I * I Government of Canada  Gouvernement du Canada
Embassy of Canada Ambassade du Canada

Do business with - Faites affaire avec le

CANADA

Canadian Battery Technology R&D Mission to Korea

@InterBattery 2020
(October 21-23, 2020, Virtual)

Canadian Participants Profile

American Manganese Inc.

Calogy Solutions

GBatteries Energy Canada Inc.
Hypertronic, Technologie

Li-Cycle Corp.

Lithion Recycling Inc.

National Research Council of Canada (NRC)
Nouveau Monde Graphite Inc.

Polar Sapphire Ltd.

W N A WDNPRE

For meeting requests and other supports, contact

Hyun-Ju Lim

Trade Commissioner (Science, Technology and Innovation)
Embassy of Canada

FOHLICHI AL Y83 AR

T =

—_

Hyunju.lim@international.gc.ca
Office: 02-3783-6057

Canadian Battery Technology R&D Mission to Korea, October 21-23, 2020



I * I Government of Canada  Gouvernement du Canada
Embassy of Canada Ambassade du Canada

1. American Manganese Inc. www.americanmanganeseinc.com
Social Media

Twitter: @AmerManganese

LinkedIn: linkedin.com/company/american-manganese-inc
Facebook: /AmerManganese

YouTube: American Manganese Inc

S| ALAY:

American Manganese has developed the patented RecycLiCo™ process that offers a closed-loop and
environmentally friendly solution for the recycling of electric vehicle battery materials. The process
achieves up to 100% recovery and high purity of materials such as lithium, cobalt, nickel, manganese,
and aluminum. The RecycLiCo™ process was designed with the goal to produce recycled cathode
active material that could be seamlessly integrated into the re-manufacturing of battery cathodes
using minimal processing steps.
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- Lithium-ion battery recycling
- Critical material recovery
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- Collaboration with cathode material suppliers and lithium-ion battery manufacturers, to obtain
sample feedstock of scrap battery material and recycle using the company's RecycLiCo™ process.

- American Manganese would produce a recycled product to be validated by the OEM and potentially
integrated in the manufacturing of new lithium-ion batteries.

- Co-develop recycling technology to be integrated with the cathode material supplier and/or lithium-
ion battery manufacturing process.

- Cathode and lithium-ion battery manufacturer validation of the recycled product's purity and
particle morphology for suitable integration in re-manufacturing lithium-ion battery materials
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SHAtel B2

- Patented

- Closed-loop and environmentally friendly

- Achieve up to 100% recovery and 99.99% purity of recycled products
- Pilot plant tested

- Conceptual design for a 3 tonne/day commercial plant

- Produce cathode precursor material

- Minimal processing steps

-S31 FE
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- %/ 100%2] 2481t 99.9%°| &L HZ &5
A& Z7Z (pilot plant) HAE 2t&
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- Y= A (cathode precursor material) 24 A
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ZQ DMA/T}HEL;
Kemetco Research Inc.

Battery Safety Solutions
U.S. Department of Energy and Critical Materials Institute

S W 2H DEHY HE:
- Completed recycling test work on sample cathode material from international battery
manufacturers

- Signed Memorandum of Understanding with Battery Safety Solutions in the Netherlands to develop
a recycling collaboration and go-to market strategy for end-of-life lithium-ion batteries

- Partnered with U.S. Department of Energy and Critical Materials Institute to develop a complete
electric vehicle battery recycling solution
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To establish a partnership with a leader in secondary battery manufacturing to validate and co-
develop American Manganese's patented recycling process (RecycLiCo™)
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2. Calogy Solutions www.calogysolutions.com
Social Media
LinkedIn https://www.linkedin.com/company/calogysolutions

S| AbATY:

Founded at the Université de Sherbrooke in 2017, Calogy Solutions has developed a novel thermal
management solution to address the global issue of overheating Li-ion batteries used in electric
vehicles. The patent-pending technology makes it possible for batteries to be cooled or heated at a low
production cost compared to other alternatives on the market. By maintaining the optimal temperature
range for the battery’s cells, Calogy’s innovation will improve safety, increase vehicle autonomy, extend
battery life cycle, and reduce the initial cost of electric vehicles.
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FRAYSY:

Battery thermal management (TMS)

7|= r&D E€H 3|YE O

Our cooling technology is based on Thermal Ground Planes (TGP), also referred to as a 2D heat pipe.
TGPs transport heat by liquid-vapor phase change and wicking in a sealed cavity and act as low-weight,
compact and high performance thermally conductive devices. We are developing a novel hybrid Al-Cu-
water design and a patent pending low temperature fabrication process allowing us to make TGPs that
are:

Able to cover large surface areas required for BTMS

Water based allowing for very high thermal performance

Low cost due to minimizing the use of Cu and a low temperature fabrication process

