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M= EN e HX| 4 (Cell) dA7|¢
BTR New Energy Materials,
JFE Chemical Corp.,
Natural Graphite Mitsubishi Chemical, LuiMao Unknown
Graphite, Shanshan

Technology
Hitachi Chemical, Kureha,

JFE Chemical Corp., Nippon

syninetie Lraphite Carbon Co., Ltd., Mitsubishi Unknerwm
Chemical, Showa Denko

Si—doped C or SiO- .

Unknown Panasonic

doped C

Z=3*]: A. Goldman et. al. Lithium Ion Battery Industrial Base in the U.S. and Abroad, Institute for defense Anlyses, 2019
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FAAY a4 5 A 2 AdAA 9T S 5 3 FAE wA )
A Q3

Re-Uset A7|AbsAIA E8H HAAE ESS(IHUA] AZ3*] : Energy
Storage System) 59 AYo =z AL = AY

8o thAa g9 wA ARE JFE= LIS 7

7Fest7lol ESS= A8 A gk e

O Re-Cycling A9
- Re-Cycling® 479 FFg2Anry st 435D FE8E AL
ol Ag R} 75T Aoz oA
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i KR A =L e - ] )
Re-Use T-ud A (ARIE A s
- ESS A2t 2 < Know-How el FA3k A §15
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Hl%ﬁbaﬂ =1 X T o —_y = -1 X D o1 © T=Tr
l U
CoSO; 9 EAHH,SO)BUO 2 FATLE(CoSOs) U CoSO, £
MnSO, 2|4 SHAHLZHMNSO,) 8] 4 MnSO, £t
= U
M| N || 32 LIAN) 35 | [ NiZH
2| U
Co, LiPO; Z} ooz HE| TIA| AE[Q Co 2&,
9|z 1=t Co, Ni 2|% LiPO; &2

[719] 1-3] Re-Cycling &A%
%3: KDBAFY &3

O AAMeR AdA ALES B¢ 4as 857 bse Qs T 4
stol¥-& 3 Umicore(*27]9]), Brump(F=) @ GEM(F=) *3 470t ¢
<GE 1-9> AlAl #- A Re-Cycling £ ] HlaL
T = ‘dYsto|=| Umicore Brump GEM
Capacity 1,000ton/yr 7,000ton/yr 3,000ton/yr 5,000ton/yr

HiE Zl = o . =1
AOHAI_I_X"% HASE, LlE i%g Ll;él dgEE, L_l =, JZE, LIE,
oS, g ' 2|& 4t 2|5, w7t
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550
. Japan Rising |l
500 Panasonic Roadmap of China 4 *
! CATL 300Whikg By " Limetal anode
450 @ sDl 1500 cycles CG‘(‘)THLON Solid state battery
1 |® UsHEN DRI | useN -
o 4004 A LG-Chem b R e * ON>80NCM o
< { |® coTion : i/
3 304 A sk - S —
= 1 N CADB i
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‘D 300 I *@} :
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Q 250 TRl o L Te—— 3
NUIVIDZZ(INIDO YO
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S 200- e 4
i [ s°“.‘o A § o
150 ?303
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50 ¥ T Y T y T T T ¥ T Y T ¥ T Y T ¥
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

Year

[Z28 1-4] 2lFol dAx9 /i Gi & T37] o5 4%

Z2]: Y. Lu et al. Energy Storage Materials 23

O 202149 7] =-9dARZ 240 glFol o|xdA=Z NMC (= NCM)

523, 111 6227} 2 At&% ¥, A3 NCM 811 ¥ £ 3AUY 1A=
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O 20254 o]F = 4AH AAQ DA FHFo|E o|AAR 7} o] Ao
IA T AR|E NAFELE 5T Aor AWdE
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High energy density lithium ion batteries
Material systems Modification strategies

| Grai undary i

- Li-rich Mn-based oxides

Defect design

iah-valtasa L J
High r,,|lae LiCoO, 2 d‘\’ Surface/Electrode coaling/bonding

Composite cathode
Nanograins/nanoparticles

Spinel LiNig sMn, O,

_;u'

e WAL IR TR

CEl and SEIl additives
Stable solvents/salts

High ionic conductivity

Uniform dispersion

High ionic conductivity

Dendrite suppression

[2% 1-5] 3AIHH glFol olxdA /g % 72 &4 /i A=

Z2]: Y. Lu et al. Energy Storage Materials 23
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Low cost sodium ion batteries

Material systems Modification strategies
NIlCo free oxides Lattice doping
Layered oxides
Defect design
Cathode Prussian blue
Polyanion
. Sodium compensation
Disarder Carbon
Low-cost precursor
Anode Ti-based oxides e
Pre-oxidation, high-T treatment
Allay ] Sn, Sb, SnSb Pre-sodiation -
Nonflammability
B s NaPFy/NaFSINaTFS!
unction electrolyles CEI, SEl additives
Electralyte = s Py ST 2

R Solidiiquid hybrid electrolytes Stable solvents/zalts

[ 1-6] A7Hd fFgtol2 (Na-ion) oA A 7HE-g 4%k 2F 48 i A

Z2: Y. Lu et al. Energy Storage Materials 23
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<E 2-1> dF ol e L 9E e £ el

=7} 2018 2019 2020 2021
n) = 78,75.960 | 81,10,349 | 94,73,149 1’51’571’87
=9 46,14,201 | 55,37,959 | 81,10,114 1’27’91’90
= 28,85,582 | 30,59,065 | 35,40,887 | 48,91,144
Z 49,43,183 | 46,48,213 | 43,49,578 | 48,06,722
B E v 14,69,282 | 18,25,556 | 23,81,304 | 37,14,031
o kel = 15,51,252 | 15,81,253 | 20,03,709 | 36,65,922
Zos 12,72,717 | 19,83,255 | 24,64,921 | 30,99,497
ks 23,50,898 | 25,19,841 | 25,28,399 | 29,54,344
EINE] 12,48,951 | 13,19,822 | 14,54,848 | 27,01,572
A =88} 5,56,833 | 6,26,425 | 13,78,062 | 24,83,248
=t 16,58,758 | 19,25,221 | 18,34,888 | 23,76,298
SIS 15,98,392 | 18,96,801 | 18,58,473 | 23,18,420
£t B 7,70,205 | 8,36,576 | 15,66,970 | 22,26,306
o] grg]o} 9,89,504 | 10,09,734 | 12,72,359 | 22,16,858
% 16,79,548 | 17,21,671 | 14,09,109 | 20,85,739
Wl 7] of] 6,68,837 | 11,15,503 | 14,53,798 | 19,73,929
ElR=A=1as 16,57,943 | 15,53,744 | 16,07,245 | 19,73,612
Z 21}y o} 278,600 | 5,08,308 | 12,93,420 | 17,69,066
ek 12,98,390 | 13,33,164 | 12,24,566 | 15,32,126
& 7} 5,22,847 | 7,03,304 | 6,59,314 | 12,29,603
IF 7,84,781 | 8,54,714 | 7,96,552 | 12,28,209
29 4,90,030 | 6,86,359 | 7,24,340 | 10,62,449
E}o]#| o], F 0] 5,80,258 | 7,29,065 | 7,40,304 | 9,56,716
ATVEZ 7,71,584 | 7,44,904 | 7,36,323 | 9,41,981
Ao} vy 6,68,707 | 6,81,913 | 6,70,622 | 8,71,709
AWz 4,96,327 | 5,12,810 | 5,96,081 | 7,88,504
S ~Edo} 8,05,588 | 891,018 | 7,54,913 | 7,86,837
ool m| o] E 5,44,809 | 5,75,518 | 5,26,671 | 6,40,418
B 4,37,519 | 4,83,009 | 4,96,606 | 6,09,777
| o] Al o} 6,11,515 | 4,91,143 | 4,15,876 | 5,62,454
Efj = 4,72,015 | 4,48,580 | 4,67,580 | 5,34,034
ol U Ao} 4,15,510 | 4,89,927 | 4,62,281 | 5,11,928
AH= 1,57,879 | 1,62,623 | 2,75,509 | 5,07,111
E S 3,26,037 | 3,37,136 | 3,82,530 | 4,75,938
A DA = 226,188 | 2,59,743 | 3,90,745 | 4,41,838
ol 3 2] 7} 280,277 | 3,04,916 | 3,54,025 | 3,90,894
Z 2o} 1,54,143 | 1,65,795 | 2,21,301 | 3,58,322
AF-9-t]ofe}n] o} 3,26,732 | 3,69,493 | 3,22,438 | 3,53,073
Frly o} 207,973 | 2,48,796 | 3,07,495 | 3,52,578
-2 9 o] 1,81,062 | 2,22,381 | 2,09,659 | 2,95,246
Bl =] 223,502 | 1,85,580 | 2,01,067 | 2,86,534
27 1,46,342 | 1,51,053 | 1,34,684 | 2,30,584
TE2EZ 1,48,802 | 1,47,063 | 1,72,323 | 2,14,537
ol = FE L} 1,90,183 | 1,45,190 | 1,28,691 | 2,03,845
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=7k o} 1,09,915 | 1,36,675 | 1,40,328 | 2,02,572
ol g} 221,436 | 2,34,459 | 1,79,039 | 1,97,148
o] ~z}eoll 1,43,420 | 1,43,731 | 1,49,560 | 1,85,008
w22l Al 1,28,794 | 1,07,507 | 1,42,543 | 1,80,827
old W= 63,862 70,228 1,30,650 | 1,60,116
e 1,12,982 | 1,07,462 | 1,10,911 | 1,51,591
& Hjo} 1,09,735 | 1,20,646 | 1,05,715 | 1,38,469
Skl 77,528 98,072 1,10,473 | 1,28,437
o|FE 1,33,868 | 1,55,133 | 1,16,232 | 1,24,132
3} 7] 2~ gk 63,688 80,221 62,566 1,13,912
| 91,402 95,136 80,195 1,08,650
oA 7 1,04,724 | 1,04,688 96,669 1,04,338
2| H| o} 57,932 67,427 39,957 98,984
TAA= 68,829 73,894 72,248 98,833
7H 30,275 31,900 94,969 97,809

