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World's first automotive

It's one small step for SES’s Li-Metal,
one giant leap for the future of transportation both on land and in air

[Confidential]

JOINT DEVELOPMENT AGREEMENT (B-SAMPLE)

, 2023 by and between

THIS AGREEMENT, made and entered into on the day of -
SES HOLDINGS PTE. LTD., a corporation duly organized and existing under the laws of the
Republic of Singapore and having its registered office at 1 Robinson Road, #18-00 AIA Tower,

Singapore 048542 (heremafter referred to as ““SES”) and ., for and on




human-based machine-based
deep learning deep learning



The electrolyte used in the research paper is a fully fluorinated electrolyte. It consists of the following components:

1. Electrolyte Solvents:
3,3,3-fluoroethylmethyl carbonate (FEMC)

Fluoroethylene carbonate (FEC)
- Tri(2,2,2-trifluorcethyl) borate (TFEB)

2. Electrolyte Salt:
Lithium hexafluorophosphate (LiPF6)

3. Additives:
None mentioned in the paper

The ratio of the solvents and salt in the electrolyte is not explicitly mentioned in the paper.

Abstract - o= =2 5 S e % - X
The ion conductivity and coulombic efficiency of the electrolyte are mentioned in the paper.

The electrolyte demonstrates stable cycling performance with an average Coulombic efficiency >99.6% and capacity retention >99.7% over 100 cycles.
However, specific values for ion conductivity are not provided in the paper.

Li metal batteries (LMBs) with LiNig gMng ;Co, ;0 (NMC811) cathodes could release a specific energy of >500 Wh kg™ by increasing the
charge voltage. However, high-nickel cathodes working at high voltages accelerate degradations in bulk and at interfaces, thus significantly
degrading the cycling lifespan and decreasing the specific capacity. Here, we rationally design an all-fluorinated electrolyte with addictive
tri(2,2,2-trifluoroethyl) borate (TFEB), based on 3, 3, 3-fluoroethylmethylcarbonate (FEMC) and fluoroethylene carbonate (FEC), which enables
stable cycling of high nickel cathode (LiNijgCoq ;Mng ;0,, NMC811) under a cut-off voltage of 4.7 V in Li metal batteries. The electrolyte not
only shows the fire-extinguishing properties, but also inhibits the transition metal dissolution, the gas production, side reactions on the cathode
side. Therefore, the NMC811||Li cell demonstrates excellent performance by using limited Li and high-loading cathode, delivering a specific
capacity >220 mA h g~', an average Coulombic efficiency >99.6% and capacity retention >99.7% over 100 cycles.
© 2023 Institute of Process Engineering, Chinese Academy of Sciences. Publishing services by Elsevier B.V. on behalf of KeAi Communi-
cations Co., Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Room Temperature (25°C)
Energy Density

Cell Type

4.2Ah (25+ layer) at 25°C

50.7Ah (16+ layer) at 25°C

105.8Ah (32+ layer) at 25°C

Low power C/20

> 375 Wh/Kg

Low power C/10

375 Wh/Kg (= 700 Wh/L at SOC 0%)

357 Wh/Kg (= 773 Wh/L at SOC 30%)

399 Wh/Kg (= 862 Wh/L at SOC 30%)

Medium power C/3

342 Wh/Kg (=743 Wh/L)

390 Wh/Kg (=842 Wh/L)

Medium power 1C 339 Wh/Kg - 370 Wh/Kg

High power 3C - 303 Wh/Kg 351 Wh/Kg
High power 5C 321 Wh/Kg - _
Low power C/10 324 Wh/Kg 2 )

Low Temperature (0°C) Medium power C/3 - 305 Wh/Kg 346 Wh/Kg
Energy Density Medium power 1C 298 Wh/Kg - _
High power 5C 282 Wh/Kg - _

Lifetime (Ch-Dch)

C/N0-C/3 600 cycles (80% retention) >200 cycles (Ongoing) >300 ongoing
C/3-C/3 300 cycles (80% retention) 210 cycles (80% retention) >250 ongoing
C/5-1C 700 cycles (80% retention) - -

