HLZ) 2] J7 KR I & BFA R B

RIS AL H ARG ST T

1. ®EIERABIBTIS KRR
(1) &FREFHERBEER

2009 4, ZERAEME T RRRERE S HE)E “I-MIEVY, 2010 4, 53
—F AR AR EWBHEL T “LEAR” , bREE L@ T 5T A 1 i3 4 7
[ EAs . BRI T BN I R, B REE A R, |
H1 T HL B 42 BRI 2 LV O AR, &K AR R BRVE FE  JRANE R, 3l
H 2 2010 A HIA 6 2 .

H [ 7 8 A Bk R RO B E T . B 2010 AR, EAEFTE
B 7T TR, T E &R A S, 2013 FE, KRR
MEECGE &, REE T %k RTE Q558 K BEE A A2 AR 13 S o BRoAR
WEAh, BRI B 7 4 A BN LB 4 S AR s A A B, DARCCRE R
LA R W BOR, S AR M. RSB IERER T,

2018 Frp [ G4 1 R FHEML IR D, JFREEES
1



NIRRT LB AR T T B9 5K, o ] R 2 3 1 [ SR AR A
BEVRVRZE, ELAN 2019 SFRTJG ISR, I3 28 v [ 173 1 RS i R T80 7 F 43
Fermmzh 2. Billn, FEERARITE 2~ "l EAREAE 2028 4 2R 2E™ 2200 %%
HIZIRZE, 2 2030 45, BT BRI 40%K sl . 3% HIE AR KA 2025
R T 30 ARER A A= B, F) 2035 4F, HPTA#TEHH 2
AR PHY . 5 R N I3 SRR IR O, R B 2025 I H
BO%IIHT AR = N HIEN 42, 2030 AR5 100%4E /7 B %2 . IXFE—2k, TATHIE
BT & F PR E AR T B b

R EERESEENE S RO S

(BURL) Z TR R AT SR H A SR 2R
2



e A, BICM & E BURF AR I R 22 & 2020 % H Bl A T3 1 3 ik He il
H b o 18 FE AL [ 52 1 21 2030 S48 IR I S R CRAESE M 4=, N RD
B o A AN [ oK 43 Sl £E 2030 4EAT 2035 4RI 4% L4465 PHV. VE[ETH
RITE 2040 SFEE A BEVOM 22 55 o el LA H At BB E 1, B AE 2025
TFHTEE A VR ZE DL & PRV FL7E 2015 4F, RN E Ft il T XA 4
Hbx, (BN CbR S a4, FrUX s HArp el AT e —JH Rt 2

B 7kt XK, HERRAITAAAEIINSE, #BRB ] 55 e A Wi

JeFrp AR H bR, A rbEVR S TR 2020 4F 10 HERHM CGor
BEJRIR BRI bl DU H L3 2035 4ERORT ST . MR A,
) 2035 4, S0%HI AR HY, T T 1K) 50%KE A2 EV BG PHV, XA A 2
MK HET, WEEINES PHV KB 4:1, TR REFERX —KF,
HESAHR .

AR FE AT R BURT B _EIREUR PA S &K R B30 e, TEA (B Br gl )
PEH T RO REIRTR Y OO KT . ARYE TEA PR, TR 2020 4 HLE)
R RIEHE G, 2020 4F M 8h 4 _EERECE 200y 1200 J3%0, (HTTHE] 2030 4

W2 1. 79 125,



G HESD ARG KA Ty, LR BRI o X —H BRAEREAS 2020 4
RERG ORIF AL, b [ T a5 /2 2R3 Fsh AR G T I I L D =

K2 fEkiazh 22 3 N AETN

20204 20254 20304

Trucks-PHEV 0 1 3
Trucks-BEV 0 0 0
Buses-PHEV 0 1 1
Buses-BEV 2 4 7
LCVs-PHEV 0 1 3
LCVs-BEV 3 12 27
PLDVs-PHEV 6 28 67
PLDVs-BEV 10 52 145
Bl 21 99 253

. T 1) 3
208 2020 2025 2030

© PLDVs-BEV @ PLDVs - PHEV LCVs-BEV @ LCVs-PHEV Buses-BEV & Buses-PHEV @ Trucks-BEV @ Trucks - PHEV

(% kL) TEA” Global EV Outlook 2020”

SRR TEA TR, 2030 B4 1. 79 28B4 BB, FHRE 5 1
SOHT AR, AR 3600 I B .
F— 7, AT ET RS 0K H AT 2600 38 20 A7 BE K B 2030 4F

K 3000 JIRiAE A CBEAREAE #— DK RE, (HiX B A& 3000 J545K



XA R BEATAT 07D o W BRI, IR 10 50%H /2 BT B VRIS 4, Horb 80%
FEHBRAE, AL 2030 F AR R EHILE] 1200 G, Wit ETS
¥EEREIEHEN =0 —h, BASCTHET 50%2L EET, H
A DA [ T 370 A 2020 AEAR FL BN ZE RSN 7T

(2) REFAREIHBE

BEA FEED 4 RS A, R i it R Ok g K. & KRt R AE
b VAR 2 BN KBS AL P29k o tn, A BRER K Lt il 3 75 CATL
BAT, ARRKHT R H AT 36GWh FKF 1156Wh, B 2020 FAHE)ZE
WY K, PREIEAH #E— 2 KR AT RE

o AN EAE 2 UHHEN —FEREFAZ G, WEHEZLN —En H
LA B s . K, RS ER IR IR, R AR,
J N PR TH R o [ I o A SR A X, # %2 7p BT BaaS (Business
as a Service) i@ —FF, TTHZ=E AL FH A BIRE AN R T H B 44 B 1
it A7 AT o

FERX L, AT S — N 5 s Bl 25 0 5 FER P A 28 38 i T R o A
R BaaS B A, HIAH— R AHRAGE —T 2030 SR
MR R ) 7 AR P P I ) e Vb A A DA A ) R T O

5



THE.

B, BAVELERIHEbREE. WRBA S s (b
BWh 5 4F, 5B, 2020 4F4 2030 FEHipLeEy 7, fliil 2025 4
ERACE R ERE Y 252 T35, tPEDy 136 T8, 2030 fE4EkOy 1925
Ji%, HE Dy 668 T

HR, AR —FPRIH bR . TRk fzh 42 22 2 1 Bt 75 i
K I A S . Heagihid, s il AR e ST AR BT 2 R
MWRARR, ML T A R 2 b N, HEr, 40
BNZEHR 22 3E T 25 2y 40KkWh ) F it , (BB K F) R It TR 3 K 31 2 80kWh,
2% A 10kWh LT f/NRL Bt oA SR B (R, BRATIB T3 A 40 T 1L
o oAb, FAVRBR IH b A AE A Bk LR AR 20% /47, A4S Lt
WA EZ) 0N 32 T L.

FRAE LA A G, Tt 2025 54 BRI it 7 B 28 = A 9 80. 6GWh,
t >y 43. 56Wh; 2030 4E423RA 616. 3GWh, Yy 213. 8GWh. R FA M B
WM R T O 5 7T H G, AAEP EA 10 JJieH ek .

TTHFEA A B R FHAE ESS, IRHRceE R 36 5 4. BT
X—fRB, 2030 FAERER BB RITEELN 1742 46%h, FE N
643. 2GWho 40 R A4Z BSR4 R BOR R LR Re Tt B, X R 0

6



R 2 60 FHat% B wh i) f1E LA

FAh, R P BERR A A = o R, AT ARSR =0 Rt
b =08, WRAEZ 2R s F R eiE, eflanIt, . hif=x
RS RERRA )8, DA B r&sy, (EacRaEEda RN SR
ZUAME, WG A #R 2 A 9 TE ESS S5 IE L T B FH i = o Hith 2 A2
i

K3 Al 4 H s R P AR A i



FBEIF HETE Ch )

20205 20254 2030%
23 252 1926 3600
HE 136 668 1200
FEIF IREE AL CHHA)
20204 20254 20305
E323 60 252 1926
HE 33 136 668
AR AR EEME (V)
2020% 20254 20305
23 19.2 80.64 616.32
thE 10.6 43.52 213.76
AR AR TAIE ()
20205 20254 20305
323 - 249.6 1742.4
TE - 135.2 643.2

S RIAYE
ERIRE

SRR

CHERD CRERD JET P A TR 7R H A e

2. HEBNRE R ER A KPR
(1) HZHZEHEBENA &S

8

Y5 d FAT b2 1% 1t, 2018 4EAT 2019 4F, [ B IH e 2 5 A
6. 2GWh 1 15. 33GWh. £ 2016 -2 /i, 1R 2 e ZE#A0 F R gkl i, DA

WREIINE LR N E ARG HIHIRH 70 F R AR R i R Bk B i,



HARR=Jo i RS L.

[ 2009 42, P EEUFEHE HAESEBOR MR, — B85 &% s
Sy R R SR 2016 4F, BURNATBUR, §7 KA 5HE, At
BRI H TR P A R B, BRI R I R Y STtk A, 2018
5, LM% T FKBURRITRA T OTIFRFTREIRIRF 3 71 % b ]
SR R AR RSB, 51R T bt 5 BURF 32 5 1 4 ) [ SOR ) Fr R 16 TR
ZEIP

H 2018 4F 5 A, HUEERL. )7 AR WII. WL, HR. LI5. R, W

VOB MR TOPE. =B WLPEEE 18 ML IX N IR RTE TAE HbRHhX .