A il= 48,573 61,178 21,893 97,057
n23 94,288 86,997 86,505 94,528
TCrYgtEsar 1,14,193 | 1,22,609 98,438 90,019
Lol #] g] o} 58,809 1,15,124 | 1,36,693 88,647
2] ol of 66,865 55,149 64,561 87,580
A= o}E]o} 57,217 61,805 65,270 87,106
i 83,718 76,000 73,684 84,393
Sk 62,267 1,11,446 | 1,06,786 80,726
Tl E 1,02,016 88,529 69,335 76,257
Jlel= 1,02,823 81,184 64,926 73,307
I} e 22} 49,644 56,775 55,146 69,288
A 2] o} 43,991 43,738 49,416 62,663
D 49,151 63,206 37,366 62,344
FIAF & 6 57,700 57,941 61,206 62,113
Ak 33,155 63,455 50,772 60,818
g2} o} 56,131 55,458 52,851 58,792
1] Qkuf 53,227 73,953 76,127 53,826
of | 25,288 38,940 72,928 53,171
SRas 41,412 37,968 44,306 48,353

o ~E o} 39,534 30,038 34,332 48,110
g2 36,860 33,635 32,690 47,623
s 37,083 35,916 45,347
) 2 42,704 49,380 32,605 44,440
g} 2} o] 44,432 39,228 36,655 44,154
] e 30,530 32,731 36,528 43,475
s 2~Ehg] 7} 46,648 45,144 41,115 39,889
of I == 40,590 35,544 27,971 39,761
o] ¢t 61,396 59,878 40,677 39,650

o} 7p ] A~ g - 2 68,815 37,669
Nl 2 25,665 27,990 29,911 36,916
nhA =Yoo}, &5 36,822 40,473 32,593 34,405
H ) =<l 2} 11,095 25,143 27,867 33,969
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o}o] E] 24,755 27,610 42,906 33,916

2} E H) o} 26,000 22,676 24,922 33,181

o E] & 3] o} 40,892 60,671 42,924 32,077
FETHol= 18,512 18,998 22,884 31,388
o} A 2 nto] Zt 24,064 26,100 27,635 31,149
7} = 10,523 25,475 28,714 29,634
§-ZH)| 7] 2~ 21,488 29,800 27,073 28,734
o}, o7} 30,799 31,124 17,695 27,949
U= 21,724 34,043 21,277 27,756
Y7helat 19,085 23,027 22,866 26,872
2] 26,167 36,694 25,894 26,013

7Y 17,336 23,154 25,024 25,339

R e o 20,416 15,755 15,005 24,620
Hyols| 24 u| v 18,217 19,532 19,780 24,376
Al 2] o}ol gt sl 38,787 27,773 27,596 23,693
§-F1}o] 25,784 23,755 20,927 23,647
TN FE 5= 18,491 11,556 12,624 23,424
Sl 34,882 18,823 14,500 22,976
HulB 9 13,917 13,953 20,291 22,522
ZAR=g 14,685 15,110 17,453 22,055
7] o} 21,185 21,810 18,670 20,991

2} o] 7} 12,514 18,204 13,648 20,246
SRRt 15,521 21,659 15,977 19,330
ot A7 E 10,426 14,933 15,021 18,305
1] ok 20,028 17,054 16,296 18,304
-7kt 22,672 15,753 18,957 17,285
=gt 27,651 22,889 13,420 17,281

ujg| <l 26,599 23,721 23,769 16,570

vmj v o 8,772 11,711 13,054 16,180
EfUtsgEnly 19,465 17,811 13,497 15,782
A 12,634 13,963 14,173 15,102
LR Srlel A 11,866 11,500 10,701 15,070
ZrH tjo} 10,905 11,637 8,381 14,840
}3F-O )7 7| U 13,021 10,965 13,564 14,380
2| 5-¢] 7,825 10,644 7,547 13,640

ol 2o} 9,913 12,547 9,392 13,503
e R e 5,820 5,044 9,376 13,443
sk o} 8,739 11,745 10,761 13,172
e, = 6,798 6,415 7,877 12,990
rupy o} 6,426 5,509 8,488 12,693
olol &= 9,405 8,437 9,632 12,511
7|27 228 9,709 18,790 6,090 11,734
A2 9,537 24,213 26,518 11,014
L= 5,199 5,707 5,410 10,950
T=go}f 7,499 8,381 7,039 10,242
el ¢ 11,275 9,192 11,904 9,732

H =} 13,577 11,555 10,185 9,705
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B} %] 7] =~ EF 8,185 8,494 7,645 9,635
PSRN 14,509 10,759 7,520 9,591
n}-s}nf 6,129 5,963 4,965 9,457
T2y et 12,197 13,392 13,267 9,431
v E gyl Ao} 8,054 7,484 6,903 7,606
e =y o} 7,336 6,790 8,121 7,400
Al 2} 2] 2 2,358 3,546 8,743 7,190
7}olofrt 3,691 5,308 6,780 6,957
A= 12,890 7,358 2,312 6,922

n| =8 A Al 8,263 2,363 514 6,720
Wy 3,377 2,679 10,312 6,558

7Hs- 9,082 7,067 5,851 6,045

EE} 4,446 5,923 4,512 5,704

e A= 4,715 4,457 4,005 5,451
FAeta 3,656 3,289 3,217 5,309
2 ey 3,193 4,615 3,847 5,244
glo] | g o} 4,445 4,071 8,223 4,959
2 7,234 7,076 3,719 4,896
e 2~ €}l 12,858 12,310 12,275 4,873
of] 2~ 2} 1 1,740 3,024 3,345 4,849
=il 5,433 2,628 2,707 4,471
H}] o] &= 2~ 3,593 2,844 3,448 4,171
3] A] 4,362 7,352 3,807 3,989

Wl ] = 2,527 2,778 2,438 3,872
Grd 1,354 3,585 3,869 3,840
T 3,578 2,781 2,763 3,762
23 5,565 3,001 3,308 3,753
o}-5-u} 2,700 3,081 2,611 3,201
A = 167 510 130 2,733
F-et 2,194 2,169 1,671 2,631
2= 3,534 5,869 3,268 2,588

K& 2,179 4,360 3,390 2,521
HrE 822 1,012 1,394 2,508

7] 4 B A}-S- 1,228 1,777 1,152 2,484
A7)y 2,857 2,119 1,849 2,275
|0} 1,887 1,187 1,762 2,210
[N 5,877 5,534 5,910 2,209

ShE] 7hnlE-th 1,657 1,639 1,598 2,180
A Q1 E Ao} 1,493 1,647 1,463 2,030
LR EA = 1,089 6,231 1,013 1,907
Al o] 7l A &= 2,800 1,722
ol 713 3k 1,328 1,733 4,565 1,588
7} 5 2 1) 1,388 1,417 1,289 1,452
ot g} 1,021 1,139 885 1,426

o g Eglo} 779 1,046 1,726 1,384
7hu]o} 332 420 859 1,340

H 7 oh 5,364 2,985 1,057 1,337

_23_




RISOILAXI &1 &k AP E

& Jeonbuk Regional Innovation Platform

A}ELO} 1,123 1,281 1,158 1,318
vk 1,269 981 1,023 1,230
¥ 2 A = 934 906 1,365 1,127
SEHEE 987 1,079 1,463 1,122
FoEH oI A= 1,575 2,006 2,257 1,056
A o] Al 1,886 4,914 4,082 1,004
w=u Y7}k 1,020 1,841 457 1,002
ANERIAE 17 vy 1,022 1,044 850 834
A B ZH 365 981 569 796
A= == 642 459 954 729
Bl A A o] A A & 441 589 492 720
ARE 202 216 744 671
dub - 2y A 825 868 600 643
A 2 A ) 682 464 461 643
AN E 7] Z=|H] 2~ 428 598 1,511 641
57} 2,230 2,151 591 599
A2 4 6,185 1,395 3,355 482
oJdz} 275 432 346 452
ZFAGRAUGSPE 51 38 419 416
7] 2] ¥hA| 301 280 351
2] 559 568 319 333
1| 7 2 Y| x| o} 335 1,096 394 326
e} 452 114 179 315
EEWNEAE(EH Y2 55 378 170 207
EE N ] 89 65 31 181
ANEmZEMEd=AY) 74 71 227 158
S| olubA £ 133 118 188 126
o = Q1 =R o 4 33 105
A~ FF A 2 89 48 107 83
FIA(AHY) A= 43 49 57 59
5 38 41 63 38
Faks 16 42 676 37
A3l o 2 hm] &5 82 45 57 35
=34 20 1 801 34
A1 E gL} 7 1 2 31
4 4 1 14
HUl2, AERF2EE -2 AR} 81 74 60 12
A E 98 124 324 10
U -$-of 882 9 4 4
E A9 1 71 3,792
A 5 et 9 4
e e S A i e 1,004 184 78
olv| 2] ZkAF RO} 38 4

