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State of the Art — Battery Energy Storage in H1°20

= Li-ion battery continues to bolster the electric vehicle industry w ithimprovements by researchers and industry

= Solid state batteries and Lithium-Sulfur batteries have attracted a lot of research workin HL 2020. These
battery technologies are being considered as the next in line to replace the conventional lithium ion batteries

Upcoming technologies —aglimpse beyond 2030
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Emergingtrendsin cathodes for Lithium-Sulfur battery

Composite cathodes
= Host Induced cathodes
= Other novel cathodes

Patent landscape in Battery Energy Storage — H1 2020

= China leads
= Lithium ion battery dominates filings CATL
= CATL and BYD among the players w ith most filings

Interview on Solid-State battery deployment- llika

“We have faith in SSB and we do think that they will be adopted eventually. There will be a time when suppliers will have an alternative with
superior batteries than Li-ion battery and this is whenit will be the time for SSB” - Denis Pasero, product commercialization manager llika
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State of the Art — Battery Energy Storage in H1°20
Lithium-ion battery continues to be dominant and will do so for many years to come. Solid-state battery is gaining high research interest but the timeline for
commercialization could be 2025-27. COVID-19 presents opportunities for South Korean and European battery suppliers to gain market share.
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Battery Energy Storage

INTRODUCTION

TECHNOLOGIES BENCHMARKING PLAYERS APPENDIX

Lithium ion batteries

Lithium ion battery continuesto be dominantand will do so formany yearsto come. The continuous
improv ementsin higher energy density, lower cost and larger cycle lifeare extending the time period of its
dominance in the industry. Technology improvements are not only coming from research efforts but from
carmakers and suppliers too who are working towards addressingthe mainchallenges of cost and range.

= The Korea Institute of Science and Technoloay (KIST) is developing a composite carbon-silicon anode
material that could address range and faster charging;
= Ulsan National Institute of Science and Technology (UNIST) has developedan ion concentrate electrolyte
that enhances cycling stability of Li metal batteries by forming a protective film on the anode.
= Many OEMS and suppliers are addressingthe cost and range issues of lithiumion battery tosupport mass
adoption of electric vehicles. GM and Tesla are working on “million-mile” batteries that could break the
$100/KWh barrier and could be commercialized from 2021. Read more about the patentfiling status here.
These research and industry efforts are stretching the position of lithium-ion battery which is also evident by the
large number of collaborations of OEMs with suppliers forlong term supply contracts of lithium -ion batteries. The
examples worth mentioningare Tesla-Panasonic, Lucid Motor-LG Chem, LG ChemTesla-CATL etc.

Emerging technologies

Solid state batteries and Lithium-Sulfur batteries, which are being considered as the next in line to replace

the conv entional lithium ion batteries, have attracted a lot of researchwork in H1 2020.

=  Among the two, Solid-state battery is the most promising one which is evident by the number of industry
dev elopments tracked during H1 2020. This technology has been prototyped by various companies and
research groups but it remainsto be proven in operation. Recent developments of this technology show
that cy cle life, energy density and ionic conductivity — the technology’s main challenges — are improving.

= Ontheother hand Li-S battery research is mostly focused on development of novel cathodes toimprove
the ov erall performance. We have presented some enmerging trends in novel cathodes as highlighted by
various research institutes.

COVID-19 s still having a serious impact on the global battery industry and could reshape the supply chain.

= Chinawas the most adversely hitgeography but has took someimportant steps towards road to recovery

= Europe has accelerated its plans towards ition as it has realized the importance of having its
own battery supply chain to minimize the dependence on Asian suppliers.

= The pandemic has given an opportunity to Korean battery makers to benefit from the EU EV market.
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https://phys.org/news/2020-02-high-capacity-ev-battery-materials-range.html
https://phys.org/news/2020-02-high-capacity-ev-battery-materials-range.html
https://news.unist.ac.kr/fluorine-incorporated-interface-enhances-cycling-stability-of-lithium-metal-batteries-with-ni-rich-ncm-cathodes/
https://media.gm.com/media/us/en/gm/home.detail.html/content/Pages/news/us/en/2020/mar/0304-ev.html
https://www.reuters.com/article/us-autos-tesla-batteries-exclusive/exclusive-teslas-secret-batteries-aim-to-rework-the-math-for-electric-cars-and-the-grid-idUSKBN22Q1WC
https://www.reuters.com/article/us-tesla-panasonic/tesla-signs-three-year-pricing-deal-with-battery-cell-maker-panasonic-idUSKBN23N3I2
https://www.reuters.com/article/us-tesla-panasonic/tesla-signs-three-year-pricing-deal-with-battery-cell-maker-panasonic-idUSKBN23N3I2
https://www.reuters.com/article/us-tesla-panasonic/tesla-signs-three-year-pricing-deal-with-battery-cell-maker-panasonic-idUSKBN23N3I2
https://lucidmotors.com/media-room/lucid-motors-announces-partnership-lg-chem-secures-battery-cells-long-term-volume-production
https://lucidmotors.com/media-room/lucid-motors-announces-partnership-lg-chem-secures-battery-cells-long-term-volume-production
https://lucidmotors.com/media-room/lucid-motors-announces-partnership-lg-chem-secures-battery-cells-long-term-volume-production
https://in.reuters.com/article/us-tesla-china-catl/tesla-partners-with-lg-chem-catl-for-battery-supply-idINKBN1ZT16G
https://in.reuters.com/article/us-tesla-china-catl/tesla-partners-with-lg-chem-catl-for-battery-supply-idINKBN1ZT16G
https://in.reuters.com/article/us-tesla-china-catl/tesla-partners-with-lg-chem-catl-for-battery-supply-idINKBN1ZT16G
https://in.reuters.com/article/us-tesla-china-catl/tesla-partners-with-lg-chem-catl-for-battery-supply-idINKBN1ZT16G
https://in.reuters.com/article/us-tesla-china-catl/tesla-partners-with-lg-chem-catl-for-battery-supply-idINKBN1ZT16G
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INSIDER

