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WHAT’S INSIDE!

Pulse themes

a. Delaying recycling through repurposing — Second life for batteries
, . b. Solid-state batteries inch their way towards EV commercialization in Q3’19
Q319 saw OEMs and SUpp“erS C. Technological advancements and collaborative activities in BES in Q3’19

exploring the repurposing of the
batteries to delay recycling and
get maximum output from used
batteries.

Quarterly review of early-stage research
a. Fast charging of an electric vehicle lithium-ion battery at the limit of the lithium deposition
process

Solid State battery development
for commercialization is
accelerating at a fast rate in
Q3’19. Startups and Research
institutes are working at a higher-
than-ever pace as the
deployment timelines set by
OEMs are approaching quickly.

With this version of the Pulse we Key developments in Battery Energy Storage in Q3’19

introduce a new segment, our “Electro- (*Source: FutureBridge Development Tracker)

Startup Tracker highlights

a. A snapshot of our Startup Tracker in Q3’19 with segmentation by technology, region &
Insights on the 7 new startups we’ve included in Q3’19

b. Funding distribution & activities in the BES domain

C. Startup highlight — Solid Power’s focus on deployment of solid state battery

Snapshot of our Electro-mobility carmaker Leaderboard
a. Highlights from Top-10 OEMs across key Battery Energy Storage-related parameters

mobility Carmaker Leaderboard” which ° . . g culbatey)
presents our forward-looking 3 3 3 3 Solid state battery
assessment of their rankings with ,

. . 11 1 1 Supercapacitor
respect to electrification technology

innovation, strategy and market Lithium-sulphur battery

leadership.
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Delaying recycling through
repurposing — Second life
for batteries

CONTEXT

Recycling lithium ion batteries entails costs and potential waste
making their repurposing for a second and even third life even more
important in order to maximize their economic and environmental

value before recycling.

Because second-life batteries will retain significant capacity, they
may be well-suited for various customer and grid applications,
particularly if aggregated for bulk energy storage. Residential and
commercial customers may also use them in combination with on-
site solar power for backup supply. These batteries could help

integrate variable renewable energy.

To start, to handle the growing number of EV models and batteries,
automakers can design their EVs with second-life applications in
mind. For example, Nissan formalized a partnership with Sumitomo
Corporation to reuse battery packs from the Nissan Leaf for

stationary distributed and utility-scale storage systems.

@ Developments

Daimler’s subsidiary Mercedes-Benz Energy GmbH and Beijing Electric Vehicle Co., Ltd. (BJEV)
have entered into a development partnership, intending to establish 2nd-life energy storage systems in
China in the future. The partnership will see a consolidation of expertise and resources regarding the
value-chain of automotive battery systems, while laying the groundwork for a sustainable renewable
energy development.

Mercedes-Benz Energy

Jo BAIC

UL announced that 4R Energy Corporation, a joint venture of Nissan Motors and Sumitomo Corporation
focusing on the effective reuse of EV batteries for energy storage systems, is the first organization
worldwide to be certified to UL 1974, the Standard for Evaluation for Repurposing Batteries. Through this
process, performance-validated “second-life” batteries can be utilized for energy storage systems to
provide a safe, reliable, clean energy source.

Cummins announced a multiyear partnership with the University of California (UC) San Diego and its
battery validation lab to analyze viable business applications and technical approaches to reusing and
repurposing electric vehicle (EV) batteries. The partnership will focus solely on lithium-ion batteries and is
one of the first projects to exclusively study second-life battery capabilities that were designed for
commercial applications.

&

UCSan Diego

Researchers at WMG, University of Warwick have announced that they have found a way to repurpose
old Jaguar I-PACE batteries as potential off-grid small energy storage systems. The repurposed units will
contain about 2 kWh of energy capacity, and will likely be enough to power a small shop, a farm holding,

or a residential unit.

vy
WARWICK

3t

(9]

= NREL's investigation found that regional Potential supply of second-use batteries can

P repurposing facilities dedicated to a single model overwhelm the depth of many markets for

U§J (@)} of PEV is likely to minimize repurposing costs second-use batteries. The most promising

o c while avoiding the increased transportation costs application identified for second use batteries is
e) p= of nationwide battery collection and the to replace grid-connected combustion turbine
pr 9 complexities of repurposing heterogeneous peaker plants and provide peak-shaving

W o -g batteries. services.

