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3, Amet BE SO WS Y AAN FIol Wesi AENOR F
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ZAl0: BHFE, 33Y, BATE, FYorAIoL FREH

1. A& 399 223 giFet giogA |39 el

A2 A FAC 22T AP 2oz 22d 2390 Fotgo] Yzt
WA A otuo] fdo] AN £ o2 Wt AFL ojuxiet A
2220 olojEEs} U ke FrhRA, ol2d BIY 2PrIt 2 It AU
Hol 9oz AAW),

gae MAxtdol REsto] o|ux] BF9| o 96%S 4ol oEstw rt. 5]
oAzl e TaF ALY AFFEL 20199 7|F 13.3%0] 2Wo0], o= AT
AHOo] 34.7%Xct X It HrFo|tHM.C. Kim, 2024). ®al ojyz} 2x} AX]-
Aol W g4 YAt WA YR(QAHE 5) A4l sl 2o oEstn
ok, ol2ldt L& &0 0F £ 25, 93t AP 5L A0 oA A

< g stn B3Y AL Fotsp]
mEol A U b Awo] WarAolch uF AILEAZ(USGS)e] 20259 119 6
U LR AYYZO AF Lo F 6059 o] EAw o] glon], 2F, 2
. g20lE, 28T W ASA 37t

d fhE, A2 E AE, ZY(FHEE) 50l A ol A2 BAYAl FEoA
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o @3-5eokilol Bal: SYoote] AILE AT A3t ¥ Al BHo2. detua,
40(3), 167-197.
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SHAFEOA AR AFY XA A= =ordey, §35] YAn
R, F=2 ddG=E BAE AYH FUE oplt 274

ATt F=2 viE & A JJEFRO 95% o2 X2-AFH TIE ZFA
At S22 AF SSAIEY 70%, 29 40% o3 XY-2RH VIE BT
oA ittt YA FAl= A2F 71ELG 2548 7IE0A 2 AolE HAT QA=
Hrlot= Rl2|dez A YA A9 oF 45% 5 AtR|st= F|of AYAA|olX|T, Q=
Ao} 7]4S0°] ARt H52 10%0] S4sith. $=2 XA 7|&o25 30%0]
zatsialat, QEyXop U AA] RHke] fiREe A9stn glon], A A Uz
A9 65%E AfH 7IEL 2 AX|RIT. o] A4t 1E(Tsingshan Group)#t 74
9% UA(iangsu Delong Nickel) 2 29| thal 71950] A=uxlote] ek
o](Weda Bay)?} T z<a] AtAohX|(Morowali Industrial Park) & of2] AFATHX|o]
A #d2 st 7] "ot IAYE FAE X2t £F5E RN [ARE
2 wolu], F3o] Qo] 430] 3 o4 ATt oMY A2l £23W BEOIA
g0 B3P0 wet AT IV AR A AND Ak B
2 714, ASFold, MEY, o WL HA Mulo] Frhst JFL Ul & QUCHIEA,

2025).
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Copper Lithium Graphite REEs Nickel Cobalt Rest of world
100%
I _ DRC
80% - : - mIndia
- . Japan
60% ==
u Chile
40% . “ 1 Australia
u United
20% v o States
Europe
0% m China
R \Q ‘\ '\

@Q@ éé\ \\\ ‘& 5’ Y a‘g}\ ;
& o e°‘*‘ & Fet cfzp F o~x°‘ " ndenesta
<33 1> 0 WUGEQ /P8 A A=Y A5 12(20249 71F)
REEs = 3|E& YA S(Rare Earth Elements)
DRC = Z191# 332 (Democratic Republic of the Congo)
458 (Ownership)2 714 2AH9] ¢Jx| g 7|1Ee2 &
* At& : IEA (2025). Global Critical Minerals Outlook 2025, p.28.

ol2lgt ulZolA P R MR WHA
st7] 918t x2lg wAstsb k. 20234 29 A
QA F20] 3t JEES Fo|7] gisl WUAIY T2 FF £ AT A
TS ARAY S TRSACHAAFTAAYL, 2023). AN AHLo|A Tejrt B

detete S® obf 49 A FF 8o

2024.06.27.). Q93] Atsto] @At ZE-MulA, @UIHAAE, QUS S 3
7 RoF AELIAE Fol WRA AN FETAL. S8 Tt JEES B
Ty goz A olAe EL-MUAS ARy BS-AuA'2 Y Hest

T ICHAARA TS, 2024.06.27.). E3F, 202491 99 FFLrEYLAol FIYe
Qel713'e dxlstel 3% st B B2 =9 2L 33

ua X
& AH A Y 29, 33T WIS AT R85 S AU AHETLE

3) 2l&, UA, ILE, P, 54, SIERGS: (I+4AH4) Heds, d2azzg, By / (FH=A] Aot
Kﬂ) k“_ﬂ‘ %_]-L_)
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olajst A=A sl oloe BPstn TIY 5B At Y zAvoz:
A7t Qomz, 21X Yol Wasolate QAo SAE Yt AME T Aw
o AMZAYYL(PEF), AMAE AYYAZAU(FORGE, F2URIEA
(MSP)e] 3A4IA) S thx} @ao] Holsto] MUZE0] 23Y rhwiste AL 9
on], AR ojst 52 3 e oW Mtea ¥AL Zsstn Yok ol
A AR Ao 22Y 223 gt wo] AYEE steY, B 2L E3] 5
golrlo} Ao FAloR o] AAWE BIY st L olHA @
=] O
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SAstIAL @k FYotAlot: BRE AlUn FAR YRS
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FYotAlote FiRts AR, SxuFARL F|2IAAE, ERFIARL S2agyx
g o ek AN, oS Fhe FRF FANYI AP QFA2A
o ojulg Atk FYotAlotlA SlERO tiE T AL Fskr] Y8l vl
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ARl FolA g} oA Wi, FYotAote] FE uiggel AZE + A+ F8a
Ad FFe AW U Jle el Zed we AYe 35 4 9o
.Vakulchuk-I.Overland, 2021).

Fdobilol k5 MBS FA YT HYs| stk FYotrlor 2rhE

8.7%, &¢20|g2 58%, 129 5.3%, ILEQS] 53%, Z=2]Utlo] 52% 5 o8
A

13329 AA miFgZolA et vlSS AAStL Aot ol2fe AtdS2 HgT o

it 33 EUIoA R wjgl2] X7F A|A”| o|27|7HX] FHLAT B 7=
of Aot} E3H, FYoAof Z7tE2 oju] W2 MATZNN AA FH 204
MAFo] 435 9tHR.Vakulchuk-1.Overland, 2021).

o

g =7hE=2 HY, FXts A2 33 EYo AREHE= 389 AA Y gD
= H{5t o, NjA 29 Ait=oltt. o] uto] ufgE2 of 29 33T Eo=
FRAEY, ol A AMA thFF 59 7AW &9 oF 40% iR IS AR Al
A 59 oA whiFgZa} Al FA uFFolA AMA 8AUE AHX|sta lenf, 2, 7}
L&, H3Ao|E &Rl mFFoM = MA A 207=0] &t 2§ 22 4R
BE2 oA S5 AR ddken, W2 A2 Hojgrt oAs] £H A|E ZAL
of 719tsi Qlo] =Xl X|F7H7t B sttt FAts AT BAF2 10714 F=
A BAZ 71E(ZE 29, 7I=F 29, A2ls 69, ofd 69, & 7H, & 79, g
791, H3Alo|E 89, EFF 8%, T 9%) AA 100 Fo ABAF A4t

(R.Vakulchuk-I.Overland, 2021).
SZH|7| 282 AA 11949] A" 9] fgFS BRste len, 2, SHH,
=g, 2§ & U2 M=ol AP ZAE 7R Aot SZH|7|AH

F2o| A PPN B2F 8¢, 28 119, Ay 12w &
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AEE
F2), otdl, go| Wrjd e mostn At 7l2rlasge] B2 AYL o2
2stsat w@std tha AgmolxEl, AR olux 712 9§ 97K ALl
e 2ol thel FolA B 259 AWSH AR R Yok BRI

