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ADS(RIE &2 ZEA|): Automatic Dependent Surveillance
Al(RIZX|): Artificial Intelligence

AIS: Automated ldentification System

API(28 T2 72| QIE{H0|A): Application Programming Interface
BBB(G Lt2 X7 &): Build Back Better

BMS(HHE{2| 22| A|AE): Battery Management System

CFIUS(O] 2/=21 EXt 2|213]): Committee on Foreign Investment in the United
States

CHIPS(EH=A|| X|&'H): Creating Helpful Incentives to Produce Semiconductors
DRAM(SXH): Dynamic Random Access Memory
DUV(MXtQM): Deep Ultraviolet
EUV(SAtRIM): Extreme Ultraviolet
FDI(2I=Q! ZIHEX}): Foreign Direct Investment
FICHS M EXIAY): Financial Investor
FTARIR2HSH): Free Trade Agreement
GA(RM™ L112|E): Genetic Algorithm
GAAHIO|E 8 {2tRE): Gate—All-Around
M(HUHIZ ZEA): General Motors
HP(&EEI-I{HE): Hewlett-Packard
IBM(OtO[H|2Y): International Business Machines Corporation
ICAO(ZH|TIZI&EE7|7): International Civil Aviation Organization
ICT(HE 41 7|&): Information and Communication technologies
ILWUEHE P T 5 X8h): International Longshore and Warehouse Union

IMO(ZHIiALZ|1): International Maritime Organization



INDOPACOM(O|= Q1= -Ef Tk AFZE): United States Indo—Pacific Command
IP(X]AXHAD: Intellectual Property
): Indo—Pacific Economic Framework for

IPEF(RI=-Ef Y AN T3
ZE=4H): Inflation Reduction Act

Prosperity
IRA(RIZ2|0]M
JIC(HIAALE THH]): Just In Case

JITE7|44AD: Just In Time

o
KIND(BF=aH QIR T2t = A ZHL XIS AD: Korea Overseas Infrastructure & Urban
AEXRIZESA}): Korea Trade-Investment Promotion Agency

Development Corporation

KOTRA(TH 3

LAZAAMHEYA): Los Angeles
2): Long-term Low greenhouse gas Emission

LB(ZH|X|): Long Beach
LEDS(Z7 | MEAZETH
Development Strategy
LNG(YSFHHIIA): Liquefied Natural Gas
HE"): Mixed Integer Programming
H): Ministry of Trade and Industry Code
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EIpSE
g e
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NJ(EEXX]): New Jersey

MIP(ZE
MTIAM AR B
MS(OI0|ZE2AZE): Microsoft
MSP(EHAZECIHIE L{4)): Mineral Security Partnership
NAND(EH&): Negative—AND
NATO(EHMYZEC7|): North Atlantic Treaty Organization
NIST(O|= =Z2EHEZI|&¥HA): National Institute of Standards and
Technology
NSCAI(QIEX|s=7I2t= 2 3]): National Security Commission on Artificial

Intelligence



NSTC(Z7tet=H|7| &M Ef): National Semiconductor Technology Center
NY(&=): New York
OLED(R7|4#LI0|2E): Organic Light Emitting Diodes

PCAST(D|= CHEH IS |&XI2QIE]): President’s Council of Advisors on
Science and Technology

PMA(ER AL S]): Pacific Maritime Association
RE1T00(MAOLHX| 100%): Renewable Electricity 100%
SCRM(Z2ArE Y& 2z2]): Supply Chain Risk Management
SI(M2FN EXEXD: Strategic Investor

SIA(O]= BHEXARIEE]): Semiconductor Industry Association
SNAASIHZBUEM): Social Network Analysis
SOLAS(ZH|oHAQIHOIMHOF): Safety of Life at Sea
SPC(E+=XEQI): Special Purpose Company

SSD(&2|E AH|0|E E210|E): Solid State Drive
SUV(ARX =X XHSA}): Sport Utility Vehicle

USGS(O|= XIEZEAIR): United States Geological Survey
WEF(MIAZGHZZ]): World Economic Forum
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EXECUTIVE SUMMARY

A Study on Stabilizing Logistics
Networks for Global Supply Chain

Risk Management

: Focusing on the Korea-North America Logistics
Supply Chain

Sung Woo Lee - Moo-Hong Kang - Gun-Woo Choi - Soo Yong Shin -
Sang Uk Nam - Kyoung You Kim - Hee Kwon Kyung - Sung-Jin Kim

1. Purpose

= The purpose of this study is to examine how policy changes
in the United States, Korea's leading trading partner and
strategic ally, affect the logistic market related to imports
and exports to the US, the largest of Korea's global supply

chain, and to propose necessary countermeasures.

