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Potential Battery Technologies for
Break- Through

Lithium lon Silicon based anode
Li-lon Solid Electrolyte

Lithium Sulfur

Lithium Metal

High Voltage Li-lon

Li-lon Air
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Li-lon 18650 High Energy Cells

Current Market Status

Limitation of 18650 cell?

Samsung SDI  22P 29E 32E 35E What's the next?
LG Chem MF1 MG1 MH1 MJ1
Panasonic  EA PF BD  GA 3.5 An

3.2 Ah r

2.9 Ah ’
N\
2.2 Ah ’ r A NCA/C+Si
r ¥ NCA/C
| \\’ NCA/C

NMC/C
2011 2013 2014 2015
LG INR18650MJ1| Samsung IR18650-35E| Panasonic NCR18650GA
Whikg 259.6 248.4 250
Whll 736.46 709 707 ¢
Wikg 741 576 581
WHI/I 2104 1644 1641 )




Li-lon 18650 High Power Cells
Current Market Status

LG INR18650HG2 R

: : Value Weight Capacity Density (AH/KG) 63.8298
Maximum Capacity 3. 1Ah
Nominal Capacity 3Ah Volume Capacity Density (AH/L) 175.0257
Nominal Voltage 3.6v
Standard Chqrgmg Current 4A Weight Energy Density (WH/KG) 229.7872
Max Charging Voltage 4.2V
Std Discharge Current 0.2C Volume Energy Density (WH/L) 630.0925
Maximum Discharge Current 204
Weight 4849 Weight Power Density (W/KG) 1531.9149
Dimensions 18.3x65_2mm
Cut Off Voltage 2.5V Volume Power Density (W/L) 4200.6168

18650 high power cell with the market highest capacity
Samsung has the similar cell INR18650-30Q that can deliver 15A max with 240
Wh/kg and 641 Wh/I

@ 18650 3000mAh 3.7V




The Need for Larger Lithium lon
Cylindrical Cell Sizes

1. High demand for more energy lead to larger battery
packs.

2. Larger of 18650 cells in the battery packs lead to more
complicated BMS and higher pack cost production.

3. New larger cylindrical cells sizes will allow to increase
energy density, reduce cells number in battery packs and
to increase energy density and pack efficiency.

4. 21700 is the default choice.
< Coverage of 21700

Standardizing next form factor 21700 for major application and setting up MP line
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Many new models in the market but first generation
L G energy density is lower than 18650 cells

S o] Capaciy an Mol

HG6 (20650) 3 Under production INR20700A 3 Under production
HH2 3.5 Under production INR20700B 4.2 Projected Q2/2018
H30 (21700, 30A) 3 Projected Q4/2017
H40 (21700, 35A) 4 Projected Q2/2018 S a m S u n g
H45 (21700) 4.5 Projected Q1/2020
M50 (21700) 5 SR aNl Vodel | Capacity [An] | Status ___
- INR21700-30T 3 Under Production
P a n aS O n I C INR21700-40T 4 Projected
Q1/2018
| Model | Capacity [A] | Status  JEENEATIIPEIS 45 Status TBD
NCR20650A 3.1 Stop Production INR21700-35T 2= Projected
NCR20700A 3.3 Under Production Q2/2018
NCR20700B 4.25 Under Production INR21700-38P 3.75 Status TBD
NCR20700C olis Status TBD INR21700-47E 4.7 Status TBD
INR21700-48E 4.8 Projected 2018

I\/I u r at a INR21700-33J 3.3 Projected
Q3/2017
| Model | Capacity [Ah]

INR21700-35S 3.5 Projected
US21700VXX 5.2 Projected Q4/2017 Q2/2017

US21700VC8 4 Projected Q2/2018 INR21700-40S 4 Status TBD



I-Phone X - Li-lon Pouch Cells
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I-Phone X: Energy Density:
Capacity (2 cells) — 2.716Ah gy y:

Wh/

Energy — 10.35 Wh 258.75 Whikg

Nominal Voltage — 3.81V
Dimensions — 34x58+39x57, Thickness - =
Weight — 40 Grams