H(d 149, o 219, €FulE 339 &), tA A2 AROIXT J|2I| AN



309l 72l 479) oA A= FEolN Y AMLL JlSstn Ao
(R.Vakulchuk-‘I.Overland, 2021). &3}, 7|27|AAE1} EMX| 7| AR

AP Aol EaARQl e e E Rz FA ¢ A4 JIti0.Akromov,
2025). Tebd, Folo} At FRECH WA o e

23 g
32 g% AUFL TINA 2B 4 Ut AFL 231 Aoty T 2 Yot

<& 1> Fgorot Z7HE HEFE U WEHE) R A i iyl ul5(%)

o ZYoAlor
Fotxlote]
A= IR ARE  F|27|AAEE EAF|AEE QRHF|AE R A g
= n
B © o] HE(%)
W
681,342,741 48,816 270,000,000 173,000 951,564,557 38.6
(Manganese)
3g
(34 2 3B)
[Chromium 230,000,000 390,000 0 0 230,390,000 30.1
(ore and
concentrate)]
3 (Lead) 15,473,215 41,000 10,000,000 413,000 25,927,215 20
o} (Zinc) 31,436,736 24,000 10,000,000 4,549,000 46,009,736 12.6
EJ% 45,608,070 0 0 350,000,000 395,608,070 8.7
(Titanium)
YF0)E/E3
Alo|E
] 309,885,594 42,101,000  1,000,000,000 12,700 1,351,999,294 58
(Aluminum/ba
uxite)
7] (Copper) 38,582,964 640,000 150,000 741,200 40,114,164 53
FYE (Cobalt) 208,121 373 0 645 20,9139 53
gejug
713,827 2,523 0 139,000 855,350 52
(Molybdenum)
23
19,885,503,100 549,000 500,000,000 22,000,000 20,408,052,100 4.8
(Iron ore)
U7 (Nickel) 118,000 0 0 3,700 121,700 1.2
o
(Z=T=8 o)) 48,153 672 60,000 37,700 146,525 1.2
[Silver (kg)]
ZA (Tin) 192,375 186,761 45,000 9,500 433,636 0.9
2]& (Lithium) 50,000 13,923 0 8,334 72,257 0.4
£
488,400 272,215 0 7,600,000 8,360,615 0.3
(Graphite)
A2
. 5,090,000 0 0 12,000 5,102,000 0.01
(Silicon)
g25
0 1,524.5 0 1,098 2,622.5 0.01

(Tellurium)
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A (BAIE)

[Selenium - 2.7 - - 2.7 a
(refined)]
b=
F = 85,233 353.6 - - 85,586.6 a
(Cadmium)
72 (Gallium) - - - - - a
20g
AA=oks 4,372 - - 180 4,552 a
(Germanium)
9lE (Indium) - 2,617 - - 2,617 a

a. o] =74 sl 2ol izt HlolE7t =& Qlof, AA mgHF v|FS AT &+ 3.
* AI& : R.Vakulchuk-1.Overland (2021). Central Asia is a missing link in analyses of critical
materials for the global clean energy transition, One Earth, Volume 4, Issue 12, 1678-1692.

A A QAR MNTE Fu APe Uad A J18® opat A o 7
Ae A oo o8] FAEL ek APe] FYopiopzo] Mgt TEAOoR
F3 A Aol i3t Hobge Fol: o] W Holck. FZL AA Al 60%
o} 7+g S2o] 85% olabe

Exst 9o}, 229 T2l utrfst gk sPA}
Sl 9tk F2T A 7 AR 1g0] AW, EUS 0]Ze YRR chas

= 27} gtuol WA 942 ¥u 9lon], 53 vlo|o] Agute] LAY A
2% 5AE B8T U 1 "wayol g3 AN
olo] Wt SUATEV)L Rts2gT Qxvy|At NS FYA TGEUY
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n>‘ |

1%

of ¥ FZAMOUYE AAstel, 54 U HxL AY Smo] Rt PR
23 gusty st Yok EUY 22 Aol Egol(Global Gateway) Akt a4l

YA (Critical Raw Materials Act)2 ZYolX|otE F=1} 2A|of=HEQ] TfH
glo] A Zzozg ZFxSith o= E3F Ch+1 HALE )3KCritical Minerals
Dialogue)& £4WAI7 FYotilot 27k5uel chat @2le 3352 9100, ol o
=o] o] XS ZF2H FIY S35t E= RS HoFTHO.Akromov, 2025).
ot 7] FLSmidthi= ERX|Z7|AEHS] W RX9F FliZAE AZste] 22 S8
£ FXI5t1. YrHA.Meirkhanova, 2025).
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10 WA
A A BAZ A glen], AEIIE n]l2XedE e A= Yo o
A Aoz Zajich Tl2slAAtte ANBE AZS AT olda
lsti Qer, ol= B 59 Mgk sl AAels] ozl Jojirk olet &
ALSHAl, EtAI7| 282 |, otd, el & Wit tigRE &85t7] Hdl A" ==
o] AL 7¥ststal YrHN.Mukhamediya-D.Ubaidolla, 2025).

N9 2HSE MALE 507 S7He0] wjet EYoiKlor FRES xpRe] MY

g Ao FHIFo=z FojAl7|n ot 20241 RAND At HIAE A A3

e}

ySPAl
s
ARSI FYotAlol 5742 AGdolA W2 AHut A A LS AAY RS
A1t 58], FRts AR of Ao MAFo ML gFLolatwA 1 A

2R odshe 7hx st HF. Villalobos et al., 2024).

Fixts Astol= H4 15719 AR Ses WAL Qon, XaRtY FAlE &

g 46x @eo] olg 4 Utk WIS FRIEATO] FX A A AA of
+ 3= ZAYE FAAjEo] Qicky 8y QItHP.Jlorunos, 2025).

A AEstolat FtsAR Aol AEl 2Y 2199 Do 2o m(Termman
Mypues)ol waw, 2022W%E 127] 7oolA 8]424 ¥ SER TR =St
AP glo], 7t pojo] Muto] AL L 9t} ol Sof, ofEH]-Zuh2 =(Awr
106e-Keapu) 192 &, HE§, &0 S5t} U2 FH Z(Mupomo6osp) T+
2 84 @72 Kol Wrt. BEA 2% (Bpycwos) 7L O|EET olEE Y4t
BaLAsH A= AT £, FEH(Axbynax), 5 (Kenkyayk), 0| E]Z(Kyn
pekTukosp), 2xfulof AWK Pxasaa Comka), Y 7}0|(Bokain), F4]|2.0](Kyneomn),
S 23 A(Xoproc), &2E}(Uynakray), ZAENALE (Kenmbremmart) F9oA T 7}X]
AL A4 So] QL YJHH. Apobubi, 2025).

FHAts 28] 2lF mjgF2 79 560080 Foich 27t AMY BEoE= SIS
A%t Aol 67) HA WA shtol 913 wpgR|(RERMARC HAARL)L

d

ZdEo] Ao BEE & UF 2UFE HUE, 88§ 2§ 5 UE & E42 iR
Ao ofst A28 3|23 Aslo|ct. w3t FIAISAEN= F O] 1009 Eo] Zot=

2aludat 29 8,00082] Lol oy uhgao] it Mzstxziat Fhakzict A do)A
= AACA 7hg ug 24 3 shidl QABo] Ap2E L JchH.Ipobusr, 2025).
ABARRe Flepzith SolN R SEE 24 tgAs wAWA HH 9

AR ool AAR ME Zxpt @ 7hsAol AR 202549 49 FHREB AR A
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EFAMAIE|(LenTpreoncbemka)ys 2022~2024'd =7} A2 €A 2 T500] Ajto g
JleRith Zo] FolAElE FololH PAb AL 1WA F. & o 1009 £ F2
o 3Ef F4 xidol Y og §F xS APt WEPch 53], ‘o2
='(Irgiz)?t "= 2'(Dos 2)2t= & 709 §% #9o] ALY, o272 XY
o ofu] UpR A Aut of 803t £ BEF FHo| ExfsH: Ho2 LrehttM
MHUCTEPCTBO IIPOMBIIIJIEHHOCT M crpouTeriberBa PK, 02 ampena 2025). E

