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DISCLAIMER

The information contained in this magazine is for general information purposes only. While we endeavour
to keep the information up to date and correct, we make no representations or warranties of any kind
about the completeness, accuracy, reliability or suitability of the information, products, services, or
related graphics for any purpose. Any reliance you place on the information is strictly at your own risk.
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Category-wise Electric Vehicle sales, Sep 2022

Total Registered Electric Vehicle Sales - Sep '22 - 92,383 | Aug '22 - 87,147 
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Source: Vahan Dashboard. Data as per 1339 out of 1411 RTOs. Low speed e-2Ws not included.

Category wise-Sales Trend from Sep 2021 to Sep 2022
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Source: Vahan Dashboard. Data as per 1339 out of 1411 RTOs.
Note: Low speed Electric 2 Wheelers data is not included

High Speed E - 2W Sales Trend by OEM

Fuel wise 2W Sales Trend, Sep '21 - Sep '22
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For E-3W Passenger vehicles, the top 10 OEMs contributed only 40% of the total sales in Sep
2022. Both L3 and L5 Electric 3Wheelers are included in the analysis.

Source: Vahan Dashboard. Data as per 1339 out of 1411 RTOs. The aim of these graphs is to represent an overall trend
of the new EV registrations in India.

3W Passenger Sales Trend by Fuel Type, Sep '21 - Sep '22
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For E-3W Cargo vehicles, the top 10 OEMs contributed 50% of the total sales in Sep 2022. Both L3
and L5 Electric 3Wheelers are included in the analysis.

Source: Vahan Dashboard. Data as per 1339 out of 1411 RTOs. The aim of these graphs is to represent an overall trend
of the new EV registrations in India.

3W Cargo Sales Trend by Fuel Type, Sep '21 - Sep '22
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 E-3W Cargo Sales Trend by OEM
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Source: Vahan Dashboard. Data as per 1339 out of 1411 RTOs. Official press releases.
The aim of these graphs is to represent an overall trend of the new EV registrations in India.

Oct 2022      Page  8

E-4W Sales Trend by OEM, Aug - Sep 2022

E-Bus Sales Trend by OEM, Aug - Sep 2022
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MAHARASHTRA ELECTRIC VEHICLE
SALES TREND - JAN 2022 TO SEP 2022
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The top 10 cities contribute to 74% of all EV sales in the state. Pune and Pimpri
Chinchwad Urban region has the highest EV sales with 31%, followed by Mumbai with
its Urban Agglomeration cities of Thane, Vasai, Kalyan, Borivali, Navi Mumbai (Vashi),
and Panvel accounting for 24% of EV sales in the state.

High-Speed e-2Ws account for 85%
of unit sales
Followed by e-4Ws with 9% and, 
e-3W with 5% for both passenger and
cargo categories. 

Maharashtra sold a total of 87,719
electric vehicles from Jan 2022 - Sep
2022, of which 

EV sales are concentrated majorly on the
eastern side of Maharashtra, and on the
western side, Nagpur city made the
highest EV sales with a 9% share.

 Region-wise sales trend in Maharashtra, 2022

Heat map for EV sales in Maharashtra, Jan-Sep 2022

Source: Vahan Dashboard and EVreporter research
Data excludes low-speed e-2W. Data as per 51 RTOs across
Maharashtra, calculated based on RTOs in a particular city. The values
may change depending upon the urban growth sprawl of a city.Region-wise EV sales in Maharashtra, Jan-Sep 2022
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 Fuel-wise sales trend in Maharashtra, 2022

Two-wheeler sales in Maharashtra | Jan 2022 to Sep 2022

Maharashtra recorded an avg of 8,300 e-2W unit sales per month during Jan-Sep 2022.

The state shows increasing penetration of EVs in the 2W market, i.e. from 4%  of total 2W
sales in Jan 2022 to 9% of total 2W sales in Sep 2022. From Jan to Sep 2022, for every 100
2Ws sold in the state, 7 were electric. 

Pune with 14,555 units (19%) and Pimpri Chinchwad with 9,568 units (13%) show the highest
sales in the state for e-2Ws in the time period. 

Four-wheeler sales in Maharashtra | Jan 2022 to Sep 2022

Maharashtra's e-4W market recorded an average of 1,000 electric cars per month and an
EV penetration of 3% for Jan-Sep 2022. There is also a demand for mild-hybrid vehicles.

Mumbai with 2,998 units (35%), followed by Pune with 1,417 (17%), and Pimpri Chinchwad
with 746 units (9%) show the highest sales in e-4W for the time period.
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Maharashtra's 3W market is highly dominated by CNG, with a growing demand for e-3Ws. For
the Passenger category, an average of 300 e-3Ws are sold every month, with an EV
penetration rate of 8%. 

The state recorded a total sales of 2515 units for the e-3W passenger category from Jan to Sep
2022, dominated by the low-speed L3M category with 88% share, while the high-speed L5M
vehicles recorded a 12% share. 

Nagpur city recorded the lion's share of sales (77%) in the category with 1944 units.

Three-wheeler Passenger sales in Maharashtra | Jan 2022 to Sep 2022

Three-wheeler Cargo sales in Maharashtra | Jan 2022 to Sep 2022

CNG and Diesel vehicles dominate the cargo 3W market in Maharashtra, with EVs catching up. From
Jan to Sep 2022, 1683 units of e-3W cargo vehicles were sold with 20% penetration. Among
EVs, the Low-speed L3N vehicles had a share of 62%, and high-speed L5N had a 38% share. 

Mumbai, Pune and Pimpri Chinchwad recorded the highest sales of L5N category e-3W with 135,
104 and 104 units, respectively.
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Top EV Players in Maharashtra

Source: Vahan Dashboard and EVreporter research
Data excludes low-speed e-2W. Data as per 51 RTOs across Maharashtra, calculated based on RTOs in a particular city. The values may
change depending upon the urban growth sprawl of a city.
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LAUNCHES
Tata Motors launched the Tiago EV at an introductory
price starting INR 8.49 Lakh for the first 10,000
customers. Bookings for the EV will start on October 10,
2022. Deliveries will commence in Jan 2023.

The EV is available in multiple combinations of battery
packs and charging options, including a 24 kWh battery
pack, delivering a Modified Indian Driving Cycle range of
315 km and a 19.2 kWh battery pack delivering an
estimated MIDC range of 250 km. 

