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FAME 2 extended for a period of 2 years i.e. up to 31st March 2024. The
Department of Heavy Industry had earlier notified the FAME phase 2 to be
applicable from April 1, 2019, for a period of 3 years ie. till March 31, 2022. As per
the latest notification by the department, the scheme has been extended for
another 2 years.

Increase in the demand incentive on qualified electric 2Ws to INR 15,000/kWh (up
from INR 10,000/kWh) and up to 40% of vehicle cost (up from 20% of vehicle
cost). In a follow-up, leading OEMs like Hero Electric, Ather energy, Okinawa, TVS,
Revolt and Ampere have announced slashed prices of their high-speed electric
2Ws. To qualify for the incentive, the maximum ex-factory price of the vehicle
should not be more than Rs 150,000 and it should have a minimum range of
80km, with a minimum top speed of 40 kmph. Other leading automakers like
Pure EV and Bajaj have opted out of FAME qualification and incentives.

EESL to aggregate demand for 3 lakh electric 3Ws for multiple user segments.

EESL to aggregate demand for electric buses in 9 cities (Mumbai, Delhi,
Bengaluru, Hyderabad, Ahmedabad, Chennai, Kolkata, Surat, Pune) for remaining
e-buses under FAME 2 on opex basis.

Recent modifications in the FAME (Faster Adoption and Manufacturing
of Electric Vehicles in India) 2 scheme -

Delhi govt approves single-window facility to facilitate the expansion of
EV charging infrastructure at private and semi-public places like apartments,
group housing societies, hospitals, malls and theatres. 

DISCOMS will empanel vendors for installation of two slow charging standards (Light
EV AC and AC 001) and fast charging standard DC 001 and create a coordinated
process for installing a charger, providing Delhi govt subsidy to the consumer and
meter installation based on EV tariff. Consumers will also be able to apply for a
separate electrical connection with a special EV tariff.

News
Bytes
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The quantum of demand incentives is INR 870 crores. Demand incentives (INR
10,000 per kWh) for the first 200,000 EVs including 1,10,00 2Ws, 70,000 3Ws and
20,000 4Ws. The incentives will be over and above the subsidy available from the
central government i.e. all classes of EVs that have taken subsidy under FAME 2.

100% waiver on the registration fee for EVs.

Commercial public EV charging stations to be eligible for 25% capital subsidy on
equipment/machinery (up to Rs. 10 lakhs per station) for the first 250 commercial
public EV charging stations. The subsidy for charging stations shall only be given to
those who have not availed subsidies under any other promotion schemes under
the Government of India policies or schemes.

State Government to exempt 100% electricity duty of EV charging stations during
the period of this policy.

Gujarat EV Policy 2021 will come into effect from July 1, 2021 for a period of 4
years. 

Here's a quick round-up of the incentives announced. 

 

It will be offered by the Centre for Automotive Research and Tribology (CART). 

The program will cover key aspects related to electric vehicles, drivetrain,
chargers and charging infrastructure, battery energy storage systems, Battery
Management System, reusability of energy storage elements, reliability,
automotive health monitoring, Automotive NVH, vehicle dynamics, autonomous
and connected vehicles, vehicular telematics, and materials for an electric vehicle,
along with hands-on practice and design in laboratories.

IIT Delhi is all set to start a new Post Graduate programme ‘M. Tech in
Electric Mobility’ from the upcoming academic session 2021-22. 

News
Bytes
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SILICON CONTENT IN ANODE TO BE
A DECIDING FACTOR FOR WINNING
THE EV RACE: VINCENT
PLUVINAGE

What role can Silicon play in enhancing the performance of Li-ion batteries?

Si increases the energy density of EV cells.

Si speeds up the charging of EV cells and the power output of these EV cells.

Si decreases the cost of EV cells. 

Silicon (Si) plays the following three key roles -

 

When combined with state-of-the-art cathodes in well-optimized EV cells, Si contributes
to EV with a longer range, faster charging and makes them more affordable. Si also
reduces the carbon footprint and makes EV cell manufacturing more sustainable.

OneD Battery Sciences recently announced SINANODE, a technology that adds
more energy-dense silicon into the anodes of EV batteries. It fuses silicon nanowires
onto commercial graphite powders, claiming to triple the energy density of the
anode while halving its cost per kWh. Through its pilot program, OneD is enabling
OEMs to design and produce EVs with better batteries ready for production year 2025. 

This interview with Vincent Pluvinage, CEO - OneD, aims to
understand more about the relevance of their technology in the
electric vehicle ecosystem.

What are the challenges with increasing the Silicon content in the anode?

The main technical problems include silicon particles breaking up, silicon surfaces
excessively reacting with electrolyte, and cell capacity fading too fast during
charge/discharge cycles. 

Many attempts to increase the amount of Si in EV cells have failed for several technical and
economic reasons. 

July 2021            Page 6

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

https://evreporter.com/
https://evreporter.com/


July 2021            Page 7

The main economic problems are mostly related to costly specialized equipment,
poor yield and high variable costs, and the inability to scale outside of the lab and
fast enough to the large quantities required in the next few years.

