
o Similar to ICE vehicle
o Better than ICE vehicle

*  Comfort (3RTH)
o Not as good as ICE vehicle
" Similar to ICE vehicle
o Better than ICE vehicle

* Range (%))
o Comparatively Low
~e” Sufficient
o Need more for daily commute

» Acccleration and Top speed (GRYT 3R 71f)
o Notas good as ICE vehicle
o Similar to ICE vehicle
—o Better than ICE vehicle

o Driving experience on Gradient surface (Af3e ey W g1gfe a1 siwa)

o Notas good as ICE vehicle
o Unable to sustain with pillion
~a Similar to ICE vehicle
o Better than ICE vehicle

« Gear shifting in case of 3-wheelers (fRvufRar argeif & il 3 e fuftién 1 orppva)
Not as good as ICE vehicle

Similar to ICE vehicle

Beticr than ICE vehicle

Any other (please specify)

NA

°

ooo

User/Driver Feedback Form
SanT/gEa PEdd Wit

s

Did you experience any issues with the charging system in reference to the charging time
taken?

S sl nfof e 3 e el e et para e &1 affen A e e
i

2-Wheeler (2-1fe 1 1)

o Charging happens 100 slow

&~ Normal Charging time (¢ -6t )
o Need fast charging al home

o Any other

3-Wheeler (3-0fa a1g)

o Charging happens too slow
o Nommal Charging time

o Noed fast charging at home:
o Any other

B

How confidont do you feel o solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?

1CE aTe 8 e 3 it e wv e o g€ Rt o @i A e A g v
B 31 i1 144 TER Yl 7
o Confident to only solve minor mechanical issues

o Confident to solve minar electrical issues also
e Need training t solve minor electrical issues

o Not confident

7. How would you compare finding the local mechanic for vehicle maintenance as compared
{0 that of conventional ICE vehicle? y
i e SIS aree B e A de v  fa wefla 38R de #
eI B8 B
o Easy tofind
o Neod to search at multiple locations
o Local mechanic avoids to handle Electric vehicle maintenance

=

Will you consider using retrofitted clectric vehicle for your daily commute?
1 T G AT & Fofd® arg @1 T B W R
wé

User/Driver Feedback Form
I/ SR waT

2. How safe do you feel while driving an EV as compared o an ICE Vehicle?

1CE gt a1 et 3 ot wremat T 31 R i v wwa &

o~ Feels unsafe (ebitke vieed ror (onkol oo bigh Sptecl s Abovt §o v )
o Feels safe

© Wil be better if additional safety is provided (please specify)

H::w would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?
i feeht grellon 3 4R urn sravamaal b ddu 1 39 e S e
Heuia HA B

2- Wheeler 3-Wheeler

2R argt 39l arg
Too Low Sufficient Need more Too Low Sufficient Need more
| @gaTn | wia ARy | @y | | iy |
fm,g( 9
Qo100
K M -
ot B —

st

4. How convenicnt was the charging process?
st e o g o
2-Whecler (2-Tf341 @17)

o Difficult

o Complicated

o Easy

o= Auy other _ﬂd&l&mﬂ_my.%_m,&uﬁw wy- (oneph chags))
3-Wheeler (3-0fea arg=)

o Difficalt

o Complicated

o Easy

o Anyother__

.

@I T
ARAI

User/Mriver Feedback Form
IR Wsdar i

©

Did you notice any sudden drop in SoC after certain level of SoC drain?
1 I SoC b U PR TR 3 e 81 & 41 SoC H srarT g firwrae 3l
2-Wheeler (2-UfR01 1)

e Au_ha ) o oty ioitial s
W’W uxm,_;frh

3-Wheeler (3-4fR41 d1g)
A

10. Did you notice any difference while starting & driving during different weather conditions.
(Cold, Summer & Rainy season)?
i fafire s Rufdal @, i 3R awar ¥ i) & ARm M g
T AR I e B e =
Yo

11, What additional features do you think should be integrated with the vehicle for improved
driving experience?

%ﬁw%iﬂﬂ!;ﬁﬁnmtfﬂumﬁwmmwvﬂmm
ot ohitr—rrer—mmr e
— et

WO 1
12. Did you encounter any issucs while driving the yhicle?
I I AT T T ] e b1 W e wgh
@_L%._ﬁ\h_&mikﬂxﬂmcum&‘—_

13. Any additional comments or observations you would like to suggest?
sifefia Rl ar s it s e

MO,

THRE,
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User/Driver Fecdhack Form
g/ st Wit

User/Driver Name: _d;:?_%
Vaticlo Driven: __$oliodee (50118

How would you rate the overall experience of driving a retrofitted clectric vehicle (EV)?

31 30t s gRfd aga (EV) TR & T0T SFHa B B i
+ Riding experience as comparcd o ICE vehicle (§41 aTg &1 o1 Tard ol 3va)
o Notas good as ICE vehicle
- Similar o ICE vehicle
© Better than ICE vehicle

Comfort (3FH)
o Not as good ns ICE vehicle
e Similar to ICE vehicle
o Better than ICE vehicle
+ Range (¥01)
o~ Comparatively Low

o Suflicient
o Need more for daily commute

o Acceleration and Top specd (VT R 71
—& Not as good as ICE yehicle
o Similar to ICE vehicle
o Better than ICE vehicle

» Driving experience on Gradient surface (IS0 g U gigf o1 arjua)

o Not as good as ICE ychicle

o Unable to sustain with pillion
—G Similar to ICE vehicle

o Better than ICE vehicle

Gear shifting in case of 3-wheelers (fufan arg=1 & mwret 3 s ffen 1 s
o Notas good as ICE vehicle

o Similar lo ICE vehicle

o Better than ICE vehicle

o Any other (please specify)

N B

I T

ARAI

User/Driver Feedback Form
FyAlawdifzEal Rade o

Did you expericace any issues with the charging sysiem in referunce to the charging time
taken?
1 3 i 3 wnfofi Rvees 3 e R e ot oo e & nfofen 3 e aren
RiEUi
2-Wheeler (2-%1 aT6)
o Charging happens too slow (67 Fhe >
o Normal Charging time
o~ Need fast charging at home ( (0 #vp: (_m"/,)
o Any other

3-Wheeler (3-ufgan argn)

o Charging happens too slow
o Normal Charging ime

o Need fist charging at home
o Any other

How confident do you fiel 1o solve any minor issue that occurred in the vehicle while

driving, as compared to that of ICE Vehicle?

ICE aTgH @ et # arge weria i arge 1 g et S s o g &

319 fpel e HeHE o 87
o Confident o only solve minor mechanical issucs

o Confident to solve minor electrical issues also

" Nead tmaining o solve minor electrical issucs
o Not confident

7. How would you compare finding the local mechanic for vehicle maintenance as compared
1o that of conventional ICE vehicle?
i uRuRe I arg @ qor 7 are vevEn W o v ASfe ged 9
O AR T
o Easy to find
07 Need to search at multiple locations
o~ Local mechanic avoids to handle Electric vehicle maintenance

8. Will you consider using retrofited electric vehicle for your daily commute?
a1 31 S 3R s & Ry YW2ds safde de @ sud B ) RER
Eauid
o No
a~Maybe
o Yes

UHTHTE

User/Driver Feedback Form
IR/ Frsdd B

~

. How safe do you feel while driving an EV as compared to an ICE Vehicle?
1CE arg it et 3 €l < S R GRia e aea 7
o Fecls unsalc
<6 Feclssafe Chovodits 00 ofd ey
© Wil be better if additional safety is provided (please specify)

»

. How would you rate the battery range of retro-filed EV w.r.t daily travel needs in Delhi
NCR?

i1 el wrRfloir A 3Re wm siazapaial & wdu 130 -fhes @ e o w1
A HY BN

2- Wheeler 3-Wheeler

2.4 arg 3.ufRarargt
Too Low Sufficient Need more Too Low Sufficient Need more
| agawn | wia Ry | agden | oiw
Rovgs of
p-<§
Yt g —3 = =
Chony 1\ o
oLy Jow

4. How convenient was the charging process?
wfor wfauema fan gfasms w
o 2-Wheeler (2-Ufea drg)
o Difficult
o Complicated

o Easy

o Auyother _ Aldieq,crovgion  Slditabion sqye Cencept doager )
o 3-Wheeler (3-ufRut arg)

o Difficult

o Complicated

o Easy

o Any other

T O HE

User/Driver Feedback Form
SRR FEdF Wi

©

Did you notice any sudden drop in SoC after certain level of SoC drain?
G SoC I U P TR & G G b a1 SoC W S BYE firrae el
2-Wheeler (2-fgu1 arg)

Nb .

3-Wheeler (3-fe41 a16)
_Np

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy season)?
w0 31 v v Rufaat @, il o avara 3 wiv) & Qe ) g wea
e IR ) R T Y SfeR
o

11, What additional features do you think should be integrated with the veicle for improved
driving oxperience?

ﬁﬁm@ﬁmWW*mwﬂmmmmmm

% MW MW} Jthm .

12. Did you encounter any issucs while driving the vehicle?
T SHIUH AT ) T R e W e ven
& chala polie 1ons Camiog

8 Chedn_Ygedtolag o) ol nied de dure \cglaalyy.
e _hipploq “zctr ohsed dinion ieidial

PR
13, Any additional comments or observations you would like to suggest?
1§ sifafa feuwft ur sraeiia sit o g AR
; >0
doily  Seq.-
= T
Place:

Signature: Mj >
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o

=

2 -whesr_totreyele

User/Driver Feedback Form
IqARTEA/gEat Psdd B

User/Driver Name: ¥

J&M_&@L‘
Vehicle Driven: __ ,S};hv\dm (sa 3)

. How would you ratc the overall experience of driving a retrofitted electric vehicle (EV)?
31 -t s TR a1 (V) TH & WY S B B8 Sy
Riding experience as compared to ICE vehicle ($U71 aT&+1 5 gt 7 ardl @1 3rgeia)
o Not as good as ICE vehicle
<o~ Similar to [CE vehicle
o Better than ICE vehicle

Comfort (3RTH)

o Notas good as ICE vehicle
o Similar to ICE vehicle

o Better than ICE vehicle

Range (351)

o~ Comparatively Low

o Sufficient

o Need more for daily commute

o Acceleration and Top speed (@RI 3R TIfY)
_o—Nol as good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle

o Driving experience on Gradient surface (U Yeg TR GG @1 37a)
o Notas good as ICE vehicle
o Unable (o sustain with pillion
o Similar to ICE vehicle
o Better than ICE vehicle

Gear shifling in casc of 3-whoolers (fafe aTg=il 3 W@ A e Rifdkn @1 apa)
o Not as good as ICE vehicle

o Similar o ICE vehicle

© Better than ICE vehicle

o Any other (ploase specify)

Nt &‘\(L‘rakl.

THRCHTE

ARAIL

User/Driver Feedback Form

IR eE T

Did you expericnce any issues with the charging system in reference to the charging time
taken?

1 A1 e et fRrem 3 e el e vt egera e 1 nfddi A e aren
wa

2-Wheeler (2-UfR41 a18)

o Chasging happens too slow (6= 1vs )

© Nomal Charging time

© Need fast charging athome (1 Anp. bawug,)

o Any other

3-Wheeler (3-UfR1 alg)

o Charging happens 100 slow
o Normal Charging time

o Need fast charging at home
o Any other

How confident do you feel to solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?

(CF 184 @ gl # algH dard wha aige | g8 el ot @iA-ad s & ga at
o a1y a1 e TeRE BRd &
e Confident to only solve minor mechanical issues

o Confident to solve minor clectrical issucs also
o~ Need training to solve minor electrical issues

o Not confident

How would you compare finding the local mechanic for vehicle maintenance as compared
o that of conventional ICE vehicle?
1 TR ST e @ e # A TeRen & e wEl 160w el
o B8 L
o Easy to find

" Need to search at multiple locations
- Local mechanic avoids to handle Elcctric vehicle maintenance

Will you consider using retrofitted electric vehicle for your daily commute?

;ﬂg{mﬂﬂéﬁmm%hﬂmsﬁ%ﬁmmmw#wﬁm

o No
o~ Maybe

o Yes

User/Driver Feedback Form
STETEAEga Pede wid
2. How safe do you feel while driving an EV as compared to an ICE Vehicle?
ICE a1 1 ettt 7§t wrenmd sy sy faern i e 4 &
o Fecls unsafe
v Feols safe £ Twotty o0-0}y g )
o Will be better if additional safety is provided (please specify)
3. How would you rate the battery range of retro-fitted EV wirt daily travel needs in Delhi
NCR?
ot e Rftom 2 e rn siagudatall  win 02 o 9 e Yo
TR R U
2- Wheeler 3-Wheeler
2-ufgan agT 3.ufga A
Too Low Sufficient Need more Too Low Sufficient Need more
| @gaen | wiw iid agA B
"\(,u‘ g
4 fosv
L A o -~ = r
Cloge D i
et so‘gm.}
4. How convenient was the charging process?
afifin wfiara e gfaure an
o 2-Wheeler (2-fRU d1g)
o Difficult
o Complicated

o By,

- Any ober_jddihocal chaping I«\‘\tdim_w,-_(_mﬁ:}_tkqgu)
3-Wheelor (3-T7841 a1g+1)

o Difficult

o Complicted

o Baty

o AR ol

ARAT

User/Driver Feedback Form
FRiNEA/gga Peds Wi
9. Did you notice any sudden drop in SoC after certain level of SoC drain?
RN ST SoC B Y Al W & e G & a1 SoC A sfarias B e 3
* 2-Wheeler (2-fga1 a16)
Suddn g in ol duscy ieibed tridh.
oo __pedauriog o 00 “Se( ood mo

Seeved .

Sulbia dwp woo
o 3-Wheeler (3-fga01 a1
_Wh

10. Did you notice any difference while starting & driving during different woather conditions
(Cold, Summer & Rainy scason)?

a1 o faftra vivem fRufal @, il iR e & wikm) & SR T IF @A
i SR A1 el i SfR
Mo,

1. What additional features do you think should be integrated with the vehicle for improved
driving cxpericnoc?
ﬁﬁﬁnammﬂn SigHa & for e § B A faf aftut s ot
'r
O Roc wade
@ tohls e -okE

12. Did you encounter any issucs while driving the vehicle?
T STH A ) FH R ) 1 W e g
Chda noiae
%, Chala Slogy-
covodad Lean

13. Any additional comments or obscrvations you would like o suggest?
S sifafea feamolt an siaeiia st s g i

-

Pl
S

T I HTE

ARAI
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o

&

B

2 - whader Motoreyde

User/Driver Foedback Form
IyEaggay Bedd wh

User/Driver Name:

Vehicle Driven: 78"71;.,4&1 ($a):3

How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?
i s s g aTe (EV) TAR & W SFHA B A HFT
Riding experience as compared to 1CE vehicle (§4F1 a1 @) GerTl A Ta] a1 i)
o Notas good as ICE vehicle

o Similar to ICE vehicle
o Better than ICE vehicle

Comfort (RTH)

o Notas good as ICE vehicle
o~ Similar to ICE vehicle

o Better than ICE vehicle

Rango (¥7)
o~ Comparatively Low
o Sufficient
o Need more for daily commute

« Acceloration and Top speed (@RYT 301 11f)
e Not as good as ICE yehicle
o Similar to ICE vehicle
o Better than ICE vehicle

o Driving experieace on Gradient surface (WU 618 TR STEaT @1 3F{Ha)
o Notas good as ICE vehicle
o Unable to sustain with pillion
_ - Similar to ICE vehicle
o Better than ICE vehicle
Gear shifting in case of 3-wheelers (FQferaT argAll & wrwa  fa fifden @1 orfa)
o Not as good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle
o Any other (please specify)

Ny A

T HR T IHTE

ARAIL

User/Driver Feedback Form
IqANTFE/gEAT Reda Bl

Did you expericnce any issues with the charging system in reference to the charging time
taken?
e R ] 1 =of Rveew b e Roe wvren a1 o o &1 =St e aren
war
2-Wheeler (2-0f801 a167)
o~ Charging happens oo slow (69 ke )
o Normal Charging time
wa Need fst charging al home €10 A cvnged )
o Any other

3-Wheeler (3-Uf391 A6+

o Charging happens too slow
© Normal Charging time

o Need fast charging at home
o Any other

How confident do you feel to solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?

1CE A1g ) et gt e & arget 7 g el ot 18- e t ga et
1 3 farerT e HERR A @
wer Confident to only solye minor mechanical issues

o Confident to solve minor clectrical issues also
& Need training to solve minor electrical issues

o Not confident

. How would you compare finding the local mechanic for vehicle maintenance as compared

10 that of conventional ICE vehicle?
1 RS e aig @ qern 1 are veREm & R e A ged @
e B8 e
o Easy to find
" Need to search at multiple locations
—o~ Local mechanic avoids to handle Electric vehicle maintenance

Will you consider using retrofitted electric vehicle for your daily commute?
3 oA 3fe san ¥ R YR s gafde are o1 Sudm R R fIaR
B4
o No
o Maybe

o Yes

User/Driver Feedback Form
IEFAggaT Pgdw Wt
2. How safe do you feel while driving an EV as compared to an ICE Vehicle?
ICE a1 ) g 7 €t s e 3o e i g e &
© Feels unsafe
- Feclssafe Clove B4 0n- o} w1 )
o Will be better if additional safety is provided (please specify)

w

:oc\; "wonld you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi

3 foreel grRflon 7 e il siavmared ¥ dau i ¥ Mds S ded Yo
el B T
2 Whoslee 3-Wheeler
20 arg 3-wf3mwam

Too Low Sufficient Need more Too Low Sufficient Need more

T | i sRafy | agaen

4. How convenicnt was the charging process?
T T

2-Wheeler (2-fga1 dlg)

o Difficult

o Complicated

o Easy
o Any other_ickiana) =3 dleodion xeqp b Chngin Lexey daya)
3-Wheeler (3-ufgar arg)

o Difficult

o Complicated

o Easy

o Any other

TIHT I
AR,

User/Driver Feedback Form
SRNTHAIEA Frada wis

9. Did you notice any sudden drop in SoC after certain level of SoC drain?
AT SoC ¥ 0 ATl ¥R 5 1 811 b a1 SoC F e 1 Merae 2y
©  2-Wheeler (2-Tfg1 agH)
Ho.

o 3-Wheeler (3-UfgaI a1g)
yWop

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy scason)?
a1 o fafi i Rufe @&, mif ofv e & dhem) ¥ dRm L]
T SR ) R W B SR & il

o

11, What additional features do you think should be integrated with the vehicle for improved
driving expericnce?

gﬁmammw%%wmmmmmwm

—QE( sl *
0D vt oGBS N

12, Did you encounter any issucs while driving the vehicle?
1 ) AT T S el e 1 W e v
chain Nese 4
cbttnslog ot Wbicaboo . ==l
13. Any additional comments or observations you would like to suggest?

i femll o st S o g iy
ey

sdeute e solg
<
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2-Wheeler scooter

9 ~whakee Swooder

User/Driver Feedback Form
IqATEAIgEat Bisdd G

User/Driver Name: _¢, {

Vehicle Driven:  fk dhves [b].s..'i)

. How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?
1 XG5S G AE (EV) T & W S B B8 S
Riding experience as compared 1o ICE vehicle (41 a1 ) ettt 7 ard 1 s
o~ Not as good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle

« Comfort (3RH)
o Notas good as ICE vehicle
<o Similarto ICE vehicle
o Beter than ICE vehicle

Range C(T'D

o Comparatively Low

o~ Sufficient

o Need more for daily commute

Acceleration and Top speed (@IRUT 3R )
o+ Not as good as ICE vohicle

o Similar to ICE vehicle

o Better than ICE vehicle

Driving experience on Gradient surfuce (WS g W SI3fdT 31 3ih@)
o~ Not as good as ICE vehicle
" Unable to sustain with pillion
o Similur to ICE vehicle
o Botter than ICE vehicle
o Gear shifting in case of 3-wheelers (fafdan areetl & wrd # fier fften &1 3igva)
o Not as good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle
o Any other (please specify)

NA

T IO HTE

User/Driver Feedback Form
ITARTFAIGEAR FedF By

Did you experience any issues with the charging system in reference to the charging time
taken?

o s A fdin fveen ¥ e Rl e @1 srpva i 1 wfdln 3 e aren
w

2-Wheeler (2-0fR2 @1&°1)

o Charging happens (00 slow
o Nomal Charging time (-5 Wy )

© Need fast charging at home

o Any other

3-Wheeler (3-UfRU1 aTg)

© Charging happens (00 slow
o Normal Charging time

o Need fast charging at home
o Anyother

How confident do you feel to solve any minor issue that occurred in the vehicle while
driving, as comparcd to that of ICE Vehicle?

ICE a1t ) et 7 arge aar e gt A g€ el 1 A0 e ) ga
3 3 AT S TR TR &
o Confident to only solve minor mechanical issues

o Confident (o solve minor cletrical issucs also

@~ Need training to solve minor electrical issues

© Not confident

=

=

How would you compare finding the focal mechanic for vehicle maintenance as compared
1o that of conventional ICE vebicle?
T IR S aTeT B ge # are TevE @ g it 5w e ot
sgkakaad
o Fasytofind
o Need 1o search at multiple locations
e Local mechanic avoids o handle Eleetric vehicle maintenance

Will you consider using retrofitted electric vehicle for your daily commute?
w1 1 A A srarmE ¥ R YR gl ags o1 Sud o9 W Rar
w3

o No
wo Maybe (8l pengon ue u.\t:‘)
o Yes

User/Driver Feedback Form
STRTRAgRA Pedd i

2. How safe do you feel while driving an EV as compared to an ICE Vehicle?
ICE a6 1 e 7 €t wrer s ai feret Qi e ea @

o Feels unsafe
6 Fecls safe
o Will be better if additional safcty is provided (please specify)

w

How would you rate the battery range of retro-fitted EV wir.t daily travel needs in Delhi
NCR?
i1 el gRftam 3 e aen sravawarl ¥ ey A s R A
TR 8
2- Wheeler 3-Wheeler
2-ufgen arg 3ufan et

Too Low Sufficient Need more Too Low Sufficient Need more

agawn | wafa dRafy | agaan
Ravge o}
30" o ¥
— | Ssjbad] - = - ~

4. How convenient was the charging process?
un
o 2-Wheeler (2-Uf841 digt)
o Difficult
a Complicatod
o Easy
o Ay other iional finy Adicadhon g (evugl (Lmﬂq,\
 3-Wheeler (3-Tea1 a8
o Difficult
o Complicated
o Easy
o Any ofher =
TIHRTIHTE
ARAI
User/Driver Feedback Form
IwE/gRaY SedE wl

9. Did you notice any sudden drop in SoC after certain level of SoC drain?
41 19 SoC I e AT TR B W 8 B a1g SoC 7 e g e
o 2-Wheeler (2-UfRu1 argH)
Mo

o 3-Wheeler (3-ufRar arg)
N A

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy scason)?
w1 s e e fRufdwal s, 1l ok araa & sivem) & dRE T O wRa
T SR T I e A SR
Mo

11. What additional features do you think should be integrated with the vehicle for improved
driving experience?

ey farar & dgar gl srya & for a3 i R sfofvaa i sig o
Vo

12. Did you encounter any issucs while driving the vehicle?
I U TG el G bR e B W @A v
MO

13, Any additional comments or observations you would like o suggest?
1§ sifafe fewlt ar sracia= oit s gy A
Nor

Place:

Signature: N7 3Gd .

TN THIE

ARAI
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2 wheelsc Stoodes™

User/Driver Feedback Form
IuANTEhAgEaT PEdE Wi

User/Driver Name: VAWK Lo
Vehiclo Driven: __ A Bver  (s0).4.)

. How would you rate the overall experience of driving a retrofitted cl hicle (EV)?

3 ¥t gafdea areet (V) TR & dmy orpia 3 B sy
o Riding experience as compared to ICE vehicle (YT T8 @8 garl 7 Yard 1 3va)
<o Not as good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle

Comfort (3fRH)

o Notas good as ICE vehicle
_o- Similar to ICE vehicle

o Better than ICE vehicle

Range (361)

o Comparatively Low

o~ Sufficient

o Need more for daily commute

o Acceleration and Top speed (@RUI 3R 7IfY)
o~ Not as good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle

Driving experience on Gradient surface (e ¥dle U% g1l 1 siHa)
e Not as good as ICE vehicle
o~ Unable o sustain with pillion
© Similar to ICE vehicle
o Better than ICE vehicle
Gear shifting in case of 3-wheelers (Rufean el & wmia g fRufén @ srga)
o Not as good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle
o Any other (please specify)

NA

User/Driver Feedback Form
IyANFgEa BedE S

5, Did you experience any issues with the charging system in reference to the charging time
taken?
o el 3 enfdfi Riee 3 wre R e o1 argeva fe &) anflen 3 e e
w
o 2-Wheeler (2-9f%T1 a1g)
o Charging happens too slow
=~ Normal Charging time (t- XS
o Need fast charging at home
o Any other

o 3-Wheeler (3-fRar arg )
o Charging happens too slow
o Normal Charging time
o Need fast charging at home
o Any other . %
6. How confident do you feel o solve any minor issue that oscurred in the vehicle while
driving, as compared to thal of ICE Vehicle?
1CE @G & e 3 aTee e wwd arge 7 g it ot S e # ga v
B 3 e e HEg $%a
o Confident to only solve minor mechanical issues
o Confident to solve minor clectrical issues also
Need training to solve minor electrical issues
o Not confident

~

How would you compare finding the local mechanic for vehicle maintenance as compared
to that of conventional ICE vehicle?

i1 g SI§NG arg o gorn 1 are vevEr ¥ fon e A%F ged @l
TN B

o Easy tofind
6 Need lo search at multiple locations
—o Local mechanic avoids to handle Electric vehicle maintenance

8. Will you consider using rotrofitted electric vehicle for your daily commute?

I 31 A D S Fafde ar o1 Sual 1 R AR
wEn

o No (Sqaeed and load Wive)

o Maybe

o Yes

User/Driver Feedback Form

IUANTFAI/EEAT FEde w

2. How safe do you feel while driving an EV as compared to an ICE Vehicle?
TCE ag Tt g 3 St wrem o 3 e e e wva &
o Feols unsafe
o~ Feols safe
©  Will be better if additional safety is provided (plcase specify)

How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Dethi
NCR?

i Reel] urflam & e g srawaaarsi & gdu i .fhes §6 @) 3ed Yo @
R F

2- Wheeler 3-Wheeler
2-ufRan arg 3.ufea A

Toolow | Sufficient | Needmore | TooLow | Sufficicnt | Need more
| agasn | wiw dRafy | agaew
Bouge of
IR0~ 9our
r— V/(lm}z = o .
s $U[}:w-b

4. How convenicat was the charging process?
w
o 2-Wheeler (2750 AT&)
o Difficult
o Complicated

o Easy
—o— Any other_Addib ol c%‘,af Qoditator ag, (fv(_xp!,w')

o 3-Whecler (3-9f3aT a87)
o Difficult

o Any other

CHR I

User/Driver Feedback Form
SR FrEdF we

9. Did you notice any sudden drop in SoC after cortain lovel of SoC drain?
I S SoC 3 s A SR ¥ Wt 8R b a1 SoC W e @Y fivrae 2
o 2-Wheeler (2-1fR41 dg)
No-.

o 3-Whecler (3-Ufur arg)
U

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy season)?

a1 3 i sk fufdat &3, mf v s B wivem) % St o) s wea
A AR ) e T I SR
No-

11. What additional features do you think should be integrated with the vehicle for improved
driving exporicnce?
1 e A dgR g s & Ry ae i o @ sfaRea g s st
afg
Yo«

12. Did you encounter any issucs while driving the yehicle?
a1 TP A Al e ot v 1 A T wwn
Mo

13. Any additional comments or observations you would like to suggest?
Y aifafa fewmil un srereiat oit sy g @
_Mo:

I IS
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2-wheebr Stooker

Usee/Driver Feedback Form

IyanTEAgEal BrEdE Wt

UserDriver Name: Qi ¥ommar
Vehicle Driven: __Achvon [§a)s4)

How would you rate the overall experience of driving a retrofitted lectric vehicle (EV)?