IR [X g hl] 7 Hb TR (R AR IRV ZE B0 0 # At [T OR) R e T E St
JTEEY, TEPRIH bR BRI HR AR E S U SR B AR R
B URTE . B AR

AR A b X B A M X AR AL (R 1, B X R YT H # H C
{REEHE

B, RS X FRVEIH B, 21 SRR AR Y 18 AIRiE
W PR b, RIS 3 T, BRI 9 T, 3RME S I, [k
1350, 186 AJ WL, BRI % . ML, BRI JRAR. ETik

U %, AR H A



R, AR Al R 2 AR, BT SE TR Z I H .
FEFRHLIN 45 Do-yisi H IR gg st 16 4>, BRRMAT 10 4, HAERH
154>, HAARAERIE 10 >0 HRF s AL ISR 2 A B H 2

FEWTLA , | T sl A P A lb A BE AL A8 2 5 2R eI H ke, R,
LA TR ] 228 S e RS VA FH D B s R 30 A 81 1 e

Z 57Re T A B4k BB A Al st AR Ak A R A
PRV CA R HAREE =07 R Alk . 2018 2 9 H, TABERAR T CHragliis
FIRFE RIBLR S AT ARHESRF) . 2021 4F 1 H, XA 22 Al ik
5 I AT AR UE S AR AL 4 B, 2018 4F K AR B 5 — W AT Mk bR 4%
PR A2 B3t 5 5K AT EL . BIERHL . BARSE. FRETEIA. Jute
BH. [, 2020 4 11 3 12 H, o E Al 46 fE A itob OO F AR O< 4
WIER] 235 58, HARFBEE 2055 1 A ECR AR R . X8 A w1 —A
R, efltkZ2H/ A,

AR P FE Bl 428 5 BV Tank (LSS, 255 HIZh 45 F B R 0 32 22
DL N #EEV Tank &K, H AT EMOM I T3 0 2 250 8 2 B 44
M AR B B AR ML B 5 =05 Ak, 2019 SF R AETT 80%. ST
AR 80%. AR, AN RIBEIWEER AR A ik, k4
WA SE AR B, ATk A Pt

10



B 4 [ S BT Ak T g 5 A 3R

201 EREER U ES,
e W
5% 5%
TP W R
s W1
ot L
- R B
A R B B
LT
[T 457 i
g s TrH A
He s

(BRD BV Tank Y4 1M A%

PERNEE =7 B L, AR AR IR IR PR ARG bR

FRIAEI AL T 2005 4, SEAL T T RE ML, 2—FKL W MNFEEIH
H B RSO ZE SR AL 25 Aol TR R IR 48 10 A=k . CATL T
2016 4 10 BB R AR . R&FINL 2 = cmitiRe )y, 7= 1.5
J3 W P Bl ORI = 0 b AT IR AR L 55 . ARIEAFEHE 100 K
IH Bt Ecboy, 965 A AN A = gL T RIS SRR R, INSEHTRE
RIS ZE AN B g e it A ORI FE R A

FEMRSE (GEM) A7 T 2001 4F, 2010 FEAEIRYINESFAS 5 A b, &b @

11



PALFEAN TR S A TSk Al . AR TRt e, SRAS RS . AR
i B FEE . BRI R AR ST IR I A O E R R, Ak
180 Z MG A& T & ERR. THER, AFELTER
F PRIAIRA AN Bt 9 B SOR A D T AT 1 BRI A, S T 220 270
BA, Z5HE T 70 ZIEZFAITAAREAbRE. 7 10 JIMHE) G5
L, YSCER BB AL R TH VAR IHAARE, T 47 2 G Ml A1 RL, 8000
WERR R AR AT LR AR . A CAEAE 20 NRTAT &L T 2 A st [l o
BeAk, AwLE R H 200 Sl ER A BRI G, IFS HEE1E,
ST 4 AT AT R A R 0 S B e H B
AR, W SEsVE TR, AL 7 E s E R IH b M %, 5
B BHUCR AN BB, A rh L sh 28 Ay A RS IS 1R . (B,
BT AT IR T I DA 6k
- ] [ A AR N TR SR R . AR AR RS AL, T
AT, A A SCER AT AE P 2w AR U [ i 81 e i
© RS B R, (AR SO RE e R R . IR, AT (R
HEL L 5 AT P [T R AR AR A
o BIRERIRMI L . B SR AR HEAN SR R e it 25, (BAER mibn it
KPS BOEPHINHOR . 32 i AR STy T R IAT R k.

12



o [ AR — F SO AR A, BRARRA L R 2 s g, S i

I

T T BRI 7
o BR TR R A b B2 R AL AL, Ak AR R,

AR R AT LRSS, 2 7 Ak AR e 1k

(2) fERMLBRMBER BRI RS

OVEFERL- bRt ] g

[ 2009 4 HTRBIEIR A LR, TS S BURTIHE T 2 TBUR.
2012 4E 7 H, HS A CITRESHReIEIR ZE R R FLR (2012-
2020 4F) ), #ILEN S R O EL I, $RAZ I 5E B0 7 Fi [ R
FA RN, ALl r it [ OR Aol e
2016 4F 1 H, TARHEETLESITRAT (HBhR 4577 s b SR F £
ARBEGEY . BEAJENZ, TE3) BB R b, e B R
H, GnSRANRERECRIHT, TR 3 g Rt AT ISR
2016 4F 2 J, TABMBHIE T CFrABIRIR K 7 Rt A F AT L
TWE AT INE) M CHrREIRT 4R FE it 2R S A AT MRV E A 2%
), X377t RO A AT L BEAT R
12 H, HORERAT ORFE RIS RPE BOREERY . 2 1R IH Rl

13



L W, B AR AR b E A RS QB TR EER,
N A R B PR A BN Qe Bia SR At T HOR R &

2017 E 1 H, BRI R CEF 3 sTEE R L), $5 R
A HHEREAE 7 SR SE AR ] FE AN FL 9T e B g s B SOR R, H
) P S S 10 /AN 78 S 810 o e o AN 7B/ 1A R R o0 S ETE €77 1o 4
R ARAHAR B DT

2018 5 3 H, TABHRAAT CHrREVRIZE B 77 it [ SO T X S it
Ji%Ye TARERE AAT 1 30778 it [IOR AT ake St 52, B
TR SR H AR . 2019 4F 2 H TAREREEDUFS I T AAT ) (50T nag
ZOFIE T OEBNTE RN B, ERC T SRR EORETIE T

BN FH 30 77 it R VR O s wh O O e

Ak, R RN R DT T, e T Ik N R B A A
MWREAAT, AL S SE i RO R AL BT R, B T Al oA
AT H @R L B AEOR, BRIRGEE M AMBEIRHEFE. R,

EEERER

14



5 B AR ISR 0 vEE N R U R b AR v 2% AF

2009. 07

2015. 03

2018.09

2018. 09

2020. 01

& CHredy Al B> S AE N EREN) BRI N e B
EMEERSERER, SREBCAMEEMFR, FHA /80t

& (RN ERTIIERE) o FEH Ak N R 4 4
MV U RE R R AR AR 1A B 70 & it S b B AR T %, it —
SIFRHEN, ZECRE 201996 A R 1L

& GOl R IN3) 0 5% i LR S AT 2R AF) | ZORM AR
AR ML, & TZE. SIEFIA. REFEMIFREE S A L XY AE
IR F RN/ & ik R R AT THNE, seimkERS
EEb &S

& AT GRS R A 3) 0 & b LR SR AT R & )
el 44 B

& CHAEWE R AR IA3) 71 & Wit £5 5 A AT M VG 26 1F (20194F
A ), BAERRHTREVR it MV AEAT RN H AL BRI T
2 RIRLZRER M RAEFE. AR ER. P R EAHRMLFE A
R &t s NS @R & TRy 1 B AR A R U 25K

BBk ARIEATHE DR

B 6 B F AR RSO A AR A &

15



2010. 10 & [EFrZ ( GB/T 33059-2016 48 -1 Hijth A4k} Bk 32 [nl SOR) i 1Y
LB

2017.05 & iR R, EXmMEZE  (GB/T 33598-2017 % FH3hJy v jth [=] i
: IR ARG

Fik s R BERREER
& (GB/T34014-2017 R4 3))/7 L ith At R )
¢ (GB/T34015-2017 %= H 3}/ it [l R FH—— AR REAS B
¢ (GB/T34013-2017 HLBN4=HI3h 1% it ™= S BikS R <)

2017.07

2019. 03 & [EF5Z%  (GB/T 37281-2019p M & it Rl R AR B )

& EEFTERENEAZ RS CERZ i ESORA BRI

2019.03 7= bR D)

Rk ARIEATTHE DR

@M
i 2018 4F 5 3 AR IH it SRR eI e, BAT B 2 VG

S — AN [EOM AR &, BAR IR

K7 kRS R R4

16



LAl AP Rl Briewy Ay :

A A

1 MR R IF
o o AT

» L
«

(%R EV Tank %k}

O TR R IEAR
n EpTd,  ARK A E RSV A I A A TR R A K TR,
RERVE AR S, FLShR AR HL B ORI AN R BOR A 1 22 it

@

s ABEE B SR OO B, XEIABER R, A AN T
HIEARIKT

B, MR, BRI RS R R E R . SR
{EPEREVHA <5 AR A b, BT A 2 S MDA AR AR B AR AN st o 1,
FUAT, 6 R Al 2278 B AR AR AR YE B AR XS B R FLt EEAT DA
HAESZ R E R AR ARG . H AT ZHN X R EAZ R .

17



Hix, BREBEMTLESMER. flln, Bl ia b, &4
] HKBPARFI RS #A—FE . KL, BARA B sh st vl SRR, EA
REACER A 2R T iy, F v N R S BRI R 3 AN T st AT
T PARR AKX LEA AL B 22 A PEARR, IR S ) B 4H

Beah, FERAEMM, gt eEm RO R T2k, A
Ry A A R A, 1 H S m R ERCR K. S Ja, R
BT AE AR 8 R I EOR

(3) BRZEMATE

BT R BiEst e, AR, AIUERSAESE
TR, AAEAREG GRS Ah, BT Bila e, iR A R
R, HA R8s, (Eish. (e ie b, W5 A fid AR AR 1Y
faks o

P&, HAT RIS 3 i it b /Aol Ab PR 3 b R AT TR L A
2019 4 rp [ R TH HL 3@ I 11 =4 08 [P A AT 10%. AR (AT Fa it el o /N 7
ARV IE IR BAS BN IR AR AT AR A AL TR, 173X 8 Rt A I 350 19 31 24 1Y
FEfilo PR P ARA MR R R, AFAEBOR A5 G o

18



S H FITWRA R, N RIS IR E b, PR,
IR IH b gEE 2 53—l A

2021 45, R BRI R IR 7] R T il A DOR A, &N (R
I IR AR 2 TR AR A Bk

T B R, BURF IR R B A 2019 4T U6 A R He st ORI F AR 5%
AT M A R PR 1 5 AT R P RSB A AR AR R, AR A S TR
BRIV SRR A R TR B bR e LESh, e, fERE SR
AN N RS0 e ol | P <V B R DA D PSR N | o

N,

3. HENKEBRMIEHALTT Rk
(1) HEIPRERMBFEHETFRHRREES

HAT, SEBUEAaest, (euk a4 it fA A E, SR
MIoRTE . (it BRI A A P AR AR AT, it ol AR ok H ARG 22 42 1), BE YR
Aol i L SRR ]

bR, BN IR B R 2 A D AR R A
it HAT, MR fe = dh, HIgm A g v il i itz i) 3 4t (BMS) &

19



B, A — BRI AT AR R, VA RIE 2 4. L, B4
FHAAER, ARG re it A I L, AR N, B ) R G kAT 4 B

BEAh, i RO B AR R, 2> B H A 1 DA BR R T A 10
A WL AAR R S AT T R 25 1) . A ol RSO BN 20
[

TEIRZ 5 2 1 SE L% E RTAT () FE AR B 2R St R A R X 6 ] g

BAMERMA B RIRNAE, HERISETHIIERE,
2030 4, AEREREEARE AR R 100 JIE, 20 fEIGK 25 5. 55—
T, HE Ui H TR IR A4S PR R I 700 T, S5 SR AIE TSI,
] 2040 FAR,  FEUFRE G RGIE 10 G0, 308 S SO PR A% KR 38k 26 1)
To e I IR R HAERED , (HEEH] 2030 BRI A 2> B, ks KK R
WAIIE . T R AEN, RIS — MBI AR U7 2.