T E o . . . .

oAl s FutureBridge Insight & What should you investigate ? O

4

Industry Pulse | Q3 2019

A FutureBridge Initiative. Copyright © 2019 by FutureBridge ~ FutureBridge


https://www.daimler.com/innovation/cooperation-2nd-life-battery-storage.html
https://www.ul.com/news/ul-issues-world's-first-certification-repurposed-ev-batteries-4r-energy
https://www.greencarcongress.com/2019/08/20190829-cumminsucsd.html
https://www.teslarati.com/jaguar-i-pace-batteries-energy-storage-devices/
https://global.nissannews.com/en/releases/release-487297034c80023008bd9722aa069598-180326-01-e
https://www.nrel.gov/transportation/battery-second-use-analysis.html
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o FutureBridge on second life of batteries

= Second use of EV batteries is often seen as an opportunity to delay disposal and
recycling, which currently present burdens for OEMSs, as well as an opportunity to
squeeze value out of existing resources. OEMs will have what it takes to seize a big
part of the expanding energy storage market. They have the knowledge of their
batteries and the best chance of maintaining or re-establishing control of the LIBs in
their EVs.

= Recycling industries also see new opportunities, in making themselves natural
intermediaries between the vehicle end-user or OEM and a second life for the
battery. A number of third-party entrepreneurs are currently attempting to establish
second-life battery businesses, with repurposing at the heart of their business
models. For example, Powervault partnered up with Renault to turn old Renault Zoe
battery packs into home storage systems helping households cut electricity bills by
more than a third.

= Despite the potential for second life to be a good fit for several applications that are
less demanding than an EV, there is currently no market for second life. There is
also no standardization around EV battery recycling. It is very much due to
uncertainty about the future: which LIB chemistries will be used, what will new
batteries cost, and how will second-life batteries perform in different applications?.

What should you investigate ?

O O

What are the consequences of
second life, with regard to
ecological and social
sustainability?

Would it be better to recycle
used EV batteries directly,
instead of giving them a
second life?

Electric-vehicle (EV) battery life cycle, illustrative Source: Researchgate

MNew battery
pack

Battery

When an EV battery manufacturing

can no loenger meet

its performance

requirement, it is

replaced by a new Electric
battery pack. The vehicle

used batlery pack
Used battery
pack

is remaoved from
the carfor1of 3
destinations.

Recycling Packs can

Raw-material

e;t:lction and e processedto
. - extract valuable

reprocessing

rare-earth materials.

Disposal If packs Reuse Packs can be

are damaged or in
regions without
proper market

structures or

repurposed for a 2nd-life
application in energy-
storage services that is
suitable to their reduced

lations ks Junkyard Battery- 2nd-life application forma biliti
regqulations, packs refurbishing in stationary storage’ performance capabiiities.
may be thrown away, company

Table 2. Possible applications for second-life batteries.

Application Actors Comments

. ) - Small or large scale, off-grid or
Storage of solar or wind power Households, property owners L
! grid-connected

Peak shaving Industries Reducing power demand

Reducing power demand at time

EV charging 3 i
charging of charging

Property owners, grid owners

Increased grid capability
and stability

Instead of installing larger cables,

Grid owners S -
or to avoid fluctuation

Backup Industries, property owners In case of electricity loss

Having a battery farm for

Electricity trading electricity trading

Electricity companies

Vehicle propulsion Vehicle manufacturers E.g., ferries, forklifts
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https://www.businessgreen.com/bg/news/3011239/renault-and-powervault-team-up-to-turn-ev-batteries-into-home-storage
https://www.researchgate.net/publication/328740747_Circular_Business_Models_for_Extended_EV_Battery_Life
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Solid-state batteries inch
their way towards EV
commercialization in Q3’19

CONTEXT

O

Q2’19 saw different players (OEMs, Suppliers, Startups) focusing on
the development of solid state batteries, as well as partnerships and

funding to accelerate deployment.