Other problems relate to the inability to be truly compatible with existing EV factories
equipment, processes and suppliers. 

Current methods to increase silicon are to mix silicon oxide particles or carbon-coated
nano-silicon particles with the graphite. These approaches present a challenge, as
particles easily crack when the silicon expands during charging, resulting in electrically
isolated fragments when the silicon contracts during discharge. A common solution is to
add polymers that, in essence, glue the particles onto the graphite. These polymers add
weight and volume while doing nothing to store energy and increase power.

How does SINANODE overcome these barriers?

SiNANODE solves the technical problems because silicon nanowires do not break,
they have much lower surface area and they provide higher capacity over longer cycle
life. The process uses inexpensive equipment available commercially, produces high
yields with a modest amount of electricity and can be scaled quickly to EV quantities
while reducing cost enough to meet EV targets. The silicon nanowires are grown directly
onto the graphite particles using a Chemical Vapor Deposition (CVD) process, in which
silane gas reacts with catalyst nanoparticles deposited onto the surface of the graphite
particles. 

What Silicon nanowires can do for the electric car battery is simply remarkable, equivalent
to the impact fiber optic cables made to the telecommunications industry.
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What is the current weight percentage of Silicon vs Graphite you have
been able to achieve and test?

In the lab, we have produced SINANODE on various carbon substrates with Si% as high
as 60%, but in practice, we have found that our customers prefer to use 20% Si/C
powders. It turns out that there are diminishing returns in increasing the Si% beyond
due to other battery components limiting factors, namely cathode related.

What is the current level of technology readiness and commercialisation?

We have operated a demo Production
Facility in Palo Alto for about a decade
and also installed additional Pilot
Production at other locations selected in
the past by key customers. The
commercial equipment used in the
current facility is capable of producing
300 MWh of anode material per CVD
stack per year. Newer CVD equipment
available from CVD suppliers increases
this to 2 GWh per CVD stack per year but
has not yet been tested.

The first DEDICATED PILOT FACILITY, i.e.
operated for one OEM, will be operational
around the end of 2021, and will operate
to support one EV customer during 2022
and 2023 to complete EV cell optimization
and qualification. This facility uses same
equipment and processes that OneD has
been using since 2018 to optimize yields
and measure actual costs. 
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What are the overall cost implications of using this technology? Looking
for a comparison between the increase in cost per kWh vs enhancement
in battery performance.

The cost of one kWh is $3.30, a fraction of the costs of graphite only and graphite
plus silicon oxide. Since silicon nanowires contribute over three times more
kWh per dollar, the SINANODE step provides an effective way to reduce cost while
increasing energy density.

Could you share results from testing SINANODE powered batteries with EV
OEMs?

We have seen groundbreaking results from leading OEMs and graphite manufacturers.
Due to NDAs, we cannot disclose the specific results of customers at this time. 

However, leading graphite suppliers, cell makers, and EV makers in the U.S., Europe,
and Asia, have tested SINANODE by applying the technology to commercial EV-grade
graphite used in the anodes of EV batteries. Key findings include:

Increased Range and Battery Life – SINANODE successfully fuses silicon
nanowires to commercial graphite powders from multiple suppliers and triples the
anode specific capacity (Capacity > 1000 mAh/g). SINANODE anode material can
then be blended with graphite, to achieve high Initial Coulombic Efficiency (to > 92%,
a key metric used in matching anodes and cathodes) and a higher anode specific
capacity over more than 1000 full charge/discharge cycles than any state-of-the-art
EV cells in production today.

Reduced Cost – SINANODE was developed with commercial manufacturing CVD
equipment available from multiple vendors, using only silane and nitrogen gases
available in very large quantities at attractive costs. This reduces the investments
and time necessary to scale up the SINANODE step to EV quantities while
decreasing the cost of EV anodes by almost 50% when compared to the cost of
most competitive anodes used in EV batteries today.

Seamless Integration with Increased Performance – SINANODE offers a fully
differentiated, globally patented technology that can be deployed with multiple
existing suppliers to leverage their large investments and the supply chain
strategies of the leading participants in the industry. Rather than trying to replace
existing suppliers, adding SINANODE replaces inefficient steps in the current
processing of silicon additives with a scalable technology that increases
performance and decreases costs of the materials and cells used in EVs.
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Hyderabad based ETO Motors has
launched Bulk-e Plus with an ICAT certified
range of 148 km, top speed of 45 kmph and
a payload capacity of 500 kg. The L5
vehicle is priced at INR 3.66 lakhs and
comes with a 9.4 kWh LFP battery pack with
a warranty of 3 years or 80,000 km..