Near future Immediate Distant future

Lithium ion battery Solid-state battery

Silver-carbon (Ag-C) composite layer asthe anode. The
ultrathin Ag-C nano-composite layer allowed in reduction
of anode thickness and increased the energy density

up to 900Wh/L. Range of 800km on a single charge and

cycle life of over 1,000 charges

Academia’s proposed solutions to technical challenges in H1 2020

Passivatinga Li-ion celland then self-heating before use
resulted in along cycle life battery. The cyclelife at 60

degreesCelsiusis over4000, which translatesto overa
million miles

Energy
density

o,

PennState

Sulfide-based superionic conductor (Argyrodite) that can
Carbon-silicon composite materials that can increase lonic be used as a high-performance solid electrolytein all-

Faster battery capacity four-fold in comparison to graphite d c solid-state batteries. It deliversthe Li-ion conductivity
h H anode materialsand enablerapid charging to more than conductiv of 10.2 mS/cm atroom temperature andiscomparable

charging o . . q P ) o
80% capacity in only five minutes ] |ty to that of liquid electrolytesused fortypical Li-ion

batteries ) K]ST

Separatorwhose one side is covered by a thin, partially
conductive web of carbon nanotubes. When a dendrite
puncturesthe separatorand hitsthis web, electrons
have a pathway through which they can slowly drain density
out ratherthan rush straight towards the cathode all at

once, preventing explosion UCSan Diego

Spreadable interlayer of a NASICON-type superionic
Current conducting glassceramics(Li1+xAIxGe2-x(P04)3
(LAGP)) nanoparticlesand a room temperature ionic
liquid (IL) increasessolid-state battery current density
10-fold dycH

® izt
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https://phys.org/news/2020-02-high-capacity-ev-battery-materials-range.html
https://phys.org/news/2020-02-high-capacity-ev-battery-materials-range.html
https://phys.org/news/2020-02-high-capacity-ev-battery-materials-range.html
https://www.mri.psu.edu/mri/news/new-ultra-safe-high-energy-li-ion-battery-electric-vehicles
https://www.mri.psu.edu/mri/news/new-ultra-safe-high-energy-li-ion-battery-electric-vehicles
https://www.mri.psu.edu/mri/news/new-ultra-safe-high-energy-li-ion-battery-electric-vehicles
https://www.mri.psu.edu/mri/news/new-ultra-safe-high-energy-li-ion-battery-electric-vehicles
https://www.mri.psu.edu/mri/news/new-ultra-safe-high-energy-li-ion-battery-electric-vehicles
https://www.mri.psu.edu/mri/news/new-ultra-safe-high-energy-li-ion-battery-electric-vehicles
https://www.mri.psu.edu/mri/news/new-ultra-safe-high-energy-li-ion-battery-electric-vehicles
https://www.mri.psu.edu/mri/news/new-ultra-safe-high-energy-li-ion-battery-electric-vehicles
http://jacobsschool.ucsd.edu/news/news_releases/release.sfe?id=2990
https://news.samsung.com/global/samsung-presents-groundbreaking-all-solid-state-battery-technology-to-nature-energy
https://news.samsung.com/global/samsung-presents-groundbreaking-all-solid-state-battery-technology-to-nature-energy
https://news.samsung.com/global/samsung-presents-groundbreaking-all-solid-state-battery-technology-to-nature-energy
https://news.samsung.com/global/samsung-presents-groundbreaking-all-solid-state-battery-technology-to-nature-energy
https://news.samsung.com/global/samsung-presents-groundbreaking-all-solid-state-battery-technology-to-nature-energy
https://news.samsung.com/global/samsung-presents-groundbreaking-all-solid-state-battery-technology-to-nature-energy
https://www.eurekalert.org/pub_releases/2020-04/nrco-anl040820.php
https://www.eurekalert.org/pub_releases/2020-04/nrco-anl040820.php
https://www.eurekalert.org/pub_releases/2020-04/nrco-anl040820.php
https://www.eurekalert.org/pub_releases/2020-04/nrco-anl040820.php
https://www.eurekalert.org/pub_releases/2020-04/nrco-anl040820.php
https://www.greencarcongress.com/2020/05/20200520-chalmers.html
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Research Focus — Distribution of papers by sub-technology (1/2)
New innovative methods to speed up the charging time of lithium-ion batteries and improve performance stand out in terms of their potential

Academic Papers by trigger points/ Key challenges addressed as per technology domain
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https://industryinsider.futurebridge.com/document-details/5ed4f9d4e51c109741289d3f/Bulletin#page=11
https://industryinsider.futurebridge.com/document-details/5ed4f9d4e51c109741289d3f/Bulletin#page=11
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Key findings for Top 50 academic papers in 2019 (2/2)

« The majority of papers are related to lithium-ion battery followed by Li-S battery which shows that research in lithium-ion battery is
intensifying. This is mainly due to the monopoly enjoyed by li-ion battery in today’s electric vehicle market.

* Furthermore, as expected, China leads battery research publications in 2019 as it is major hub for the global battery market. USA
comes very close to China in terms of the number of papers published in 2019 which shows that USA is also gearing up for some
serious competition in future.

» The major areas of focus in 2019 were faster charging, recycling, high performance batteries, novel anodes, cathodes and Electrol yte.

Thingsto watch out for

= Faster charging is key to accelerate mass adoption of electric vehicles. Hectric vehicles willonly be truly competitive w henthey can be charged as fastas refiling a
gas tank

= Traditional LIBs based on intercalation compounds are approaching their theoretical energy density limits and as such alternate chemistries suchas Li-S, Solid-
State battery etc. should be considered for high energy density and thus enhanced performance

= Novel anodes and cathodes can lead to better stability and w orking of batteries. Some materials to focus are composites, poly mers, MOF derived composites, etc.