B 8 &t IR I

20



bt

1200
1000
800 Bl P H: S
600 [
400 :
oo G JERAEGHER 25 B
0 }
2020 2025 2030 2035 2040 2045 2050
A A

CHRD IR EHFAER (2017 & BY R TS ATF VR 0 A A B

Licsii]

=D TARAMBRHE I A . AR AR RS R A AN [E Y, R
RO X B BRI R 55K, A2 -5 BRI RAN A it ] 36 AR O ) — S AR
JRCE A R] DLRE B A . FeR)ili Ui, 5y E A AN (B 7 ks B VR DN AR
R ABRHE R P TS AN R IR AR Sy o 3 S 3 B 1
&R, AT AR MR- E AT, A 2030 FEARTT
A, R ESRECR IR B T AL AU TR, ilih 2030 SE )&, AN

SEACTR I 77 s MAE Dy — N BB RRAE AR dh 8 B IR i P 2R, fE 2

21



TrA R H L.

N T TE BB R TEA 5T, BRI R e 2020 4 12 H kA T
B BRI R 5 o LA HLTR 2 i YT rh A3 6 R AN [T ) 45
B Bt SRR HE IR B A2 720 S BRI H , RS = e LR T IE S
PAR RIS A F B, f L TERIAE 2024 4R S, BB IXEEHE R H &
55 BRI A ML S5 AT SR B A b A AR AR R I T AT S T, X BB AT B A
FIRIIENE, A dihm B F it b [BACRD R EE ], R OR ATIESIE . I 25 VR I
HARMEORAE, (BRI BRI, A A] PAGRAE IR, 38 m] DAY 42 fk
PRI R R v 22 e gt AT A B, DAL e, Al X S8 e A i
PS5 TS Y E i S S KEN: SR KN A e Wl s P A A (BN 287 R 1 P
A& 17— AEr .

B9 W R 4R (T9ik)

WZEP ST, BAR ) LRSERE 2 F SV R A Tl 78 L r i g s P (SR 5t

o BN, GREHLGERAMENG T AEE . it A A A AP B — i (C02) HE8
B, PDAURIALES =5 AN RIIAIE (2024 £ 7 F 1 HiE)

o TEHIMEREIN, DARIT0hE BN I O 2026 £E 1 F 1 HIFR) B9 R/ — AR HFFICE -
o SINEEANAdr AR S LR (B 2027 4 7 7 1 Hil)

W TSR B B BRAVHS AR, TAVEh. IRAEFE R, DUNLAUEREIAT (55 8 %)
o PRERXLSEAIR A SR (B 2027 F 1A 1 HE) .

o SINMFEEF BRI AR E 2 L (B 2030 4 1 A 1 Hil2)




CBERE) W2 T Bk}

(2) HEFNREBMIEFRET TR R ER ARt

HARIAGE, 5B BN T A2 SEEA B8 I i B KAk . Tl A 2%
BEME R KA, LR EERE B 7 i R R R U (B R AT T 2 ) P A AT
Fic, H KRR 2 A 2R A

X b bR, | S AR B BSR4 el B 5B S BTy — 5 T
RAEE I T E — A= M TEE ] T — e SN E. %55, —Fhiam
YrE 2 PR R E R . AU, AT — MBI, fEIX
HIRETN, e 2E AL P I B 2 S TE AL 22 B

S, TEVIERMEAR, P s A SR RR 1S B RE S IR I

23



{8, AAENEN TV S B B B, 1 BLAEAE R = F - i B HE B B
REWS DRAUE DM E AT AT FEME .

KR, WERFMOE R AE AR FIENES AL S, Bazid ki
R ED O E =GN, 2GR PN B )R8 1Bk ot 2
BRI B . XA 2 AR R ER DAY OSSR AR 2

N T RIS I BT A8, AR AR R I T 37 BT /5 (R DI RE . XAt
B ZOE R R, il B o ELAQ R ol s AR AR (e 3
TTIRIE RS S » B ] AR DR W] 5B DUSGE SCOE . Bl tn: Jtohn 1 2 /by,
I ERRZ A, HEMRE 7 ARMK SRR, XEAEJUE T HIR
PrE. BT JEiERNIE AR 8 I B P IR, BRATT R REE i il v 2 N R
SRV H ATV RE . B, @R KR AR R A, ) PUORIE

CEREWDIR i) R S ST E Ty G

(3) HBIZE MBI 2 5T BT 7 10 81 WoR A Zh g

AR R BRI IHER K. RREEE B IR, Fhdk
BRI RS RAT W RERITT . WA HFE, SRR R A ST ol e B 2R kAT . R
17, IXRE—RURMA SO, BURTANEAEL, — R, JRFRIEAE S
W B R, WMAEGHEAA NG ZRF Y, BRAFFEEN IR AR

24



2RI LS BH, AT REAT ROR EA TR AL N B B,
TR A E BIXEAE B AL, (LD AR XERI. i, 2541k,
EIEbelVaERese b2 reNE e b i TP 95 A g L} 108

FERXFE— IR R A Br R R, AT LATEERIED (B BE SR ZEIEIAA T -
W, NAZIAHE [BVE ? BRS04 HUE A 4 A I A
BN T %% . HAE 2002 SEMUAG 1 GRAERIWGED, 521 - & [E 2
FHEHIEE . XKD 7 E N R ARE BRI S, R e it 1 A7) iy
{7 NI R T ol 1R R e A E

SR, IR NEIBR AR AT AE AL R S8 AEVIERMINAG, 7T A
A AR T o B AT IB 1, AR SRS B4Ry da A AL B AR (R 2R
AU E . W R RELE M7 B4 BRI S EAE i 0 B 7%, R
IR 7 ARV, @ B i 5 B A A s, AT AR 7R
FOEHFIAE

AR, I BEIRAEIA A 8D — AR A B AN BT g, A7 22k

B RRERIEAA 5T R .

4. HEINERMEAETTHRER

25



(1) DAEZRRERMARRNER SR BHE R

XL PRI G B AT TR B o IR R g3 it R R FH R O
A B AEAEARR, ORI B O EAE AR AT I 40

BB RIBT S, HoE AR ORI R AN FER, R
BN T ZEK B B AT B 2, AR IR Te LB B AT BB D, 7
BUASRED 2 HAS 2R . — BORUL, A 2R LR R 7 A B 70-80% 1,
LB 1o AIEUL, RS B R i B ATIZAT B DL
WEhae E SR EENHE, RIBEES AR, £ EREWIERE ) )
PRI, B R R AR 70-80%, MR EE B, IXAE—3K, EV HUHIESE MK
BRI, e REF R I AE. BUAER B g, (Ean AR H A
THAMMRE, Fal R TAREs g, @2 .

FROCM T 3 L 1 — A~ St 2R P ) A BRI K sl . AR A,

REARMEE (ZEH) FIEREFEEIFIEAENT, ZEH ZiRIEEAE R A 222 K P RE

4

SN AR, BT REFEFEON TS T AERMIEIL T, R Eco-Cute S5 HL
oK AR AN E FL R T B K PR RE S B REVR 5 /7 R Z 18] AN THT . Eco—Cute #4
AR FHBERIRI AR A N BRI T ROKBEN, TR 2 RIGEIEFEE B
b, SERRE ] X FARRIL AR B RAE R, HIEEE KT
MEBAT BRIk, KERE BB/ SRPEIE oK

26



R R B B HL o Al il S i e B e BRI & i, X2, 2
R ROR B BE FRLus 5 F AR, s AU A 2 TR = ER 8RR
A ol L T SRR T L = AR SRR o e AE, AR R B BE & HL PR 2
Gl R AR, X B R B & i, LAY S ar iR slont i S e (1
SO, BRI B LR AR . AL, AEJ9I T & R B SR BRI, &
HLL I SR ARG I, FTT 4 I il BE LU (0 7 SRR AN TR

FELUAE AR R K AT AR R YRR EL A S P 75 T ks i ¥ B AR R . O 1
AEIXEE H a B IR R, Qs 1 PR, JeikaE e ROR A 2 T 60 JRER%
uh R HLRE ) X EE T Bl B S R A AP Y R T AN 2 B EERT
L, DMERRSAY KAl fE IR T 7

R, BRI DL R A 2B IS, EARRAW KT
F, e A B RA G BRI IR B R SR . ARk, LBy i it i
BT E, KA BBAEA F I — O N A5 2 R R A
T I 5 4 B R LR

(2) RFEERMBFHANESRR
FER R IR G, AR RS Hph g A AR = S AT R K
A WHE Y, kAL Ty RURAS AR BRI, —E B ) P

27



MEE. . s

KRR I SOZ A S BRI R, ML AURA S5 HEH R G456
. BeAgilhid, ARSI o, B I ARSI b, T2
VENDIRI R GERAR BB . RIS, X RS K S H b ) SEARALE (8 ] HL b
R ILATTE 73 5 JEBARAVE AR SN IERE, HEWRE RGLIE —MES RS
YL SRUSCRIASE T Rt B R P Al A ZRE 8 1 AR IR 6 L T AE S
HER SN . L o R T

M T A, FIANRE S AR B F . X KDY B A PERE R B T
B iR, BRI AR AE it e F B e R S DL N AT
ARAE At 1) 78 FL B B A AR AL AT A FE IR A S BT ARE RSN,
(i 2 I ESI T (PO YA e RN B/} PR DS 7y B VP (WG
EIEVRE R, IR IR S5 BARE S T M AbE A . XA A
IBAE R TE R . XA, A R R R AR B,
FEL UL 368 T 37 AN W] B A

L XA BRI, RO AN, B R AR
BN A AL A FIMEUZ 5. B, A0 EE— MRS R 50

B, EATERIFBN, REANTE B, EIFAHHESRGEAR Y,
e 5ASRGHIFER, A AT ] 52 10 2

28



(3) BRFAZTFHIPER

i, WERMWH AT TIZRE, BRI, (BIR 2 Al Af
FEMRI ) R R RAME T AR OGRS TR G, KDY E T
AWINITFS, AHX AT H] 2030 K8 3] 10 GICH T, ek —AME

JUAS PR s RO sh iy . EARAE 2 ml AR Re R Aol . 3T

il

~
FARA M IXAT, BAEAT NI =R

AT B RN SR Zh A E B R AT 6, W E—1ifrik. £
ZAHLHFIGR RO T, BRI OLZ, WA By K. WX
ARG (D RESREE (2) LI R TN SEIZE .