Notably, the current leadership team of ETO is the erstwhile leadership team at Olectra
Green that is a leading electric bus manufacturer in India. BYD is the technology partner
for the company

EV start-up Altigreen Propulsion Labs
announced a partnership with electric fleet
startup MoEVing to launch its EVs in Delhi-
NCR. The Altigreen NEEV is an L5 Cargo
vehicle that comes with an 11 kWh battery, 53
kmph top speed and a maximum range of 150
km. The vehicle claims a running cost of 82
paise/km including fuel and maintenance and a
lifetime savings of INR 10 lakhs.

Pune-based h2e Power Systems, part of the Poonawalla Group, is developing a totally
integrated hydrogen fuel cell three-wheeler using PEM (proton-exchange membrane)
fuel cell and innovative hydrogen cylinders. These three-wheelers are being developed in
collaboration with Canada-based Hydrogen in Motion. h2e Power Systems is already
producing Green Hydrogen from Electrolysers and has products both in the stationary
segment and the mobility sector. 
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PRODUCTION LINKED INCENTIVE
SCHEME FOR ACC MANUFACTURING

The focus of the FAME scheme has been
on demand generation and charging
infrastructure creation. It ensures some
level of assembly-level capability
development for manufacturing EVs, which
has already started for several
components listed in FAME-II. However, it
does not ensure real localization and
buying from Indian companies. Batteries
being the highest cost contributor (around
45-50%) if localized will be instrumental in
lowering EV cost and reducing India's
overall import dependency. PLI can attract
large-scale investments over the next few
years as the potential of the EV market in
India expands. 

In May 2021, Cabinet approved the DHI proposal for the implementation of the PLI
Scheme for 'National Programme on Advanced Chemistry Cell (ACC) Battery Storage’. A
further notification by DHI dated June 9, 2021 released more information on scheme
parameters, allocation of incentives and monitoring mechanism. The scheme envisages
setting up a cumulative ACC manufacturing capacity of 50 GWh for ACCs and an
additional cumulative capacity of 5 GWh for niche ACC technologies.Selection of
beneficiary firms will be made by an RFP process that is yet to start.
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Why PLI scheme for localisation 
of cell manufacturing?

The key focus of the PLI scheme is
localisation. Through this scheme, the
Government of India intends to optimally
incentivize potential investors, both
domestic and overseas, to set up Giga-
scale ACC manufacturing facilities. The
focus is on ensuring 60% domestic
value addition.  

Fund Allocation

Total incentives planed for ACCs will be
INR 18,100 Cr in the period of 5 years.
Following is the breakup of incentives.

Value addition shall be construed as the
percentage of manufacturing activity
being undertaken in India, by the
beneficiary firm either on its own or
through ancillary units or via domestic
manufacturers.
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 Minimum value addition by the beneficiary firm - the beneficiary firm must
ensure minimum of 60% value addition within 5 years. The disbursement of incentives
to begin once local value addition of 25% is achieved at the Mother unit level.

Change in HSN at 6-digit level: There should be a change in HSN code at 6 digit
level on account of manufacturing activity taken by manufacturers and their suppliers.

The final process of manufacture must be performed in India. The term
“manufacture” means “processing of raw-material or inputs in any manner that result
in the emergence of a new product having a distinct name, character and use”. 

The actual subsidy disbursement to the Beneficiary Firm will be capped at 20% of the
ACC Sale Price (Net of GST).

Incentive disbursement will commence once the committed domestic value
addition and actual sale of the ACCs begins. 

The incentive for the beneficiary firms in the form of subsidy to be disbursed would
be calculated as - Applicable subsidy per kWh X Percentage of value addition
achieved during the period X Acutal sale of ACC (in kWh)

About the author 

Preetesh Singh, Manager at Nomura Research Institute Consulting
and Solutions India. He can be reached at preetesh.singh@nri.com

Extensive contribution by Shravan Banot, Deputy Senior Consultant at NRI

In other words, the battery should be manufactured in India by achieving
prescribed localization along with the change in HSN code at mother unit level,
ancillary unit level or at domestic supplier level to be eligible for the incentives. 

The following parameters have been proposed to ensure real value
addition of 60% in India
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 Grinntech  closed a bridge round of around $2 million. Founded in 2013 by Nikhilesh
Mishra and Puneet Jain, this Chennai based startup specialises in lithium-ion batteries
for electric vehicles (EVs) and energy storage systems

News
Bytes

Bengaluru-based EV Charging solutions company Kazam raised $1 million in a 
seed round led by Inflection Point Ventures. Founded in 2020 by Akshay Shekhar and
Vaibhav Tyagi, Kazam has set up over 30 charging stations in five states – Karnataka,
Maharashtra, Delhi/NCR, Telangana and Tamil Nadu. 

Bangalore-based electric CV start-up Cell Propulsion raised $2 million
from existing investors – Endiya Partners, growX Ventures, Huddle Accelerator and
Micelio. According to CrunchBase, Cell Propulsion has raised a total of $4.1M in funding
over 6 rounds. Founded by Nakul Kukar, Paras Kaushal and Supratim Naskar, Cell
Propulsion builds and deploys electric commercial vehicles (eLCVs and eHCVs) as
part of its integrated solution. 