= Hectrolytes with high Li-ion conductivity and Li-ion transference number should be readily deployed as it not only enhances faster charging capability of cell but
also improves parameters such as cyclic performance, capacity retention and low er corrosion of anode and cathode (if any)

= Amid shiftof automotive industry tow ards electrification, batteries are being produced at enormous rate. While as batteries are considered as holy grail for future of
automotive industry, there are concerns about some serious threat to environment as the used batteries lead to high w astage. Hence environmental-friendly
recycling becomes need of the hour

= Second-life of batteries should be considered prior to recycling as it presents an opportunity to squeeze value out of existing resources

6 Refer our2020 May Bulletin for details FutureBridge


https://industryinsider.futurebridge.com/document-details/5ed4f9d4e51c109741289d3f/Bulletin#page=11
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Patent landscape in Battery Energy Storage — H1 2020

Patent activity for alternate sources of pow eris very high as automakers are looking for suitable and more efficient, durable battery technologies

Patents published (H1 2020) Geographical coverage of patents (H1 2020)

m Metal-air battery m Metal-sulphur battery = Ultracapacitor + Lithium ion battery m Solid state battery
Solid state battery I 32 ROW I|2 -
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llika’s views on commercialization of solid-state batteries
Company website: https://www.ilika.com/
Insider Link: https://industryinsider.futurebridge.com/company/details/5db6bda5857ad8a94a737990

PLAYERS  APPENDIX |
INSIDER

Ilika: “llika is a company dedicatedto the development and manufacturing of solid-state batteries. On the low format, micro batteries for loT and meditech and
larger batteries for EVs. llika has recently received fundingto go into the scale-up and manufacturing of its micro-batteries for |oT, meditech implants and
industrial sensors. The plan is to scale-up and transfer the technology in the next 18-24 months and start volume manufacturing in about that time. The technica
readiness level of larger batteries is lower. So we are just finishing the three early step development programfunded by the UK Faraday battery challenge
program At this moment llika has small lap scale pilot line for development and evaluationonly. The plan is to go to manufacturing in two steps. Firstly setting
up some MWh pilot facilitiesin UK by 2025 and secondly transferring itto GWh capacity.”

What are the current challenges in SSB and how could it be resolved?

Ilika: “As we know that SSB has no liquid electrayte and we also know that a liquid with Li ions in it will conduct i faster than a solid. Hence people are looking
for various types of materials such as polymers, mixtures of glass, sulphides, oxides etc. in order to solve the problemof faster conduction of ionsin SSB. Aswe
move towards more and nore full solid state, the problemof conduction is getting more difficult. Hence there is a need to find tactics about the process of
depositing anode, cathode and electrolyte close enough for faster conduction but far enough so that there are no electric shocks. /It depends on conpany’s view
on what time in market is valid for them We think that we want to be providing the highest density batteries to those markets so we are taking time to the
research.”

What do youthink inthe commercial ready version 0f 2025 that Ilikais working for will reach intermsof energy density?

llika: “We do have a roadmap both in terms of manufacturing and specifications of batteries and the energy density is going up year after year. We tend to start
manufacturing and make the batteries available that have commercial attraction in terms of energy density. So we are planningby that stage to be at least 350-
400 Wh/L to start with and then carry on using processes to increase this number. This is a little bit early for us. We are c urrently doing alpha sanples now and
the energy density is lower than what | stated but we do think thatthere is a potential for this technology to have improved cycle life and energy density.”

Which application will SSB servein most appropriate way?

Ilika: “We are developing materials and processes to geta low cost battery. We have created print type processes that can produce low cost batteries. We think
we have good knowledge of materials and processes such as print type which will provide superior quality batteries. In reality with some tweak in the cell format,
we could approach a lot of markets but in terns of larger batteries what we are finding now is that these batteries could benefitfromenergy density and cost for
smaller formats than for EVs and right now we are getting a lot nore interest in the consumer electronics market mainly because they have shorter time to
market and are really interested in testing this technology soon with any improvement in terns of energy density and usage of formfactor.”

Will SSB replace LiHon battery or maybe in near time we can see some other battery technology giving a serious competition to SSB?

Ilika: “We are aiming to use materials and processes that actually are not very differentto li ion batteries so that we canget the switch fromliion to SSB as
sinply as possible. This is why weare not offering SSB’s for larger formats through our VDP that we use formicro batteries. We got adapted process for SSB
that is aiming to be as near as possible to li ion process but not conpletely the same though to help with the adoptionof SSB. SSBare not going to take overli
ion batteries straight away. Its still going to take a bit of time, later in the decade. Also SSBstillhave an issue with the supply chainas the some materials like
solid electrolyte needs work fromsupply chainand many materials are not available in large volumes.”

Denis Pasero
Product Commercialization Manager
LinkedIn: https:/uk linkedin.com/in/denis-pasero-
phd-acim

“We have faith in SSB and we do think that
they will be adopted eventually. There will
be a time when suppliers will have an
alternative with superior batteries than Li-
ion battery and thisis when it willbe the
time for SSB”
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Upcoming technologies —a glimpse beyond 2030 (1/2)
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Upcoming technologies —a glimpse beyond 2030 (1/2)
For the period after 2030, there are a number of potential technologies that might be able to push the boundaries beyond the performance limits imposed
by Li-ion battery technology. Lithium-metal Solid state battery seems leading the front.

The most promising near-term chemistry among these advanced conceptsisthe lithium-metal solid state battery. This
technology hasbeen prototyped by variouscompaniesand research groups, butitremainsto be proven in operation.
Recent developmentsof thistechnology show that cycle life, energy density and ionic conductivity — the technology’s

main challenges— are improving.

Lithium-Metal Solid- = Samsung researchers have developed a prototype with a volumetric density of over 900 Watt-hours per litre
State battery (Wh/L) (and an estimated gravimetric density of 400 Wh/kg) thatisable to retain 89% of itscharge after 1 000
cycles.

= Terawatt's breakthrough solid-state battery technology improvesenergy density to 432Wh/kg (1122Wh/L)).