In Q3’19, we observed continued drive towards solid state batteries
which points to the direction of imminent commercialization of this
technology. Some of the players launching EV powered by Solid

state batteries are given below:

Solid state battery vehicle

OEM launch Source
Volkswagen 2025 Link
Toyota 2020 Link
Enovate 2021 Link
Fisker 2020 Link

Launches

US government awarded GM a total of $9.1 million, of which $2 million is explicitly related to research and Y
development for solid-state batteries. Specifically, $1 million of the funding will go toward the “fundamental
understanding of interfacial phenomena in solid-state batteries” while the remaining million dollars will help with

o
the “hot pressing of reinforced all-solid-state batteries with sulfide glass electrolyte.”
US Department of Energy (DOE) has selected Wildcat Discovery Technologies for a grant of $1.2M to 522§3%ry )
echnologies

develop improved materials for solid-state batteries. The Wildcat project team will focus its efforts on two
promising concepts: the development of a composite solid ion conductor and stabilization of a lithium metal
anode. The project is scheduled to begin in October 2019 and is expected to conclude two years later in late
2021.

Chinese EV startup NIO and solid-state battery cell maker Prologium Corporation (PLG) agreed a strategic PrnLng?u_n_u‘
cooperation on production and application of solid-state batteries. NIO teamed with ProLogium due to its high RS UBGTD
degree of commercialization and the innovative battery pack construction technology developed with regard to

the advantage of solid-state battery. a NIO

Blackstone Resources has partnered with several strategic partners from Germany, Belgium, Poland and
Austria, the United Kingdom and Switzerland. It has started to build and will finance its own research team with ‘
these partners. They will develop new production technologies for Blackstone's planned battery production

facilities. This will include developing and testing new solid-state battery technologies.

> O ©

= «  Startups like Solid Power and ZapGO are * Research institutes like Graz University of
Z working actively to develop solid state batteries Technology, CSIRO are continuously working
w o and are being funded by OEMs for the same. to improve the properties of solid state
E c Solid Power received funding from Ford and is batteries like conductivity, power density to

= now opening new solid-state battery production make them more beneficial for automotive
9 9 line. applications.
o O ©
>c 5 . . . .
LéJ = FutureBridge Insight & What should you investigate ?

r—
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https://www.cnet.com/roadshow/news/general-motors-solid-state-battery/
https://www.greencarcongress.com/2019/09/20190912-wildcat.html
http://www.prologium.com.tw/NewsDetail.aspx?02F0EA87FB60FF52003AB70EAECFE03EC80757D9C75EC011A22B248845DE87EB911E7D0C0C390C3746B16CF581F6AB9672C35484113C2B0D341E568E0798DD405E62A2A950ADDB9E97B42F23E3A78D5DEB75F08B22797EC0
https://www.greencarcongress.com/2019/07/20190705-blackstone.html
https://innovationorigins.com/new-solid-electrolyte-for-improved-conductivity-of-solid-state-batteries/
https://innovationorigins.com/new-solid-electrolyte-for-improved-conductivity-of-solid-state-batteries/
https://www.csiro.au/en/News/News-releases/2019/Piotrek-and-CSIRO-to-make-next-gen-lithium-batteries-for-global-market
https://www.businesswire.com/news/home/20190910005668/en/ZapGo’s-Carbon-Ion-Battery-Expected-Charge-Electric-Vehicles
https://www.businesswire.com/news/home/20190411005017/en/Solid-Power-Receives-Investment-Ford-Motor-Company
https://www.greencarcongress.com/2019/09/20190910-sp.html
https://www.greencarreports.com/news/1119182_vw-confirms-its-planning-for-solid-state-batteries-by-2025
https://www.motorauthority.com/news/1111715_toyota-accelerates-target-for-ev-with-solid-state-battery-to-2020
https://newatlas.com/enovate-me-s-electric-solid-state-car/59392/
https://www.electronicdesign.com/automotive/fisker-aims-launch-emotion-ev-solid-state-battery-2020
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FutureBridge Insight on Solid-State battery
development

Just a few years ago, the auto industry considered solid-state EV battery development a distant
goal. Now commercial application is rapidly approaching. Read more in our Q2 Pulse 2019

Solid-electrolyte technology not only offers safety but business opportunities as well. For solid-
electrolyte batteries to be cost-effective, they require a dramatically different manufacturing
system and supply chain, opening up opportunities for companies that couldn’t otherwise
compete with Asian plants that produce most of the world’s lithium-ion batteries.