B, FERGNIE. Bk SRCMAER . BAEMMBBL R
A SEEAR . BhAh, BT IZEA MR, BB KT G RSt Al 2
EAWR. ST, VAR AT A 3 R AR S XA R . K
K, FEZEMERSMRMN T ERRE ), EdEaHaiERE, B
R BRI . T IS B SRR T A R BRARRRAS Y
s AL, PrUARSRETE T IMEN A BRI, ETXMEL, A
W, BN A ERAETE mESBX TGk R, SR St
JTBUR A AR R8T IR 55 7 B

29



RS ERTIRIZE . HiHmE AR, REIFRTEEZ
HEEERBRAR. ERERENT 2 emButin RS, KET,
S IE SRR B S EH, Rk, — MBIl
X5 FRER, SEIIEE BRI A\ R AR SR U B S AL B
DA% A P FL Tt T B 2R G R 22 & e — V) (S B L AR T &, I TAER
B, GREREIRA T MRERE . BAEN, TERER A
ToIF AL S5 . IXFE—R, A B SR BT I IR

AN, IETHEES ARG, WA A R O S b

B RURIAAE Y . H RTA 2P AR F T 00 ) SOH ALH A S 45011 5
o ERAARBEEMEAR, WE—IEMFTE 10 2ANE, (HIZFEK,
FRI R, 7T LATERIRS 8] N SEIL kg FE (2 . (HRIEAESR, ReSTERInY
8] A SEBL A LIS TR DT R R T, XA H = HARTY,
RIXEFEARG R UHIMA, o KRR S EE A AT SErE . HARIZ
BORBRFCIRIESL, &AM R RS Bk AR Fe i s i 2R i) 0 i . &2
WPHPLIE . Gtk i SOH k. CC-CV JRUHIESE LM Tk, 2R KEmAT
53 R HIT FR B HLRR IR P D Y R e P BELFA) e FEASE P TR AR R, £
FROTE, oy el o 7o sURE P, BE e B AT R A G ) e T P S S L T R A
B, A RAGIE AR HEAT 10 /NS 7880

30



NTRE, e & & bR, &M G5 28 E Bl R
WK, R, GEFEAIE X SR G 2.

5. RTWEBEINRE BBEHF TR

FERX — T A TG sy 4 it H t 3G K B i S AT 7y, DL R )
PR A AR A 22 B R R T 1] . AT, RAT (A e o 527
T AL SN AL, JF 5 B B RER, A RESEIL A 22 57 1Y)
BB, [E-ADRERENSISEERAT G Bk, IATEE TR

Tt SRAL S IX R AR R

(1) BIYITHKITS

BRI . B R TARAE R, SRR
R BE R, PAKC AT A RN ELAR BN F i i ik 5Kk, RIDREE
B R EOROME RT3 . IR S5 T R B K b e A% Ge IR B i i i)
AF TR EA G T . XA 5 8T Aol A RURBAH LS /2 2
i K, e DB MERMER 7. e NE T,
MR A Z AT A Sk R A, X TeiFaE AL .

31



Rk, BATEBOR R NI , WA A AT %
Lo WE . Ak, NENEERET G, MR ARG A A 55T
SRR ARl BB 22 A AT AN, B ORARSRAE A AL A 25 A B U 1R UAC
B BRI EIERS RS, EHTBUTZ ST, iR R e i mT
PEAEAE L, B0 DR S B A Fa b R RS i 4y Al b, RORWTRE

SAT S PP BT BN IX LTy o BT A B3R A D3 A1 00 20 e A% W] 5 A B A3

(2) 5RAEEHESLRREHE

RS R P T IEAR M Y/ BRI DT T S H A G A A A
THABEZ IR T &2 W BRI B . O 7R X2 R
L HH e, SIATIREEEOR N B A A E R AR A R .

VA BEIR R . =055 J LRI SRAL, A RS w4 I 3 5 v A e it
IR, FTBAARERARE ] —F2 W HioR . AL, BRI & il 37, i
2 WER. AR, DIHASHEAE 2 KIZHHR A 7 IELEIL R TT
PR %N

BeAk, HARCEIH R T —En] LA NS5 14008 R AT AR A
Ao BARAEBN KR A B T aaURIE, (HIL T KPR A [
EHAT WA A IR 3R A B AR = PR FE A s s . AR,

32



T RPONORBEIITER, AR AR LA AR ORYE,  JFX 7 bt (AR AT 453
AR AT IR, DAERENS IS TR, JFSRBlE B3 5 MANE
g, “FEFRRESIRBMAL) T, BU1RANE AL b A A7 5,
WLV I X 2% i 55 0 SRV B AL = AR R [T AR o it 2wl I e KRR
FEM R PR AR S, IREE, ART . BAh, RS,
N A B A T AT S AL, MU GZARINGEEE, &
AR W2 SR, LA RIS Ditmis e iE, 7 S,
FE R AR I, PR AR A T RS B f TR R 2 W BOR, AL
IR AL, (bR IH A AE A o (EGE, FEXSSIR IHZ B A im
FEA, A RATAE B, I B e P A R AT X A5 S5 0 A b A B mT SE A,
FERXMEAERISER E, TR RS i oo 2 A R T . Tk
RIS S8 B E AT W EOR AT 7%, 1R i fE vk, HilihS57EIX

JTHEA REPW ST HAGAE, K2 st T B -

(3) TGRSR BTt

rEfil et FRRGEE NI T IR G & — Ak S Al it &
AMGEE BRI BEAME st mia e, mHAHM TR BNt a
PE EEAME . RIR AR . NIZAESCETE, BRI K,

33



WU 45 F 38 24 15 HF
Rl it Tk dh, AR BUREETTIZ I 18, NGRS A

fet A7 77 T Lok & BEAN BRI Ak 2 Ak B8N o e ) 2 2% R 2145 J5 F 5

T R AWK, ZEARAR R AN R RE S 2235 Ab B AL U AR %

OUN, GARATHISIBEE B ARG, WReR e, I ERIAR O

H2 BT NE L, W BRSO T (B2, TP,

Al 5 B BTG B EE ARG HIRE . AT I, A BBUFHR S LA

A&, AR B #R ).

@© X AREBURIL, 3 A BTG G AT N REAT AR B AL T, Rl AL
FEREAT o Fe ], W ORBE B IE . WERBATARE ™ 7 4T drARiE S
LR IR DA AT I AN 4 B B i, FL 7 IR A ARE TRl A 2 K
KA CEAFEN ARG (BRI 23t X B shiR 4 it 5 B sh &
GRS, AEARE LD

@ SHAF, REWLE BGOSR ERNCE N, MBI ER, £
SR A 1 AT P S A2 R 1 28 R [TUAT B Y o 3K — A B2 10 R it
PRATIEINE . WSRBEMENX — a, R DL S S IR R DIt I A1

© B 1 XTI AT = R B A A 25 T AN, LSO 51 R G 9
FIRIEAb BRI AL, A R3S 5] BE3E TV i (5 B B AR 48, Refig sk

34



B R P P o B A ) ) e i A B LR, (R X AN 5 e A 11
AT o IXPPRERH G, rTBLORIESE 2 Bl dt A3, JF A
RENE RIS BUR BT & SCHF, RIER R RER], Wi fe gt a3 i ik
J&o ML, FREBUFRMEIXFEN RS, —BRET 28R
g s, Wl DR BUR SCREIS OL M A2, Il i ih ek
AR, BEINEE .
HET, mipHEDHE, LR E RS S R . R0, HETV5R
RAAT 2> w3 H W] 56 10 b B LV BEROR AT R Gt e IR AR XA 37 14

W, 8T TR EER B R - .

(4) FERLCAEFRFI I At i3 2 = b 254

W Eprid, BRI LT A A O E . FHR R TS R A
Tr R P AP A S T R R

FERAEGE R, RSB A SR AR SRR R A . RN ZERE A ()
(EAMEA R B —RIEAE 5. A, - REE I Rt BUIREE
5RBATALERRAT, i T F ORI R EEME . BRI, EPEA
zeith, AMUER T — AR, BT IR T, S &AL
TGP O AEAR IR AR R 7 RS 2 R

35



fegg b, Prah A EEROY T BT M. IRAIH R Ak as
TSR IR AN S o BT HE B 20 A S 7 ok i, A A R
A HE AR K — 887, WE T2 E SRR =2, P d i E AU
A — R A E SR E o B, =4 FR A E 8 KD F R st
PREZRE /798 FEBCREF IR SR it e — A HIBY BOR 2 Bl E AL . IXHE
Ry B AT R S B IR E, 22 o A AR s AR IS 7 B 0RE F it )
ZRAERIMEANIRE VPO BRE U, AR RO E  IRAE F TTS AAT
FERIR A I A G TN . s, R s 2 ad 4
CLAC B PR SR 7 d NS B T AR SR B B I gy . X6 —2K, IR T
AA] A BRI T SR PRl — AT R BRAL P S5 4, AR AN S5 R, IR
B DLRLX M Z LA D I A T AR R

MBI 52 B, AR SR B RRFE DATTZE 8 B 28 0 oy o AR g 7 b 4
TIEAHR A, DYDY LR 2T BRETHL. HLas NS kgl
PR BAL RS R T AL o IR (K b S R e R, R 2R DARAT RN ZUE
B E R TS A O ) 2 P IR AR B A A2 25 2R 5t

W2, hECEIATE TG AT B BT 2 il

T BB K PR A P IX SRR, (R BER A 22 50 B M S5 A (K 1o

36



Building a Circular Economy for EV Batteries

The Japan Research Institute, Limited

1. Expansion of Battery Market in the EV Era
(1)Global EV Trend

In 2009, Mitsubishi Motors launched "i-MIiEV" as the world's first mass-
produced EV, and in 2010, Nissan Motor Co., Ltd., also a Japanese company,
launched "leaf", which led to the introduction of EVs in the general market.
Although the spread of EVs was expected due to their high environmental
friendliness, since EVs have lower profit margins than gasoline-powered vehicles,
movements of major manufacturers on a global scale have not been active since
then, and they did not spread until the mid-2010s.

China was the first country in the world to popularize EVs. Beginning in 2010,
China introduced the so-called "10 cities 1000 EVs" policy, which resulted in the
introduction of the system in cities across the country. Since 2013, China has
provided large-scale subsidies to promote introducing of EVs among a large
number of people, including ordinary households. In addition to subsidies, the

government is also promoting the development of an environment for the spread of
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EVs by implementing preferential policies for EVs and other vehicles under license
plate regulations and policies to support the development of charging infrastructure.
By combining these policies, China accounted for the majority of EV sales in the
world in 2018.