MOSt = Imec doublesenergy density of itssolid-state batteriesto 400Wh/liter isaimingto reach 1000Wh/L by 2024 for
H long-range electrical vehicles.

promising gang

technologies
in 2020

Lithium-sulfur battery isalso gaining prominence with high amount of research activity focused on improving the
performance and overcoming the challenges. H1 2020 witnessed large number of activitiesfrom research institutes
and startups towards developing viable Li-S chemistry.

= Monash university researchers claim to be close to commercializing the world’smost efficient Lithium-Sulfur
battery

Lithium Sulfur

battery = Hong Kong University of Science and Technology team developshigh-capacity, long-life Li-S battery

= OXIS Energy close to achieving 500Wh/kg and istargeting 600Wh/kg with solid state lithium sulfur technolog

= OXIS Energy and CODEMGE sign lease agreement with MercedesBenz Brazil to build world'sfirst Li-S
manufacturing plant

10 FutureBridge
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https://www.prnewswire.com/news-releases/oxis-energy-and-codemge-sign-lease-agreement-with-mercedes-benz-brazil-to-build-worlds-first-li-s-manufacturing-plant-301056828.html
https://www.prnewswire.com/news-releases/oxis-energy-and-codemge-sign-lease-agreement-with-mercedes-benz-brazil-to-build-worlds-first-li-s-manufacturing-plant-301056828.html
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Research focus — Emerging trends in cathodes for Lithium-Sulfur battery
Nowel cathode types are being used to address specific parameters such as energy density, specific capacity, cyclability and decay rate in Li-S batteries to
improve its overall performance

Composite cathodes as efficient Li-S
battery cathodes with high reversible
capacities and slow decay rate

Introduction of host materials in cathode
for high cycling stability

Other novel cathodes enabling high
performing Li-S batteries

SnS@C/S MS cathode with initial Gigaporous carbon microsphere as Sulfurized polyacrylonitrile (SPAN)

11

0.5C>>

0.073% per cy cle over 600 cycles at

current of 0.2Cfor 200 cycles and a
columbic efficiency of 100% >>

respectively >>

S@C/Co304 composite cathode
long-term cyclability over roughly
1000 cyclesat 1 C and 2 C with low
decay ratesof 0.076%and 0.062%,

pOMS/S cathode with a sulfur mass
fraction of 80 wt% demonstrates
outstanding long-term cycle stability
for 2000 cycles even at a high
current density of 2C >>

NOPC-2/S cathode with a reversible
capacity of 449.3 mAhg™, even
after 400 cycles at 1C with only
0.085% capacity fade per cycle >>

(&) TEXAS

Sev en-fold improvement in
cy clability is seen by introducing Te
at the cathode >>

TACM/S cathode exhibit high initial
discharge capacities of 1041.7 mAh
g 'at 0.1 C, and outstanding
capacity retention of about 77.5%
after 500 cyclesat 0.5 C >>

Battery Energy Storage

NiCo02S4/S cathode with a sulfur
loading of 8.9 mg cm-2 exhibits high
areal capacity of 8.3mAh cm-2, low
polarization and high cy cling stabilty
>>

capacity of 1074.7 mAhg-1at 0.1C e host exhibits highcell performance cathode in solid-state Li-S battery
and ultra-stable cycling performance TAIPEI with a highly stable capacity at ~1000 deliv ers an ultrahigh initial discharge
ARIZONA STAT: with a slow capacity decay rate of = TECH mAh g-1 under a charge/discharge capacity of 17793 mAh g-1at 75 °C

Poly mer-Composite
cathode

with high columbic efficiencies and
stable cy cling performance >>

Biomimetic
cathode

RBC-mimetic micro cel

cathode delivering thedischarge
capacities of 995 and 720 mAh g-1
after 500 and 700 cycles at 0.5 and
2 C, with the capacity retention
around 80% >>

Bio-composite
cathode

NNH/PC/S cathode guarantees a
sufficient outputin specific capacity
of 583.9mAhg-1>>

Hy brid cathode

TiN/rGO-S) cathodes demonstrate
rapid charge transfer, lower
polarization, faster surface redox
reaction kinetic and enhanced
stability cycling performance >>

Strictly Corfidential ~ FutureBridge


https://www.cell.com/joule/pdf/S2542-4351(20)30135-5.pdf?_returnURL=https://linkinghub.elsevier.com/retrieve/pii/S2542435120301355?showall%3Dtrue
https://www.sciencedirect.com/science/article/abs/pii/S037877532030121X
https://www.sciencedirect.com/science/article/abs/pii/S0927775720301060
https://www.sciencedirect.com/science/article/abs/pii/S1385894720306963
https://www.sciencedirect.com/science/article/abs/pii/S0925838820302759
https://onlinelibrary.wiley.com/doi/abs/10.1002/aenm.201903934
https://www.sciencedirect.com/science/article/abs/pii/S2211285520302378
https://www.sciencedirect.com/science/article/abs/pii/S1572665720301053
https://www.sciencedirect.com/science/article/pii/S0013468620305405#!
https://www.sciencedirect.com/science/article/abs/pii/S0960148120304869
https://www.sciencedirect.com/science/article/abs/pii/S2405829720300234#!
https://www.sciencedirect.com/science/article/abs/pii/S0925838820301146#!