Flexible and bendable due to removing posts from vapor core

Light weight as they are mainly made from Al

6. Operating under different orientations (against gravity)

We are seeking joint development partnerships to integrate our TGPs in battery packs for any kind of
electric transport.
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We are developing a battery TMS to passively regulates the temperature of a battery pack, optimizing
the operating temperature of the battery in both hot and cold climates. Our TGP technology adds very
little extra weight to the battery pack and allows for a hermetic pack design, increasing safety by
decreasing the risk of thermal runaway. The integration of our technology in a battery pack increases
the battery’s lifespan by up to 2 years (due to uniform surface temperature) and increases the
autonomy of the battery by an estimated 20% all while being a cost-effective product.
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HiE 2] E2t2| A|lA"-S 7HE st ASLICH 222 Tep 7|&2 € LHO|Z= 7 Eo| A et Aoz, o2
JHHAIM HHE{ 2] B 2A O =7t 252 X tom LHY HiE 2] B A7t 7hsdta, & ZF9| 0]
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79 DHM/TEL;
Parnter- Ecotuned

JIE7ML U 2R TGEL Y S
Calogy is currently in the pre-commercialization phase and is working with partners to bring its
technology to the market. Our TMS technology integrates into the battery pack so we work closely with
partners to design and implement our technology based on our clients needs.

ojg S5;
Our objective is to find co-development partners with activities in the battery pack level. Our ideal
partner is either a battery pack integrator (battery pack provider) or electric transport OEMs who

design their own battery pack. We would like to integrate our TGP technology in their battery packs
and test the product under their operation conditions and working cycles.

HiE 2| 2 EtA S| At S ot = TIEHSL SSAE 7|2/ & =2t LA LT A O] ¢ H QI THEH =
HiE 2| 2 X % (S5 8HM), E= A B E E| S A= T71At oem YILICEH TGP 7| & & HiE 2| TOf
Sgot AE =d L HAFI| M N ES HLAESH D HSLHT.
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3. GBatteries Energy Canada Inc. www.ghatteries.com
Social Media
https://www.linkedin.com/company/gbatteriesenergy
https://twitter.com/GBatteries

I PNEY/ P

GBatteries is an advanced battery charging company pioneering a technology that allows the ultra-
fast charging of lithium-ion (Li-ion) batteries without reducing cycle life, changing the battery
chemistry, or altering the manufacturing process. They are working toward enabling electric vehicles
(EVs) to charge as fast as it takes to fill up a tank of gas.

The charging protocol uses adaptive pulses as an alternative to CCCV (constant current, constant
voltage). Unlike the traditional approach, it addresses the battery conditions for achieving ultimate
performance. The technology consists of two parts: 1) proprietary algorithms, designed to generate
unique charge pulse profiles; and 2) novel hardware that delivers the precise pulses at high
frequency.

GBatteries = M| & =3 £, HiE 2| 2| ototd & Hot = M X 3782 =8 10| 2| & 0|2 HiH2[ 2]
ZNE FZHS 7SS St 7|2 LSt MEH QI HiHE 5T 7| Y YL|CH ¢g HIE =0
ZE|= NS HE S22 MI|KANE NSt A2 SEE HS 7|20/ JS L

GIAO| S Z2EZL HAF MY (ccov)of CHSH CHRIOZ M WA S 0|23 Q&L|CH
HESHQl 2AINF Se| of 2 2[4 Ha2 7| fl6 HiE 2| HEfE 2|5t A LICE O] 7|52 1)
NROIHAT=HS WHAFIEE AR M L12|F,2) 1F0tE Heot HAE MESt= MER
SIEQI0] & FIHA| RE22 2 TP &0 /& LCH

FRANEEY

Energy Storage — GBatteries is an advanced battery charging technology company that ultra-fast
charges Li-ion batteries without compromising the cycle life. Primary applications are transportation
(electric vehicles and micro-mobility), consumer electronics, power tools, and drones.

AR MY -c HiHE| A= ME F7|2 £ 80| 2|5 0|2 HEHZE =1nH22 FHAPT= =X
HiE 2| SH 7|5 7Y YLICE O] 2[Ate] =8 O F2[AH 0|d E0Fs 2& (H7|Xt & 0j0| 3= 2 2[E),

MEME, HE s 58 Sy

7|= r&D E€H 3|UE0F:

We want to scale our ‘fast charge, long life’ battery technology and build on the results that we’ve
achieved in our lab to larger electric vehicle packs. The goal is to commercialize the technology in
electric vehicles. We seek joint collaboration opportunities to enable ultra-fast charging of vehicles,
devices, or tools utilizing our technology. We are looking for expertise in battery charging technology
and those interested in ultra-fast charging, so that we can advance our solution together.
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We have the only demonstrated technology capable of ultra-fast charging Lithium-ion batteries (50%
capacity in 5 minutes and 100% in 10 minutes) without compromising battery lifespan or changing the
chemistry. Unlike our competitors, we are charging off-the-shelf lithium-ion (Li-ion) batteries more
efficiently using a combination of software and hardware. Since our technology works with unaltered
Li-ion batteries that have been produced, validated, and tested by battery manufacturers, it has the
potential to scale easier than some of the other battery technology being explored.
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79 DHM/TEL;
Confidential.

ey U 2H DEHY g
We are working on several technology validation projects with global automotive, power tools, and
consumer electronics manufacturers.

A MAXR AtsK, ST, 7 E MEEH S0 o 42| 7|s 48 Z2HMES Tds5tn
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0% 25,

Our objective for participating in PDA is to create joint partnerships with South Korean organizations
in the transportation/mobility, consumer electronics or tools industries, and battery cell
manufacturers. Joint partnerships are essential to validate our technology which is the next step
required towards commercialization.