=2 BAF AL 5 (OECD), =A<l H|A]7]5-(IEA)
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<G 2-3> #F ol uiE g &AM A FRE(2022~2027, Wk ge)

GBS | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | (SACR
&A1 | 14,130 | 17,062 | 20,683 | 25178 | 30,746 | 37,627 | 21.6%
F5A | 4617 | 5682 | 7,022 | 8715 | 10851 | 13540 | 24.0%
dalel | 5367 | 6645 | 8261 | 10314 | 12,920 | 16221 | 24.8%

7]k 3,953 | 4,848 | 5965 | 7,366 | 9,116 | 11,206 | 23.4%
@7 | 28,068 | 34,237 | 41,930 | 51,573 | 63,633 | 78,685 | 22.9%

A1 BATTERY MATERIALS MARKET - GLOBAL FORECAST TO 2027

A71A) stoluele AERe wie]l TWA HFole WEY FLE E3 9L,
of MEPE B ¥ oUx UED AFHEE B A7 Hade] A A
A7) ABA AFF. RE S8 Bokd AY 4T AFS AF AHEAe] Fa

g 7 5

1) ¥
O ¥ 4 Aol elFoleg wa, WA Ao fFoles guldte] A7)E
WA, DEOE MEH AHEEE FR P4 Ad 9 Ax T Wz

9 ougA gaol, Aoes 4 W Ashta, #E, HEAUELT0) S0l AL
e gFole wEe 44 Al AF el ALHE &3 242 oF
PN T B A WS ATH FIAE = jele

= [e]
2, Asd 9 kel A2 E v

O AAZA FA wpgepel agel weh A2 P W A=FA] hF 8t
RS, wa, 292, dF §ES SdAEY d g AFoz dd A%
AREI FEET e & A 5o

_,d
% ol
oX,
<
=2
ny
=
ofo
rlo
o
=
a
AC)
2
BN
2
>
)
v
off

O Y=FAQ= A%x3d= 9 dAl=+ BTR, Hitachi, Nippon Carbon, Mitsubishi %
o) o
=1
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<GE 2-4> 2l ol WiH Y Al A aFR(2022~2027d, WiRE @)

2= 2022 2023 2024 2025 2026 2027 (‘gg‘_@;)
ofAlolEsg ok | 3,438 4,313 5,428 6,857 8,686 11,019 26.2%

51 567 654 758 876 1,011 1,164 15.5%

NI 273 312 357 410 471 542 14.7%
71EF =7} 339 403 480 572 682 815 19.2%

SHA| 4,617 5,682 7,022 8,715 10,851 13,540 24.0%

=21 BATTERY MATERIALS MARKET - GLOBAL FORECAST TO 2027

Brolu, wHe Al U7 SwelA 713

O &AL AolA WS Fad
o =
= |

O NCM, LCO, LFP+=

O X 0]

H & AA| s 249,
] g5 AE (NCA), g HS7HASHE(LMO), gEY A=
] =

=7
NE2E fEFEIALEAZE(LCO), giEYUAITLEL
== =
FAAALFP) 5°| 9

I E 7R sHE (NCM),

o

S, B ouA WE, 45, bE Sold 2 AuAe 2E3 9. e
AzAE Ao, FF, vhelr Azwte] E@Yel Wt SIAE ST

NCM % LFP Ag+ & 2P 87 AFME S5t 54 545 7L =
dZE 50| Teslax NCAES AFE35ta, Apple iPhoned LCOE AF&3}al, Nissan
Leaf= LMOE AF&3kil, Tesla #9192 NMC &5 38t AR5 54 A
Z 98 YAZ+E Umicore, Nichia, L&F, Shanshantech, Easpring, B&M %

Reshine©] &

<E 2-5> gF o] wiEg &FA A FRE(2022~2027d, wWul dy)
2 ¢ 2022 2023 2024 2025 2026 2027 (‘gﬁ‘_@;)
ofAlolEfH ¥ | 10,385 12,779 15,775 19,548 | 24,288 | 30,222 23.8%
5] 1,810 2,059 2,347 2,673 3,037 3,442 13.7%
9 877 985 1,110 1,254 1,420 1,609 12.9%
71} =7} 1,059 1,239 1,452 1,703 2,001 2,355 17.3%
A 14,130 | 17,062 | 20,683 | 25,178 | 30,746 | 37,627 21.6%

31 BATTERY MATERIALS MARKET - GLOBAL FORECAST TO 2027

_27_



1[5 RISOILI XA AF AP EE

l@¥ Jeonbuk Regional Innovation Platform

3) A

Aaf o v dad, F71 & 2 ATAS] 2doew gFol &2 wiaA
A4S 3 dald &do] lom gF ool M FHoE EE I Hig=
olFd & & 2la ol wiH e dad2 #7] &l &aE LiPF6(H=3}
A F)Y. o] EFE] AHEHE LiPF63 odd FlRYolE Ty Z2dd
FtRdo]Est 2 7 Akl dalde {7 Svidd. HIHAIZE £3E o]
4N ZF oled Aid & T HAA AR EFT S A

O gFol weeelr dajd A9 Fa 42 wiEe] 83 B Abols £85

i1 ol
o= A, =92 Wi Ao o] o]F
ro °

=8 A7) f8 ad=A AE7E AR

f
Hofe
=
o
4
=2
%
ro
(0
M
e =
S
d
)
(03
<
D)
re
of
o
2

it
N R
ol
o
X
"
2
[-40
:Oé
my,
H
=
)
)
oX
olf
)
2
ol
o
ga
o
o
rot

O A4 A Zxol sl Fo AA| =5 Mitsubishi, Shanshantech, Capchem

183 ol &= fa dadAdy AVHAlE &5k

2o uegt G2 vfE gl A

=]

<E 2-6> g F o] ujglg AN A FR(2022~2027d, WHl <)
2 2022 2023 2024 2025 2026 2027 (‘%‘_%{7)
ofAlolEIE O | 4,020 5,073 6,423 8,163 10,401 13,273 27.0%
5] 644 747 869 1,010 1,170 1,353 16.0%
4 311 357 410 473 547 632 15.2%
71} =7} 391 467 559 669 802 962 19.7%
SHA| 5,367 6,645 8,261 10,314 | 12,920 | 16,221 24.8%

% BATTERY MATERIALS MARKET - GLOBAL FORECAST TO 2027
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S Frslha, 2027Wd= Bu) Ado] 32.7%2 A AEES A F Aow

o/dd. AA glEol WigE] AMEE A AFAANEE 20.6%= A 202293
A

659 200%F oA 2031 351 29007 dej= AT A= o g

O HFole WELE T & A= JEd 9FL BAT F8

7NFo g2 =

St
Umicore(*7]9l]), Glencore(~92), Cirba Solutions("]=*), Contemporary

018 =0 %];zﬂlié.

Amperex Technology Co., Limited(F=) o] L. F48

ERUESS

e, A%, Aok BEUY, T, A AVlE AR R 24 A9 YL

H H, v ’

A~
3 AYH dAE IS olHT Fao VIdY ALE ZTRAL AR #

1 O M H -

A4 AATE AFE A AFlA FHE AAE FHE=H Ewol HAE

O & ol wigel= A7) Asatke] AA|, Az, i % epA" ddd
il

& 2017 35FE 20200 Afolol] A7] Apsxlel tigt =97 FAA 71

U g2 =7k ARE dE ol vige A28l w3 18-S Aldet

O A=&zatel AMEE= gEol Wi A s of 7~-8dolH,
= e 2 7E #J71E. H e ol A
_]

0] 5.

2030 71#] 1,100% & o]Ate] ¥ gF o]

SME, U4 5 AF52 d5e] 9% AR Bayel Fobn

EU= Absak Ax=dA7F wig gy 285 ALAA o= +4e A3

AN .