BMW and Ford-backed Solid Power will go public via SPAC merger in $1.2B deal. 

The solid-state battery developer will merge with special purpose acquisition company
Decarbonization Plus Acquisition Corp III at a post-deal implied market valuation of $1.2
billion. Solid Power is currently producing 20 Ah multi-layer all solid-state batteries on
the company's continuous roll-to-roll production line, which utilizes industry standard
lithium-ion production processes and equipment. Both Ford and the BMW Group will
receive full-scale 100 Ah cells for automotive qualification testing and vehicle integration
beginning in 2022. 

Ashok Leyland's subsidiary Switch Mobility has fully acquired electric vehicles maker
Switch Mobility Automotive Ltd, India. Switch Mobility Automotive Ltd was created
in April 2021 to lead Switch's EV strategy in India. It brings together Ashok
Leyland’s EV operations (parent company of Switch), with the expertise of Optare UK
(Ashok Leyland’s UK bus manufacturing company).
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Ion Energy raised $3.6 million in Pre-Series A funding from Amazon’s Climate Pledge
Fund, joined by Silicon Valley-based Climate Capital, early-stage investor YourNest Venture
Capital, Riso Capital, Venture Catalysts, and other angel investors. Founded in 2016, Ion
Energy focuses on battery design, battery data analytics and development of Battery
Management Systems. 
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Our battery technology is a Cobalt
and Nickel free, high voltage
phosphate composite which we have
been developing for the last 10 years
and it is already in the commercial
market. We have been validated by
various customers in many different
industries. One of our customers is in the
US military, producing electric,
autonomous boats. 

This technology offers about 3.9V cell
level potential, which is the highest in
the market. LFP (3.2V), NMC (3.7V).

Not having Co-Ni and offering higher
voltage allows us to maximize the energy
in a definite volume and provide it in a
very cost-effective manner. Plus, we don't
change anything on the manufacturing
footprint and can seamlessly integrate
and scale this technology - what this
means is we can pretty much pick any
existing plant and start producing the
form factor. 

LITHIUM-ION CELL
MANUFACTURING IN INDIA - C4V
DISCUSSES ITS PLANS

Where are these cells and batteries
manufactured as of today?

C4V is a New York based company with patented battery technology.
This QnA with Dr Shailesh Upretu (CEO, C4V) explores their plans to
manufacture Li-ion cells in India under the PLI scheme.

Tell us about your battery
technology and how it is different
from other prevailing battery
chemistries? We do it in multiple ways. We have a pilot

facility that has been operational for the
last three-plus years, right here in New
York. And then we also have done
contract manufacturing utilizing some of
the existing facilities to produce
ourselves. Combining both methods, we
have delivered the end product to
customers.

 -
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What kind of JV partner are you
looking for? 

Someone with domestic manufacturing
and business background in India. If they
are into renewable, upstream,
downstream, or can become a captive
user for our batteries, that will be like
icing on the cake. Someone with an
operational background who understands
the Indian nitty-gritty and manufacturing
challenges would be good. 

What is the target scale of
production you are looking at?

It would obviously be a minimum of 5
GWh. And we anticipate that with the
Indian market growing at a very high
speed, it could be probably three to four
factories of 5 GWh eventually. 

Do you intend to export the cells or
looking at domestic consumption? 

What is the target per kilowatt-hour
price you're looking at the cell level? 

We are already in the range that industry
is expecting, i.e. between $100 and $200
per kWh. We can't really disclose our
pricing because it is product specific, cell
designs change with different verticals
and pricing is proportional to the volume.
The target number that the industry has
been eyeing is our goal. In principle, we
can achieve double-digit cost numbers
for the right volume.

The end product (EV) might be exported,
but the actual user is based out of India.
Our primary focus at this point are the
OEMs in India.

60% value addition is a prerequisite
under the PLI scheme and C4V claims
to be able to achieve the same. Can
you explain how you have been
building your supply chain?

The components that will be going into
our cells would be manufactured in India
as well. We have been working with
various Indian suppliers already.

Our model allows us to create an
industrial cluster, ie. not just one factory
for cell manufacturing, but all our supply
chain partners would be setting up their
manufacturing sites in India. Various
existing Indian component makers are
also willing to qualify with us. Today, we
have 60 plus companies qualified as a
part of our supply chain. It takes 18
months to two years to qualify a single
component and it has taken us 6 years to
stabilize our supply chain.  

We reviewed various locations with the
Invest India team and evaluated about 11
states. We have entered into an MOU
with Karanataka to set up a cell
manufacturing plant with an
investment of INR 4,015 crores. We
have also had numerous discussions with
the central government. We are looking
to finalise our JV partner in India soon.

What are your plans for setting up cell
manufacturing in India? 

July 2021            Page 16

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

https://evreporter.com/
https://evreporter.com/


You have mentioned that your
supply chain is not dependent on
China. Are you saying that all the
raw material needed to make the
cell can be procured from within
India or other countries sans China? 