341 ¥R gafdes ale (EV) T & GHY SFMA B & S
Riding expericnce as compared to ICE vehicle (§8 @16 @ gertl & a1 1 o)
©~Not as good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle
« Comfort (3T
o Not as good as ICE vehicle
o~ Similar to ICE vehicle
o Better than ICE vehicle

« Range (30

o Comparatively Low
Sulicieat

o Need more for daily commute

.

Acceleration and Top speed (@1 31 7Ifd)
e~ Not as good as ICE vehicle

o Similar to ICE vehicle

o Better than ICE vehicle

o Driving experience on Gradient surface (Af34e Wit U GIgfan @1 i)

o+ Not as good as ICE vehicle

—o~ Unable to sustain with pillion
o Simila (o ICE vehicle
o Better than ICE vehicle

o Gear shifting in case of 3-wheelors (RUfRaT At & et # five Rt @1 ipia

o Not as good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle
o Any other (please specify)

NA

AR IHTE

User/Driver Feedback Form
IyAladgEat Risdd Gy

»

Did you experience any issues with the charging system in reference to the charging time
taken?
i e 7 il Rven ¥ wr Rel weren @t s R @1 anfdn 3 v aren
wm

2-Whooler (24841 alg)

o Charging happens (0o slow

= Normal Charging time (& = hw)

o Need fast charging at home

o Any other

3-Wheeler (3-0f301 aTg+1)
o Charging happens too slow
o Normal Charging time
o Need fast charging at home
o Auy other " . 3 .
How confident do you feel o solve any minor issue that oceurred in the vehicle while
driving, as compared to that of ICE Vehicle?
1CE a1t o) et areet aemd e arget # g bt o el w1 ga
31y faerT SR HEHH BYd §
o Confident to only solve minor mechanical issues
o Confident to solve minor clectrical issucs also
o Need training to solve minor electrical issues
o Not confident

=

=

How would you compare finding the local mechanic for vehicle maintenance as compared
1o that of conventional ICE vehicle?
i urtufe s e @ g A are veRa ¥ fog vkt A get Bt
A A BN

o Fasy tofind

o Need to search at multiple locations
6 Local mechanic avoids to handle Electric vehicle maintenance

Will you consider using retrofitted electric vehicle for your daily commute?
a1 3 3 A sarTE & f Yoee s sefdee are @ gudn 3 W AER
Eauld
oMo (orand gy cUnds brdge.)
o Maybe

User/Driver Feedback Form

FreEdlggay Reda wil

2. How sale do you feel while driving an EV as compared to an ICE Vehicle?
1CE a1g1 @ et 3 e vy 3w e Gfia s @ &

o Fecls unsafe
o Feels safe
o Willbe better if additional safety is provided (please specify)

3. How would you rate the battery range of retro-fitted EV w.r.t daily travel nceds in Delhi
NCR?

i el it 2 3Re arn siasasalt & A @1 fs St dcd
G Eakakalil

2- Wheeler 3-Wheeler

2-ufen arg 3. At
TooLow | Sufficient | Needmore | TooLow | Sufficient | Need more
| d@gaen | wig dRafe | agaen | gwia i afy
S 9o
(22N
b \'(uwa\‘u
Sofhaad

4. How convenient was the charging process?
afSf s R e un
2-Wheeler (2-fR01 a16)

o Difficult

o Complicated

o Fasy
o~ Any other __dddi¥oval drarging Todicedor cenr Gontaphdonyec)
3-Wheeler (3-0f arge)

o Difficult
o Complicated
o R

©  Any other

THRC.

User/Driver Feedback Form

ITTHRAVEEA Pl wi

©

. Did you notice any sudden drop in SoC after certain level of SoC drain?
@1 153 SoC ¥ U i TR & Wt 61 & aI1G SoC A AT Brs fiRiae audh
2-Wheeler (2-9f2a1 aTg)
Mo

3-Wheeler (3-0fg1 argT)
1A

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy season)?
a1 o fafir v Rufivdt @, il ok a3 aiven) B R 1) O B
Y AR ) T T IS SR 2
ND.

1. What additional features do you think should be integrated with the vehicle for improved
driving experience?

mﬁmaﬂmmﬁﬂm%mmﬂmmmmwm
o0 Tt BN Gl

12. Did you encounter any issues while driving the vehicle?
1 S ATE e ww il s 1 wn e ven
No.

13, Any additional comments or observations you would like to suggest?
@ feaquit 2 afaeitarT ot i g AR
N

Place:

Signature:
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[

~

2+ wheddai Stoodte

User/Driver Feedback Form
IqANTEAIEEa Fisdd weT

User/Driver Name:

(X
Vehicle Driven: __ Achiva ($a1s2)

How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?

310 EU2S GAR® AT (EV) TAH B WY A B R by
o Riding experience as comparcd to ICE vehicle (§F1 A8 B el 7 Fardl &1 3fwa)
o Not as good as ICE vehicle
+0  Similar to ICE yehicle
o~ Better than ICE vehicle

Comfort (3RTH)

o Not as good as ICE vehicle
~o” Similar to ICE vehicle

o Better than ICE vehicle

Range (¥1)
o Comparatively Low
o~ Sufficient
o Need more for daily commute

Acceleration and Top speed (@RUT 3R )
o Notas good as ICE vehicle
o Similar to ICE vehicle

< Better than ICE vehicle

Driving experience on Gradient surface (ST g TR grsfan o1 sigva)
o Notas good as ICE vehicle

o Unable to sustain with pillion
< Similar to ICE vehicle

o Better than ICE yehicle

Gear shifting in case of 3-wheelers (TR argel b wvral # five RifdREn w1 9y
o Not as good as ICE yehicle
o Similar to [CE vehicle
o Better than ICE vehicle
o Any other (ploase specify)

NA

T HR I

ARAIL

User/Driver Feedback Form
ITaNwdl/gEa Fieds B

Did you experience any issucs with the charging system in reference (o the charging time
taken?

aur oA ] B enfifn Rveem 3 s et wren a1 orpara faran & 1 anfofo ot vt aren
i

2-Wheeler (2-U@UI a1g)

o Charging happens (0o slow

o Normal Charging time (S~ V»A)

o Need fast charging at home

o Any other

3-Wheeler (3-8 a6
& Charging happens too slow
o Normal Charging time
o Need fast charging at home
o Anyother

How confident do you feel o solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?

1CE AT 9 Gl 7 AT e Ty arge 1 g4 fodt ot S wwen  ga wet
3 faerT] SRl g el 97
—a~ Confident to only solve minor mechanical issues

o Confident to solve minor clecrical issues also

<~ Need training to solve minor electrical issucs

o Notconfident

How would you compare finding the local mechanic for vehicle maintenance as compared
1o that of conventional ICE vehicle?
T TRURE TS are B e 7 are TevE ¥ R wr AR ged 3t
el B wlih
o Easytofind

o~ Need to search at multiple locations

o~ Local mechanic avoids o handle Electric vehicle maintenance

Will you consider using retrofitted electric vehicle for your daily commute?
aur 3 S 2 s W fon ¥t gafdee aed @ g $A W R
Eauld
o No
o Maybe
6 Yes

User/Driver Feedback Form
FweTRA AT FEds B

2. How safc do you feel while driving an EV as compared to an [CE Vehicle?
1CE a1 3 o 3 3 e s R el weww wa &
o Feels unsafe
~o~ Feels safe
o Will be better if additional safety is provided (plcase specify)

w

How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?
311 el wrilome 3 3fRe arn smavamaal & Wy 130-Mes &l A ded
HeUiH B BED
2- Wheelor 3-Wheeler
2.0ful aig s.uferaret

TooLow | Sufficient | Needmore | TooLow | Sufficient | Need more

o | wiw Rafey | agdew | wiiw e afge
ng:"l
S‘JL{JwJ'
Q0-9o¥en — ~ - -
e thogt,
fov daily
uwe-

-

. How convenient was the charging process?
<iffer sl e gavors u
2-Wheeler (2-TfgaT a8
o Difficult
o Complicated
o Easy
o Anyother_ AddWoeal S"‘““ﬁ"“j Guclleaion xq: (e,«.‘p}, dwfr«)

o 3-Wheeler (3-Uf0 a1g) :

o Difficult

o Complicated

o Easy

o Any other

THR O

User/Driver Feedback Form
IATHAIFTE FrsdF wT

9. Did you notice any sudden drop in SoC after certain level of SoC drain?
I SoC & U fic & & Wt &R & a1 SoC 7 3y 1 frae 26k
o 2-Wheeler (2-uf31 a1g)

) e :_gv_‘ﬁa}_chd.d.m.nA all
S, j%;m \\:«)kvj oy audimaditally

o 3-Wheeler (3-ufgun arg)
XA

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy season)?
a1 i fafe sk Rufddl @, if ol a3 wikem) & @ T O @k
o R T e e I SfeR rm
A0

11, What additional features do you think should be integrated with the vehicle for improved
driving experience?

gﬁmamm a3 forg g A o 4 oififkaa gl o wrd
Dol e ol Swideh

12. Did you encounter any issues while driving the vehicle?
1 I AT Tl T e IR 1 A T ugn

—Ne() el cdrol) issve 100 ghssaed Sndntinl ik

13. Any additional comments or observations you would like to suggest?
oI sifafad fewl a1 sraee s o gamn w@
No-

Place:

Signature: 5}9‘ 5149

TN THIE

ARAI
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2 ~whedtr Swoder

User/Driver Feadback Form
IyRwIEIgaT Pedd i

User/Driver Name: _\ AV Qo)

Vehicle Driven: __ Achen ()2)

. How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?
3 X215 s gafdee ae (EV) M & T SHa B B S
Riding expericnce as compared to ICE vehicle ($UF1 a1+ 1 v 7 ard 1 3rqva)
o Notas good as ICE vehicle
o Similar to ICE vehicle
=~ Better than ICE vehicle

Comfort (3RTH)
o Not as good as ICE vehicle
o~ Similar to ICE vehicle
o Better than ICE vehicle

o Range (1)
o Comparatively Low
o Sufficient
o Need more for daily commule

.

Acceleration and Top speed (@RI 30 7
© Not as good as ICE yehicle
o Similar to ICE vehicle

~o" Better than ICE vehicle

Driving experience on Gradient surface (ST g T Srsfem @1 arga)
o Not s good as CE vehicle
o Unable to sustain with pillion
=~ Similax to ICE vehicle
o Botter than ICE vehicle
o Gear shifting in case of 3-wheelers (fufRan areet] & w3 s RIftRm @1 i)

o Not as good as ICE vehicle

o Similar to ICE vehicle

o Better than ICE vehicle

o Any other (please specify)

ANA -
IR HTE
ARAIL
User/Driver Feedback Form
ITANTFA/gEA Beds wh

[

Did you experience any issues with the charging system in referencc to the charging fime
laken?
et oi1uR e & enfifn Rt & ary faseh e o apvia fasan & ) =nfofer 1 vt aren
Rl
2-Wheeler (2-ufgan arg)
© Charging happens too slow
o~ Normal Charging time (-6 Wt
© Need fast charging at home
o Any other

3-Wheeler (3-0f801 a18)

o Charging happens too slow
o Normal Charging time

o Neod fast charging at home
o Any other

.

6. How confident do you feel 1o solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?
ICE A1 &1 el & drgt g §a arg | g€ ol ot @161 e @) g ot
31 a1 1% EgH B &
wo” Confident to only solve minor mechanical issues
a Confident to solve minor eleetrical issucs also
o~ Need training to solve minor electrical issues
o Not confident

7. How would you compare finding the local mechanic for vehicle maintenance as compared
to that of conventional ICE vehicle?
3 UruRe g areet o g 3 drg v ¥ fg wirly 3R ded @
el B8 B
o Basy tofind
" Need to search at multiple locations
o Local mechanic avoids to handle Electric vehicle maintenance

=

Wil you consider using retrofitted electric vehicle for your daily commute?
w1 319 o 4R® SfarmE & Falfded g &1 Sua He W faER
N
o No
o Maybe
& Yes

User/Driver Feedback Form
FYANTEHAFFIR FAF Wt

2. How safe do you feel while driving an EV as compared to an ICE Vehicle?
TCE TG T g 71§t <ot v 31 it Gl we @ &

o Feels unsafe
e Feels safe
o Will be better if additional safety is provided (please specify)

How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?

311 el gl # e e smavadmarsl & Wy A¥Q-Ms & ) el Wi
T 38

2- Wheeler 3-Wheeler
2-ufda drg 3ufeararet

Too Low Sufficient Need more Too Low Sufficient Need more
__dgawn | udiw aRafge | agd®H

Range of
Yoo ¥in 1y
Soldioat
tv dwly ~ | =~
| Aavel vudg

4. How convenient was the charging process?
aifefer ufipaamr faemr gt w
o 2-Wheeler (2-URa1 A1)
o Difficult
o Complicated

o Easy
we” Any other iBona)  Cloumiog Dl 4.-0’ (qm(} “”d‘o
o 3-Wheeler (3-9fta argT)
o Difficult
o Complicated
o Easy
o Any other

THR O

User/Driver Feedback Form
Iudl/gige Msds iy

9. Did you notice any sudden drop in SoC after certain level of SoC drain?
T SoC B U Tl &R % 6 R & a1 SoC H srarie 1§ Maae 2l
o 2-Wheeler (2-f¢01 a6

:}ﬁ& &w ,h&:}i;}ﬁdmﬁww@&g

« 3-Wheelor (3-1f391 a16)
A

10. Did you notice any difference while starting & driving during different weather condifions
(Cold, Summer & Rainy scason)?
T e fafve wivem Rl @&s, i iR a3 i) & ARE e I wRa
GHY SR ) e Ty @S iR 2w
HNo .

11. What additional features do you think should be integrated with the vehicle for improved
driving experience?

gm:ammmxmtmmﬁﬂﬁmmgﬁmam@m

12. Did you encounter any issues while driving the vehicle?
R P AT T T () T 1 W e g
Y, e < o

Alpeine
v

13, Any additional comments or obscrvations you would like to suggest?
1§ sifafert foureh an sraeiter ol s g1 R
Yo -

Place:

Signature: Vi @ ==

ARAL
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2~ ohedler Stookr
il

User/Driver Feedback Form
SrERgER PEdn v

User/Driver Name: __ £t Yuwan

Vehicle Driven: ___ Adion  (§ol2 )

. How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?

31 ¥g-ibes i aig (Ev) 9 & WY SF1A B H SF
Riding experience as compared to ICE vehicle (8 a1ge &t et 3 wardl o1 sfa)
o Notas good as ICE vehicle
| o Similar to ICE vehicle
o~ Beter than ICE vehicle

«  Comfort (3RTH)
o Notas good as ICE vehicle
o~ Similar to ICE vehicle
o Better than ICE vehicle

o Range (¥5)
o Comparatively Low
o~ Sufficient
o Need more for daily commute

« Acceleration and Top specd (R0l #ii 1fd)
o Notas good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle

o Driving expericnce on Gradient surface (Af3UE g R g1l @1 3Fa)

o Not as good as ICE vehicle
o Unable to sustain with pillion
o~ Similar to ICE vehicle
o Better than ICE vehicle

o Gear shifting in case of 3-wheolers (fufan argeit ¥ et # v Rfden w1 s
o Not as good as ICE vehicle
o Similar to ICE vehicle
| o Betier than ICE vehicle
© Any other (please specify)

NA

T H I

User/Driver Feedback Form
FqNawdi/aEat Pede B

5. Did you expericnce any issues with the charging system in reference to the charging time
taken?
S wef o e fivees B R g a1 o e 31 =Rl s aren
w
o 2-Wheeler (2-97891 a16)
o Charging happens too slow
~o—Normal Charging time € S~ & w8 )
o Necd fast charging at home
o Any other

« 3-Wheeler (3-ufean are)
o Charging happens too slow
© Normal Charging time
© Need fast charging al home
o Any olher _ N
6. How confident do you feel Lo solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?
1CE a1 &) el # aiee e G argd A gd fafl o Gl s w ga et
I 3 fope S HEYY 3 7
o Confident to only solve minor mechanical issues
o Confident to solve minor clectrical issues also
6 Ned training to solve minor electrical issucs
o Not confident

7. How would you compare finding the local mechanic for vehicle maintenance as compercd
o that of conventional ICE vehicle?
3 reuftes SidHlld g @) dee 7 A TeREr & o wiEl Abfe e 6t
| el H8 B
o Easy to find
o~ Need to search at multiple locations
5~ Local mechanic avoids to handle Electric vehicle maintenance

8. Will you consider using retrofitted elcctric vehicle for your daily commute?
[ 1 3 ) SR ST ¥ e XS e die 1 g A T R
| P
o No
o Maybe
‘ W Yes

User/Driver Feedback Form
IR Piedd wh

2. How safe do you feel whilc driving an EV as compared to an ICE Vehicle?

1CE arg @ e & § ara T 3y firee wRféa vegw s &
o Feols unsafe

o~ Feels safe
o Will be better if additional safety is provided (please specify)

How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?

e et wRftome 1 3R urin siiaguars & Hay d 321 fhes §dl @) Aed Yo @
i B p¥h

2- Wheeler 3-Wheeler
2T A 3-afgar A
Too Low Suflicient Need more Too Low Sufficient Need more
| dgaaw | wiw dRafRe | agdom | wia ik afy
Sopciect
Range i
i adwevdh — - — -
%d‘\ 00
[

4. How convenient yas the charging process?
it oy s R u
o 2-Wheeler (2-4fR91 a11)
o Difficult
o Complicated
o Easy

o Any other PddiNonal dmﬂ;gl Boiadion g ltg‘:’ﬁw
* 3-Wheeler (3-0f¢ arget)

o Difficult

o Complicated

o Easy

o Any other

User/Driver Feedback Form
IR BrSdH Wy

9. Did you notice any sudden drop in SoC after certain lovel of SoC drain?

TG SoC b 0 Al TR B Wt GR a1 SoC W S B fvrae 2l
© 2-Wheeler (2-fga argH)

—No.

o 3-Wheeler (3-UfRar arg)
Vo

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy scason)?
a1 o fafie v R &, il 3R v 3 vim) & AR ) g B
T SR M) S T B SR
o

1. What additional features do you think should be integrated with the vehicle for improved
driving experience? ‘

mmammmsmwﬁﬁammmmm
?
O Wl co-old suieh

12. Did you encounter any issues while driving the vehicle?
I TN AT T e F) e 1 B e
Ao

13. Any additional comments or observations you would like to suggest?
S sifafer feumfl ar sraeiieH ot o e AR
Yo

Place:

Signatwre; G _,)(Q’

T ITE
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Dewhalsr Sweder
s 1 123 8

User/Driver Feedback Form
IR Sede i

User/Driver Name:

L{?MLL
Vehicle Driven: Ao, ($a).3)

How would you rate the overall expericnce of driving a retrofitted electric vehicle (EV)?

i1 Q)58 g g (V) T & A ST 4

Riding expericnce as compared to ICE vehicle (§4F aTget @) il & Harll 1 37@)
o Not as good as ICE vehicle

& Similar to ICE vehicle

o Better than ICE vehicle

Comfort (HRTH)

o Notas good as ICE vehicle
o Similar to ICE vehicle

o Beter than ICE vehicle

Range ()

o~ Comparatively Low

o Sufficient

o Need more for daily commute

Acceleration and Top speed (GRUT 3R TIfY)
<5~ Not as good as ICE vehicle

o Similar to ICE vehicle

o Better than ICE vehicle

Driving experience on Gradient surface (Mf31¢ Wl U grfdn &1 3ia)

o Notas good as ICE vehicle
o Unable to sustain with pillion
<o~ Similar o ICE vehicle
o Better than ICE vehicle
Gear shifting in case of 3-wheelers (RafeaT avest & Troel 7 v Rt 1 aigwny
o Notas good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle
o Any other (please specify)

- NA

IR I

User/Driver Feedback Form
FyaElgigat Psdd Wi

Did you experience any issues with the charging system in reference to the charging time
taken?
T ST e ¥ anfof e 3 e e v e sfgera R @1 anfif A e aren
[
2-Wheeler (2-f d16)
<~ Charging happens too slow (-3 het)
o Normal Charging time
o~ Need fast charging athome (o Frap® (l«wull. b
o Any other
3-Wheeler (3-fga1 a1
o Charging happens too slow
o Nomal Charging time
o Nocd fast charging at home
o Any other

How confident do you feel (o solve any minor issue that oceurred in the vehicle while
driving, as compared to that of ICE Vehicle?

ICE AT 31 e H arge = wwd arg # g€ el oft @A wre ) ga vet
H i e S ey B 37

- Confident to only solve minor mechanical issucs

o Confident to solve minor clectrical issucs also
~o~ Need training to solve minor electrical issues

o Not confideat

How would you compare finding the local mechanic for vehicle maintenance as compared
1o that of conventional ICE vehicle?

3 TRORE S arg @ gee H ag v ¥ e wirfla 3R ged @
e B w¥n

o Easy tofind
o~ Need to scarch at multiple locations

o Local mechanic avoids to handle Electric vehicle maintenance

Wil you consider using retrofitted clectric vehiclo for your daily commute?
1 319 397 A AT H Fafdea are o1 I T W RFER
Ezuid

o No

Maybe >,
gk My G vorg & goo gt

User/Driver Feedback Form
FPlggaT Pisdd Wt

~

How safe do you focl while driving an EV as compared to an ICE Vehicle?
1CE A 9 ern 3 ) e v a1 R i e v @
o Feels unsafec
o Fecls safe
o Will be better if additional safety is provided (please specify)

w

How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?

3 fereeh TrRitom 3 3R arn sramam st & e R frts $dt 9t ded W
ARk

2- Wheeler 3-Wheeler
29T gt 3-ufan AT
TooLow | Sufficient | Needmore | TooLow | Sufficient | Need more
agadn | wia dRafey | wgaww | wiw SRRy
anqe of
£0-sv
Yangh — = = - =
iS4
low 65
fun dedyy
véage
4. How convenient was the charging process?
st s fen gl Ui
o 2-Wheeler (-9fR41 a1G)
o Difficult
o Complicated

o Fasy
o Anyother _ Adkfidiors) (W-,__. Qdicadion ey (enesph meﬂ)
o 3-Wheeler (3-0f01 drg)
o Difficult
o Complicated
o Easy
o Any other

THRC.

User/Driver Feedback Form
EXRIECT EES e c

9. Did you nolice any suddea drop in SoC after certain level of SoC drain?
I 19 SoC b 4 AT TR B W TR b a1g SoC  Srara @1 fvrae
o 2-Wheeler (2-UfRUI aigHt)
Mo o

o 3-Wheeler (3-ufgan arg)
‘J'B

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy scason)?
s fafe sk Rufedl G, ol ok avara k) & v s e
T SR T A TG BN SR F@n
NO

11. What additional features do you think should be integrated with the vehicle for improved
driving experience?

mwammm*mWﬂmmmmwm

O Tt ocolh Susel,
@ Cevenie  rusde,

12. Did you encounter any issues while driving the vehicle?
T S AT ) T FaE e 1 A e usn

_® cvoln  Moise
& clain Qog.

=
13. Any additional comments or observations you would like to suggest?
sifefart feeaft o arareitar st sy g Ay
K Yo y  go- g

ATy

Place:

Signature: 2}1&5 g,
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2~ wheder Stookc
i LoeIE

UserfDriver Feedback Form
IwTAgEa Fisdd s
User/Driver Name: _ vivek Pai
Vehicle Driven: ___ Acdia (§):3)

How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?

a1 ¥ free gafdee a1 (EV) TaF & HHY SHd B S8 Sfid
o Riding cxpericnce as compared to ICE vehicle (§471 age1 B} i 7 Ward a1 3
o Not as good as ICE vehicle
o Similar to ICF vehicle
o Better than ICE vehicle

+ Comfort (3RTH)
o Not as good as ICE vehicle
e Similar to ICE vehiclo
o Botter than ICE vehicle

Range (¥51)

o~ Comparatively Low

o Sufficient

o Need more for daily commute

o Acceleration and Top speed (@RI SR TIfY)
o Not as good as ICE vehicle
o= Similar to ICE vehicle
o Betier than ICE vehicle

« Driving experience on Gradient surface (W30 Herg T SIEfaM @1 34
o Not as good as ICE vehicle
o Unable to sustain with pillion
o Simila o ICE vehicle
@ Better than ICE vehicle
o Gear shifting in casc of 3-wheclers (Rrafda argell ¥ vl 3 v RuftRéar 1 srgaea)
o Not as good as ICE vehicle
o Similar to ICE vehicle
o Beter than ICE vehicle
o Any other (please specify)

Na.

User/Driver Feedback Form
STARTFAERT WEdE

Did you experience any issues with the charging system in reference to the charging time
taken?

< i st A wfi e & Rl e wt s e @1 enfdln o @ aren
T

2-Wheeler (2-UfR1 @&

<&~ Charging happens t0o slow

o Normal Charging time (€~ ¥>es)

w~"Need fast charging at home (1o e X

At Bing (roPrp (hog nay')

3-Wheeler (3-Uf411 aTg)
o Charging happens too slow
o Normal Charging time
o Need fast charging at home
o Any other N
How confident do you feel to solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?
1CE atget aft et & arge aend s arget A g Rt o @A wen @ g we
30 R 1R TR B 87
= Confident to only solve minor mechanical issues
o Confident to solve minor clectrical issues also
" Need training to solve minor clectrical issues
o Not confident

How would you compare finding the local mechanic for vehicle maintenance as compared
to that of conventional ICE vehicle?