= In the midst of a global shift towards re-globalization, this
study aims to diagnose changes in the global logistics supply
chain system between South Korea and the North American

region, where political and economic ties are intensifying.

ix



This involves understanding maritime and port-related
trends and proposing tailored logistics policy measures for

on-site responses.

2. Methodology and Features

1) Methodology

= The analysis of global supply chain trends and changes in
logistics supply chain dynamics is primarily conducted
through the examination of existing reference materials and

interviews with selected industry and logistics experts.

- Understanding the trends in the local logistics network and
logistics supply chain policies in the United States also involves
interviews with experts within the U.S., review and analysis of
key documents, as well as engagement with seminars and

forums.

= Recent trends and prospects in the global logistics supply
chain driven by global risk factors are investigated using
social network analysis (SNA) and AIS (Automated

Identification System) data analysis.

= Additionally, to explore optimization strategies for the
logistics supply chain between South Korea and the United
States, methods like mixed-integer programming and

metaheuristic methodologies are employed to derive solutions.
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= The aim is to understand the overall trends and prospects
in the logistics supply chain between South Korea and the
United States, and to integrate optimization methodologies
to develop a foreseeable and secure logistics supply chain

between the two countries.

= Subsequently, the study utilizes the derived results to conduct
an analysis of supply chains in industries significantly
impacting the logistics supply chain between South Korea
and the United States. This analysis aims to predict
influencing factors and potential fluctuations in the logistics

supply chain, and to propose policy alternatives accordingly.

2) Features

= This study recognizes the necessity for an analysis of
industries beyond the logistics sector that are impacted by
the logistics supply chain between South Korea and the
United States. Concurrent field research is required for both
analyzing the local logistics network in the United States and

assessing policy trends.

= Therefore, a distinctive feature of this study is its
amalgamation of research in both the logistics and industrial
sectors. To facilitate this, collaborative efforts with the
Korea Institute for Industrial Economics & Trade (KIET) are

undertaken to jointly select and analyze industries influenced

Xi



by the logistics supply chain between South Korea and the
United States.

Researchers from both South Korea and the United States
aim to enhance practicality through collaborative research.
This is achieved through cooperation between KMI (Korea
Maritime Institute) and KIET in Korea, as well as NJCU (New
Jersey City University) in the United States, enabling the
analysis of the current status of the local logistics network

in the U.S. and understanding policy trends.

3. Result

1) Summary

xii

= In Chapter 2, the study aims to analyze the evolving logistics

supply chain between the two major economic hubs, Asia
as the foremost logistics hub and the United States (North
America) which is transitioning into a dominant consumer

and manufacturing nation.

The study initiates with primary social network analysis (SNA)
based on the east-west maritime routes, followed by secondary
analysis of the Asia-North America maritime routes using
multi-year AIS data. This analysis confirms the ascendancy of
Eastern U.S. ports due to recent trends of minimizing logistics

supply chain risks between Asia and the U.S., coupled with the
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support for U.S. manufacturing.

The study identifies a complex logistics pattern between South
Korea and the United States, as manifested by the shift from
the Western to the Eastern U.S., attributed to minimizing risks
in the Asia-U.S. logistics supply chain and supporting U.S.
manufacturing.

Analysis of South Korea-U.S. trade data also reveals a shift in
significance from Western to Eastern U.S. for major South

Korean exports to the U.S.

In Chapter 3, the objective is to develop mixed-integer
programming (MIP) and genetic algorithm (GA)-based
metaheuristic models for optimizing the South Korea-U.S.

(North America) logistics supply chain.

Through these models, the study provides recommendations on
how the logistics supply chain should evolve and adapt during
major supply chain risks between South Korea and the U.S.