Range of 456 km
0-100 kmph in 8.3 seconds
Top speed of 150 kmph

Mahindra & Mahindra took the wraps off the XUV400 
 electric SUV on the eve of World EV Day. Test drives
will begin in December 2022 across 16 cities, and the
price will be revealed in Jan 2023. Salient features:

Manufactured at the Mercedes-Benz India plant at
Chakan, Pune, EQS 580 is India's first locally
manufactured luxury EV. Certified range of 857 km
and a practical range of 611 km. The EQS 580 has a
107.8 kWh battery and can go from 0-100 km/h in 3.4
seconds. Powered by dual electric motors with 385 kW
total output, that can distribute 516 hp and 855 Nm of
torque to all four wheels. Price - INR 1.55 crores. 

Dandera Ventures launched cargo electric 3W- OTUA
for logistics and last-mile delivery companies. Variants
are to be priced between ₹3,50,000 – ₹5,50,000 and will
also be available on a subscription basis. 

Range of 165 km on a single charge, expandable to over
300 km and load-carrying capacity of 900 kg.

10 kWh battery, range of 197km (ARAI) and 155+/-5km (Typical).
Peak torque of 60 Nm and a top speed of 55kmph. 

Ex-showroom from INR 3.02 Lac (post-subsidy, 7.66 kWh).

TI Clean Mobility, a subsidiary of Tube Investments of India,
launched Montra Electric 3W Auto. Manufactured in TI Clean
Mobility's facility in Ambattur, Chennai, the EV will be made
available in phases across India, starting South. 
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ADDITIONAL SAFETY REQUIREMENTS FOR
AIS-156 STANDARD | PRACTITIONER’S
PERSPECTIVE
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The Ministry of Road Transport and Highways (MoRTH) constituted a committee in May 2022
to formulate the safety requirements for traction batteries. The committee was constituted
mainly in the wake of fire incidents in electric vehicles, and this had experts from several
renowned institutes, including ARCI, IISc, IIT etc. Based on the committee’s
recommendation, MoRTH had proposed amendments to the AIS 156 & AIS 138 Rev 2
standard, which comes into effect in a phase-wise manner. 

Venkat Rajaraman (CEO at Cygni Energy) presents an
overview of the proposed changes in the amendment,
mainly from a Battery Safety perspective.

In response to clarification sought by OEMs and battery manufacturers, Amendment
3 notification from MoRTH came out on 27-Sept-2022. 

There have been a few changes from Amendment 2, and the timeline for
Implementation is also split into 2 phases. Phase-1 will be effective from 01-Dec-
2022, and Phase-2 from 31-Mar-2023.

- First, at the pack level, it is now mandated that all the battery packs will be IPx7 compliant,
where the manufacturers will have to make sure that the battery pack is protected against water
ingress. All the packs will also have to include a Pressure Relief Valve (PRV) or a pressure
vent so that any gaseous leak and subsequent pressure built up inside the battery can
be released, thus protecting the battery pack. 

There is a traceability requirement for battery packs at the pack level, cell level, BMS level
and at charger level. The BMS need to do data logging, although the memory size for data
logging is not specified in the amendment. 

The proposed changes can be broadly classified into three major categories - first at the pack
level, second at the cell level and third at Battery Management System (BMS) level. 

Summary of additional safety requirements 
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- At the Charger level, the charger will have to have a communication port with the battery
pack either through CAN bus or some other port. The charger will have cut-offs based on
voltage. The charger should have a soft-start function and earth leakage detection and
protection.

- Second, at the cell level, it is mandatory that the date of manufacturing of the cell is very
clearly specified in simple DDMMYY format without any code. Cell-to-cell spacing should be
provided on the battery pack. Cells have to be compliant with the AIS 16893 Part 2 & Part 3
specifications from a NABL-accredited lab. Cells should have undergone one charge-discharge
cycle, and the data to be maintained by the manufacturer.

- Third, at the BMS level, the BMS should be microprocessor based (Smart BMS), and it
should have all the protection against overcurrent, overcharge, over discharge, over voltage,
short circuit, and over temperature. BMS is also expected to pass the Electro-Magnetic
Compatibility testing as per the AIS-004 standard.

There is also a detailed requirement for the manufacturers to do the thermal propagation
test. The requirement is that even if there were a thermal runaway condition in any one of the
cells in a pack, it does not propagate to the rest of the cells, so the battery pack is still safe.
There is also a requirement for an audio-visual warning in case of a thermal event. There
need to be at least four temperature sensors inside the battery pack with additional safety at
the string level and also a fuse at the battery pack level. In case there is any anomaly, the fuse
should blow off to protect the battery and the rest of the system. There should be protection
against regenerative braking as well.

Requirements such as traceability of
packs, additional safety fuse, protection
against regenerative braking, cell-to-cell
spacing, and microprocessor-based
BMS with all protections are in Phase-1,
effective from 01-Dec-2022.

Features like Earth leakage detection
charger, EMC testing of BMS as per
AIS 004, IS 16893 testing from NABL
accredited lab for cells, thermal
propagation test, audio-visual warning
in case of a thermal event, four
temperature sensors in BMS and active
parallel circuits are moved to Phase-2
which is effective from 31-Mar-2023.
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The state will support up to 10% of the cost of the vehicle (excluding tax) or INR 1.5 lacs,
whichever is lower, for EV purchase either under individual use or commercial use till 2026-27.
Lower incentives for hybrid vehicles.

SGST reimbursement for manufacturing of EVs in the state during the policy period.

All the incentives under the MSMED Act, 2006 will be extended to the manufacturers as
applicable/ eligible under industrial Policy, Govt. of Chhattisgarh 2019-24.

The MSME EV Battery manufacturing units will be facilitated with the following incentives as per
MSME Policy, 2016:

The policy shall be valid for a period of five years commencing Apr 1, 2022 and extendable to 10
years based on the state government's discretion.

Govt. shall allocate 500-1000 acres of land for developing EV Parks.

Developers of Auto Clusters and Automotive Suppliers Manufacturing Centers specific to EVs shall
be provided financial assistance of 50% of fixed capital investments, up to INR 20 Crore. 

Delhi Government's Open EV Charging Database

The energy operators will need to provide data to the public database, which can be used free
of charge by in-vehicle navigation systems and charging apps and maps.

In the absence of registration with the state EV Cell through the open database platform, any new
energy operator/ charge point operators/ battery swapping station operators shall not be granted
dedicated electricity connection or load enhancement on the existing electricity connection.