Samsung S9 Li-lon Cells

Capacity — 3Ah

Energy — 11.55 Wh

Nominal Voltage — 3.85V
Dimensions — 77x40x5 = 0.154]
Weight — 42.7 Grams

Energy Density:
750 Wh/I
270.49 Wh/kg



Samsung S9 Plus Li-lon Cells

Capacity — 3.5Ah

Energy — 13.48 Wh Energy Density:
: 750 Wh/I

Nominal Voltage — 3.85V 262 Wh/k

Dimensions — 80x45x5 = 0.18 g

Weight — 51.3 Grams



Some of the leading battery
developers with the best energy
density for a prototype cell



Oxis Energy (Li-Su

ox' Ultra Light Lithium Sulfur Pouch Cell

Newt Ganaration Rattery Technology

Ultra Light
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Ultra Light Cell Development Roadmap

Ultra Light, Rechargeable Li-5 Pouch Cell

Key Features
+ Ultra Light Li-S Cell (>300 Wh/kg already proven)

Safe

+

+ Full 100% Discharge Capability

+ Ideal for use in Portable Batteries, Electric Vehicles,
Defence, Aviation and Satellites

* »

Large format size available
Bespoke cell sizes available
+ Nominal Voltage: 2.05V

cells available: 2015 Q2 2016 Q1 2017 Q1 2012 Q1 201901

(Prototype) (Production) (Production) (Production) (Production)
Tyl capacy a1 oz | upiosan | s | podom | v
Gravimetric Specific Energy (Wh/kg) Up to 300 300 400 450 500
Peak Gravimetric Power (W/kg) 1,400 1,300 2,400 2,700 3,000
Volumetric Energy (Wh/L) 300 400 450 500 550
Peak Volumetric Power (W/L) 1,400 2,400 2,700 3,000 3,300
Maximum Continuous Discharge (C) 3 4 4 4 5
Standard Charge Time (Hours) 4 4 3 2 2
Cycle Life (Cycles) ~100 300 500 1,000 1,500
Discharge Temperature Range (°C) -30 to +70 -30 to +70 -30 to +70 -30 to +70 -30 to +70
Pouch format (mm) See Page 2 See Page 2 See Page 2 See Page 2 See Page 2




Sion Power (Li-Metal)
W Licerion® Topics ticeon”

= Sion Power's new Licerion® technology as a solution beyond Li-lon
and beyond Li-S.

» Failure mechanisms of rechargeable batteries with metallic lithium anode.

* Failure mechanisms addressed with Licerion® technology.

» Sion Power development of Licerion®-S and Licerion®-lon batteries.
* Li-S and Licerion®-S for Unmanned Aerial Vehicles (UAV).

* Licerion®-lon for diverse applications.

§ ! Combination of LICERION ™
ific | nergy and Longest Cycle Life R
Licerion® Doubles Specific Energy

Benefits multiple existing cathade systems

400 80% of Rated Energy/Capacity Specific Energy and 600 +100%
Energy Density e oo Licerion®technology
300 projected to 2 Toore doublesthe energy
2 10x10x1cm large = 400 density using today’s
= cell design using = +100% mass-market cathodes.
= v v . , 400 Whikg same active 5 300 1
200 700 WhiL 4 i
materials balance H
~500 cycles as laboratory 0.4 Ah £ 200 Applicable to existing
100 | | { ; cells and accounting a cellassembly
for weight and <l manufacturing
volume of all large 0 I || [ REOCESEEE:
0 - ; T T T T T cell components. LFP NMC HE NMC

(o} 100 200 300 400 500 600 700
Cycle

mBase mWith Licerion®


http://www.sionpower.com/index.html
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Amprius (Si Anode, NMC
Cathode)

SI|ICDI‘I nanowire technology
performance is adjustable by
voltage & charge depth

A unique feature of the Si
nanowire anode with variable

o 62%
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Li-ion Battery Landscape \
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armpnrius

Amprius
Si Nanowire

charge depth cell voltage

{mahig) \ / (max)

SINW-1600, 4.35V
]

Amprius Si-Graphite ® SiNw-1400, 4.3V

Composite ® SiNW-1400, 4.25V

SiC Gen I1-750 * SINW-1200, 425V

SiC Gen |1-700

® Panasonic-Si

® Samsungsy
® iPhone &% g

e (Tesla)
®Panasonic 18650

650 700 750 800 850 900
Energy Density, Wh/L

850 1000 1050



Amprius Technologies High Energy Products: .q:p'
Span 4 Ah - 14 Ah Cells ampnrius

