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Bajaj Auto has announced an investment of INR 300 crore in a unit at Akurdi
(Pune) for manufacturing EVs. This unit will have a production capacity of 500,000 EVs
per annum and is expected to roll out the first vehicle by June 2022. "Except for
implementing one state-of-the-art ICE platform that is currently under development, all
our R&D drivetrain resources are now laser-focused on creating EV solutions for the
future", said Rajiv Bajaj - MD Director at Bajaj Auto.

 

Auto component supplier UNO MINDA and Germany based manufacturer of e-
drive units FRIWO AG have entered a JV combining their technologies and production
capabilities. FRIWO will hold a minority stake of 49.9 per cent. UNO MINDA will invest 15
million euros in FRIWO AG via a capital increase. The combined entity will offer full-line e-
drive solutions for electric 2Ws and 3Ws in the Indian market and utilise the UNO MINDA
production facilities in India.

LEGACY PLAYERS' EV ACTIVITY

Reliance New Energy Solar Ltd, a wholly-owned subsidiary of Reliance Industries, is
set to acquire 100% shareholding in Faradion Limited for an enterprise value of
£100 million. Reliance will also invest £25 million as growth capital to accelerate the
commercial rollout. It will use Faradion’s technology at its proposed energy storage giga-
factory as part of the Dhirubhai Ambani Green Energy Giga Complex at Jamnagar.

TVS Motor Company and BMW Motorrad extend their
partnership to develop new platforms and future technologies,
including Electric Vehicles. TVS Motor Company’s scope will
include designing and developing future BMW Motorrad
products, supply chain management, and industrialisation. The
first product through this cooperation will be showcased in the
next 24 months.

Also, TVS Motor Company has floated a wholly-owned subsidiary TVS Electric Mobility
Ltd. (TVSEM), to focus on the electric mobility business. 

TATA Motors has incorporated a wholly-owned EV subsidiary 'Tata Passenger
Electric Mobility Limited' (TPEML), with an initial capital of INR 700 crores. In
October 2021, Tata Motors announced that it would raise USD 1 billion for its
passenger EV business. TPG Rise Climate (along with its co-investor ADQ) is expected to
invest in this newly incorporated subsidiary securing between 11 % to 15 % stake.

Hero MotoCorp said it will unveil its first Electric Vehicle in the month of March
2022. The vehicle will be manufactured at the Chittoor facility in Andhra Pradesh. 
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EV charging solutions company CHARGE+ZONE raised $10 million in a bridge
funding round led by Venture Catalysts. The company plans to utilise the funds to ramp
up its existing EV charging network of over 1,000 charging points. CHARGE+ZONE
further plans to raise Series A funding worth $50 million in 2022.

Bengaluru based start-up Oben EV raised seed
funding of $1.5 million from We Founder Circle and
others. Founded by Dinkar Agarwal and Madhumita
Agarwal in August 2020, the brand is developing an
electric two-wheeler with indigenously sourced
components that will provide a range of 200 km.

Nashik based Revamp Moto
presented its Modular Utility EVs
on Shark Tank India and
raised INR 1 Cr for 1.5%
equity in the company. The
investment was raised from
Aman Gupta, Co-Founder, BOAT
and Anupam Mittal, Founder of
People Group. 

Battery technology company Exponent Energy secured USD 5 Million in Pre-Series A
funding. YourNest VC, 3one4 Capital, AdvantEdge VC and automotive component
supplier Motherson Group participated in this round. Exponent has built a battery
pack and charging station (called the E-pack & E-pump) that together claim to provide 0
to 100% charge within 15 minutes and a 3000 cycle life warranty. The technology is
powered by a proprietary BMS and charging algorithms.

Bengaluru based Electric motorcycle maker Ultraviolette Automotive has raised a
new round of capital in its Series C funding, led by TVS Motor Company - an early
backer for the start-up. Zoho Corporation has also participated in this round.
Ultraviolette Automotive is currently setting up its manufacturing and assembling facility
in Electronics City, Bengaluru and plans to utilise this investment towards the
production and commercial launch of its electric motorcycle, the F77. According to a
company statement, Ultraviolette has received over 50,000 booking interests for the
F77 and will begin test rides and deliveries of the motorcycles in the first half of 2022.
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Massachusetts-based ePROPELLED has raised $15 million in Series A. The company
has an engineering centre in Chennai and has also signed an agreement with
Ramakrishna Forging to develop eAxle products, i.e. motors, controllers, and software
for propulsion systems up to 15kW. ePropelled has a proprietary propulsion system that
claims to increase the power efficiency in EVs by at least 15%.

Gurugram-based  e-mobility solution
provider MoEVing  closed its seed funding
of $5 million, including $1 million raised
earlier this year. MoEVing also placed
orders for 2,500 new electric L5 vehicles
(1,000 units of HiLoad EV from Euler
Motors and 1,500 from Altigreen) to be
delivered in 2022.

Mumbai-based bicycle company Ninety One has raised Rs 225 crore in a Series A
round led by venture fund A91 Partners at a valuation of nearly Rs 1,000 crores. The
company will use the funds to set up two manufacturing units in Gujarat and expand
into Europe and North America. Ninety One makes e-bicycles and regular bicycles.

According to Crunchbase, Micro-mobility services provider, Yulu has raised $7 million
in debt financing. Lead investor is auto supplier Magna International.

Amara Raja Batteries plans to invest in InoBat, a European EV battery technology
company. InoBat specialises in custom-designed batteries and is developing a battery
R&D centre and production line in Voderady, Slovakia. Amara Raja had also invested $5
million in Bengaluru based Log9 Materials in August 2021. 

Magenta has made an investment into
EV component manufacturer Axiom
Energy, acquiring a majority stake in
the 25-year-old Hyderabad based
company. As per a company statement,
Axiom is India’s largest selling EV
charger brand in the e-Rickshaw
segment, with an annual manufacturing
capacity of 6,50,000  units. The
company also makes DC converters for
the EV industry.
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SONA COMSTAR EYES BOTH
GLOBAL AND LOCAL EV MARKETS

Gurgaon based automotive component manufacturer Sona
Comstar is focussed on developing integrated powertrain
solutions for EVs in both international and Indian market. We
caught up with CTO, Kiran Deshmukh to find out more.