Ol SAOY &0t P2/ BX 2 $1R0| 23/RWR|E|, JIHA B £ 37 YA BHS TEY
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4. Hypertronic, Technologie www.hypertronic.ca
Social Media
https://www.linkedin.com/company/technologie-hypertronic

S| AbATY:

Hypertronic is dedicated to the design of electronic products and solutions of the future, supporting
organizations from ideation to mass production. We stand out thanks to our unique expertise in the
rail, automotive, aerospace, medical, smart cities and other innovative technologies, an advanced
sense of innovation and exceptional customer service.

Our mission is to design the innovative mobility of tomorrow while contributing to the evolution of
mobility in order to improve people's quality of life and reduce the environmental footprint.

Our technologies and solutions are among others:

* Modular battery module and BMS platform.
« Versatile Battery Charger Platform.

* Intelligent overcurrent protector with supervision.
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FRAAYS:

Multidisciplinary engineering service.

Turnkey manufacturing of tailor-made electrical / electronic products
Custom test equipment.
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7|= r&D ¥ & 3|YZ0F:
- Intelligent overcurrent protector with supervision.
* Battery module platform and BMS.

« Battery charger platform.

* TCU electronic card with software interface for test automation.
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We have unique expertise in the transportation market, particularly in the on-board systems that

integrate various components such as power sources, battery storage and charger. The systems also
integrate electromechanics, manufacturing and test automation.

QL 25 AROM SSSHENS AILUD o0, S5l SHY, HE2 NY, SHY| S Cheet
QA4S S 22 (onboard) AILHS MEOR LT O] A|AHOIE &7|7|A 7|5, HE X
FlAE AFSSHE TotEof UL CH

79 DHM/TEL;
Wabtec, Volvo, Alstom, Amtrak, MBTA, TTC, Lion Electric, Thales, Bombardier, Airbus

71870 % SN DtEHE dig
We are an engineering firm that has been developing for several years different products and turnkey

technologies to our customers who now allows us to commercialize such products and technologies.
We are at the beginning of this stage.

F2l= AXLAE =Mz E7F DM S o ttel HFa 2Ed it 7= S 71 ZoE 20, of
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Create partnerships for the development and commercialisation of battery products and power
monitoring by integrating new technology and offering our expertise to others clients.
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5. Li-Cycle Corp. https://li-cycle.com

Social Media

Twitter: https://twitter.com/li_cycle

LinkedIn: https://ca.linkedin.com/company/li-cycle-corp.

Sl Ab27H
Li-Cycle is on a mission to leverage its innovative technology to provide a customer-centric end-of-
life solution for lithium-ion batteries and create a secondary supply of critical battery materials. The
world needs improved technology and supply chain innovations to better manage the end-of-life of
these batteries, and to meet the rapidly growing demand for critical and scarce battery-grade
materials through a closed-loop solution.
Li-Cycle’s Spoke-and-Hub technologies are economically viable, safe, and environmentally friendly
processes that can recycle all types of lithium-ion batteries. The company’s industry-leading
processing technologies uniquely position it to be a key player in supporting the growing
international movement towards zero carbon technologies and creation of a circular economy for
lithium-ion batteries.
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Through its unique Spoke and Hub model Li-Cycle can recover 95+% of all components within
lithium-ion batteries, producing battery-grade chemicals which are returned back to the economy,
thereby creating a sustainable closed-loop supply chain

* Li-Cycle’s patented Spoke technology intakes all li-ion battery chemistries at any charge, without

manual sorting, discharging, or dismantling, and produces an intermediate product known as black
mass which can be sold on to refiners, or further processed by Li-Cycle’s Hub facility in the medium
term

* Li-Cycle’s patented Hub technology intakes the black mass produced at Spoke plants globally,

outputting high-purity battery chemicals with a 95+% recovery rate, returning materials to the
economy and closing the loop on the battery supply chain

2tO[ALO| 22 DR AXZ M E HAS Sol 2| & 0|2 HiHZ|S| ZE 1884 T 95% 0ld=
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7|= r&D E€H 3|UE0F:
Li-Cycle is highly interested in a R&D collaboration to gain further intelligence on the South Korean
market, as well as gain insights from an experienced partner to inform the future
commercialization of Li-Cycle’s Spoke technology in the region. While Li-Cycle’s technology has
been designed with scalability and transferability in mind — as demonstrated by our ability to intake
the full spectrum of lithium-ion battery chemistries at the Spoke — we believe that a local R&D
collaboration would present an opportunity for Li-Cycle to further tailor its operations to local
market dynamics, and provide further validation for our technology to aid in securing suppliers and
end-product customers in the region.
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Li-Cycle’s recovery rates position the company as a leader in the global battery recycling industry.
The company’s ability to recover the full gamut of materials from lithium-ion batteries —
particularly lithium —is a key differentiator and is unmatched in the market today, where other
players are often singularly focused on optimizing recoveries of one material, such as cobalt.
Finally, as an alternative to primary supply in the battery supply chain via traditional mining and
refining projects, Li-Cycle offers substantial environmental benefits and significantly improved
capital efficiency, driven by Li-Cycle’s robust recovery rates.