Ax}, At FtRps A
(ana Kazakhstan, M2 7PtsAgolat ouyoz Jgg FuAF o5 Ao
2 Z7t2 =AstEL) o] gL FolAE 79 MRS IS, IBH AZo2
FHF0| oA Ao= Uehdth At} StEAH A9 HER 24 AU 2

o] 300m7}Hx] o 2,000% E ooz AW, PF AFS EF o 700g 27|

g ARsAtse ANE Atze gA doleE F¥ B3

CHMuHuCTEPCTBO IpOMbINIIIEHHOCTH U cTpouTeribeTBa PK, 02 arpernis 2025).
JHpEAEre] AYAMRLE oo s” SEF RSt 9U x|do] vtz 7
ZEct, JtsATe SES Ui PN AAE A5 Auiysin dg
AER 34 MUL WA WHAZL 4 9L o2ty WA o ol AAxY
2 Zeln ofrigt SR Wesitt S d
Al FHtEARre SRR 249 AF 71E J1&ol BEd S1Y HEUd oEsn 9
o YR WARELS YA 0, PAY, ¥, AU EAAET FAT JAE
uksl ub QItKP.Jlorunos, 2025). 71Xl AE AU 2024~2028ES oz sl4
24 9 SES A4 WA AL ALYt 202819718 o Hopol T TALS 40%
ghtjjsty MAgS 3A 52 A= o|t(H.dpobusr, 2025).

20244 SAW|7|AS FRE M2 WE KSHAHEY(On Subsoile AW,

e

o
g5y JERH F8 £ AT AR m2AES SAShE AAE Yt 2L
., AR QUY FAAADAAMMC)Y ABNZH LxH7|IAH J|2IFHTA
(UzTMK)Z Pt UzTMK: AZ713-49 A4S oflgat o4 58 82 ¥

re
L

Ae 24E M2 a3 Az 1522, 7 A g2t =& Y A2

st, AR A=A RE F o2 HiE FE o 22 LRI/PA AF B4

7HR] RAA] 7HRAME S AEAoR o2y ot UzTMKE: ZA| EARISS tjare
dl

qywe S 2 I} 2 gusty glov), 5o meAEd:

(o)
U

S

ol

n2AES A4

|o

22a]Z(Nurlikon) 4At9] 2]& 7jo] Z3St=ICHB.Zakirov, 2025).
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2025\0] 9 xu|7| A8 Tt 287) Yao] A 767) AAYE medES
Wshy] 91t 3uU3F 269 F2 Fmo| Frp 2P ARG o T2 T
& AZL dol WA - 7HR - W32 - YAEOE oloAk AL BRI

7R 3ttH(B.Zakirov, 2025).

QZH|7| A2 w2A A Z2ojo]2 RSt glon, Fa-Fejudl-A g2
B7IEE 3 ER S 30%F o9 FES Hiot Aot o] yate] &eld e o

2 AA 119901y, 23t F2jud jggFL FIRES AR o]o] FJoprjotoA &
HA R FEo] TR AL S BoE. SxH|7|AR FEE 342 IFES ALY
1 BRI A] Hgho] HLAQl Mt Afdog EFSEL glon, AHREITE X
71X7HIngichka)oll= ©A”l A= EXgct. 20229 7|&E, =H]|7|A80] B4t
St 2371 €A F 67071 EUC| <Jafl AMFER EREQUCE dX 71719 WG
= WA ERlEo] AW, MHAR MIFEHE X2 16710 Edsioi(B.Zakirov,
2025).

7|27 AAELS 20229 W wES '2023-20359 F|27|A 25}2o] XA U A

12
2

-

0:

g WA g o] ot F2o AZ L MR 7199 LHE £Rstn ok o] )Y
o 2 SE: AW L FY RollA PR EA AL £YSL, BN
d FT 712, Ful R AN EQstel, BB WAL Wk AR A2 L k3o A
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Abstract

Mitigating South Korea's Critical Minerals Supply Chain Risks
and Strategies for External Economic Cooperation: Focus on

Collaboration with Central Asia

Byun, Hyunsub

This study explores strategies for strengthening South Korea's economic
security through the stable procurement of critical minerals amid growing global
uncertainty and intensifying geopolitical conflicts. As a nation highly dependent
on external sources for energy and critical minerals, South Korea faces
significant economic security vulnerabilities, particularly due to its supply chain
concentration in China. Against this backdrop, this paper focuses on Central Asia
as a strategic partner for diversifying South Korea's critical minerals supply chain

and proposes collaborative approaches.

The research is structured around three main components. First, it analyzes the
strategic value of Central Asian critical minerals. Central Asia holds 38.6% of
global manganese reserves, 30.1% of chromium, and 20% of lead, among other
critical minerals. Notably, Kazakhstan, Uzbekistan, Kyrgyzstan, and Tajikistan are
emerging as major suppliers of minerals essential for advanced industries,
including lithium, antimony, and rare earth elements. Second, the study examines
the development and policy trends of critical minerals in each Central Asian
country. National governments have prioritized critical minerals development,
actively pursuing foreign investment and industrial modernization through strategic
partnerships with Western countries, including the EU and the United States.
Third, the paper presents collaboration strategies with Central Asia for mitigating
South Korea's supply chain risks. Key strategies include leveraging summit
diplomacy,  establishing  government-to-government  cooperation  channels,

public-private joint investments, and expanding development cooperation and
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people-to-people exchanges.

Building on over 30 years of accumulated Korea-Central Asia cooperation
achievements, this study emphasizes that strategic collaboration in critical
minerals can generate mutually beneficial outcomes for both sides. However,
systematic approaches are necessary to address challenges such as institutional
and political risks in Central Asian countries, intensifying international
competition, and infrastructure deficiencies. In conclusion, Central Asia holds
strategic value as a key partner for diversifying the China-centered supply chain
structure and strengthening South Korea's economic security. Realizing this
potential requires the government's long-term vision combined with active private

sector participation.

Keywords: Critical Minerals, Supply Chain, Economic Security, Central Asia,

Economic Cooperation
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A 23 x| 2EAQ Wats sty UA &
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2 7tasae 19759 689 AWulEolN 19909 1,1000] Ugoulez Srhe gt
(QHAF2, 2024a). ©3atolut AR AAQ 2021do] EUE AJot2 e 1,5709 ¢
Wulel] HAAS 2tk

EUL 2Aol-$3etolut A7 o E7bxl alalobit ofuxiateiel xejd A
AR 2ol Aloto] gt e oA JE=S AL Yt 20219 71
EUL A4 9 299 oF 25%, HAZRA 299 of 45% loto] oJEsta
Atk 5U] AL oMt MAZLA AEEs} 50%S Hold PEZ &L L7
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<E 1> EU9 £Q HAA $U=2)
o9l 109 YulEl(bem)

20214 20234 20254
2Ajo} 150.2 429 40.9
Y 18.9 56.3 79.4
r29o| 79.5 87.8 97.2
Holmalz} 44.1 41.0 38.9
7)e} 415 61.9 55.5

* X}& : Council of the European Union (EUZ}=0]A}3])
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2) Council of the European Union. Where does the EU's gas come from?,
https://www.consilium.europa.eu/en/infographics/where-does-the-eu-s-gas-come-from/#0
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I AR oA = EUs Aot EES E°|HA, 290, o=, 4o}, 7}
Asaetold Yerde Hrjetyct. DL wagolet & nj2 AT Y 4
Zog Bystyrt. olo] watA, ool TEU 8 +EE2E Wste] H9U1, A
A Hg-MestA-ME 5 oux| x| o] ) WEU 22EE02 xejujz]
54 &]9itt.(European Parliament, 2022; European Parliament, 2025)
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3) EUROSTAT (2025b). Imports of petroleum oils from main partners,
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=EU_imports_of_energy_prod
ucts_-_latest_developments
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2 Aot F=o Higt AA7tA SEEEE FGASH FUIskdH. 20243 5=
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4) oJx]7]FQN BP7} Ufd W3ksHe Statistical Review of World Energy: 2023 R H U7t7]3o]
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5) IEA. CO2 emissions by sector, European Union (EU27). 1990-2023,
https://www.iea.org/data-and-statistics/data-tools/energy-statistics-data-browser?country=EU
27_2020&fuel=C02%20emissions&indicator=CO2BySector