In response to the expansion of EVs in the Chinese market, Chinese automakers
have been active in the production of new-energy vehicles, and from around 2019,
European and American brands, which place particular emphasis on the Chinese
market, began to gradually shift to EVs. For example, Volkswagen of Germany
declared the production of 22 million EVs by 2028, and 40% of new car sales will
be EV by 2030. By 2025, GM of the U.S. will produce all 30 typies of EV, and all
new cars will be EV or PHV by 2035. Volvo of Sweden, which is affiliated with Jili
Motor, is the most aggressive, and it says that 50% of new cars will be EV by 2025
and 100% by 2030. In this way, each manufacturer is now in a position to set

specific numerical targets.
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Figure 1: Target of EV introduction in each country

Produced by JRI base on various sources

In 2020, European governments began setting targets for the proportion of
electric vehicles in their domestic markets. Germany and UK have declared policies
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of banning the sale of gasoline-powered vehicles (Including diesel vehicles.
hereinafter the same) by 2030, Germany will ban the sale of PHVs in 2030 and UK
will ban the sale of PHVs in 2035. France will ban the sale of gasoline vehicles in
2040. Norway has the most avant-garde goal, banning the sale of PHVs as well as
gasoline-powered vehicles by 2025. Such numerical targets were set by European
countries around 2015, but at that time, there were no actual EVs to be sold, so the
feasibility of such targets was being tested from the beginning. The target seems to
be realistic to a certain extent, partly because manufacturers are making progress in

dealing with the problem.

In October 2020, the China Society of Automotive Engineers presented a
"Roadmap for New Energy Vehicle Technology" outlining the outlook for future
targets in China until 2035. According to the roadmap, hybrid vehicles will be 50%
in 2035, and the remaining 50% will be EV or PHYV, so it is planned that there will
be no gasoline-powered vehicles. The ratio of EVs to PHVs in China is currently
around 4: 1, and it is expected that the ratio will remain at this level or increase
further in the future.

Based on the policies of the governments of China and European countries as
well as the moves of major manufacturers, the IEA (International Energy Agency)

has indicated that it expects the spread of new-energy vehicles. According to the
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report, EVs are expected to increase greatly in the 2020s, and the number of EVs in
operation as of 2020 was about 12 million, but will increase to 179 million by 2030.

China is the driving force behind such EV growth, followed by Europe. This
picture will remain unchanged throughout the 2020s, and trends in the Chinese

market will be important in shaping the EV-related market.

Figure 2: Estimated Number of EVs Introduced in the World

20204 20254 20304

Trucks-PHEV 0 1 3
Trucks-BEV 0 0 0
Buses-PHEV 0 1 1
Buses-BEV 2 4 7
LCVs-PHEV 0 1 3

LCVs-BEV 3 12 27
PLDVs-PHEV 6 28 67
PLDVs-BEV 10 52 145

i

© PLDVs-BEV @ PLDVs-PHEV LCVs-BEV @ LCVs-PHEV Buses-BEV & Buses-PHEV @ Trucks-BEV @ Trucks - PHEV

IEA ” Global EV Outlook 2020

In 2030, if 179 million EVs run as predicted by the IEA, assuming a replacement
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period of 5 years, 36 million EVs will be sold globally every year.

On the other hand, new car sales in China are estimated to increase from around
26 million at present to around 30 million in 2030 (Although there is a possibility
of further growth, the figure of 30 million units, which is highly feasible, is assumed
here.). As mentioned above, 50% of automobile sales are new energy vehicle and
80% of them are EVs, so the number of EVs sold in 2030 will be 12 million. The
Chinese market is expected to account for about 1/3 of total global EV sales.
Although it will be lower than the current 50%, the Chinese market will be the

driving force of EV sales throughout the 2020s.

(2)Large Amount of Used Batteries

As EVs spread on a large scale, the size of on-board batteries will also increase.
Major battery manufacturers have been investing heavily in production expansion
over the past few years, including CATL, the world's largest manufacturer, which
has said it will increase its production capacity from 36 GWh to 115 GWh. It is also
expected that the scale of the EV market will expand further in the 2020s.

Some EVs are used as used cars several times before being disposed of after
certain period of time. Therefore, when EV is dismantled after disposal, the on-
board battery is removed from the vehicle body and becomes a used battery. In the

future, automotive batteries are expected to be used in a life cycle that is different
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from the product life of EVs themselves, as evidenced by the ongoing trend of
electric vehicle separation and BaaS mainly in China.

Here, I would like to summarize the capacity scale of the in-vehicle battery that
is separated from the EV body and reused. Despite some progress in BaaS, the scale
as of 2030 is estimated using a simple model. The capacity scale of reusable
batteries is obtained by multiplying the number of used batteries by the capacity per
used battery.

First, the number of used batteries. Assuming a simple model (The period until
disposal is the same as the replacement period: 5 years, from 2020 to 2030, the
market grows linearly), the number of EVs discarded in 2025 is estimated to be
2.52 million globally, 1.36 million in China, and 19.25 million globally and 6.68
million in China 2030.

Next, the capacity per used battery. It is estimated that the capacity of batteries
in EVs will become polarized in the future. That is to say, while the battery installed
in the vehicles of the category where the cruising range such as the premium brand
is required becomes larger, the battery of the vehicles specialized in the driving in
the region becomes smaller. At present, batteries with capacity of approximately 40
kWh per EV are installed, but larger batteries will be installed with a capacity of
approximately 80 kWh, while smaller batteries will be installed with a capacity of

less than 10 kWh. Therefore, the average value is assumed to be 40 kWh. In addition,
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it is assumed that the storage capacity of a used battery is reduced by about 20%
from new battery, and is about 32 kWh per battery.

Based on the above, the estimated capacity of automotive batteries for reuse in
2025 was 80.6 GWh globally and 43.5 GWh in China, and in 2030 it was 616.3
GWh globally and 213.8 GWh in China. Assuming that the market size is 50,000
yen per kWh, the market size in China alone is about 10 trillion yen.

Reusable batteries are especially expected to be used as ESS, and they are
expected to last for about five years after being used. Based on this assumption, the
cumulative reused battery capacity in 2030 was estimated to be 1742.4 GWh
globally and 643.2 GWh in China. This means that China alone has the capacity of
about 60 nuclear power plants, when calculated as the power supply capacity when
discharging electricity simultaneously from EVs.

There are two types of onboard batteries: lithium-iron phosphate batteries and
ternary lithium-ion batteries. In the future, as the ratio of ternary batteries increases,
they will be segregated according to the attributes of EVs to be mounted, and it is
assumed that both will coexist. The ternary system contains a large amount of rare
metals, so there is a tendency to recycle it. However, it is considered reasonable to

reuse it in ESS, etc. in any case, if economic value in the life cycle is sought.
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Figure 3: Trends in the Size of Reused EV Batteries
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EV Sales Volume (10,000unit)

20205 2025 20304
World 252 1926 3600
China 136 668 1200
EV discardes Volume (10,000unit)
20204 20255 2030F
World 60 252 1926
China 33 136 668
Capacity scale of reuse Bettery(GWh)
20205 2025 20304
World 19.2 80.64 616.32
China 10.6 43.52 213.76

Cumulative scale of reuse Bettery(GWh)

20204 20254 2030&E
World — 249.6 1742 .4
China — 135.2 643.2

Discarded 5
years ago

Cumulation
of 5 years

Produced by JRI based on various materials

2. Reuse and Recycle of EV Batteries

(1)Trends in EV Battery Reuse and Recycly

According to statistics from Chinese industry associations, in 2018 and 2019

China's waste batteries accounted for 6.2 GWh and 15.33 GWh. Before 2016,

manyEV used lithium-iron phosphate batteries because of large-scale of buses

and distribution vehicles. In the initial stage, most of the reused batteries are
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lithium-iron phosphate batteries, but the number of ternary lithium-ion batteries
will increase in the future.

Since 2009, the Chinese government has been advocating the establishment of
system to collect and reuse of  batteries, while promoting the dissemination of EV.
In 2016, Chinese government announced a policy to expand production
responsibility, fully implement the construction of a system for reusing electric
vehicle batteries, and clarify the recycling responsibility of automobile
manufacturers. Furthermore, in May 2018, Ministry of Industry and Information
Technology and other government agencies announced the "Notice of model project
for Reuse and Recycle of EV battery", which led to the start of model projects for
the collection and reuse of EV battery nationalwide mainly led by local
governments.

Since May 2018, 18 areas including Beijing, Tianjin, Hebei Province,
Guangdong Province, Shenzhen City, Zhejiang Province, Ganso Province, Jiangsu
Province, Henan Province, Hubei Province, Qinghai Province, Fujian Province,
Jiangxi Province, Anhui Province, and Shanxi Province have been selected as
model project areas.

These regions have developed regional versions of "Implementation plan of
model project for Reuse and Recycle of EV battery" and are demonstrating

technology and business models in such areas as waste battery collection networks,
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cascade utilization, and dismantling and recycling, as well as fostering
representative companies.

The characteristics of the model project in each region are based on the
characteristics of the region or the characteristics of the representative company in
the region.

For example, in Beijing, Tianjin, and Hebei provinces, 21 model projects
proposed by 18 recycling companies were approved. Of these, three were for
collection networks, nine for reuse, three for disassembly, and one for recycling. It
can be seen from the fact that reuse is common. A well-balanced selection of
recovery networks, reuse, dismantling, and recycling businesses was made.

In Hunan province, many recycling businesses were chosen because the main
businesses are material recovery companies. Of the 45 model projects that have
been approved, 16 have been established as collection networks, 10 have been
reused, 15 have been recycled, and 10 have been established as other standards. It
is characterized by many recovery network construction and recycling business.

In Zhejiang Province, battery manufacturer and energy storage company are
involved in a model project, so the project focusing on the construction of a
recovery network and reuse was approved.

The companies involved in the model project are mainly manufacturers of

AUTOMAKERS, battery manufacturers, battery material manufacturers, and other
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third-party companies that collect and reuse batteries. In September 2018, Ministry
of Industry and Information Technology announced the "Industry Standard
Conditions for Comprehensive Use of Waste Batteries fromEV". Five companies,
Cobalt Industry Co., Ltd., Goho Technology Co., Ltd., Kyokurin Bei Co., Ltd.,
Boppu Circulation Co., Ltd., and Koka Technology Co., Ltd., were selected to fit
the these standards. In January 2021, additional 22 companies were selected to fit
these standards. In addition, there are many other companies that have been
recognized as model enterprises by local governments. On November 12, 2020, the
number of companies involved in the reuse of EV batteries in China reached 235,
and the number of new companies entering the business has been increasing year
by year. It is characterized by a large number of SME:s.

According to the report of EV tanks, an EV related think tank in China, main
players involved in the reuse of EV batteries are as following. Currently, main
competitors in the reuse/recycle battery market are third-party companies that
collect and reuse batteries, with combined share of more than 80% in 2019. In the
future, the standards for EV battery reuse policy will be improved, and the
competitive advantage of major companies will become clearer, and the degree of

industry concentration will be further improved.
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Chart 4: Market share of recyclers in China
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The leading third party reuse/recycle companies are Bangpu Circulation Co., Ltd.

and Gelinmei Co., Ltd.
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Founded in 2005 and headquartered in Foshan, Guangdong Province, the
company specializes in battery recycling and vehicle dismantling. There are
production bases in Guangdong Province and Hunan Province. CATL became the
largest shareholder in October 2016. The processing capacity of the ternary battery
is 20,000 tons per year, and the annual production capacity of the business of
producing the precursor of the ternary battery from recycled materials is 15000 tons.
There are 100 waste battery collection centers in china, and they have formed
strategic cooperative relations with domestic and overseas finished car
manufacturers to carry out cascade utilization and recycling of new-energy vehicles
and power batteries.