What are Sona Comstar's offerings for EV OEMs in different segments?

We started our EV journey in 2016 with the supply of Differential Bevel Gears for
battery-electric cars. By 2019, we had developed and started supplying the Final
Drive Differential Assembly for the same segment, and it continues to be one of our
core products for EVs. Since 2019, our product development efforts have picked
momentum.

We are currently working on several R&D projects, especially for the high voltage and
integrated applications for electric four-wheelers. In the future, we also hope to develop
and offer reduction drive units and high voltage motors and controllers for these
applications. Our eventual goal is to provide integrated Electric Drive Units (EDUs),
the heart of electric vehicles, to our customers.

Hub-wheel motor 
for e2Ws 

Drive motor for 
e2Ws, e3Ws 

Motor controller

We added several new
products in our product
lines, such as Traction
Motors (both BLDC and
PMSM), Motor Controllers
for electric two- and
three-wheelers, and Belt
Starter Generators for
hybrid cars. 

In our product portfolio, we
also have e-Axles for
electric three-wheelers.
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R&D is our core strength with which we always try to differentiate ourselves. Since the
beginning, it has been in our DNA when we started making differential bevel gears
through the precision forming process and not through the traditional cutting
method. We are doing the same in the EV segment. Instead of the individual
components, we focus more on developing integrated systems.

What is the current R&D focus at Sona Comstar?

Yes, our primary source of EV revenues is electric cars from outside India. The
global market is focussed more on the PV segment, whereas in India, government
subsidies and customers' value consciousness are driving the two- and three-wheeler
markets to electrify faster. Our focus for the Indian market is the same. We supply
traction motors of both hub-wheel and the mid-mount type and e-Axles for
these segments.

For the EV segment, we currently have most of the revenues only from outside India as
the Indian EV market today is at a nascent stage. We recognized the growth potential
of the EV market in India, especially in two- and three-wheeler segments, back in 2019
when we started the development of drive motors for these applications. At present,
only around 1% of our EV revenues are from these markets. However, we are
seeing the market grow at an accelerated pace. We will also grow with it and see more
and more revenues coming in from the Indian EV market.

We believe that EV OEMs are focusing more on the software and service aspects of the
vehicle, resulting in them outsourcing more and more system-level components. With
this in mind, we are developing and acquiring new capabilities to offer system-level
integrated solutions to the customers.

Sona Comstar's EV component revenues primarily come from the personal
vehicle segment outside of India. The EV evolution and market dynamics
are very different at home compared to the west. What are Sona
Comstar's electrification plans, specifically, for the Indian market?

What is the overall footprint or scale of operations at Sona Comstar with
respect to the Indian EV market?

Generally, our operations are global as more than 75% of our revenues come
from outside India. Still, we also have a dominating market share in the differential
bevel gear market for all vehicle segments in India.
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We tied up with IRP Nexus of Israel to develop magnet-less traction motors
and matching controllers to have a differentiated product offering free of rare earth
element dependencies and can help OEMs make more affordable electric vehicles.

In July 2021, you tied-up with IRP Nexus to develop magnet-less traction
motors for electric 2Ws and 3Ws. Where you are with the development and
how soon can such powertrains be expected to be in the market?

The issues related to chip shortages, material price increases for almost every
raw material, freight costs increase, etc., have persisted for quite some time,
and we are unsure when this would end.

So far, the joint development efforts are going as per our expectations. However, it
would be difficult to comment on any timelines at this time. The realisation of R&D
projects is generally binary, as such innovative ideas may or may not be successful. We
believe that we have a good chance of succeeding, and if it does turn out well, this
could be a game-changer for the EV industry.

How has Sona Comstar handled the recent supply chain issues, chip
shortages and inflationary pressures? What kind of impact has these issues
made to your overall medium to long term strategy?

Being one of the first movers, we currently have a decent market share in these
markets, and we are also in discussions with several OEMs for their future products. We
are mindful of the increasing competition in this area and preparing ourselves to
offer differentiating products by exploring several new motor technologies.

Last quarter was the third-worst quarter for the industry in the previous seven years or
maybe since the global financial crisis. These issues have impacted the entire
international auto and auto component industry vastly. Though these issues have
created strong headwinds for the industry in the short term, we feel that since there is a
robust end-consumer demand, the industry will come back on track once these issues
are resolved. Similarly, we do not believe these issues impact our medium to long term
strategy.
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CHARGE+ZONE ELECTRIFIES THE 525
KM RUN BETWEEN AHMEDABAD AND
MUMBAI ON NH-8

Under the FAME-II scheme, the centre has sanctioned 278 electric vehicle charging
stations in three cities of Gujarat including Ahmedabad, Vadodara and Gandhinagar.
However, most of these sanctioned EV charging stations are yet to be made
operational for the public.

Company Feature 

In order to boost the electric vehicle infrastructure, CHARGE+ZONE has
installed 8 new EV charging stations along the National Highway - 8, between
Ahmedabad and Mumbai. Vehicles travelling on NH-8 between these two cities
can charge their electric vehicles within 40 minutes. Each charging station has
fast-charging capabilities with a power output of 60 kilowatt. 

Kartikey Hariyani - Founder and CEO at CHARGE+ZONE
shared, "We are on a mission to electrify other 10,000 KMs on
national highways and expressways by October 2022. The
company has already set up nearly 260 charging stations and 950
charging points for electric vehicles across India".
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Two at the Mumbai Airport
Two at Nandigam
Two at Navsari 
Two at Karjan

The eight stations on Mumbai
Ahmedabad stretch include:

Plans are underway to commission
two more stations in Ahmedabad
near the Satellite area.