F2 A8, BV ARle] A&Eel wde A 44

A
Sibglsiar glar, shgell gk ek ZjSstal x|& Theek Amel gk
o
=

Aoz
ERE
[} KN

K
4
il

SESOE

<=}

P, AA

EUNM = 2F ol e e 5% nwte] Aq&&H i glom o=z Qs vjyXA]

o 2F vhgTel T A

<E 2-7> A=Ak F%F o)L wiglg] A& Al FR(2021~2031, Wiwk )

e 2021 | 2022 | 2023 | 2024 | 2025 | 2027 | 2031 (‘gg‘_(,};?) (‘gﬁ_(?;)
S 2,203 | 2,163 | 3,427 | 3,629 | 4,057 | 5,677 | 7,186 21.3% 14.3%
obAlobEfsdoF | 483 | 1,005 | 2,749 | 4,833 | 4,477 | 4,891 | 5,860 | 37.2% 21.6%
fr 4 399 720 | 1,895 | 3,017 | 2,914 | 3,514 | 4,915 37.3% 23.8%
A 3,085 | 3,889 | 8,070 [11,479|11,448 (14,082 (17,961 | 29.4% 18.5%

Z2]: BATTERY MATERIALS MARKET - GLOBAL FORECAST TO 2027
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<GE 2-8> A|ZEo] diEe #H d7AF uiE g

As2F A ZA AR E o Rk HiEl 2]
Audi E-Tron (Pure Electric) 2013 Lithium-ion Battery
BYD (China) E6 (Pure Electric) 2010 Lithium-ion Battery (Fe
based)
BMW Mini E 2010 Lithium-ion Battery
. . Lithium-ion Manganese
BMW Mega City (Pure Electric) 2013 Cobalt Oxide Battery
Chrysler Fiat 500EV (Pure Electric) 2012 Lithium-ion Battery
Ford Ford Fusion BEV (Pure 2011 Lithium—ion Battery
Electric)
Chevrolet Volt (Pure Lithium-ion Battery Pack
General Motors Electric) 2011 Manufactured in US
) Hydrogen Fuel Cell and
Honda FCX Clarity (Fuel Cell) 2010 Lithium-ion Battery
Hyundai Blue-Will (Plug-in Hybrid) 2012 Lithium-ion Battery
Mercedes Benz Blue ZeroE-Cell 2011 Lithium—ion Battery
Mercedes Benz SLS AMG (Pure Electric) 2013 Hydrogen_Euel Cell and
Lithium-ion Battery
Nissan LEAF (Plug-in Hybrid) 2012 Lithium-ion Battery
Tesla Roadster (Pure Electric) 2008 Lithium-ion Battery
Toshiba-Mitsubishi JV IMIEV 2009 Lithium-ion Battery
Toyota i—Road 2013 Lithium-ion Battery
Toyota Prius-PHV (Plug-in Hybrid) 2013 Lithium-ion Battery
Volkswagen e—Golf (Pure Electric) 2010 Lithium-ion Battery Pack
CODA Made in China . . Lithium-iron Phosphate
(US market) Hafei Saibao EV 2013 Battery
Volvo C 30 2011 Hard Carbon/Lithium-ion
Battery
Renault Fluence ZE 2012 Lithium-ion Battery
Subaru Rl e 2008 Manganege/hthlum—lon
attery
Subaru Gde 2008 Vanadium Nitride—-based

Lithium-ion Battery

Z2]: LITHIUM-ION BATTERY RECYCLING MARKET - GLOBAL FORECAST TO 2031
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%z oSt 2 Aoz o, gF ol viHZ = Hloly Ay wWr 4
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ol

O 2uA Ax AFL A4 o de 4se wger] ga Fue
a7 oE @Al BF oL WEZE oux WEs B1 AFY Ao
Zo] 4oz o FUg Adoz JAAZA HEHE= Al w}aw
AAAFANA e Fole wEE Aol Z7HEl wel #Fole WHe A%

758 Qow o

o =2

# oo

_—

F

Al

(5) 7)€k

O 7|} FEde &7, a5 9 A vl gEy, ou FolAd= HlH
g 5 o5 7|7]7F @29 olFAdS FAAA. giFE AAd= T ¢l
T Aol daster Aokt THAF ALE M3t eSS 2AHs e Fol T
Q3%

O #F o< vy E= v ¥y 338 Sdo) Hlg a&Xido] =i Ao
o 7PH7] "ol o5 FEoA AzE. g =, FUE on AH],
ga5g ol AF T WEHE FF Ao dy A&EH. gF ol HiEg Y
AE 7 BlE ol HiHE A Al A dEE v AL

<IE 2-9> Hopd: gF o] wiEg A& A FE(2021~20319, #uk ge)

B CAGR CAGR
Fo} 2021 | 2022 | 2023 | 2024 | 2025 | 2027 | 2031 (99-97) | (92-31)
2 590 | 738 | 866 | 954 | 1,108 | 1,803 |3,455| 19.6% 18.7%
= 368 | 506 | 571 | 608 | 680 | 1,001 1,709 | 14.6% 14.5%
3 & 381 | 407 | 500 | 585 | 713 | 1,218 |2,766 | 24.5% 23.7%

7HA A 726 | 780 | 978 | 1,167 | 1,292 | 3,182 | 8,096 | 32.5% 29.7%

7| €} 131 182 | 219 | 250 | 300 | 505 | 1,144 | 22.6% 22.6%
17,16
SHA| 2,195 | 2,613 3,134 | 3,565 | 4,092 | 7,709 o 24.2% 23.3%

Z2]: BATTERY MATERIALS MARKET - GLOBAL FORECAST TO 2027
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O H A= 20009 1€ 1¥93H 20249 29 697HAE 7o =, &9 &/ 2
S5 F(KIPO), YEUPO), H=(USPTO), FH(EPO) ¥ F=(SIPO)2] &3
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R = 7} | 34 DB AN A 9l
i
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=7 ey = = = O =z %7H gl
ojﬂ‘—o‘f—;cﬂ e . =dd7)+ szeg
(FN-s=Y Wipson (2000.01.01.
1) (USPTO) 9024.02 (A A+ 2 of+
T .02.06) oz Aa)
9
(EPO)
==t
(SIPO)
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3 A 71h=E & HAHY =&

(1) F=A
GE 323> AN ZI9lE g4 R kA
T2 9= B3
OIAAAx 2AAA* o A-AAx 24-AAx o uE el e s
o xp-wiEle] 2xF-miE e« FH X« ((o] X+ 22} AT E]x A7 H 2]
Sele 1 g SHx WA AAx AFx 2EEAx secondary  lithium
(O]i}—?éx]) rechargrable storage) adj2 (=] wigglx e drog)x Al
battery batteries cell)) secondarybattery secondary-battery
rechargrablebattery  rechargrable-battery  libattery  li—-battery
storagebatter storage-batter)
(FFA AT FF2Ax AT2A FTEL ATELr FTEE
719 2 Ax AL EDx (Fax FdT+ F-daAH T+ Ad=+ F-d=T+=
(F=A) "positive electrode" 7|AE=* cathod*) near2 (Edx ME ] Ax LA
g5+ materialx 24+ activ: 248+ composition)))
HOIM-004/525% HO1M-004/505% HO1M-004/36% HOIM-010/052%
#4 IPC C01G-053/00« HO1IM-004/62« HOIM-004/131% HOIM-004/58%
HOIM-004/13*% HO1M-004/485%

A9 E =3

A2 Qo
(Z1¥= 1 AND 7]99= 2) OR (Z]¥9= 2 AND ## [PC)

(T A 22 A% o[ AF-AA* 27~ Ax ol AME e« 2AME 2+ o A-wela] 2]
Bl A4 (o7 22b AAT e AAves @B F0x A« A A 28
A% secondary lithium rechargrable storage) adj2 (=] ®jE g WE ]+ sHrdg]s Al
battery Dbatteries cell)) secondarybattery secondary-battery rechargrablebattery
rechargrable-battery libattery li-battery storagebatter storage-batter).key. AND (%=
A A FF0Ax A=2Ax FEEEA a4 FDEL B EHx (F= &
A= F-H=+A =+ AT+ -+ "positive electrode" 7|AEx* cathod*) near2 (&
Ax MY T Gx 2Ax &+ materialx &Ad* activ:y A&+ composition))).key.) OR ((%F
SAx A FFaAx A0 x FEEE ASELDx FTDEE A2 (F
P F-HT+d T+ AAF+ A-FA =+ "positive electrode" 7NAZ* cathod*) near?2

(2« WEHHLx A2+ &+ materialx A« active FAE* composition))).ti. and

).ipcm.)) AND @AD>=20000101
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2) =5A
CE 3-4> S FA A9 g D A
T 719 &%

OIAAAx 2AAA o A-AAx 24-AAx ol uE el e s

olAf-ujela] 2a-wElEs FAAx (o] 22+ AAHx AAH
N9 1 g s Tx SWHx 2A]x AHAx 2EZ A+ secondary lithium
(o]i};:x]) rechargrable storage) adj2 (=] wig 2 g+ grog]x Ax

battery batteries cell)) secondarybattery secondary-battery
rechargrablebattery  rechargrable—battery libattery li—-battery
storagebatter storage-batter)