Solid state batteries will extend the range of electric vehicles while eliminating the flammability
issues that are inherent in lithium-ion batteries. Researchers conclude that a solid-state battery
pack could give electric vehicles 500 to 1,000 miles of range on a single charge.

Solid state batteries will be coming in 2020s as has been announced by various OEMs(Like
Toyota) and there contribution in terms of market penetration will not be much in early stage. This
is due to the fact that Lithium-ion battery has made strong roots in the industry. But if we look at
the near term future, Solid state batteries are next in line to succeed Li-lon batteries because
they have superior properties (Like charge density, safety etc.). Also the developmental activity
for Solid state batteries in Q2’19 and Q3’19 has been very immense with players investing more
and more for early launch of ASSB powered vehicles like in case of Toyota which accelerated its
plans to launch ASSB powered EV in 2020 from proposed timeline of 2025.

What should you investigate ?

O O

What are the challenges What is the scope of solid
slowing down the state batteries in commercial
commercialization of solid vehicle segment? Are they
state batteries? going to be better than Li-lon?

Read more in our H1'19 deep dive

Maturity fan diagram
Solid state batteries gaining traction as large number of OEMs, Suppliers and Startups are shifting their focus to commercialize

the technology §
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https://industryinsider.futurebridge.com/document-details/5d395bc1857ad8a76a00566c/Pulse#page=6
https://www.express.co.uk/life-style/cars/902345/Fisker-solid-state-electric-car-battery-range-charging-times
https://industryinsider.futurebridge.com/document-details/5d67db11857ad86843bd1b3b/Trend+Deep+Dive#page=1
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CATL ramps up
investment in German
gigafactory to €1.8 billion
>>

CATL

LG Chem plans to invest
$424.03m to build a
battery factory in South
Korea >>

@ LG Chem

Collaborations/Partnerships

Electric vehicle
batteries >>

ARASIS
—_— S~
Li-ion battery
production >> &
> northvolt

battery-grade lithium
hydroxide >>

fyexde = -

Supply agreement for —r‘ E,E‘
A4

TIANDI LITHILM
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— THE FARADAY
INSTITUTION

-3
ProLogium
.
T

THE INNGVATION GROUP

US government awards
General Motors $2M for
solid-state battery
research >>

Faraday Institution to
award up to £55M to five
consortia for energy
storage research >>

Developing solid-state-

battery-powered

prototype >>
r\;”'!'\s
BAIC

Second life for
batteries >>

—

Lithium-ion batteries
for heavy-duty
applications >>

KION™

ur

.‘v’.

Research activities

° UC SanDiego

_SOUTH 8
TECHNOLOGIES

X
*
°

Improved liquefied-gas
electrolytes for Li-metal
batteries >>

New cathode material
for Li-S batteries:
sulfur-anchored
azulene developed >>

Method to make
smaller, safer, and
faster lithium-rich
ceramic electrolyte >>

@. Launches

J
&

BMW 330e hybrid powered by
lithium-ion battery >>

Volvo XC60 Polestar powered
by lithium-ion battery >>

A FutureBridge Initiative. Copyright © 2019 by FutureBridge
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Geen Science Alliance

Major developments during Q3’19 — High research activity in lithium ion battery was observed with main
area of focus being cathodes and electrolytes.

New solid electrolyte
for improved
conductivity of solid-
state batteries >>

Recycle used batteries
as Energy Storage
Systems >>

New type of Metal
Organic Framework
(MOF) based electrode
for lithium ion battery >>