Gelinmei, established in 2001 and listed on the Shenzhen Stock Exchange in
2010, is a leading company in the field of waste management and resource recycling
in China. The company says it has established cooperative battery collection
relationships with more than 180 automakers and battery manufacturers around the
world over a series of lifecycle value chains with "Recovery of batteries,
remanufacturing of raw materials, remanufacturing of materials, remanufacturing
of battery packs, and provision of services forEV". In recent years, the company
has been involved in the development of technologies for the recycling of electronic
waste, waste vehicles, and storage batteries, has acquired more than 220 patents,

and is involved in the development of more than 70 national and industry technical
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standards. It has an annual EV storage battery processing capacity of 100,000 tons,
and can recover waste batteries and waste materials from battery companies to
produce 20,000 tons of battery materials, and 8000 tons of nickel sulfate and
electrolytic copper annually. In 20 cities in Japan, 20,000 battery recovery centers
have been constructed. It is also capable of producing 200 reusable packs per day,
and in partnership with BYD, has built 4 solar power generation facilities that make
use of reusable batteries.

In recent years, through the implementation of model projects, a nationwide
waste battery collection network has been established, and technical capabilities for
reuse and recycling have been improved, and the recycling industry of EV batteries
in China has made progress. However, the industry as a whole still faces the
following challenges.

The amount collection volume is much less than the amount volume of
dispose. Illegal collection and recycling is exist, and it is difficult for
authorized collection company to collect batteries due to the problem of
profitability.

There are various types of batteries and the compatibility of recycling
treatment is low. Therefore, the amount of battery that can be reused and the
reuse rate of lithium are low.

Although standards and technologies related to reuse and recycling have been
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developed, there are still insufficient technologies to improve the standard
level, evaluation technologies, and efficiency.

Reduction of costs, control of secondary pollution, and improvement of
recycling rate are issues in the process of recovery, reuse, and recycling.
Exception of large companies operating in all industrial chains from upstream
to downstream, companies have a single profit model and tend to depend on

the selling price of metals in the market, which affects business stability.

(2)Reuse System As Social Infrastructure
(1) Establishment of legal regulations and standards
Since 2009, the government departments such as Ministry of Commerce,

Ministry of Industry and Information Technology have formulated various policies

to promote the use of EV.
In the "Energy Conservation and New Energy Vehicle Industry
Development Plan (2012 — 2020)" announced by the State Council in July
2012, EV battery Reuse and recycle management methods will be
established, and the development of EV battery Reuse and recycle
management methods will be submitted to promote the development of
specialized battery recovery companies.

In January, 2016, 5 divisions including the engineering department
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announced "Technology Policy for Reuse and recycle of EV Batteries". In
the Reuse and recycle of batteries, the basic principle was shown that the
use of cascade utilization was given priority, and the recycling was applied
when cascade utilization was not available.

In February 2016, Ministry of Industry and Information Technology
established the "Temporary management method for new energy vehicle
waste battery starting use industry standard" and the "Standard conditions
for new energy vehicle waste storage and integrated use industry" to
regulate the EV bettery recycling industry.

In December, the Ministry of Environmental Protection announced "Waste
battery pollution prevention technology policy". This paper presents the
requirements for pollution prevention of all processes of waste battery
classification, collection, transportation, Reuse and recycle, storage and
disposal, and technical guidance for environmental management and
pollution prevention of waste battery.

In the "Proposal for promotion of manufacture responsibility expansion
system" announced by the State Council in January 2017, it was
announced that the producer responsibility expansion system and
collection and Reuse and recycle system of EV batteries would be fully

promoted, and that AUTOMAKERS, battery companies, cascade
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utilization companies, and reuse and dismantling companies would be held
responsible.

In March, 2018, the Ministry of Engineering and Communication
announced "Trial point implementation plan for reuse and recycle of
batteries for EV". For the first time, the company announced a plan for
conducting tests on the Reuse and recycle of betteries and clarified the
overall goal of recovery. In the "Guidance on strengthening the
construction of green data centers" announced in February 2019 by 4
divisions including the Engineering Department, it was clarified that
cascad use battery can be an energy storage for data center based on

satisfing reliability requirements.

In addition, regarding the Reuse and recycle of EV batteries, regulations and
normative conditions for the entry of companies, and qualification requirements for
entrants were established, and requirements related to the distribution of companies
and project construction conditions, scale, facilities and technology, integrated use
of resources and energy consumption, environmental protection, safety, etc. were

presented.

Chart 5: Entry Management Rules and Corporate Standard Conditions for the
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Reuse and recycle of Lithium Battery Materials

& New Energy Vehicle Manufacturing Enterprise and Product Entry Management

2009.7 Rules, which require that a complete sales and after-sales service management

' system should be established, including policies and parts recycling, and the
ability to implement

& The automotive power battery industry regulatory conditions, proposed that
battery companies should work with automotive enterprises to study and develop

2015.3 an operable recycling program for the treatment and reuse of used power
batteries, in order to further open access, the policy has been repealed in June
2019

& The new energy vehicle waste power battery comprehensive utilization industry
specification conditions", requirements from the enterprise layout, scale,
equipment, process, resource utilization, energy consumption and environmental

2018.9 protection and other multi-perspective on the energy vehicle waste power
battery comprehensive utilization enterprises have been regulated to strengthen
industry management and recycling supervision

€ Announced the first batch of "comprehensive utilization of new energy
2018.9 vehicle waste power battery industry specification conditions"
enterprise list

& The New Energy Vehicle Waste Power Battery Comprehensive Utilization Industry
Specification Conditions (2019), which clearly explain and principle requirements
2020.1 for new energy battery enterprises in terms of layout and project location,
technical equipment and processes, comprehensive utilization of resources and
energy consumption, environmental protection requirements, product quality and
vocational education, as well as safety production, personal health and social
responsibility

Produced By JRI based on public information
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Chart 6: Standard System for Recovery and Utilization of Lithium Battery

Materials

2010 & GB/T 33059-2016 Treatment of lithium-ion battery material waste
’ recycling by the National Standards Committee
10

€ GeneralAdministration of Quality Supervision, Inspection and
2017.5 Quarantine, National Standards Committee "GB/T 33598-2017 vehicle
power battery recycling dismantling specifications

General Administration of Quality Supervision, Inspection and Quarantine,
National Standards Committee
¢ GB/T34014-2017 Automotive Power Battery Coding Rules

& GB/T34015-2017 Power Battery Recycling for Vehicles - Residual Energy
Testing

& GB/T34013-2017 Power Battery Product Specification Dimensions for Electric

\lohiclae

2017.7

2019.3 ¢ GB/T 37281-2019 Technical Specification for Waste Lead-Acid Battery
Recycling

& National  Automotive  Standardization  Technical =~ Committee
"Automotive Power Battery Recycling Cascade Utilization Product
Marking

2019.3

Produced By JRI based on public information

(2) market building
As described below, the company is trying to establish a nationwide EV battery

reuse and recycle system through the model project starting from 2018.
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Figure 7: Lithium Battery Reuse and recycle System
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(3) Development of high-quality Technologies

As mentioned above, the reuse and recycle market for EV batteries in China will
continue to expand. In recent years, through the implementation of model projects,
technological progress has been made in the cascade utilization and recycling.
However, in order to process large-scale batteries efficiently and with less
environmental impact, the technological level of the entire industry must be raised.

For reuse, there are no standards for evaluating the safety of batteries, evaluating
the remaining amount of waste batteries. Moreover, technologies for measuring the

remaining amount of batteries and evaluating residual value are not yet mature. For
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example, companies currently engaged in reuse business often evaluate reusable
batteries based on their own standards and promise the condition of the batteries in
a contract with customer. Improvement of these standards and development of
diagnostic techniques are required.

Second, we need to increase the automation rate across the industry. For example,
there is no standard for EV batteries, and each manufacturer has its own shape and
size. Therefore, in the case of reuse, although automated equipment is available, it
cannot be applied to all batteries, and the dismantling of battery packs and modules
is still often performed manually. There is a need for technology that reduces the
safety, efficiency and environmental burden of such work.

For recycle, precious metals have traditionally been removed by wet treatment
technology, but this has a high environmental burden and low extraction efficiency.
Technologies with low environmental impact and high metal extraction rate are

required in the future.

(3)Safety and Reliability Required

EV betteries are made of precious metals such as nickel and cobalt, as well as
toxic and harmful substances such as electrolytes and organic solvents, which pose
risk of environmental pollution. In order to effectively reuse the battery, it does not

discharge completely and the voltage is high, so there is a high risk of electric shock
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or explosion during transportation, storage and reuse.

Currently, it is said that most of the discarded batteries are handled by small and
medium-sized companies. According to an estimate by a Chinese automobile-
related research institute, the amount of waste batteries collected through formal
compaonies in China was only about 10% in 2019. Most of batteries were collected
and disassembled, disposed of by small and medium-sized companies, which are
poorly managed, low-cost manual processes. There is a high risk of environmental
pollution due to illegal dumping of waste fluids during dismantling.

In May 2020, more than two tons of lead acid batteries were found in a car
accident in Xiamen. The aim is to transport the batteries to other cities for sale.

In 2021, a fire broke out by aluminum foil at storage area where EV batteries
are dismantled and discarded at Hunan Provincial Circulation Technology
Corporation, which causing casualties.

In order to solve the above problems, the government has been making efforts
since 2019 to establish industry standards for reuse and a trace system for EV
batteries. In particular, it is said that establishing standards for rapid measurement
and evaluation of reuse-related residual values is important. In the reuse of EV
betteries, it is considered essential to establish regulations and technologies
concerning environmental safety, such as avoiding environmental risks and

preventing pollution.
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3. Functions Required for the Circular Economy of EV Batteries
(1)Social Trends in Circular Economy of EV Batteries

Currently, attention is focused on the realization of a circular economy that
properly promotes the reuse and recycling of EV batteries. Reuse and recycling of
resources can solve the problems of safety, resource depletion and CO2 emission
reduction that we face today.

As mentioned in the previous section, the social issues of EVs include ensuring
safety and reducing social burdens such as illegal dumping. At present, batteries are
installed in the product, and charge/discharge and safety are controlled by the
battery control system (BMS), but if batteries are removed from the vehicle and
used, there is no means to ensure safety. Therefore, it is necessary to improve the
usage environment and to establish and manage an appropriate control system
according to the usage of the battery.

In addition, if a large battery is illegally dumped, the carbonate ester, which is a
dangerous substance contained in the battery, mainly leaks out of an organic
electrolyte. Illegal dumping is caused by improper management of recycling.