Company Feature 

These made in India DC fast chargers have dual output
guns and CCS2 output connectors. The electric vehicle
users can conveniently locate, reserve, operate the
chargers and pay for the charging service through a
mobile app.
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The quest for safer, higher energy density Lithium batteries continues, now spurred
largely by the need for extended driving range in electric vehicles (1). New Lithium-ion
battery anode and cathode chemistries continue to provide an incremental increase in
energy density every year. However, the industry would prefer a leapfrog to
Lithium Metal Batteries (LMB), a technology that has the potential to significantly
increase energy densities by replacing the carbon (graphite) anode currently used
in Lithium-ion batteries with a Lithium metal anode.

THE ALLURE OF SOLID-STATE
LITHIUM BATTERIES

But the liquid-electrolytes and separator membranes used in Lithium-ion cells cannot
be used as a drop-in replacement in Lithium-metal batteries. That is because repeated
charge discharge cycling of a lithium metal anode can lead to the formation of needle-
like dendrite structures on its surface, which can puncture through the separator layer,
resulting in internal short circuits. At the very least, such a short-circuit could lead to
performance issues such as high self-discharge or poor cycle life. The more serious
consequence is a potentially catastrophic failure of the battery, sometimes resulting in
smoke and fire, due to the presence of the combustible liquid electrolyte.

It is generally perceived that the
dendritic growth on the Lithium
anode can be thwarted by
replacing the liquid-electrolyte &
separator combination with a
Solid-State Electrolyte (SSE). (2)
Furthermore, the combustibility of
the solid-state electrolytes is
significantly lower than that of the
liquid electrolyte, thereby
incorporating an inherent safety
benefit to batteries made with
solid-state electrolytes. 

The term Solid-State Lithium Batteries originates from the solid-state nature of the
electrolytes used in Lithium metal batteries. While a solid-state lithium battery can
utilize any anode material, there is an implicit assumption - based on current
trends - that solid-state lithium batteries will utilize Lithium-metal anodes. 
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Selecting a Solid-state Lithium Electrolyte Chemistry

Lithium-ion conducting solid-state electrolytes are not a new concept. Lithium-Iodide
inorganic solid electrolytes form spontaneously when a Lithium-metal anode comes in
contact with an “Iodine” containing cathode during the fabrication of primary Lithium-
Iodine batteries that are used in pacemakers. (3) Polyethylene oxide (PEO), a well-
known conductor of Lithium ions particularly at temperatures above the polymer
melting point (~60°C), has seen limited application in batteries. (2) Lithium Phosphorus
Oxynitride (LiPON), (2) another inorganic Lithium-ion conductor deposited using
sputtering processes, has been used in the fabrication of thin film batteries. To date,
there have been no applications of solid-state Lithium batteries in mainstream
products such as portable electronics or electric vehicles. But the perceived benefits of
solid-state electrolytes for improving safety and for enabling the use of high energy-
density Lithium metal anodes have always kept them on the technology roadmap for
these products. For such products, the desired characteristics in an ideal solid-
state electrolyte include:

High ionic conductivity over a wide temperature range for high-rate charge-discharge
Robust mechanical characteristics to withstand cycling and prevent dendrite formation 
Stable electrochemical characteristics at anode and cathode 
Scalable processing parameters for cost-effective manufacturing

With these in mind, three broad categories of Lithium solid-state electrolytes
technologies are being pursued by solid-state Lithium battery developers:    

Solid polymer electrolytes are a class
of solid-state electrolytes composed of
organic polymeric materials that contain
dissolved Lithium salts. Polymeric
electrolytes are expected to be easy to
process and could enable thinner and
wider form factors in cells. However, they
tend to have low ionic conductivities,
which will limit the charge-discharge rate
capability of the battery. Like the
separators in Lithium-ion batteries,
polymer electrolytes may not have high
enough puncture resistance to prevent
dendrite growth. Polymer electrolytes
based on polyethylene oxide (PEO) are
believed to be more stable at the anode
than the cathode.

Inorganic electrolytes refer to glassy or
ceramic materials usually of Sulfide or
Oxide compositions. Some of the materials
being developed are known to have
respectable ionic conductivities, even
approaching numbers exhibited by liquid
electrolytes. Processing inorganic
electrolytes and integrating them into cells
may be problematic, and an outside-the-
box approach to cell design and fabrication
may be required. Inorganic electrolytes are
expected to be mechanically robust to
prevent dendrites. Oxide electrolytes have a
relatively high oxidation voltage and a wide-
voltage stability window. Sulfide materials
have low-oxidation stability and low-
reduction stability at the cathode and
anode, respectively. 
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Composite or hybrid electrolytes can be a combination of solid polymer electrolyte,
and one or more inorganic electrolytes, designed to leverage the strengths of each of the
above-mentioned solid-state electrolyte technologies, and balance out the weaknesses.

For example, depositing a thin layer of 
 anode-stable solid electrolyte on the
anode, and a thin cathode-stable
inorganic layer on the cathode, and then
laminating them with a very thin layer of a
third solid electrolyte, could provide
viable solution to electrochemical
performance. Alternatively, a dispersed
composite structure (inorganic particles
in polymer matrix) with optimized
percolation - to enhance ionic
conductivity - may also provide a viable 
solid state cell structure. Some Lithium-metal battery developers have  chosen to adopt
yet another hybrid approach, using solid and liquid electrolytes. (4) 

In addition to optimizing the solid-state electrolyte, a viable solid state battery
technology will need to select a suitable anode and cathode. The liquid electrolyte in
Lithium-ion cells provides a very uniform solid-liquid electrode-electrolyte interface with
both the anode and the cathode. However, with solid state electrolytes, the solid-solid
electrode-electrolyte interface needs to be tailored to withstand repeated charge and
discharge, and the associated expansion/contraction of the electrodes. Engineering
the interfaces between inorganic electrolytes and the electrodes is expected
to be particularly challenging, because of the hard inflexible nature of the
ceramic and glassy electrolytes. Some solid-state battery developers have chosen to
adopt a hybrid approach, using solid and liquid electrolytes, to address this issue. (4)
This approach could sacrifice the safety benefits of an all solid-state electrolyte. 