(&= A B2 =24 F54870x 5554 P58 3595
719= 2 Ax Fg9=54dx (55 45+ o-dA5x F5 TS5« F-Hd5=«
== "negative electrode" °f:x=E# anod*) near2 (EZ&x HEFx A=«

g5+ material* &A= activy £A E* composition)))

HO1M-004/36% HO1M-004/587+ HO1M-004/38+ HO1M-004/62%*
#H IPC HOIM-010/052* HO1M-004/48% HO1M-004/134* HO1IM-004/133%

HO1IM-004/13* HO1M-010/0525%

A94GIAE =)

EERICT:
(Z191= 1 AND 7]9)= 2) OR (Z]9)= 2 AND #& IPC)

(]2 A 22 A o] 2= A 22F=H A o] xpulE] 2]« 2xFaf ] 2] o] x}-ulE] 2] 2%}-H]
s Hd A« ((o] 2b 2%k« AT 2] A 2l F* T S A A% 2Eg
A% secondary lithium rechargrable storage) adj2 (ZA] wjg 2]+ W]+ kg« A«
battery batteries cell)) secondarybattery secondary-battery rechargrablebattery
rechargrable—battery libattery li-battery storagebatter storage-batter).key. AND (&=

H L ., O 1 ., B L \ o 111 | = i Ay = | ., O 134 ., B 1334 , o 1 O
A F-=2x =28 B2 g5ds P28 55884 158848 (5 &

As S-HTs B2 HEd5+ -+ "negative electrode" o :==# anod#*) near?2 (&2
« HE s A« &E* materials &A=+ activ: A E* composition))).key.) OR (&=

= . O = . . 5 O = R . . O L& . 15 . O = [e]
Ax =+ 040 FT072x 598484 BE5dx 59254 B854 (9 &
AT S-Ax = Bd= F-ZH =+ "negative electrode" =% anod*) near2 (&%
* WEYAx AAx  EE* materialx  EAdx  activk  £A =+  composition))).ti. and

(

).ipcm.)) AND @AD>=20000101
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SELE

CE 3-5> “AsY A9 Y % A

T8 NA= 3

OIAAAx 2AAA o A-AAx 24-AAx ol uE el e s
olAf-ujela] 2a-wElEs FAAx (o] 22+ AAHx AAH
gEx THx s AA]x AAFx 2EZ A+ secondary lithium
rechargrable storage) adj2 (A wiEl2]x HWEZx drhgx Adx
battery batteries cell)) secondarybattery secondary-battery

rechargrablebattery  rechargrable-battery  libattery  li—battery

storagebatter storage-batter)

(At M dx A= electrolyte (A 7|+ "H7] w3l]"

o] —
M= | etectrolys) near2 (4= &= #7474 S0 HUE saler adds
o 1
solvent*)))
HO1M-010/052+« HO1M-010/0567* HO1IM-004/525* HO1M-004/36%
#H IPC HO1M-004/505% HO1M-004/62%« HO1M-004/13* HO1M-010/0569%

HO1M-010/0568* HO1M-010/0566%*

CERICEEIES:

A2 Qo
(Z1¥= 1 AND 7]99= 2) OR (Z]¥9= 2 AND =# [PC)

(]2 A 22 A o] 2= A 22F=H A o] xpul ¥l 2]« 2xpaf B 2] o] x}-ulE]g] 2%}—H]
s FHAAx (o] 2p+ 22F+ AT ]+ Al E* 2lFx T S 2pAx A &g
A% secondary lithium rechargrable storage) adj2 (A wlE2]+ wWE ] grdz]+ Ax
battery Dbatteries cell)) secondarybattery secondary-battery rechargrablebattery
rechargrable—battery libattery li-battery storagebatter storage-batter).key. AND (%3}
My Haf &+ Aa] G+ electrolyte ((Aallx A7]E3sl+ "HA7] E3|" electroly*) near?2 (HE
E£E H7HA A7MA &) £WE saltx add* solventx))).ti.) OR ((Haf oM« dall g = 3l o«
electrolyte ((A&flx A7]&3+ "A7] 3" electroly*) near2 (BE £E H7A 74 &

nf  EWE  saltx add* solvent®))).ti. and  (

).ipcm.)) AND @AD>=20000101
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4) &%
<R 3-6> wEEY vIelE B B v A

T 719 &3

(OTAAA 2204+ ol A— A 22-1A]= olAEel+ 2A e elx o]}~
wjEle) 23wl el EHAx (o)A 22 AATEs AAd BF FA
=1 * ZHPHx ZpA]x o A A 2EZ]A]x secondary lithium  rechargrable
A=) storage) adj2 (A vijEg]x ¥ g« Hd|g]x A« battery batteries cell))
secondarybattery secondary—battery rechargrablebattery
rechargrable—battery libattery li—battery storagebatter storage—batter)

(b5 v woge ((micoropor* porx polyethylen
polypropylen* polyoleffin* &##* ZZ| g A+ ZZ @+ 22
s 2 ddls EEjoedlx o x| dllx Z] oA &y
Q| v ThFx Thax X olx wlo] AR X o|x HZEFE %) near? (AE
* My olx myokx myolx mtjolx AJo]Ex HF+ U memb* mediax
film* sheet* W]Ex 3] =x pad+)) Tha A5 A7 Algpu)dhs 52 =
Tl A e A s vholEehx i ATy v E gk A9«
separators Al¥* ((isolat* separat*) nearl (mat* film* sheets
memb* pad* mat* plat*)))

719 = 2
()

HO1M-050/403* HO1M-010/052+* HO1M-050/446% HO1M-050/449%*
HO1IM-050/443+ HO1M-050/489+ HO1M-050/417+ HO1M-050/491%
HO1M-050/414* HO1M-050/431%

e
i
g
@)

A94GIAE 2)

A2 QoF
(Z199= 1 AND 7]99= 2) OR (Z]¥= 2 AND #¢ IPC)

()2 A+ 22Fd A% o] 2p=d A+ 22p-d A]» o] x}ulE 2]+ 2x}uiE &+ o] x}-vE 2] 2%} -H]
Bl FAAx ((o] xbx 22k MY gl M 2lF5* T« T8 xR+ A G ~E
A% secondary lithium rechargrable storage) adj2 (ZA] wjg g+ W g+ Hkgg]x A«
battery batteries cell)) secondarybattery secondary-battery rechargrablebattery
rechargrable—battery libattery li-battery storagebatter storage-batter).key. AND (Tt}
2% thg9s v thg 2 ((micoropor* por* polyethylen* polypropylen# polyoleffin* 2
3 g ds Zddds Zgr2ddx g2 ddlx r]oedlx E|ox]dlx
gdeddx xeleddx QW v|ohEs thgx ok ufo] AR ofx W) x) near? (A
Esx njt]jo]x w|rjolx w|t]ox W|T]jo}x AJo|Ex IF+ Y+ memb* media* film* sheet* Wj
Ex 3=« padx)) o3 @2 A7)k Al ghe 2] b F2 e A v A gk vlo] &2}
s OF3fbx A=k H]EThx A ¥* separatorx A * ((isolat* separat*) nearl (mat* films
sheet* memb* pad* mat* plat*))).key.) OR (t}3Z5* th-&us nthg = ((micoropors
por#* polyethylen* polypropylen# polyoleffin* <@ Zg]2dHx Zgddallx ZgX 2
dellx y|z=2ddx el ddds xao x|l Zeoddx Zel s g« vrhgs
Uha olx mlo] A2 ¥ ofx W ZFEO)x) near2 (A Ex ult]ox w|t]olx Wt]ox w|r]olx A
O]Ex HE+ Y+ memb* media* film* sheets "|Ex == pads*)) Tha- A= 7]« A2}
ke ¥ g U A Ak dpo]Edhx e A=hx v Egbs A9
separator* Al ((isolat* separat*) nearl (mat* film* sheet* memb#* pad* matx
plat®))).ti. and (