Plug-in hybrid X5 xDrive45e
powered by lithium-ion
battery >>

Hybrid Sian powered by
supercapacitor >>

FutureBridge


https://www.pv-magazine.com/2019/07/02/battery-maker-catl-ramps-up-investment-in-german-gigafab-to-e1-8-billion/
https://europe.autonews.com/suppliers/lg-chem-plans-battery-material-plant-south-korea
https://faraday.ac.uk/sept-2019-project-announcement/
http://gmauthority.com/blog/2019/08/general-motors-gets-2m-in-government-funds-to-develop-solid-state-batteries/
https://in.reuters.com/article/us-autoshow-frankfurt-daimler-electric-d/daimler-to-source-battery-cells-from-farasis-energy-idINKCN1VV29G
https://www.carscoops.com/2019/08/bmw-launches-plug-in-hybrid-x5-xdrive45e-with-388-hp-up-to-54-miles-of-ev-range/
https://newatlas.com/automotive/lamborghini-sian-supercapacitor-hybrid/
https://auto.ndtv.com/news/2020-bmw-3-series-hybrid-unveiled-globally-2086003
https://www.prnewswire.com/news-releases/green-science-alliance-co-ltd-developed-new-type-of-metal-organic-framework-mof-porous-coordination-polymers-pcps-based-electrode-for-lithium-ion-battery-300912266.html
https://www.greencarcongress.com/2019/07/20190701-ucsd.html
https://innovationorigins.com/new-solid-electrolyte-for-improved-conductivity-of-solid-state-batteries/
https://warwick.ac.uk/newsandevents/pressreleases/researchers_convert_used/
https://www.greencarcongress.com/2019/07/20190705-azulene.html
https://news.mit.edu/2019/enriching-solid-state-batteries-jennifer-rupp-mit-0711
https://auto.ndtv.com/news/2020-bmw-3-series-hybrid-unveiled-globally-2086003
https://www.volkswagen-newsroom.com/en/press-releases/volkswagen-and-northvolt-form-joint-venture-for-battery-production-5316
http://www.ajudaily.com/view/20190823133427305
http://www.prologium.com.tw/NewsDetail.aspx?02F0EA87FB60FF52003AB70EAECFE03EC80757D9C75EC011A22B248845DE87EB911E7D0C0C390C3746B16CF581F6AB9672C35484113C2B0D341E568E0798DD405E62A2A950ADDB9E97B42F23E3A78D5DEB75F08B22797EC0
https://www.daimler.com/innovation/cooperation-2nd-life-battery-storage.html
https://bmz-group.com/images/Pressemitteilung_JV_KION_Battery_Systems_en.pdf
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Quarterly review of early-

stage research
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Fast charqging of an electric vehicle lithium-ion battery at the limit of the lithium deposition process

(July 2019,JohannesSieg, Jochen Bandlow, Daniel Dragicevic, Torben Materna, Bernd Spier, Daimler AG, Research & Development, Tim Mitsch, Institute of Applied Materials, Helmholtz-Zentrum, Heiko
Witzenhausen, Madeleine Ecker, Daimler AG, Research & Development, RWTH Aachen University, Juelich Aachen Research Alliance, JARA-Energy and Dirk Uwe Sauer, RWTH Aachen University, Juelich Aachen
Research Alliance)

To meet the range and cost requirements, battery cells with a
high energy density are used for the traction battery. This
contradicts the requirement for a high charging power.
Therefore, to achieve short charging times, the charging
process has to be well analyzed and optimized for the specific
battery cell in use.

In this paper, the charging process of a commercial high
energy lithium-ion pouch cell is investigated.

Three-electrode test cells are assembled using electrode
materials from the high energy lithium-ion pouch cell together
with lithium metal as reference electrode to acquire the
potential at the negative electrode-electrolyte interface.

During charging, the cells’ current is controlled in a way that
the negative electrode potential is maintained constantly
slightly above 0 V vs. Li/Li+.

The resulting current map depending on temperature and
state of charge is used to control the charging process of the
pouch cell.

New charging procedure enables a state of charge of 80%,
reached in 15 min at 25°C ambient temperature.

Industry Pulse | Q3 2019

0 20 40 60 80 100
SOC (%)
Resulting charging currents versus SOC from -5°C to 45°C
using three electrode test cells.

Ty Time to 80% SOC Time to 100% SOC
45°C 128 min + 1.5% 19.6 min + 1.1%
40°C 144min + 1 22 min + 1.6%

35°C 162 min + 16% 254 min * 2.6%
J0c 19.3 min + 0.9% 30.8 min + 24%
25°C 239 min + 1.6% 382 min + 3.1%
20'C 303 min + 22% 48.5 min + 29%
15C 368 min + 22% 59.6 min + 2.7%
10'C 48.2 min + 1.3% TEE min + 1.9%
5C 632 min + 14% 104.0 min + 1.6%
oc 471 min + 13% 145.7 min + 1.4%
-5°C 123.6 min + 0.6% 207.0 min + 0.9%

Overview of charging times at three-electrode test cell level
showing the mean value and standard deviation at ambient
temperature T,

A FutureBridge Initiative. Copyright © 2019 by FutureBridge

Fast charging can negatively affect the durability
when the charging rates are chosen
inappropriately. The underlying accelerated
aging process, when charging a graphite-
based lithium-ion cell with improperly chosen
charging rates, is the deposition of metallic
lithium on the surface of the graphite particles,
known as lithium plating.