The database can be accessed by registered entities/individuals through the following portal -
https://ev.delhi.gov.in/openev/

An open, publicly owned database shall be developed by Transport Department, GNCTD, offering
historical and real-time information on public charging infrastructure, i.e., kWh, session length, vehicle
type if available, number of events, location of the charger, number of chargers at a site, site
classification, payment amount, pay structure (by the hour, by kWh, or by session), payment rate.

Delhi government has also partnered with MapMyIndia to develop a tool for mapping EV charging
stations.

Chattisgarh state EV Policy 2022

https://evreporter.com/
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Kochi-based motor controller supplier for 2W/3W electric powertrains C Electric
Automotive Drives, has raised an undisclosed sum at a valuation of USD 4
million. The investment is led by K Chittilappilly Trust. The company will use the
capital to enter new vehicle segments and enhance its production capacity to 1
Lakh per annum. The company says it has electrified more than 10,000 electric 3W
and 4,000 2W with its customized motor controllers. C-Electric began operations in
Nov 2018. In 2019, the start-up raised its first seed capital investment from GAIL. 

Chennai-based Abhinava Rizel has secured an
investment of up to INR 200 crores (USD 25 million) from
M M Forgings Limited for an 88% equity stake. The
investment will be utilized to establish an initial
manufacturing facility in Oragadam, Tamil Nadu. As a part
of the deal, the start-up has restructured itself from "Rizel
Automotive Pvt Ltd" to "Abhinava Rizel Pvt Ltd". 

Rizel has been developing EV motors based on a
propriety hybrid topology radial flux architecture
between SynRM (Synchronous Reluctance Motors) and
PMSM (Permanent Magnet Synchronous Motors). 

Euler Motors, an EV company building commercial 3Ws, has raised
USD 60 million in its series C fundraise, led by global investment firm
GIC Singapore. The funding round also saw participation by Blume
Ventures, Athera Venture Partners (formerly Inventus India), QRG
Holdings, ADB Ventures and Moglix.

Yulu announced the infusion of USD 82 million
(Rs 653 Cr) in Series B funding round, led by
mobility technology company Magna
International. Existing investors, including Bajaj
Auto, also participated in the round. Yulu aims to
increase its EV fleet to more than 1 Lakh Electric
2Ws along with 500+ Battery charging &
swapping stations in the next 12 months. 

Yulu has a strategic partnership with Bajaj Auto, and its next generation of electric 2Ws will roll out
of Bajaj's Pune facility by this year-end. The company will also create a new entity with Magna to
create a Battery Swapping platform with an interoperable battery system.

IIT Madras incubated Esmito Solutions has raised INR 10 crores from
Unicorn India Ventures. The funds will be used for the expansion of Esmito's
battery-swapping solutions. Founded in 2018, Estimo offers a range of solutions
to enable Energy as a Service for logistics and last mile mobility players.
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MAGNET FREE MOTORS FOR E-VEHICLES | 
CHAT WITH CHARA TECHNOLOGIES

Chara Technologies is
developing rare-earth free
motors for electric vehicles and
other applications. 

The Bangalore-based company
believes going magnet-free is
paramount to achieving self-
reliance in the long term.

Copyright © 2022 EVreporter. All rights reserved. EVreporter | Intelligence. Research. Consulting.

The high torque, high power density and efficient motors used in EVs today have a variation
of the BLDC and the PMSM motors from the humble e-bikes to high-performance vehicles
from Tesla and Porsche. These motors have permanent magnets in them, which facilitate all
the good features of these motors. Rare-earth elements are needed to make permanent
magnets.
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Can you explain what is the relevance of 'rare-earth elements' and 'permanent
magnets' in motor manufacturing?

What are your reasons for making rare-earth free motors? 

Rare-earth elements, as the name implies, are not rare. They are present everywhere, but
finding the good ores for efficient extraction is where we end up with problems. The useful
ores are unevenly distributed across the planet.

Rare-earth elements are expensive, environmentally hazardous to mine and extract,
and one country has close to 90% control over the supply chain of rare-earths and rare-
earth based products. For a successful and sustainable transition to an electric future, we
need to address this problem.

In this interview, the founders Ravi Prasad, Bhaktha Keshavachar and Mahalingam
Koushik  (L to R) share more about the relevance of magnet-free motors, the technology
they are developing and its market readiness.

Which rare-earth elements are used in motors?

The magnets usually used are NdFeB (Neodymium Ferrous Boron) or rarely SmCo
(Samarium Cobalt) magnets. The magnets, as the name says, need Neodymium,
Samarium and Dysprosium rare-earth elements to make them work.

https://evreporter.com/
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At a fundamental level, there are two ways to end the rare-earth dependency: Replacement with
non rare-earth materials and building products without rare-earths. 

At Chara, we fundamentally believe with better design, modern power electronics and
newer algorithms, we can build competitive rare-earth free, intelligent, sustainable and
cost-effective motors for EVs and other applications.

We are developing a motor technology that can be
used in a variety of applications practically
wherever motors are used. The range of
applications where our motors are suited are - EV,
HVAC, Household appliances, pumps, industrial
and machine tools. 

What is your solution to ending rare-earth dependency of motors?

What kind of motors are your developing?

The working principle of the motor is actually very simple. 

Just like water finds the least resistance path, magnetic flux lines tend to find the least
resistance path (reluctance is magnetic resistance). 

What is the working principle behind these motors? 

To give us more focus and to have the maximum effect on energy consumption, we are
initially building motors for HVAC and EVs.

The existing magnet-free technology, primarily Induction motors, suffers from low power
density and efficiencies and also difficulty in manufacturing the solid copper rotor. 

Reluctance motors, which were originally proposed two centuries ago, have the potential to
replace existing motors. The motors suffered from the issues of control, torque ripple
and noise. Modern power electronic semiconductors, increased processing power, new
algorithms and a fundamentally new way of designing and constructing these motors will
solve these problems and herald a new wave of motor technology for EVs and other
applications.

Correct, magnet-free motors are as old as the discovery of electricity and magnetism. 

The concept of Magnet-free motors is not new. What are the main reasons the
technology has not been commercialised to date?

https://evreporter.com/
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The efficiency, torque and power of our reluctance motors match the efficiency of a
comparable BLDC/PMSM. Our motors are about 30-40% cheaper because we do not use the
expensive rare-earth minerals in our motors.

How does the performance and cost of these motors compare to other popular motors
like PMSM or BLDC or induction motors?

The fractional HP HVAC motor has been delivered to the customer and is undergoing testing.