2tO|AFO| 22 FH O H 2|22 HIE 22 M HIHZ| X8 LS o[F 1 JASLICH
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HiE 2| S50 LA MES Sact=0 tiettietez 3ot 3|82 7|82 2 oF F0H 2t X
Ot At2 z&d 72 &Lt

39 DWAYTEL;

Clients: Confidential

TrE 5 2tA AL

* MaRS * Responsible Battery Coalition

* NAATBatt International e CALSTART
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* Suppliers Partnership for the Environment * Business Development Bank of Canada (BDC)

» Sustainable Development Technology Canada (SDTC) e TechMet

e % 2X TEL Y HE:

While the company has initially been focused on the North American market, international expansion
with a particular focus on Asia is central to Li-Cycle’s growth strategy over the coming years. At present,
Li-Cycle has commercialized its Spoke technology at its facility in Kingston, ON and anticipates opening
a second commercial-scale Spoke facility in Rochester, NY by year-end 2020. Additionally, Li-Cycle has
successfully completed a pilot project for the Hub facility and is currently progressing towards
constructing its first commercial Hub, which will also be based in Rochester, NY.

In parallel, Li-Cycle has been actively engaged in discussions with potential international partners to
expand its facility footprint through a series of joint venture agreements. Prospective partners have
generally been highly receptive to the capabilities and commercial potential of Li-Cycle’s technology.
Locally in South Korea, Li-Cycle has local team members based in South Korea to assist in engaging in
discussions with potential partners, with favourable progress to date. Therefore, while Li-Cycle has not
yet commercialized its technology in international markets, we are encouraged by these ongoing
discussions that we will be able to successfully execute our international roll-out plan.

A= 7|0 SO[AIZ0 EER2LE ¥z OrAOr0f SHE & MARZES &E0| YFTEQ
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ZZHEES 4320 &} K52 2= &8 52 A[ES FA| ZHAE 0| HE5= XS =T
S YLt
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One of the key priorities for Li-Cycle over the short- and medium-term is executing the company’s
international growth strategy and growing the global capacity footprint. South Korea and the broader
Asian region are priority markets within Li-Cycle’s global roll-out strategy, given favourable dynamics
for the continued adoption of EV vehicles and the resulting need for a closed-loop solution to the end
of life battery problem.

In working with a potential R&D partner, Li-Cycle would be seeking to refine its local market
intelligence, validate the viability of the company’s technology against nuances in the local market,
and look to build on the R&D collaboration to facilitate additional expansion and partnership
opportunities in the region.

STIH 22 20| At0| 2o iy MM & OtLt= 2Ate =X ZHES Zdo =712 MA
ZR|of YAl E S 2iiots A YL T St=at OFA|OF X[ 2 T 7Kt of X5 Q1 &= i1t Of o EEfE

HiE 2| net ZHof et =2ty £ 4 22y S Rele =U0| ZAF T, 2t0|At0| 22| 3| =T =0
U0 =200 SHF = AT LI

HA M2l reD THE L 2FO| B S Soff 2t0|ALO|Z % SR Ao chot o getet YEE 0, HK|
AlZo| Z21710f et XtAF 7|22 98 7ts'd S IS, RaD B H 2 ZHLHAIF] Si S K| 0| A 2
TNl =y Sl MEHY 7|8 & = 2ot Xt S LT
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6. Lithion Recycling Inc. www.lithionrecycling.com
Social Media
https://www.linkedin.com/company/recyclage-lithion/?originalSubdomain=ca

S| ALY

Lithion Recycling has developed an efficient & disruptive process for recycling lithium-ion batteries.
This new process allows up to 95% of the battery components to be safely recovered & treated so
that they can be reused in the battery supply chain—a concrete way to close the loop of battery life-
cycle. The technology put forward by Lithion Recycling uses an innovative combination of processes,
based on hydrometallurgy. The result is a size and chemistry agnostic process emitting very low GHG
emissions.

2|E[2 2[A0| 22 2| F Ol 2 HIE 2| & ME&sl= 20| & 7[H2l 7|e& WS HIEL Of
M22 382 20 95%2| BiEH 2| 92455 QS 2ot HiH 2| SE YA IHALEE 5= A
ME|gte =M dXZ HiEZ| =82 &= Ct. 2[E|2 2[AtO| 22l 7|e2 S 4 M
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Lithium-ion battery recycling

Extracting strategic and valuable metals contained in these batteries
Reuse these materials in battery manufacturing

7|= r&D ¥ & 3|YZ0F:

Through its hydrometallurgy process, Lithion produces nickel, cobalt and manganese sulfates as well
as lithium carbonate. Preliminary results obtained by Lithion confirmed battery-grade was obtained
and wishes to work with key players in the industry to test its products in real life environment and
confirm that specifications meet industry requirements. By doing so, Lithion could provide a better fit-
for-market solution as each producer has its own specifications for raw materials supply.