319 e T arg @ qer i are T & fg vt A6fRE g @
bcgkziaad

o Fasytofind
~o™"Need 1o search at multiple locations

@ Local mechanic avoids to handle Electric vehicle maintenance

. Will you consider using retrofited electric vehicle for your daily commute?
1 31 o AR srar ¥ forg Wik s gdfie are @ Sw a e W R
i

o No
wMaybo (3} vange I §0-100 wpe)
o Yes

User/Driver Feedback Form
ITFAIgEa Preda @iy

2. How safe do you feel while driving an EV as compared to an ICE Vehicle?

ICE A 0 e 3 ) wrem sy i Fser v e e @
o Feels unsafe

v Fecls safe
o Will be better if additional safety is provided (please specify)

How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?

a1g fereel) weRfloim 3 e e siasus el & dau A ¥-fes $d ot ded T
Hedlia A B

2- Wheeler 3 Wheeler
2-uRn arg 30 AT

TooLow | Sufficient | Needmore | TooLow | Sufficient | Need moro
T | i sRafRy | agasn IR afey |
Ravpo i
4v0 o
So5C
et PC.

4. How convenient was the charging process?
un
o 2-Wheoler (2-0fga1 dig)
o Difficult
o Complicatcd

o Easy

»/vam«_&iuh.uwv‘ Dudiaben vep . Gnugh chage)
© 3-Wheeler (301301 A1) 3

o Difficult

o Complicated

o Easy

o Any other

[

ARAI

User/Driver Feedback Form
STTHA/gRAT Pade Bl

9. Did you notice any sudden drop in SoC afler certain level of SoC drain?
I ST SoC 3 e A TR & @ 91 b a1g SoC F srarTw w1 frvrae
 2-Wheelor (2-Uf01 ag)
O

o 3-Wheeler (3-ufa1 arg)
—Ke A

10. Did you notice any difference while starting & driving during differcat weather conditions
(Cold, Summer & Rainy scason)?

1 A faftra wiven Rl @G, T ol wera & sl & 2R T g FRa
e S T el B SR
No

11, What additional features do you think should be integrated with the vehicle for improved
driving expericnce?

mmammﬁnmtmmﬁmmmmwm

O Twcilt_on- ol Quide,
D Levex Ao

12. Did you encounter any issucs while driving the vehicle?
1 U A Tl 7 s < a1 W e U
D _cbalnnaise
D-Sprvukd e bon

13. Any additional comments or observations you would like to suggest?

1§ sifafvae feamlt an sraeiias o s g R

[
/
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Q~whale SCookr

User/Driver Feedback Form
TR PEdE w

User/Driver Name: A

Vehicle Driven: _ Adon (§2)0%)

. How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?

31 Y152 TR AR (EV) T & T SF1Ha B R s

Riding experience as compared to ICE vehicle (§¥ 161 1 el 3 Ward) o1 3gua)
o Not as good as ICE vehicle

~&~ Similar to ICE vehicle

o Better than ICE vehicle

Comfort (IRTH)
o Not as good as ICE vehicle
o Similar to ICE vehicle
© Better than ICE vehicle

« Range ()
=~ Comparatively Low
o Sufficient
o Need more for daily commute

Acceleration and Top speed (@RUT 31X 71f)
o Not as good as ICE vehicle

o Similar to ICE vehicle

o Better than ICE vehicle

o Driving experience on Gradient surface (M30c Waig WX I8 &1 3ra)

o~ Not as good as ICE vehicle
© Unable to sustain with pillion
o Similar to ICE vehicle
o Better than ICE vehicle

Gear shifling in casc of 3-wheelers (RufF aTeeTl & we) 1 v fRifdem @1 3o

o Not as good as ICE vehicle

o Similar to ICE vehicle

o Better than ICE vehicle

o Any other (please specify)

A
[Z T
ARAI
User/Mriver Feedback Form
IyRIFAIgEaT Beds @iy

5. Did you experience any issues with the charging system in reference to the charging time
taken?

w1 A el 7l Rvven 3w Rl e et sivia R 1 anfdln 3 e aren
W

o 2-Wheeler (2-ufan arg)
o~ Charging happens (oo slow
© Normal Charging time (6~ "#5etD
o~ Need fast charging athome {10+ A by yeqyD
© Any other

o 3-Wheeler (3-9T801 aE)
o Charging happens 100 slow
© Normal Charging time
o Need fast charging at home
o Any other

6. How confident do you feel to solve any minor issue that occurred in the vehicle while

driving, as compared to that of ICE Vehicle?
ICE TG 1 e 7 arge wrema ww arg # g ol o YA -A) s & g v
# a1 el e HeTy Hd 8

o Confident to only solve minor meehanical issues
o Confident to solve minor clectrical issucs also

~0 Need training to solve minor electrical issues
o Notconfident

7. How would you compare finding the local mechanic for vehicle maintenance as compared
to that of conventional ICE vehicle?
g e g are &l qern § arg v b g wirfla 6R® e @
e B B
o Easytofind
& Nood to search at multiple locations
e Local mechanic avoids to handle Electric vehicle maintenance

8 Will you consider using retrofitted electric vehicle for your daily commute?
a1 31 S 3R S qaffea are @ I H W RER
Eaudd
o~ No Cvange 4o \os — Sokmpe)
o Maybe
o Yes

User/Driver Feedback Form
ITATFAgEaT Pl wid

Hovw safe do you feel while driving an EV as compared to an ICE Vehicle?
1CE a1t ) qgeren & §ft e ey iy feertn geféser e 2
o Feels unsafe
o~Feels safe
o Will be better if additional safety is provided (please specify)

w

How would you rate the battery range of retro-fitted EV w.rt daily travel needs in Delhi
NCR?

3 fereelt grilaire 7 s e srasaaaral & ey 32 fees it # e
b B B

2- Wheeler 3-Wheeler
2-ufgm A -ufgar g
Too Low Sufficient Need more Too Low Sufficient Need more
| agady | udig R | agaem | wia IR |
Rowge
adiend
S boo
Voo er
dai\J rus
QAL

4. How convenient was the charging process?
un
© 2-Wheeler (2-f3a a16)
o Difficult
o Complicated

o Easy

o~ Any other_Addioca | Chnry Siditadion ciq- (enogh chaggr
o 3-Wheeler (3-ufdan arg)

o Difficult

ARAL

User/Driver Feedback Form
FRANTHAEEAT PEdE wid

9. Did you notice any sudden drop in SoC after certain level of SoC drain?
1 ST SoC T FAfe T B 0 83 B A SoC | 3w B fierae 3
o 2-Wheeler (2-0f241 aT6)
ey

o 3-Wheeler (3-0f30 a187)
NA

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy season)?
1 3 i s Rufevdt &3, T 3t awna 3 wim) & e ) g
R 3R ) TR T P SR

o

11 What additional featurcs do you think should be integrated with the vehicle for improved
driving experience?
s fraR & g i sra ¥ fo a3 B @ sifofeaa gl sig o
e
O Tawsttts mzf—:H k- - - ——
Poveds  aands’

12. Did you encounter any issues while driving the vehicle?
RN P! A el T FaRf e @ A R usn
© (bl aolie  A-SQq

@ croin lobdtatlon Reed do b dowt vigdaly Calffu 2 k)

13. Any additional comments or observations you would like to suggest?

BIg o furdlt ar sracia o aiTg G A
_Pa \ e :
i
Place.

Signature: @?&ﬂv’%‘
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3-Wheeler Passenger

8- whee l.u? fassecgec.

User/Driver Feedback Form
FRwAIEEa Peds G

User/Driver Name: P)’_{.&\ A -
Vehile Driven: _Exa/a‘?‘_[_{_(hl_a_)Lﬁﬂk"}i

1. How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?
340 Y21f2e Gl a1 (V) T B T M B H8 S
o Riding cxporience as compared to, (ICE vehicle (§¥F ATgH ) el # War 1 SFTa)
s Notas good as ICE veicle ( (rtar Clagirey 18 diYicu)
o Similar to ICE vehicle
o Better than ICE vehicle

« Comfort (RW)
o Not as good as ICE vehicle
= Similar o [CE vehicle
© Better than ICE vehicle

o Range (¥50)
o Comparatively Low (o Yewgu)
o Sufficient
& Newd more for daily commute € 1971500

o Acceleration and Top speed (R0 3R 1fR)
o Not as good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle

o Driving experience on Gradient surface (Mf3Ge die U7 grefdn o1 o)

o Notas good as ICE vehicle

©Unable to sustain with pillion
& Similar to ICE vehicle

© Bettor than ICE vehicle

o Gear shifting in case of 3-wheelers (TR aTeit 35 wyrret 1 v Rftremt a1 3rgosa)
e Not as good as ICE vehicle
o Similarto ICE vehicle
o Better than ICE yehicle
o Any ofher (please specify)

Gtan (“Anv\t;vf’ (Mﬂm_ﬂmnh}_\*lﬁ_%mm_wb%\\

User/Driver Feedback Form
IAITFAIgEaT Rigdd By

Did you experience any issues with the charging system in reference (o the charging time
taken?

S e 3 anifofer Ree & el wvrean a1 ooy fasan & 1 =Sl 7 v e
w

2-Wheeler (2-UfeU1 a1g+)

o Charging happens 100 slow
& Normal Charging time

o Need fast charging at home

o Any other

3-Wheeler (3-f8a1 A1)
o Charging happens too slow

<& Nommal Charging time (S~ )
© Noed fast charging at home
o Any other

.

-

How confident do you feel to solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?

ICE aTgeT @) gt o arg wea | arge 1 g vt o @t e @ g e
f 3 R e WG B 8
& Confident to only solve minor mechanical issucs

o Confident to solve minor clectrical issucs also
<& Need training to solve minor electrical issues

o Not confident

7. How would you compare finding the local mechanic for vehicle maintenance as comparcd
to that of conventional ICE vehicle?
31 GRUR TS e Bt qer H ared Yevaa & o v AR g @t
el B Beiy
o Easy tofind
" Nead to search at multiple locations
o~ Local mechanic avoids to handle Electric vehicle maintenance

8 Will you consider using retrofitted cleciric vehicle for your daily commute?
1 311 3 2R s ¥ fi YRS s e ©1 3udm e W R
Eaoid
o No
<6 Maybo CPaut 100180 Yuapt)
o Yes

T T
AL

User/Driver Feedback Form
IYATFAIGIEAT Bisdd wier

How safe do you feel while driving an EV as compared to an ICE Vehicle?
ICE A1 B et 7 €} s w3 fvern el e e i
o Fecls unsafo
o Fecls safe
© Will be better if additional safety is provided (please specify)

»

How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?

mﬁﬁﬁwﬁmﬁﬁmmﬂo«msﬂtﬁuﬂ@-ﬁéﬂaﬂﬂhw
Hearw 8 H4n

2- Wheeler 3-Wheelee

2-ufgan arg Jfgarag

Too Low Sufficient Need more Too Low Sufficient Need moto

| _®ga®n | wia JRafeg | agd@n

0 twpe
W o lowd "":zw
"
3 Nf n'pa '3
Np [N » P ey
lof o
Avto-vicdkabod

4. How convenient was the charging process?
<ifdfer e e gl
* 2-Whoeler (2-ufRe arg)
o Difficult
o Complicated
o Easy
wa Any other

o 3-Wheeler (3-fg arg)
Difficult
Complicated

o
o Easy
o Any other_AddIHuea) dmﬂ' A Gdicntion ¥ (et ‘,Q (hage)

o

ARAL

User/Driver Feedback Form
ARG FFdF T

9. Did you notice any sudden drop in SoC after certain level of SoC drain?
I I SoC 3 U AR SR ¥ We B B a1 SoC 7 Sy 1§ Mrarae 3
o 2-Wheeler (2-f341 a1g=)
=

o 3-Wheeler (3-f3a1a18)
MNo-

10. Did you notice any difference while starting & driving during differcat weather conditions
(Cold, Summer & Rainy scason)?
a1 {1 Rafiy i Rl @, mif SR e ¥ wikem) & dRE ) O e
T R IS I T BIE SR
No-

11, What additional features do you think should be integrated with the vehicle for improved
driving experience?

1 e 3 AgeR FrE o o o 7t o W foRaa gl dd ot

iRy
@_ﬁl_ihu&_m_hgm N ol o) n’nh_dﬁid)_ﬁuj— n
Wwﬁ —
12. Did you cndounter any issucs while driving the vehicle?
maﬁ:ﬂmmwwmmmmm

13. Any additional comments or observations you would like to suggest?

o sifafta fewoh o sraeita o0 o aFn W@

XD NPT hm:‘t.
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3»:)\1:&4 ‘?45':1'(

User/Driver Feedback Form
Iydewd/gEaT Rede wE

User/river Name; _S;[M‘l Vhan
Vehicle Driven: Bo,‘q ee (804 EW

1. How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?

314 Y162 G e (Ev) TAH & W SFHA B I
o Riding expericnce as compared to ICE vehicle (§UF a1 a1 o] # Ward 1 3ige)
o~ Not as good as ICE vehicle oy chongimy 38 ifyha14)
o Similar to ICE vehicle e
o Better than ICE vehicle

o Comfort (HRT)
o Not as good as ICE vehicle
& Similar to ICE vehicle
© Better than ICE vehicle

o Range (351)
~<&* Comparatively Low (6o ¥wpl)
o Sufficient
o Need more for daily commute (1% 1)

o Acceleration and Top speed (Y1 37 7IfY)
o Notas good as ICE vehicle
et Similar to ICE vehicle
© Better than ICE vehicle

o Driving experience on Gradient surface (AfSTE T8 R grsfe a1 s
—o Not s good as ICE vohicle
o Unable to sustain with pillion
o Similar o ICE vehicle
o Boter than ICE vehicle
« Gear shifting in case of 3-wheelers (RafEaT aTgl & et 7 fo fuften @ arva)
e Not as good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle
o Any other (please specify)

_Geoy ,daw{'ﬁ( ched b yere owt bod Lo bl bon)

User/Driver Feedback Form
IyaerEdl/gEa Peds

©

Did you experience any issues with the changing system in reference to the charging time

taken?
a3 e 3 wifdfn Riees ¥ wir R wsrea aot i R {1 aifdfon 2 e aren
gy
2-Wheeler (2-fRan arg)
o Charging happens too slow
—o Normal Charging time
o Need fast charging at home
o Any other

3-Wheeler (3-uftta arg)
o Charging happens too slow
o~Normal Charging time ( §~ b))
o Need fast charging at home
o Any other

How confident do you feel o solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?
1CE g ) el 1 arget aena avd g A g e ot @i s ) ga
H aqm s s e o &
o~ Confident to only solve minor mechanical issues
o Confident to solve minor clectrical issucs also
o Need training to solve minor electrical issues
o Not confident

=

7. How would you compare finding the local mechanic for vehicle maintenance as compared
to that of conventional ICE vehicle?
1 U g e @ ger A arg R & o Rty A6Re ge Bt
T B B
o Fasy to find
Need (o search at multiple locations
o Local mechanic avoids to handle Electric vehicle maintenance

8. Will you consider using retrofitted electric vehicle for your daily commute?

wmmmm%m AMftres gafie aret @ Iudr H W fiar
o No

= Maybe 0149 K

> Y;y w (1%0 9 Kupd)

User/Driver Feedback Form

STARTRA/gEa Pade B

2. How safe do you fecl while driving an EV as compared to an ICE Vehicle?
ICE A1 @1 e 3§l o e 3 e Qi e aed &
o Fecls unsafe
e~ Foels safe
o Will be better if additional safety is provided (please specify)

3. How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delli
NCR?
3 feeeht it 7 QRe 4 siavue el & Uy A 3R s St ded e
R lcakakau
2- Wheeler 3-Wheeler

2-ufea a 3 A

Too Low Sufficient Need more Too Low Sufficient Need more
agaen | wiw Rafee | agden R

Range i vgto
A \ow WP Kt
Rl NA WA ) Comfoed " U Clogy,
fro AW‘J ey
o kmfk)

4. How convenient was the charging process?
e v Ui

o 2-Wheeler -UfR1 1)

o Difficult

o Complicated

°

o Anyother
o 3-Wheeler -0 atg)

o Difficult

o Complicated

o Easy
o Any other M@M@@wa

User/Driver Feedback Form
ITNTEATgRaY FiedE Wi

©

. Did you notice any sudden drop in SoC after certain level of SoC drain?
I 19 SoC b 0 P 3t T 1 a1 SoC A SraTd Y firrae 2
2-Wheeler (2-UfRa1 arg)

3-Wheeler (3-Ufg0 arg)
™o -

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy season)?
a1 o fafiva s Ruft @&, i ol aver & v B R T O R
3R I T F P S
No -

11, What additional features do you think should be integrated with the vehicle for improved
driving experience?

aan%ﬁm%immﬁnmﬁmm%mﬁmwmm

@ Ko seoding Sheld e mee_au‘.xah_nn_cﬂph\e}g, &

12. Did you encounter any issues while driving the vehicle?
1 S AT el T Fa) e o w e v

Yo -
13. Any additional comments or observations you would like (o suggest?
feuroht 2 srasiraT St sy e @Ay
> o ophp 1T ¥uw gio choe
—oed "Cpuud o} —<0-GaYuigh
Place:
Signature: B Pan.
T IR I
ARAI
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User/Driver Feedback Form
IR/ FredE B

User/Driver Name: ﬁy, _&L*_SJ

Vehicle Driven:

. How would you rate the overall expericnce of driving a retrofitted clectric vehicle (EV)?
310 2-5es TRde de (EV) TR & T A B 8 3F
o Riding experience as compared to ICE vehicle (§%F aTg @ gl  9ard &1 3fHa)
—o~ Not s good a8 ICE vehicle (o chogyivey ¥ Aot ).
o Similar to ICE vehicle
o Better than ICE vehicle

+  Comfort (3R
o Not as good as ICE vehicle
o~ Similar o ICE vehicle
o Better than ICE vehicle

o Range (¥50)
—or Comparatively Low (60 Fuapt)
o Sufficient
o~ Noed more for daily commute (150

o Acceleration and Top speed (@RUT 3 7fR)
o Not as good as ICE yehicle
@~ Similar to ICE vehicle
o Better than ICE vehicle

« Driving experienice on Gradient surface (30 %eig W $r3fi 1 siaa)

o Notas good as ICE vehicle

o Unable to sustain with pillion
~o Similar to ICE vehicle

o Better than ICE vehicle

o Gear shifting in case of 3-wheelers (fUfgaT argeil & mmet 3 v fRifemn @1 s
—o~ Not as good as ICE vehicle
o Similar o ICE vehicle
o Beter than ICE vehicle
o Any other (please specify)

o Chogieq (md 4o auion o0 Vood fow Joudlbas),

IR

ARAI

User/Driver Feedback Form
IqREAIgEa Prsdd B

Did you experience any issues with the charging system in reference to the charging time
taken?
g ame e A wifdln Rven B ar Rl e o1 s fsan @1 =Sl 7 o are
qmy

2-Wheeler (2-0fan arg)

o Charging happens too slow
o Normal Charging time

o Neod fast charging at home

o Any ofher

3-Wheeler (3-0fR01 @1871)
o Charging happens t0o slow
o Normal Charging time (' $~b bt )
o Need fast charging al home
o Any other — & s % 200
How confident do you feel 1 solve any minor issue that oceurred in the vehicle while
driving, as compared to that of ICE Vehicle?
1CE algH e et H e e we arge o gd R oft @i wren ot g
T ferT e O B3 37
o~ Confident (o only solve minor mechanical issucs
o Confident to solve minor clectrical issucs also
o~ Need training (0 solve minor electrical issues
o Not confident

=

7. How would you compare finding the local mechanic for vehicle maintenance as comparcd
1o that of conventional ICE vehicle?
i urtuRes i arga @ gern # arg veven & foe wirt A6 et @t
R B
o Fasy to find
Need to search al multiple locations
" Local mechanic avoids to handle Electric vehicle maintenance

8. Will you consider using retrofitted electric vehicle for your daily commute?

:_}nﬁ:memaﬁwwmt i arget w1 Iudn I W far
o No
wMiybe (Pang 169%wpc)
o Yes
[

User/Driver Feedback Form
ITAIEA/gga ke wi

~

How safe do you feel while driving an EV as compared to an ICE Vehicle?
1CE a6 1 et 3 €t arem ww s e RiAE Heq aea &
o Feels unsafe
aFeels safe
o Will be better if additional safety is provided (please specify)

. How would you rate the battery range of retro-fitted EV w.r.t daily travel noeds in Delhi
NCR?

m_ﬂﬁamﬁﬁsmmmﬁé:wﬁw-mﬁﬁﬁhm

2- Wheeler 3-Wheeler

2.ufgar arg 3fgar

Too Low Sufficient Need more Too Low Sufficient Need more

| @gd@w | wia dRafky | agden | wia AR afy |

Range ophv ©
(o Ywpt ol ot
loslths 11 chogyt
[aws g m

Bouy g

4. How convenient was the charging procss?
affn wfaara fod gl un
2-Wheelor (2-Uf41 ag)

o Difficult

o Complicated

o Fasy

o Any other

3-Wheelor (3-UfR41 drgH)
o Difficult

o Complicated

S

Easy
o Anyother_ Adfitonal d«m&m‘ Sdialon v Centiph Clage)

I I

User/Driver Feedback Form
IUATHAIFEA Fedd iy

9. Did you notice any sudden drop in SoC afier certain level of SoC drain?
19 SoC: 3 U PR TR ¥ W G a1 SoC A et Y firerae iy
o 2-Wheeler (2-UR1 d1g)

—_——

o 3-Wheeler (3-Ufgal arg)
Mo .

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy season)?

a1 19 fafira e Rufoal &3, o o a3 ) & A ) g T
e 3R I R o Y R
No.

11, What additional features do you think should be integrated with the vehicle f«;r improved
driving experience?

gwammw%ﬁqmﬂﬂwmmmm

Mothing .
~

12, Did you encounter any issues while driving the vehicle?
T 0 aTe el T R e T A e veh
L

13. Any additional comments or observations you would like to suggest?
o sfafe ot a1 sraea it s g AR

. 1}

Place:

Signature: e __’Qéjx ;

ARAI
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8- whale Pagsecgec

User/Driver Feedback Form
ITANTEA/GEA Reded w

User/Driver Name:__ Peyn Yyuaan
Vehicle Driven: __[Diz a6 P fenger (g2 )

. How would you rate the overall experience of driving a retrofitted electric vehiclo (EV)?

Y¢S gaftem ate (V) T & W SR B B s

Riding experience as compared to ICE vehicle ($UF1 1871 3 gt H Wrrdi 1 3y
o Not as good as ICE vehicle
o Similar to ICE vehicle

wer” Better than ICE vehicle

Comfort (R
o Notas good as ICE vehicle
~# Similar lo ICE vehicle
o Better than ICE vehicle

Range (¥51)

o Comparatively Low

o Sufficient

o Neod more for daily commute

Acceleration and Tap speed (@RI i 7fe)
a Not as good as ICE vehicle

o Similar to ICE vehicle
o Better than ICE vehicle

o Driving experience on Gradient surface (IS ¥a8 W SRR &1 37Ha)

o Notas good as ICE vehicle

o Unable to sustain with pillion
+<” Similar to ICE vehicle

o Better than ICE vehicle

o Gear shifting in case of 3-wheelers (RufRan argeif & smd & Mo fRifden o1 sigava)
o Notas good as ICE vehicle
o Similar to ICE vehicle
# Better than ICE vehicle
" Any other (please specify)

_ £ ,W,,A’\? duive %emlldb thitla. =

User/Driver Feedback Form
YRS isds iy

-

Did you experience any issues with the charging system in refercnce to the charging fime
taken?

aur s e 3 wnifSf R & iy foed wwore an arpv e &1 =nfof o aren
el

2-Wheeler (2-TfR01 a187)

o Charging happens (0o slow

o Normal Charging time

o Need fast charging at home

o Any other

3-Wheeler (3-f341 a8
o Charging happens too slow

= Normal Charging time (§—(, |8)
o Need fast charging at home
o Any other

L

How confident do you feel to solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?
1CE g &) e aig el awa arge g% fel 3 B+ wren a0 g e
31 Fer SR T R
>~ Confident to only solve minor mechanical issues

o Confident to solve minor electrical issues also
o~ Need training to solve minor electrical issucs

o Not confident

~

How would you compare finding the local mechanic for vehicle maintenance as compared
{0 that of conventional ICE vehicle?
31 uruRe g argd @l qer A argd vavaa & g il 36Re g @
O B8 BN
o Easytofind

& Need o search at multiple locations

& Local mechanic avoids to handle Electric vehicle maintenance

o

Will you consider using retrofitted electric vehicle for your daily commute?

wmmmtm diftees gafdea are @1 Sual & W RER

Uset/Driver Feedback Form
ITNTHAFEA Frsdd W
2. How safe do you feel while driving an EV as compared to an ICE Vehicle?
ICE AT 3 el 7§48 werd sy o Rvere i weege e
o Fecls unsafe
v Fecls safe
<" Willbe bt if addiional safct is provided (lease specify) Ty e on-okt-

w

How would you rate the batery range of retro-fitted EV w.r.t daily travel noods in Delhi
NCR?

i fereelt Gt e e sawusarsl] & ddu i ¥ e @ A
i $ vy
2- Wheeler 3-Wheeler

2-ufga g 3ufRarang

TooLow | Sufficient | Needmore | TooLow | Sufficient |  Need more

| agd@n | waiw sRafRy | wgaww | wiw AR ARy
Sigoend

xeLe)
Yoo e

e
Cvosgps

-~

. How convenient was the charging process?
nfaR e gl
2-Wheeler (2-1fR21 a7
o Difficult
o Complicated
°
o Any other

3-Wheeler (3-fR1 a1
o Difficult
o Complicated

}REWWMM_QKQA)M@MW)

.