ANW4.0-455056 14.5 | 1150 424
ANWS.1-4551107 8.1 29.3 | 1220 430

ANW14.2-8051110 147 51.2 | 1244 437

Voltage range 2.75-4 .35V, measured at C/5 rate,
Operating temperature range: -20 °C to 45 °C




- - . . @
Amprius Technologies High Power Products: %%

Span 2 Ah -10 Ah Cells

ampnrius

\

Charge-Discharge Rate: C/5-C/5

ANW?2.6-405056 2.8 10.1 915 365

ANW10-7550106 10.6 38.4 1000 390

Voltage range 2.5-4.35V at 1C-3C rates

Operating temperature range: -20 °C to 55 °C

Cycle life of 150-300 cycles, depending on operating conditions

Product ID

Charge-Discharge Rate: 1C-3C

2.65 9.0 815 325

10.1 34.2 885 345




Enevate Corp (Si Anode — NMC
Cathode)
G ENEVATE

T oot ne' sy Technology Differentiators

Both Ultrafast Charging + High Energy Density Cells: 15 minutes full charge with uncompromised
cycle life and energy density
Up to 8X faster charging to full charge

800Wh/L energy density now, roadmap to 1000Wh/L (higher for large cells)
Tested up to 50% Longer Runtime (Android smartphone)

» Safety advantage
* Excellent wide temperature performance, tested to -40degC

* Unique high performance technology
* \ery high initial coulombic efficiency

*  No need to prelithiate

 Broadly adaptable to many applications and designs

¢+  No known limits on anode dimensions

ting Energy Storage

G ENEVATE

http://www.enevate.com/ J




The anode material film features a gravimetric energy density of 1500 mAh g_l in
cell design, with volumetric and energy densities of ~750 Wh/L and ~300 Wh/kg,
respectively. The anode is high-density {1-15 g/cc) with a silicon surface area of

<10 mzfg. The film is compatible with existing high volume manufacturing
processes—unlike nanowire or silicon wafer approaches.

Five-minute charging would allow flow-through charging stations where EV drivers
wait just a few minutes to “fill up” just as they would with regular gas stations. In
addition, with such short charging times, smaller batteries can be used in some
EVs making them much more affordable.

Enevate says that its HD-Energy battery technology can safely charge and
discharge down to -40°C and capture more energy during regenerative braking,
extending range in cold climates. A key safety benefit is that Enevate's HD-Energy
Technology is inherently resistant to lithium-plating during fast charge and also
during charging in low temperatures, which is a major challenge for conventional
graphite Li-ion cells.

Enevale says that its silicon-dominant EV battery technology features up to 10C charging rates with more than
750 WhiL energy density. Click to enlarge.

Enevate's film-based silicon-dominant anode and cell is a truly novel
approach and great practical fit for use in EVs addressing the major
barriers to EV adoption.

—Dr. John Goodenough, University of Texas at Austin

@ ENEVATE"

HD-Energy

EN9072120

Silicon-dominant
Li-ion EV Cell

17Ah
S9Wh

Cell designed in California USA
PATENTED




Zeblabs Energy (Former Envia)

e A : 1
. ¥ g K v .
e R o £
¥y - : "‘_ -
; .,
X ’.“ -
e T
s -~ ‘ .
\ 2 il
E :
> "

Silicon anode development for high energy
long cycle life lithium ion cells

Z zenlabs
https://www.zenlabsinc.com/




// Cell Technology Roadmap

CATHODE

« 230 Wh/Kg was achieved in 15t
. USABC program using Lithium

Rich Manganese rich Cathode
Li-Sulfur or
Solid State | . (HCM RTM)

. * Development of >300 Wh/Kg
Ni-rich NCM | . batteries is ongoing in 2"
+ HCMR™ USABC program

HCMR™  —— “f:}?(g * 350 Wh/kg — 300 cycles cells
are being commercialized for
drone applications

Graphite Silicon Lithium ANODE

Z zenlabs 3



High Power (China) — High Voltage
Cell

High Energy Density Consumer Battery Roadmap

WWL | CellPart Number: 404798 (0.2C discharge) LT R AL et
Cell Dimension: Max4.05*46 3¥97. 73mm(Without tab sealant)