Electrode and Electrode Interface

Anode: Most solid-state battery developers are using Lithium metal as the anode, in the
hope of realizing the high-energy density potential of the material. Others have taken an
incremental approach, starting with conventional anode like Graphite-Silicon, perhaps
with plans to move to Lithium metal further down the road. (5) When using a
conventional anode, one requires a plan to intersperse solid electrolyte material with
the anode composite, to incorporate sufficient Lithium ion-conductivity within the
anode. This allows for complete and homogenous utilization of the anode. It is also
feasible in principle, to use an anode-free cell design in the as-manufactured cell. (6) In
this case, Lithium metal is plated on the anode current collector at the very first
charging event, thereby minimizing the amount of excess Lithium. 
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Cathode: Conventional cathodes (e.g. Lithium Nickel Manganese Cobalt Oxide (NMC),
Lithium Nickel Cobalt Aluminum Oxide (NCA) like those being used in Lithium-ion cells,
are being considered for many Lithium solid state battery designs. However, the
potential of high energy density Lithium metal anodes may only be realized to
a limited extent with conventional cathodes. Higher capacity Sulfur cathodes are
also being considered by other developers. (2) While Lithium-Sulfur batteries have been
under development for more than a decade now, it remains to be seen if there will be a
viable mainstream battery commercialized anytime soon.

Cell Design & Manufacturing

For solid state batteries, cell designs may vary from those used in Lithium-ion
batteries. Spirally wound designs may be feasible for cells with flexible polymer or
composite electrolytes. However, cells with inorganic electrolytes will need to adopt
cell designs, such as cut-and-stack designs, that can accommodate the inflexible
nature of the inorganic solids. With regards to raw-materials cost and fabrication,
polymer electrolytes are expected to be of lowest cost. Raw materials cost for the
inorganic oxide and sulfide materials may be higher than polymers because some of
the precursors required for production may be expensive. Furthermore, synthesis of
the inorganic materials and their fabrication into electrolyte layer are expected to
require more elaborate, high-temperature processes. 

Beyond Sulfur cathodes, air
(Oxygen) cathodes have also been
demonstrated as viable
candidates. (2) While in theory,
these Lithium-air batteries can
provide very high gravimetric
energy densities, their practical
applications have been limited at
best. As with conventional anodes,
Lithium ion-conductivity in the
cathode layers also needs to be
addressed. Composite cathodes
with solid state electrolyte
interspersed with the cathode
particles would be required. 

Supply Chain Factors
Introducing multiple new technologies, i.e. solid-state electrolyte, Lithium anode and a
new cathode in a battery cell technology will not only have to leverage some of the
logistics already in place for Lithium-ion, but also establish competitive new ones.
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Summary and Future Perspective

The potential to achieve high energy density using a Lithium-metal anode and enhanced
safety enabled by the solid-state-electrolyte is a highly attractive proposition. A recent
market report on solid-state batteries (7) lists more than fifty companies and institutions
working on solid-state battery technologies. Several start-up companies have indicated
that they have proprietary solid-state electrolyte technologies that are currently viable in
Lithium-metal batteries. Some large battery and automotive manufacturers have also
invested considerable internal R&D dollars for the development of solid-state Lithium
batteries while simultaneously investing in the technology being developed by start-ups.  

Considering the unique issues related to performance, manufacturability, or cell
integration encountered in the solid-polymer and inorganic electrolytes, it is
reasonable to infer that a composite or hybrid electrolyte would be the best
near-term option for a viable solid-state Lithium-metal battery. For the longer
term, improved materials with high ionic conductivities and optimum electrochemical
stability, mechanical characteristics and processability are required. In addition, cell
design will also be a key aspect to track on solid-state battery roadmaps.  

The momentum garnered by conventional LIBs after decades of development and
manufacturing will make them hard to displace unless a significant and compelling
improvement in performance is guaranteed by any new technology. Over the last few
years, major investments have been made by governments and industry to develop the
Li-ion battery infrastructure. The entire supply chain, from metal mining to the OEM, has
been energized to meet the challenge of electrifying the global transportation fleet. Any
inroads made by solid-state technology into the Lithium-ion market may be
minimal at best for the next decade. Beyond that timeframe, if the potential for the
technology is realized and the supply chain and manufacturing learning curves are
scaled, we can expect solid-state technology to gradually displace LIBs in mainstream
products including electric vehicles. 

Much of the Lithium mined for batteries today is being used to produce Lithium
Carbonate and Lithium Hydroxide for cathodes like NCM, NCA and Lithium Iron
Phosphate (LFP). For Lithium anodes, a significant amount of the mined Lithium
will need to be allocated to precursors for Lithium metal production.

This could be a daunting task for an application that requires materials at the scale of
electric vehicle batteries.On the other hand, even a small slice of the enormous market
that we see as imminent for electric vehicle batteries, would provide a profitable
opportunity for solid-state battery developers.
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Waiver of road tax up to 5 years for all classes of EVs registered in Goa.

All 2Ws involved in commercial activity shall switch to electric by 31st Dec, 2025.
Beyond 31st Dec 2030, all new 2Ws sold in the state to be 100% electric. 

Goa launched Electric Mobility Promotion Policy 2021. The policy aims to achieve
30% EV adoption in the state by 2025. Salient features:

Scrapping Incentive for old ICE 2W up to ₹5,000/- and for 3W & 4W up to ₹10,000/-
subject to RTO confirmation of scrapping and de-registration of the ICE vehicle.

Policy also targets to upgrade all diesel marine vehicles to a mix of solar & electric.

EV Concessional Charging Infrastructure Policy was also launched, declaring
support for the installation and operation of EV charging infrastructure in the state.

Financial assistance in the form of subsidy to be provided as follows:
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India battery cell maker GODI announced it has
produced its first batch of commercial-grade NMC
21700 lithium-ion cells at its factory in
Hyderabad. Commercial grade sample cells will be
soon made available to OEMs for testing and validation.
Commissioning and upscaling of the production facility
will continue through 2022, and bulk scale commercial
customer deliveries will be made in late 2022. GODI
plans to build a 5 GWh factory within the next
three years and 45 GWh within five years. 