The product we are developing for Bounce is a 1.5 kW and 3 kW hub motor with a
controller for their 2W EVs. The 1.5 kW motor and controller are being field tested now; the
final version will be tested this month and is expected to go into production by the end of this
year. The 3 kW hub motor is being dyno tested and expected to go into field test next month.

The 22 kW liquid-cooled, high voltage traction motor (for a 4-wheeler) has finished dyno
testing and is now undergoing field testing. 

We are planning to start the initial production of our motors at the beginning of 2023.

Currently, we have three signed up paying customers. 

What is the current commercial readiness of motors developed by Chara
Technologies?

The stator in a motor is fixed the
rotor is free to rotate. As we change
the currents in the stator, the flux
lines generated by the currents flow
through the stator and the rotor to
complete the magnetic path. When
they do this, they pull the rotor to
minimize the reluctance and hence
generate the mechanical torque
(also known as the reluctance
torque). 

The trick is to pass the right
current (in amplitude and phase)
at the right times to generate the
maximum amount of torque.

https://evreporter.com/
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Timeline extension for battery standard amendments - To strengthen the safety parameters for
the testing of the batteries used in EVs, amendments were issued to AIS-156 and AIS-038 Rev 2,
and these were due for implementation starting Oct 1, 2022. For the OEMs to be better equipped to
implement the updated provisions, the Ministry of Road Transport and Highways has decided to
implement the amendment in two phases: Phase 1 from 1st Dec 2022 and Phase 2 from 31st March
2023. More details on page 16.

TVS Motor Company sold 4,923 units of TVS iQube e-scooters in September
2022 as against 766 units in September 2021. 

Hero Motocorp's board has also approved an equity investment of up to US$60
million in Zero Motorcycles, a California-based manufacturer of premium electric
motorcycles and powertrains. The collaboration will focus on co-developing electric
motorcycles.  

Also, Hero MoroCorp is scheduled to launch its first electric 2W in Oct 2022 under its Vida
brand. The company says that it has tested over 1006 prototypes across 2,00,000 km across the
country, and it took 25,000 hours to develop the scooter. 

https://evreporter.com/
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NAP, a subsidiary Of Saudi Arabia-based Petromin
Corporation, has acquired the Indian auto-tech platform,
SpareIt. SpareIt provides a procurement platform that links
garages with suppliers and logistic providers, creating a
competitive e-commerce marketplace. SpareIt serves as an
integrated solution enabling workshops to manage their
entire workflow via digital job cards and connect with their
customers directly. Founded in July 2020 and currently
functional in India with over 7,000 active garages, the
app will soon be introduced in the Kingdom.

Moller-Maersk will deploy EVs across Tier I cities
in India for B2B middle mile distribution. The EVs
can cover a distance of 100 km with a maximum of
650 kg payload. Equipped with fast charging
technology, the EVs are capable of getting to 100%
charge in just 45 mins (in collaboration with Omega
Seiki Mobility and Log9 Materials). Next in line will
be the EV trailers with a payload of up to 25 Mt.

Hero Electric said that it will set up a greenfield manufacturing
unit in Rajasthan, entailing an expenditure of Rs 1,200 crore. The
facility, to be set up in the Salarpur industrial region, will be spread
over 170 acres and have an annual capacity of 2 million units.

It will also accommodate a vendor company that will invest an additional Rs 400 crore in the facility.
The company had signed an agreement with the Rajasthan government for the facility in
September, and it is likely to go on stream by the middle of 2023. According to a company
statement, Hero Electric aims to reach 5 million units of annual capacity by 2025.

NSE-listed Servotech Power Systems has incorporated a
subsidiary, Techbec Industries Limited (TIL), for the manufacturing
of lithium-ion battery packs and other allied activities.  

The newly-setup manufacturing unit at Safiabad, Sonepat, which will shortly be operational, is
spread over 40,000 sq. ft. and has the capacity to produce up to 6,00,000 battery packs annually."

MUNOTH INDUSTRIES LIMITED (MIL), promoted by Chennai-based Munoth group, said that it is
setting up India’s maiden lithium-ion cell manufacturing unit at a total investment of Rs 799
crores. The factory is being built on a 30-acre campus at Electronic Manufacturing Cluster 2,
located adjacent to the Tirupati Airport, says the company website. The commercial production and
formal opening of the facility are slated for mid-October. MIL has a technology agreement with
China-based battery manufacturer Tianjin Lishen Battery Joint-Stock Co Ltd.

Energy Storage Solution Provider OGO Energy launched its first 100 MWh
battery assembly plant in Noida. The plant will be operational by Jan 2023.
OGO Energy has been launched by Rajit Nanda (Founder & Chairman), an
Indian-born Intrapreneur and Social Entrepreneur.
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LITHIUM-ION CELL MANUFACTURING - HOW
INDIA IS POSITIONED AT THE MOMENT

Li-ion cell manufacturing | Global
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The exhibit below shows the top 10 existing battery manufacturing facilities in the world, all of
which are focused on NMC, NCA and LFP chemistries only. 

China leads with 6 out of 10 facilities, followed by Europe and the US.

At present, India is at a nascent stage of creating a domestic Lithium-ion cell
manufacturing ecosystem. Preetesh Singh, Specialist - CASE &
Alternative Powertrains at Nomura Research Institute, discusses how
India and companies at home are currently positioned with respect to their
cell manufacturing plans.

Top 10 Existing Battery Manufacturing Facilities | Source: NITI Aayog

China manufactures 75% of all lithium-ion batteries, has 70% of the world's cathode
manufacturing capacity and 85% of the world's anode production capacity. China is at
the focal point of today's battery supply chain. It has more than half the world's capacity for
processing and refining lithium, cobalt, and graphite.

China is expected to continue dominating the global lithium-ion battery manufacturing in
the coming years, with Europe trailing. India is expected to come up as an emerging market
for manufacturing owing to government initiatives to curb import dependence and rapidly rising
local demand.
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Exhibit: Top Emerging Battery Manufacturing Facilities | Source: NITI Aayog

Currently, India is absent on the map of lithium-ion cell manufacturing and has a negligible
presence in the global supply chain of advanced cell technologies. However, the anticipated
size of India's battery market (for EVs, grid storage applications, consumer electronics, and
other uses) is big enough to support Giga-scale manufacturing capacity in the coming years.

The exhibit below shows the top emerging manufacturing facilities in the world. NMC and LFP 
 will continue to dominate the market due to an existing and stable supply chain. 