Fast Charging

Charge at 4C

80% in <15min

Electrolyte is stable with Li above Li

Thermal : : PASS TEST PASS TEST
melting point
Seifaing Nail Penetration PASS TEST PASS TEST PASS TEST
Overcharge PASS TEST PASS TEST PASS TEST
External Short Circuit PASS TEST PASS TEST PASS TEST
Certification UN38.3 UN38.3, IATF16949 UN38.3

Manufacturability

(highly similar process to Li-ion)

Tested Operating Temperature

-30 °C to 60 °C

-10 °C to 45 °C

-10 °C to 45 °C




Excellent
performancein
cold weather

Retains 80%
capacity (C/3 at
25°C)even at -30°C
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Excellent
performancein
high power
regquirements

Retains 90%
capacity (C/3 at
25°C)even at 3C
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(3rd party test)

Before

S
@
oo
: S
- 2 " . E
» X K =
. T e
o Voltage [V]
et

100

100

20

- —
O
?I—I'

o Tambient
o 5
s Z )
; o B E )
. aam B o o
— = = S E
- = s i Q
- =

100

Current [A]

200

Time (min)

200 250

Time (min)

400

400




r/ I9 ‘AI\‘O:

A

@ 146

Nail Penetration

[

I

Voltage (V)

(3rd party test) ; Ly

@)
.;.:I
=
o
=%
—
s
|_

Time (min)




External Short - Temperature & Voltage vs. time
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Thermal Stability
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UN38.3 R A

LITHIUM CELLS OR BATTERIES TEST SUMMARY
IN ACCORDANCE WITH SUB-SECTION 38.3
OF UN MANUAL OF TESTS AND CRITERIA
NO. CQCIT2206J0297

B4 F(Cellbattery Name): IR 555 (Test Report Number):

] o M o {2 20220706J18449

Rechargeable lithium battery cell HEBREER H#(Date of Test Report):

B & (Mass): 2022-09-06

0.51k - i,

ﬂﬁgﬁ[Specﬁlmtlnn Parameten); Br G5 s A1 )l A< (Edition of UN Manual of Tests
Frib 3.82 V474 4Ah 181 Wh and Criterla Used):
Pl vV — 9 '

-’GJM[Physlcal Description): il 155 38.31
{tits Pouch Cell Recommendations on the Transport of Dangerous

23 (Model Numbers)s Goods, Manual of Tests and Criteria, ST/SG/AC.10/11/
37B0582

_ AN,
2R e AT MR R R (0 M RHIT) — B (List of
ri H| He ik .':-

SES Al{Shanghai) Co., Ltd

bk Tl 5552 X4 B 1581 45

Zhaoxian road 1581, Jiading district, Shanghai
021-59901136

victorsun(@ses.ai

Tests Conducted and Results(Pass/Fail)):

SES AI:ShanghalJ Ccr Lid
iy | w J_IIII |Jr 158‘1 ||
Zhaaman road 1581, demg district, Shanghai RERFLERE SR RER (Assembled Lithium
021-59901136 ;
victorsun@ses.ai Battery Test Requirement):
www.ses.ai [138.3.3(f) [138.3.3(g)  WAEH] N/A

UNSB 3 PO S (UN3S.3 Test Lab):

East Ta|hu Technology and Finance City,
No.1368 Wuzhong Dadac Road, Wuzhong
Economic Development Zone, Suzhou, Jiangsu.
0512-66303623 cqc_jszlb@ 126.com
http:/fiwww.cqc-it.com

50 Ah

UN38.3 It E

LITHIUM CELLS OR BATTERIES TEST SUMMARY
IN ACCORDANCE WITH SUB-SECTION 38.3
OF UN MAMUAL OF TESTS AND CRITERIA
MO. CQCIT2306J0442

Hﬁﬁmﬁaluﬁaﬂar}r MHame): mm&us’c Report Mumber)s

o] FE O e it 2023080523561

Rechargeable lithium batiery cell HH &% R HMDate of Test Report)s
PR (Mass): 2023-10-20