6) IEA. CO2 emissions by sector, United States. 1990-2023,
https://www.iea.org/data-and-statistics/data-tools/energy-statistics-data-browser?country=US
A&fuel=C02%20emissions&indicator=CO2BySector
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7) IEA. Global electric car sales,
https://www.iea.org/reports/global-ev-outlook-2025/trends-in-electric-car-markets-2
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2] A7F LNGAJALS] 5%0] sidst= A7t 1009+ F-2°] LNGE 2XAQ1%7}2(FOB)
xAo=z 2047t Fufsty, TAAIL YA LNG =2MEJ Qs oF 1X1300kn
720 kA AX|E s 422X 1Y HFAIA mrojmelQl Ao et FAE
g 358t Ugo] AU (AL 2, 2026) =714 AHLQ] LNG A4
T oux]7]ho] otd A F7F EFno] AFWA QlAolE AFrE oz g A
g JEolA SutE hsty] sl 39 Aol g ZAIRIFHUWAEY )=
Y271 LNG 2R E FFEAZA(FID)Z 20259 12804 2026\ 3= KA

2 9t

3) EYm 27] WRo) A=A UAAY 252 BET DAYy Y

Egm 27] PPUE A2 OUAAY 52 EU] BHAYY xU0T HEY
ok 2Alol-92ztolt A ol% He-HATEA-ME 5 ujFe AuixAYL 0]
o] HEUFY £EFFo= AuidsHA =JAnt. 2jrJot-f32tojy AR o]HQ
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(Mechanical appliances and electrical equipment)’ 7} X}X]gt H|&Ho0] 22.2%, A
S-HALA-MEro] 14.3%, °]%FZEo] 11.9%, AFEXI L &-27]7F 11.1%%c}. ole}
Z2 482 2Ao-Agoly HAY o]F o] Walstict. 20249 Ul=9] HEU &

1 A-FAA7tAa-Ngto] ARG v|F2 22.9%, Z|AFA] € HA7|AHu]7F 21.3%,

L

oFZ o] 10.9%, AlzAl ¥ 7171 9.3%= Atslo] ¥iststct. (Eurostat, 2025a)
A 2Alop-La2tolut AR Aol uhutx|o] chh2@A, u]2e EUZL A4Eo
2 uj2o] uRAAS YT RAAsto] chgt BAo] AAsHA et 2fxjot-23
slolu} MR old LNGHC} A3 mpolmalel MAzkA g3o] &Y EUAA =

=

O

i

o



UNINOMIC REVIEW 37
Alo}-9Ietolit A7 olF LNGE 58 HA7LA FFol ATPHAA, EUY A%}

—
YoM AA7tA 8718 B2 78 U 27MESs2 At €9l "}

e g
UMZ 20149 2fxjofe] AAYE W0l $ EUY HejAlol M2 2HAotzue A
A7ta 2qlo] WrlAoz ozt ZARHL olF HAotzRE HstA 24| ot

i
Al @535t A7 29ith. (Energy Institute, 2025)

Um EYL EUS SOIRAS AASHA, EUS) ol ojuxiRtY 490
¥x7oz 2gsioch. 121 0]F-EU ¥4 Aa, EUE EYn g5y Qrl2
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Abstract

Transformation of Global Energy Supply Chains and Strategic
Responses in Energy Security

Ahn, Sang Wuk

The global energy order in the twenty-first century is undergoing profound
structural transformation driven by geopolitical conflicts, energy transition
policies, and intensifying strategic competition among major powers. As energy
resources and supply chains increasingly function as instruments of international
politics, energy issues have expanded beyond economic concerns and have
become central to national security and global power dynamics. This study
examines the key drivers behind the recent restructuring of global energy supply
chains and analyzes their implications for the international energy order.

The analysis focuses on two major factors: the restructuring of Europe’s energy
import structure following the Russia~Ukraine war and the growing uncertainty
of U.S. energy policy associated with political transitions. After the outbreak of
the war, the European Union significantly reduced its dependence on Russian
energy and diversified its supply sources toward the United States, Norway, and
North Africa, accelerating the expansion of liquefied natural gas (LNG) in the
European energy market. Meanwhile, changes in U.S. administrations have
increased policy uncertainty, as reflected in the modification of the Inflation
Reduction Act (IRA) subsidies and the renewed promotion of the Alaska LNG

development project under the Trump administration.

These developments indicate that global energy supply chains are increasingly
shaped not only by economic efficiency but also by geopolitical competition and
strategic diplomacy. The study highlights the implications of these changes for
South Korea and suggests strategic responses, including supply diversification,

strengthening LNG-related industries, and expanding energy diplomacy to enhance
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national energy security.

Keywords: Energy Supply Chains, Russia-Ukraine War, Trump Second
Administration, Natural Gas, Inflation Reduction Act (IRA), Alaska LNG
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Abstract

Germany’s Energy Transition, Economic Growth, and Fossil

Fuel Dependence: An Analysis through the Lens of Greenflation

Kim, HyunJung

This study examines the impact of Germany’s energy transition policy on
economic growth and fossil fuel dependence, focusing on the evolving debate
surrounding “greenflation.” While the energy transition has long been framed as
a climate and sustainability project, the post-2022 energy crisis has redefined it
as a core issue of economic security. In Germany, the rapid expansion of
renewable energy coincided with increased structural reliance on natural gas,

exposing vulnerabilities when international gas prices surged following the Russia

—Ukraine war.

Drawing on statistical evidence and policy developments, the paper highlights
the strong linkage between natural gas prices and electricity prices, demonstrating
how energy price volatility can transmit macroeconomic shocks to industrial
competitiveness and economic performance. The initial greenflation debate
emphasized rising renewable installation costs and supply chain pressures.
However, recent developments reveal a shift toward the internalization of
“security costs” in energy pricing, as governments increasingly seek to retain
carbon-neutral industries within national borders amid intensifying subsidy

competition.

The analysis further explores how Germany’s policy adjustments—including
fiscal interventions, electricity market reforms, and industrial electricity pricing
debates—reflect a broader transformation of energy transition policy from an

environmental agenda to a strategic economic domain. Based on these findings,
the paper draws implications for South Korea, arguing that the critical challenge

lies not in the pace of transition but in the institutional design of cost allocation
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and price stabilization mechanisms. Ultimately, the success of energy transition
policy depends less on short-term price levels than on the structural management

of transition costs and economic uncertainty.



UNINOMIC REVIEW 55

g R F dulo) 33T AYL 59

+ =7F oY x| Qe ot &

EX
Fuste 229 oux WUz Ho4 Lajual RAUx] FIYo] A

2 AgstL, olg 27} oux| oty Aol sty ¢t Mat
st Laluabs GDP 4T oux] Au|7t SxstE oy
Jtelol = ofdx|o] 90% ol 4 sfelo] olEstw 9lof ofuix] ¢
¥ 7x7} o) ot A2 @25 o3 9] Ao ®Zo] A

5| o=l oy, JHHom AHI T EFA 2K U AIBES

>
o
P o
=
HOH

3 %7}011 EH°J OJE=I} % 740& #—"EOIE}. oj2gr oJE2 XA Y7IY A}
o] F7)st oA =7t YA A|ARIQ U 2T £ Y= FUT
ol

2l olF siZEsH] AF oA 7iA] WA H=FS AR A, 2-3
FHAIA] nhotste E]o](Deep-tier) A 7|8te] 239 RUEY ZPE
= &5t 7HAES EHslof itk =M, $87] B9 S8 d#d e
o33t MA-2§ Ad e 3l FU Ax BEhAY B f=sfof gt
k. Ax, IPEF 5 =4 ¥382 &8 #9494 owstet millcsoly 52 A
= FRsHof gt UK, BigE2 AU 7ls AE2 T 35T Ad A

A dere YPsfol ot ooz Fe M)