Cell Body Dimension: Max4.05%45.5*95mm

210

870
45V-LT5V €A81V) 4083mAh
830 LCO/Si- Graphite

4 A5V-275V €37 ) 3868 mAh
LCO/Si-Graphite

790
JAEV-2TEV (3.79V) 3T mAk
LCOv5i0x-Graphite
750 4. 5V-30V (389V) 3628 mAk
LCO Graphite
44V-275V (1.77V) 354TmAY W
210 LCO/SiOx-Graphite TASV-3.0V (337V) 35 2mAb
LCO/Graphite
4ASV-30V (3.87V) JafSmAb p— . . -
60 devaey st psar s o
LCOVGraphite AASV-20V (AS1V) A9imAhL
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630 435V-3.0V €383V)2742mAb LCO/Graphite 1 45V-30V (3.51V) 3060mAb
LCO/Graphite LCO-NMC /Graphite LEVAOVBTI) 31 mAk

NMC/Graphite

4ASVIOV (B37TV) 320 mAh
NMC Graphite

IV-30V (3.79V) 2916 mAb
LCO-NMEC Graphi
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LCO-NMC/'Graphite

LASVIAOV (3.7TTV) 1808 mAh
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550 44V-30V (3.75V) 272 mAb
4ISVA0V €A7IV) 2600mAn Y MC/Craphite
=10 NMC/ Graphite
2013 2014 2015 2016 2017 2018 2019
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http://www.highpowertech.com/

Electrolyte System Improvement

® System update: optimize solvent and additive :

System Solvent Additive
4.20V EC/DEC/EMC/PC VC/PS DENE :
4.35V EC/DEC/EMC/PC FEC/PS/DTD/SN... NN 0
N /\\\r/
4 .45V EC/PC/DEC/PP | FEC/PS/DTD/DENE/HTC.. \/\D \/\“‘\?\“N
® Mechanism analvsis: . 0. NH
Additive mechanism analysis DQ/Dv curve SN : CI ‘? .
— REF . C C
20000 500 —DTD ¢ 0 Co ¢
I 2L |
16000 | ‘0| N2C-C-C-C=N —» NaC-C-C-C=N — (N=C) —=  (N=(),
300
g 2000 a0 ¢ DTD :
8 o000 | 100 f
wo | V. ¥ i 0
L ‘ [ LIS,
ol W q P =tx: o P'hf—\ = Eﬁ“-u-/\\/ o W W & + Li,805
0 R e o_ o ¥ |
20 22 24 26 28 30 32 34 36 38 40 42 44 S 0

Voltage (V) 0



Product Description

1. The maximum charging voltage is 4.35V, 4.40V &4.45V;
2. High energy density:

4.35V system: 630Wh/L-680Wh/L
4.40V system: 650Wh/L-720Wh/L
4.45V system: 700Wh/L-750Wh/L

3. Higher battery capacity for longer working time in terminal applications;

4, The capacity retention of 4.35V & 4.4V system remains more than 80% after 1000 cycles;
5. The capacity retention of 4.45V system remains more than 80% after 500 cycles;

6. Expanded application of high-power electric equipment.

4.4V Rate Discharge Performance 4.45V Rate Discharge Performance
3 45 ¢
. ‘oltage Plateausd®0.2C: 3.85Y ‘Volage Plaleauedd 2C: 38TV
42
0:2C
0.2C
% 1% s 39 |
g &
g 36 5 38 L
3 F 33 |
30 . . . 30
0% 10% 20% 30% 40% 50% 60% 70% B0% G0% 100%110%

0% 10% 20% 30% 40% 50% 60% TO% BO% 90% 100% 110%

Capacity %) Capacity (%)

Product Specification

Minimum Capacity Dimension {mm) Internal Approximate
Model(z.g.) Voltage (V)
{maAh) TFW=*H Resistance {m) weight {g)
2961112-3030 3.8 3030 3.0 60.9 111.5 45 40.0
385583-3040 3.83 23040 3.8 aa3.0 83.0 =11 45.0
435152-3040 3.8 3040 4.4 51.1 91.8 50 45.0
404 798-3250 3.85 3250 4.0 47.0 58.0 &0 52.0
404798-3620 3.87 3620 4.1 47.0 58.0 =11 32.0
446878-4000 3.85 4000 4.4 6B.6 7a6.2 &0 &3.0
486082-4000 3.85 4000 4.8 59.9 82.4 &0 63.0