.98k -
!“‘g!{ Spe i'ﬁt.atiun Pammmm FE (REAEETRIEE Edition of UN Manual of Tests

{: 3.82V1053Ah 402Wh | and Criteria Uﬁﬂdh

AR Physical Description)s I 1338

P il Pouch Cell Recommendations on the Transport of Dangerous
BB (Model Numbers), Goods, Manual of Tests and Criteria, ST/SG/AC.10/11/
T1B0582 Rev.TiAmend. 1/5ection 38.3

- T TR -
sk T wew e e AL
r- | HE g ) I i ki ||| oy
EEE—'.. [ i

ot A E AT B b B B Altitude simulation)
Fuhai road 1 Jlddmg district, Shanghai

e L W V__ Ah__ g ¥ T SRS IR T N -

Tests Conducted and Resulis{Pass/Fail)):

hiermal test)

sternal short circuit)

Fuhal r0ad 1 AETEE Pass |

i (lmpact/Crush}

Hl(Overchange) Mot applicable

7 Hl{Forced discharge)

Fuhai rn::an:l-1 . Jiadmvjl district, Shanghal
0121.69901136 AENARREBEN MR (Assembled Lithium
victorsun@ses.ai Battery Test Requirement):

Www i [138.3.3() C138.33(g)  WAEH N/A

-J
mln_.;-.- _,n L
i TR e Ao 5
Mo 1368 Wuzhong Dadaso F'.-'..:-dd. Wuzhong
Economic Development Zone, Suzhou, Jiangsu.
0512-68303621
mege-it.com
hittp:{fwww.cqc-it.cam 207 H ) AFate oflsohe ) ~<Z02E-10-20

100 Ah
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B 0.44(0.10)

£ -0.48(-0.10)

iz 32.70(10.00)

B3 1.34(0.10)

S -0.31(-0.10)

JiZ 43.20(10.00)