[T s

User/Driver Feedback Form
RN/ SEdE B

©

. Did you notice any sudden drop in SoC afler certain level of SoC drain?
1 I SoC B 1 AT T & Wt 81 & a1g SoC H srarTw Y fivrae A
2-Wheeler (2-1f341 a1
AUN

3-Wheeler (3-ufga arg)
Ner

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy season)?
ur o fafiv e et @& s, i iR a3 vivm) ¥ R T O wRa
R SR T T T B SR
N

11, What additional features do you think should be integrated with the vehicle for improved
driving expericnce?

mﬁmammﬁm@wmmammmwwm
A.m.;!la:{ shovld e wésm@,miv MD S?g. oo Sol

(& Rotay derg
B Cvoopizg Saehn
12. Did you encounter any issues while driving the vehicle? S
1 DY AT el T R e w1 W e s
0, O8erehions e vt dato dilay o Qeabicg
— D oty deloy T\ {eua o _atvere wondes =
13. Any additional comments or observations you would like to suggest?

feupft an sracia St 3 geEn e
W Mooy goile iy obm ud e e qead il
vedutd 5 b i

Place:

Signature: —)f/gi

THR I
R.
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3:7\&\4111 Pailenger

User/Driver Feedback Form

yANTEw/gEa BedE e
User/Driver Name: __Sybail Klan
Vehicle Driven: #& (n)2) ﬂa&gﬁ_&k" o= B

1. How would you rate the overall experience of driving a etrofitted electric vehicle (EV)?
310 -5 TR a1 (EV) T b WY SFHA B B B
«  Riding experience as compared to ICE vehicle ($1 a1 @ ettl H el 1 3/ga)
o Not as good as ICE vehicle
o Similar to ICE vehicle
ticr than ICE vehicle

o Comfort (3(RTH)
o Not as good as ICE vehicle
o Similar to ICE vehicle
o Beter than ICE vehicle

* Range (’1\'!')
o Comparatively Low
o Sufficient
o Need more for daily commute

Acceleration and Top speed (@RUT 3R 1)
o Not as good as ICE vehicle
e Similar to ICE vehicle
o Botter than ICE vehiclo

« Driving experience on Gradieat surface (W30 aie R gigfdn @1 srpHa
o Not as good as ICE vehicle
o Unable to sustain with pillion
o~ Similar 1o ICE vehicle
o Better than ICE vehicle

« Goar shifting in casc of 3-wheslers (FTufan arg=it & wmmat 3 five fRufeen @1 arpa)
o Not as good as ICE vehicle
o Similar to ICE vehicle
o Beter than ICE vehicle
" Any other (please specify)
No N \ o,

User/Driver Feedback Form
IANTRdIEEAT Preds wi

5. Did you experience any issues with the charging system in reference 1o the charging time
taken?
a1 e 7 el Riven ¥ wr e wwe @i s R @1 el d e aren
|
o 2-Wheeler (2-9fga1 a1g)
o Charging happens too slow
oo Normal Charging time
o Need fast charging at home
o Any other

o 3-Wheeler (3-ftan arg)
o Charging happens (0o slow
o~ Normal Charging time ( T~6 bws)
o Need fast changing at home
o Anyother

6. How confident do you feel to solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?
ICE a1 ) el 7 arget dal w g H g€ fbell ot @il s o) g
10 T e TR B
<’ Confident (o only solve minor mechanical issucs
o Confident (o solve minor clectrical issucs also
@’ Need training to solve minor electrical issues
o Not confident

7. How would you compare finding the local mechanic for vehicle maintenance as compared
o that of conventional ICE vehicle?
31 Ul SIS arge @ e 3 digd vever ¥ g wirfl 360e gel @
T R T
o Easy to find
6" Need to search at multiple locations
o Local mechanic avoids to handle Electric vehicle maintenance

8. Will you consider using retrofitted electric vehicle for your daily commute?

wmmwam@mmmmmmmﬁm

o No
o Maybe
o~ Yes

User/Driver Feedback Form

ITATHAIGER Predd wt

~

. How safe do you feel while driving an EV as compared to an ICE Vehicle?
ICE T Bt e 7 §4t e 2w i R i viegm aea @

o Feels unsafe
o Feels safe
<o Wil be beter if additional safcty is provided (please specify) oy HU 01 -0«

w

How would you rate the batery range of retro-fitted EV w.r.t daily travel neods in Delhi
NCR?

i el et # e arn sawyw sl ¥ ddu 133 e ot dch T w

e 8
2- Wheeler 3-Wheeler
2.ufgar ag 3.fga arga
TooLow | Sufficient | Necdmore | TooLow | Sufficient | Need more
| agawd | Wi dRafy | agaen | wia AR ARy
S\*G(Kﬂ" @il be
yewge O bd’”t(\dk
onye
= — , he. [ \l:‘ ] AR
Lo il Frops
\S ociewd. | Che iS
povidid
4. How convenient was the charging process?
arfSfr s fn gl un
o 2-Wheeler (2-UfRuI drg)
o Difficult
o Complicated
o Fasy
o Any other
© 3-Wheeler (3-1T%01 d1g)
o Difficult
o Complicated
o Easy
o~ Any other i ¢ i
I
/

User/Driver Feedback Form

IR/ Pl wl

9. Did you notice any sudden drop in SoC afler certain level of SoC drain?
T SoC B U P &R & et 83 b a1 SoC H srara i firrae 4
2-Wheeler (2-UfR21 d1g1)

A .

3-Wheeler (3-Ufeal a1 )
No-

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy scason)?
aur s fafiy i Rufedl @, mif ol awara & wiem) & dRm e O R
Y R ) R T B AR
b

1. What additional features do you think should be integrated with the vehicle for improved
driving experience?

%ﬁm%hﬂsﬁﬁnaﬂw#ﬁwmﬂwﬁmwwm

0 Ditploychowcs, all batlewy & sl paramnckto.
lided

on ol
L2

12. Did you encounter any issucs while driving the vehicle?
FT D) TG ) T e S 1 A B I
Poloy devey vige dudny Qupnmud wop ladieg domake bodiuy
A - folly deso hekna site _set Uit og

<
13. Any additional comments or observations you would like to suggest?
1 s Rl ur sraa St s ggFn @
A v 3l e
Scrceta_ widing
i)
Place:
Signalure: \ 0\ pran -
AR I
ARAI
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&w—,\Lq):L Pa [54(\3-{

User/Driver Feedback Form
IgaNTEEdgEat Piede B
User/MDriver Name: ﬁmgd_s,,ag_
Vehicle Driven: W) Pg\m,fh_aui )

. How would you ratc the overall experience of driving a retrofitted electric vehicle (EV)?

1 Y1528 TR dIg (BV) 9 & W oFHa ) 8 s

Riding experience as compared to ICE vehicle ($471 a1 @ erl H il a1 854
o Not as good as ICE vehicle

o Similar to ICE vehicle

e~ Better than ICE vehicle

Comfort (3RTH)

o Not as good as ICE vehicle
o~ Similar to ICE vehicle

o Better than ICE vehicle

« Range (57)
o Compuratively Low
o Sufficient
o Need more for daily commute

Acceleration and Top speed (R0 3 )
o Notas good as ICE vehicle
4’ Similar to ICE vehicle
o Better than ICE vehicle

Driving experience on Gradient surface (302 Tae T il 1 siHa)
o Notas good as [CE vehicle
o Unable to sustain with pillion

<o Similar to ICE vehicle
o Better than [CE vehicle

« Gear shifting in casc of 3-wheelers (RIafn argetl & mwa  fivee fifdién w1 arpa)
o Notas good as ICE vehicle
o Similar to ICE vehicle
ee Better than ICE vehicle
o Any other (please specify)

No ol b change gean
1

User/Driver Feedback Form
IyRadigizal Bedd i

5. Did you experience any issues with the charging system in reference to the charging time
taken?
qut 31 e A wifefn Rieen 3 wry Rl s a1 siqva R 1 il & e aren
Gl
o 2-Wheeler (2-0fdun arg)
o Charging happens (0o slow
o Normal Charging time
o Need fast charging at home
o Any other

o 3-Wheeler (3-Uf A1)
© Charging happens too slow
«o—Normal Charging time € S~bhrs )
© Necd st charging at home
o Any other

6. How confident do you feel 10 solve any minor issue that occurred in the vehicle while

driving, as comparad to that of ICE Vehicl?
ICE g ) e ¥ arg <ol v et 3 g fpelt 1R gl e 61 g 1
# 310 et S HegH @Rl 8

¢ Confidant to only solye minor mechanical issucs
o Confident to solve minor clectrical issucs also

o Need training to solve minor electrical issues

o Not confident

7. How would you compare finding the local mechanic for vehicle maintenance #s compared
to that of conventional ICE vehicle?
31 uruRe A arg @ ger i arg T & g RiFa A$RE ge B
AR B
o Easy to find
d" Need to search at multiple locations
& Local mechanic avoids to handle Electric vehicle maintenance

8. Will you consider using retrofitted electric vehicle for your daily commutc?
&1 31 4 3R S & Falfdes arg w1 Iua W R
T
o No
o Maybe
o Yes

User/Driver Foedback Form
ITANTEHA/SER FEds wT

2. How safe do you fecl while driving an EV as compared to an ICE Vehicle?
ICE g o) e & §eft wromy T i e gefiva W e €2
o Foels unsafe
o~ Foels safe
Lo Will be better if additional safety is provided (plcase specify) Thsdile oo~ e

3. How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Dolhi
NCR?

3 et wrRlem # 3Fe arn srawamdal & wdy 139-es 6l A ¥mm
HediaA B S4

2- Wheeler 3-Wheeler
2-ufgm arg 3.ufRuT g

TooLow | Sufficient | Needmore | TooLow | Sufficient | Need more
| @gaew | wiw drafe | agden | wia iR fRy
Qo«-at o
160 Icaupl
B (ﬂmd.
(o be

ot

ko (-0
KIMY(,.

-

. How convenient was the charging process?
st nfpanan R g um
2-Wheeler (2-Ufea1 aT61)

o Difficult

o Complicated
o Easy

o Any other

3-Wheeler (3-Ufdn arg)
o Difficult
o Complicated

o Easy
<~ Any other_ Add Modd CL«MQ&J_MJ‘.LAM-_&&‘LLB%D

User/Driver Feedback Form
SUATRAIFEA FEdE BT

. Did you notice any sudden drop in SoC after certain level of SoC drain?
@1 U3 SoC ¥ 4 P TR % w1 8F & a1 SoC H srare @i fae 2l
2-Wheeler (2-Ufea1 1)
M A

©

3-Wheeler (3-1fga arg)
MO .

10. Did you notice any differcnce while starting & driving during differeat weather conditions
(Cold, Summer & Rainy season)?

1 3 fafie s R @s, i ik avara % wiem) & ke T O ava
o SR T T i S
—No.

11 What additional features do you think should be integrated with the vehicle for improved
driving expericnce?

mﬁmamsﬁﬁwwmummwmmmm
D..Mrw% an % ders o
B Veweer” Cloagieq TediCatoc:

12. Did you encounter any issues while driving the vehicle?
I P AT Tl T R e w1 A e ugn
No.

13. Any additional comments or obscrvations you would like to suggest?
TRoqult a1 ayareirar o s g @i
@ Moty voist ol be ardun A iU sodh 2ding

Place:
S| ,Qé“h s

i
T HR T

ARAI
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2. ﬁ«}:. Passooces

User/Driver Foedback Form User/Driver Feedback Form
Sy Predd i FANAIgER $EdE Tt
User/Driver Name: ) ‘ 2. How saf do you feel while driving an EV as compared to an ICE Vehicle?
Vehicle Driven: 78&3}@&&?&(&!"&) (CE et &) o 1 2 e e i Rt el s v @
‘ o l‘:evls unsafe
1. How would you rate the overall experience of driving a rotrofitted clectric vehiclo (EV)? <o~ Fools saf

o - L | o Will be better if additional safety is provided (please specify)
31 Y962 i aigd (Ev) Y M Et

o Riding experience as compared to ICE vehicle (1 QT84 &) qfer1 3 Ward a1 3f7+/a)

3. How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
o Notas good as ICE vehicle NCR?
-‘: ;'c""‘;‘:'u::‘:‘[‘ggf:::g o1 ) greflom & arn srawmmarslt ¥ day A 30-fes § 9 ded
WA R T
+ Comfort (31TH) 2- Whealer 3-Wheeler
o Not as good as ICE vehicle 29 g axfRarae

o Similar to ICE vehicle
o Betler than ICE vehicle

Too Low Sufficient Need more Too Low Sufficient Need more

s 20 agaTn | v ARARY | agden | wiw Rafey |
« Rango
o Comparatively Low fovgeep | W e
" Sufficient So-gora | bW
o Need more for daily commule A Puckopy | 2om1S
= S ole Fua pir
o Acceleration and Top speed (€RUT 3R 7IfT) | o mage
o™ Not as good as ICE vehicle i dud
o Similar to ICE vehicle | s prodduds

o Better than ICE vehicle

C

Driving experience on Gradient surface (ISt eTg TR g1gfan a1 3fgei)

<& Not as goodas CE vehicle (Mexd wow Powits foc hilly caurven) 4. How convenicnt was the charging process?
© Unable to sustain with pillion afdf widgu T o R u
o Similar to ICE vehicle 2-Wheeler (2-0fén arg)
o Btter than ICE vehicle b sl
o Gear shifling in case of 3-wheelers (R0fea argetl & wma # R Rifden @1 o) o Complicated
o Not as good as ICE vehicle o Easy
o Similar to ICE vehicle o Auy other
Better than ICE vehicle « 3-Wheeler (3-UfaT aTEN)
o Any other (please specily) el
o Complicated
- o Easy

[ o Any om«mmlnﬁhﬂ_ﬁdksm_gﬁ_d;\ﬁ:tfemp il

T AR | .,
ARA ARAL

User/Driver Feedback Form

User/Driver Feedback Form
SANTERALEA RzdE w SRR FEds B
5. Did you experience any issues with the charging system in referonce to the charging time 9. Did you notice any sudden drop in SoC after certain level of SoC drain?
taken?
: 1 3 SoC B U P R & a1 §F & a1 SoC H ST B fivrae deh
aut i i A anfdf Rreen 3 Ty fasedt v @ o fasan &1 =ifdfn A e aren PRy iy
g Whodlor (29
| WA
o 2-Wheeler (2-0fgur arg) |
o Charging happens oo slow 1
o Normal Charging lime W hooler (0TI T
o Need fast charging at home T ISk L)
o Any ofher
o 3-Wheeler (3-UfRa1 arg)
o Charging happens (0o slow 10. Did you notice any difference while starting & driving during differeat weather conditions
«er Normal Charging time (5~ & bnt) (Cold, Summer & Rainy season)?
o Need fsst charging at home Tar 3 fafim v fRufivdt @, i SR avera ¥ viem) & 2RE T OE B
o Any other T SR I TR T B SR @
6. How confident do you feel to solve any minor issue that occurred in the vebicle while MNor
driving, as compared (o that of ICE Vehicle?
ICE aTg @ et # arg <l W g H g€ el ot et woren ) g v P W I
i mﬂﬁ;ﬂmﬁmﬁ:‘a;ﬁ%m § ag Eﬁ ¥ 1. Xil:::l:idilim_x:::ms do you think should be integrated with the vehicle for improved
w” Confident 1o only solve minor mechanical ssues ol
o Confident (0 solve minor electrical issues also 3 FraR & e g oy 3 fovg are A @i 4t oo faurd sid) et
6" Need training to solve minor electrical issucs g
o Not confident AR -
7. How would you compare finding the local mechanic for vehicle maintenance as compared 7 : " —= =
o that o conveaticeial 1CE valicle? 12. Did you encounter any ;:: é'-lhél{: dnvln(;lrw vehicle?
19 uuRe g argn @ e # are e ¥ fig v AR g @ W‘““im“‘-‘_ TR ISER SCIA. o
e ey, olifd ) . )
i ¢ i Lo, Hocboltag oo vika SuLY Aty oot bl ookl
}Emylnﬁnd \ | vttty (oMol Soind
‘Need (0 search at multiple locations = y = - =
R cial i Broids i bl oot vehicls makianioeo 13 ;% additional cumm::u or ohlerv;\b:;:l you would ke to suggest?
. o ’ © Prondidy laci for Vemer (ooling wi e Lebor:
8. Will you consider using retrofitted electric vehicle for your daily commute? + & 3 §
1 319 9 3R AT & forg WS gafdes aed @1 Sudi e w R |
Eaal
o No
o Maybe
o Yes
Place:
Signature: -ﬁg\ g&\g
g
THR T HTE CHR O

ARAI
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B Whader fasseoxec

User/Driver Feedback Form
FETEA/gEAT PEdd Wi

Useafriver Name: _Slfheit] Blon
Vebicle Driven:_Planglo Faipuge, ()3

How would you rate the overall experience of driving a retrofitted elecric vehicle (EV)?
3 ¥0)-fres gafdeas arg (BV) 96 S W SFUA 61 5 Sfid
o Riding experience us compared to ICE vehicle (§U1 aTget @1 et 3 ward @ siva)
© Notas good as ICE vehicle
o Similar to ICE vehicle
o Botter than ICE vehicle

Comfort (3RTH)

© Notas good as ICE vehicle
o™ Similar o ICE vehicle

o Better than ICE vehicle

Range (¥51)

o Comparatively Low

o~ Suflicient

o Need more for daily commute

o Acceleration and Top speed (VT 30 7fR)
" Notas good as ICE. yohicle
o Similar to ICE vehicle
© Better than ICE vehicle

+ Driving experience on Gradient surface (802 48 W Grefdn 1 or@)

o Not.as good as ICE vehicle (e mort gowte for iy owtns)
o Unable to sustain with pillion
o Similar o ICE vehicle
o Better than ICE yehicle

* Gear shifting in case of 3-wheelers (Rafeean argeit 3 mrat # firee fRifeién @t s
o Notas good as ICE vehicle
o Similar to ICE vehicle
s Btor than ICE vhicle
o Any other (please specify)

Uscr/Driver Feedback Form
IR/ Piads Bl

5. Did you experience any issues with the charging system in reference (0 the charging time
taken?

i1 ] # enfifn Reveee 3 e fredt s w1 orgera e &1 anfln 7 e aren
T

2-Wheeler (2-0fee1 arg)

o Charging happens o0 slow

o Normal Charging time

o Need fast charging at home

o Any other

3-Wheeler (3-fQa1 dg)
o Charging happens too sloyw
'o-Normal Charging time ( & =6 bt
o Need fast charging at home
o Any other
6. How confident do you feel to solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?
ICE a1get & el & arg= g wad aig W g% fbdl o St e ) ge B
3 3 e smRd TegE aRd #
o~ Confident to only solve minor mechanical issues
o Confident to solve minor electrical issues also
e Need training to solve minor clectrical issues
o Not confident

~

How would you compare finding the local mechanic for vehicle maintenance as compared
1o that of conveational ICE vehicle?
1 TR S A @ e A veva ¥ g vt A6 el @
O B B
o Easy to find
leed to search at multiple locations
«o—Local mechanic avoids to handle Electric vehicle maintenance

=

Will you consider using retrofitted electric vehicle for your daily commute?

wmmwﬁmmmmmmmwm

o Maybe
o Yes

User/Driver Feedback Form
IEdlggaT Pigds wi

2. How safe do you feel while driving an EV as compared to an ICE Vehicle?
1CE arge! @ et 3§t v e i fover i e wRd €

o Feels unsafe
o Feels safe
o Will be better if additional safety is provided (please specify)

3. How would you rate the battery range of retro-fitted EV w.r.t daily travel noeds in Delhi
NCR?
i el il 3 AR aen siazudarsl & Hey F 3. fes & @ o Ww
e 3 B
2- Wheeler 3-Wheeler
2-ufga arg 3ufRurargt

Too Low Sufficient ‘Need more Too Low Sufficient Need more
qEaIn | i dRafee | agden | wiw Ry |

Go1oe

Fan yame
W ofhivet
ot e
M{ aa
120150 )
Sweid ke
o vild.

-

. How convenient was the charging process?
i wfban ot glaunre u
2-Wheeler (2-fRa a18T)

o Difficult

o Complicated

o Ensy

o Any other
3-Wheeler (3-9feaT ag)

o Difficult
o Complicated

o sk pkNal gy Sbtebn v Centgh g

User/Driver Feedback Form
SIUANTFAIZIZAT Pgdeh wie

9. Did you notice any sudden drop in SoC afler certain level of SoC drain?
R I SoC T A R 3 TH G F 913 SoC H Syarw B fivrae 3l
o 2-Wheeler (2-fd41 arg)
WA

o 3-Wheeler (3-ufgan arg)
o

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy scason)?
a1 o v dvan Rl s, il ok avara & i) & e md g B
T R I T SR

SO

11, What additional featurcs do you think should be integrated with the vehicle for improved
driving experience?

ﬂﬁmammmﬁmmﬁmmmmmm

O WiV b bolby )} kot deng it cligglogal a0 Peokbund .

12. Did you encounter any issucs while driving the vehicle?
T D) AT I T (6 S 1 W S S

® lunkaie Joidid A b0 ovts cucqnt Dive
® Sechans & 0= D o alio cla

13. Any additional comments or observations you would like to suggest?
g sifofa fouadfl an sraeiia ot o garn R
) ot D |

Signature

]
i
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Q- tohedar (’M&’:Jt(_

User/Driver Feedback Form
IuTEd/gIga Pede T

User/Driver Name: Quzmai &‘gk b-

Vehile Driven:_Plggs Eﬁﬁ{»;;’u & (5)3)

1. How would you rate the overall experience of driving a retrofitted electric vohicle (EV)?
31 ¥Q-fres gafdee ate (V) 9e & U0y SFHa &) &8 b
 Riding expericace as compared o ICE vehicle (§31 gt &) el  6ardl a1 o)
o Not as good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle

o Comfort (3IRTH)
o Not as good as ICE vehicle
o~ Similar to ICE vehicle
o Better than ICE vehicle

o Range (¥o1)
o Comparatively Low
L Sufficient
o Need more for daily commute

« Acceleration and Top speed (@RUI 31X TfR)
a~"Not as good as ICE ehicle
o Similar to ICE vehicle
o Better than ICE vehicle

« Driving experience on Gradient sufuce (IS0 e U Srafd a1 o)
e Not as good as ICE vehicle (1o~ plttvpin Valyovuaa ).
o Unable to sustain with pillion
o Similar to ICE vehicle
© Better than ICE vehicle

« Gear shifting in case of 3-wheelers (Ffan arg= & wrret 3 fivee fufte 1 argvia)
o Not as good as ICE vehicle
o Similar to ICE vehicle
o~ Better than ICE vehicle
o Any other (ploase specify)

User/Driver Feedback Form
IqATwAIgIEaT BEdE i

Did you experience any issues with the charging system in reference to the charging time
taken?
i e 7 el Rien 3 e Rl e @t srva a1 il 3 e aren
W

2-Wheeler (2-fR41 A1)

o Charging happens too slow

o Normal Charging time

o Need fast charging at homo

o Auy other

3-Wheeler (3-89 A1)

o Charging happens too slow

‘e Normal Charging time ( 6 bt 7
o Need fast charging at home

o Anyother

o

How confideat do you feel 1o solve any minor issue that ocearred in the vehicle while
driving, as compared to that of ICE Vehicle?
ICE g &) e # argt T @iy arg o g€ el oft @1 wen ot gt v
1 T 1A o B 87
= Confident to only solve minor mechanical issues
o Confident to solve minor clectrical issucs also
«o” Need training to solve minor electrical issues
o Not confident

7. How would you compare finding the Tocal mechanic for vehicle maintenance as compared
o that of conventional ICE vehicle?
0 yruRe gHE aga @1 qern # g veved ¥ Ry ekl 3R ged @
T HA B
o FEasy to find
"Need to search at multiple locations
e Local mechanic avoids to handle Elcctric vehicle maintenance

8. Will you consider using retrofitted electric vehicle for your daily commute?
a1 o 3 R s & i Yafhes safdee aie @1 9w aA W fER

User/Driver Feedback Form
AN/ FrEdE BT

2. How safe do you feel while driving an EV as compared to an ICE Vehicle?
ICE a5 0t e 7 €t St ¥ i R geitia wew o 87
o Feels unsafe
o~ Feels safe
o Will be better if additional safety is provided (please specify)

-

How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?

10 el o 3 e o srasasansit F ddy 73052 §d @ el @
T H BN
2 Wheeler 3-Wheeler
2-ufR arg 3R g

Toolow | Sufficient | Needmore | TooLow | Sufficient | Need more
| agaon | i dRafRy | agadn | wia SR AfRe
SVK.,(;.,J Lo of
vungt | e 15Dl
- Qo A00 A [pEe thepd
*sul,.!bv"A Con Bt &
b iy |90ed varge
qoac s g1 gl

read

4. How convenient was the charging process?
e gD U

2-Wheeler (2-feU dig)

o Difficult

o Complicated

o Easy

o Any other

© 3-Wheeler (371301 a16)
o Difficult
o Complicated
o Easy

o Any other ,,AMI&‘—‘J&%MMJA_&‘;&L&M%‘U)

.

AR S

User/Driver Feedback Form
TR/ FEdw W

9. Did you notice any sudden drop in SoC after certain level of SoC drain?
T I SoC 3 T AT TR & a1 OF & a1 SoC H S B¢ fivrae 3l
o 2-Wheeler (2-UfET aT6)
NA

o 3-Wheeler (3-9f1 a1g)
Do

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy scason)?
et fafir s Rufiat @&, mif i awama & wivem) & RE T I B
T SR I T W A SR 2
NO:

11, What additional features do you think should be integrated with the vehicle for improved
driving experience?

e faraR & AeeR IR o o argt 3 a4 A sifofa gt o arfl
gy

12. Did you encounter any issues while driving the vehicle?
RN ST AT et T Rl st W e wen

(ORI 2 N decop W ent Cpeoflan set Lud alies wgald

M rbea wo (dudd

13. Any additional comments or observations you would like to suggest?
B¢ i Rugll ar sraciie ol sy g @A
© ol podde o sud of 0-SClghe 4
” T ;

Place:
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3-wheeler cargo

9-ohedar m o

User/Driver Feedback Form
SRTHAIGRAR. i W

User/Driver Name: Lm;;.MAaL

Vehicle Driven: _ﬁagaf.z_[aﬂu_fhll- )
f

How would you rate the overall experience of driving a retrofitted clectric vehicle (EV)?

341 ¥Q)-5s T AT (EV) TR &5 TR M B R

Riding cxpericnce as comparcd to ICE vehicle (% g @ qereil H arld @1 siva)
@ Notas good as ICE vehicle

o Similar to ICE vehicle

o Better than ICE vehicle

Comfort (3RTH)

o Not as good as ICE vehicle
o Similar to ICE vehicle

o Better than ICE vehicle

Range ()
o Comparatively Low
o Sufficient
o Need more for daily commute CASO Fwige)

Acceloration and Top speed (@RUT 31 71fa)
o Not as gaod as ICE yehicle

e Similar to ICE vehicle
o Better than ICE vehicle

Driving expericnce on Gradient surface (AfSte Teig W grsfan &1 3ipa)

o Notas good s ICE vehicle

o Unable to sustain with pillion
o~ Similar to ICE vehiclo

o Betier than ICE vehicle

Gear shifting in case of 3-wheelers (fufan argeil & et 7 i R @1 o)
o Notasgood as ICE vehicle

o Similar to ICE vehicle

o Better than ICE vehicle

o Any other (please specify)

MWMM,NJLQMM_
lemw\ tnaudth bon,

AR I

User/Driver Feedback Form
ITAEAl/gRa REdd wH

Did you experience any issues with the charging system in reference o the charging time
taken?

a1 e e o ol Rreen & Rl e w1 srgvia R &1 anfdfn 3 oo aren
ww

2-Wheeler (2-9f¢T1 16

o Charging happens too slow
«#Normal Charging time

o Need fast charging at home

o Anyother

o 3-Wheeler (3- qﬁmm
o Charging happens (00 slow
e~ Normal Charging time (T bws )
o Need fast charging at home
o Any other
How confident do you feel to solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?
ICE @11 ) e & argel e 3 dlg A g% el 4 @) s 1 g
B 10 R A1 T B @7
o Confident 1o only solve minor mechanical issues
o Confident to solve minor electrical issues also
& Need training to solve minor electrical issucs
o Not confident

Es

7. How would you compare finding the local mechanic for vehicle maintenance as compared
1o that of conventional ICE veicle? )
i aruRe S arg @ e A are veve ¥ fog wrla bR ge @t
T R T
o Easy to find
Need o scarch at multiple locations
™ Local mechanic avoids to handle Electric vehicle maintenance

§. Will you consider using retrofitted electric vehicle for your daily commute?
1 310 H A T ¥ forg W gafdee argd b1 Su @ W fAER
w
o No
o Maybe
6 Yes

IR HTE

User/Driver Feedbuck Form
FRNTHAVZFR Pisdd Wi
2. How safe do you feel while driving an EV as compared to an ICE Vehicle?
1CE gt % el 3 €t e s a1y R i wev wea €2
o Feels unsafe

\o~Fecls safe
o Will be better if additional safety is provided (please specify)

3. How would you ratc the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?

1 feeht it 1 e i snasualal F d A 30 f6es 6 @ ded Wl
TR B8 ¥l
2- Wheeler 3-Wheeler
2-vfga A JufRararg

Too Low Sufficient Need more Too Low Sufficient Need more

dgaen | wiig Rafy | agaen

Suficint | Ned yange

Yo (S \VO o
= _ g A A010D | Fan @i
WP gt for

o dodly coreraH..