).ipcm.)) AND @AD>=20000101
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(5) A&
<E 3-7> ALFE 7= G F A
T8 A= B3
OIAAAx 2AAA o A-AAx 24-AAx ol uE el e s
olAf-ujela] 2a-wElEs FAAx (o] 22+ AAHx AAH
N9 1 g s Tx SWHx 2A]x AHAx 2EZ A+ secondary lithium
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[e}
;Zlﬂﬂ 1.9611.30]10.4410.26 | 0.38[0.51]0.40[0.94]0.49|0.86|2.80]0.49|0.5710.54|0.94|1.84]1.20|1.49
o = =
T 0.8710.67]11.06|1.63[1.55]1.01|1.51(0.68(1.30/0.70(1.04|1.31|2.02]1.19]0.93|0.621.4711.19
x4
qE}ﬂE 1.5510.25]10.7710.86 | 2.87 [ 0.46|0.83 [0.62]0.87]0.490.94|1.06|1.29]0.64|0.92|0.19|1.15]0.87
)
71€} Z2n]A | 0.570.89|0.98|0.790.42]1.8211.14]0.79|1.76 | 1.57 | 0.68 | 0.70 | 1.40 | 0.64 | 0.90 | 0.95 | 0.79 | 0.76
=4 0.8010.91]1097]11.13(1.41]1.26]10.95(2.13]1.47]10.81|1.65|1.2710.95]1.61]0.85|1.0911.38]0.72
T 0.5910.40]10.8412.01(0.66]1.03|1.16(0.99]1.41|1.49|1.13|3.15/0.98]0.76|0.84|0.68|1.19]|0.54
IT #2391 0.25(1.06]1.04(0.53|0.44|0.721.06]0.93]1.28|2.03|1.30[0.96]0.89|0.90|0.81|3.52[0.460.71
27 A 0.8810.5710.76 13.64 |13.16[0.92]1.9710.59|2.13[0.39]|0.7312.56|2.24|1.11]|0.81]0.27|1.26 | 0.80
Aoy wl
;flo = 0.5010.771099]1.14 {144 11.81]0.79(1.12]1.06|1.20|0.69 |0.76 | 2.30 | 1.12 | 0.80 | 1.04 | 1.62 | 1.05
(e}
st 1.5310.17]11.03]10.21 |0.560.79]0.54 [0.61]0.21|1.08 |0.58|0.1410.42]0.08|0.79|0.05]0.62]0.41
71 A8 1.1210.65]0.7811.99 (0.7210.55|1.91 [0.76 | 1.78 | 0.88 | 0.55 | 1.44 | 1.38 | 0.90 | 0.77 | 0.34 | 1.42 | 1.05
77 -7
_lr‘L'lﬂl];]}]] | 1.000.67 |1.21]0.95]0.72|0.95(0.79|0.69 |1 0.83|0.970.89|1.15]1.10|1.34 | 0.72 | 0.63 | 0.86 | 0.96
7, B
Eim’ " 11.1610.5210.5112.0710.99[058|0.55[1.81{1.09|1.21|1.11]1.7310.72|1.13]|0.55]0.55|0.85|0.53
71w st 2.0410.3410.35]10.40|10.8311.39]0.41|0.5710.63]0.95]|0.66[0.72]0.30(1.98(0.42|0.17|1.03|0.53
5_]—1 J—lv‘:_]‘]]' . . . . . . . .0 . . . . . . . . . .0
AFE 714 11.19]0.43]1.2810.2610.40]0.47 | 0.54|1.35[0.45[1.060.86|0.52(0.46 | 0.28 | 0.34 | 0.82|0.31 | 0.62
712 AT
Ao)lAZE | 1.71]0.23]1.17]0.23]10.46]0.29]0.17|1.67[0.25[0.56|0.65(0.62|0.37 | 0.07|0.30|0.04 | 0.12| 1.90
RES
Al1Azy 71421 1.1110.29 ] 1.38 1 0.52 1 0.28 | 0.37 | 0.46 | 0.71 [ 0.32 | 1.22 1 0.43 [ 0.22 | 0.66 | 0.17 | 0.25 | 0.24 | 0.36 | 0.49
Wk A 1.5510.0911.40]0.28 10.390.88]0.240.52]0.13|0.61(0.56(0.3210.35]0.11]0.24|0.08|1.4711.37
l 0.8710.2011.2810.2410.35[0.3310.43]1.41{0.33(1.47]0.53]0.21|0.86|0.28]0.241]0.33/0.220.23

E' i=
:ljlc‘%]ﬁﬁ 1.36 1 0.3211.060.13(0.260.310.37(1.79]0.32]1.190.90|0.26 | 0.30 | 0.40 | 0.13 1 0.62 | 0.14 | 0.22
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2% sheh, AESHA 2434, Alehel 4 FY
= X C{j
- I

3] Ve AT 5 e
- mE 2 BT AR JEREY A5E A 0 w9 gol AT 5
Qe HiA : BAEom, IT whelw,
Al

<E 3-12> dxd 71&«gdsA4 AT 4

AXx| 200339 | 2004~ | 2009~ | 2014~ | 2019~ CAGR
e Kl 2008 2013 2018 2023 | ('14~'23)
A7) 71 A-71 7+ | A 0.897 0.978 1.044 1.016 0.988 -0.279
A7y 7= 1.454 1.609 0.992 0.776 0.719 -0.757
el 1.647 1.935 1.071 0.698 0.483 -3.605
28 Ay oM 0.630 0.669 1.100 1.177 1.061 -1.032
Z|BAF YA )AL EZA | 2.419 1.361 1.010 0.807 0.668 -1.881
AFH & 1.092 1.015 0.938 0.953 1.058 1.052
IT ¥ Wy 0.321 0.460 0.701 1.088 1.608 3.985
vl 5 7] 1.372 1.366 1.015 0.771 0.881 1.338
33} 1.173 1.347 1.097 0.840 0.813 -0.333
=4 0.753 0.620 1.039 1.104 1.177 0.644
AETH EHEA 0.448 0.601 1.100 0.980 1.309 2.935
A o] 0.831 0.684 0.948 0.926 1.337 3.744
DS 0.469 0.533 0.829 1.076 1.454 3.056
7174 4 3} g} 1.044 0.924 0.847 1.020 1.130 1.027
A 2t 0.732 0.774 0.795 1.160 1.199 0.334
A oF 0.912 0.875 0.823 1.178 1.067 -0.987
A E A3} 8}, 3172} 1.042 1.040 0.841 1.094 0.995 -0.947
21 ¥ 3}1) 0.858 0.952 1.069 1.114 0.910 -2.000
7]z A 2.3} 8} 0.884 0.906 0.952 1.026 1.093 0.639
AN, oFF 1.123 0.948 1.047 1.115 0.879 -2.348
xu7|eE, 39 1.018 0.827 0.962 1.012 1.127 1.083
vl A2 W YT 0.182 1.210 1.954 1.078 0.282 | -12.543
3}3}3-3} 0.774 0.864 1.028 1.065 1.055 -0.099
M 1.107 1.038 1.135 0.937 0.917 -0.209
+4 0.784 0.762 1.009 1.078 1.121 0.391
227 A 0.968 0.941 1.077 1.072 0.929 -1.420
AR, HEZ gl 1.588 0.950 1.079 1.062 0.818 -2.581
A 2 AR 71A 1.567 1.214 1.018 0.951 0.787 -1.880
71} 557714 0.776 0.796 0.985 1.077 1.118 0.378
d T L A 1.222 1.186 1.053 0.920 0.870 -0.551
A 8% 1.301 0.921 0.981 1.062 0.957 -1.043
T 1.124 0.898 0.887 1.153 0.991 -1.502
7HE, A 0.574 0.852 1.029 1.094 1.073 -0.198
71€} Zn] 7Y 0.946 0.944 0.990 0.974 1.076 0.998
B ye) 0.532 0.898 1.198 1.042 0.978 -0.636
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3) o AAA 2k B4

HOIMB}stol A= A7 A =2 A H

qa o 29939 19004-2008 | 2009~2013| 2014~2018 | 2019~2023 | ¥
e 188 1,141 2,068 1,683 5,376 13,456
A7) 426 2,423 2,184 1417 3,080 9,530
JqE 236 1,235 1,449 2,209 1,994 7,123
ER 57 146 351 611 612 1777
kS 56 222 249 377 638 1,542
e 15 85 266 488 312 1,166
=g 22 58 404 249 336 1,069
T 26 100 119 252 390 887
Az 22 95 147 205 252 721
=5 14 13 7 195 286 615
< 3 4 13 219 344 613
AR 7 29 91 166 167 160
=5 2 16 70 77 260 425
o 2 17 61 101 189 370
A= 2 24 52 71 206 355
45 12 33 51 100 155 351
o 7 32 18 95 133 315
R 3 21 54 86 118 282
At 24 13 37 27 74 205
BT 1 7 34 55 78 175
ok 2 20 11 28 43 134
A 3 11 15 35 59 123
9 7] 9 0 5 7 34 71 117
Cht 3 12 13 35 41 104
AE 10 15 35 16 22 08
ECPS 1 7 6 22 32 68
olgefof 3 10 7 12 18 50
Alo] i = 0 2 3 11 25 41
EEE! 0 1 12 13 6 32

5) AAE, oA 55 G ¥

Al
1

Auto Journal 2020. 07, pp.18-20
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—E =7