Emergingtrendsin H1 2020

= Europe launching battery projects to accelerate the European Energy Transition

= OEMs and Suppliers investing millions for expansion of battery facilities in a race for supremacy
= Milion-mile and low cost/KWh batteries are being w orked upon for early commercialization

= Research in battery materials for improved versions to address various performance issues

ot o

Key developments among major categories

TO h I h I | h tS *  Product unveiling (= BASF ]
p g g = Investment in battery facilities The Chemical Company @ ‘

= Partnerships
Of H 1 2020 = Milion mile and low -cost battery UC Sﬂﬂ Diegﬂ T==L=

Funding and Investment activity continued even amid the pandemic

A total of =$12.6 billion spent by OEMs and Suppliers in H1 2020 for battery activities

Collaboration and partnerships proliferated in H1 2020

OEMs and Suppliers were very active during H1 2020 in relation to partnerships. There w as high activity fromthe
players despite the pandemic of COVID-19 as OEMs w erefocusedon securing the supply contracts for their
electrification roadmaps

FutureBridge
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COVID IMPACT REGULATION & POLICY

Highlights — H1 2020
Europe is accelerating its efforts to reduce dependence on Asian suppliers and build its own battery hub by means of investme nts and funding in battery
facilities while as research into battery materials continue to bolster the automotive industry.

Read more in Q1 2020 pulse

Europe launching battery projects to accelerate the
European Energy Transition

ST <=

-
Zi Fraunhofer
Icr

I

I
5 i
I

Technische
Universitit

Braunschweig

AgiloBat project for flexible
battery production in terms of
format, material and quantities > »

Project NAIMA aimsto develop a
new generation of high-
competitive and safe Na-ioncells
>>

LiPLANET project aims tobuid a
more competitive Li-ionbattery
cell manuf acturing ecosystem >>

Million-mile and low cost/KWh and being worked
upon for early commercialization

TESLA

SVOLT
0¥ 588 bk SIR

I
I
T
I

13

Ultium batteries (NCMA)
priced below $100/KWh >>

Million-mile battery cell with
price below $100/KWh >>

Cobalt-free car batteries
with reduced cost and
million-mile range >>

Read more in Q2 2020 pulse
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Read more in Q2 2020 pulse

OEMs and Suppliers investing millions for expansion
of battery facilities in a race for supremacy

@ LG Chem :

SK’P

~$541Mto finance the
expansion of its production
capacities in Poland>>

Total of $2.5 billion in its US
battery business to build
two plants >>

~$486.4Min Northv oft
factory that is to produce
lithium-ion battery cells >>

Research in battery materials for improved versions
to address various performance issues

+9

WA
b

I
I
I
% RICE :
I
I

WrisT

Read more in Q1 2020 pulse

Simpler way to fabricate

silicon anodes for solid-

state lithium batteries for
usein EVs >>

Combined a macroporous
silicon anode and alumina-
coated NMC cathode to
prov ide stable cyclability >>

lon concentrate electrolyte

increasing the lifespan and

output of the entire battery
>>

FutureBridge


https://www.electronicsb2b.com/industry-buzz/lg-chem-secures-550-million-euros-in-green-loan-to-expand-battery-factory-in-poland-report/
https://www.prnewswire.com/news-releases/sk-innovation-increases-planned-investment-in-us-ev-battery-business-to-2-5-billion-301048802.html
https://www.volkswagen-newsroom.com/en/press-releases/volkswagen-invests-in-battery-operations-at-salzgitter-6023
https://industryinsider.futurebridge.com/document-details/5f0c036c23d1a5b459123200/Pulse#page=15
https://media.gm.com/media/us/en/gm/home.detail.html/content/Pages/news/us/en/2020/mar/0304-ev.html
https://www.reuters.com/article/us-autos-tesla-batteries-exclusive/exclusive-teslas-secret-batteries-aim-to-rework-the-math-for-electric-cars-and-the-grid-idUSKBN22Q1WC
https://www.businesswire.com/news/home/20200520005247/en/SVOLT-Officially-Launches-Cobalt-Free-Batteries-Livestream/?feedref=JjAwJuNHiystnCoBq_hl-bV7DTIYheT0D-1vT4_bKFzt_EW40VMdK6eG-WLfRGUE1fJraLPL1g6AeUGJlCTYs7Oafol48Kkc8KJgZoTHgMu0w8LYSbRdYOj2VdwnuKwa
https://industryinsider.futurebridge.com/document-details/5f0c036c23d1a5b459123200/Pulse#page=15
https://www.designnews.com/electronics-test/simpler-method-creating-high-performance-battery-anodes/180994859162252
https://www.greencarcongress.com/2020/01/20200122-rice.html
https://news.unist.ac.kr/fluorine-incorporated-interface-enhances-cycling-stability-of-lithium-metal-batteries-with-ni-rich-ncm-cathodes/
https://industryinsider.futurebridge.com/document-details/5e942d7ae51c10f9389f1f67/Pulse#page=6
https://industryinsider.futurebridge.com/document-details/5e942d7ae51c10f9389f1f67/Pulse#page=6
https://www.kit.edu/kit/pi_2020_012_agilobat-batteriezellen-flexibel-produzieren.php
https://cordis.europa.eu/article/id/415350-new-na-ion-cells-to-accelerate-the-european-energy-transition
https://www.tu-braunschweig.de/en/blb/research/projects/liplanet
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Snapshot of Key Developments

Product unweiling Battery facilities

INSIDER

Million-Mile/Low-cost

battery

w5

= ProLogium has presented a

solid state battery package
(MAB battery pack) forelectric
cars, buses and two-wheelers
at CES 2020

= Samsung revealsnewsolid-

state lithiummetal battery with
900Wh/L density

= BYD launched the Blade
Battery intendedto mitigate

concerns about battery safety
in electric vehicles.