1o
oS
o)
wH o
e
o
2
=
-4
A

1) QYRS YR FHER



56 w7 ¢

M AT udfof et ZEX oz AR Hu]lE =7} chj.e_,}: Rpato
2 AFSEL, (7L YE SEY L AAG AARD F A Ao
22X K& 7hset oux] rEE Hsof st

—

FAol: AR, EiEE, &, oAl AH, 33F

o

°Pg

1. &

=
Syt YR 90% old2 sHloll oESHAE, A A ofux] 4H]
5Z3HCoupling)d AFAI oHA] thad] x7to[ty. OECD FQ2=50°] 4t
T& AgZ Foll BA 4 YA 49 Z-F5ESHDecoupling)E AASHL
At g, audt= oRls] =2 oYX JERG &Y HEFog Qs XSt
A oUR] AH 94710 w=FEo] Ut o]t FE2A FAPoA Hlojyr] F7A]
oUR] ¢tEE= =718 I A2 A &5E AYo|o
BE= 198749 "HAIARI /L ERH @A AANIX] L AR 7ol & B
") AdES ARe = HYE, 38 5 AAAYA Egs ES| s o
] 5917|5935} 2K(The United Nations Framework Convention on Climate
Change, UNFCCC)o] & 223 7|93 7|2 £KoA RAAIX|7t BN dF 4
Cho 2 BARsto] wal, WK YA & (Feed-In Tariff, FIT)2} AIRJABo] L x| o] S5t
A = (Renewable Portfolio Standard, RPS) EU& AXH HG &L= H|FXO
2 JHE3HE .

3 Axp, 202549 64 71E S AANUA] BaF2 35GW, THF v F52 AA|
9] 10.4%(29,891GWh)of] =230}, 12t OECD H#9l 35%2} H|wstH oA
&3t fzolch ofdgs] 22 @Y '20359 F7F 2A7MA ZHEE H(Nationally
Determined Contribution, NDC)'= 2018 tfy] 53~61% Z&5S BYA|stH AH
229 AR v]F FHE FHs] Q+stl Aot oo w2t du] &2 2030
A 100GW, 20354 160GW7HA] e oA o]d, o]= 20509 ©4AZH ol &
2 271 oYX a8 ;A o FOigt 27150 & Aol

A ALE] ELF KPR B3 7|18 MG o] ¢t Aoz AFA|Z|L
o 592 gAor-¢Agolyt A ol kM Ag9 FI[d tj3sto

i

Jm o ape
2]

ol

5] o

—

-



o7

UNINOMIC REVIEW

£ 2, YA A

'REPowerEU"

o%

5
o

ojm
s
oF

o

of
80
.

te % o}

R

S RLERE

E:’j:

A= ol

otolaly
. A7t 24 LE} 277t 22 AF

ol

to A1 330l 3D o]

)

9 XFAl
2 T™

A =

7] Ggolct,

A3}

of 91A] F]ojura,

=]
g 2

Ix
<

Fe Agoltt.
259 S|ER RN F29| Aol AY

)

4

o
=

Al
~

99%E Aelatu,

o
T

I HFE olet SAsth BT Holmol F2 49 vE

A 29 o=} 99%S A1ts

1o
il

i

2. 9] A|AFoL ] AdH|

ges] AR

15ct

a

oju
100

%

%

29 ZAQl(Demand-pull)

6‘:1'

oo]:

o}

=
)

| FIT, RPS, A=

9|

_(;)_‘]

s

tict.

Wol E7]E 5

gt
=

oot

Lt |

|80

Aulsts F2 o

O
=

A A%

oju

T

o

olJ

st Qich,

]

L EEEEL

—1a
H o

oIt

‘= of

HJ

A



58 w7 ¢

20234 71% 229 BT 25 Sokgo] 90% o4 FFo| AKlatn k. 5
2 oju] 2021d0] A AA ol PA SAo] 97%S AgFPon], F2|uaza A
2 80%, BEL 70%° ASEE 7|=3ict. A4 K] 7] (International Energy
Agency, [EA)0] m2H 202598 H 2030971A] & 230GW, A 190GW, ¢jo]m
80GW<2] A4t A= Hu|7t &Fd Zoz iHy, a2 20308 =28 HY
Z YA 75~95%9 FHa2 wXIsHH GEAQl AujEE PAE He= Y
"ot
200080 &% EjQRg Mzo| FAK7F S¥T} ujo|grid, X 1 FEo]
Faoz YA oMslel 2zW FIYol 30| WFY Aefolct. SU} vlo]
= g YA =(FIT, RPS, HUiAl= F)= A=< A
oAl XS WA JRAReY, 2RKozE 714 GRS AR 5= 7]
% £ 230 g% 9= A2 33 39 4de=
B A7 @ RE Aol 2olyo] ofstEuA, B 71dSe A EE0] Th4
I3 = 49 39T 58 AAZE 98 F5HR| AL Atk Aol
Qaete AHgte QARITH <E 1>S A HSZE 7|9 25 UoES &

2] 20239 33Y oYL

]
ol
H1
14
=
0
o
roL
Pa)
rie

Aol AFe Forste A

oo
_<>'I_"
)

i
i)

>
i)

il
1)
>
i
e
)
&
la
i
ol
M
ko
o

<E 1> 20239 F1f Y Qo] 22} 2B FIY HoPY B4 Ao
o9l PR

Egd Qu] 2/-2F — TSI HHI SCD
(FAR]) (0.0 ojgh (0.4 %3 (0.5 3p
Ea]Ala] Z(Polysilicon) 2804.61-1090 0.772 0.328 0.398
9J34Ingot) 2804.61-1010 -0.608 0.784 0.882
9J|o]=(Wafer) 3818.00-2010 -0.979 0.982 0.991
A(Solar Cell) 8541.42-0000 -0.112 0.949 0.974
BE(Solar Module) 8541.43-0000 0.467 0.942 0.970

« K2 1 ezehurEel 717 %(2024)

2) EoAalE 719t gD AAES EelAa]E(polysilicon), Y3(ingot), HlolH(wafer), A(solar
cell)3} 2 E(solar module)o]gt= 71X] Al&(value chain) FE|2 FTIY A|Ao] FA =t

3) 2eluetes oA 2o A= 2] 33Y 240 Zast B3 dolg & WAFe HSIE 7|9t
&< Holf o]Qlo] FE5] HT & g §Folun R o|F HFsto] B4 AALE sfAMsfof strt.

4) R E3SIA|(Trade Specification Index, TSI} X171 S40|H £+EFHT Q0] Yol & HAY



UNINOMIC REVIEW 59

+= HHI %]
4 EF 9, dolw, A, mE 204 7|EX|Q 045 Eusto] E4T WE WY
o] 47I3Yct. B8] o5 EZL FIo] U 49 AEE} 50%S Aslste], 15 9

A FUd= F22E, 9% HolHE Aitste 7Ige

FAE BN st dA T ojAloto|l AT

U 29 dx-dolm A ANHE FAAqYA= F=2 X7t FA TG FD
=2

X Al
20224 otit Hda g gkt o2 Y A2E-(Up-stream) AJ4t
E 2l

» 9

A4S oloj7ta e,

N
=
rlo o

AX5] AWE QL) = AEZ(Mid-stream)Ql A Bofox = stat&=Mal Afo]
Ux]&2Mo] Zzt Azt 5.87GW, 0.36GW(2024d 7]F)S AJAtstu Qlod, nge
49 571 7198 =& 109 7] 71go] At F 5.8GW 29 A 5HE B 75}

JFo] 20353 NDC S 242 98l 203097HA] &Fsior & AAouA|
100GW & B2 70GWo] Zsict. g5 547 oF 40GWe] £71 Hgo] =WQsh
AIROA, 271 Y A] QtEE W] Yo U HIF Az 4T € 3399 F
OFAlZ WU Asty AFAQ O3 Weto] B ast

=

i
e

2) 249 38 Hy| 33Y IS

F9 My gL A ARS JIgoR FFol A
Hat o]= 7[dE0l 22 AIZOA Zled A5 Asta ot 124 Al
3](Global Wind Energy Council, GWEC)o]| t2dW, §39o] =9 =
AAE Aato] W3t LFo| 50% ol FRo2
W E9 7]Q0] 20 WE XY EA0] ATiE Us $05 BeT A4 A
2A, §4F SYEY Aol 2A AR 22 %
A2 Fe A AP 2elol= Axo) 70-80%, ERg) AAC] 45-50%, L £

i
rr
Jm
oXx

S
2
o
=)
bal
|
S
2
rr
Jo

=
of

N
zQ
uln
(A

|
=

a
>
z8
ol
E
4]
0
ol
H
rlo
oX wd Poum
o hu

-39t X]4(Herfindahl-Hirschman Index, HHI)= $£<¢
A O]& % (Single Country Dependency, SCD)&= £o] i}t
AEY 2 9ok of7]o|4 HHI® AR 0.4 Zike} SCDY YA
X191 0.5 £3H= EURSEQI7} 20214 0] ¥7ist EU 239 Fd AA W 1A (Updating the 2020 New
Industrial Strategy: Building a stronger Single Market for Europe's recovery)s Ztistict.