We seek partners for:

- performance testing of Cathode Active Materials (CAM) and Precursors (PCAM) made with recycled
components, and

- development of new cathode chemistry containing recycled products from Lithion’s technology.
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=
- Cathode Active Materials (CAM) X 7L AH| (Pcam) ds HAE
-2[E|22| 7|=2 THE0|T =8 M ES Z&st ME 2 cathode 2t2t=E 7Y

FElstSe SHoR ItEY UAgLCt.

AN

SHAe| AL
e Unique automated dismantling process for lithium-ion batteries.
o Accepts all li-ion chemistries and sizes
o No discharging required
e We operate our own hydrometallurgical pilot-plant
o Extensive know-how in process engineering and extractive technologies
o Design, engineering and construction done by our sister company Seneca experts-conseils.
Founded in 1997, their team of over 85 engineers is there to support Lithion since the
beginning and has broad experience in hydrometallurgy processes
e Licensing business model for technology deployment
o Tackle the recycling challenge more rapidly
o Federate and leverage the forces of regional forces for collection and treatment of the
batteries
o Limit transportation of end-of-life batteries
e Total recovery of 95% of the battery components and producing battery-grade materials

o 2= 3A7|et §f§.“é§ 20| 2|l & OI2 HH & EI
oYHIE EER

o R SAH2Z SHME AH TS 2IHLIC
0 ZSHUAFE 7|0 Uit FEH2 Lo B
o Atoj=|AFRl M7t A2 0f th2f 2 A, X

(@)
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o HH{E 2|2 =& 1|

HiEZ 7884 & & 95%S 2ot HiHZ| S5 22 44

FSl

79 THAYEEL;
oY R Z2H E O E L] A} call2Recycle, Hydro-Quebec, CEPROCQ and Seneca experts-conseils.

JIEL U 2R THEL Y HE
Our sister company Seneca has implemented processing technologies and innovations related to
industrial materials in more than 15 countries worldwide. Our founders as well as our management
team also has multiple experiences in international development. For Lithion, we have been attending
trade shows and conferences in the US and Europe for more than two years to gain market
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intelligence and meet with potential partners. We’ve also been in contact and discussion with various
players of the Li-ion battery ecosystem.

Atoj=| AR MHIZHE MIA| 15 70 Ol &2 27t M K2l 7|2 ddotn Y= 20o| e HM S
O|R1 AU 2o A= ZHE2 o2 W20 oM = o2 X2 B0l ASLIEL
c|E[22| ZFE ?lol f2l= K24 SEE Yot HAAH

O Oj=1t FEUHAM AT E

I
Belet = A =
O

oE &8 T XF f2oE} o|of Hojslf S LICE RE|l= £t 2| O|= HiEH 2| MEfA 2
Ciot 7| Y=t wFstn WolE TSt &L T
EEES

-Find strategic partners to validate our battery-grade products, co-develop our products with them

* Learn about raw materials specifications needed by South Korean players

* Promoting Lithion’s recycling services on the South Korean market through licensing of our

technology
-FA HiEE| S2 MES ATt MES 3S/HUSH7| /st TN DEL] M
= CESIET

<ot 7| Y SO0l HRE 5t AE A
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7. National Research Council Canada (NRC)
https://nrc.canada.ca/en/research-development/research-collaboration/research-centres/energy-
mining-environment-research-centre

Social Media
https://www.linkedin.com/company/national-research-council
https://twitter.com/NRC CNRC

FHLict= R AT 2 A2 3 222 HiE 2| A 271

The NRC is Canada’s largest federal research and development organization. The NRC partners with
Canadian industry to take research impacts from the lab to the marketplace, where people can
experience the benefits. With its head office in Ottawa, the NRC runs various programs and research
labs across Canada to optimize its collaboration with industries.

Energy, Mining, and Environment (EME) and Automotive and Surface Transportation (AST) are two of
the Research Centres in NRC that perform battery R&D activities. Our teams have over 30 years of
experience in research and development of Li-ion battery technologies with a vision to advance
Canada’s industry. We have extensive experience in developing, synthesizing, characterizing Li-ion
battery materials and components (advanced cathodes, anodes, and liquid and solid electrolytes), as
well as integration into end use applications such as electric vehicles, stationary energy storage, and
aerospace. Our Research Centers carry out R&D on battery system testing and standards
development, thermal event propagation, scale-up and prototyping of R&D and industrial sized pouch
cells, electrochemical and thermal modeling of cells and packs, and Li-ion battery recycling. NRC has
also developed a 2325 coin-cell platform, which has been used by many academia and government
laboratories for battery R&D. Increasingly effort is also focused on the production of materials for
lithium ion batteries from Canadian resources and recycled battery materials including graphite,
lithium, nickel, and manganese.
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U A X H2EE HEE 22 01 8¢t 2|F 0|2 HiH 2| Rzl 4o FA E B2 =50

Across multiple teams, programs, and research centres, NRC works with government, academic, and
industrial stakeholders to perform research and development, support technology innovation, and
build and maintain science infrastructure.

NRC works with many Canadian firms, helping them bring new technologies to market. NRC provides
supports at all levels from low to high technical readiness level (TRL), however currently mainly
focusses on developments from TRL 3 to 7.

While the NRC is open to discussions on various battery R&D ideas, we have prepared a few sub-
sector factsheets or information packages as follows. Please contact hyunju.lim@international.gc.ca
to receive further information.