The emerging battery market has very high levels of dependency on critical metals and raw
materials like Cobalt, Nickel, Aluminium and Lithium. The cost for all of these metals has been
on the rise, especially since 2020, due to the impact of the pandemic and a sudden global
demand for these materials. 

Battery supply chain

China has a large capture of the Lithium-ion cell supply chain. Whatever metals that it doesn’t
produce locally, they have successfully captured the processing part of the value chain.
Raw material sourcing presents a significant barrier to capturing a large portion of the battery
manufacturing value chain. India has extremely low reserves of ingredients such as lithium and
cobalt, which form key components for manufacturing cathodes and electrolytes. Additionally,
the country has limited reserves of battery-grade graphite (anode material) and relies on the
Chinese market for imports.
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The graph below shows the global distribution in terms of metal production and processing for
the critical metals that go into a battery. 

Source: NITI Aayog

China’s head start in the overall supply chain, and its local tie-up/collaborations with lithium-
producing countries have further increased its control over raw material sourcing, which may
present additional challenges for India. 

The continued dominance of LFP batteries owing to their high energy density and
advanced manufacturing capabilities across the world. 

Growth in less cobalt-intensive NMC to decrease India's dependence on imports and a
gradual movement towards high-performance LiBs and non-LiB chemistries.

Conventional NMC chemistries are anticipated to be phased out in India because of the
high requirement of scarce minerals of which India has insufficient natural reserves, and
replaced with advanced NMC and other new chemistries as they reach commercialization.

Some key evolvements to note are: 

Source: NITI Aayog

With the above background, if we were to look at the evolution of battery chemistries in India,
then the graph would look like something like the following:
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LFP uses Lithium, and its cathode constitutes 21% of the total battery cost. By fostering
domestic cell manufacturing capacity, India is poised to capture over 90% of LFPs’ cell
value, owing to the greater use of domestically available minerals such as iron oxide,
phosphate, and graphite. The remaining 10% of the value is attributed to the lithium in the
cathode, which India cannot capture because of a lack of domestic reserves.

For NMC 532, battery cathodes cost high (42% of total battery cost) because of the recent
surge in global prices of nickel, manganese, and cobalt. The dependence on imports
shrinks the domestic value capture of NMC batteries in India. Given current raw material
prices, about 40% of NMC batteries’ value capture is possible in India.

The key challenges in establishing the entire cell value chain in India are listed below:

NITI Aayog has proposed a Phased Manufacturing Program (PMP) to maximize domestic
value addition in advance battery manufacturing under the PLI scheme. To make domestically
produced batteries more cost-competitive with cheaper imports, the GoI has determined the
necessity of levying customs tariffs on the import of battery packs and cells. 

Lithium-ion cells, battery packs, and accessory parts used in the production of EVs could be
subject to a graduated duty structure under a planned PMP. The program will reduce
investment risks since manufacturers may plan their investments in accordance with a defined
roadmap of duties on certain commodities. Battery components (the anode, cathode,
electrolyte, etc.), battery materials (cobalt, lithium, nickel, etc.), and machinery to set up plants
for advanced chemistry cell manufacturing will also likely be subject to higher duties in the
future, according to the proposed PMP roadmap (through 2030). 

Possibilities in India

Establishing the entire value chain in India
presents a challenge owing to various
factors - raw materials, manufacturing
capabilities, financing & regulatory policy.
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PLI for ACC has successfully awarded ~30 GWh scale for battery manufacturing in India, the
companies are: Rajesh Exports, Ola Electric & Reliance New Energy.

PLI scheme for ACC (INR 18,100 crore) along with the already launched PLI Scheme for the
automotive sector (INR 25,938 crore) and Faster Adaption of Manufacturing of Electric Vehicles
(FAME) (₹10,000 crores) is aimed to enable India to leapfrog from traditional fossil fuel-based
automobile transportation system to environmentally cleaner EV based system. With a
systematic and strategic push from the government and constructive public-private
partnerships, the ACC battery manufacturing ecosystem is projected to grow exponentially in
India. This growth is necessary to ensure India's self-reliance and energy security.

Phasing of basic customs duty | Source: NITI Aayog Stakeholder Conference

The PLI scheme for advanced chemistry cell (ACC) manufacturing 
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Reliance New Energy has acquired sodium-ion battery technology company Faradion Ltd.
for an enterprise value of GBP 100 million. RNEL is also investing GBP 25 million as
growth capital to accelerate commercial rollout.

RNEL has acquired assets of LFP batteries provider Lithium Werks for USD 61 million. 

Reliance - Reliance is constructing the Dhirubhai Ambani Green Energy Giga Complex on
over 5,000 acres in Jamnagar. It will be among the largest integrated renewable energy
manufacturing facilities in the world. The company is investing ₹ 600 Billion to construct
world-scale, state-of-the-art facilities to manufacture and integrate critical components of the
New Energy ecosystem and ₹ 150 Billion in value-chain, partnerships, and future
technologies, including upstream and downstream industries, to create a fully integrated,
end-to-end renewable energy ecosystem.

OLA Electric - Ola was shortlisted under the PLI scheme and would receive incentives for
setting up an ACC manufacturing plant of up to 20 GWh. 

Special thanks to Anant Taraniya - Senior Associate Consultant at Nomura Research
Institute and Mridul Agarwal - Associate consultant at Nomura Research Institute, for their
extensive contribution to this analysis.

The company plans to set up its plant in 2023 with a
capacity of up to 1 GWh. For this, they will invest up
to $1 Billion.

Ola is in talks with several state governments to find
1,000 acres of land for the plant. 

Ola is in touch with more than 40 global suppliers
from Germany, Korea, and Japan, such as Dürr &
Siemens. 

The company has invested in Israeli battery technology firm StoreDot, giving them
exclusive rights to manufacture batteries integrating StoreDot’s technology in India. 

The plan is to further expand the cell production capacity to 20 GWh by 2026-27 and
gradually increase it to 50 GWh. 

Ola plans to use 40 GWh of battery capacity to meet its annual target to produce 10 million
e-scooters, and the remainder 10 GWh for its electric cars. 
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Shell Recharge plans to set up more than 10,000
charging points across in India by 2030. Their first
sites, which provide EV chargers for electric 4W and
2Ws, went live across Bangalore in Sep 2022. India is
the first market for Shell to launch chargers for 2Ws. All
electricity Shell purchases to supply at the Shell
Recharge sites is matched with an equivalent amount
of units of Renewable Energy Certificates from
renewable sources. 