The metallic lithium immediately reacts with the
electrolyte and forms a passivation layer. The
result is an irreversible loss of capacity.

Conclusion

Cycle life tests showed that the inhomogeneous
current density in a large-format pouch cell has
to be considered. For that, the charging current
was reduced by 10% and, as a result, local
lithium plating was prevented at the edge area
of the cells.

Cycle life tests revealed that the charging
current has to be reduced over lifetime. An
approach reducing the charging current in
dependency of the cells’ resistance increase
over lifetime yielded to an extended cycle life.

FutureBridge


https://www.sciencedirect.com/science/article/abs/pii/S0378775319304586
https://www.sciencedirect.com/science/article/abs/pii/S0378775319304586
https://www.sciencedirect.com/science/article/abs/pii/S0378775319304586

Startups Tracker highlights In

Q3’19
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Startup Tracker summary
Segmentation of 7 new startups covered during Q3 2019 with major focus on Solid-State battery

Startups by founding year Startups by geography for the 7 new startups we’ve included in Q3’19

5 A n
United States 3 | dragonfly’ Teralatt
. 3 UK 1 lEch!c‘:llogg nNatron Energy
2 Norway 1 OFREYR
2 .
1 1 Germany 1 pWlel=
1 .
China B usennnamea
0 - | ; ; ; ; .
2012 2016 2017 2018 0 1 2 3 4 5
Startups by technology Startups with Commng|aI|zed and Pipeline New startups added to our Tracker
products/solutions/technology
@ 1tMZE§iIEiBI!ﬁImﬂ
it 12 - See our Startup Tracker here
TWAICE TeraWatt 10
" 10 -
Battery management systems <\
m Commercailized 8 1 7
GFREYR o 6
To provide cost competitive Plpellne
battery cell supply 4
uNatron Energy JE 2 A
Developing a new high power, Egkkgg
long cycle life, low-cost battery 0 !
technology Vs Q2'19 Q3'19

\_ dragonfly’
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https://industryinsider.futurebridge.com/companies/1

What are the hubs of startup innovation for Battery Energy Storage
Solid-State battery is the major area were startups are working as the automotive industry is moving towards
commercialization of solid-state technology

= Out of the 7 new startups we have included in our
Tracker in Q3 2019, 43% focus on Other battery
technologies and components mainly cathodes,
electrolytes and even software's for battery
management).

=  Almost 29% are working on Solid-State battery
technology owing to the growing interest of OEMs
to commercialize the technology.

= The majority of Startups covered in Q3’19 are
emerging from USA and others are equally shared
between UK, Norway, Germany and China.

=  Almost all startups have commercialized
product/solution/technology portfolio.

= TeraWatt Technology announced that its 4.5Ah
prototype solid-state battery design achieved a
record-breaking energy density of 432Wh/kg
(1122WhiL).

13 Industry Pulse | Q3 2019

Key startups from major hubs in automotive Battery Energy Storage

Lithium-lon Sodium-ion
battery electrolyte.
- nNatron Energy
i by
Advanced battery i
Next gen All
. Y active materials Next gen All
Solid-State battery Solid-State
= v battery.
m gEchIOI‘I
Technologies
Pt L LE Ll
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https://www.greencarcongress.com/2019/08/20190822-tera.html
https://www.greencarcongress.com/2019/08/20190822-tera.html
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.
Funding distribution & activities

Startups continue to receive funding in Q3’19 with maximum amount flowing towards production of Lithium-
ion batteries.

e ———— ! + 3 out of the 7 new startups
| OF REYR ssiowmn | we have included in our
10 - s S —— ' Tracker in Q3 2019
e . .
. Yy received funding.(For one
s startup funding amount
8 - was not announced).