. = [ = =3 0.31(0.10 =1 -1.87(-0.10) F73 59.80(10.00) R1 : 2.13mm
FAtE: 16E 1.69(0.10) =K -0.61(-0.10) FZ 64.50(10.00) R1 : 2.45mm t; ) ;':: :: WatE: 18l - 00 ( R2 : 2.38 mm
: : = R3 : 2.55mm
) R3 : 2.03mm L3 @ 247 mm R 328 S 2.49(-0.10) 77 41.40(10.00) :
9o a0smm BABA: 32 B 2.22(0.10) 772 39.90(10.00) - L4 : 2.49mm e RA : 251 mm
L4 : 1.96 mm B i R5 : 2.63 mm
. R5 : 2.05mm L5 : 2.53mm
L5 : 2.13 mm : R6 : 2.59 mm
. R6 : 2.05mm L6 : 2.53mm 3
L6 : 2.11 mm X R7 : 2.61mm
R7 : 2.01mm L7 : 251 mm
L7 : 2.09 mm ¥ R8 : 2.61mm
. RE& : 2.11mm L8 @ 2.53mm i
L8 : 2.22mm o L9 : 2.57 mm [NG] RS : 2.66 mm
L9 : 2.22mm NG RO 2 a3 mm g R10: 2.55 mm
R10: 2.13 mm L10: 2.49 mm \
L10: 2.26 mm ] R11: 2.49 mm
. : 2 3 R11: 2.22 mm L11: 2.38 mm
L11: 2.30 mm ; R12: 2.26 mm
L12: 2.34 mm ¥ ) R13: 2.15mm
R13: 2.47 mm L13: 213 mm j!
L13: 2.49 mm g \ ! R14: 1.99 mm
R14: 2.53 mm L14: 1.94 mm B |
L14: 2.61 mm i ' 5 R15: 1.69 mm
L15: 2.78 mm | X L16: 1.23mm {7 4 R16: 1.17 mm
L16: 3.47 mm P b, RIE s Sz mm " I§
] ! [ l | 1 ‘ x
| | 4 1 ! a L
|
1 (e
)
[ |
! ] |I ‘ ! 3
| o ) g’t’ ‘ i\
' "l 'y { A, ] \
[l h { ‘ i
1781 |
|
S5 0.17(0.10) £ -0.56(-0.10) 72 17.40(10.00)
23 0.63(0.10) 24 -0.10(-0.10) 772 16.50(10.00)
. . L1 : 2.22mm BRiE: 16 £3 0.19(0.10) S -0.54(-0.10) F = 22.60(10.00) R1 : 1.67mm
L1 : 1.63mm BRER: 15E 25 2.49(0.10) £ -0.63(-0.10) ;= 97.90(10.00) R1 : 1.59 mm Bl oS = 4.48 n
R2 : 1.40 mm o SR
ER R R R3 : 1.07 L3 : 1.59mm BRAE: 32E B 1.40(-0.10) 72 22.80(10.00) Y AN
. - 1.0/ mm LA - b — y -0. . . 3
A . WABE: 30 RAE 1.88(-0.10) 753 92.70(10.00) e L4 : 159 mm i asnivians
L4 : 1.07 mm e LB 144 R5 : 1.44mm
L5 : 1.21mm R5 : 1.17 mm ' R6 : 1.46 mm
R6 : 1.53mm L6 : 1.46 mm
L6 : 1.44 mm { % i 38 R N R7 : 1.42mm
$ & 2 4 € u W15 g R7 : 1.57 mm L7 : 1.42mm
L7 : 1.53mm \ r T e g 4 R8 : 1.40 mm
1 [ RS - 1.04vm L8 : 1.40mm
L8 : 1.88 mm R . 1.38 NG R9 : 1.38 mm
§ R9 : 1.99 mm L9 @ 1.36 mm :
L9 : 2.01mm : R10: 1.40 mm
R10: 2.17 mm L10: 1.27 mm Iy
L10: 2.22 mm =} s ) ! R11: 1.32mm
D R11: 2.34 mm L11: 1.36 mm y
L11: 2.36 mm . 4 X : | R12: 1.40 mm
R12: 3.01 mm L12: 1.23 mm .
L12: 2.97 mm ) R13: 1.25 mm
R13: 3.09 mm L13: 1.30 mm
L13: 3.20 mm : \ R14: 1.17 mm
R14: 3.53 mm L14: 1.15mm
L14: 3.55 mm " R15: 1.27 mm
R15: 4.14 mm L15: 1.27 mm |
L15: 4'16 mm = L1s. 107 mm ! R15: 0.75 mm
L16: 0.00 mm R16: 0.00 mm 2 K
 §
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DNA Life Style Preghancy
Cell/Material Design Cell Test Manufacturing Quality

No barcode Has Signal HI Result Expl Exp Il RF Expll LGB Summary
1 A100D67E230507B018 X X
2 AO50M7CE3A065 X X X X
3 AO50M7BE3A033 X X X X
A AT00ON4NS230405D004 X X X
5 AT00M9DE1A1019 X X X X
6 AT00M9DE1A1020 X X X
7 AT00M9ME4AQ02 X X X
8 AT00M9DE1A1016 X X X
9 ATOOMARS3A006 X X X
10 AT00MARS3A003 X X X
11 AO50M8PE4A005 X X
12 AO50M8PE4A006

13 AT00M9DE1A1018 X X X
14 AT00M9EE1A1030 X X
15 AO50M69E1DO014 X X X X
16 AO050M59E1C009 X X X X
17 AO50M57E1A025 X X X X
18 AO050M69E1D001 X X X X
19 AO050M58E1B001 X X X X
20 AO50M57E1AO014 X X X X
21 AO50M38E1E004 X X X X
22 AO50M59E1C024 X X X X
23 E211203B006 X X X
24 AO050M37E1B0OT

25 AO50M59E1C013 X X X

92y

Incident prediction
accuracy on large
100Ah Li-Metal cells
(23/25), increase from
60% ayear ago
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World’s first automotive B-sample JDA for Li-Metal
Test data on TOOAhN Li-Metal cells

New human and machine-based deep learning tools for
material discovery

Enhanced Avatar prediction accuracy

Prismatic Li-Metal cell offering more options to OEMSs

(D SES cares
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Destiny has a way of keep calling you



Today, SES is officially re-entering UAM



(OSES

Born to Fly
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