Focusing on industries sensitive to environmental changes such
as the electric vehicle industry, the study conducts experiments
for two scenarios to analyze how the logistics supply chain could

change in the future.

Chapter 4 involves analyzing South Korea's trade trends with
the U.S. and identifying key import and export items. The
purpose is to comprehend the current state of the supply
chain between South Korea and the U.S. and select major

industries for analysis.

xiii



- Examining U.S. supply chain reconfiguration through the prism

of the U.S.-China trade dispute, reshoring initiatives, and rare
earth element policies, the study evaluates the comprehensive
impact of U.S. supply chain reconfiguration policies. This
evaluation is supported by an exploration of the reshoring status
in the U.S. and South Korea's direct investment status in the
U.S.

The analysis extends to evaluating the effect of U.S. supply chain
reconfiguration policies on Korean companies' investments,

size, and location in the U.S.

Furthermore, by analyzing U.S. supply chain reconfiguration
policies alongside Korean companies' investment status, the
study proposes an improved South Korea-U.S. logistics supply
chain in both industrial and logistical aspects, compared to the

existing bilateral supply chain.

2) Policy Recommendations and Policy Utilization

Xiv

= By establishing a legal framework for stabilizing the logistics

supply chain, the foundation for responding to global supply

chain risks is essential.

The existing "Basic Act on Support for Supply Chain Stabilization
for Economic Security" needs to include essential elements
related to logistics supply chain management, such as logistics

facilities and network management.

It is necessary to add a provision within the Logistics Policy Basic

Act to establish a fund for building logistics supply chains that
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support economic security, which can be utilized during periods
of heightened supply chain risks.

Given the current lack of overseas expansion-related tax
benefits for domestic logistics companies, government-level

financial support and tax incentives are required.

Ensuring the stability of the global supply chain necessitates
the development of a private-public logistics supply chain

overseas investment model.

Considering that the ability to respond to shocks in the logistics
supply chain significantly differs based on the availability of
infrastructure facilities, it is imperative to secure infrastructure
facilities, particularly for strategic countries like the United

States, with a long-term strategy in mind.

To stabilize the logistics supply chain, programs such as the
integration of overseas logistics cooperation projects,
establishment of Korean internship programs in the United
States, and the creation of a constant risk response forum

need to be put in place.

Integrating the ongoing overseas joint logistics projects led by
various ministries like the Ministry of Industry, and the Ministry
of Agriculture, Food and Rural Affairs would promote export
activities of Korean companies.

To address the issue of recruiting local talent faced by Korean
logistics companies operating in the United States, it is crucial
to develop an internship program that allows Korean university

students to gain both education and practical experience in the

XV



U.S.

Establishing a "Continuous Response Forum for Supply Chain"
with the participation of trade-related ministries such as the
Ministry of Industry, Trade, and Resources: logistics-related
ministries like the Ministry of Oceans and Fisheries; Ministry of
Land, Infrastructure and Transport; along with logistics-related
companies and research institutions will be instrumental in

laying the groundwork for stabilizing the logistics supply chain.

3) Expected Outcomes including Policy Effects

XVi

Effective responses in the South Korea-U.S. logistics supply
chain contribute to mitigating supply chain risks and

increasing exports.

Anticipating changes in the supply chain dynamics of major
South Korea-U.S. export industries due to U.S. policies like
the semiconductor special law and inflation reduction law,
in order to understand the impact of U.S. policies on the
supply chain.

Understanding the influence of major industries, forecasting the
impact of future policies based on FDI trends and domestic

company competitiveness.

Proposing policies and new business models in response to

logistics supply chain changes while considering these factors.

Contributing to the development and operation strategy of

South Korea's export logistics infrastructure, along with
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supporting the construction of optimal export support

logistics infrastructure in the North American region.

Establishing a foundation for responding to global supply chain
risk and proposing legal systems for stabilizing the logistics
supply chain.

Offering  practical investment strategies and policy
recommendations including financial support systems for
logistics supply chain support, and continuous consultation and

coordination mechanisms.