Customers will be able to operate these chargers through the ‘Shell Recharge India app’. In the first
phase, Shell plans to set up charging stations in Bengaluru across its fuel stations.

EV charging company BOLT has launched a universal EV charging socket, BOLT LITE. The
socket is compatible with all portable chargers that come with any EV and works with the existing
AC power supply at home. It is available at an introductory price of Rs 2599.

EKA Mobility collaborates with Pune-based Charging
solution provider goEgoNetwork to set up EV charging
infrastructure. goEgoNetwork will be the official electric
charging solution provider for EKA Mobility's 9-meter buses. It
will set up EV charging stations of 30kW, 60kW & 120kW for
institutional customers across the country. 

Fortum India and Bangalore-based electric mobility
service provider evnnovator have signed an MOU to work
towards EV charging Roaming and Interoperability
services. Under this agreement, 200+ Public chargers of
Fortum Charge & Drive India will be tested on Evnnovator’s
eMSP platform and FICH App - EV Charging Mobile App.

SAR Group, a player in energy storage and clean energy technologies, has developed EV
technology centre in Gurugram, Haryana, to indigenously develop key e-mobility technologies
around EV batteries, advanced BMS, EV controllers, drivetrains and motors. Developed with an
investment of ~ INR 300 crore, the tech centre is situated at the company’s 1,00,000 sqft facility
at Manesar in Haryana. The group, which is behind brands such as LivPure and LivGuard, recently
announced entry into the electric 2W market with its Lectrix EV brand. The company also has a
tie-up with Bengaluru-based electric vehicle and energy systems start-up Orxa Energies.

Automotive component manufacturer Sona Comstar crossed the landmark of
100,000 EV traction motors production in August 2022 since the start of
production in November 2020. The in-house designed hub‐wheel and drive
motors for electric two‐wheelers are manufactured at the company's Chennai
facility. BEV programs contributed 29% to Sona Comstar's revenue in Q1 FY23.
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AMU Leasing, 3ev Industries and 3eco Systems have forged a partnership. The partnership
launches with a starting commitment to finance 1,000+ EVs made by 3ev and owned/operated by
3eco for the delivery use case.

Magenta Mobility will provide around 400 electric cargo vehicles for the Flipkart fleet in the Delhi
NCR region. This deployment goes beyond the existing fleet Magenta has in Bengaluru for Flipkart.
It has over 500 electric vehicles that it operates in Bengaluru, Mumbai, and Hyderabad. 

Electric Mobility Financiers Association of India (EMFAI)
launched in Sep 2022. The association represents Indian financial
institutions involved in the financing of electric vehicles and other EV
ecosystem products and services. The head office is in New Delhi.
The association will work towards faster adoption of EVs in India.

Omega Seiki Mobility will provide over 5,000 electric cargo vehicles for last-mile and middle-mile
deliveries to Porter by 2023. The company will also roll out a new electric 2W named Mopido in
Oct 2022 across select dealers in India and then for the African markets. 

Kinetic Green launches Zing high-Speed electric scooter, with a 60V
28Ah dual battery, a top speed of 49 kmph and a range of 120 km. 

It comes with a 1.2 kW motor and a loading capacity of 150 kgs. The
company provides 3 years of warranty on the e-scooter.

Ravneet S. Phokela, Chief Business Officer at Ather Energy announced
that they have entered into a partnership with Flipkart to launch the Ather
Energy 450X Gen 3 scooters on the Flipkart platform. They are initially
piloting this in Delhi NCR and will roll out to the rest of the country soon.

Gurugram-based CABT Logistics (CABT Elektra) has partnered with Mahindra Electric Mobility
to purchase 500 units of the newly-launched e-3W Mahindra Zor Grand. The vehicle has a 170 CFT
OEM manufactured metal body (an upgrade from the fabric body on the Treo Zor).

After Delhi NCR, electric ride-hailing company BluSmart Mobility has started
operations in Bengaluru. They will be providing zero cancellations and zero
surge prices service in Bengaluru.

CONVERGENCE ENERGY SERVICES LIMITED (CESL) has requested for Proposal the Selection
of bus operator for the Procurement, Operation and Maintenance of 5,690 Electric Buses and
development of allied electric and civil infrastructure on Gross Cost Contracting (GCC) under
National E-Bus Program (NEBP)-Phase-1. 
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Clean Electric is a start-up working on advanced battery
solutions for electric vehicles. They are primarily
developing thermal management solutions and claim to
deliver battery packs that support ultra-fast charging
without any compromise on battery life or safety. 
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Please give us a brief about your energy storage solution.

We believe that thermals are very important to deliver the performance that a cell is capable of.
In order to unlock that performance on a battery pack level, we have built a proprietary thermal
management solution that aims to enable the ideal operating thermal environment for a cell
under different conditions. We don't require any specialized chemistries. 

Do you supply the thermal management solution only?

We build the entire battery pack ourselves. We exercise a certain degree of
quality control on the cells we use. However, no matter where you source the
cells from, there is a probability that you will get some bad apples Even
Tesla sources cells from Panasonic, and they have had cases of thermal
runaway. The problem is that in the battery packs we have today, thermal
runaway is not controlled and this results in serious fire accidents.

In this chat with co-founders Akash Gupta and Abhinay Roy, we find out more about their
thermal management solution for electric vehicle battery packs.

We take the cells that are being mass-produced today (NMC, LFP, and NCA cells) and
add a thermal solution to enable them to perform at a much higher level in terms of
fast charging, usable cycle life and safety. Our LFP batteries can deliver 3,000 cycles,
even with every cycle being a 25 min charge cycle. In terms of safety, you can say that
once we bolt on our thermal solution on an NMC pack, it becomes as safe as an LFP pack.

We have built a thermal solution that is capable of limiting thermal runaway to just one
single cell, and it does not propagate to all of the other cells in the pack. In the event of a
thermal runaway, the battery will lose performance obviously, as one of the cells has now
died, but it will remain a limited event and won't balloon into a safety event. 

Our solution is capable of dissipating all the heat being generated in the affected
cells and controlling the damage.

https://evreporter.com/
https://evreporter.com/
https://www.linkedin.com/company/turnoclub/
https://www.linkedin.com/company/turnoclub/


Oct 2022      Page 35

Copyright © 2021 EVreporter. All rights reserved.Copyright © 2022 EVreporter. All rights reserved. EVreporter | Intelligence. Research. Consulting.