4. How convenicnt was the charging process?

=it wfbansss e gl
* 2-Wheler (2-TfeT1 aT6)

o Difficult

o Complicated

o Easy

o Any other
o 3-Wheeler (3-ufgar ag)

o Difficult

o Complicuted

vn’/\ny other ftﬁ‘%uwﬂ&\@k&l_&dﬂa!&o_qufgm@ﬂ%)

I i

ARAI

User/Driver Feedback Form
ITNITHAIZAT Pede Wil

9. Did you notice any sudden drop in SoC after certain level of SoC drain?
1 SoC & U Pl T & e 61 & 41 SoC H SrarTe i urae ey
o 2-Wheeler (2013201 dg)
IS

o 3-Wheeler (3-f321 18
—Ho-

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy season)?
w1 i fafte sk fufaedt @, ﬂmmﬁmta\mem
T SR ) TR T B SR
o

11, What additional features do you think should be integrated with the vehicle for lmplowd
driving experience?

gwammﬁnmﬁmmwﬁammwwm
B 6t huer noild e auallells
_@_EM&_ALW

an
4 S aAheld W A&')\n\.;‘

12. Did you encounter any issues while driving the vehicle?
wm@mmmmmmmmm

_qaa MMW e axes it CH

13. Any additional comments or observations you would like to suggest?

sifefea fewft a1 sieiltare 5t o gaFn iy
TV 00 tnih < 2 %rj}, & Ny

Placc:

Signuu%ﬁ 3
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e

User/Driver Feedback Form
IR BEdE why

UseafDriver Name: Qevenda _51'_,51\
Vehicle Driven: _2&59,‘_(5%,_(1&]‘1‘)

How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?

51 Q-5 s gafded A (EV) FeF & g oFTHa B B stk

Riding expericnce as compared to ICE vehicle (¥ 1671 @1 el 7 Wardl o1 3rgar)
o Notas good as ICE vehicle

& Similar to ICE vehicle

o Better than ICE vehicle

Comfort (3fRTH)

o Not as good as ICE vehicle
~o™ Similar to [CE vehicle

o Better than ICE vehicle

Range (¥1)
o Comparatively Low
o Sufficient
™ Need more for daily commute C12.0+ 180 )

o Acceleration and Top speed (GHRVT 3 TfR)
o Notas good as ICE vehiclo
o~ Similar o ICE vehicle
o Better than ICE vehicle

o Driving experience on Gradient surface (IS0 a8 W SIEfaN 1 3a)
o Not as good as ICE vehicle
o Unable to sustain with pillion
o Simila to ICE vehicle
© Better than ICE vehicle

Gear shifting in case of 3-wheelers (RNfen argetl & wmat # v fuftien o1 sy
o Not as good as ICE vehicle
o Similar to ICE vehicle
© Better than ICE vehicle
o Any other (ploase specify)

boudl ‘-mh 3 b

User/Driver Feedback Form
YRR Bsdd wist

5. Did you experience any issues with the charging system in reference to the charging time
taken?
A e A il Rieen 3 wre Rl et ot siqaa R @ 1-anfin 3 e aren
ww
o 2-Wheeler (2-Ufgn arg)
o Charging happens (00 slow
© Normal Charging time
o Need fast charging at home
o Any other

o 3-Wheeler (3-0f01 agT)
o Charging happens too slow
o~ Normal Charging time (<6 Yw)
o Need fast charging at home
o Anyother 8N N\
6. How confident do you feel to solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?
ICE aTgH @ el # alg Jerd Ty drgd @ ge bl 1 S5 wwen & ga s
H o1 s s weE avd &
& Confident to only solve minor mechanical issues
o Confident to solve minor elegtrical issues also
" Need training o solve minor clectrical issucs
o Not confident

7. How would you compare finding the local mechanic for vehicle maintenance us compared
to that of conventional ICE vehicle?
31 YRR I AT @ qer # are YevEn @ i vt 15Re e B
T B8 HE

o Easy to find
& Nead to search at multiple locations
@~ Local mechanic avoids to handle Electric vehicle maintenance

8. Will you consider using retrofitted clectric vehicle for your daily commate?
1 3 A 3 sanT ¥ e Xfee s sl are @1 Sual a8 ) R
Fh

o No
o Maybe
6 Yes

User/Driver Feedback Form
IRNAgIgaR Pisded Wit

2. How safe do you feel while driving an EV as compared to an ICE Vehicle?

(CE e @ gl A § s e i R SR e v 87
o Feels unsafe
o Fecls safe
o Will bo better if additional safety is provided (please specify)

3. How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?

im0 el wrRam 7 3fYe win sirazus el & dau 7 Y31 s Sl # ded W

Ui HA B8
2- Wheeler 3-Wheeler
2-ufg A safgaraw

Too Low Sufficient Need more Too Low Sufficient Need more
e 3

| aga®w | waiw dRafy | agaen

e "‘{ Nesd) mon
o 0 .
oo | YO0
Fun g 120\ L0
romedy | b g o
aduied - i daily
(emer-se.

4. How convenicnt was the charging process?
un

2-Wheeler (2-Tfga1 1)

o Difficult

o Complicated

o E

o Auy other

3-Wheeler (3-Tf aTg)

o Difficult

o Complicated

o Easy
6 Any other Mdﬁm%ml:m)

User/Driver Feedback Form
SUARTERAIEEA PEds W

©

Did you notice any sudden drop in SoC after certain level of SoC drain?

1 9 SoC B U@ A TR B WeH 91 ¥ a1g SoC A srarn g frerae 2y
2-Wheeler (2-fg1 dg)

A

3-Wheeler (3-1fg01 ag)
Ho.

10, Did you notice any difference while starting & driving during different weather conditions
{Cold, Summer & Rainy season)?
w1 o fafva e fRufert (&3, mif iR e % sivm) ¥ 2R T O B
T R ) T e ofR
Mo

11. What additional features do you think should be integrated with the vehicle for improved
driving experience?

10 Fre @ A g orgva ¥ forg e A o ot ol gfawd ) s

=g
D bean Shilke Srodd LMWM
ng_-hmp_i_H ( shodd b Aisplosed.

12. Did you encounter any issucs while driving the vehicle?
1 S ATE el T bR T 1 W B uen
Mo

13. Any additional comments or obscrvations you would lik to suggest?
I i ol ar sraehet o sy e wri
MO

Place:

Signature: z}';‘. Qﬂf
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- wheler targo

User/Driver Feedback Form
M STARTHANGZAT FEdF F
User/Driver Name: _ﬁ_ﬁmi
Vehicle Driven: __flag 1)

1. How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?
0 ¥ Fafde a1e (V) TelR & §y oFpHa B B8 sy
o Riding expericnce as compared to ICE vehicle (§471 T8 381 e ¥ HaR W1 Sfa)
o Not as good as ICE vehicle
o Similar o ICE vehicle
o Better than ICE vehicle

o Comfort ()
o Notas good as ICE vehicle
o~ Similar to ICE vehicle
o Better than ICE vehicle

* Range (%)
o Comparatively Low
o Sufficient
Lo~ Need more for daily commute (i20 =13@¥wmpe)

o Acceleration and Top speed (0T AR 7IfR)
o Notas good as ICE. yehicle
Lo~ Similar o ICE vehicle
o Better than ICE vehicle

o Driving expericnce on Gradient surface (Af3Q2 Heig W GIgfb 1 sigaa)

o Notas good as ICE vehicle

o Unable to sustain with pillion
‘o Similat to ICE vehicle

o Better than ICE vehicle

o Gear shifting in case of 3-wheelers (fufean are=t & wmat 7 firas ffen a1 s
o Not s good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle
o Any other (please specify)

) el brow-

hovelbs

I T IHTE

ARAI

User/Driver Feedback Form
FyaTE/gIgaT Pisde wid

5. Did you experience any issues with the charging system in reference to the charging time

taken?
o1 e & afofn R 3 v et e a1 ofova faan 81 anfSfin Y ot are
Eiuuil
o 2-Wheeler (2-Ufar arg)
o Charging happens too slow
o Normal Charging time
o Need fast charging at home
o Any other

o 3-Wheeler (3-0fR1 aET)
o Charging happens too slow
e~ Normal Charging time (<~ bns)
o Neod fust chorging ot home
o Any other

6. How confident do you feel 1o solve any minor issue that oceurred in the vehicle while
driving, as compared to that of ICE Vehicle?
1CE a@lg @) gl ¥ arg aara ey arg g€ el oft @181t wvren @) ga
A 319 e S weg v 8
o~ Confident to only solve minor mechanical issues
©_Confident to solve minor cleetrical issues also
e Need training to solve minor electrical issues
o Not confident

7. How would you compare finding the local mechanic for vehicle maintenance as compared
10 that of conventional ICE vehicle?
i graRe oS aigd @ e A digd v ¥ e wiEfly 6RE get @
g B8 T
o Easytofind

o Need to scarch at multiple locations
\_o~"Local mechanic avoids to handle Electric vehicle maintenance

8. Will you consider using retrofitted electric vehicle for your daily commute?
1 310 A 2 ST e Wfthes gafdce digd @ Sud B R R
Loy
o No
o Maybe
o Yes

User/Driver Feedback Form
IHEgEaT Wade Bl

2. How safe do you fecl while driving an EV as compared to an ICE Vehicle?

1CE g 3 o 3 € 1 v i fiven b e ed &
o Fecls unsafe
o Fecls safc
o Will be better if additional safety is provided (please specify)

3. How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?
i el il A 2 aen sravasmars & w18 & 9 ded Y @1
I $4 B
2- Wheeler 3-Wheeler

2-ufja arg 3. A
Too Low Sufficient Need more Too Low Sufficient Need more
| agdawn | g dRafy | agaew | wia i ey
Sofficect | Porg o
vairgs of | \ee- (20

Bo-teo | e,
= — - = Falted) pC. i

vequived
fo met
do'y ruds

4. How convenient was the charging process?
<t fiba e fen g un
* 2-Wheeler (2-1fR1 aT6)
o Difficult
o Complicated
o
o Any other

o 3-Wheeler (3-uf arg)
o Difficult

o~ Any other 1 Beval )

Uses/Driver Feedback Form

IRATAIgEaT Pade ol

9. Did you notice any sudden drop in SoC after certain level of SoC drain?
T I SoC F U AT v B wH G B A1 SoC S B fivrae 3l
o 2-Wheeler (2-0fga1 a1g)
A

o 3-Wheeler (3-UfRa1 a1
0.

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy scason)?
7 o fafi s Rufel &, i ol e @ wivm) ¥ de g ava
5 SR TG el W B SfeR dEm
N+

11. What additional features do you think should be integrated with the vehicle for improved
driving experience?

gmammmammﬂmmmwmaw

g‘\ﬁfm_hm_\hn&h_,\n ﬁw’ t e T
ety Shod ihoyed on dasbtond

12, Did you encounter any issues while driving the vehicle?
1 U aree @i T A e @ wen ven
140

13. Any additional comments or observations you would like to suggest?

¥ oifaftet Rurdh ar sraei=T o o g Ay
M&Mf_o k€ ki e ;*A%Qxln;n_&il_ua_dﬂm;i{_

Segledd
v

Place:

Sigmursy /}T«/Vi‘
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3 whede Cargo

User/Driver Feedback Form
ITARTFHAIGIGAT FEdF W

User/river Name: _E¥usdion _Em

Vehicle Driven: ngm Mot (7;,7;) (n%g_

How would you rate the overall experience of driving aretrofitted electric vehicle (EV)?

31 ¥Q)-fres gafdea argH (EV) TR & Ty SR B 3 S
« Riding experience as compared o ICE vehicle (1 a6 1 o1 3 Tard @l 3Ha)
o Notas good as ICE vehicle
o Similar to ICE vehicle
e Better than ICE vehicle

Comfort (3RTH)

o Not as good as ICE vehicle
v~ Similar to ICE vehicle

© Better than ICE vehicle

Range (¥51)

o Comparatively Low

o~ Sufficient

o Need more for daily commute

o Acceleration and Top speed (YT AR IR
© Not as good as ICE vehicle
o' Similar to ICE vehicle
o Better than ICE vehicle

o Driving experience on Gradient surfuce (IS0 e W grEfan &1 33

o Not as good as CE vehicle

o Unable to sustain with pillion
& Similar to ICE vehicle

© Botter than ICE vohicle

Gear shifting in casc of 3-wheelers (Rafyan arg1 3 wrd e Riften @1 sipv4a)
o Notas good as ICE vehicle

o Similar to ICE vehicle

o Better than ICE vehicle

< Any other (please spocify)

—&Q—md—d—aﬁu—m>m—‘&“u“@d——; el :

T HR O HE

ARAIL

User/Driver Feedback Form
ITATERERA Ssde i

Did you experience any issues with the charging system in reference (o the charging time
taken?
St e A afd Rreem & e R s ot segera e 1 enfif 3 e arenn
w

2-Wheeler (2-0fR01 a1

o Charging happens too slow

o Normal Charging time

© Need fast charging at home

o Any other

3-Wheeler (3-fR41 dg)
o Charging happens oo slow

o Normal Charging time /S~ hvs)
o Need fast charging at home
o Any other

6. How confident do you feel 1o solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?
1CE @G 3 g1 A arg i g g 3 g e 1 9wt e 1 g@ et
1 3410 R i1 TER IR 8
o~ Confident to only solve minor mechanical issues
o Confident to solve minor lectrical issues also
L& Need training to solve minor electrical issues
o Not confident

7. How would you compare finding the local mechanic for vehicle maintenance as compared
to that of conventional ICE vehicle?
31 urafeE R are 1 gee # argd Tever ¥ foe v A5fRe ¢ed @)
e B8 B
o Easy lofind
" Need to search at multiple locations
& Local mechanic avoids to handle Electric vehicle maintenance

P

. Will you consider using retrofitted electric vehicle for your daily commute?
w1 3 oA A s & forg Yifhes gafde argd 1w 0 W R
£yl
o No
o Maybe
e Yes

RO

User/Driver Feedback Form
IANTFAIGIEA FgdE wy

2. How safe do you fecl while driving an EV as compared to an ICE Vehicle?
1CE a1 @} gt 3 St wree W 3y fae gl Hegw e &
o Feels unsafe
yor Feels safe
© Wil be better if additional safety is provided (plcase specify)

3, How would you rate the battery range of retro-fitted EV w.r. daily travel nocds in Delhi
NCR?

mﬁeﬁwﬁmﬂéﬁwnﬁvm&ﬂtﬁuﬂ%@&%ﬁﬂkﬂﬁm
el Y Ban

2 Whesler 3-Whecler
2.ufRan argt 3-ufar arga

TooLow | Sufficient | Needmore [ TooLow | Sufficient | Need more

i dRafRy | agdwn | wia SR |
Ronge Fs | feme
g\@.\;m‘ \P-\Go
oot ¥ 1
— - Eo — pupt |G Shold|
"8 grwulw‘-

4. How convenient was the charging process?
T R un
2-Wheeler (2-0fRU1 dIg)
o Difficult
o Complicated
o Easy
o Auy other
« 3-Wheeler (3-fga1 a1E)
o Difficult
° Complluled

\)’ Anv other MMW&MK&‘J&M‘L&W)

.

ARAL

User/MDriver Feedback Form
SudAIEISR Pred Wik

©

Did you notice any sudden drop in SoC after certain level of SoC drain?
TSI SoC b G P TR B a1 B8R b @1 SoC W Srard B fivrae
2-Wheeler (2-fg41 d1g)

oA

3-Wheeler (3-Ufal arg)
No-

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy season)?
T 3 R e fRufdl @s, nﬁehzmm%m\méfa\mnmrgsm
g S St aﬁrﬁmaﬂ-’: SR Fan

Jorpds, D dv he g&gﬁmm_mmﬁ
At el wion &ﬂ_\&‘_wﬂ‘ Tt w«ﬂ_b_%
L0vklng,

1. What additiohal features do you think should be integrated with the vehicle for improved
driving experience?

1 00 B R R T 3 o i

DR o i a5 e Tl Arig s vaticle?
1 1D AT T T ) I 1 A B TS
5] mww_@ﬁrtw
& !hk!fq L300 ! whta M &h&ﬂf
daerg TH00s abovt W SSC
13. Any additional comments or observations you would like to suggest?

%’fé?ﬁwﬁmﬁmmﬁma\mmaﬁﬂv
9.

Place:

Signature: 2% 9 mr
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3~ whals Canqo -

User/Driver Feedback Form
IYAIEAgGa Pdd By

User/Driver Name: u;m(u Mart
Vehicle Driven: &q‘gf Masuas (5):2) (o0,
How would you rate the overall experience of driving a retrofitied elestric vehicle (EV)?

0 1S g e (Ev) e & W o 3l 8 i
Riding experience as compared (o ICE vehicle (U1 a8 @ geril 3 drd o1 sigwa)
o Not as good as ICE vehicle
o Similar to ICE vehicle
+.o” Better than ICE vehicle

Comfort (3RTH)
o Notas good as ICE vehicle
e Similar to ICE vehicle
o Better than ICE vehicle

* Range (&)
o Comparatively Low
o~ Sufficient
o Need more for daily commute

o Acceleration and Top speed (RO AR TIfR)
o Notas good as ICE yohicle
<~ Similar to ICE vehicle
o Better than ICE vehicle

« Driving experience on Gradient surface (302 Haig U grgfd o1 s:ya)

o Not as good as ICE vehicle
o_Unable to sustain with pillion
6 Similar to ICE vehiclo
o Better than ICE vehicle

 Gear shifting in case of 3-wheclers (fafeean argt & wmret 7 fR fifGem @1 arpira)
o Notas gaod as ICE vehicle
o Similar to ICE vehicle
o~ Better than ICE yehicle
o Any other (please specify)

—Coty do At botaue ¢ oo geon cloggos.

I IHTE

User/Driver Feedback Form
STARTHRANGZAT FEds FiH

. Did you experience any issues with the charging system in reference to the charging time
taken?
i e o nfof fRreem 3 e Rl e ot orgeva v 1 afdl 8 e aren
R
2-Wheelor (2-fga1 a1 )
o Charging happens too slow
o Normal Charging time
© Need fast charging at home
o Any other

3-Wheolor (3-T81 &)
o Charging happens too slow

o~ Normal Charging time (§ -6\t )
o Neod fast charging at home

o Any other

6. How confident do you feel o solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?
1CE 11 8 el 1 arge e §wd arg # g (i sl iAt-aiet e @t ga ot
31 feT S Wl B &
& Confident to only solve minor mechanical issues
o Confideat to solve minor electrical issues also
g~ Need training to solve minor electrical issues
o Not confideat

7. How would you compare finding the local mechanic for vehicle maintenance as compared
1o that of conventional ICE vehiicle?
31 yRuRe S arg @ qer 1 are veva @ o wrE Rfe e @
Fogikaeaad
o Easytofind
o™ Need to search at multiple locations
" Local mechanic avoids to handle Electric vehicle maintenance

8. Will you consider using retrofitted electric vehicle for your daily commaute?
1 3 o i SiranT Falfdes A &1 Suam A W far
Eauil
o No
o Maybe
o Yes

User/Driver Feedback Form
YR/ Pisdd Wit

2. How safe do you feel while driving an EV as compared to an ICE Vehicle?
1CE a1 Y et 3§t wram T 3 fepern i egE wva €

o Fecls unsafe
\ & Feels safe
o Will be better if additional safety is provided (please specify)

3. How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?
i Rl wrRllam & 3R e sragamars & Hdu i ). fves @ el s
T 3 T

2- Wheeler 3-Wheeler
2-ufgan gt st

Too Low Sufficient Need more ‘Too Low Sufficient Need more

| agaww | wiiw ARy | dgd@n

[Sullicieat | Qo be
vorge ®} | @eod i}
100110 r;;?‘ l‘(.}o Yo
L — N s gy
i§ ok

provided

=

How convenient was the charging procass?
st b fe g U
2-Wheeler (2-0fea 1)

o Difficult

o Complicated

o Emy

o Any other

3-Wheelor (3-fR0 a1

o Difficult

o Complicated

o Easy

o7 Any other N \

g Vedton (ex v )

THRE,

User/Driver Feedback Form
IuEAnTFA/gRaT Pisdd wid

9. Did you notice any sudden drop in SoC aftcr cortain level of SoC drain?
1 310 SoC b G PR TR H G B a1 SoC H S A fierae 3
o 2-Wheeler (2-URu1 arg)
ENRY.

o 3-Wheeler (3-4fRa1 a18T)
Mer L&

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy scason)?

a1 o fafi i Rufl (&, il o s 3 wem) & 2RF T g B
I SR I TR W B ek
Duning  Anomen, Senoued) h Wi bl
wohitly Ud dn bediony Aop it _sagh daicyy,

1. What additional features do you think should be integrated with the vehicle for improved
driving expricuce?

ﬁmammmwmmwmmmwmm

D Sioedord Bieles
D Sy os A

ned . =

12. Did you encounter any issucs while driving the vehicle?
TGB! @ ) G (B e A e g

X o adit due b \owe Yuef Jilsd, bodr afin

g bucale were  woncticq propealy.

13. Any additional comments or observations you would like to suggest?
i sifafa fewol a1 sraelies= ot amg gFT AR
Mo

Place:

Slgll!lm% e

IR T ITE
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2 Loherles Couge.,

User/Driver Feedback Form
IHEAIEEA Reds W

UseefDriverName: __ Prews Yuean
Vehicle Driven k,\g‘ Moy “il‘é)(wjv

How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?

3 ¥)-fres gafdea drg (BV) M & 0 SFUa B H8 S
o Riding experience as compared 1o ICE vehicle (§71 16T @) el 3 wardl w1 ofgeia)
o Not as good as ICE vehicle
o Similar o ICE vehicle
Better than ICE vehicle

« Comfort (317¥)
o Not as good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle

o Range (35
o Comparatively Low
~0 Sufficient
o Need more for daily commute

o Acceleration and Top speed (YT 301 7fY)
© Not as good as ICE vehicle
&~ Similar to ICE vehicle
o Botter than ICE vehicle

o Driving experience on Gradient surface (Af$4e 301 U= gIafd 1 a3
o Notas good as ICE vehicle
o Unable to sustain with pillion
o~ Similar to ICE vehicle
o Better than [CE vehicle
» Gear shifting in case of 3-wheelers (fufean arg=f & mmal 7 fiva RfGdn &1 srpya)
o Notas good as ICE vehicle
o Similar to ICE vehicle
~o-Better than ICE vehicle
_o~Any other (please specify)

'%X 4 dev heeaust of o gua chooiag

User/Driver Feedback Form

IUaWEA/gER Reds W

5. Did you experience any issucs with the charging system in reference to the charging time
taken?
o1 ] 2 enfif Ryees 3 e e e w1 o faran &1 anfin 2 et aren
T
o 2-Wheeler (2-UfRar argH)
o Charging happens too slow
o Normal Charging time
o Need fast charging at home
o Any other

o 3-Wheeler (3-0fR 16
o Charging happens too slow
o~ Normal Charging time € $~6 hv4)
o Need fast charging at home
o Any other
6. How confident do you feel to solve any minor issue that ocourred in the vehicle while
driving, as compared to that of ICE Vehicle?
1CE @t & el & el s arget A g8 el o YA wwven @ g
7 3i1a fbeT S HeH @A &
o~ Confident to only solve minor mechanical issues
o Confident to solve minor clectrical issues also
o~ Need training to solve minor electrical issues
o Not confident

How would you compare finding the local mechanic for vehicle maintenance as compared
to that of conventional ICE vehicle?
3 auRe Si§d g @) e A aiga v % fore wirt Aefe ge @
6T B B
o Easy to find

o~ Need to search at multiple locations

L& Local mechanic avoids to handle Electric vehicle maintenance

8. Will you consider using retrofitted electric vehicle for your daily commute?

1 3 A 2 sranmE ¥ fo Yofbes gafies are @ Swdn @ W RER
kol

o No
o Maybe
o~ Yes

User/Driver Feedback Form
SUARTHA/EER Freds w

2. How safe do you feel while driving an EV as compared to an ICE Vehicle?
1CF a1 @) o 3 $at Tea W a1 e el v e &
o Fecls unsafo
e~ Foels safe
o Will be better if additional safety is provided (pleasc specify)

3. How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?

i el il 3 e arn smavamaal & ddu 1¥0-M2s il A dcd ww
T 359 e

2 Whecler 3-Wheclor
2-ufgar arg 3-ufarargd

Too Low Sufficient Need more Too Low Sufficient Need more
| aga®n | i dRaRy | agaen | i R afgy
fage of
9uv\oo

few g
= [evoracis -

Sopuect

4. How convenient was the charging process?
aifsf wfay e e g un
2-Wheeler (2-fea a1e)

o Difficult

o Complicated

o Easy

o Any other
3-Wheeler (3-ufgen arg)
o Difficult

o Complicated

o Easy

(o~Any other_pdd syl Qmﬁ;% Todieadion . (epugh ;h# )

ARAT

User/Driver Feedback Form
IUANTHAIGEA Pede B

9. Did you notice any sudden drop in SoC afer certain level of SoC drain?
1 31T SoC F 0 Ffia wR & Wl 1 b @1 SoC T i Mrae Tl
o 2-Wheeler (2-0f arg)
NA

o 3-Wheeler (3-ufgar arg
hal)

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy scason)?

aa o fafir v R @s, 7 oIk e & FARE @
T SR ) T W B SR & e

Ser. Dociry wﬂ—hﬂhj_’tnw_m_ﬁ & ogdvo fark.