Yes, that's the correct statement. It is very
rare to build a supply chain that is not
relying on China, but we have done a
good job. In the last 5-6 years, we have
built a really strong supply chain that will
not only be a competitive price to China
but also provide high-quality components
so performance and cost are not
compromised. 

What other countries apart from
India is your raw material going to
come from?

Initially, we might be importing some of
materials, but eventually, we are aiming
to qualify domestic suppliers and
partners.

Are these the same companies which
are supplying to your US plant?

Correct. In our US plant, all major
components - cathode, anode, separator
and electrolyte are domestic and we are
hoping that a similar trend will follow for
the Indian plant. Our cathode partner
from the USA has also expressed interest
to build the cathode plant in India.

What is the kind of timeframe
needed to set up a cell
manufacturing unit say 1 GWh?

Building a facility requires land selection,
approvals and the equipment orders that
have to be made and assembling those
together. So, all that can be done in 18-24
month time.

Australia, Chile, Argentina, some African
countries, Canada, US would be the key
countries we'd be importing from.
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News
Bytes

At the 44th annual general meeting, Reliance Industries announced investing Rs
75,000 crore over the next 3 years into its New Energy Business. The company
has started developing the Dhirubhai Ambani Green Energy Giga Complex on 5,000
acres in Jamnagar into an integrated renewable energy manufacturing facility.

Reliance is going to build four Giga factories with an investment of INR 60,000 crores
and invest an additional INR 15,000 crore in the value chain, partnerships and future
technologies. The four factories will be:

- A solar photovoltaic factory. 

- An advanced energy storage battery factory

- An electrolyser factory to manufacture modular electrolysers for captive
production of green hydrogen.

- A fuel cell factory for converting hydrogen into power.

Britain's Jaguar and China's BAIC plan to phase out the production and sale of ICE
vehicles by 2025. 

Sweden's Volvo aims to only produce fully electric vehicles by 2030. By 2025, they
are aiming for 50 per cent of sales to be fully electric. 

Ford's entire passenger range in Europe will be all-electric by the end of 2030.
Commercial models will be 100% zero-emissions capable, all-electric or plug-in
hybrid, by 2024. 

General Motors plans to phase out ICE vehicles by 2035. 

Honda aims to sell only electric vehicles by 204

German carmaker Audi will stop manufacturing diesel and petrol cars by 2033.
Starting in 2026, Audi plans to only launch new all-electric car models, while phasing
out the production of last ICEs by 2033. However, strong demand in China could see
Audi's local partners there continue to manufacture combustion engine cars beyond
2033. Carmakers around the world have announced plans to phase out ICE vehicles in
the coming years. 
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Lithium-ion batteries (LIBs) contain critical materials such as graphite (anode), lithium,
cobalt and nickel (cathode) that are likely to face price fluctuations and a supply crunch
in the coming years. Recycling end-of-life LIBs is therefore of paramount importance to
not only alleviate the supply shortage but also for its environmental, social and
economic benefits. Looking at typical LIB pack composition (see Figure-1), it is clear that
there are significant amounts of Li, Ni and Co present for different battery types, all of
which can be recovered and recycled back into the supply chain.

Of the different battery types, lithium iron
phosphate (LFP) batteries are a promising
energy storage solution, with a projected
market worth of ~$10.5 billion by 2024
from an estimated $8.5 billion in 2019 (4-
5% average growth rate) during the
forecast period (see Figure-2). This growth
is attributed to their increasing use in
electric vehicles and high demand for
energy storage/grid storage applications.
The automotive segment accounts for the
largest market share of LFP batteries,
driven by demand from the fast-growing
Asia Pacific market. The Asia region led the
LFP batteries market with the largest
share in 2017, a trend that is expected to
continue for the next decade.

CREATING A SUSTAINABLE
CIRCULAR ECONOMY FOR LFP TYPE
LITHIUM ION BATTERIES
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Kinnor Chattopadhyay, Brett Liu, and Nishit Patel
from XProEM discuss their approach and thoughts on
how to make the recycling of LFP batteries
economically viable.

Market Sizing for LFP Batteries
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The North American market is likely to play an important role in driving future demand
for LFP batteries. Major companies in the current Lithium Iron Phosphate batteries
market include BYD (China), A123 Systems (US), K2 Energy (US), Electric Vehicle Power
System Technology (China), Optimum Nano Energy (China), and Contemporary Amperex
Technology (China). BYD is a key player in the medium capacity market segment
(16,251–50,000 mAh). In 2019, BYD signed an agreement with Toyota Motor for the
joint development of LFP batteries. On the other hand, CATL has been signing
agreements for increasing its clientele globally. In May 2019, the company was awarded
a contract by Eugene Enerfarm for its energy storage system projects.

Figure 2 - LFP battery
market by geography

Source - [2]

Figure-3 shows the
projected growth of the
global LFP type battery
between 2017 to 2027.
(derived from data in ref 2
and 3)
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Recycle or Restore spent LFP batteries?