60 w7 ¢

Aol 70%S HRstL drh 53] 2023ARH 20259 Ato] iRl Au] M
oyt Au), dx) F2e] an Beols QA ¥ AX 20 djy] £ ujo] §
gt ek ol2d FF Y2 AMY AN SE0 Hu] sHAS P45ty F=E vt
A Z3Bg A7l Aok

g8 Azt FAl= 71ol8]2(Gearless) WAl 3 EWH7]9 A HEQ JARMA
27, & Yedgy gangs 5 JEFY MF R FAE F=o AHRez 9
Eotal ot Holtth. =2 A AA ER AM=29 60%, FAQ 90%E H-H-5hy
=24 339 714 AZES AR S48

B Atdat oZiR 2 Ad 7]dS0l £/ A%t S ESI= Aol = 7]
PE2 d=ARl 714 FAEZ T2 A AEiEE sty o o= 3= 7]
dE0] 35Y #AAE3H(Vertically integrated)E &3l Td 374 UolA /4L
Y7t HE B2 IERCeR WEe WS FstL 7] 7hset Aoty

2>+ euet $2 Myl 23YY Y Uehlt AEE dgolch. B 2
He x9 MAT oju 71§ dolEst A FU Fae 1sto], AP HS
S 7N 259 dolge BN 99T Bast Ut

<& 2> 20233 = 34 Qv] 39 39T FAE 24 @F
29l P

33 Ady| B& S TSI HHI SCD

(FAIR]) (0.0 ©gh (0.4 =3} (0.5 z1})
Haflo]=(Wind Blade) 8412.90-9000 -0.142 0.237 0.420
L}A(Nacelle) 8502.31-4000 -1.000 1.000 1.000
4b47](Generator) 8501.64-0000 -0.809 0.139 0.195
E}2J(Wind Tower) 7308.20-0000 0.805 0.432 0.490
6Hx17ﬂolc_g:;z)t’mnne 8544.60-3010 0.999 0.356 0.558

« RHR : = 72H2025)

TSI B4 A}, Solc, WA, wily] E5e
5] e A AFL 4290l Q=L ok YT chAst AIEQ HHOIAE U
I et ARt Aoz
sixAlol el Fopgol FoalFt. FANOR B 0
A BHo2 S| 29U AEStT Yt Agolct,

SAMERe] #9 WAy, Bty S WA TIWe I Az oI 2R3 9

of4
ey
o
S
N
N
oz
>
8
ol
o,
L
1= =
Flo



UNINOMIC REVIEW 61

ot 22y A ZIARIQL W2e] He, 20101 10710 25tE =ul AlE=ARE @A) 1
N 71dez SA3E WE Ax 71do] HFHUST. AMGEH A BHY, sfiAA ]
=, SIRFEE FoflAde 22¥ ZAY¥S Histy Jod, a2 Jle H 74
278 A= A3l 7 AxEA] AF o= OES} 55 7

CK

gxjete, 549 Ao BEE

SUAREV)S 2jrlot-9aztoltt B o]F 34 Az JEES Wri AU
oix] X2 71&435tst7] Q5] 2022W 'REPowerEU'S wrasie] 239 chwisho]
235t At =AJo] 20239 AAE "&HAZFHAAH(Net Zero Industry Act,
NZIA)s2 S5l Ul AR Y 7Ivke Fetsta, 339 W A= HlF A
72335] §x5ta ot Es] S Rystad Energy?t WindEurope?] 248 Efj2
203097Hx9] £ el 20 bl 33 JHsAE AL, HoF 44 L RES 7
Astets S Maby t)ge shasstn Qick

0]+ Ml=do|]d ZF&w(Inflation Reduction Act, IRA) ¥} SIAYH 14017
£ /=2 "HEF-3H Ax A2 dit £AE gdista, BPANYA 38¢ A2
£Yste] Y 242 2388 9. ul= oYX F(U.S. Department of Energy,
DOE)9} Z=xjAof <] LA (National Renewable Energy Laboratory, NREL)=
20509 g Ex 242 ol R Al2std AA-5F 999 £4& Ayt
g Qloh. J2juy 20259 1€ EFD PFYF 2717 WS o= oYA] sy
(Unleashing American Energy)'olgt= 22 BAYHE E5] o]d FHI 7|
A B PAYISS WAl gt AoIUR FA J)mo] 2 wsbt A g
ch. oel, E3m ol A ox o= AAA huet WYe Aoz ER

£ 3 WY B2 MEAR IE U PAR AYE FstAL oxE Yxstn

7t OECD =7} Z49] AFANIA] BE5 2L 7% 43 A= 22 T
A2 JPo. =9 PR AW MAAe EH AL 5
ol BATo 2N MR ik At FHg 9 A

(Demand-pull) ZX|7} =t 22{y FaYo] F=o a=stA oEst z

AEEHA, ol 20 A M2 JHdFor MoK HIo] A>T =



62 w7 ¢

7h oAl ot i@t ¥
ol thgstel URT Y S FI WA WAL AL BAl) TN WY

R HABAE =YUste 5 WolA =X|E Fstar ot SHAT o] =] £
+8S AA7IY E O 2S4S FEctr o =3 A= A B3 E AR
AR Z AL Q@ Z(Local Contents Requirements, LCR) A& Z7}71 Sojdo] wat

WTO A& A= 96Xl FAS. A= ol2igt B3 fAFx0] £X|7F Hu] 7t
A 45g xdste] BF TS ANsfsty, ZuHoz oux] Mg Aozt A2
+ Aol tH FAIE o7|E 4 A= Foloh

odxle] 90% ol 4Astrl 25 FAo| AH 7xE s Lauate Ayt
q gooz Qs oux emo] o Fosith Lt ol Avlo] AAKCR
ggstiat 20249 29 TRIMIULHE EWH,S AFSL 20259 298E Alajo]
= He AHUety Y7|oS A i J1EAE SUe BAE it of
s "aA A e9srl ASIME Az B opal AoIUA Aulo] WAl &
Ao HES MURGoR x|sto] Talst oty AAC] Higo] AlFsictH

ety rROAIENHE SWE,e Ve AAOIUA BIY A7l0l A& e
& 2 Qe AlAFE 7580} stu, oS 3 X&4H A A5 BHo| HAg
ofof gttt 1aiu}t @x] el AAoIUA 23 Hobd B d7E olmal U
o8] Zwo| AR A £7] WAOl WE Yok WAl 947] Al 25 AF b5

 BIY Y Qmets IESL, 27h ouA e 97l IusP Sl oz

AT YRE SAEY WA WYY AY(2025.12)'2 S MY AW Pl &
oz 203097kA] FUKE UML) 3007] olde BIHACGHE: SEE AAGHY
ch. ol2 A@st7] ) 20269 Hu7] 5 FIFEY YA BES FEPOEA §
NEY A TIYY YASE Y Aslolh. B3, AYEY Ame} #5 L
F A=l wet 100MWE 200 B9 B HAEMC 252 N5,
5) F7IAIYet Suye Aty 917lo] quistn 917] WA Al anH 32 Ystel AP £
A7, W] 23 Fel Sol e AYE TIRORA Flel GHEF 5ol ouixEe Bo
stul, o] oA “eRAxt” A5 2ANE B2t AL AL