B2 E, D218, A4S SOl NRCE R, 317, MU O O[S ARSI BBt ATIHY,
J|&E A R @, B ol met 15 U K| S QTS Sk YLct

NRC= Ct=0| FHLICH 7| P ES EA MEZR 7| 22| 48232 0| B ZL|C} 7|&4F (technical readiness
level: TRL)O| = & A 2= S50 X[ S MSSHX| 2 oA X| &2 T2 TRL3-76 52 7HE AL

XIKEI Olﬁ|_| |:|._

A H
NRC= CHefoh HfE{ 2| R&D 2+21 OFO|C| OO Tt o|of ZHU X QI Ef = & 20 QUK T, H IS L[
Cr=1k 20| R 7tX| ot 2= 0f Chot Atz Ht Xtz 17| X| & SHISLICH O XiMet § 27 2Q5HH

hyunju.lim@international.gc.ca®2 ¢ 2HSEA| 7| HFEFL| LY

- Solid-State Batteries

- Degradation Mechanisms including battery state of health and state of charge

- End-of-Life Li-ion Batteries: Reuse and recycling

- LiBTec, the industrial R&D group in Li-ion battery

- Performance and abuse testing of cells, modules and packs

- Materials Development: High energy anodes and cathodes
- Scale-up and prototyping of R&D and industrial size pouch cells

7|= r&D ¥ & 3|YZ0F:

Our battery groups are currently looking for collaborators who have interest in Li-ion battery
materials, specifically on high capacity anode materials, high energy cathode materials, Solid State
Electrolyte for Li-ion and Li metal batteries, and Li-ion recycling. However, the technologies we are
seeking are not limited, we are open to R&D collaboration in any technologies related to Li-ion
battery materials, testing, modeling and recycling.

HiE2] AT IEES HX) 21§ o2 HE 2o PHET
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giz|ol HiE2| AT) G17 AT W AULL

NRC has the capability to develop, synthesize, characterize and test materials and components for Li-
ion batteries. We are the biggest research organization in Canada, and we have an extensive
capability in materials characterization, such as SEM, TEM, XRD, XPS, potentiostat/galvanostat,
impedance spectroscopy, in-situ measurements, FT-IR, TGA, DSC, etc., in materials synthesis and
processing can be performed in house via a variety of controlled routes, such as co-precipitations
reactions, solid-state, high energy ball-milling, polyol, solvothermal synthesis and other mechanical
and thermal processes. These advanced materials can be manufactured and tested in coin cells and
pouch cells in our facilities across the country. The assembled cells are tested in the small scale
battery labs where more than 300 cells can be tested under various conditions at controlled
temperatures from -30 to +60 °C. High Precision cyclers are also available. NRC holds thousands of
patents in variety of fields that can be licensed to SMEs.

NRCE 2|& O|2 HiE 2|9 I Z ot 40 7Y, ot 48 Ho| HAEE ot 92 #F1
USLICH 22|&= FHLICH | T el ¢ 17| 20| SEM, TEM, XRD, XPS, potentiostat/galvanostat A& 7|,
QULmEA 22 X X=X FT.IR, TGA, DSC S SEO| MZE HMo| 27 sty |1 2S&H™ ete..

DX Ef - 2OHX| 22 E %E| goig d A I7IEL |- XNE| 5 Tt SHEZE S8 At
AEL Mo SE2 IS 2Rt ASLICH O[22 HEHES2 =0 U= 2|2 A[E0AM
ST JXQIRX|H X HE 2 M= X HAEI7hsEL O ZEE WX = M o} 3020 A
S 60X 2] SH E 7|21 02 CHE Z 74 SH0f| A 3007} Of &bl TX| H@l0| 7t &t &2 HiH 2|
ATHOM HAES AYLCH DF Y =247(2] 0|8 & 7 LICH NRCE B2 20kl M =3 742
S5 E ERSt /oM 0] £5{2 2t0|dlA 2| 0|82 SA7|Y| 3{715t= A 7hsEL .

Fo aAATEY

NRC = FHLICHS| CHE M BXS (ORISR, DER, FWE 5) U MA TEHST Hstn
USLICH FHH 2L 1A, MASH, 12| 1 0fp] BT ATAST SRS H2 A0 Hostn
AL LICt

MEEES

NRC is looking for R&D collaborators in South Korea, who in partnership can advance current Li-ion
battery technologies. There is a history of collaboration between Canadian and Korean research
centres, which NRC is looking to enhance in the area of Li-ion batteries, including both in-kind/in-kind
collaboration as well as potential nationally funded activities. Of specific interest is to grow the
Canadian Li-ion battery research and development group (LiBTec), to include additional Canadian and
Korean SMEs, as well as larger Korean battery manufacturers, who have an interest in Canadian
materials and markets.