As LFP batteries do not contain any Co
and Ni, recycling them by conventional
methods may not yield any meaningful
economic benefits. Repurposing or
second-life applications are a good
interim solution but eventually, all LFP
batteries will reach their end of life,
which brings up a key environmental
question on how to recycle LFP type
LIBs, and what the most efficient way of
recycling them is. 

Is it better to adapt existing technologies
to recover individual elements and
compounds, or attempt to directly restore
the electrodes to their original electrical
properties? 

LFPs are less costly compared to
other LIB types, so recovering
individual components may not be
as lucrative as for other LIB types
(LCO, LNO, NMC, etc.) which
contain valuable transition metals
in their products that justify the
high processing/recovery costs.

D3R is a process for directly
replenishing lithium and potentially
other elements for lithium-depleted
cathode from spent LIBs to restore
the stoichiometric amount of
lithium in the restored cathode. 

The re-lithiation is accomplished by
adding lithium-bearing compounds
to provide the source of lithium,
and diffusion of lithium from the
added material into spent LIB
cathodes.

The graphite recovered from
physical separation can
simultaneously be washed and
heat-treated to restore the anode
to a certain degree.

With this in mind, XProEM Ltd.
developed a diffusion-driven doping
restoration (D3R) process. 

Cathode restoration for LFPs using D3R

For the cathode, it is important to re-establish the proper stoichiometric ratio of the
lithium in the used LFP cathode from spent LIBs. This is achieved by a solid-state
diffusion process. XProEM’s D3R technology provides a process route to directly re-
lithiate the spent LFP cathode by doping it with a lithium-rich salt and carbon-bearing
s›ubstances, and heat-treating it to facilitate the desired diffusion of lithium. The re-
lithiated LFP cathode has a stoichiometric ratio greater than 0.9, compared with a value
close to 1.0 for pristine LFP cathode. 
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Already separated black mass (cathode active material) from spent LFP batteries is
first preheated in a reactor to an intermediate temperature that allows its
microstructure to convert into a uniform homogenous solid solution phase. The
diffusivity and mobility of Li ions and vacancies at this temperature are higher than
that at room temperature (hence the requirement for this preheating step). As a
result, the vacancies are redistributed within individual black mass particles, with a
more uniform distribution of vacancies throughout the cathode improving the
doping efficiency. The exact temperature selection is dependent upon the degree of
de-lithiation in the spent LFP black mass, e.g. 250-300°C, for the transformation into
the desired homogenous phase. 

This preheated black mass is then mixed with a lithium-bearing compound and
carbon-bearing substance (could be some graphite from the anode) using fine
milling equipment, and subsequently ground to reach homogeneity. 

The resulting mixture is then sent for further heat treatment in a reactor, which is
injected with inert gas. The temperature inside the reactor is elevated for 6-8 hours
to allow the re-lithiation to take place sufficiently. Finally, the restored cathode
material is slowly cooled with inert gas until further handling and collection can be
allowed.

Anode Material in LIBs

There are essentially two kinds of graphite used in state-of-the-art LIBs: natural graphite
(NG or often called NFG) and synthetic graphite (SG). In both cases, the particles are
polycrystalline and composed of numerous single-crystalline domains. Depending on
the size of these domains, one differentiates between micro-and macrocrystalline
graphite. These domains are commonly oriented in the same direction in NG, while their
orientation in SG is more random. 

Both materials are presently used for commercial LIBs: SG especially in EV applications
(higher purity and quality, despite the higher cost) and NG typically for portable
electronics (these applications do not have the requirement of a very long cycle life).
Accordingly, it is expected that the demand for both NG and SG will further increase
with the increasing importance of LIBs, while the fact that NG is considered a critical raw
material is anticipated to further trigger the development of high-performance SG. SG
accounts for a significant share of the graphite market, in particular in North America. In
2020, synthetic graphite contributed ~60% to the global graphite market.
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The production of SG powder typically involves a small number of specialized producers
in North America, Europe and Japan. However, its application as anode material for
future demand of LIBs is limited by its price as the price of synthetic graphite is usually
1.5-3 times higher than natural graphite with the same quality. Thus, restoring the
anode becomes equally important. 

References
[1] Jessica Dunn et al, Circularity of Lithium-Ion Battery Materials in Electric Vehicles. Environ. Sci. Technol.
2021, 55, 5189−5198
[2] Markets and Markets, Lithium Iron Phosphate Batteries Market – Global Forecast to 2024.Online:
https://www.marketsandmarkets.com/Market-Reports/lithium-iron-phosphate-batteries-market-
77659282.html
[3] https://www.databridgemarketresearch.com/reports/global-lithium-iron-phosphate-lfp-batteries-market
[4] XProEM Ltd. Diffusion Driven Doping Restoration (D3R). Online: https://xproem.com/ 

Anodes restoration for LFPs using D3R

For recycling the anode, the anode active material (graphite) is washed with distilled
water followed by a drying step. 

After drying in hot air, the graphite powder is introduced into a reactor and
subsequently subjected to controlled thermal treatment. The thermal treatment
activates a re-graphitization process under continuous inert gas flow.