Attero Recycling will invest Rs. 300 crores into lithium-ion recycling over the next
nine months and ramp up its li-ion battery recycling capacity by 11 times to 11,000
metric tons. India is presently generating 50,000+ tons of li-ion battery waste every
year. Through this enhanced capacity, Attero envisions capturing 22% of the total
potential market size by October 2022. Attero Recycling has also partnered with MG
Motors to reuse and recycle Li-ion batteries fitted in the brand’s ZS EV units.

Cement major Dalmia Cement has launched its e-Truck initiative and commissioned
IPLTech Electric to provide 22 electric trucks. The trucks will ply to transport slag (a
major raw material for cement manufacturing) from the Steel Authority of India Limited
(SAIL) facility at Rourkela to DCBL's cement manufacturing unit in Rajgangpur. 

Olectra GreenTech plans to invest INR 600 crores to set up an electric bus factory
with an annual production capacity of 10,000 units on the outskirts of Hyderabad. The
facility will be spread over 150 acres, and the company is looking to get incentives under
the central government's PLI scheme for automotive manufacturing. Chinese EV maker
BYD is the technology partner for Olectra. According to an ET report, Olectra currently
has an order book of 2,000 electric buses that it plans to deliver in 12-18 months. 

TI cycles (part of Murugappa Group) will launch electric vehicles for last-mile
commute, last-mile delivery and personal mobility under the Montra brand. The
electric autos will be the first to launch - around Q1 of FY 22-23. 

eBikeGo has acquired manufacturing and marketing rights for electric scooter ‘Muvi’
from Spanish automotive company TORROT. The company plans to manufacture
the EV in India and market it worldwide - Chandra Mouli Goddanti, CBO at eBikeGo,
shared on LinkedIn.

Jan 2022      Page 21ANNOUNCEMENTS

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

https://www.linkedin.com/company/ipltech-electric-private-limited/
https://evreporter.com/
https://evreporter.com/


EV RETROFITTING OPPORTUNITY
FOR SPECIFIC E-BUS APPLICATIONS

Imperatives of the current policy push on future EV retrofitting market

Given India's ambitious target for electric vehicles adoption by 2030, EV retrofitting adds
electric vehicles to the roads without adding new vehicles and is perfectly positioned to
act as a bridge for the transition from ICE to Electric Vehicle. While the central
government is said to be in the process of defining clear guidelines for retrofitting
solutions, state governments like Karnataka are planning to offer sops to startups to
retrofit ICE two- and three-wheelers and convert them to electric. The current policy
push of the government paves the way to explore retrofitting for the following reasons:

The government has also notified an increase in customs duty for import of critical
EV components, thus indicating kit makers to explore the local assembly of
components to remain cost-competitive.

EV adoption in India is expected to boom owing to extensive push
from the Government; however, the focus is on new electric vehicle
sales, public/shared transportation and component localisation. . 
 Preetesh Singh - Manager at Nomura Research Institute,
discusses the use cases for EV retrofitting in the segments
unattended by FAME policy. 

* UIO- Units in Operation | **Vehicle Parc- is a term for all registered vehicles within a defined geographic region or market

India has an increasing
trend of UIO*, which
offers a huge
opportunity for EV
retrofitting. 

Focus on public/shared
mobility and sale of
fully built EVs in FAME
II has left many use
cases untouched,
which could lead to a
huge build-up of used
ICE vehicle parc**.
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Use cases untouched in FAME II - Analysis of retrofitted e-bus applications
in slow-moving traffic

The focus on public mobility and the sale of fully built EVs in FAME II has left many use
cases (like school, employee, tourist transportation) unattended by FAME
incentives. According to NRI analysis, the cost of retrofitting and charging
infrastructure is low for such applications compared to inter-city and intra-city
public transport. There is financial feasibility for these use cases. 

A more accurate assessment of the economic efficiency of EVs with ICE vehicles is
calculated using the total cost of ownership (TCO). A comparative TCO analysis of
electric vehicles and ICE vehicles offers valuable insights for decision-makers in various
roles, including policymakers, to design the right financial incentives and fleet operators
to assess economic viability for a business model. For a new low specification, cost-
optimised e-bus to operate in slow-moving traffic, the cost of retrofitting is
approximately INR 33 lakhs.

Buses in target use cases are required to carry less load at a fixed speed and over
fixed routes. Low daily running distance gives ample time for slow charging, reduces
the cost of charging infrastructure and is easy to implement. The school, employee
and tourist transportation seem to be perfect use cases for EV retrofitting. 
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Future direction and the evolution of EV retrofitting market in India

With business opportunities around retrofitting in use cases untouched in FAME and
the growing ICE used vehicle market, retrofitting would pick up in shared mobility space
in future. Also, 4W, 3W and Buses have huge potential for retrofitting in shared mobility
applications like goods carriers, school/employee transport, taxi segment with
emerging and existing use cases. Government and key industry players have to
come together to promote EV retrofitting for a faster transition to electric
mobility with a developed local supply chain.

According to the NRI survey and analysis, the TCO of retrofitted electric buses in
slow-moving traffic applications would be less than that of diesel after 3 years of
operation and much better than CNG after 7 years; significant savings in
operational costs could be achieved.

Given a shorter daily run, a smaller battery pack is required for target use cases
compared to buses for intercity and intracity public transport. The TCO is calculated in
comparison with other diesel and CNG powertrains with changes in depreciation and
inflation costs. Since the e-bus is charged by a slow charger, the operational costs are
low and vary greatly depending on how electricity costs are subsidised.