1. What additional featurcs do you think should be integrated with the vehicle for improved
driving expericnce?

gmamme@m@mﬂmﬁwmwwm
&) O3R! 4w ol } Ul
- ey _on dothbond 1 )M_JMM g Ul

LaWery demp:

—Spaed”

12. Did you encounter any issucs while driving the vehicle?
I U AT el T bR e @ w B g
e

13. Any additional comments or obsarvations you would like to suggest?
1 s el an sraie it o g AR
No

Place:

Signature w
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o w\\ullw_ga_fgL

User/Driver Feedback Form
ITARTEI/EEA Fede

User/Driver Name: _ Khendin $irgle
Vehicle Driven: _&"Q' Mapdime. i:;lg): @90

How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?

1 )-SR aTeT (V) TR & T S B 3 iy
Riding expericnce as compared to ICE vehicle (4 algH @ qer1 #f Ward &1 siua)
o Not as good as ICE vehicle
& Similar to ICE vehicle
o Better than ICE vehicle

Comfort (3fIH)

o Notas good as ICE vehicle
o~ Similar to ICE vehicle

o Better than ICE vehicle

Range (¥61)
o Comparatively Low
\o~ Sufficient
o Need more for daily commute

« Acceleration and Top speed (WY 3R 71fR)
o~ Not as good as ICE vehicle (Speud & 9itkup \bne)-
o Similar to ICE vehicle
o Better than ICE vehicle

« Driving expericnce on Gradient surface (02 i T SIgfn @1 sifa)
o~ Notas good as ICE yehicle ( fickup 4. o ayedieats){loudieg)

o Unable to sustain with pillion
o Similar o ICE vehicle
o Botter than ICE vehicle

o Gear shifting in case of -wheelers (faufan argefi % wdl # v e a1 o)
o Not as good as ICE vehicle

o Similar to ICE vehicle

o Better than ICE vehicle
o Any other (please specify)

TR I

Usct/Driver Feedback Form
AT FrEdE o

5. Did you experience any issues with the charging system in reference to the charging time
taken?
o e o wnfofe v & s el e a1 e v 1 il A e aren
Ha?

2-Wheelor (2-fea1 ae)

o Charging happens too slow

o Normal Charging time

o Need fast charging at home

o Any other

3-Wheeler (3-7341 a1&°1)
o Charging happens 0o slow
o~ Normal Charging time (*C =6 s )
o Neod fast charging at home
o Any other

How confident do you feel to solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?
1CE TG B g1 7 arg ol awd arg A g8 [l ) S wwen & ga ot
a1y faserT SR TeRE Y &
\o~Confident to only solve minor mechanical issues
o Confident to solve minor electrical issues also
«e”” Need training to solve minor electrical issucs
o Not confident

=

~

How would you compare finding the local mechanic for vehicle maintenance as compared
o that of conventional ICE vehicle?
I TRURS ST are @ qern A A vever ¥ i wrEt A% g ot
el B By
o Easy to find
v Noed to scarch at multiple locations
" Local mechanic avoids to handle Electric vehicle maintenance

o

Will you consider using retrofitted electric vehicle for your daily commute?
£

1 319 0 P AT Fafi® argd o1 U & W fdar

T oI

User/Driver Feedback Form
SRR Rl Wi

~

How safe do you feel while driving an EV as compared to an ICE Vehicle?

ICE aTg @l et 3 €8t wremd wma s e i e e
o Fecls unsafe

s’ Fecls safe
© Will be better if additional safety is provided (please specify)

w

How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?

o e wRfom 7 e ar snagawaral & e A X e 4 ) dcd
e & wn
2- Whcler 3-Wheeler
2:0fa A 3.qfeen gt

“Too Low Sufficient Need more Too Low Sufficient Need more
| @gawy | udfa siRafy | agasn | i e |
fonge o | Weud moce
O oo Yowgo o

Fo it WY 160 Jen

- - L K angels [P Choge
sle b datly
[Vieeds

=

. How convenient was the charging process?
afifn wfar fedr gl un
2-Wheeler (2-URI arge)

o Difficult
o Complicated

o Fasy
S8 Any other

o 3-Wheeler (3-fgn arg)
o Difficult
o Complicated

o Easy
~& Any other Addiuna rmﬁm&%;bm@(m‘u

ARAL

User/Driver Feedback Form
YA/ Pgdd B

9. Did you notice any sudden drop in SoC aftcr crtain level of SoC drain?
a1 310 SoC 3 0 Afla TR % w81 B a1 SoC | srard i e el
o 2-Wheeler (2-UfRH arg)
™MNa

« 3-Whecler (3-Ufgar arg)
NQ .

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy season)?
aur o fafira v FRufdl (&s, il oIk e & divm) % 3RF T O B
Y SR M) e W I SfeR n
—o~

11. What additional features do you think should be integrated with the vehicle for improved
driving experience?
ﬁﬁmﬁiﬁﬂmﬁneﬁwtmmﬂmﬁ!ﬁ sifofea gaud o) o
g
s e NO .

12. Did you encounter any issucs while driving the vehicle?
N G A AR 7 e e 1 e @ v
MMMM&A,:&@_MEM;&'_‘M
05 30C LA, 4y ol oz, U S B RT
13. Any additional comments or observations you would like to suggest?

i aifafiar fowroh ar sraeiies= S oo e g
— 5

QLkvd  sowc
% I

Place:

Signature: P\ G5~

171 TN THIE

ARAI

Progress ihrough Research



Q- whee % (‘,:SE_

User/Driver Feedback Form

ITARFRAIGER FEdE W

User/Driver Name:
Vehicle Driven:

Maaw)

. How would you rate the overall experience of driving a retrofitied electric vehicle (EV)?

1 ¥Q-fre s gafe dre (BV) FeR) & W SFpHa ) $ S
Riding experience as compared (o ICE vehicle (47 1671 1 et H Ward @l 3rgva)
o Not as good as ICE vehicle
e Similar to ICE vehicle
o Better than ICE vehicle

*  Comfort (3RTH)
o Notas good as ICE vehicle
o Similar to ICE vehicle
o Better than ICE vehicle

+ Range (%)
o Comparatively Low
wo” Sufficient
o Need more for daily commule

o Acceleration and Top speed (0T 3R 1fa)
o Notas good as ICE vohicle
6 Similar to ICE vehicle
o Boter than ICE vehicle

o Driving experience on Gradient surface (Af$UC T8 W grEfan &1 afd)
" Notas good s ICE vehicle (Pictup 18« qadients Xlooding
o Unable to sustain with pillion
o Similar to ICE vehicle
o Better than ICE vehicle

 Gear shifting in case of 3-wheelers (fufean arg1 & wra # fas fuftén @1 srsa)
o Not as good as ICE vehicle
o~ Similar to ICE vohiclo
o Better than ICE vehicle
o Any other (ploase specify)

User/Driver Feedback Form
ITARTFRAIERAT FIsdF T

5. Did you experience any issues with the charging system in reference to the charging time
taken?
S e 3 enfife fRveem 3 e farl wvsvea o g o @ 1 anff o e aren
T
o 2-Wheeler (2-0fR41 @@
o Charging happens too slow
o Normal Charging time
o Need fast charging at home
o Any ofher

o 3-Wheeler (3-ufRa1 are)
o Charging happens (0o slow
L~ Normal Charging time('§ ~6Vwv$ >
© Need fast charging at home
o Any other

6. How confident do you feel to solve any minor issue that occurred in the vehicle while
driving, as compared (o that of ICE Vehicle?
ICE aTgH @ g1 H algH aaird o aige # g8 ol 1 S wee & ga et
3o faern e HERE B
4o~ Confident to only solve minor mechanical issues
o Confident to solve minor electrical issues also
" Need traming to solve minor clectrical issucs
o Not confident

et

How would you compare finding the local mechanic for vehicle maintenance as compared
1o that of conventional ICE vehicle?
31 TR SR et @ e W A vever ¥ R wrt AR gt @
et B8 il
o Easy lofind
" Need to search at multiple locations
~5 Local meshanic avoids to handle Electric vehicle maintenance

8. Will you consider using retrofitted electric vehicle for your daily commute?

m%%mtmmmmwmwﬁmﬁm

o No
o Maybe
o Yes

Uset/Driver Feedback Form
IuerEdl/gigaT Pada B

How safe do you feel while driving an EV as compared to an ICE Vehicle?
ICE aget 0 et 7§ i W s Roeen i e ea &

o Feels unsafe
5" Fecls safe
o Will be better if additional safety s provided (please specify)

w

How would you rate the battery range of retro-fitted EV wr. daily travel needs in Delhi
NCR?

39 foeelt wRftem 3 e upn siravaparsh b wey 7 39-5es & 1 ed e

T $ B¥
2- Wheeler 3-Wheeler
2o A afear T
TooLow |  Sufficient | Needmore | TooLow | Sufficient | Neod more
| dgaew | udiw Rafee | agien | wia ik A
SV W"""
iy o)
o100 6
(Voai
ok .

4. How convenicnt was the charging process?
anfife b s g w

o 2-Wheeler (2-UfRe1 1)

o Difficult

o Complicated

o Emy

o Auyother

3-Wheeler (3-9T341 a1gT)

o Difficult

o Complicated

o Easy
o Any other Mm\_dmeﬂ_&bbn_mq_&mfy_dﬂ?u)

AT ITE

ARAI

User/Driver Feedback Form
STATHRAIIGAT Freda BH

9. Did you notice any sudden drop in SoC after ccrtain level of SoC drain?
1 3T SoC 3 T PR TR 3 et 8N B a1 SoC H SraH® B¢ erae 3k
« 2-Wheeler (2-UfRa1 a&)
MNa

o 3-Wheeler (3-Ufg1 arg)
MNe. 0000000

10, Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy season)?
a3 fafie v fRufd @, il ok avara & s & dRE T O B
Y 3R ) R W I iR
Mo

11. What additional features do you think should be integrated with the vehicle for improved
driving expericnce?

ﬁmammmwﬁmwﬁmmmwwm

ol ¥t o Vouley  pickug lipe. New ko !
2o o0 ¥k iy mtmmgi
by ocal  feadure)  yes -
12. Did you encounter any issucs while driving the vehiclo?
T S0 A el e Fvl) wrsrean 1 W A I3
Neo_Soere Meres \,u%i wito_pnakia dvoed it do
'kn‘)' . (¥orma  Toditoden) ==
13, Any additional comments or observations you would like to suggest?

B s Rwdll i sraeia i s g A

to~uC } le mww

-CS  shoddd be oo

Place:

Signature: %\i&\‘

THRT.

ARA
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o wheeler Cotqo

User/Driver Feedback Form
IR P i

User/river Name: __ Pregs Komaan

Vehicle Driven: _&g‘qw:_(aﬁu

1. How would you rate the overall experience of driving a retrofitted electric vehicle (EV)?

31 ¥1-f5es gafde aree (BV) FelF b §0H oF{Hd B B Fibi
« Riding experience as compared to ICE vehicle (47 aTg= a5t e ¥ Fardl 1 oFjHfa)
© Not as good as ICE vehicle
o™ Similar to ICE vehicle
o Better than ICE vehicle

*  Comfort (HRTH)
o Notas good as ICE vehicle
5 Similar to ICE vehicke
o Better than ICE vehicle

o Range (550)
o Comparatively Low
o~ Sufficient
o Need more for daily commute

o Acceleration and Top speed (0T 3 TIf)
o Not as good as ICE vohicle
o~ Similar to ICE vehicle
o Better than ICE vehicle

« Driving experience on Gradient surface (A3 Jae W G ®1 3i7Ha)

¥ Not as good as ICE vehicle
© Unable to sustain with pillion
o Similar to ICE vehicle
o Better than ICE vehicle

* Gear shifting in case of 3-wheelers (Fafen arg=1 & wrral 3 fra fiftien @1 sy
o Notasgood as ICE vehicle
o~ Similar to ICE vehicle
o Better than ICE vehicle
o Any other (please specify)

U HR T HIE

ARAI

User/Driver Feedback Form
FyRHAIIFAT Fredw i

5. Did you experience any issues with the charging system in reference to the charging time
?

taken?
1 1 el o anfofr fRreen @ e R e w1 sipva R 1 =il 3 e aren
Rl

o 2-Wheeler (2-ufga are)
© Charging happens 100 slow
© Normal Charging time
o Noed fast charging at home
© Any other

o 3-Wheeler (3-ufed )
o Charging happens too slow
o Normal Charging time (' $7-4 o))
o Need fast charging at home
o Any other

6. How confident do you feel to solve any minor issue that occurred in the vehicle while
driving, as compared to that of ICE Vehicle?
ICE A6 &) et 3 a1 etk wwa arg # g% (et ot S8 s & ga o
B 30 T SR TR T &7
L Confident to only solve minor mechanical issues
o Confident o solve minor electrical issues also
o Need training to solve minor electrical issucs
o Not confident

~

How would you compare finding the local mechanic for vehicle maintcnance as compared
o that of conventional ICE vehicle?
i RuRe S ares ot qor 7 A veva @ g wirt i e @t
T P BN
o Easy to find
™" Need to search at multiple locations
e—Local mechanic avoids o handle Electric vehicle maintenance

8. Wil you consider using retrofitted electric vehicle for your daily commute?
1 31 A A S ¥ g Al A w1 I B L RE
Eaul
o No
o Maybe
w—Tes

User/Driver Feedback Form
IqAIHdIfgEa Peds

How safe do you feel while driving an EV as compared to an ICE Vehicle?
ICE g &) gt 3 el eramet v o e Sgefiie e wva
o Feels unsafe
va” Feels safe
o Will be better if additional safety is provided (please specify)

w

How would you rate the battery range of retro-fitted EV w.r.t daily travel needs in Delhi
NCR?

i fereel grflair & 2 ar sazamaal & Tau - & 9 ded Y a1
Hedlie B
2- Wheeler 3-Wheeler
2-ufRa e+t 3. ag

Too Low Sufficient Need more Too Low Sufficient Need more
wufi

qEATN | wfe dRafRy | agden

Svlficial
iz
- 100
e Loy
W ele

=

How convenient was the charging process?
i b v un
2-Wheeler (2-UfR41 dlg)
o Difficult
o Complicated
o Easy

o Any other

3-Wheeler (3-07¢01 4167)
o Difficult
o Complicated

o Easy
<6 Any other_AddiMe,.o Qmﬂ"‘f dicahon vy Cercopt Clage)

User/Mriver Feedback Form

ITARRA/gREAT e i

9. Did you notice any sudden drop in SoC after certain level of SoC drain?
T T SoC F T Fifla v F wet 9 ¥ a1 soC ¥ srari@ oY firrae 3
o 2-Whoolor (2-fa arg)
™A

o 3-Wheeler (31801 a1)
YT —

10. Did you notice any difference while starting & driving during different weather conditions
(Cold, Summer & Rainy scason)?
a1 3o fafr wivem Ryl @&, i ok arera & wivam) ¥ A M R
Y SR I ) G B e
Mo .

11. What additional features do you think should be integrated with the vehicle for improved
driving expericnce?

mary%;ﬁanﬂim%m#ﬁumﬂﬂwzﬂmﬂﬁw@nﬁ@mﬁ
Mo .

12, Did you encounter any issues while driving the vehicle?
1 D) e aer) T A e @ R ugn
Mo -+

13. Any additional comments or observations you would like to suggest?
fRurtht u sraciia= o s e AN
MO .

Place:

Signature: %{_\/E’!
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11.2 Pollution Reduction Potential
SECTION 30

e 2W Solution 1 parameter

W ura wor A s
% Governmentof India  Niti Aayog Y M | SkiptoContent & | A- A A+| Q  Screen Reader Access » 11 [l
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Figure 109 Input Parameter values to calculate PRP of 2-Wheeler (Sol. 1)
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e 2W Solution 2 Parameter
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e 2W Solution 3 Parameter
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e 3W Passenger Solution 1 Parameter

W wra war Hfir amdm

@5 Govemment of India  Niti Aayog g B SkiptoContent & | A- A A+ | Q| ScreenReader Access b Il [l

- ol LAt LS

. Going Electric v E-Mobility Businesses ~ Tools ~ Charging Map ~ Resources~ Support > A Share Your Content
[+

Should I shift to electric vehicle?

Vehicle Segment @ ?;Fl;zpanng Vechicle Fuel o g—__y
Journey Distance @
45

Journey Frequency @ Monthly

CO2 emissions factor @ 113.5

Annual Journey Distance © 5400
Comparable EV Battery o
Capacity
.Bartery needed for total o I
journey
)
Lifecycle of the Vehicle @& - years |
.

Calculate

) v
km
km
kwh EVRange ©
KWh ]I(Ee:itt:;rrichy CO2 emissions

Figure 115 Input Parameter values to calculate PRP of 3-Wheeler (Sol. 1)

e 3W Passenger Solution 1 output

W wra IR <Fifer s
& Government of India  Niti Aayog 7 B | skiptoContent & | A- A A+ Q| Screen Reader Access b Il Il

st Wty FsteSos s Tanaporation

‘ Going Electricv  E-Mobility Businesses~  Tools~  ChargingMap~  Resourcesv  Support~ A Share Your Content

1S a global problem, but you can be & part of the solution. CUZ emissions Lalculator helps In calculating the talilight émISSIons Trom a conventional venicle as- « - - - .
compared to an EV. It also calculates CO2 emissions abatement if a person switches from a conventional Vehicle to an EV. e,

How much will | save?

C02 emissions reductions during the lifecycle of the vehicle 0.72 tonnes.

\?::\zici“ issions from conventional 0.37 €02 emissions due to electric vehicle

Annual CO2 emissions savings by 0.72 CO02 emissions reductions during the
opting EV . lifecycle of the vehicle

Start a new Calculation

Figure 116 CO2 emission reduction of 3-Wheeler (Sol. 1)

177 TN THIE

ARAI

Progress thraugh Research



e 3W Petrol Parameter
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e 3W Diesel Parameter
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Figure 119 Input Parameter values to calculate PRP of 3-Wheeler (Sol. 3)
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Figure 120 CO2 emission reduction of 3-Wheeler (Sol. 3)
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11.3 Vehicle Trials Test Data Result
SECTION 31

Test Objective:

e Run trials on retro-fitted 2-Wheelers and 3-Wheelers to assess performance of retro- fitment
kits.

e Find suitability of retro-fitment kits for the category of vehicle intended, primarily with
respect to power requirements.

Test Outcomes:

e Sizing requirements for 2W scooter, 2W motorcycle, 3W passenger and 3W cargo vehicle
categories.

e Identification of key areas of concern with regards to functioning of retro-fitted vehicles.

11.4 Vehicle Category: 2-Wheeler Scooter

2-Wheeler Scooter Kit Specifications:

Battery Capacity
Solution 1 | Solution 2 Solution 3
Manufacturer GoGoAl Nettoyer Mechatronics
Rated
Motor Power(kW) 1.2 2.03 2.0
Power Peak
Power(kW) 2.3 3.51 3.0
Battery Capacity 72V 40Ah | 72V 35Ah 60V 42Ah
Charger Capacity 72V 10A 72V 10A 60V 6A

Table 66 2-Wheeler Scooter Kit Specifications

Table 66 summarises the specifications of kits for each solution of 2W scooter as specified
by the manufacturer/provider.

Summary of 2-Wheeler Scooter Tests (Loaded Condition):
Duty Cycle for a Power Range: The term indicates instances of power that fall within the given

power range as a percentage of total instances captured. Power utilization at most instances
should lie below rated power for ideal sizing.
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Loaded-With Pillion (70 kg)
Solution 1 | Solution 2 | Solution 3
Max Current(A) 53 85.8 79.6
“Duty Cycle (Rated Power
to Peak Power, %) 22.11 536 2.51
Avg Power(kW) 1.16 1.21 1.08
Power
Max Power (kW) 3.42 3.8 3.48
Avg Speed(km/h) 30.23 34.82 33.87
Speed Max
speed(km/h) 53 67 56
Range (kms, for SoC drain i i i
from 100 to 20%) 95-100 80-85 55-60
Table 67 Performance Summary of 2W Scooter
for all 3 Solutions (Loaded Condition)
Summary of 2-Wheeler Scooter Tests (Non-Loaded Condition):
Unloaded
Solution 1 | Solution 2 | Solution 3
Max Current(A) 48 79.6 69.9
“Duty Cycle (Rated Power to
Peak Power, %) 19.49 5.00 1.27
Avg Power(kW) 1.04 1.12 0.92
Power
Max Power (kW) 3.39 3.6 4.06
Avg Speed(km/h) 32.82 36.00 33.93
Speed Max
Speed(km/h) 53 7 56
Range (kms, for SoC drain i i i
from 100 to 20%) 105-110 90-95 65-70

Table 68 Performance Summary of 2W Scooter
for all 3 Solutions (Unloaded Condition)

Observations:

e The peak power requirement, observed in Table 66, during testing of all the vehicles in 2-
wheeler scooter category was found to be close to 3.5kW.

e For rated power of 2kW in Solution 2 and Solution 3, as seen in Table 67, duty cycle below
rated power is 94.6 % and 97% respectively. Whereas, for solution 1 the duty cycle below
rated power is less, indicating the motor is slightly undersized.

Recommendations:

Based on above observations, following recommendations for 2W scooter can be made:
e The recommended peak power range is 3.5-4.0kW.

e The recommended rated power range for this category is 2-2.5kW.
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11.5 Vehicle Category: 2-Wheeler Motorcycle

2-Wheeler Motorcycle Kit Specifications:

Battery Capacity
Solution 1 | Solution 2 | Solution 3
Manufacturer GoGoAl Nettoyer Mechatronics
Rated
Motor Power (kW) 2.0 2.65 2.0
Power Peak
Power(kW) 3.94 5.60 3.0
Battery Capacity 72V 40Ah | 72V 35Ah 60V 42Ah
Charger Capacity 72V 10A 72V 10A 60V 6A
Table 69 2-Wheeler Motorcycle Kit Specifications

Table 69 summarises the specifications of kits for each solution of 2W motorcycle as
specified by the manufacturer/provider.

Summary of 2-Wheeler Motorcycle Tests (Loaded Condition):

Loaded-With Pillion (70 kg)
Solution 1 | Solution 2 | Solution 3
Max Current(A) 63.73 111.0 76.1
*Duty Cycle (Rated Power to
Peak Power, %) 8.48 5.9 12.47
Avg Power(kW) 1.05 1.39 1.32
Power
Max Power (kW) 4.15 6.52 4.10
Avg Speed(km/h) 26.40 36.74 36.59
Speed Max
Speed(km/h) 69 7 3
Range (kms, for SoC drain
from 100 to 20%) 80-85 75-80 50-55
Table 70 Performance Summary of 2W Motorcycle
for all 3 Solutions (Loaded Condition)
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Summary of 2-Wheeler Motorcycle Tests (Non-Loaded Condition):

Unloaded
Solution 1 | Solution 2 | Solution 3
Max Current(A) 60.24 102.0 71.7
#Duty Cycle (Rated Power to
Peak Power, %) 6.89 4.32 7.26
Avg Power (kW) 0.93 1.29 1.16
Power
Max Power (kW) 4.14 6.12 3.83
Avg Speed(km/h) 30.27 38.97 38.07
Speed Max
Speed(km/h) 73 84 70
Range (kms, for SoC drain i i i
from 100 to 20%) 95-100 85-90 60-65

Table 71 Performance Summary of 2W Motorcycle
for all 3 Solutions (Unloaded Condition)

Observations:

e Peak power for the category, observed in Table 69, is close to 4kW for specified kit peak
power at 3.9kW and 3kW in Solution 1 and 3 respectively.

e The observed peak power rises to 6.5kW for specified kit peak power at 5.6kW in solution
2.

e The maximum speed is also higher in Solution 2 as it has higher power rating (from Table
69 and Table 70).

e Duty cycle for region below rated power in all solutions, deduced from Table 69, is
significant; 92 % for Solution 1, 94% for Solution 2 and 88 % for Solution 3.

Recommendations:

Based on above observations following recommendations for 2W motorcycle can be made:

e The recommended peak power is use case specific in motorcycle category. In case of higher
performance requirement, the recommended peak power is 6-6.5kW. For general
requirements recommended peak power is 4-4.5kW.

e Recommended rated power range for this category is 2-2.5kW.
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11.6 Vehicle Category: 3-Wheeler Passenger

3-Wheeler Passenger Kit Specifications:

Battery Capacity
Solution 1 | Solution 2 | Solution 3
Manufacturer 3eVI Mahle
Motor | Rated Power(kW) 3.0 4.0
Power | Peak Power(kW) 6.5 7.0
Battery Capacity (Ah) 48V 100Ah | 48V 200Ah
Charger Capacity 48V 25A 48V 40A | 48V 40A

Table 72 3-Wheeler Passenger Kit Specifications

Table 72 summarises the specifications of Kits for each solution of 3W passenger vehicle as

specified by the manufacturer/provider.

Summary of 3-Wheeler Passenger Tests (Loaded Condition):

Loaded- With Dead Weight (210-240 kg)

Solution 1 | Solution 2 | Solution 3
Max Current(A) 146.75 135.2 143.0
#Duty Cycle (Rated Power to
Peak Power, %) 12.33 6.34
Avg Power(kW) 1.65 2.26 2.77
Power
Max Power (kW) 6.44 7.08 7.10
Avg
Speed(km/h) 27.53 32.74 32.10
Speed Max
Speed(km/h) 52.00 56.00 50.00
Range (kms, for SoC drain i i i
from 100 to 20%) 60-65 95-100 85-90
Table 73 Performance Summary of 3W Passenger
for all 3 Solutions (Loaded Condition)
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Summary of 3-Wheeler Passenger Tests (Unloaded Condition):

Unloaded
Solultlon Solution 2 | Solution 3
Max Current(A) 147.59 147.01 134.05
“Duty Cycle (Rated Power to
Peak Power, %) 3.68 4.53 4.47
Avg Power (kW) 1.05 1.86 2.13
Power
Max Power (kW) 6.91 6.354 6.74
Avg Speed(km/h) 26.88 25.71 27.5
Speed
Max Speed(km/h) 49.00 60 53
Range (kms, for SoC drain i i i
from 100 to 20%6) 75-80 105-110 95-100

Table 74 Performance Summary of 3W Passenger
for all 3 Solutions (Unloaded Condition)

Observations:

e The highest peak power, as seen in Table 72, is obtained in Solution 3 at 7.10kW; with
sufficiently higher kit specified peak power at 10kW.

e The duty cycle for the region below peak for Solutions 1, 2 and 3 are 88%, 94% and 96 %
respectively (from Table 73), indicating ideal sizing for nominal ratings of Solution 2 and
3.