Morrow Batteries to build
32GWh Gigafactory in
Norway to revolutionize
battery production and
establish a more sustainable
supply to European car
makers

AMTE Pow er and Britishv olt
sign MoU for UK’s 30
Gigafactory enable scalable
production of a diverse
product portfolio of lithiumion
batteries

BASF to build new cathode

O

IS

Volkswagen investing €450M

in Northvolt JV battery
operationsat Salzgitterto
build a 16GWh plant

Volkswagen to invest another
$200M in QuantumScapeto
advance the joint
development of solid-state
batteriesand to prepare for
theirlarge-scale production

CATL investsaround $410M
in new battery research centre
- 21C Lab that will focuson
the development of next-
generation batteriesand new

Researchers at Brown

Univ ersity use rGO to double
toughness of ceramic
electrolytesused in solid-state
lithium-ion batteries

Univ ersity of Texas team
uses telluriumascathode
additive to improve Li-S
performance

UCSD researchers develop

draining safety feature forLi-
metal batteries

=»
ey

China’sSVOLT launches
million -mile cobaltfree car
batteriesand to be expected
in2021

Tesla-to launch theirmillion-
mile batteryin China first
aiming to breakthe $100/kWh
barrier

GM revealsnew ultium
batteries likely have cells
priced belowthe $100 per
kilowatt-hourmarkdue to a
reduced reliance on cobalt.

o] BROWN

UNIVERSITY '

energy conversion systems

@ CATL

14 FutureBridge

active materials production
site in Germany :
MORHOW ‘
0 -BASF

The Chemical Company

ProLogium

UC San Diego

SRITISHVOLT


http://www.prologium.com/NewsDetail.aspx?02F0EA87FB60FF52003AB70EAECFE03EC80757D9C75EC0112CE56C9033E6D8B629FB2DB50C8DDEC78E184793A0307DAEED69137B4B11DC5538F6F343588D6743966141B083FE2FDA0A61111DF6FF8475623147C3BF91C7CF
https://news.samsung.com/global/samsung-presents-groundbreaking-all-solid-state-battery-technology-to-nature-energy
https://news.samsung.com/global/samsung-presents-groundbreaking-all-solid-state-battery-technology-to-nature-energy
https://news.samsung.com/global/samsung-presents-groundbreaking-all-solid-state-battery-technology-to-nature-energy
https://en.byd.com/news-posts/byds-new-blade-battery-set-to-redefine-ev-safety-standards/
https://en.byd.com/news-posts/byds-new-blade-battery-set-to-redefine-ev-safety-standards/
https://www.forbes.com/sites/emanuelabarbiroglio/2020/05/29/a-new-32gwh-gigafactory-will-build-sustainable-batteries-in-norway/#650106ab2f68
https://insideevs.com/news/424804/britishvolt-amte-power-battery-gigafactory-uk/
https://insideevs.com/news/424804/britishvolt-amte-power-battery-gigafactory-uk/
https://insideevs.com/news/424804/britishvolt-amte-power-battery-gigafactory-uk/
https://www.basf.com/global/en/media/news-releases/2020/02/p-20-127.html
https://www.basf.com/global/en/media/news-releases/2020/02/p-20-127.html
https://www.volkswagen-newsroom.com/en/press-releases/volkswagen-invests-in-battery-operations-at-salzgitter-6023
https://www.volkswagen-newsroom.com/en/press-releases/volkswagen-invests-in-battery-operations-at-salzgitter-6023
https://media.vw.com/releases/1335
https://www.prnewswire.com/news-releases/catl-sets-up-21c-lab-to-expand-rd-on-novel-energy-technologies-301082956.html
https://www.brown.edu/news/2020-06-18/batteries
https://www.brown.edu/news/2020-06-18/batteries
https://www.greencarcongress.com/2020/04/20200427-te.html
http://jacobsschool.ucsd.edu/news/news_releases/release.sfe?id=2990
https://www.businesswire.com/news/home/20200520005247/en/SVOLT-Officially-Launches-Cobalt-Free-Batteries-Livestream/?feedref=JjAwJuNHiystnCoBq_hl-bV7DTIYheT0D-1vT4_bKFzt_EW40VMdK6eG-WLfRGUE1fJraLPL1g6AeUGJlCTYs7Oafol48Kkc8KJgZoTHgMu0w8LYSbRdYOj2VdwnuKwa
https://www.businesswire.com/news/home/20200520005247/en/SVOLT-Officially-Launches-Cobalt-Free-Batteries-Livestream/?feedref=JjAwJuNHiystnCoBq_hl-bV7DTIYheT0D-1vT4_bKFzt_EW40VMdK6eG-WLfRGUE1fJraLPL1g6AeUGJlCTYs7Oafol48Kkc8KJgZoTHgMu0w8LYSbRdYOj2VdwnuKwa
https://www.businesswire.com/news/home/20200520005247/en/SVOLT-Officially-Launches-Cobalt-Free-Batteries-Livestream/?feedref=JjAwJuNHiystnCoBq_hl-bV7DTIYheT0D-1vT4_bKFzt_EW40VMdK6eG-WLfRGUE1fJraLPL1g6AeUGJlCTYs7Oafol48Kkc8KJgZoTHgMu0w8LYSbRdYOj2VdwnuKwa
https://www.reuters.com/article/us-autos-tesla-batteries-exclusive/exclusive-teslas-secret-batteries-aim-to-rework-the-math-for-electric-cars-and-the-grid-idUSKBN22Q1WC
https://www.reuters.com/article/us-autos-tesla-batteries-exclusive/exclusive-teslas-secret-batteries-aim-to-rework-the-math-for-electric-cars-and-the-grid-idUSKBN22Q1WC
https://www.reuters.com/article/us-autos-tesla-batteries-exclusive/exclusive-teslas-secret-batteries-aim-to-rework-the-math-for-electric-cars-and-the-grid-idUSKBN22Q1WC
https://media.gm.com/media/us/en/gm/home.detail.html/content/Pages/news/us/en/2020/mar/0304-ev.html
https://media.gm.com/media/us/en/gm/home.detail.html/content/Pages/news/us/en/2020/mar/0304-ev.html
https://media.gm.com/media/us/en/gm/home.detail.html/content/Pages/news/us/en/2020/mar/0304-ev.html
https://media.gm.com/media/us/en/gm/home.detail.html/content/Pages/news/us/en/2020/mar/0304-ev.html
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Collaboration and Partnerships —H1 2020
OEMSs and Suppliers were very active during H1 2020 in relation to partnerships. There was high actiity from the players despite the pandemic of COVID-
19 as OEMs were focused on securing the supply contracts for their electrification roadmaps.
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o>y Tesla enters battery su
VS SRS HDTSE CoEHT i Skeleton partner with SKELE+O Panasonic and Toy ota team QD ors batiel suppy
from Glencore tobuild . TECHNOLaGIES _ A / . partnership with LG Chem
A : ) Medcom to deliv er ultra up to build prismatic batteries TOYOTA He G
lithium-ion batteries at its new capacitors for Warsaw trams' IIEB[:IJMI for EVs i _and CATL f_or its Gigafactory
tactories GLENCORE P ) ) Panasonic in Shanghai
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U Feb 2020 U
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v fuebec y dro-Quebec & Mercedes join Glencore signs five-year cobalt Indian Oil Corp and Phinergy sign
7 A f'olrces de\/glopment of solid-state SAUSUNG SDI supply deal with Samsung SDI o suneroy | IV to produce metal-air batteries
4 J li-ion batteries ( GLENCORE (
- e
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Panasonic
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Tesla & Panasonic renew 3-y ear
cell supply agreement