Thanks to Shravan Bhanot - Deputy Senior consultant at Nomura Research Institute  for
extensive contribution towards this analysis.  
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BMW launched iX electric SUV in India,
price starting at ₹11,590,000. Deliveries will
start in April 2022. The EV offers a range of
425 km, acceleration from 0-100 km/h in 6.1
seconds, max. power output of  240kW, peak
torque of 630 Nm, battery capacity of 76.6
kWh. Charging options are CCS2 (DC Fast
charging) and Type 2 (AC Charging).

Mahindra Electric has launched Mahindra Treo in
Maharashtra at ₹2.09 Lakh (ex-showroom, Mumbai)
post all subsidies. The company claims that Mahindra
Treo has a 67% market share in the country and can
save an owner up to ₹2,00,000 in 5 years vs CNG. It
offers a range of 130 km/charge, peak power of 8 kW,
peak torque of 42 Nm.

News
Bytes
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UNDERSTANDING CHARGE-
DISCHARGE CURVES OF LI-ION CELLS

Charge curve of Lithium-ion cell | CC-CV method charging

This charge curve of a
Lithium-ion cell plots various
parameters such as voltage,
charging time, charging
current and charged
capacity. When the cells are
assembled as a battery pack
for an application, they must
be charged using a constant
current and constant
voltage (CC-CV) method.
Hence, a CC-CV charger is
highly recommended for
Lithium-ion batteries.

The CC-CV method starts with constant charging while the battery pack's voltage
rises. 
When the battery reaches its full charge cut-off voltage, constant voltage mode takes
over, and there is a drop in the charging current. 
The charging current keeps coming down until it reaches below 0.05C. 
The battery reaches full charge voltage some time after the CV mode starts (as soon
as one of the cells reaches its full charge voltage). At this stage, estimating SoC (state
of charge) based on the battery voltage would mean that the battery is fully charged. 
The battery reaching its full charge voltage at this stage does not mean that it is
100% charged. Trickle charge mode kicks in immediately after this stage, where a
reducing charging current charges the remaining battery capacity while balancing
the cells at the same time. 
When every cell has been balanced and has reached its full charge voltage, at this
point, the battery pack is really 100% charged. One way to know this is when the
charging current has reached close to 0.05C.

In this article, Rahul Bollini explains the charge and discharge curve of Lithium-ion cells.
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But a flat discharge curve also means the battery might not deliver close to 100% DoD
(depth of discharge) because the battery cuts off if one of the cells reaches its lower cut-
off voltage. 

LFP cells have a flatter discharge curve when compared to NMC cells. Hence, LFP
cells deliver lesser DoD than NMC cells and have more balancing issues when
assembled into a battery pack.

Discharge curve of Lithium-ion cell at various C-Rate of discharge

C-Rating - C-Rating is associated with charging or discharging a battery. C-Rate of
discharge is a measure of the rate at which the battery is being discharged when
compared to its rated capacity. A C/2 or 0.5C rate means that this particular discharge
current will discharge the battery in 2 hours. For example, a 50Ah battery will discharge
at 25A for 2 hours. A similar analogy applies to the C-rate of charge.

This discharge curve of a
Lithium-ion cell plots voltage
vs discharged capacity. A flat
discharge curve is better
because it means the
voltage is constant
throughout the course of
battery discharge.

Graph Source: Hunan Huaxing
New Energy Technology Co.

The science of electrochemistry dictates that lower the C-Rate of charge, more energy
can be stored in the battery. Similarly, the lower the C-Rate of discharge, the more
energy can be delivered from the battery. Hence, charging and discharging the battery
differently from the standard continuous charge current and standard continuous
discharge current mentioned in the cell datasheet can yield different results for the
energy stored and energy delivered by the cell.

The above concept is why EV manufacturers do not promise a 100% charge at a DC
fast charging station. The industry standard is to provide 80% fast charge, then the
charging current comes down and eventually, trickle charge mode comes in place.
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Lithium-ion cells can charge
between 0°C and 60°C and
can discharge between
-20°C and 60°C. 

Discharge curve of Lithium-ion cell at various temperatures

Graph Source: Hunan Huaxing
New Energy Technology Co.

Cells discharging at a temperature lower than 25°C deliver lower voltage and lower
capacity resulting in lower energy delivered. On the other hand, cells discharging at a
temperature higher than 25°C deliver higher voltage and higher capacity. Higher
operation temperature allows for better flow of electrons resulting in higher energy
delivered. But there is a drawback, i.e. reduction in cell cycle life when operating at
higher temperatures.

Another environmental aspect to keep in mind is the range of relative humidity.
Lithium-ion cells are supposed to operate between 0% and 60% RH.

A standard operating
temperature of 25±2°C
during charge and
discharge allows for the
performance of the cell as
per its datasheet.

Cycle life of Lithium-ion cell

According to the industry standard, the cycle life of a Lithium-ion cell is
defined as the number of charge-discharge cycles of the cell by the time it
reaches 80% retention capacity of its original capacity. The recommended Depth
of Discharge taken for the cycle life testing is 80%. The cycle life of a Lithium-ion cell
increases as its DoD decreases.

For example, an NMC 18650 cylindrical cell having a cycle life of 500 cycles at 80% DoD
would provide 750 cycles at 60% DoD, 1250 cycles at 40% DoD and 2500 cycles at 20%
DoD. On the other hand, this same cell would provide 300 cycles at 100% DoD.
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This curve of a Lithium-ion
cell plots capacity
retention vs cycle
number. It is defined at 1C
charge rate and 1C
discharge rate.

NMC cells have a cycle life of 500-2000 cycles, while LFP cells have a cycle life of 2000-
5000 cycles depending on the cell form factor, charge-discharge C-Rating and operation
temperature. LTO cells have the highest cycle life of up to 25,000 cycles at 100%
DoD. LTO cells are the safest in the industry as they do not catch fire, can
operate in water and can even operate when punctured. LTO cells support up
to 10C fast charging and can charge up to 80% in 6 minutes.

Graph Source: Hunan Huaxing
New Energy Technology Co.

The capacity retention has reached 85.36% after cycling for 2000 cycles. It can be
predicted that the industry-standard definition of 80% retention capacity will be
achieved at around 2600 cycles by plotting the curve downwards. Hence, the cycle life
of this cell at 1C charge rate and 1C discharge rate at 25±2°C is 2600 cycles. 