Prologium (Li Anode + Solid

Electrolyte) !Protog‘iu_-m

Polymer Package

____ Aluminum Foil ((+)current Collector)

Logic Circuit &
Cathode Terminates (tab(+/-)) =

extended Gold Finger
Ceramie Selid-State Electrolyte

Anode

FCCL(FPC) Substrate ((-) Current Collector)

Chemical Level

1. Li-ion System : 720 Wh/L@ 2018 and will be raised to 850 Wh/L@2020
2. Li-Metal System : Will be raised to 1010 Wh/L@2022
PS. LPB system has 650~680Wh/L limitation due to security issue




ProLog?ﬁm
features sl 5
ossible

——
High Energy Density Angthing 157

[ Chemical Level] - Cell Phone (3C) Application (AC system)

* Energy Density of the LCB with Li ion System will be 720Wh/L in the 2018, 770Wh/L @2019 & 850Wh/L@2020
(and will be Better than LPB system (650~680Wh/L(limitation) around 2018!!!)
* Energy Density of the LCB with Li metal System will be 1010Wh/L @2022

[ Li Metal )
System

1010

2015 2016 2017 2018 2019 2020 2021 2022
agm=P| G 340 460 720 770 850 920 1010
=®=Note 7 590 700 650 680 680
m®m=iphone?/ 620 650 680 680 680 ly




Solid Energy (Li Anode + Solid

solid Electrolyte)
cnergy

Launch:

Apollo™ for /ﬁ’
electric vehicles

Launch:
-“ Athena™ for o
| | [ ™— consumer o
] & [ ] — eleclronigi = Expansion:
—— ! ! ‘ \,J | =& Break ground for large scale
) f ' ™A ’ | production (non-dilutive
i | | |government funding)

Launch:
Hermes™ for

Concept:

Founding: s &
Qichao Hu Soi aeronautics
ut of
(Forbes 30 o = =  space
Hnder.30), collaboration .
Donald agreement Location: | ’
Sadoway with A123 Open state- Funding: =

of-the-art i . SeriesC
pilot facility i
-

(TIME 100)
at MIT

Qur technology

- Funding:
Series A Series B

2012 2013 ’ 2014 | 2015 2016 2017 2018 2019 2020

SolidEnergy ™

in Lithium Metal
Safe Electrolyte

Separator Separator

Separator

Cathode Cathode Cathode Cathode
Gen 0 Gen 1 Gen 2 Gen 3
Li-Metal Li-ion Li-ion Li-Metal
100-200 Whikg 200-250 Whikg 250-300 Whikg 400-500 Whikg

200-300 WhiL 600 Whil 700 WhiL 1200 Whil

Dangerous Safe Safe Safest



-SoligsPower Battery (Li Anode +
Solid Electrolyte)

* Solid-state is a practical approach to improving energy density
and safety in parallel

* Enabling Li metal is key to reliable long life, but cathode design
Is also key for maximizing performance

* Challenges remain in minimizing passive mass and volume,
accommodating volume changes, and improving rate
capability at low temperatures

* Opens up the design space with new materials and cell and
battery concepts to ensure continued energy density gains for
electric vehicle batteries

http://www.solidpowerbattery.com



http://www.solidpowerbattery.com/index.html
http://www.solidpowerbattery.com/
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Information for presentation obtained by:
1. Public web sources.

2. Shmuel De-Leon Battery/Energy Sources DataBase ® (Includes 29000 cell PDF data
sheets ) http://www.sdle.co.il/Default.asp?sType=0&Pageld=45580



http://www.sdle.co.il/Default.asp?sType=0&PageId=45580

Shmuel De-Leon

Energy Ltd

This presentation has been compiled for the exclusive,
Internal use by our client. Within the framework of the
engagement, Shmuel De-Leon Consultants will act solely
In the interest of the client. Property rights in favor of third
parties will not be constituted and no protective effect shall
arise for the benefit of third parties.

The presentation shall be treated as confidential and may
not be passed on and/or may not be made available to
third parties without prior written consent from Shmuel

De-Leon Energy.