To control and dissipate the heat, what kind of cooling mechanism do you use? 

We bring the heat out to the casing in a standardized way across our product lines. From there
on, we differ in how we really deal with that heat based on the application.

For a 2W application, we have all of the cells immersed in dielectric coolant, and we have
certain ways to move that fluid around the battery and bring all of that heat out to the battery
casing. And once we have it at the battery casing, we can have different methods of dissipating
it out to the environment according to the application, e.g. external fans on the battery pack or
refrigerated air around the packs. 

The method of cooling is called Immersion Cooling. The dielectric coolant we use can
be in contact with the cells without conducting any electricity. We immerse all of our
cells in that dielectric fluid, and it allows us to very efficiently extract the heat as
all of the surface area of the cells is in contact with the coolant. 

What kind of external validation have you received for your technology?

There are multiple phases in which we have to validate the technology. First comes the in-
house validation before going to the OEMs. And then you have to get regulatory approval.

Recently, one of our customer battery packs has been certified by ARAI as per AIS 156,
which is valid for both 2W and 3W use.

A number of OEMs in the 2W and 3W space have validated our technology. We have sent
samples to the top 10 OEMs in the country. We cannot disclose the OEM names, but our packs
are under testing in different parts of India. We hope to start production by December of
this year at scale from our own manufacturing unit.

For the nail penetration test, we
fabricated two transparent battery
packs - one with immersion cooling
and one without immersion cooling.
There was fire and smoke in a
battery pack that did not have
immersion cooling. In the pack that
had immersion cooling, there was
just cold smoke and no incident of
naked fire. There was no
propagation, and the surrounding
cells were safe from the event.

Internally, we have tested our packs for a variety of scenarios, including overcharging and nail
penetration. 
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What will be the cost implication of using Clean Electric battery packs?

The problem we were solving for the past two and a half years was how do we make our
technology and packs light, compact and cost-effective. Right now, our battery packs are
domestically and globally competitive. If you talk about 2W packs, we are adding 2% to the
cost of conventionally pool battery packs. We will not be cutting costs at the expense of
eliminating some of the BOM which is critical for safety.

How you are building up your manufacturing capability? What is the current
setup that you're working from?

Our current setup is geared towards R&D and pilot battery packs, which can do 50 packs on a
monthly basis. An automated production line and R&D centre is being set up in Pune,
spread over 65,000 square feet. It will be capable of producing 1,500 to 3,000 battery
packs on a monthly basis. 

Towards the second half of 2023, we'll be increasing the capacity to 15,000 packs on a
monthly basis.

In the wake of the recent revision to AIS 156, do you have to make any changes to
your approach to battery pack manufacturing? How do you view these changes?

We are already compliant with the major changes that have been brought out, namely
Runaway protection, IP67 protection, and Data Logging. We are in discussion with ARAI
for clarity over a couple of points, and would be going for the certification tests soon after. 

We are working with our customers (OEMs) to ensure cohesive compliance. Our batteries are
smart and connected. This allows the battery to function as a micro VCU and deliver the
required user indications straight away to the instrument cluster via Digital Outputs. Our
batteries can also double up as the vehicle telematics unit, delivering both vehicle and battery
parameters to our IoT cloud. Having an in-house battery electronics solution helps us deliver
this level of flexibility and functionality.

The ammendments are a welcome change, and will help a lot with the safety concerns
around EVs. Specifically, the Thermal Runaway Propagation test is extremely relevant
and is something we have advocated for a long time. Overall, safer EVs will make it to
the market, and that is extremely important in building and retaining consumer confidence.
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Cathode - Positive electrode
Anode - Negative electrode
Electrolyte - Medium for the movement of lithium ions
Separator - Prevents contact between cathode and anode

A Lithium-ion cell is built of various components and sub-
components. This article discusses the functionality and
importance of selecting the right type of (sub) components.

A Lithium-ion cell has four major components:

1.
2.
3.
4.

When it comes to Lithium-ion batteries, Electrolyte is comparatively a less talked about
subject. One reason could be that Lithium-ion batteries are named after the type of cathode
(LCO, LFP, NMC or NCA batteries) or anode (LTO batteries) they use.

Electrolyte only conducts Lithium ions and does not participate in the chemical reactions that
happen during charging and discharging.

Liquid and solid-state electrolytes are the most commonly spoken about types of electrolytes
for Lithium-ion cells. Although liquid electrolytes are being used in Lithium-ion cells today, the
future belongs to solid-state electrolytes. We will be discussing in depth both of them.

Part 1 and 2 in this series talked about the Cathode, Anode and their sub-components.
In this article (part 3), author Rahul Bollini discusses the electrolyte.

Liquid Electrolyte

A liquid electrolyte can come in various forms, but salts dissolved in the solution are popularly
used. The conductivity and stability of the solvent to work at a voltage play a vital role.
Aqueous-based electrolytes have higher conductivity, but they cannot be stable at the
voltage generally required for Lithium-ion batteries. On the other hand, organic solvent-
based electrolytes have lower conductivity but offer stability at more than 4V. The latter is
expensive but preferred because of its stability in high voltage. 

This kind of electrolyte (organic solved based) is sensitive to air and moisture, and hence
strict measures are taken during its manufacturing, storage, transportation and at the time of
being filled inside the cell (cylindrical, pouch or prismatic). 

Hence, when Lithium-ion cell manufacturing takes off in India at a large scale,
manufacturing electrolytes locally will be the need of the hour because of the difficulty
in transporting them.
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Although various base salt (generally inorganic) can be used for electrolyte making of Lithium-
ion batteries, LiPF6 (Lithium hexafluorophosphate) salt is the most popular. Other popular
salts are LiBF4 (Lithium tetrafluoroborate) and LiClO4 (Lithium perchlorate). 

One of these salt is dissolved in various organic solvents such as EC (Ethylene Carbonate),
DEC (Diethyl Carbonate), EMC (Ethyl-methyl Carbonate), DMC (Dimethyl Carbonate) and PC
(Propylene Carbonate). Each solvent has its own advantages, such as operation in low
temperature, operation in high temperature, how it affects the battery capacity degradation (it
happens as a side reaction with its electrodes), etc. Hence, these solvents are mixed in a
desired ratio to make use of all the advantages that of each solvent.