The graphite powder product is then slowly cooled with inert gas after the
completion of heat treatment.

XProEM's D3R process can co-restore the anode along with the cathode.

 

Figure-4 below shows the process flowsheet for the D3R process.
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Battery Systems
Traction Power & Control Systems
EV Powertrain Manufacturing & Series Production

SY: Electra EV has its R&D and prototyping facility in Pune and manufacturing facility in
Coimbatore. We specialize in Design & Development, Engineering, Testing & Validating,
Production and Servicing of full EV Powertrain systems. Electra EV has delivered EV
Powertrains to more than 2000 vehicles that have been running on Indian roads for the
last two years. As of FY 20, more than 25% of the total electric four-wheelers on Indian
roads have an Electra EV powertrain inside them. We offer EV Powertrain Solutions
including:

ELECTRA EV AND JENDAMARK
BUILD DIGITISED BATTERY
ASSEMBLY LINE

Electrodrive Powertrain Solutions (Electra EV) recently
established a new assembly line for making low voltage
battery packs at its Coimbatore facility with help from
industry automation solution provider Jendamark India.

Please share about your offerings and work the India EV space.

This conversation with Samir Yajnik (L) (Executive Director, Electra EV) and Himanshu
Jadhav (R) (CEO, Jendamark India) aims to explore more about the project approach
taken by the two companies.
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What are some of the salient features of this battery pack assembly line?

Operator guidance: The system displays all the information regarding the processes
to be followed along with pictorial representations, special notes, parts and tools to
be used. This is a paperless production process that makes life easier for operators.

Odin Workstation - A powerised conveyer for the assembly lines merely transfers the
parts. We have instead chosen Odin Workstation that does much more to ensure the
process security and quality including:

Battery Pack manufacturing with value engineering

Digitisation of Battery Pack manufacturing 

Data storage and Reports

Flexibility in Assembly Process to cater to volume fluctuations

On job Assembly Process verification and Security

First time right and best in quality of products

Product, Part and various quality check traceability

Ergonomic and safe processes

What tools have been used to ensure the above mentioned benefits?

The aim of the project was to commission a low voltage battery assembly line for Electra
EV built on industry 4.0 principles to supply high-quality battery packs. Jendamark and
Electra EV made a clear road map for the first assembly line and the project was initiated.
The teams worked together and made the line ready in record time during the pandemic. 

Could you tell us about battery assembly line project you executed together?

HJ: Jendamark Automation (headquartered in South Africa) entered the Indian market in
2014. We bring to the table 30+ years of operating across the world. We have the unique
distinction of having IT and automation experts working together to deliver Industry 4.0
solutions for production lines.

The assembly line has been commissioned with benefits of Digitization with Integrated
Process security, Quality, Productivity, Safety and part traceability using Jendamark's
own developed Industry 4.0 solution - ODIN

Line diagnostics: The diagnostic tool helps maintenance managers to check the status
of all the tools, devices and equipment for a quick diagnosis of issues that arise during
production. Provides information on time logs, real-time values of sensors,
communication data etc.
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Managing process deviations: Allows line supervisors to handle process-related
deviations such as sending a part to rework, skipping processes, entering barcodes
manually and re-doing processes.

Tool positioning system: Helps to assign indicators wherever there is a process need
for sequential tightening of bolts. For each pack, a line operator has to tighten
184 bolts and with the right torque ie. a tough process to repeat every time
with the same attentiveness. Odin Workstation helps the operator by retaining the
assembly information and performing in-process verification of how many bolts are
done, which ones are remaining, if the right torque is being applied etc. It also
transfers information to the next shift operator.

Flexibility in assembly lines - In the fast-evolving battery space, flexibility is the key to
future-proof the investments. The assembly line and machine design have been done
considering that the customer could introduce a new product to be manufactured on the
same line. In work station, the customer can add new product assembly sequences in
future and also upgrade existing ones to accommodate improvements.

Digitisation and traceability of battery pack manufacturing - The world is moving
towards smart paperless factories. ODIN Workstation helps by generating Automatic
Unique ID of Product to Finished Good reports to ensure traceability. The workstation
interacts with the tools, equipment and PLC associated with the line to record and
store data, which is used to generate digital reports on various aspects of production.
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India stands on the cusp of the greatest
opportunity to become the world leader
in Hydrogen technologies and perhaps
become a net exporter of Hydrogen to
the world. India currently is the third
largest emitter of greenhouse gases
amounting to nearly 7% of global
emissions. A progressive India will need
double its current energy requirement to
keep pace with the growth appetite of
the country and this will result in
furthering the emissions. The most
effective way to meet the demands and
reduce emissions is ‘Hydrogen & e-
Fuels derived from the Hydrogen
process’.