Rahul Bollini is an independent R&D consultant in the field of Lithium-
ion cells and batteries. The author can be reached at
bollinienergy@gmail.com or +91 72049 57389

About the author 

Standard operation temperature of 25±2°C is assumed in the cycle life graph if it does
not mention the operation temperature. Higher operation temperature leads to a
reduction in battery cycle life.
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Fortum Charge & Drive India and CHARGE+ZONE have collaborated to offer Peer to
Peer roaming to EV users. This will allow a customer to access CHARGE+ZONE’s charging
points through Fortum Charge & Drive India's mobile app. A CHARGE+ZONE customer
can similarly use Fortum’s network. Awadhesh Kumar Jha - ED at  Fortum Charge & Drive
India shared on LinkedIn.

Hero Electric announced a partnership with Bengaluru-based advanced battery
technology start-up Log9 Materials to offer Log9's InstaCharging battery packs for its
entire range of EVs. The integration of Log9’s RapidX batteries can reportedly fully
charge Hero Electric two-wheelers within 15 minutes. The batteries will be deployed in
the market via outright sales and Battery-as-a-Service (BaaS) business models. 

iCreate has facilitated a partnership between CHARGE+ZONE, and the Government
of Gujarat, for $300 Million investment, to set up a network of 10,000 charging stations
within the state of Gujarat on national and state highways in 3-5 years, and scale it up to
50,000+ charging stations pan-India.

Matter Energy has signed an MoU with
the  Government  of Gujarat, committing
to invest ₹1,500 crores in the state over 5 years.
₹1,200 crores will be invested in electric mobility
solutions, and ₹300 crores towards energy
storage technologies.

Plug Mobility (Carzonrent India's initiative into Electric Vehicle Mobility as a Service)
has partnered with Fortum Charge & Drive India to provide charging infrastructure
for its fleet of 19,000 cars to be inducted over the next 5 years. For this, Fortum will set
up 3,200 DC001 and CCS charging points across 79 cities.

The government of Telangana has signed an MoU with German company Liteauto
GmbH, which will invest INR 1,500 crores over 5 years to set up an R&D and
manufacturing facility in the state. Magnesium parts in the drive train, interior, chassis
and body applications in the automotive and EV applications will be manufactured -
Gopalakrishnan VC, Director Automotive at Govt of Telangana shared on LinkedIn.
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Manikaran Lithium Private Limited; a group company of Manikaran Power Limited,
signed an MoU with the Government of Gujarat to develop India’s first Lithium
Refinery with a nameplate capacity 20,000 MT per annum of LCE (Lithium
Carbonate Equivalent). 
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Umicore and Volkswagen AG are creating an EV Battery Materials Joint Venture  - the
first to build cathode material production capacities in Europe.

Volkswagen Group (VWAG) and 24M
Technologies have entered into a strategic
partnership to manufacture next-
generation lithium-ion EV batteries using
the 24M SemiSolid™ platform for use in
VWAG electric vehicles. VWAG will make a
strategic investment into 24M, and VWAG
will establish a wholly-owned subsidiary to
develop a SemiSolidTM battery cell
production technology for automotive
applications. 

In association with Stockholm-based battery company NorthVolt, the Volvo car group
will invest around 30 billion SEK in the development and production of batteries for the
new generation electric Volvo (and Polestar) cars. Volvo aims to become an all-electric
carmaker by 2030. The companies plan to start battery production in 2026. The plant
will have a potential annual capacity of up to 50 GWh, which translates to batteries for
approximately half a million cars every year.

Renault Group is taking a 21% minority stake in Whylot, a French engineering
company specialising in the design and development of high-tech electric motors.
Renault says that this investment strengthens the collaboration between the two
companies to develop and industrialise an innovative axial-flow automotive e-motor.

Slovenia based in-wheel motor developer Elaphe Propulsion Technologies was
granted 7 million euros by the Slovenian government for scale-up activities.
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GETTING LITHIUM ANODE BATTERIES
TO THE MARKET

Boston based Pure Lithium claims to have invented a proprietary
lithium metal battery (“LMB”) anode and manufacturing process to
enable the mass adoption of electric vehicles in a few years. Emilie
Bodoin, CEO at Pure Lithium talks about their technology,
barriers to the commercialisation of LMBs and comparison with
other companies in the LMB space.

What is the importance of lithium metal batteries in the field of electric
vehicles and overall energy storage space? 

Lithium-Metal is the holy grail of batteries because they have the highest energy density,
about 3,860 mAh per gram. This is compared to the graphite anode in Lithium-Ion
batteries today with about 372 mAh per gram. So, using a thin pure Lithium-Metal
anode with the correct cathode can increase energy density by ten times, and on a cell
level at least four times. Also, Lithium-Metal can fast charge and is suitable for large
format cells. Instead of thousands of small cylindrical or prismatic cells in an electric
vehicle, we could have a hundred cells in a much smaller space. Lithium-Metal’s
tremendous benefits of higher energy density and lighter weight will extend the electric
vehicle’s range.

Why has lithium metal anode technology not been commercialized to date?

That is the question we ponder every day. M. Stanley Whittingham, who won the Nobel
prize for the Lithium-Ion battery, was initially working on Lithium-Metal. He made a
Lithium-Metal battery with Titanium disulfide and debuted it at the Chicago Auto Show
in 1976. The problem was that it would catch on fire, and therefore, Lithium-Ion became
the predominant chemistry. However, the Lithium did not cause the fire. The fires were
ignited due to the flammable organic electrolyte.

The barriers to commercialization are two-fold. 