Recommendations:

Based on above observations following recommendations for 3W passenger vehicle can be
made:

e The recommended peak power range for this category is 7-7.5kW.

e The recommended rated power range for this category is 4-4.5kW.
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11.7 Vehicle Category: 3-Wheeler Cargo

3-Wheeler Cargo Kit Specifications:

Battery Capacity
Solution 1 | Solution 2 | Solution 3
Manufacturer 3eVI Mahle Tork
Rated
Motor Power (kW) 3.0 4.0 .5
Power Peak
Power (kW) 6.5 7.0 12.0
) 48V 48V 48V
SELIERY CEREElty 200Ah | 200Ah | 200Ah
Charger Capacity 48V 40A | 48V 40A | 48V 40A

Table 75 3-Wheeler Cargo Kit Specifications

Table 75 summarises the specifications of kits for each solution of 3W cargo vehicle as
specified by the manufacturer/provider.

Summary of 3-Wheeler Cargo Tests (Loaded Condition):

A

Loaded- With Dead Weights (400-425 kg)
Solution 1 | Solution 2 | Solution 3
Max Current(A) 138.79 146.75 160.3
“Duty Cycle (Rated Power to
Peak Power, %) 43.44 8.58 0
Avg Power(kW) 2.76 2.65 2.72
Power Max
Power(kW) 6.23 7.56 7.17
Avg
Speed(km/h) 30.46 33.15 34.17
Speed Max
Speed(km/h) 53.00 57.00 51
Range (kms, for SoC drain
from 100 to 20%) 75-80 95-100 80-85
Table 76 Performance Summary of 3W Cargo
for all 3 Solutions (Loaded Condition)
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Summary of 3-Wheeler Cargo Tests (Unloaded Condition):

Unloaded
Solution 1 | Solution 2 | Solution 3
Max Current(A) 150.2 130.60 149.4
#Duty Cycle (Rated Power to
Peak Power, %) 2381 583 0
Avg Power(kW) 2.02 1.97 1.9
Power
Max Power (kW) 6.87 6.24 6.65
Avg
Speed(km/h) 30.63 34.05 31.17
Speed Max
Speed(km/h) S0 56 °1
Range (kms, for SoC drain i i i
from 100 to 20%6) 90-95 100-105 95-100

Table 77 Performance Summary of 3W Cargo
for all 3 Solutions (Unloaded Condition)

Observations:

The highest peak power for all solutions in this category, observed in Table 75, is 7.56kW.
The rated power for Solution 3 specified in Table 76 is 7kW, which is close to the peak
power observed and way above observed average power of 2.72kW, indicating oversizing.
The duty cycle for region below rated power for Solution 1 (from Table 76) is 56%
indicating under-sizing or inadequate rated power.

The duty cycle for region below rated power for Solution 2 as seen in Table 76 is 92 %,
indicating maximum utilization in this region.

Recommendations:
e The recommended peak power range is 7-7.5kW.
e The recommended rated power range is 4-4.5kW.
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11.8 Test Data Plots

As discussed in 3.8 above, the test vehicles were equipped with DAQ devices for data
monitoring collecting data for the following parameters: vehicle speed, throttle input, current
drawn, voltage and altitude. The data plots for each vehicle for the mentioned parameters over
a patch time interval from the test trials have been displayed in Figure 121 to Figure 132. The
monitored parameters were found to follow predicted trend. Expected trends were observed
with altitude variation. In all vehicles, the current and speed were observed to be following the
same trend as the throttle input; ascertaining the fact that the motor controller and battery
response were in-line with driver inputs.
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Figure 121 Testing Plot for 2-Wheeler Scooter (Solution 1)
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Figure 122 Testing Plot for 2-Wheeler Scooter (Solution 2)
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Figure 123 Testing Plot for 2-Wheeler Scooter (Solution 3)
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Voltage (V) ——Altitude
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Figure 124 Testing Plot for 2-Wheeler Motorcycle (Solution 1)
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Figure 125 Testing Plot for 2-Wheeler Motorcycle (Solution 2)
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Figure 126 Testing Plot for 2-Wheeler Motorcycle (Solution 3)
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Figure 127 Testing Plot for 3-Wheeler Passenger (Solution 1)
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Figure 128 Testing Plot for 3-Wheeler Passenger (Solution 2)
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Figure 129 Testing Plot for 3-Wheeler Passenger (Solution 3)
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Figure 130 Testing Plot for 3-Wheeler Cargo (Solution 1)
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ANNEXURE 6

MILESTONE 6: EVALUATION AND RECOMMENDATION OF RETRO-
FITMENT SOLUTIONS

12.1 Total Cost of Ownership (TCO)

SECTION 32

e Total Cost of Ownership (ICE vehicle)

2-Wheeler

Table 78 below shows the total cost of ownership if a consumer procures new 2-wheeler for
his/her daily city commute. The TCO is calculated based on the current market prices and for

operation of 80,000km.
Category 2-Wheeler
Fuel Type Details Splendor Activa Scooter
Motorcycle

Vehicle Initial Price 1,25,000 1,10,000
Mileage (km) 50 35
Petrol Price 95 95
Vehicle Run 80000 80000
Price (per km)
= (Petrol Price/Mileage) 1.9 2.1

IC-Engine Running Cost

Operated =((Price/Km) * Vehicle Run) 152000 217143

2-Wheeler Maintenance / Service Cost

(Petrol) | (Every 5000Km) 4200 4200
Tyre Cost (Cost of Tyre * No. of 2600 2600
times changed)
Maintenance Cost for 80000 Km
((80000 * Maint. For 5000)/5000) 67200 67200
(Refer Table 57 & 58)
Total Cost = (Initial + Running) 3,51.800 4,01.943
Table 78 TCO for ICE 2-Wheeler
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3-Wheeler

Table 79 below shows the total cost of ownership if a consumer procures new 3-wheeler for
his/her daily city commute. The TCO is calculated based on the current market prices and for

operation of 80,000km.
Category 3-Wheeler
Fuel Type Details Passenger | Passenger Cargo Cargo
(Petrol) (CNG) (Diesel) (CNG)
Vehicle Initial Price 1,50,000 1,80,000 2,50,000 | 2,80,000
Mileage (km) 30 30 25 25
Petrol Price 95 76 89 76
Vehicle Run 80000 80000 80000 80000
Price (per km)
= (Petrol 3.2 2.5 3.6 3.0
Price/Mileage)
Running Cost
=((Price/Km) * 253333 202667 284800 243200
Vehicle Run)
Maintenance /
3-Wheeler | Service Cost (Every 4000 4000 4000 4000
(Petrol, 5000Km)
Diesel, CNG) | Tyre Cost (Cost of
Tyre * No. of times 4800 4800 4800 4800
changed)
Maintenance Cost
for 80000 Km
((80000 * Maint.
For 5000)/5000) 64000 64000 64000 64000
(Refer Table 57 &
58)
Total Cost = (Initial
+ Running) 4,72,133 4,51,467 6,03,600 | 5,92,000
Table 79 TCO for ICE 3-Wheeler
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e Total Cost of Ownership (Retro-fitted vehicle)

2-Wheeler

Table 80 below shows the total cost of ownership if a consumer retro-fits his/her old 2-wheeler
with pure electric drive for his/her daily city commute. The TCO is calculated based on the
current market prices and for operation of 80,000km.

Category 2-Wheeler
Fuel Type . Splendor Activa
P Details M(E)torcycle Scooter

Motor Power 2kW 2 kw
Battery Capacity 60V 42Ah 72V 40Ah
Battery Power (kWh) 2.52 2.88
Charger Specs 60V 10Ah 72V 10Ah
Kit Price 25000 27000
Charger Price 7000 8000
Battery Price 35000 70000
Range (Km/charge) 60 80
Electricity Price (per kW) 8 8
Battery Life (KM's) 80000 80000
Electricity Cost (per Km)
=(Battery(kWh) * Electricity 0.34 0.29

Retro-fitted Price (per kW))/Range
Electric Vehicle
2-Wheeler Total Running Cost
= (Electricity Cost (per Km) * 26880 23040
Battery Life(km))

Maintenance / Service Cost
(Every 5000Km)

Tyre Cost (Cost of Tyre * No. of
times changed)

Maintenance Cost for 80000 Km
((80000 * Maint. For
5000Km)/5000)

(Refer Table 57 & 58)

Ownership Cost
= (Running + Initial) 1,30,280 1,80,840
Table 80 TCO for Retro-fitted 2-Wheeler

1800 3000

7600 4800

28800 48000
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3-Wheeler

Table 81 below shows the total cost of ownership if a consumer retro-fits his/her old 3-wheeler
with pure electric drive for his/her daily city commute/business work. The TCO is calculated
based on the current market prices and for operation of 80,000km.

Fuel Tvoe Category 3-Wheeler
yp Details Passenger | Passenger Cargo
Motor Power 4.5kwW 4.5kwW 7.5kW
) 48V
Battery Capacity 48V 100Ah | 48V 200Ah 200Ah
Battery Power (kWh) 4.8 9.6 9.6
Charger Specs 48V 25Ah | 48V 40Ah | 48V 40Ah
Kit Price 97000 97000 97000
Charger Price 14000 17500 17500
Battery Price 90000 150000 150000
Range (Km/charge) 60 90 90
Electricity Price (per kW) 8 8 8
Battery Life (KM's) 80000 80000 80000
Electricity Cost (per Km)
Retro-fitted | —(Battery(kWh)*Electricity 0.64 0.85 0.85
Electric Price (per kW))/Range
Vehicle .
B Total Running Cost
3-Wheeler -
= (Electricity Cost (per km) * 51200 68267 68267
Battery Life(km))
Maintenance / Service Cost
(Every 5000Km) 3000 3000 3000
Tyr_e Cost (Cost of Tyre * No. 4800 4800 4800
of times changed)
Maintenance Cost for 80000
Km
((80000 * Maint. For 48000 48000 48000
5000Km)/5000)
(Refer Table 57 & 58)
Ownership Cost
= (Running + Initial) 3,05,000 3,85,567 3,85,567
Table 81 TCO for Retro-fitted 3-Wheeler
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e Total Cost of Ownership (New Electric Vehicle)
2-Wheeler
Table 82 below shows the total cost of ownership if a consumer procures a new purely electric

operated 2-wheeler for his/her daily city commute. The TCO is calculated based on the current
market prices and for operation of 80,000km.

Fuel Type Category 2-Wheeler
Details Revolt Motorcycle Ola Scooter
Motor Power 3 kW 2kW
Vehicle Initial Price 1,50,000 90,000
Battery Power (kWh) 3.24 2
Range (Km/charge) 80 85
Electricity Price (per kW) 8 8
Battery Life (KM's) 80000 80000
Electricity Cost (per Km)
=(Battery(kWh)*Electricit 0.32 0.19
y Price (per kW))/Range
Total Running Cost
New Electric | = (Electricity Cost (per 25920 15059

Procured Km) * Battery Life(km))

2-Wheeler
Maintenance / Service Cost
(Every 5000Km) 1800 1800
Tyre Cost (Cost of Tyre *
N>c/>. of timés changed% 7600 7600
Maintenance Cost for
80000 Km
((80000 * Maint. For 28800 28800
5000Km)/5000)

(Refer Table 57 & 58)

Ownership Cost
= (Running + Initial) 2,12,320 1,41,459
Table 82 TCO for New Electric 2-Wheeler
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3-Wheeler

Table 83 below shows the total cost of ownership if a consumer procures a new purely electric
operated 3-wheeler for his/her daily city/business commute. The TCO is calculated based on
the current market prices and for operation of 80,000km.

Category 3-Wheeler

Fuel Type Details Passenger Cargo
Motor Power 4.5 kW 8.2 KW
Vehicle Initial Price 2,20,000 4,50,000
Battery Power (kWh) 4.5 11
Range (Km/charge) 90 130
Electricity Price (per kW) 8 8
Battery Life (KM's) 80000 80000
Electricity Cost (per Km)
=(Battery(kWh)*Electricity 0.40 0.68
Price (per kW))/Range

) Total Running Cost
New Electric | = (Electricity Cost (per 32000 54154

Procured | Km) * Battery Life(km))

3-Wheeler
Maintenance / Service Cost
(Every 5000Km) 3000 3000
Tyre Cost (Cost of Tyre *
NBc/J. of timés changed); 4800 4800
Maintenance Cost for
80000 Km
((80000 * Maint. For 48000 48000
5000Km)/5000)
(Refer Table 57 & 58)
Ownership Cost
= (Running + Initial) 3,04,800 5,56,954

Table 83 TCO for New Electric 3-Wheeler
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e Maintenance / Service Cost Details

Table 84 below mentions the Maintenance / Service cost incurred in all types of 2-wheeler
and 3-wheeler over a period of 5000 km. The costs are considered based on current market

charges and may vary in future.

Petrol Petrol / CNG Electric
Maintenance Cost 2-Wheeler 3-Wheeler 2-wheeler | 3-wheeler

Brake Service 400 750 400 750
Engine Oil 400 450 0 0
Greasing/Lubrication 200 400 0 400
Total Cost 1,000 1,600 400 1,150
Service due Km 1200 2000 1200 2000
Service Cost for 5000 Km 4166.66 4000 1666.66 2875

Table 84 Service cost of All types of 2-Wheeler & 3-Wheeler

Table 85 below mentions the cost incurred for change of tyres for All types of 2-wheeler &
3-wheeler over a period of 80000 km drive

. No. of times Final

Tyre Life (Km) Vehicle Tyre Cost | Total KM's Changed Cost
20000 2-Wheeler 1900 80000 4 7600
40000 3-Wheeler 2400 80000 2 4800

Table 85 Service cost related to Tyres of All Types of 2-Wheeler & 3-Wheeler

e Summary

Table 86 and Table 87 below mentions the summary of TCO comparison.

The resale value of a 2W and 3W are considered on current market survey and same costs are
included in total cost of ownership for retro-fitted vehicle’s total cost of ownership over a
period of 80000kms.

Retro-fitted Vehicle
Category | Resale Value (10 yrs. (Including Resale New
old Good Condition) | I.C Engine Vehicle Value) Electric
Splendor 30,000 3,51,800 1,30,280 2,12,320
Activa 25,000 4,01,943 1,80,840 1,41,459
Table 86 TCO Comparison for 2-Wheeler Category
Fuel Types Retro-fitted
Category Resale Value (10 Ve_hlcle
yrs. old Good (Including Resale New
Condition) Petrol Diesel CNG Value) Electric
3,05,000 (100Ah)
Passenger 90,000 4,72,133 NA 4,51,467 | 3,85,567 (200 Ah) | 3,04,800
Cargo 1,20,000 NA 6,03,600 | 5,92,000 3,85,567 5,56,954
Table 87 TCO Comparison for 3-Wheeler Category
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ANNEXURE 7

The procedure to calculate various parameter values of power, speed, range, etc. from the raw
data collected during run trials, as covered in 5.1 to 5.4, is discussed in ANNEXURE 1.

Procedure:
A. Data for 2W scooter solution 1 is taken as reference to demonstrate the procedure. The

format (Message_Report) in which raw data was logged during running of the vehicle is shown
in Figure 133.

A B C D E F G H | ) K L W N Q R 5

1 \d Time »| Coordinates| » Location |+ |Speed, km-¥| Igniti »| Altitud + | Throt| = | Curre 7| Amp »| Voltag | Powi = | Oppon~ 1.2t0|~ i
119317 119302024-02-14 09:23:04 28.751747, 77.204 Radhe Sham Tyag i 10 930 7980 262007 1554 162080 126 113 0.0
11932] 119312024-02-14 09:23:04 28.751747, 77.204 Radhe Sham Tyag 6 10 930 8640 2519.0  1.08| 16267.0 0.09 0.08 0.0 Parameter Speed Poy
11933] 119322024-02-14 09:23:04 28.751747, 77.204 Radhe Sham Tyag 6 10 930 8640 2519.0  1.08| 16267.0 0.09 0.08 0.0 Max r 47
11934] 119332024-02-14 09:23:04 28.751747, 77.204 Radhe Sham Tyag 6 10 930 8420 25040 -072| 16311.0 -0.06 -0.06 0.0 Average r 2513
119357 119342024-02-14 09:23:04 28.751747, 77.204 Radhe Sham Tyag 3 1.0 930 8420 25040 -072| 16311.0 -0.06 -0.08 0.0
11936/ 119352024-02-14 09:23:04 28.751747, 77.204 Radhe Sham Tyag 3 1.0 930 8420 25040 -072| 16311.0 -0.06 -0.08 0.0
119377 119362024-02-14 09:23:04 28.751747, 77.204 Radhe Sham Tyag 3 1.0 930 7980 2629.0 14.34| 16208.0 122 1.10 0.0
11938 119372024-02-14 09:23:04 28.751747, 77.204 Radhe Sham Tyag i 10 930 7980 2629.0 14.34| 162080 122 110 0.0
119397 119382024-02-14 09:23:04 28.751747, 77.204 Radhe Sham Tyag i 10 930 7980 2629.0 14.34| 162080 122 110 0.0
119437 119422024-02-14 09:23:05 28.751759, 77.205 Radhe Sham Tyag i 10 930 7980 2519.0 1.08| 163470 0.09 0.08 0.0
11944f 119432024-02-14 09:23:05 28.751759, 77.205 Radhe Sham Tyag ] 1.0 930, 7980 25190 108 163470 009 0.08 0.0
11945] 119442024-02-14 09:23:05 28.751759, 77.205 Radhe Sham Tyag 6 10 930 856.0 25120  0.24] 16259.0 0.02 0.02 0.0
11946] 119452024-02-14 09:23:05 28.751759, 77.205 Radhe Sham Tyag 6 10 930 8270 24680 -5.06| 16303.0 -043 -0.38 0.0
11947] 119462024-02-14 09:23:05 28.751759, 77.205 Radhe Sham Tyag 6 10 930 856.0 25120 0.24] 16259.0  0.02 0.02 0.0
119480 119472024-02-14 09:23:05|28.751759, 77.205 Radhe Sham Tyag 3 1.0 930 8270 24680 -5.06| 16302.0 -043 -0.39 0.0
119497 119482024-02-14 09:23:05 28.751759, 77.205 Radhe Sham Tyag 3 1.0 930 856.0 25120  0.24] 16259.0 0.2 0.02 0.0
11950 119492024-02-14 09:23:05 28.751759, 77.205 Radhe Sham Tyag 6 10 930 8640 2519.0 1.08| 162670 0.09 0.08 0.0
119517 119502024-02-14 09:23:05 28.751759, 77.205 Radhe Sham Tyag i 10 930 8270 24680 -5.08| 16303.0 -043 -0.39 0.0
11952 119512024-02-14 09:23:08 28.751760, 77.205 Radhe Sham Tyag i 10 950 7980 2519.0 1.08| 163470 0.09 0.08 0.0
11953[ 119522024-02-14 09:23:08 28.751760, 77.205 Radhe Sham Tyag 3 10 950 8050 25120 024 16280.0 002 0.02 0.0
11954] 119532024-02-14 09:23:06|28.751760, 77.205 Radhe Sham Tyag 3 10 950 849.0 25120  0.24] 16296.0 002 0.02 0.0
11955] 119542024-02-14 09:23:07 | 28.751761, 77.205 Radhe Sham Tyag 3 10 96.0) 886.0 2365.0 -17.47| 16289.0 -149 -1.34 0.0
119567 119552024-02-14 09:23:07 | 28.751761, 77.205 Radhe Sham Tyag 3 10 96.0 886.0 2365.0 -17.47| 16289.0 -149 -1.34 0.0
11957 119562024-02-14 09:23:07 28.751761, 77.205 Radhe Sham Tyag 3 1.0 96.0) 8420 25120  0.24] 16179.0  0.02 0.02 0.0
11958] 119572024-02-14 09:23:07  28.751761, 77.205 Radhe Sham Tyag 3 1.0 96.0) 8420 25120  0.24] 16179.0  0.02 0.02 0.0
119597 119582024-02-14 09:23:07  28.751761, 77.205 Radhe Sham Tyag 3 10 96.0) 7390 25120 0.24] 164420 002 0.02 0.0
11960 119592024-02-14 09:23:07 28.751761, 77.205 Radhe Sham Tyag 3 10 96.0 7390 25120 0.24] 164420 002 0.02 0.0
119617 119602024-02-14 09:23:07 28.751761, 77.205 Radhe Sham Tyag 3 10 96.0) 856.0 25340 289| 162450 025 0.22 0.0
vy 2 T v ¥ ra— - s T ey - - m———r san o

Content | MESSAGE REPORT ® [l 3

Figure 133 Format of data logging

e Starting from the left of Figure, second column contains the date and time values.

e Third column contains the geographic coordinates traced at a particular instance of time.

e Fourth column has the location name corresponding to geographic coordinate.

e The speed values are stored in column number 5. These values are in kmph.

e The vehicle ignition status is recorded in column number 6. Here, 1 stands for ‘ON’ while
0 corresponds to ‘OFF’ state of the vehicle.

e The altitude at a specific location is stored in column number 7. These values show the
height of a particular point above mean sea level in meters (m).

e The throttle value recorded from the vehicle is stored in column number 8. These values are
in mV. Throttle values range from 0.85 to 4.25V with the lower value corresponding to 0%
throttle, whereas, 4.25V corresponds to 100%.

e The current values obtained from the current sensor are stored in column 9 in mV. Current
values are as discussed in 3.8.3.1.

e Column number 10 stores the voltage values in mV. These values are stored at 1/5" of the
actual value, as discussed in 3.8.3.3
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B. Based on these raw values the various parameter values are calculated as:

1. Current

mer v ﬁrI =IF((111931/1000)<1.5,0,((111931/1000)-2.5)/0.0083) I

A B C D B E G H | J K L L} N Q R 5

1 v Time +| Coordinates = Location | »| Speed, kn-T Igniti{~ | Altitud = | Throt| »| Curre-7_Amp +| Voltag +| Pow »|Oppow * 1210 v}
11931 119302024-02-14 09:23:04 28751747, 77 204 Radhe Sham Tyag ] 10 930 7930 2410 15.54. 162080 126 113 0.0
11932 119312024-02-14 09:23:.04 28751747, 77.204Radhe Sham Tyag 6 100 9300 8640 Zots0 108 162670 009 008 00 Parameter Speed Po
11933 119322024-02-14 09:23:04 28751747, 77 204 Radhe Sham Tyag ] 10 930/ 8640 25190 108 162670 0.09 0.08 0.0 Max i 47
11934 119332024-02-14 09:23:.04 28751747, 77.204Radhe Sham Tyag 6 100 9300 8420 25040 072 1631100 -006 006 00 Average R
11935 119342024-02-14 09:23:04 28751747, 77 204 Radhe Sham Tyag ] 10 930 8420 25040 072 163110 -006  -0.06 0.0
11936 119352024-02-14 09:23:04 28751747, 77.204Radhe Sham Tyag 6 100 930 8420 25040 072 163110 -006 006 00
11937 119362024-02-14 09:23:04 28751747, 77 204 Radhe Sham Tyag ] 10 930/ 7980 26290 1434 162080 122 110 0.0
11938 119372024-02-14 09:23:04 28751747, 77 204 Radhe Sham Tyag ] 10 930/ 7980 26290 1434 162080 122 110 0.0

lllll Figure“134 Calculation of current values

The current values are recorded in mV, as discussed in 3.8.3.1. To convert these values to
Amperes, we apply the formula as shown in Figure 134. The ‘IF’ condition is applied to negate
any fluctuations of the current sensor. The raw value obtained in mV is divided by 1000 to
convert it to V. Then this value is subtracted from 2.5 which is the base value of the current
sensor. This gives us the change in current or delta in terms of voltage. This delta is then divided
by 0.0083, which is the voltage value corresponding to per Ampere of current. The final value
obtained is the current value through the sensor in Ampere.

2. Power

111931 A ﬁ:I =IF{E11931=D,D,IF{{I11931/1000}<1.5,D,{{{{IllﬂalfIDDD}-Z.S]/D.DDES]*{Kllﬂal/lﬂDD]*E}/lDDD}} I

A B C D E F G H | J K L ] N Q R 5

1 M Time |+ Coordinates »|  Location |v Speed, km-T Igniti +| Altitud »| Throt = | Curré¥| Amp +| Voitag | Pow(+ Oppow = 1210 v}
11931 119302024-02-14 09:23:04 28.751747 77 204 Radhe Sham Tyag f 10 930 7980 262007 1554 16208.0) 125l 113 00
11832 119312024-02-14 09:23:04 28 751747 77204 Rache Sham Tyag f 10 930 8640 25180 108 162670 009 008 00 Parameter Speed Pai
11933 119322024-02-14 09:23:04 28.751747, 77.204 Radhe 3ham Tyag ] 10 930 8640 25190 .08 162670 009 008 00 Max i 4
11934 119332024-02-14 09:23:04 28.751747 77 204 Radhe Sham Tyag f 10 930 8420 28040 -072 16M10 006 006 00 Average BN
11835 11934 024-02-14 09:23:04 28 751747 77 204 Rache Sham Tyag f 10 930 8420 28040 -072 16M10 006 006 00
11936 119352024-02-14 09:23:04 28.751747, 77.204 Radhe Sham Tyag f 10 930 8420 28040 -072 16M1.0 006 D06 00
11937 119367024-02-14 09:23:04 28 751747, 77204 Rache Sham Tyag f 10 930 7980 26290 1434 162080 122 1100 00
11938 11937024-02-14 09:23:04 28 751747 77 204 Rache Sham Tyag f 10 930 7980 26200 1434 162080 122 1100 00
11939 119382024-02-14 09:23:04 28.751747 77 204 Radhe Sham Tyag f 10 930 7980 26290 1434 162080 122 1100 00
11843 119427024-02-14 09:23:05 28 751758, 77205 Rache Sham Tyag f 10 930 7980 25180 108 163470 009 008 00

Figure 135 Calculation of Electrical Power Consumed by Motor

The power here refers to the electrical power consumed by the motor against that demand by
the driver. Power, in electrical terms, is the product of voltage and current. As seen in Figure
135, the power is calculated for speed values greater than 0. The raw voltage value obtained is
a reduction by a factor of 5 of the actual value, as discussed in 3.8.3.3. Power is obtained as a
product of the current and voltage values. To convert the power to KW, it is divided by 1000.
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3. Output Power

Mg v i ML

| A B C ) E FI 6 H |0 K LN ]|N 0 R 8
1 ' Time |+ Coordinates v  Location | Speed, kn-v/lgniti »  Altitud » | Throf «| CurreT' Amp »| Vofiag +| Pow(» Oppow » .20 +
193 HO30N2402-14 002304 28751747 77 204Radhe ShamTiag 6 10 930 790 22007 1554 16080 12 ml 00
1932 O304 002304 28751747 77 204Radhe ShamTiag 6 100 030 8640 25190 106 162670 009 008 00 Parameter ~ Speed Pal
1933 NOIN202-14 002304 28751747 77 204Radhe ShamTiag 6 100 030 8640 25190 106 162670 009 008 00 Max o
1934 O304 002304 28751747 77 204Radhe ShamTiag 6 100 030 8420 /040 72 6310 Q06 006 00 Average TOEN
193 OMN202-14002304 28751747 77 204Radhe ShamTiag 6 100 030 8420 /040 72 6310 Q06 006 00
193 HOBN202-14002304 28751747 77 204Radhe ShamTiag 6 100 030 8420 /040 72 6310 Q06 006 00
1937 TOIBN202-14 002304 28751747 77 204Radhe ShamTiag 6 100 930 7980 262000 1434 162080 12 110 00

Figure 136 Estimation of Output Power

The output power is estimated from the input power by considering an efficiency of 90%, which
is practical in electric drives used in traction applications.