NRCE LHEL 2 & Sdl 2 ™2l 2| & O|2 BiE 2| 7|&S B LAl Z == U= =2 Rr&D
d7|SS X2 ASHCCL I TRt ot=o A A S .7_+01|E WA = S GEHO A AAL
Ol HH S ST LEHY (in-kind) FE L FMH222 I7I0| X5 2= 23 422 2|F 0|2 HiH E|
FEOAM EHE UL = A7|IE 7IHHCL 53] ZiLICH 2| & o2 BiHZ| A /022 ES 2Ot
HEHAA F22 HLICIS| A Zot AT 24 E 7t =Lt ot=2| 47| Y, Ae|n =2 a2
HiEZ| =M SS FoAIZI=0H 2 2dS 220 ASHE.
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8. Nouveau Monde Graphite Inc. www.NouveauMonde.ca
Social Media

www.facebook.com/tsxnou/

https://twitter.com/TSX_NOU
www.linkedin.com/company/2698448
www.youtube.com/channel/UCv8ohfCrNXjARDrmzzS6qHQ

S| ALAY:

Serving Tomorrow’s Economy: Nouveau Monde Graphite sets to become a major producer of natural
flake graphite, which is anode material for Lithium-lon batteries and other products of value-added
graphite, while having the lowest environmental footprint of industry. The Company is committed to
the sustainable development of its flagship property, the mining project in Matawinie, and in the
implementation of its business strategy for the second transformation of graphite. Nouveau Monde
Graphite plans to electrify all of its activities, which should make it the world's first all- electric open-
pit mine.
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Responsible and carbon neutral extraction of natural graphite (first 100% electric open pit mine in the
world), production of graphite concentrate for traditional markets and development of value-added
products, including anode material for lithium-ion batteries for markets niche.

MU QU Ea SYHQ MY F0 25 (M7 2£2] 100% HY| = HF), HE ABS A% S0 WY
ot 925 Ol HIE2I8 YIME S SMAITES B DRIPIIK HE e

7|=Rr&D @ 3|YE
The production of anode material requires several stages of processing the concentrate natural
graphite to ensure maximum purity (99.95% and above) and conductivity. Nouveau Monde Graphite
is developing an integrated business model to cover not only the extraction of the mineral, but also its
micronization, spheronization, purification and coating: four complementary processes to obtain the
required properties and performance as anode material.

In addition, due to its properties of high conductivity and high thermal resistance, graphite is a highly
versatile mineral to serve a variety of industries, from steel mills to telecommunications, clean
technologies and electric transportation. Thanks to its internal R&D technical team and partnerships
with renowned research centers, Nouveau Monde is currently developing its portfolio of niche
products, anode material, expandable graphite, expanded graphite, in addition to exploring
opportunities related to anode recycling and graphene.

O
-

anode X 22| Y4S PSHM = Z1Of = (99.95% O &)t =S EHD P7| e HA =
o2 # XM2[dt= A7t 2L 2 3= JT0|E= M9 F
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XNMel, M, 2 S Y MR EHAR ot dEN 52 YS5H7] et Ul thA 2| B et SETHK|
ZEots S =LA RS RS AE LT

S22 =2 U4 Y EY 20 MEL0NMEE S, 87|15, 87| 25T 0|2 7(7HX]|
Crfor LY RO M CHE 22 0| &&= RES H =Y LILH 2| A LR R&D 7|2 B2l =1t X Fot
ARLLSMO| DIEHY S EMZE 72 SE= WM k2 EM &, anode M2, BT 75 59,
YHE SH SO HE ZEECRQE NESIL ACH, SA|Mf =g X D EH #AE 7|9 52
S5 A5 LT

SHAte AR

Thanks to its unique transformation processes and clean hydroelectricity available in Quebec,
Nouveau Monde Graphite intends to commercialize carbon-neutral graphite products that will clean
up the lithium-ion battery value chain. The spherical graphite market is currently 100% controlled by
China; Nouveau Monde allows its clients to diversify their sources of supply while offering a product,
developed in an ecological and socio-responsible manner, along with high technological performance.

Doy SFN Y A V| S HEL2 F2 S5 JM0|EE 2[5 0|2 HiH 2|
tNEo YoE vt B SEHU S MESS JEAL ALY #H SH AT 2 M
100% S=0| X|HiotL ASLICL +2 SE= B X0 A= M MY S K= LM 22 2L =
1o 7|8 AU MNES SEE2EZM A4S0 S5 RS et = A= HehS MAIZLIC

72 DWAYTHEL
Commercial links established with Traxys and SGL Carbon, and numerous discussions underway with
manufacturers of lithium-ion batteries, electric vehicles and refractory materials, in particular.

Traxys, SGL Carbon 1 & & M7 E HA2H T2 2|F 0|2 BiE 2|, T7|X}, et 2 M =S H Ch=2f

#0|2 Tgstn AL C,

71270E % SN T EHE v

Battery materials product development is a very R&D intensive activity. Nouveau Monde has multiple
ongoing R&D programs internally and externally with Universities in Canada (Sherbrooke U, McGill U,
INRS, UQAT) and government institutions like Hydro-Québec research center (IREQ) and NRC-

CNRC. In an effort to internationalize our R&D capacity in locations with known expertise in li-ion
battery development, we recently started a cooperation with Tsinghua University in China on specific
topics related to anode material optimization.