(e}
rhe

8,014

5,882

2,423 2,068 2,184
1,155 1,141 1,235 1,449
188 426 236 . .
2004~2008 2009~2013

20034 O| ™

(2™ 3-72] oA~ &

11,949

1,417

2014~2018

= o] W%

15,425

3,080
1,994

2019~2023

<GE 3-15> olxpd A 49 2091 F5AA g
SE4x=| 2003 2004~ | 2009~ | 2014~ 54

AR o] = 2008 2013 2018
FAA A A & FA 0 262 917 2,521 6,431
2Hd ol <] ol o] &) 352 2,106 1,646 647 6,278
A ) 25 2 29 193 380 765 1,680
& A A 5}8} 50 145 176 371 1,547
=R ERA =ARKK 1 20 263 572 1,190
A A2 25 38 23 96 513
o A o] o] 1 mf| O] A &) 6 45 40 145 493
e s s Rl 34 87 67 121 489
ZH| 2 E B A A st 0 1 284 110 481
7] o016 0 8 113 137 469
Elea s e 31 53 92 136 420
[A ] Z&Atg e+ 6 26 48 220 402
st YA 7| Ed T 4 25 99 136 360
e S ie] 0 0 19 152 359
EEAF 0 11 91 189 327
FepERA o] AL & KK 6 38 65 94 279
WAA] &= $-AFKK 1 71 57 115 272
El i ST st = e 0 31 37 107 259
np 2 A TR 7] A KK 44 207 0 0 251
Y 3 65 172 10 251
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I 489

I 193

I 513

I 1,190

I 1,547

I 1,680

I mmmmmmmmmmmmmmmmmmmmmmmmmmm 6,218
. [

(28 3-73] o]=xAA] A4 109 SFdA

- OJAAAE A FsE AAAUYALEFA U Ao Ar]olo] 7} A9l A o]
Rom d=fFAA AdAsa, Qe 2 7]of A a7t A el
BAE]

- st @ A3V AE Sargslr|Ed T, ey, st Y
So] A9 BAF A

- 97 Vo g= B, FEEMA oA AFA SOl Aol A S

O olxd A 71&SE AF 4

- A9 SEAAES Yo r dArd V&g T AFES BAFH S xol #o
A = AL

- FHto] &Fo] &l V|dS AR ANUA|EFAHI o] o] Hofo] MEr|dYS
golst = U

- 122 -



f 7| Ef
; 632
\ 1 7%

(228 3-74] ol AAA A9 FEAA /%

(-

T E(IPC)

<E 3-16> olzA=A] A9 209 7l=gF A+
=
== s == 20039 o] A | 2004~2008 | 2009~2013 | 2014~2018 | 2019~2023
5= HA}
E AR ol A X &F4 0.00 0.27 0.71 1.34 1.29
2HA o] 2~ otol &) 2.15 2.22 1.30 0.35 0.74
& o) A5 215 0.66 0.76 1.12 1.56 0.57
A= )8t 1.24 0.62 0.56 0.82 1.58
T Q EFA| EARKK 0.03 0.11 1.10 1.65 0.85
2 A2 1.87 0.49 0.22 0.64 1.96
off 7| o] o] \=H o] A &) 0.47 0.61 0.40 1.01 1.58
Sk 9187 & < 2.67 1.18 0.68 0.85 1.12
2H| 2 E 1 3 A A} 0.00 0.01 2.93 0.78 0.54
7] ok 0.00 0.11 1.19 1.00 1.37
e S ) 2.84 0.84 1.09 1.11 0.78
[A] 132 8kAk] T shead -
l fﬂr 0.57 0.43 0.59 1.87 0.77
Sharo YA 7] &+ 0.43 0.46 1.36 1.29 0.81
SAkE = 0.00 0.00 0.26 1.45 1.59
GIEAF 0.00 0.22 1.38 1.98 0.33
H? A o|AFF- 4
TEEA AT 0.83 0.90 1.16 1.15 0.83
‘KK
2k 2] =2 AFKK 0.14 1.73 1.04 1.45 0.31
Sk st uakel g & o 0.00 0.79 0.71 1.41 0.98
n} 2 Al thdl 7| 2w KK 6.74 5.47 0.00 0.00 0.00
FAaYE) 0.46 1.72 3.40 0.14 0.01
- A9 209 SEFAAY ViERorE A%, vt ¥ 9 xef o] Ay 4
A, A9 TEFAA UiFEo] AT E 229 Al Ve AsH Aow B
| HO1M 10
ﬂq:mms \ 10,407
7, \ 27.5%

HO1M 12; 342 ; 0.9%

HO1M 6; 193 ; 0.5%

HO1M 14; 66 ; 0.2%
HO1M 16; 31; 0.1%
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CE 3-17> o ZHAA 49 2091 JERok SHAS

IPC(3)| HO1M | HO1M | HO1IM | HOIM | HO1M1 | HO1M1 | HO1M1 | HO1M1
A 2 4 6 8 0 2 4 6
EAX NI L&EHA | 1,979 | 1,373 | O 5 2,481 0 0 0
2ol =t o}o| &) 2,215 11,340 | 6 582 | 1,498 2 1 1
At AHE 2 128 | 167 0 1122 | 216 26 0 0
LA 38k 178 | 650 1 246 305 2 0
= 8 EFA EAFKK 164 | 312 0 332 351 0 1
A A ) 23 183 1 59 165 44 3 1
o A olo] Mo MG | 176 59 0 17 173 5 0 0
Elanet S e Rt 13 263 3 138 61 3 0
ZHZEERAA IS} | 325 16 3 20 102 3 0 0
7] o}&) 38 44 0 295 63 12 0 0
Elen s e 25 184 2 128 71 0 0
[(A]Z&AAATATL | 20 184 0 117 79 0 0
kol x| 7] =d 7 7 83 0 249 16 2 2
=4 e e 13 184 1 24 102 18 3 4
EFEAF 19 114 0 157 33 1 0 0
FelebAl oA KK | 45 111 6 4 108 2 0 1
AR &= 9-AFKK 39 83 0 99 50 1 0 0
ghgoistawiretg e | 11 160 0 38 42 7 0 0
a2 A el 7] A KK 35 83 5 65 63 0 0 0
FUAYEH 50 93 1 33 72 1 1 0
() IPC A4
IPC A1 (2024.01 HA)
HOIM2 |9Hd QA o]e)e] HEol o) ME e 19 A=Y [2006.01]
HO1M4 |d=

HOIM6 |12} x| 27319 Az

HOIMS |dZ3dx; 19 A%

HOIMI10 |22 A5 19 Az

HOIM12 | &4 A=A, 1 Alx

HO1M14 [HOIM6~HOIM12o.2 EHEA ¥ 7] 3349 dF £ Ao 24 2 2 Ax
HOIM16 Y& o d7iststs dAgAe] 724 =8

A e Ay FHE 71, Wie, dAaa, idew 2] ol 59
FwE(POE 48 v 283 2ol Aed &
b
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13 3.7

5\

31.6
% oina

10,407

8,038 7,854

2,756

342

HO1IM 4 HO1M 10 HO1M 2 HO1M 8 HO1M 50 7| E}

[2% 3-75] o]AxA X2 @z} FeH 7|&=F

=]
B4

R Sk

o
ol

- oAb A Aol FHE 5T H A5 R v
o
=

#ol Aed = 3

o] Att4el 352017402 83.7%2 A st gow, o] 8.0%,
ATAT) 6.4% £o2 BEAEYS

gk dogdo] GoiEHA 7ol B2 dAgE
o
=

<G 3-18> ojxbdA At FHid ST

==
=275 sFA= 20039 o|A |2004~2008|2009~2013|2014~2018|2019~2023
714 956 5,271 6,611 9,661 12,702
o &} 59 234 516 1,171 1,372
AT A 83 264 472 915 944
7R ¢l 40 105 117 176 395
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Apa ZHel
I:H _‘:—'5.F 2,678 833
3,352 6 4% _ 2.0%
8.0% ~ ‘

[ 3-76] oladA] A e 55 H&

O Mas &4
- Chesbrough (2006)6)+= 7148 412 “UF-9o Fils F3skar oF-9f AAA7]aL
AFS Fatkstr]l 98, S44E 7R A Ao YR 92 oA ow 8ok
ZA7 S0 2 Litchenthaler (2008)7)-2 “7l®Ie A& HAalygAol|x 7]=9 53
g8 T2 T8 VA AHES UE ¢ gFHer Fdste 719y 9549l
2 e

G ANYoR BEHE Ao

- AR gae AEE Fa A% dold Ay FA kel gy ik
AgE Fa Aoy, volrk mizys mde HasA, gy
w1 A] 7 A Bt oma A9 w AA, A A HAL Eatehs

651 L

- Laursen & Salter(2006)8+= /WA AE9 SHS ¢ A Ho] (Search
Breadth)®} Zlo](Search Depth)#&t= 7MY S Hx=Z E=YsF oy, LHol=
SJEUY s TS on|stal ol I 59 4

6) Chesbrough, H. & Crowther, A. K. 2006. Beyond high tech: early adopters of open innovation in other industries.
R&D Management 36(3): 229-236.