A
a o o
UAE gFol 2 AW SozA Mg, MAtA, NS Soby, 24, ANTE, ARoIUA Aulo] &
Aq-REos Ao,



UNINOMIC REVIEW 63
U E# 22 =(Track Record) 542 S0l si3H 53TY A =E ALkt

ct.
olFet AR FEo Wote Ul AU 3T At 7qE Ao Jqd
o 2= ol a2 AU 71wt B Qo =7t oA E Xpho|A FAIsHof
g 397 d9 AHE o3 2ol Attt

1) dE|o|(Deep-tier) &4 7|19 5% ZYHY SHF 5

Aol oY A] tE RS AAS F-HSL, §7] Aldle A& diSol 7Hsst
T2 23 74 (Visibility) 87} 7153t R U ZeiE g 1E3fof il

w499 4%, <23 1>1 Zo] WindEuropeg Sz Ay JF3 gH] 2X-2F

RAzEAR FEE AAZTez 2l 4 Qe 39T A =(Supply Chain Map)' A|A
S 283t At o] A== HE 7|99 AR BEE 28 71¥99Y. 3% 7HE H,
BN B2, 18 72 5 5T BEAL.
Regional Map
[} ..
5 e . s
o) e 5 Py ,
United . G “enPoland
Kingden Nethigtlagds- @ < °
® 5 Germany
@ e
@ t ®zechia
® = =
® ;gm
° : : L)
: e sl
e O ‘ i e ~ ® '2 °

ey B2 ) ; S Buliga
02026 Mapbox © OpenSirectitap (@' ) 2 ; § g

if View on Tableau Public

33 1> WindEurope?] 3 33 A=

* AI& : https://windeurope.org/news/campaigns/local-impact-global-leadership/

oIRY 7tAgo] ek FREL stel FANKAL, 37t EoiAl mekst: Feof
(Deep-tier) §18 #A2 7b5sh stol 33T FAR FPde Hdict 5ol

S ¥5 dFold Fofl 2 Al A4t A mopy O3S &ol5H

E
el
A
2



64

110

<

ol
o

ol
"’r

ol

25 o5 A=z 2t ElY(Lead time) AL S5 7Y

| 28 siZel U 2 itk

—

Ao
~

. AR =7F oY R B ZpAoA AA

al

)

R

o4

EHRL
T340 7189 AAR Bt 27t ouix AR Y7] A

= r
L 5

a

SHA]
=

o9& gobd Zolch. of

gal2 olojx|d],

oju

)

[

Hg 9

oju] 1€ MY A|

-

O

71 9

o

sy

ARG A] 7]

H 714 AAl-

3

=
(¢}

27} 2AZtA ZE2ENDC),

= [
T

.]

S

2) 371 29 S& o]
o

!
or

=
=
=2

=

S

e
A71ag0 disf

RS EL

= 7]

L

) Y

L

2

]

A
il

o

T 29
QHdate] 7[yto] Hrof. ©as] £ AQ AU A=

al

=
T

AR etk TAoA] @ AAgolLiR] Fpe-o]

]_

o
L8

22 Mz ¥rte] o 40%E ARt

1

o
.2 &
A
=2

°
J 8

2] & o] (Reshoring)

E R

=2

E

=

aluate rEA

o

e

gho] otsfid 38

X|Abs

Ale

o

OClP} =4 342 52
s 9o, 77 K

?_’I:
AAgoNLIA] A PPA x|golut

AR

O df
= ©

ety 7]E0]

o

3l
=

st QA e S3 oluA ulge

E

=

b

au

)

L

5l A1

5

o



UNINOMIC REVIEW 65

1Mos Wit Were AEsol Itk ok Tad MxFo| ofe HaFY A
2 9% I Amet 25 AU WA A AYoR F2sob At g, o]

Mo
oz
|o
tu
rE
2
r
xin}
ol
r o)
=
4>
zo
=
oL
B
A:‘
i
Pt
i)

3) 24 thiist 2 23Y it AAAA 75
23 HHetE 9ol UM chist Lelg xast: W, oA WAAAE 7
Z&olo] nC 4 o]lfd(Friend-Shoring)at ZQIEHIZ|(Joint Venture) A2
slof stet.
g dolmt B2 ENY 54 Wl AdHoz oEst: A 339
= sto] ©c}. AFR QMzole} Al B8}
wwse A FANM, Y70l 33 F2E 5 A SAPIL A 2 A
Soz s TIY WS WMol WA FhsAo] AEaly] WRoth. wax

3 g s
7R 9)7] 2o JM5HES UAR oFE Tx|N FWF 2UM chisht -
V.S

rr
H
\
)
i)
u (o)
N
M
oZ
>
R
of o
o)
ro
i)

FEsh Ar-e3Y AA =YY 3 (Indo-Pacific Economic Framework, IPEF)Q}

Zol o 7Pt Foste YA7IH-SUEY I (Crisis Response Network, CRN)E
A= Zgojjof ot FAAole thHSHEAHER-R&D BZolA Fst, 947] Al
A= 3522 A%3] Hgshs IAEE AAe s8¢ 5¥E32 Arxoez o
& At o= diE 389 7RIS SRt =7t ALt 71X E HjR|ShE ZIIESL
ooz oloX A FET HEE 7HesHA T

A R/ FA Am F

4) 3T A AAA HF: XA e AF L
HEg AdS Bt A =271 obd =7F ouA] tE RHAoA FIEIATH,
A

7189 A F4 339 AHiHA gHste] AT ez AF BEE vH=



66 =74 ¢k

Al AAX(Game Changer) A& Hallof et

Al 22E A9 90% o2 ARE 2FA HE AF 2orlA 5= 7HA
AL dolx AL A B715ol JPdd. IEAY ©2W 2030W7R] A 54
39 35%7F HlET Aol BiE 5 oy, o3 79 4R AHH
Aoz FAH

o2 F&olA u=F2 FtEg-BEeto|=(CdTe) Wut HFE 71&S 38315t
20249 7% A= AR 20%(10GW)E 43tstn 9tk 'HAE ZalFirst Solar)'
£ $Hoz AR CdTe 3d8¢S 53 159 AH: 2207 AAtsh: ¥t
3 Al A2 A FAE IFESH] s AR FER HRBAIO|E
(Perovskite) 7]= A-&3to] WALE 716t 3% FHIE Alwsta o).

LUt e & 52 9F A(Tandem Cell) 712 83t FFstn
9t} o]t A2 5 9o] HRuAsloES HSsto] M2 hE Jodo| EjFFS

_/I\_

Al

Jo
i

F4ro2K agg ISt AU 1ag Zlgolth 99 A2 JIE AEY &
& S Eustl % FA9 A Aol #9g @ Ao sgdt o
A9 2 7lE A A JdolEts AE T, et 33Y AEE 9S
ME A2 JEES W5E E 02 94 71% Furt gy ojop g

:L

Asll Mz 71 7o o257

13
Hoh, AL AAIY RS Agsts A BESH Aol 35T AEHA =40 9=

I dx] 52 o7 w2 ALY Jou, It oYX otH W
oAx & o 34 33 7I¥H2 ] e Aot T3 Ad2 f4A3kd AE 7
YHProduct-based)?] Eiggut 22|, HA-2F-A|F(EPC) Z3}ot= Z2AE Iyt
(Project-based) Atioldt:= §/42 Rdt. T QAHE(Drsted)d] ol= R gt=
Ad 24 Ao ¥R, $H2 9Oig £7] £AH|(CAPEX)?t 2 3§ AH2o]

2R Q0 Adeltt. N FH 3IY e A2 ApEstd AVle EEGE o
A
u

0

i
o|¥
=]

cH  ofy
>

>

4

&

=-1
>

k

)



UNINOMIC REVIEW 67

T|AE T2Y(Fast Follower)'o] tjE # A|Fo HWEES vp7[ol= A7 Aot

gebd U @70] A AN §FS ARSI olo] Tk FA ZABL 753
of gtk [EAL 833t 24 M= SHYE BEOZ 15MWIS AU vt o

=]

=
i)
\
N
i)
oX
ol
o
=
%
o
of
i

of A9 =& AE AT o EYol= Zol= 90
o = A
L o LB

H| AE}A (Vestas) 224 A 7|49E50] 3F ZPWE oz sHAsH 15~18MWTF
2 BZloz g G4 AAE AEslor gttt 28 374371 S-A 20MWS ol

(Repowering)E, dl4&32 2 TR ALES 7IEsdo=N =71 oYX Qtx
gl 2241 7198 & ez Jjgdn

5.