HiE2| T = M E 7L 2 0f2 R&D LMl 2 ULICHL F2 SE= F R ZEAH S 2F5=
SHH QE Mo 2 = FYLICIO| o] B CHSH(ME RS O, 242 O}, INRS, UQAT) I 3| 424 112 (Hydro-
Québec research center: IREQ), NRC-CNRC S 2| & A7 7|2 =1} Ct0| & HTRAIYO X[HE L 2
S5t ASLICE f2[2l raD FEE FIOH 2|& O| 2 BiE2| 7HE 7|22 RS &I X[Hez
2ofist7| flo =E2ol Yoo 2 2|2 0= &= oAt &S e KNt HHE dH E5S

WAl & L et
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0% 2%,

We would be very much interested to collaborate with Korean R&D institutions to seek potential
partnerships in the field of graphite applications for battery materials, hydrogen fuel cells or
expandable/expanded graphite for fire retardants or electronic heat dissipation. It could have the
form of joint R&D program, graduate student exchange with one of our partner university or any
other appropriate approach.

FE|=HEHE ME, s AR FA0of e S 2E0|LE LoX|AH = T 4SS 2l
YY7ts/d4EE 5 20t0M eh=2 raD 7| Bt B Hot=MH 2 BtalS A0 ASLCL HH 2 JEf=
&S R&D Z2 17, THE LA CHSHnto| Cioh @l meto|L} 7|Ef HESH O E YAk 7tsE A YLt
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9. Polar Sapphire Ltd www.polarsapphire.com

Z|AFATY:

Polar Sapphire is a Canadian manufacturer of 3N to 6N High purity alumina by employing a proprietary
technology to improve the total costs of ownership for our customers with a factory located in
Mississauga, Ontario, Canada. Currently, we successfully developed a pilot line with a capacity of
about 150MT a year. We are planning to build a commercial factory with a capacity of 1000MT per
year and then to expend the factory to 5000MT battery grade HPA after the initial commercial plant is
commissioned.

Ecb AHIHO|0l= = 7|&2 0|83l 3N-6N 2| D LRO|LIE Wit DHSo| SAFHES
P 2Ef2|2 3= OJAIAZH0| ST 2 =

o
150 O|H =2 YMUSHE dE Ald 2tels 4520 53 o

o 2! & 1000 O/ E{E 2|
MAZES 71T A8 SES A8 A=0o|H x[=0| 48 3% F& F 5000 0|HEQ| HiEHZ| 52

gt = e A2 SEY AYLL

Manufacture high purity alumina mainly for lithium-ion battery separators and sapphire for LEDs and
many others

2| 0|2 BiEZ| 22|91} LED & Atuto|of SO 2 0|85 = LR0|Lt M=

7= r&D 8 5|UY 0}

Aiming to reduce carbon emissions and to protect environment, EV has clear advantages over the
combustion engine powered vehicle. The economically and technologically robust batteries play an
important role in the EV market. The battery separator is important for the battery performance
including safety, energy density and power density.

We are optimizing high purity alumina for battery separator coating application. Seeking
collaborations to test alumina BET, particle size distribution, purity, water level, the impacts of
impurities in HPA on battery performance and other key parameters required in the application.

EtA HES E0|1 2E S 22517 M= T7|XHoF A7) 22 0|88 Ao HISH 2ot O] - S
AELCH ERH, 7IeXM o2 FO{H HiE 2= FI7IA AIZoM S8 Aets SfLICH HiE 2] 2222
oHH, AR 2, £ 2= S ZHOM HiEZ| 50 2 S-S D& LI

2l= 2 222 2 SFE 8l 1 LR0ILE XML HPA of ¥R 0|L} BET,
AR 7| BE, =&, #71, 222 0| HiH2[ 50 7X|= St 7[Ef SFoi| 2ot Y
o752 HAESH| ?lot &3 EHE X L CH
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ENEIEL D

Our innovative manufacturing process focuses on improving yields and reducing total cost of
ownership for our customers.

We combine hydrometallurgy and pyrometallurgy and invent a proprietary technology to perform
purification at a lower temperature and with less power, thereby reducing costs and improving the
consistency of our product’s purity. The produced alumina is the world’s highest quality HPA (high
purity alumina). The process is environmentally-friendly and low cost effective compare to the
traditional alumina processes.

Qa0 HAFO HEBHES MALS M1 DHES 93] BALHRS ML EHS £0
ALt

SARBT AAOISS AAZ|D O M0 §HHos HHIHS NMsls EX J|aS
GHsto =M H|2S Z0|1 HE 220 YBANS JHMBILICH 2|7t MARLE L= 0|LHs A7
A7 Edo| n&E L20|LF HPAYLICH 0] BHS MEXO Y20t i ZH| Hls) 2
HePo|H B8 S8XYL|Ct

ZQ DHMAYT}EL

7870 % SN O EHE g

We developed business partnerships in US, EU and Asia. We cooperate with our customers, research
institutions and universities to develop the application of our HPA for the separator coating, focusing
on cost reduction, thickness uniformity, porosity consistency improvement, thermal and mechanical
stability improvement, cycling performance, energy and power density, safety improvement. Besides
the use for battery separators, our high purity alumina is used for sapphire growth for LEDs,
semiconductors, plasma displays and lasers. These markets are being developed in US, UE and Asia.
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To expand our business to South Korean lithium-ion battery market; To co-develop the technology and
application of alumina for battery separators with Korean partners
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