As a means to solve these problems, the circular economy is to realize an

economically viable battery circulation mechanism.
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The second viewpoint is the depletion of resources such as rare metals. With the
rapid growth of the EV market, in 2030 the world will consume more than 1 million
tons of cobalt per year. In 20 years, the number is expected to increase 25 times. At
present, the maximum amount of cobalt resources that can be mined is said to be 7
million tons. Considering the expansion of the EV market, in the 2040s, there will
be a crisis of resource depletion, and issues such as rising resource prices will arise.
Although the development of cobalt-free batteries is progressing, they will not be
released on the market until 2030, and the price will inevitably rise. In order to cope

with this situation, circular economy is to recycle resources.

Chart 8: Prediction of cobalt mining trends
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and EV Projections, etc.

The third is the viewpoint of CO2 emission reduction. If batteries are reused for
a long time and recycled to minimize the extraction of new resources, CO2
emissions from resource extraction and battery manufacturing can be minimized.
In other words, products that are easy to reuse and recycle will be differentiated
from products that emit less CO2 in the future. This will make recycling easier. By
establishing a system that actively recycles resources, we can also contribute to the
reduction of CO2 emissions. Benz announced zero-carbon requirement for all parts
it procures from 2030s. Products that do not emit CO2 are expected to become
essential requirements for the sale of products after 2030 from the view point of
differentiatio . We expect Early realization of circular economy.

From this perspective, the European Commission announced a new battery
management rule in December 2020 to create a circular economy for EV batteries.
These include important items such as CO2 emissions at each stage of the battery
life cycle, from manufacturing to reuse and recycling, carbon footprints such as
certificates from third-party verification organizations, and specification of the
amount of recycled materials used. The earliest of these items is scheduled to take
effect in 2024. As a result of these regulations, companies that do business with EU

countries are now required to manufacture batteries on the assumption that they will
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be reused or recycled, for example, by indicating the ratio of recycled materials in
batteries and ensuring traceability. In the past, it was difficult even to secure
traceability, but it is assumed that these rules have been put into practice because
the recent use of the IoT has enabled not only traceability but also safety
management during vehicle loading and reuse, and highly efficient recycling. In
this way, EV batteries have created a new market as a product that forms circular

economy.

Chart 9: EU Battery Directive (excerpt)

m In the product design, the following points are required for EV batteries and industrial rechargeable batteries
(Article 7 of the draft regulations).

e Declarations of the carbon footprint, including manufacturer and factory information, total carbon dioxide
(CO2) emissions at each stage of the battery's life cycle, and independent third-party verification authority
certificates (From July 1, 2024).

e Display of performance categories to facilitate identification of large and small CO2 emissions throughout th
lifecycle (From January 1, 2026).

e Implement cap values for carbon footprint throughout lifecycle (From July 1, 2027).

W For EV batteries, industrial batteries, and automotive storage batteries containing cobalt, lead, lithium, and
nickel, the following points will be made mandatory (Article 8 of the same Act).

e Disclosure of the amount of recycled materials used (From January 1, 2027).

e Introduction of a minimum percentage for each type of recycled raw material (From January 1, 2030)
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Materials of EU Commission

(2)Reuse Functions Required for Circular Economy of EV Batteries

The most important function in building a circular economy is to maximize the
value of available assets. Maximizing the value of an effective asset means
appropriately evaluating and distributing the residual value of a product as an asset
and making the most effective use of it.

When an industrial product is produced, the manufacturer is responsible for
ensuring the quality of the product. On the other hand, it is difficult to objectively
define the value of a product that has been used for a certain period of time.
Traditionally, the value of the second-hand market has been determined by the
user's evaluation. In other words, the current market is an economic system in which
the value of a product at the time of production is socially most easily distributed.

On the other hand, in the IoT era, the historical information and performance
information of a product can represent the value of the product, and it becomes
possible to secure the value and reliability not only when it is sold as an industrial
product, but also when it is sold as a used product.

In this way, if the use value of a product is traded instead of the manufacturing
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value, the value of the carefully used product will increase or the scarcity value will
be demonstrated. This will promote the effective use of non-material assets
(intangible assets) as well as conventional goods. Data automatically collected by
the IoT will form a new foundation of value for society. This transformation of
society will change the world's material-oriented society.

In order to respond positively to such changes in the market, it is necessary to
construct functions necessary for the reuse market. In other words, it will create an
IoT mechanism that replaces the value of industrial products and materials with the
value of data. Ensure data authenticity and define value. Data such as how much
impact was applied, how many times the temperature rose above the upper limit,
and, consequently, how bad the battery is, determine the value of the battery. Since
the internal state of a battery cannot be grasped when it is used, reliability and
performance must be evaluated by estimating the internal state. However, by
collecting a large amount of such indirect data, the probability of the quality of the

battery is ensured and reliability can be obtained.

(3)Reuse and Recycly Functions Required for Circular Economy of EV
Batteries
Another function is to maximize the value of scarce resources. There is a high

possibility that the price of rare resources will rise with the development of EVs in
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the future. If this is the case, the recycling of resources may proceed naturally.
However, this is an optimistic scenario depending on the external environment. In
general, discarded resources cannot be easily separated and recycled. This is
because resources cannot be efficiently recycled without knowing where, what
kinds of rare resources are contained, and to what extent. In the past, however, there
was no mechanism to manage such information, so it was difficult to recycle only
based on economic principles. For this reason, recycling has caused social problems
through global distribution.

This externally dependent economic system may eliminate waste, but recycling
will not progress. How can we promote recycling? One policy is to establish a
system to ensure recycling costs at the time of manufacture and sale. In Japan, the
Automobile Recycling Law was enacted in 2002 to establish a system in which
users bear the costs of recycling. As a result, illegal dumping in Japan has been
greatly reduced, and recycling of iron, copper and rare metals contained in catalysts
has been promoted.

But it's a pre-1oT system. In the past, the cost of each distribution and processing
process was high and the added value was low, which made it impossible to manage
goods sufficiently. In the IoT era, traceability of goods has become possible at low
cost, and it has become possible to improve the efficiency and value of distribution

and processing processes according to resource information. If information on
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materials and appropriate separation methods can be obtained at recycling sites, the
business potential of recycling will improve. In the [oT era, the value of materials
can be realized by linking data such as product information.

In recent years, as the value of CO2 emission reduction through resource
recycling has been added, further economic improvement of recycling has been

expected.

4. Characteristics of Circular Economy of EV Batteries
(1EYV batteries, Representative of Construction of Circular Economy

Expectations for the construction of circular economy for batteries are high. This
is because common products often have the same primary and secondary uses, and
their secondary use value is often greatly reduced.

However, there are many differences between primary and secondary use of EV
batteries. This is because EVs are vehicles that have a need for long-distance travel,
and if the distance that can be traveled on a single charge decreases, the product
will not meet specifications. Generally, in the case of EV, when the remaining
capacity of the battery becomes 70 ~ 80%, it is said to be replacement time. In other
words, in the case of self-moving product equipped with battery, such as automobile,

decrease in the ratio of the driving energy to the weight of the vehicle, that is,
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decrease in the energy density becomes a problem directly related to the
performance. As the result, even though the residual value remains at 70 ~ 80%, it
is required to be exchanged. In this way, EV batteries end their primary use while
maintaining high residual value. You can't use it for the same purpose, but you can
use it for a long time if you use it for other purposes, especially when it doesn't
move.

The representative of the secondary utilization application is the fluctuation
absorption of the renewable energy. In Japan, zero-energy houses (ZEH) and zero-
energy buildings are widespread. ZEH is a type of housing in which renewable
energy, such as solar power generation, can be installed to reduce net energy
consumption to zero. In this case, electric water heaters such as EcoCute and storage
batteries are used to adjust the imbalance between fluctuating energy such as
sunlight and demand. The EcoCute system converts excess solar power into heat
source for hot water supply, and stores the remaining power in storage batteries for
nighttime use. Consumers tend to invest in long-term facilities for housing that will
last for several 10 years. This has created a huge demand for storage batteries.

Mega solar and green hydrogen production equipment will also require large
amounts of storage batteries. In order for mega solar power plants to be connected
to the grid, they need to supply and demand electricity to prevent sudden voltage

fluctuations caused by moving clouds from adversely affecting the grid. Green
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hydrogen production using photovoltaic power generation will be expanded in the
future, and storage batteries are needed to reduce the influence of load fluctuation
on hydrogen production equipment and to reduce the maintenance cost of hydrogen
production equipment. In addition, there is a growing need for emergency power
generation in preparation for future urban disasters.

Batteries will play an important role in expanding applications of renewable
energy. In response to these growing needs, there is no alternative but to effectively
utilize the power supply capacity equivalent to that of 60 nuclear power plants,
which was mentioned in Section 1. These markets are expected to expand the
renewable energy market at low cost by actively applying reusable batteries instead
of introducing new batteries.

In this way, the demand for storage batteries is high in the market that will expand
in both primary and secondary use, and it can be said that they are the best in the
circular economy. In the future, EV batteries will be expected to be effectively used
for different primary and secondary applications as a leader in the circular economy,

and development of batteries suitable for every application will be expected.

(2)Ecosystem Promoting Battery Reuse
In the construction of the circular economy of EV battery, there are features

which are greatly different from other electric appliances. This means that it is very
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dangerous to leave the battery while it is charged, and that it must always be sold,
used, and transported under proper control.

This means that the battery and its management system must be used in
combination at all times, not as a single object. In other words, batteries are IoT
type products, and they do not exert their value by themselves, but as [oT systems.
At the same time, this means that those who buy and sell batteries must take into
account the connection of data and management systems, and it also suggests the
necessity of sharing systems within the ecosystem. When the battery is dismantled,
removed from car and transported, even a reusing company that receives and uses
the battery must be able to understand the condition of the battery.

The battery cannot be completely decline to zero due to its structure. It will
significantly reduce the performance of the battery. In other words, the work such
as transportation and disassembly is carried out in a state of being charged to a
certain degree. Depending on how much the battery is charged, what kind of
temperature environment it was in during transportation, what kind of vibration it
was exposed to, and so on, it affects the next task. There is a need for a dynamic
IoT information coordination system that manages these kinds of creatures and
ensures that the history information is passed on to the next operator. This is more
than just tracing the owner of the battery. This means that the IoT ecosystem in

which battery users build networks is essential for the battery recycling market.
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On the other hand, there is a risk that this will close the market and create a small
market in which new renewable energy providers will have difficulty participating.
Thus, while the ecosystem itself is not closed, but open and free to enter and leave,
it is necessary to build a platform for IoT ecosystem that enables reliable

management coordination while participating in the ecosystem.

(3)Challenges in Building Circular Economy

On the other hand, if we look at the current market, the market is open, but many
of them are battery manufacturers and automakers. This situation cannot be helped
because the circular market has just begun, but this market, which is expected to
reach 10 trillion yen in 2030, cannot operate efficiently in closed loop. An open and
efficient distribution market is essential for more renewable energy providers and
city managers to make effective use.

In such market, the IoT dynamic information distribution platform described in
the previous section is required. The absence of such a mechanism has led to a
fearful expansion of the market. In building such a system, it is important to (1)
secure investments and (2) realize highly reliable operations by relevant parties.