Y
Fu

7129171 g ouxl etuets £ JhA] 271" wA| AololA =29 Ao
Al BEY P MU, olo] hgsr] AT AR WP nASIAL. @
A Leuets BgE doln 299 9% olde 4 vt gEstu Yo, F
2 U 5 AN BE EF TIY BF ANl Yatelo] ouix] dw WA ohe
FoRt PEE Holn Ytk o3 ST JEEL URd FAA AREE dol, A
QSR 7] Al 27} ouix] AA%l9] 3|22y (Resilience)e AT 2 Yx B
g 93 aolct.

o3 FAR AT IR Yol BRE chew e oA s BN AFL
AlgHsteict.

A, GElol(Deep-tier) £Ho] 7F53 FI3F BUEY SAEL 153t0]

a3l
=2 (o]
7S &Esta AR 7] O3S Aasfior ¢tk 2, d#d Ae 5371

d)
[¢]



68 =

ol

<

u
A ch¥stel nAC solYS NI AFstel BUF AELE Feislo} Ak WA, ©f

FT MG 9 A 5 AN 712 TS AL AAR FeAL 2Ysho} shyi,
oRgte 2, Y AU S4EAT AYFHOR TEslel BE §F FHY P

ol

d
BES A/ 152 5o 4 AL TRF o2 Psjop Ach.
oz APUAE Tad LALA A% 2L Hol, 7t dnE AP
L A A Aoz xgosojol gk TRIIAIALHE Wy, AlRo] Wkio]
AGolUix] Mulo] Aot BES A AUOR APotn AAMCD BAFORA,

R 340 A ¥+ X& 7hsT oAuX] AR MAE FE5HoF E Al

i)
ru



UNINOMIC REVIEW 69

- a =
78'-1_1['1_

715X (2026). AoILIA] D RFOIAR] TR-o] §-2F SAI.

713oURIZAR (2025). 2035 7} LATRA AH2E D A4 WEUANA T, I8
BJojA] 2.

L7, WPl 7Y (2024). ERQT Hu] 2
oJuixIste] £2A, 44(5), 23-32.

ne

H il K
BB 337 oM

X A7, SR

M

LY (2025). 7k ouix] AuE 9IF B Mu] REO| 3IY HoPY BN AL ouix|F
MY, 24(1), 111-135.

URIFA A7-(2025). EHZ RHAU7]9] AURIAG Gt t3ET

ARG (2024). 27} RHglohy Sy

7130RIE4S (2025). SAES WA st He

71ZoNIRIEAY (2025). SHYFS Qmet 25 3 B AL

7| ERI R (2023), ARIQIRE 9J5t 2% oHyst XY 7

European Commission (2022). REPowerEU Plan. COM(2022) 230 final.

OECD (2024). Government Support in the Solar and Wind Value Chains.

U.S. Department of Energy (2022). Solar Photovoltaics Supply Chain Deep Dive
Assessment.

International Energy Agency (2025). Renewables 2025: Analysis and forecasts to 2030.

Global Wind Energy Council (2023), Mission Critical: Building the Global Wind Energy
Supply Chain for a 1.5°C World.

U.S. Department of Energy (2022). Wind Energy Supply Chain Deep Dive Assessment.

European Commission (2022). Commission Staff Working Document for a Regulation of
the European Parliament and of the Council on establishing a framework of
measures for strengthening Europe’'s net-zero technology products manufacturing
ecosystem (Net Zero Industry Act). SWD(2023) 219 final.

Rystad Energy and WindEurope (2023). The State of the European Wind Energy
Supply Chain.

U.S. Department of Energy (2025). Cadmium Telluride Photovoltaics Perspective Paper.

International Energy Agency (2020). Definition of the IEA Wind 15-Megawatt Offshore
Reference Wind Turbine Technical Report.



70

b
o
e

Abstract

Implications for National Energy Security through the Analysis
of Supply Chain Status in Solar and Wind Power Facilities

Rho, Kyung Wan

This paper diagnoses the vulnerabilities faced by South Korea’s renewable
energy supply chain within the rapidly changing global energy hegemony, and
considers strategic directions to overcome these for national energy security.
Despite being a high energy-intensive country where GDP growth and energy
consumption are synchronized, South Korea relies on overseas sources for over
90% of its energy, making its security structure very fragile. Recently, while the
supply of renewable energy is expanding rapidly to implement carbon neutrality,
paradoxically, low-priced Chinese parts and materials are encroaching on the

domestic market, signaling a crisis for the domestic supply chain.

Analysis of the supply chain shows that the import dependence on a single
country is severe: Chinese imports account for 99.1% of solar wafers, and
German imports account for over 99% for nacelles(turbines), which are core
components of wind power generation. Such dependence represents a significant
threat that could lead to the paralysis of the national energy system in the event

of geopolitical crises or the weaponization of resources.

This paper proposes five core strategies to address these issues. First, a supply
chain monitoring platform based on "Deep-tier" analysis should be established.
Second, the domestic manufacturing ecosystem should be encouraged by
maintaining consistent government long-term targets with financial benefits. Third,
import sources should be diversified through international cooperation. Fourth, a
game-changer strategy should be implemented through the next-generation
technologies. Finally, a strategy for establishing a mass-production platform for

wind power facilities should be considered.

In conclusion, renewable energy facilities must be regarded as strategic national



UNINOMIC REVIEW 71

assets, and sustainable energy security should be established by developing a
systematic management framework in connection with the "Special Act on

National Resource Security."

Keywords: Renewable Energy, Solar Power, Wind Power, Energy Security,
Supply Chain Vulnerability
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Abstract

The Impact of China's Robot and Al Industry Promotion
Policies on the International Intellectual Property Protection
System (TRIPS): Focusing on the Strengthening of Patent

Protection and the Issue of Forced Technology Transfer

Kang, Moon Kyung

Artificial intelligence (AI) and robotics industries have emerged as key strategic
sectors that determine national technological competitiveness. Major countries are
actively promoting industrial policies to secure technological leadership and
strengthen their innovation ecosystems. In particular, China has implemented
comprehensive national strategies such as Made in China 2025, the New
Generation Artificial Intelligence Development Plan, and the Robot Industry
Development Plan to foster the development of Al and robotics industries. These
policies aim to enhance technological capabilities, expand patent portfolios, and

secure global leadership in emerging technologies.

While such strategies contribute to industrial development, they have also
raised concerns regarding their compatibility with the international intellectual
property protection regime. In particular, issues related to technology transfer
requirements, joint ventures with foreign firms, and the effectiveness of patent
protection have been widely discussed in the context of the World Trade
Organization (WTO) Agreement on Trade-Related Aspects of Intellectual Property
Rights (TRIPs).

This study examines China’s industrial policies for the development of Al and
robotics and analyzes the current status of its intellectual property protection
framework. It further investigates the legal issues arising from these policies in
relation to the TRIPs Agreement, focusing particularly on patent protection and

the potential coercion of technology transfer. By analyzing relevant provisions of
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the TRIPs Agreement, including Articles 27, 28, and 39, this research evaluates

the consistency of China’s policies with international intellectual property norms.

The study finds that although China formally maintains compliance with TRIPs
obligations, certain industrial policies and regulatory practices may create indirect
pressures for technology transfer and raise concerns regarding the effective
protection of foreign patents and proprietary technologies. Based on this analysis,
the paper provides an international trade law assessment and proposes policy
recommendations to address these challenges while maintaining the stability of

the global intellectual property protection system.

Keywords: China’s Al and Robotics Policy; TRIPs Agreement; Intellectual
Property Protection; Patent Protection; Forced Technology Transfer;

International Trade Law