The first barrier is the supply chain. Because Lithium-Metal doesn't exist freely in nature,
it is extracted at very high processing costs, and sells at a prohibitive cost of between
$140,000 to $160,000 a metric ton. Today, Lithium-Metal is made from a Lithium
Chloride precursor. Yet, Lithium chloride is only about 3% of the global Lithium market,
with Lithium-Metal around 1% of the overall market. Even if everyone adopted Lithium-
Metal batteries today, we don't have the supply chain to meet the demand.
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Problem number two is that the chemistry is complex. For a Lithium-Metal battery to
perform optimally, it would be best to have an electrolyte that doesn't react with
Lithium-Metal and won't decompose the Lithium or cause side reactions. These
performance issues have persisted as significant barriers. An additional
commercialization challenge is cathode capacity and utilization. The cathodes we use
today are highly optimized for Lithium-Ion intercalation chemistry. A Lithium-Metal
anode will reach its fullest potential with a conversion cathode, like Sulphur or a higher
rate capability cathode

Can you share more about Pure Lithium's approach? 

What we do at Pure Lithium - We build our anode in-house and we make our
Lithium through electrodeposition. Instead of extrusion, we grow it from the surface of
a piece of copper to produce a five-micron thin film very quickly.

However, the biggest win for us is that we invented a way to use a myriad of different
feedstocks. Instead of the expensive Lithium Chloride, we can use a Lithium Sulphate
solution readily available in the United States. We can also use off-spec Lithium
Carbonate, which is also in good supply because it gets thrown away if it doesn't meet
super high specifications. Lastly, we have a proprietary process to procure feedstock
from recycled Lithium-ion batteries.

For our electrolyte, we pair the Lithium-Metal anode with a molten salt
electrolyte that is highly conductive. And we make our own polymer using our
polymer membrane for primary lithium extraction in a battery. The beauty of this
polymer is that it protects the Lithium-Metal and does not allow it to form dendrites. It
is Lithium-Ion-selective, so it only lets Lithium go through it. How this works is our
secret sauce. 

Lithium metal batteries have become synonymous with the solid state
electrolytes. Are you saying that doesn't have to be the case. 

Absolutely, and we are working very hard to correct that narrative. The metrics
should be flammable versus non-flammable. It is challenging to move atoms
through solid materials, and no one has done it yet. SES is the leader in the
space, and they stopped being a completely solid company with their polymer.
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When you make a Lithium-Ion battery, you have between 1.5 to 3 weeks of formation
cycles, i.e., sending the Lithium in the cathode over to the anode, and it must be done
in-situ. QuantumScape takes the Lithium out of the cathode and then deposits it onto
the anode, like the Lithium-Ion battery. It takes a substantial amount of time, and you
can't de-lithiate these cathodes all the way. They need to have Lithium in them, or the
structure will collapse. QuantumScape is using the most expensive form of Lithium,
and it's much more difficult to form a Lithium-Metal electrode this way. We use a
polymer and nonflammable liquids, which is a big differential.

In terms of technology readiness, where are you and what kind of timeline
do you see yourself for getting to the market? 

We want to debut an inherently non-flammable battery for electric vehicle application,
and we have a long road ahead of us. The largest battery we have built so far is 50 mAh,
and it's a solid two-layer cell. We're on a very aggressive roadmap to make batteries that
are 3 Ah, about the size of a cell phone battery in two years. Solid Power publicly
disclosed that it took them seven years and about $43 million to get to that phase. Pure
Lithium is moving extremely efficiently, while making all our own anode and all of our
polymers. When we hit that stage, we're going to decide what our path to the market will
be. We aim to make 100 Ah cells ourselves, and it is unclear if we're going to license or
manufacture. Our goal is $50 per kilowatt-hour on a cell level, which is about half of
Lithium-Ion today. We want to get it down to $20 to find a suitable conversion cathode.

Could you also tell us about the leadership team at Pure lithium?

I chose Donald Sadoway as my Co-Founder. Don is an MIT Professor in material science
and engineering, and he's been there for 41 years. He has a track record of introducing
new chemistries and has a company called Ambri, the liquid metal battery founded out
of his lab. One of the inventors of that original technology, Paul Burke, is our CTO.
Reliance India invested over $50 million in this technology. Just as crucial to the
rest of the team is our commercialization officer Ralph Wise and who has a ton of
industry experience, worked at BASF, SES, and Ultralife Corporation.

We are targeting energy density of 634 Wh/l. Cycle life target is 1,000 and
charging time target is 5C.

QuantumScape and Pure Lithium are opposites. We are taking the cheapest form of
Lithium and making it into the highest value-added product, like the anode, and then we
are creating the rest of the battery with an in-house process that takes 15 minutes.

How are you different from other leading Lithium metal anode companies
like QuantumScape?
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Electric vehicle Sales Trend in India by OEM, 2021
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Source: Vaahan Dashboard. 
Note: Electric 2Ws refer to the high-speed category only. L3 category electric 3 Wheelers not included in the list

Disclaimer
Data as per 1379 out of 1590 RTOs across 33 out of 37 state/UTs. The aim of this chart is to represent an overall
trend of the new EV registrations in the country.
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Category-Wise Electric Vehicle Sales, December 2021

M-O-M increase of 10% for High Speed E-2W

High-Speed E- 2Wheeler Sales Trend by OEM, Dec 2021

Total Registered Electric Vehicle Sales -  Nov '21 - 42,055 I Dec '21 -50,874

Source: Vaahan Dashboard. 
Data excludes low-speed Electric 2-Wheelers.
Disclaimer: Data as per 1379 out of 1590 RTOs across 33 out of 37 state/UTs. The aim of this chart is to represent an
overall trend of new EV registrations in the country.

Note: Others include Tractors,
Forklifts, Adapted Vehicles, etc.
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Note: For L3 category 3 Wheelers, top 10 OEM Manufacturers contribute to only 41% of sales in Dec 2021.
Source: Vaahan Dashboard
Disclaimer - Data as per 1379 out of 1590 RTOs across 33 out of 37 state/UTs. The aim of these graphs is to
represent an overall trend of the new EV registrations in the country.

M-O-M increase of 30% for L3 Category E-3W

M-O-M increase of 19% for L5 Category E-3W

Electric 3Wheeler Sales Trend by OEM, Dec 2021
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