Hydrogen production, hydrogen storage,
hydrogen dispensing, and hydrogen
conversion technologies have seen rapid
developments in the last decade. These
technologies are nearing
commercialization and are fast
becoming competitive with the existing
energy technologies. From powering a
home, running an industrial facility to
driving our car - Hydrogen has use cases
in almost every walk of life. And this has
propelled the policy makers to seriously
consider a Commercial Roadmap for
Green Hydrogen in India. 

HYDROGEN AND DERIVED E-FUELS
- THE VACCINE WE NEED FOR
CLIMATE CHANGE

Hydrogen technologies are on to
the path of commercialisation

This article by Siddharth Mayur - CEO, H2E Power Systems
discusses how India can potentially take a dominant position in
adopting Green Hydrogen for its energy needs and become a
supplier to the world.

Green Hydrogen is the new
Oil. By 2050, clean and
renewable technologies are
expected to cater half of the
world’s energy requirements.
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The commercial success of any technology is dependent on the localization of the
value chain. For India to build scale, create sustainable demand and high level of
investment in the Green Hydrogen ecosystem, it will be important to address the
production linked incentives for the complete bouquet, from powder to MEA
(Membrane Electrode Assemblies) and from components to systems.

India was nowhere close in the digital race nor the genome race. With COVID, Indian
companies have been the key to the vaccine supply across the world and India in the
coming decade can become the Hydrogen supplier to the world.

Hydrogen and India

Hydrogen Production pathway in India is going to be different from what we see across
the world. India not only has the greatest renewable potential, but we also have a huge
pile of waste which is a regular feedstock and can be gasified to produce Green
Hydrogen, a double whammy in our efforts to reduce carbon emissions. A hybrid model
with waste and renewables can have far reaching impact on the rural and agricultural
sector in India.

e-fuels - the low hanging fruit

In the energy transition to the Hydrogen economy, the e-Fuels will play an important
role in decarbonizing our world, while saving on major infrastructure changes. 

Multiple applications
for the e-fuels
derived from 
Hydrogen Process

Another important technology that is key for India is Power to X, producing e-fuels like
Ammonia, Methanol etc. from co-electrolysis can be supplied as a green fuel to the
existing infrastructure. 
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Commercial roadmap for Hydrogen

The commercial road map for Hydrogen surprisingly goes through stationary
applications. The Iron and steel industry, cement industry all put together contribute to
nearly 10% of the total emissions and are the low hanging fruits that can bring a
fundamental change. Blending of Hydrogen with Natural Gas, providing Combined Cold,
Heat and Power solutions on distributed scale can help the environment. A few specific
use cases are presented below:

1 ton of Steel produced using Pet Coke releases nearly 1.8 T of Carbon, with
Hydrogen this process will come close to Net-Zero

Cement production is a big contributor to carbon and particulate matter emission,
the carbon that can be used to produce Syngas and Methanol and used in fuel cells.

For every home to become carbon neutral, using Fuel Cells with combined cold,
heat and power capability will make every home a power plant and reduce
emissions drastically while providing a reliable and affordable electricity alternative.

A Fuel Cell in every farm can catapult a small farm into a factory.

Fuel Cells to replace DG sets, will bring down the cost of energy and emissions
considerably.

.

Ammonia and Methanol are easy to transport, store and use as compared to
Hydrogen in industries like Marine, Fertilizer, Electricity production and utility in
mobility sector. Tractors and utility vehicles using methanol fuel with fuel cell will
add a new dimension to the Hydrogen economy.

July 2021            Page 32

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

https://evreporter.com/
https://evreporter.com/


Conclusion

A bus running on Hydrogen sends a strong message, but Hydrogen replacing Pet Coke
will send a soothing signal to our Ailing Earth! Setting our priorities right will ensure an
effective energy transition and gift us all a cleaner, healthier and greener world to live
in. One Fuel; Multiple solutions that is the strength of Hydrogen and for India to
harness the vast sun, wind and waste potential, the nation has to move quickly on
policy front and provide incentives to private players to commercially deploy these
solutions for stationery and mobility applications. This is an idea whose time has
come.

Talking Hydrogen is the in-thing in today’s time, but few have the patience, foresight
and ability to go the distance and actualize this opportunity of a life-time. My Company
h2e Power has undertaken this audacious goal of providing solutions that are 24x7,
clean, green, reliable & affordable and this, I believe is the Vaccine we need for climate
crises.
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Disclaimers:

Source: Vaahan Dashboard 
Data as per 1295 out of 1498 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.

Data excludes low speed electric 2Ws. 

May 2021 automotive sales were severely affected due to pandemic-induced lockdowns all over the country. 

Top EV sellers of June 2021
Total Registered Electric Vehicle Sales - 11,149  | May 21 - 3,303

 e-3W cargo - 706   | May 21 - 123
e-3W passesnger -  5061 | May 21 - 1,751
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DO YOU WANT
TO PROMOTE
YOUR
BUSINESS TO
THE EV
INDUSTRY?
We will help you put the word out!

Advertise in
EVreporter 
e-magazine

Drop us a mail on
info@evreporter.com

OR 
fill up this form.

 
To know more about how we can
help you promote your brand,
visit our services page. 
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