4. Duty cycle

NI11931 7 )&I =IF(AND(M119311.2,M11931<2.3),1,0) I
| A B C D E F 4 H I J K L [ N Q R 5
1 M Time | Coordinates + Location | +|Speed, kn-T Igniti » | Altitud » | Throt | Curre T Amp » | Voltag ~| Powi~ Oppow ~ 1210 +}
11931 119302024-02-14 09:23:04 28751747, 77. 204 Radhe Sham Tyag 6 100 930 7980 262907 1554 162080 126 113 ol
11932 119312024-02-14 09:23:04 28.751747, 77.204 Radhe Sham Tyag 6 10/ 930 9640 25190 108 16267.0 0.09 008 00 Parameter Speed Par
11933 119322024-02-14 09:23:04 28.751747, 77.204 Rache Sham Tyag 6 10/ 930 9640 25190 1.0 16267.0 009 008 00 Max r a
11934 119332024-02-14 09:23:04 28751747 77.204Radhe Sham Tyag 6 10/ 930 8420 25040 -072 163110 -0.06 006 00 Average onn
11935 119342024-02-14 09:23:04 28751747 77.204Radhe Sham Tyag 6 10/ 930 8420 25040 -072 163110 -0.06 006 00
11936 119352024-02-14 09:23:04 28751747 77204 Rache Sham Tyag 6 100 930 8420 25040 072 163110 006 006 00
11837 119362024-02-14 09:23:04 28751747 77.204 Rache Sham Tyag 6 10/ 930 7980 26290 1434 162080 122 110 0D
11938 119372024-02-14 09:23:04 28.751747, 77 204 Radhe Sham Tyag 6 10/ 930 7980 26290 1434 162080 122 110 0D
11939 119382024-02-14 09:23:04 28751747 77 204 Radhe Sham Tyag 6 10/ 930 7980/ 26290 1434 162080 1220 110 0D

Figure 137 Calculation of Duty Cycle of Rated Power

In the last column, an ‘IF’ condition is implemented to factor in the values above rated power
for calculation of duty cycle. Value 1 would be returned for a true condition, i.e. for power
values above the rated power, while 0 would be returned otherwise.

5. Deduced values

After calculating the instantaneous values for current and power, the peak and average values
were deduced for each trial run. For trial runs of vehicle, more than once a day, the values were
noted separately for each run. Each run is defined as a round trip from the starting location
(where vehicles were parked) to the landmarked location and back.

For speed, the Maximum and Average values were deduced for the data range of trial as shown
in Figure 138Figure 139resp. Basic Microsoft Excel formulae were used for these calculations.
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S933 v

k I =MAX(E11931:£101507) I

| | R 8 T U |
1 Locatnn USpeed IuU Ignmu AItllncl_|ThrolU Cum{_| Amd_| Voltad_| PowUOp potUIlloU
83 Rache Sham Tjag 6 930 7980 262007 1654 162080 125 113
11932 Radhe ShamTyag 6 10 930 8840 25190 108 162670 009 008 00 Parameter Speed Power Current Duty cycle
HE[Rache Sham Tjag 6 10 930 840 25000 108 162670 009 00 00 RN W 400 85
84 Rache Sham Tjag 6 10 030 B20 25040 072 1630 005 D05 00 Average piE 0% 121
11835 Rache Sham Tjag 6 10 030 B20 25040 072 1630 005 D05 00
11836 Rache Sham Tjag 6 10 030 B20 25040 072 1630 005 D05 00
37 Rache Sham Tjag 6 10 930 79R0 26200 G434 f6ME0 12 140 00
1188 Rache Sham Tjag 6 10 930 7980 N0 43 ENE0 12 10 00
e Rache Sham Tjag 6 10 930 7980 620 434 162080 12 110 00
Figure 138 Deduced Maximum Speed for Trial Run
S119%4 v )frl =AVERAGEIF(E11931:E101907,":0") I
| D | | R 8 T U
1 Location |_|Speed IuL| Iunmu Amlutu Tllrot1_|(".||m{_| Amd_| Voltad_| PowUOp po»Ulztou
11931/Radhe Sham Tyag f 7080 262907 1554 162080 113
11932 Radhe Sham Tyag f 1.0 930 B640 25190 108 162670 UUQ 0.08 U.U Parameter Speed Power Current Duty cycle
11933 Radhe Sham Tyag b 10 930 BG40 2519.0 108 162670 0.09 008 00 Max 40 400 48
11934|Radhe Sham Tyag b 10 930 B420 25040 072 163110 006 006 00 Average m 2513 0.95 1277
11935 Radhe Sham Tyaq b 10 930 8420 25040 072 163110 006 -D0B 00
11936 Radhe Sham Tyag b 10 930 B420 25040 072 163110 006 -00B 00
837 Rache ShamTyag 6 10 S0 7980 2290 43 16280 12 110 0
11038 Rache Sham Tyag 6 10 00 TR0 26200 43 16280 12 110 0
830 Rache ShamTyag 6 10 G0 THR0 2200 M 28D 12 10 0
Figure 139 Deduced Average Speed for Trial Run
Similarly, both the values for power were deduced as shown in Figure 140Figure 141.
SUM M X v ﬁ:l =max(M11931:M101307) I
| K | L N | . R s 1 u |y
Locauon |_|S|)eed kru Ignﬂ: Itllucl_lThrotU Cund_l Amu Voltad_l Pow{_lgm_ 2to[v}
Radhe Sham Tyag ] 930 7980 262807 1554 162080 126 0.0
11932|Radhe Sham Tyag 6 1.0 930 8640 25190 108 162670 0.09 UUB 0.0 Parameter Speed Power Current Duty cycle
11933|Radhe Sham Tyag ] 10 930 8640 25190 108 162670 0.09 008l 00 Max i 4 01907) ! 40.0 485
1834 Rache Sham Tyag 6 1000 e420 25040 072 16310 oge[  bos| 00 Merge " %0 0% 21
11935|Radhe Sham Tyag ] 100 930 8420 25040 072 163110 -0.06) 006 00
11936|Radhe Sham Tyag 6 100 930 8420 25040 072 163110 -006) 006 0.0
11937|Radhe Sham Tyag 6 100 930 7980 26200 1434 162080 122 1400 00
11938|Radhe Sham Tyag ] 100 930 7980 26290 1434 162080 122 1100 00
80 Rache Sham Trag. 6 10 00 TR0 200 143 e 12[ o] 00
Figure 140 Deduced Maximum Power for Trial Run
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ey - f I:AVERAGEIHL11931:L101907,”>0”] I

o | E | F] G |H| I | J | K| L W |N|] @ | R | 8 T u oy

1| Location |+ Speed, kn .7 lgniti + | Atitud + Throt » Curré™ Amp | Voitag~ Powi» Oppow« 1210 =i

11931|Radhe ShamTyag 6 10 930 7980) 262007 1554 162080 126 113 00
11932|Radhe ShamTyag 6 10 930 BG40 25190 108 1626700 009 008 0D Parameter Speed Power Current Duty cycle
11933|Radhe ShamTyag 6 10 930 BG40 25190 108 1626700 009 008 0D Max i 4 340 400 348
11934|Radhe ShamTyag 6 10 930 B420 25040 -072 1631100 -0.06 006 0D Average 3K w | 1217
11935/Radhe ShamTyag 6 10 930 B420 25040 -072 1631100 -0.06 006 0D
11936|Radhe ShamTyag 6 10 930 B420 25040 -072 1631100 -0.06 006 0D
11937|Radhe ShamTyag 6 10 9300 7980 26280 1434 162080 122 110 0D
11938|Radhe ShamTyag 6 10 9300 7980 26280 1434 162080 122 110 0D
11939|Radhe ShamTyag 6 10 93‘0 7980 26200 1434 152080 122 110 00

Flgure 141 Deduced Average Power for Trial Run

Maximum value of current was deduced for the data range as shown in Figure 142.

M T X f| max(jL1831:]101507) I

D E F | MAX(numbert, [rumberZ],.) 4| K L i N a | R | 5 | T U v
1 | Location * Speed leT\ﬂllmv AL IO ™ CUITE-+ AN+ Vorlaq' Powr » Opimvlito v
11931 Radhe Sham Tyag 6 10 930 7980 6200f f554| 16080 126 17 00
11932 Radhe Sham Tyag 6 10 930 8840 25190{ 1.08| 162670 009 008 00 Parameter Speed Power Current Duty cycle
11933|Radhe Sham Tyag. 6 10 930 8640 25190) 108[ 1626701 009 008 00 Max T 340 :maxUﬁQBTHMI 3485
11934 Radhe Sham Tyag 6 10 930 8420 250400 072 1831100 008 008 00 Average e 0.95 1277
11835 Radhe Sham Tyag 6 10 930 8420 25040) -072( 163110 -0.06 006 00
1193 Radhe ShamTyag 6 10 930 8420 250400 072 1831100 006 006 00
11837 Radhe Sham Tyag 6 10 930 7980 26290| 14.34[ 182080 122 110 00
11938 Radhe Sham Tyag 6 10 930 7980 26290| 1434[ 162080 122 110 00
11939 Radhe ShamTyag 6 10 930 7960 26290) 14.34] 182080 12 110 00

Figure 142 Deduced Maximum Current for Trial Run

The duty cycle of peak power as a percentage of total values captured is calculated as shown
in Figure 143. The values corresponding to the value 1 in the last column of the table, discussed
in point number 4 above, are summed and divided by the total number of instances of the trial
run. This gives us the duty cycle as a percentage.

M Ui X fe ) SISUMIF(VLISALNIORRST, <) 106357-11%81) 100

D | E | F | 6 | H | I J K | L] n|N| @ R § T U \
1 | Location |Speed, k| Igniti »  Afitud *|Throt » | Currey) Amp | Voltag» PowOppoanmn
1937 Rache ShamThag 4 0 B0 T80 %80 55 €280 1% 193 08
11932 Radhe ShamTyag 6 10 930 8640 190 108 162670 009 008 00 Parameter Speed Power Current Duty cycle
11933(Radhe ShamTyag 6 10 930 8640 25700 108 162670 009 008 00 Max o 340 400 1ﬂ5357-11931}}"
11934 Rache ShamTyag 6 10 930 8420 25040 072 163110 008 008 00 Average "B 09 121
1193 Rache ShamTyag 6 10 930 8420 25040 072 163110 008 008 00
11936 Rache ShamTyag 6 10 930 8420 25040 072 163110 08 006 00
1937 Rache ShamTyag 6 10 930 790 26200 143 162080 12 10 W0
1938 Rache ShamTyag 6 10 930 790 26200 143 162080 12 10 W0
11930 Radhe ShamTyag 6 10 930 790 26200 143 162080 12 10 W0

Figure 143 Deduced Duty Cycle for Trial Run
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C. Summary of records for entire test duration

1. Above deduced parameters for each day are summarized in a sheet as shown in Figure 144

Data Summary for 2W Scooter Solution 1(Activa GoGoAl)

Output Duty Cycle
. loading  Speed{kmph) Power(kw) Power ™ OfMax Distance ChangeinSoC  Estimated
Vehicle Date o Curren
Condition (kw) Power (%) Covered Range
M v M v| Maxv| Averajv| Max |~ Average~v| 90%ef+r A |v|12to2/v| (km)+ Startr| End v|(100-20~
Activa GoGoAl12.02.24 L 43 33 3.35 1.09 3.02 1432 90 99 £ 110.77
Rated - 1.2kW 13.02.24 NL 44 28 3.32 113 293 20.72 93 98 32 112.13
Peak-2kW 14.02.24 NL 99 98 0 80.62
15.02.24 NL 46 30 3.23 0.85 291 12.67 85 100 40 113.33
16.02.24 NL 44 i1 3.37 0.93 3.03 1747 a0 100 41 108.47
17.02.24 NL a7 32 331 0.9 298 13.89 86 100 9 112.79

Figure 144 Data Summary of Parameter Values

2. Besides the parameters discussed above, range is estimated in the summary sheet from the
logged values of distance and SoC. The range is estimated considering 80% depth of discharge
(DaD) of the battery.

P5 M fe | =(M5*80)/(N5-05)

A B C D E F G H J K M N 0 p
1
2 Data Summary for 2W Scooter Solution 1(Activa GoGoAl)

Output Max Duty Cycle
. loading ~ Speed{kmph) Power(kw) Power ofMax Distance  ChangeinSoC  Estimated
Vehicle Date " Current

3 Condition (kW) Power (%) Covered Range
4 M M M v| Max~|Averagv| Max v |Average~ 90%ef~| A |v| 12to2~ (km)~| Start~v| End|~|(100-20~
5 Activa GoGoAl12.02.24 L 43 3 335 1.09 3.02 1432 50 99 £ 110.??1
] Rated- 1.2kW 13.0224 NL a4 28 332 113 2.99 20.72 93 98 2 112.73
7 Peak-2kW  14.0224 NL EE 98 0 80.82
8 15.02.24 NL 46 0 1.3 0.85 291 12.67 85 100 40 113.33

Figure 145 Range Estimation for Trial Run

The formula for range estimation is implemented as shown in Figure 145. Basic interpolation
formula was used in this regard. The loading condition for the test run is also mentioned in the
summary.

After summarizing values for entire test duration of a vehicle, the final deductions for the
solution are drawn for both the loading conditions of the vehicle. The final summarized values
are as discussed in section 5.
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ANNEXURE 8

The procedure to generate data plots as covered in 5.5, is discussed in ANNEXURE 2.
Procedure:

The data plots were obtained from the raw data logged in Message Report as discussed in
ANNEXURE 1. The current and voltage values were calculated as discussed in ANNEXURE

1. Additionally, just the throttle values had to be calculated as a percentage. The same is shown
in Figure 146.

4 M E iIVIIN(IDD,IFtt((HAIIDDDI-0.85]/(4.25-0.85]*100]>D,t(H4/wDDJ-D.BSJ/(4.25-D.BS]*IDD,D” I
A B C 1] E F G H | J K L W T U v W X

1 210 §2.00

2 e Time oordinates  Location  Speed km/ o 1 Altitude o 9 Throttle(%) o 10 Cument{d) o 11 Voltage (V) Speed Thiottle  Cument

3 #NIA BA  #NA

4 2024-06-14 16:09:14 28751749 Radhe Sham Tya 5.0 10 a7 1289 1291] 2468 386 1150 607 o1y 3
5 2024-06-14 16:09:14 26.751749 Radhe Sham Tya 5.0 10 a7 1384 157 2504 048 12106 6053 5 1295368 -3.79036
6 2024-06-14 16:09:14 26.751749 Radhe Sham Tya 5.0 10 a7 1384 1571 2504 048 12106 6053 5 129949 -1.72628
7 2024-06-14 16:09:14 28.751749 Radhe Sham Tya 5.0 10 a7 1384 1571 2504 048 1206 6053 b 1303562 -366315
B 2024-06-14 16:09:14 28751749 Radhe Sham Tya 5.0 10 a7 1311 1356 2490 120 12500 60T 5 13.04347 -162628
9 2024-06-14 16:09:14 26751749 Radhe Sham Tya 5.0 10 a7 1311 135 2490 120 1250 60T 5 130512 -1589%
10 2024-06-14 16:09:14 28.751749 Radhe Sham Tya 5.0 10 a7 1076 665 268 -3BF 12333 61T b 1295514 359304
1 2024-06-14 16:09:14 28751749 Radhe Sham Tya 5.0 10 a7 1311 135 2490 120 150 ROTA b 1296419 35581
12 2024-06-14 16:09:14 26.751749 Radhe Sham Tya 0.0 10 a7 1032 53 My 301 12099 6050 4925 1285003 -3.549%1
13 2024-06-14 16:09:14 26.751749 Radhe Sham Tya 5.0 10 a7 1076 665 265 -3B6 1233 6167 4.926125 12.75698 -3.55449
14 2024-06-14 16:09:14 28.751749 Radhe Sham Tya 5.0 10 a7 1076 665 268 386 123313 G167 492723313 1266533 -3.55901
15 2024-06-14 16:09:14 28751749 Radhe Sham Tya 5.0 10 a7 1076 665 263 386 12313 B1ET 4972832463 1257506 -3.56345
16 2024-06-14 16:09:15 28.751753 Radhe Sham Tya 5.0 10 a7 1289 1291 2468 -186 1250 6OTH 492939976 1258011 -1.56783
17 2024-06-14 16:09:15 28.751753 Radhe ShamTya 3.0 10 a7 1318 1376 2468 386 12165 6083 490045876 1259788 -357215
18 2024-06-14 16:09:15 28.751753 Radhe Sham Tya 3.0 10 a7 1318 1376 2468 186 1265 6083 487195188 1261538 35764
19 2024-06-14 16:09:15 28.751753 Radhe Sham Tya 3.0 10 a7 1318 1376 2468 186 12165 6083 4 8438726 12.63262 -3.58048
2 2024-06-14 16:09:15 28.751753 Radhe Sham Tya 3.0 10 a7 1311 1356 2585 1024 12114 6057 4 31621451 12.64651 -3.37326
A 2024-06-14 16:09:15 28.751753 Radhe Sham Tya 3.0 10 a7 1311 1356 2685 1024 M4 BOAT 47889713 126602 -3.16%05

Figure 146 Calculation of Parameter Values for Data Plots

As discussed in ANNEXURE 1, the throttle values range from 0.85 to 4.25 V. So, using
percentage formula the percentage of throttle is calculated as:

X — X
% = —x 100
X2 —Xq

where,

X = instantaneous value

x1 = lower value of range, i.e. 0.85
X2 = higher value of range, i.e. 4.25

The ‘MIN’ function is used to negate voltage fluctuations above the higher value of the range,
while the ‘IF’ condition is used against the values below the lower range.

Having calculated the values for throttle, current and voltage, their respective values are
smoothened using exponential smoothening from the data analysis section of Data tab. This is
done to smoothen the data plots as the plots without being smoothened look haphazard because
the data values are subject to change at each instance of time. The smoothening procedure is
displayed in Figure 147
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Fle  Home Inset Pagelayout  Formulas leview  View  Developer  Help QT&Hmewhatyouwanttodo

Outline

= Data Analysis

Analysis

82.00
P10 Current(A)

io 11 Voltage (V)

Speed Throttle  Cu

Get & Transform Data Queries & Connw Forecast

Exponential Smoothing X
U3 M F | =MIN{100,IF(({(H4/1000)-0.85 4.

Input

Input Range: SES4SESdEss 2
; A | B | c | D Damping factor 0,985 T J |
2 Ne Time Zoordinates Location bt Hep
3 Output options
4 2024-06-14 16:09:14 28.751749 Rache Sham Tyagi Marg Byl QutoutRange: susy * 2468
5 2024-06-14 16:09:14 28.751749 Radhe Sham Tyagi MargBul - New Waorkshazt Ply: 204
6 20240614 16:0%: 4 28751749 Rache Stem TyagiMarglul (0 %0
1] 2024-06-14 16:09:44 28.751749 Rache Sham Tyagi Marg JBu 2504
g 2024-06-14 16:09:14 28.751748 Rache Sham Tyagi Marg fPul [ Chart Output [ standard Erors 2450
9| 2024-06-14 16:09:14 28.751749 Rache Sham Tyagi Marg Ju 2450
10 2024-06-14 16:09:14 28.751749 Rache Sham Tyagi MargBurar Delhi. 5.0 1.0 271076 6.65 N 2468
1 2024-06-14 16:09:14 28.751749 Rache Sham Tyagi Marg, Burari, Delh, I . 2490
12 2024-06-14 16:09:14 28.751749 Rache Sham Tyagi Marg, Burari, Delhi, 0.0 10 A1 1032 b3 MI5
1 2024-06-14 16:09:14 28.751749 Rache Sham Tyagi Marg, Burari, Delhi, ~ 5.0 10 A1 1076 6.65 2468
1% 2024-06-14 16:09:14 28.751749 Rache Sham Tyagi Marg, Burari, Delhi, ~ 5.0 10 A1 1076 6.65 2468

Figure 147 Data Smoothening Procedure

136
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048
048
120
120
186
120
301
186
186

12150 60.75
12106 60.53
12106 60.53
12106 60.53
12150 6075
12150 6075
12333 6167
12150 6075
12099 6050
12333 6167
12333 6167

CED
5oo2u
5 1295368 -
5 1299496 -
5 1303462 -
BAIMMT -
5130512 -
5 1295514 -
5 1296419
4925 1285003 -
4926125 12.756% -
4927233113 1266533 -

The smoothened values are then plotted using the line/area charts. The details of the plots are

?

X

t

Cancel

as displayed in Figure 148:
Select Data Source
120 Chart data range:
The data range is too complex to be displayed. If a new range is selected, it will replace all of the series in the
Series panel,
110 (r Switch Row/Column 3)
J I
l‘l Legend Entries (Series) Horizontal (Category) Axis Labels
100 9 a0 l 5 Edt I)(gemove v Et
Throttle]
Speed (kmph)
90
Current (4)
Voltage (V)
20 Atttude
Hidden and Empty Cells oK
70 n V‘
60 ‘ ‘
50 I ’ i I

Edit Series ? X
Series name:
="Throttle(]" + | = Throttle)
Series X values:
='"14.06.24" 1 5A54: 54548684 fo| I
Series ¥ values:
='14.06.24"15V54:5V543684 A+ =12.91, 12.9536...
I"A Cancel
= T H = =
l". Y 200
180
[
4
nAM lm I ‘ A 2

! | 100624 | Plot- 140624 Smouthened Plot - 14.06.24 140524 | Plot-10062¢ | Smoothenew
Figure 148 Plotting Data Charts

The series X values contain number of instances to be plot while the series Y values contain
the smoothened values. Of the five parameters, altitude is plotted on the secondary vertical
axis. The smoothened plot is displayed in Figure 148.
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ANNEXURE 9

KIT DETERIORATION:

The kit performance for each vehicle was compared over the initial and final phase of testing
to find out change in performance. The parameters used for comparison of performance
included peak power (loaded condition), range (loaded condition), change in battery
temperature over a test trial and charging duration.

2-Wheeler Scooter:

Test Phase Test Data - Initial | Test Data - End
> Phase Phase
Wheeler Peak Power (kW) 3.37 3.42
Scooter Range (km) 98.44 97.61
Solution
1 Change in Temperature (°C) 5.76 6.02
Charging Time 4H 24 Min 4 H 27 Min
Table 88 Performance Data over time for 2-Wheeler Scooter Solution-1
Test Data - Initial | Test Data - End
5 LTI e Phase Phase
Wheeler Peak Power (kW) 3.71 3.63
Scooter Range (km) 82.7 81.01
Solution
2 Change in Temperature (°C) 7.94 8.62
Charging Time 4 H 25 Min 4 H 28 Min
Table 89 Performance Data over time for 2-Wheeler Scooter Solution-2
Test Data - Initial | Test Data - End
5 i ke Phase Phase
Wheeler Peak Power (kW) 3.42 3.2
Scooter Range (km) 57.32 56.21
Solution
3 Change in Temperature (°C) 9.2 10.3
Charging Time 6H 37 Min 6 H 39 Min

Table 90 Performance Data over time for 2-Wheeler Scooter Solution-3
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2-Wheeler Motorcycle:

Test Phase Test Data - Initial | Test Data - End
2- Phase Phase
Wheeler Peak Power (kW) 4.01 3.89
Motor-
cycle Range (km) 83.75 83.26
SOlliﬁOll Change in Temperature (°C) 5.2 6.1
Charging Time 4.01 3.89
Table 91 Performance Data over time for 2-Wheeler Motorcycle Solution-1
Test Data - Initial | Test Data - End
2- LSRR Phase Phase
Wheeler Peak Power (kW) 6.17 6.05
Motor-
cycle Range (km) 79 77
Soll;tion Change in Temperature (°C) 7.6 8.1
Charging Time 4H 22 Min 4 H 26 Min
Table 92 Performance Data over time for 2-Wheeler Motorcycle Solution-2
Test Data - Initial | Test Data - End
2- LS REES Phase Phase
Wheeler Peak Power (kW) 3.92 3.85
Motor-
cycle Range (km) 54.9 53.7
Soh;tion Change in Temperature (°C) 9.3 10.2
Charging Time 6H 35 Min 6 H 38 Min

Table 93 Performance Data over time for 2-Wheeler Motorcycle Solution-3

3-Wheeler Passenger:

3-
Wheeler
Passenger

Solution
1

Test Phase Test Dlz)lltlz:l s-eInltlal Test ];z;z; ; End
Peak Power (kW) 6.35 6.27
Range (km) 63.8 63.4
Change in Temperature (°C) 8.7 9.2
Charging Time 4H 22 Min 4 H 33 Min

Table 94 Performance Data over time for 3-Wheeler Passenger Solution-1
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Test Phase Test Data - Initial | Test Data - End
3 Phase Phase
Wheeler Peak Power (kW) 7.08 6.86
Passenger Range (km) 99.78 98.03
Solution
2 Change in Temperature (°C) 7.6 8.1
Charging Time 4 H 51 Min 4 H 52 Min
Table 95 Performance Data over time for 3-Wheeler Passenger Solution-2
Test Data - Initial | Test Data - End
3 Test Phase Phase Phase
Wheeler Peak Power (kW) 7.02 6.82
Passenger Range (km) 89.7 86.2
Solution
3 Change in Temperature (°C) 9.3 9.8
Charging Time 4H 50 Min 4 H 53 Min

Table 96 Performance Data over time for 3-Wheeler Passenger Solution-3

3-Wheeler Cargo:

Test Phase Test Data - Initial | Test Data - End
3 Phase Phase
Wheeler Peak Power (kW) 5.97 6.09
Cargo Range (km) 79.07 78.50
Solution
1 Change in Temperature (°C) 8.04 9.22
Charging Time 4 H 38 Min 4 H 43 Min
Table 97 Performance Data over time for 3-Wheeler Cargo Solution-1
Test Data - Initial | Test Data - End
3 Test Phase Phase Phase
Wheeler Peak Power (kW) 6.47 6.39
Cargo Range (km) 97.89 95.91
Solution
2 Change in Temperature (°C) 8.74 9.24
Charging Time 4 H 42 Min 4 H 45 Min
Table 98 Performance Data over time for 3-Wheeler Cargo Solution-2
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3-
Wheeler
Cargo
Solution
3

Test Phase Test Data - Initial | Test Data - End
Phase Phase
Peak Power (kW) 6.97 6.77
Range (km) 84.29 83.16
Change in Temperature (°C) 9.2 10.3
Charging Time 4H 42 Min 4 H 45 Min

Table 99 Performance Data over time for 3-Wheeler Cargo Solution-3

The deterioration in kit performance of all the solutions, as seen in Table 88 to Table 99, is
marginal over the duration of test cycle.
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