* FREYR AS will use the

6 funding amount to build a
32 GWh giga-factory that
will produce Lithium-lon
Battery (LIB) cells based
on proven in-licensed
technology.

USD Million

+ Startups like Natron Energy
are also receiving funding
for development of
charging infrastructure for
EVs.

Metal lon liquid electrolyte battery Battery management
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https://www.prnewswire.com/news-releases/natron-energy-announces-strategic-investment-by-chevron-technology-ventures-300777013.html

Startup highlight — Solid Power’s focus on commercialization of solid state battery

TECHNOLOGY

Official website: https://solidpowerbattery.com/

Link to the Mobility Insider platform for Solid Power’s profile:

https://industryinsider .futurebridge.com/company/details/5b8a462aea6al4a54fd9alcc

PATENTS

W0O2018183365A1
Solid electrolyte material and solid-state battery
made therewith

Patent relates to a solid electrolyte
material comprising of Li, T, X and
A were T is at least one of P, As,
Si, Ge, Al, and B; X is one or more
halogens or N; A is one or more of
S and Se. The solid electrolyte
material has peaks at 17.8° +
0.75° and 19.2° £ 0.75° in X-ray
diffraction measurement with Cu-
Ka(l,2) = 1.5418A and may include
glass ceramic and/or mixed
crystalline phases.

CN107534135A
Binder and slurry compositions and
solid state batteries made thePewj}pfv*'

Patent discloses various
embodiments of binder and
slurry compositions and
methods of making a solid-
state battery.

>

All Solid-State battery:

Solid Power’s solid-state batteries (ASSB) replace
the liquid electrolyte in a conventional lithium-ion
battery with a highly stable solid ion-conducting
material. As a result, ASSBs are inherently more
stable across a broad temperature range while also
enabling more efficient cell and pack designs as
containment of a liquid is no longer required.

The company has developed inorganic solid
electrolyte materials that are uniquely suited to their
intended use.

High cell-level energy is enabled through the use of
metallic lithium as an anode, a material with a
capacity 10 times greater than the graphite anodes
used in current lithium-ion batteries

——

Advantages:

Deliver greater than 50% more energy density
compared to the best available rechargeable
batteries.

Safer battery with a simplified cell architecture.

MoBiLITY NSNS
P [ voour |
ha
Solid
Power

m

2_1 Investment/Acquisition/Funding

*  Funding
*  Apr, 2019| Series B | Ford Motor
* Sep, 2018| $20M / Series A | Hyundai
CRADLE, Samsung Venture
Investment Corp., Sanoh Industrial
Co., Solvay Ventures, and A123
Systems.

d‘ Collaboration/Partnership
= Ford partnering with Solid Power to develop
solid-state batteries for next-gen EVs.

=  BMW teams with Solid Power on battery
technology

@ Competitors

TTENERDEL *Seeo OXi

News

[ ]
i

= Sep, 2019| Solid Power pilot production line
operational, producing solid-state batteries
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Snapshot from our Electro-

mobility carmaker Leaderboard




"=
FutureBridge’s Electro-mobility Carmaker Leaderboard -2019

Forward-looking ranking of major OEMs based on 3 factors:

1. Strategy & Vision: Learn how they rank across the different parameters
2.

Innovation & Technology: See our H1'19 Deep Dive
3. Market Leadership: in our upcoming deliverables

Vehicle Pipeline & Future
Plans — 2020

No of new Electric models by 2020
No of new Hybrid models by 2020
Electric Brand Development

No of electric concepts &
prototypes

39 42 132 = 2020 EV/Total portfolio ratio

Ranking of carmakers based on our assessment criteria

Vehicle Pipeline & Future
Plans — 2025

- No of new Electric models by 2025
- No of new Hybrid models by 2025
= 2025 EV/Total portfolio ratio

43 44 126
RENAULT Strategy &
Electromoblity

Vision
1 35 42 118 oL
; 0 Streaming operations, Mobility /
O """""" Multi-modal Systems
17% of the
T s— a 2 s

. Investment done by OEM in

. If offering electromobility service
electromobility
Vision

| vy 4 19 40 85 o
TOYOTA :
0 20 40 60 80 100 120 140 " 25% of the Strategy &
Electromobility H Innovation Pipeline Future Plans-2020 Future Plans - 2025 Vision

Strategy & Vision
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