There are many ways an electrolyte for Lithium-ion
batteries can be made. The molar ratio of LiPF6 can be
1.0M, 1.2M, etc. The selection of organic solvents can
mean that there are different combinations possible, and
their usage ratio can again mean multiple possibilities.
Moreover, the type of additives and their ratio also
increases the possible types of electrolytes that can be
made. For example, 1.0M LiPF6 in EC:EMC:DMC=1:1:1
(v/v/v) + 2% wt. VC.

Different chemistries of cells have their own preferred
electrolyte formula. Prices vary according to the
formulation. For example, the electrolyte used for cells
made with NMC 811 cathode are more expensive than
the electrolyte used for cells made with LFP cathode.

Ionic Conductivity - It decides how fast the transportation of charge happens

Viscosity: The lower value of viscosity ensures that ions move easily

Voltage Stability: Voltage stability ensures that electrolyte does not undergo
electrochemical reactions at the working voltage of the cell

Thermal and Chemical Stability: It ensures that the electrolyte decomposition happens at
higher temperatures and it is chemically stable against all the components of the cell

The following are the deciding parameters for selecting a liquid electrolyte:

Additives such as VC (Vinylene Carbonate) are added for stability in very small quantities. VC
increases the stability of the SEI (Solid Electrolyte Interface) layer formed on the graphite
anode.
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Faster charging and discharging

Safer because of the absence of liquid electrolyte, which can catch fire

Over-charging, over-voltage, over-current and over-temperature do not lead to battery
failures

Higher cycle life, durability and stability

Higher gravimetric energy density (Wh/Kg)

Nail penetration and short circuit do not lead to fire

No structural limitation. Can be used in various shapes, which can be smaller and thinner.

Rahul Bollini is a Lithium-ion cell and battery pack R&D expert, working with
JLNPhenix Energy. He has industrial experience of over 7 years. Rahul can be
reached at +91-7204957389 and bollinienergy@gmail.com.

About the author

Solid-state electrolytes can be made up of lithium-metal oxides/sulfides/phosphates and they
offer higher energy densities and are non-flammable even in the harshest of the usage
conditions. The plastic-based separator (will be discussed in detail in part 4) used along
with liquid electrolyte is single handedly replaced by solid state electrolyte.

Solid State Electrolyte

Significant development is happening in the space of solid-state
electrolytes globally because of the various advantages they can
offer. However, a solid-state electrolyte is not produced by many
companies, and only a few companies have started pilot production
till now, and that too recently.

While liquid electrolytes can cause side reactions with the electrodes resulting in battery
capacity degradation, solid-state electrolytes do not directly contribute to battery capacity
degradation. Hence, solid-state electrolytes can be operated at higher temperatures under
harsh conditions without much battery capacity degradation. 

Moreover, the liquid electrolyte has lower stability to temperature, and it can get heated up
while fast charging and decompose. But this is not the case with solid-state electrolytes, and it
allows for fast charging with ease. 

Until solid-state electrolyte is accessible to every Lithium-ion battery manufacturing company,
liquid electrolyte-based Lithium-ion batteries will continue to be manufactured. In India, only
JLNPhenix Energy has access to solid-state electrolyte based Lithium-ion batteries.
They are testing these batteries with top OEMs.

Below are the advantages of solid-state electrolyte based Lithium-ion batteries:
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Lithium-ion battery lifecycle management firm LOHUM will supply Glencore with 10,000 MT of
speciality chemicals for the battery supply chain over the next five years, including cathodes,
sulphates, carbonates, and oxides of various metals extracted from spent batteries and other
sources. Lohum will procure spent batteries and recycle them at its plant in the NCR, India. 

Tata AutoComp and Punch Powertrain have signed an MoU to form a 50/50 JV, which will be
responsible for the design, manufacturing, marketing and sales of compact dual-clutch transmission
design in India and global markets. The JV will also supply Punch Powertrain’s conventional-hybrid
DCTs, continuously variable transmission and EV reducers to customers in India.

Kalyani Powertrain Ltd (KPTL), a fully owned subsidiary of Bharat Forge Ltd and California-
based commercial EV company Harbinger Motors have announced a JV (called ElectroForge) to
develop electric drivetrains for the commercial trucking industry. Beginning with operations at KPTL’s
Pune facility, ElectroForge will deliver the drivetrains tailored specifically for the durability and
performance requirements of commercial vehicles. The JV will serve as the volume manufacturer of
electric powertrains for Harbinger, leveraging KPTL’s global manufacturing experience.

Mahindra Insurance Brokers Limited, a subsidiary of Mahindra Finance, announced its
partnership with Mad About Wheels (MaW). MaW dealers who have been onboarded will now be
able to provide comprehensive motor insurance products to customers buying e-2Ws and e-3Ws.

Gulf Oil Lubricants, a Hinduja Group company,
announced an exclusive partnership with Piaggio
Vehicles and Switch Mobility for a special range of EV
fluids. Gulf Oil will officially supply EV fluids to Piaggio
Vehicles and Switch Mobility’s line-up of electric
vehicles. These EV fluids will be used by Piaggio’s
EV Passenger & Cargo variants and Switch
Mobility’s EV variants like Switch EiV 12 and Switch
EiV 22 exclusively.

24M Technologies has licensed its SemiSolid manufacturing platform to FUJIFILM
Corporation. Fujifilm will invest $20 million in 24M. This new agreement builds on previous
investments from Fujifilm in 2020.

CATL and BMW Group announced a multi-year agreement on the supply of cylindrical battery cells to
power the carmaker's new series of electric models of its NEUE KLASSE starting from 2025. To supply the
battery cells needed for the NEUE KLASSE, the BMW Group has already awarded contracts in the two-
digit billion-euro range for the construction of battery cell factories to CATL and EVE Energy. Both
partners will build two gigafactories (each up to 20 GWh annual capacity) in China and Europe.

Founded in September 2021,  the Swappable Batteries Motorcycle Consortium has grown to 21
members. It intends to set the 'standard' battery specifications and requirements for light
electric vehicles running with swappable batteries. Connectors, and communication protocol
between the vehicle, the battery, and the charging station, will be standardized. The current
members are - AVL, Ciklo, FIVE, Forsee Power, Hioki, Honda, Hyba, JAMA, Kawasaki, KTM,
KYMCO, Niu, Piaggio, Polaris, Roki, Samsung, Sinbon, Sumitomo Electric, Suzuki, Swobbee,
Vitesco, VeNetWork, Yamaha. 

https://evreporter.com/
https://evreporter.com/
https://www.linkedin.com/company/lohum/
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