First, the platform system involves a wide range of businesses from dismantling
and distribution to reuse and recycling. Moreover, the market is still immature at

this point, and only a few companies can invest in large-scale platform systems. On
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the other hand, it is also difficult for automakers and battery makers to implement
the system. In the first place, platform operators are required to have the ability to
operate the IoT market by integrating new material assets and intangible assets
through integration of goods and information. Because the manufacturing industry
has strengths in businesses that seek to improve the quality of goods and reduce
costs, there are no human resources who can contribute to improving the value of
intangible assets. In order to build a platform system for the whole China and each
region, it is necessary to wait for the emergence of new service providers in
cooperation with local governments.

Second, market participants can realize highly reliable operations, but the market
is still immature and only a limited number of companies can conduct highly
reliable operations. In order to expand and grow the market safely and efficiently
in such a market, it is necessary to increase the number of business operators
carrying out reliable operations and promote growth. A good way to do this is to
use these platforms to communicate and visualize work quality. As information on
the acceptance of batteries, disposal of batteries, and utilization of battery
management systems for safety must be provided to the platform, if work quality is
poor, data willl show the results to the next operator. In other words, a business
operator whose work quality is low cannot make a deal. In this way, companies that

do not improve quality are eliminated from the market.
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In addition, it is necessary to establish a system that can detect and solve
problems at early stage by checking the quality of batteries at key points of
distribution. To measure the quality by SOH or something like of a battery, various
techniques exist at present. Conventionally, only technique requiring 10 hours or
more to measure 1 battery such as charge/discharge method has been developed,
but recently technique capable of performing highly accurate diagnosis in short time
has also been developed. If such technologies are used effectively, the reliability of
data distribution will be greatly improved. In addition to the charge-discharge
method, there are various diagnostic techniques in Japan, such as the characteristic
utilization method during discharge, the analysis method using the charge-discharge
curve, the AC impedance method, the statistical method, the micro-SOH method,
and the CC-CV discharge method. Diagnostic techniques can be broadly divided
into methods for analyzing charge/discharge characteristics and methods for
measuring internal resistance. In order to utilize the charging/discharging
characteristics, there are various methods such as a method of analyzing partial
charging characteristics, a method of making a model of a battery by repeating
charging/discharging in various patterns, and the like, instead of the conventional
method of charging/discharging for 10 hours or more.

In order to confirm the quality of batteries quickly and easily, it is necessary to

use diagnostic techniques that match the characteristics of each type of battery.
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Therefore, it is necessary to select and utilize such techniques appropriately.

5. Proposal For Creation of Circular Economy for EV Batteries

In this paper, we have shown the scale and potential of the EV battery market,
which is expected to increase in the future, and the problems and the direction of
the solution in forming the circular economy of the EV battery. It is pointed out
that the construction of circular economy can only be realized by integrating the
traditional market and industrial structure of material assets into IoT model and
intangible assets, and that a dynamic information sharing platform that improves
reliability is required. Therefore, we propose the following measures to establish

such a system.

(1)Forming an Open Market That Does Not Closed between EV
Manufacturers

First is the open market. EV batteries are expected to form a great value market
for society due to the size of their residual value, the volume of supply due to the
expansion of the EV market, and the rapid expansion of the market for renewable
energy. These new markets greatly expand the existing used goods market and form

new circular economy market. This market is large enough compared to the size of
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average automobile company which each automobile company takes responsibility
for its disposal, it is a market that returns a large value to society that cannot be
contained in a closed market.

Therefore, we propose the formation of an open market from a closed market in
which automobile manufacturers and battery manufacturers engage in face-to-face
transactions. We will build a data linkage platform that will enable companies such
as automobile manufacturers, which are responsible for battery management, to
entrust the disposal of batteries with peace of mind, and to ensure the recycling of
resources toward a recycling-oriented society in the future. The platform is a data
linkage system that ensures the reliability and certainty of confidential data with the
involvement of local governments, and ensures the transfer of related data and
battery control status to operators. Various players are expected to enter these
markets in the future. It is necessary for new businesses to be able to dispose of

such waste reliably.

(2)Promotion of Quality Control Methods in Cooperation With Japan

The second is cooperation with Japan in quality control and reuse/recycling
methods. Japan has been developing various diagnostic technologies to control the
quality of batteries. In order to utilize these diagnostic technologies and their data,

it is effective to cooperate with Japanese companies that have such technologies.
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There are several types of batteries, such as lithium-iron phosphate batteries and
ternary batteries, and each company has its own manufacturing method and the size
of the battery, so that a single diagnostic technique cannot be applied. Therefore, it
is necessary to effectively utilize multiple diagnostic techniques according to the
type of battery. In Japan, many diagnostic technology companies, led by the Japan
Research Institute (JRI), are working together to develop utilization technologies.

In Japan, a system for detailed reuse and recycling has already been established.
One such initiative is a network that uses recycled automobile parts. Although large
batteries for EVs have not yet been distributed, nearly 100 companies in the fields
of dismantling, reuse, recycling, and distribution cooperate to distribute and sell
high-quality used automobile parts. In order to ensure the environmental
friendliness of disassembly, parts are carefully removed, and if a product is
damaged or faded, information is shared by taking pictures so that the point can be
clearly identified. Used parts are different from new parts in that various types of
deterioration have occurred. However, if it is not clear where and what kind of
deterioration has occurred, recycled parts that occur over a wide area cannot be
purchased through a web service. For this reason, the company ensures trust by
disclosing as much deterioration information as possible that would be
disadvantageous to product sales. In terms of securing trust, since improper disposal

by the company selling the product will reduce trust not only in that company but

77



also in the entire network, the company actively responds to the improvement of
work quality and the sharing of ideas.

In China, it is expected that diagnostic technologies will be actively used to
clarify the quality of such batteries, and a system will be established to promote the
use of used batteries by clarifying the quality. However, in the distribution of used
parts, it is necessary not only to distribute information, but also to improve the
reliability of the companies that produce and distribute the information, and to form
a market for recycling EV batteries that increases on the base of trust. IoT
information management is essential for diagnosis technologies and methods to
improve the reliability of such companies. It is hoped that Japan, which has a good

track record in this regard, will work together to foster healthy markets.

(3)Institutional Design for Market Formation
The third is institutional design to create a healthy new market. The circular
economy not only forms a market through reuse and recycling, but also serves as
social infrastructure that contributes to safety, environmental value, resource
conservation, and low carbon society as whole. In this sense, market formation
should be promoted with appropriate government support.
Batteries in particular are dangerous goods, and if we rely only on market power,

there is a concern that the number of companies that reduce costs in transportation
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and storage and do not manage them properly will continue to increase. In

particular, in view of the future expansion of the EV market, it is necessary to

actively foster and expand business operators capable of appropriate disposal. In
this case, if management equipment and systems are introduced at early stage, the
market will become more efficient, and new market entrants will increase in

proportion to the residual value of the battery, and it is expected to develop into a

large-scale market. However, it is heavy burden for companies to invest in the

development of information management systems in the early stage of the market.

Taking these points into consideration, it is expected that the following measures

will be implemented as institutional design by the government.

(4) Strict penalties for illegal dumping, which causes environmental pollution,
etc. and distribution management through the construction of a system to
ensure its traceability. Illegal dumping, which lies behind illegal dumping,
will not disappear unless the government can crack down on the illegal
outflow of waste overseas and the distribution of waste on the domestic
market at an unreasonably low price. This system already exists as a system,
but it is expected to further improve the quality of EV batteries as a system
utilizing the information cooperation system in the region.

(5) As in Japan, there is a method in which the purchaser of automobile purchases

the automobile with the automobile recycling fee added, government
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manages the fee and when the automobile is dismantled and recycled, the fee
is paid to each company as the recycling fee. This is based on traceability. If
this can be achieved, the outflow of inappropriate waste can be avoided.

(6) Subsidies, such as system installation costs, are provided to enterprises that
conduct high-quality management at the beginning of the market. In addition,
business licenses are granted to enterprises that have introduced IoT
information management systems that enable a certain level of quality control,
such as proper management of transportation, and the promotion of
crackdowns on enterprises that fail to meet standards. The introduction of
such a system can contribute to the development of circular markets by
ensuring that the number of new entrants increases and that high-quality
management can be implemented with policy funds. Such government
financial assistance is required at the early stage of market formation, and if
a certain number of business operators are fostered, it will be possible to
operate business independently without government support in order to
improve efficiency and improve business efficiency through market

expansion.

Currently, several large companies have grown up and the market is in early

days. However, only a few companies have introduced systems for high-quality
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battery management using highly reliable technologies. In this early stage of the

market, new measures are needed to make it a market.

(4)Formation of New Industrial Structure Based on Recycling

Finally, we show the new mechanism created by the recycling market of EV
batteries and its effectiveness. As we have seen, the battery circular economy is the
starting point for formation of market that combines the intangible economy such
as brand value and intellectual property rights with the material economy.

In the circular economy, the quality cannot be equalized as in the conventional
monolithic product. This is because it is necessary to distribute products that are the
same but have different values. Therefore, information such as the history record,
characteristic analysis, and the present state of the product is combined and
distributed, and the value is generated in the product meeting the needs of the user.
In other words, in the circular economy, not only the value of the primary use, but
also the market of the secondary use in which things and information connected to
the value of various intangible assets are fused is formed.

Traditionally, products have been produced primarily for their primary use.
Secondary use was only additive and a small market outside the industrial structure.
However, in the case of products such as EV batteries where the value of secondary

use accounts for a large part of the product value, the value of the recycling market
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will increase, and the product value will not be determined only by the value of
primary use. For example, in the case where the battery is reused for adjusting the
fluctuation of wind power generation, the battery haing high followability to the
fluctuation and uniformity of charging and discharging characteristics is highly
evaluated in the secondary use stage. Such batteries have high value for secondary
use and are traded at high prices, resulting in phenomenon in which the value of the
secondary use of the battery is included in the evaluation of the automobile when
the product is manufactured. In other words, batteries will be a product of the
combined market of primary use market as automobiles and secondary use market
such as renewable energy. In addition, the secondary market is a market in which
intangible assets, which combine goods and information and are difficult to handle
in the past, are added. In this way, the automobile and renewable energy markets
will create a new modular industrial structure in which IoT links multiple markets
centered on core components such as batteries.

Historically, after the industrial pyramid structure developed in Detroit in the
United States, which centered on conventional automobiles and other final
industrial products, the industrial structure of modular ecosystem of single industry
flourished, centered on Shenzhen, in the fields of home electronics, smartphones,
robots, and so on. This new change in industrial structure will create a multi-

industry IoT modular ecosystem centered on components that incorporate the value
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of intangible assets.

In China, IoT product industries such as the robot industry and smartphones have
been successfully established. It is hoped that these findings will be used to the
fullest extent to promote the formation of a new industrial structure for the circular

economy.
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