7) Lichtenthaler U., 2008, Open innovation in practice: an analysis of strategic approaches to technology transactions.
IEEE Transactions on engineering management 55, -118-1:148-157

8) Laursen, K. & Salter, A. 2006. Open for innovation: the role of openness in explaining innovation performance
among U.K. manufacturing firms. Strategic Management Journal 27: 131- 150.
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Yun(2009)9& 74wa o

SFR S Wuk oyl 7= o] /e HAE FESE &, JIEE il
3k Laursen & Salter(2006)9] /ME& A9 F&E B4s Q=28 79 g4l
A B4 WHS Ak &

MEE JaEAol = 274 A x7F AFEEM, A HAAl= JINE Al HolE
54 3}= ROI(Ratio Of Innovation), 7+ HA= /WWE dalo] ZolE FAH3} =

[0I(Intensity Of Innovation)7} &
2 B 27HA] A RS ALEEe] JIE HARA S T35S
A AH(ELe)e EFE

AYHEANE et 5 27}

il
o
k)
ol
S

oAbA 49 209 AelNAL HA ASLE BASE e X o] T

T A
<E 3-19> olxAA Agx FeH Al x4
3 2= Sl =0
== R AWESF B)FFEISF ©3 ‘ZF@L ROI=B/A I0I=C/A
0"1'—1'9_;(]' T
714 35,201 3,324 6,998 9.44 0.20
o &} 3,352 890 1896 26.55 0.57
o 2,678 659 1497 24.61 0.56
7R 91 833 315 744 37.82 0.89

9) Yun(2009), “Geographical Boundary of Open Innovation: Sources within and beyond cluster”, Working paper which
was presented at “Atalanta Conference on Science and Innovation Policy”, October 2-3, Georgia Institute of
Technology Global Learning Center, US.
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<3 3-20> olxEA A¢] 2089 HAIA S BA

czaq T wsas | BFF | LFE | roepa | 10-C/A
@A o x| &F A 6,431 181 365 2.81 0.06
2 el =t otol &) 6,278 575 1,167 9.16 0.19
A o A} 216 1,680 607 1,311 36.13 0.78
A 5}3t 1,547 128 256 8.27 0.17
T QR EAKK 1,190 96 194 8.07 0.16
A3 2R 513 163 340 31.77 0.66
o 2 A o] o] = m| o] A ) 493 52 105 10.55 0.21
Eisn R e R 489 75 166 15.34 0.34
ZH|2EH A A w8} 481 389 781 80.87 1.62
71016 469 467 1,015 99.57 2.16
i i el 420 100 209 23.81 0.50
(A2 7+ 402 260 630 64.68 1.57
iU S R b e R 360 21 45 5.83 0.13
== 359 125 255 34.82 0.71
EEAF 327 210 514 64.22 1.57
e A o] AR A (KK 279 10 20 3.58 0.07
BIAA] 2 9-AFKK 272 20 43 7.35 0.16
ko el ak et g = ot 259 66 145 25.48 0.56
np2 A T 7| AF KK 251 21 42 8.37 0.17
JuAY&H 251 18 37 7.17 0.15

Ao AL o|xpAA ol thEF /e Al A4} e Hol| L8k fukEl & AIx] 2=
ol Hpole 9B )3l Fulel: Hielo] RAlEolol sl Ao KO
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<E 3-21> olxpd A A X 4
=247 BT wEar | ®FESS %C%’%i ROI=B/A I0I=C/A
A& 13,456 1,412 3,024 10.49 0.22
7871 9,530 979 2,060 10.27 0.22
=) 1,777 250 545 14.07 0.31
A5 1,166 382 876 32.76 0.75
= 887 136 291 15.33 0.33
A 721 91 194 12.62 0.27
=5 615 103 224 16.75 0.36
22k 613 157 324 25.61 0.53
S 460 60 131 13.04 0.28
o 370 68 144 18.38 0.39
A5 355 43 96 12.11 0.27
3T 351 49 108 13.96 0.31
Fak 315 71 162 22.54 0.51
Zil=s 205 55 116 26.83 0.57
A 104 31 77 29.81 0.74
A& 98 3 6 3.06 0.06

- BE $REHE nsa 9t vhlem0s A% g4 o 4d
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Super Capacitor®} Hybrid Lithium Capacitor AZAFGY ) 3k vjvtelo] A7 A 7183k Carbond BaseZ 3F 84
A FFAAA, FHl, MEA)S S84 o= Algshy 318440 v Ale O]ﬂoﬁ Urta 54Ut Smart CityS 753}
7] gt AR A ZIRkAIAE ) AAS AR I ARG 7ERA] theksk Eotel] HEH L gyt
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AFoE, ol 53] Fad A/ABA b melle] HgHa gon, oA
A£GAL AYSDISH LGaHSE SolA AAHom agste] gastn 98

Huje el ALdE okl Ag, LS Re-Use9t Re-CyclingZ w72 F U+
TAZE A" 37ke] Co FFeol =2 AY IT7|7]A] ¥iEH = #HdA=
Re-Cyclingd] A3Fslm, $A7F vluad 80|83 52 &3 = 52 4wz
el dleolA &4 sor AstA AAEHe e AVAEA #HdA=
Module o]Ato2 RI% s o]& 7)o Re-Use”} &3t

202149 7lE Tl HdAR 2A4H g Fol olAHAE NMC (& NCM) 523,
111 6227} 2 A¢9™, 33 NCM 811 3A *gz 2ol 2}
A 28] ko] o] Fofx= T, 2025 o] 5l <

o|ZFAA| 7} A= o] A 1T AYE AFTLE S5T Ao

SAIT el Eeole AAZAE= d5-2 Li-S) £ da-37] Li-02) o2 |7}
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Ao 7 A7 o]AHX] §rrE He o

WA gEel WiEHE = 7P de] ARSEE olARAIR, THA] VIEeR A
OJZAA Al oF 95%, AIAl wiElE] Al oF 65~70%5 A 71EF 23X (L
EFA, UAA, 22944 39 Veez A AA 23R Aol U 502
AAskaL, ol gk viE gle] tidk R tiF-Ee AeA, Fod A R ARlE

e 2 A2 AsaE, FHr17], AUAAZGAESS) =2 SR Aol
=™, 2021d HF wiEE = 7HA SHAM M 2 A FREE BIS
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osl Fwu. wiEe A3 BAE b wA FAE E 24 Agel Aok
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Umicore(®7]9)]), Glencore(~%2), Cirba Solutions("]=r), Contemporary

Amperex Technology Co., Limited(Z=) T°] d=. 7L JAEL v=Y =
FA, A, A, FEYUA, T2 A, AVs i 2 a4 A9 S $ 3

AGA GAE F3YL. odF F8 /199 ABE ZAs ARs A9F

— P H= p4
UA7F A= o AlgelA 3 dAE FEsk=d =] HAF
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Ak 747ko]l & AR sk 7hgd Dol 22%, vl 14%, - 13% 2 F+H 6%Y
To 2 e

PAUEESE FFA 62,6597, SFA 53,0447, sl 44,7534, ¥
B

AR ebel 7t B9 WES FFAQ@8WT MY B Aom A
S5, A, weutel 20% sl 4 HMFS melw i, ABEH o
Bopiz AulHom 29 A9l . AEPRE A Pt 45 IR aYn
. FFA, SFA, Ade L Beuh Rop 16U JFow wPolA 29
A% ol ALEI HW Hope A4HAZ AEHE Ao sld

- 133 -



KUNSAN NATIONAL UNIVERSITY

C,I) e Fe T

O oA A] #ore] &Y TOP6+ LG CHEMIit(9,39571), SAMSUNG SDIjit(8,984
1), SANYO ELECTRICit(7,2407), TOYOTA MOTORJil(7,42571), LG
ENERGY SOLUTION;it(6,34471) % PANASONIC HOLDINGSHit(5,943 )=

2AHE. A, =, A, 2 Zoke] 49 QS AA e =493

e

AR Uehda glont, AEgst bl ok AA 49 U OE
950 BEHE o 2AHY

O AEAGL A Este, AYFe, 7el E571A), Ak 2 ERFdo X9 95
b= Ao g ZARE. o|xbdx|et A-EE A7 7A- 7T UA] AR Tte 7 ESEA]
47 07215 thh Fe Aog BEAE o] o]E FAl3tst weto] Q3

O thF-Eo] ojxdA #d E3|7F &S vHFE3 Fedx g LHE o Qo tish
A4, R GgE 7 ok A v&o] dEHoz Eol 7| HF Ak
Ao FolE. AEL npyEH(F), daAo| e A(F) B @7k 5o 7]
Al o)2A K] 7oz Fldd met F5 AT At upz g A<

O "o|AHAA = 27 715HE AEx}, ESSTHA] Al =871 Az SjE Aoz oAk,

= Hig g

1o
4
BN
=
%)
Ll
N
N
X
o
o2
ol
o
X
X
rd
ol
o
uls
o%
rO
i
=
)
__(?é
o
_—
o
M
S

O 20159 oA = WA EAS o= I
Ag-sto] wE el HuiE g A, oA A9 FHuk Alar
oA A Abgo] wWE FAHS MAMEE WEkow HAF ¢

o2 o5

O wehA, A= AZE@AW gFol oA, A7t skl ojakdA,
4AT A oz Al F)ell thEk s e o] Folor & Aoy MFA HE=

AHAG WS AR Ve A s= Aol nEdE A

- 134 -