L 4

AMERISAN

VOLTAB QXK

Jun 2020

sign MOU to recy cle Li-ion
batteries

<

Apr 2020

VDL and Quantron in Europe for
commercial vehicle electrification(

Apr, 2620
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INSIDER

-\.?.-
CATL
i LG Cham
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https://www.cnbc.com/2020/06/16/tesla-glencore-cobalt-gigafactory.html
https://www.electrive.com/2020/01/24/skeleton-to-deliver-ultra-capacitors-for-warsaw-trams/
https://global.toyota/en/newsroom/corporate/31477926.html
https://in.reuters.com/article/us-tesla-china-catl/tesla-partners-with-lg-chem-catl-for-battery-supply-idINKBN1ZT16G
https://www.iocl.com/AboutUs/NewsDetail.aspx?NewsID=54882&tID=8
https://www.glencore.com/media-and-insights/news/samsung-sdi-and-glencore-extend-their-long-term-strategic-cobalt-partnership
https://news.hydroquebec.com/press-releases/1580/hydro-quebec-partners-with-mercedes-benz-on-development-of-solid-state-battery-technologies/
https://in.reuters.com/article/us-tesla-china-catl/tesla-partners-with-lg-chem-catl-for-battery-supply-idINKBN1ZT16G
https://lucidmotors.com/media-room/lucid-motors-announces-partnership-lg-chem-secures-battery-cells-long-term-volume-production
https://www.basf.com/global/en/media/news-releases/2020/03/p-20-135.html
https://hondanews.eu/eu/en/cars/media/pressreleases/203209/honda-hybrid-and-ev-batteries-get-second-life-in-new-recycling-initiative
https://www.reuters.com/article/us-tesla-panasonic/tesla-signs-three-year-pricing-deal-with-battery-cell-maker-panasonic-idUSKBN23N3I2
https://americanmanganeseinc.com/american-manganese-inc-signs-memorandum-of-understanding-with-voltabox-texas-inc/
https://www.greencarcongress.com/2020/04/20200428-catl.html
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Funding and Investments — H1 2020
Large number of investments by OEMs and Suppliers is evident in 2020 with main focus on either expansion of existing battery facility or building new
factories across globe to establish dominance. Asian suppliers were the front runners during this period

T
o oAt F§A ~ $12.6 billion spentin H1 2020

$ millions

CATL e

= ¥

2850 ['l”VIX |||ka @LG Chem @ CATL
200

0
Ford Volkswagen Total | Groupe CATL Enovix llika LG Chem LG Chem SK Innovation Volkswagen CATL
' | PSA | ' ' ' | | | |
' | | ' ' ' | | | |
' | I | ' ' | | | |
izl | l l | To produce | | l To expand l l Inv estin l Inv estin
Valencia I inv esting | Investment | I P I I For | P | To build | ng | ng
I - M | and | To support | : carbon $200Min $410Min
plant for €450Min | in joint | Investment o . expansion of | | second EV | : |
} | | commerciali | solid-state | . nanotube solid-state new
new hy brid Northvolt JV | venture to | forEV - its | o | battery plant | |
I I ze its 3D I battery I . production; B battery battery
models and battery | produce EV | battery g iali production | ) | inUS, | |
battery | operations | batteries in | programs | Siliienr | commercial - capacitiesin | targeting | increasing | SIEWTE FESEEE
- Lithium-ion zation EVs and . QuantumS | centre -
assembly | atSalzgitter | Europe I | - | | Poland | batteri | investment | | e
operations | | I | attery | | I atteries I I cape | a
' > | > l > l > ' > ' > | > | > | ) 2 >
' | | | ' ' | | | |
! 1 1 ! ! ! 1 1 1 1
Jan 2020 May 2020 Jan 2020 Feb 2020 Mar 2020 Mar 2020 Apr 2020 Apr 2020 Apr 2020 Jun 2020 Jun 2020
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https://media.ford.com/content/fordmedia/feu/en/news/2020/01/16/Valencia.html
https://www.volkswagen-newsroom.com/en/press-releases/volkswagen-invests-in-battery-operations-at-salzgitter-6023
https://www.saftbatteries.com/media-resources/press-releases/launch-pilot-plant-manufacture-european-batteries-electric-vehicles
https://www.reuters.com/article/us-china-catl-electric/chinas-catl-aims-to-raise-2-85-billion-for-ev-battery-projects-idUSKCN20L0AA
https://www.prnewswire.com/news-releases/enovix-secures-45-million-from-investors-and-customers-to-produce-and-commercialize-its-3d-silicon-lithium-ion-battery-301032372.html?tc=eml_cleartime
https://www.ilika.com/latest-news/15m-growth-placing-to-support-solid-state-battery-commercialisation
https://www.electronicsb2b.com/industry-buzz/lg-chem-secures-550-million-euros-in-green-loan-to-expand-battery-factory-in-poland-report/
https://www.lgchem.com/company/information-center/press-release/news-detail-8213
https://www.prnewswire.com/news-releases/sk-innovation-increases-planned-investment-in-us-ev-battery-business-to-2-5-billion-301048802.html
https://www.volkswagen-newsroom.com/en/press-releases/volkswagen-increases-stake-in-quantumscape-6136
https://www.prnewswire.com/news-releases/catl-sets-up-21c-lab-to-expand-rd-on-novel-energy-technologies-301082956.html
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Startup Tracker summary: For more information aCCESS our Startup Tracker
Of the 174 startups we monitor, 51% are working on Metakion battery. USA leads as the major startup hub followed by Germany and China. Northwvolt and
QuantumScape secured highest funding both done by Volkswagen.

Key startups active during H1 2020 Funding distribution of key startups Startups by geography

Norsk Hydro-Northvolt joint venture to northvolt o~ United States F
northvolt ) recy cle electric vehicle battery in Noway 500 - & ons United Kingdom 11
400 - Ukr'ame 1
(—\ = Taiwan § 2
vantumScape Solid-state battery technology to increase 300 4 Wm cape Switzerland 4
Q\/ P the range of electric cars 200 - uNatron Energy Sweden E 3
100 - 200 35 Spain 3
0 - i i R . South Korea # 2
nNatron Energy Sodium-ion batteries Northvolt QuantumScape Natron Energy South Afiica | 1
Singapore 1
Norway 1
Startups by technology Number of Startups covered NI A
Other Battery Ultracapacitors, 9 176 - Japan & 2
Technologies, 3 ;
*Miscellaneous: It includes 9 Alé Stfl'd SIgIe Italy 1
startups working on atery, 174 Israel 4
recycling, BMS and other Liquid Battery, 1 India 7
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https://industryinsider.futurebridge.com/dt/5b5aee2eea6a146f19a55afe
https://www.hydro.com/en/media/news/2020/hydro-and-northvolt-launch-joint-venture-to-enable-electric-vehicle-battery-recycling-in-norway/
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COVID and
consequences

In BES
Industry

Actions and Impact of COVID-19 — Asian, Europe and the USA

Korean battery makers to become w inner in grow ing European EV market
European Lithium-lon Battery Dilemma — Build Or Buy?
USA slow ly trying to build its battery competency

Future Outlook - Shortterm and long term

Asian suppliers look favorites to continue dominating the battery industry sector

post covid-19 with large amount of investments being done to expand the
production facilities even in the current scenario as compared to Europe

European Energy Transition — Acceleration in efforts owing to push by COVID

A total of $6.7billion investment in 2020 till June
A total of $488 million funding in 2020 till June
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Actions and Impact of COVID-19 — Asian, Europe and the USA

China is expected to make a V-shaped recovery from the COVID pandemic and is expected to continue its road to battery dominance while as Europe is
spending billions in order to build its own battery hub and cut reliance on Asian suppliers
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Korean battery makers to become winner in growing
European EV market

Serious fall in the world’s two biggest economies was driven by
the Chinese government's decision to reduce subsidies and the
economic slowdown in the U.S. Korean battery makers will
become unexpected beneficiaries fromthe move.LG Chem
already decided tobuild manufacturing faciliies in Poland in
2016, with two other makers of Samsung SDland SK
Innovation also seeking to rampup their battery outputin
Hungary since 2017 and 2018 respectively

China’s attempt to fight the coronavirus outbreak hasled to
delay ed production across a number of battery production
facilities located in key coronavirus hit provinces and is
expected to lower the output of Chinese battery manufacturers
by around 26 GWh in 2020

Europe
w»

European Lithium-lon Battery Dilemma — Build Or Buy?

« Although European battery manufacturing is growing apace,
much of the plannedfabrication capacity in the EU is from Asian
giants like CATL who opened a 14 GWh capacity plantinin
Thuringia, Germany

* These Asian incursions into the European battery marketare
being activ ely supported by funding bodies anxious tomaintain
a supply of low-cost batteries for Europe’s rapidly electrifying
auto industry. E.g. EIB approved €480millionloan for LG
Chem to build 35 GWh plant in Poland

« Outgunned on manufacturingscale, Europeis betting on
research that could allow it to undercut Asian battery makers on
price. EU is injecting cash into concepts across all technology
readiness levels (TRLs) and chemistries. Many projects such as
NAIMA, LIPLANET etc. have been launched in thisregard

USA

USA slowlytrying to build its battery competency

» Intherace to make more batteries, Europe is beating the US

with a little help from China.By 2023, Europe will have more
lithium-ion battery manufacturing capacity than theUS

* The US governmenthas done little to supportits electric-car

industry , which continues torely heavily on thesuccess of Tesla

» Although USis far behind Europe and China, it has made some

efforts towards establishing battery production facilities by
providing incentives tocompanies such as LG Chem, SK
Innov ation etc. to setup plants

The DOE has also play ers a vital role in setting up offirst
lithium-ion battery recycling R& center:ReCell which will help
the United States grow a globally competitive recyclingindustry
and reduce our reliance on f oreign sources of battery materials
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https://www.greencarcongress.com/2020/04/20200405-globaldata.html
https://www.prnewswire.com/news-releases/catl-starts-construction-of-its-first-overseas-factory-in-germany-300941142.html
https://www.eib.org/en/press/all/2020-088-electric-vehicle-battery-production-in-europe-gets-boost-thanks-to-eib-loan-of-eur480-million-to-lg-chem-wroclaw-energy-in-poland
https://www.eib.org/en/press/all/2020-088-electric-vehicle-battery-production-in-europe-gets-boost-thanks-to-eib-loan-of-eur480-million-to-lg-chem-wroclaw-energy-in-poland
https://cordis.europa.eu/article/id/415350-new-na-ion-cells-to-accelerate-the-european-energy-transition
https://www.tu-braunschweig.de/en/blb/research/projects/liplanet
https://www.anl.gov/article/doe-launches-its-first-lithiumion-battery-recycling-rd-center-recell
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