Xvii
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(n: EYA A ==

o8 AL & 22V HERAY e k=T duiy 255 o

AEEAS 245 ol 24 440 Had, EYaA Lyt
Hog AY FAo| He FH(node}e AHAlo] 74 AHUS 74 A5
AA) YA Aol iEsT SANE & . 2 F440] A9l 9
e AL YEYD IH)A T2 FHhode)ST A 243 Aol 9l
g AL ovlg,

g—1

=—2 = —(n: YEHI AA ==F)

lid(%i,nj)]

33) Z7|¥9(2017), pp. 184-219 &=x
34) (2| 2 pp. 184-219 &=
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(3) DH7H &S&M(Betweeness Centrality)35)

i 7] $44(Betweenness Centrality)2 YEHT YoA =EE 719

SM(intermediary) S &2 2|(bridges) 4T= Lt +PsH=1f

2 240k AdoR, 3 9BS B0 15T 1) Agdth W
S0 Aflol lod, I H-2 HEYA HolA F74Ae] I gt
oh 2 4 glek 2 A %S T AA 1ol EAske He A A
9] R0 At =BTt U, o] LE9 i/ F4AdL Eokkit
AYE R (@RS ARAEATILATIIBATE g 5 5
W E AL A=A e Amel 5
Zg]k(n )/9;4
16272

(4) OfO|HIHIE] S-AM(Eigenvector Centrality)36)

A2 A0l ol dEE tE =29 Jio] 2 e EHTHH ot
AHE S44E A28 =29 75Tt ofyet d2E =59 F8 57]}
A A Jidolth. oAl e ofoldldE S ddd HE kBl

IS 1) AitE Aiteltt3n

NF==7 7k
WP AN (4 2-4]

3b) 317&(2016), pp. 22-23. FZ
36) 27(8(2017), p. 209. H=E
37) ¥l2|  p. 209.
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2) ZE|OIL] BY AEIHAY 24

(1) Xt=

F=u WY o] AP HH oY 7Y 124 HIE AR dZ
T 2AZ ol&sl £Agt o]& s ERE(Drewry)ollA HHsl= F8
AAES] HHolY ARIA ARE
20239 7]E0 = o}ttt &4

Alop-7-4, oFA|op-Eu|(X 5 /55

(B 2-3) Y28 28 MH|A = X B 1Y 3122019, 20231)

e 228 AASo] AulAske o
)2 A A1 GRS Yo Tt

off

£9): &, TEU, 7f
L 20194 2023
T MHA = | BR MY I}t MHA = | HE MY Tt
S0/ M2 49 7,288 92 64 7,101 )
2082 19 8,105 45 22 8,759 42
o 18 14,912 92 20 16,277 60

Xt2: Drewry(2019/2023) 7|8t XXt 24
(2 24 Zut

7t. A& S4M(Degree Centrality) 241 Zut

A TR 972 FAAY B4 23 20199 ARl 1998 V1S
202349 2912 st 201990 E 2HEH, 2023400= m—%ﬁJ—% Al
o5t 109 W F9 tiFE & S4 FHeE UEHH. &9 w5
T2 SHOE AH oY AHAY A4 FAA AH7F IA 45T ﬁﬁi
U LARS 971 &F stEet o vief SH A did e s A
ST A0 E UEth ol AAREY 71T te] EuddEE Aols) &
Aol Ao FHH

_;
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10
"

12
13

14

15
16

17

18

19

S
=N

Rty

H 2-4) S-Mgz AZ Sad 24 21K2019/20235)

o

oz

Busan
Singapore
Yantian
Ningbo
Shanghai
Kaohsiung

Hong
Kong

Rotterda
m

Qingdao
Xiamen

Los
Angeles

Manzanillo
New York

Colon
(Manzanillo)

Colombo
Tacoma

Port Klang

Yokohama

Long
Beach

Tanjung
Pelepas

3 54

R %t

2019

Ligs B4

(In-Degree) | (Out-Degree)

0.1875
0.1641
0.1172
0.1172
0.1172
0.1094

0.1094

0.1016

0.0938
0.0859

0.0781

0.0781
0.0703

0.0703

0.0625
0.0625

0.0625

0.0547

ol S

0.1953
0.1797
0.1250
0.0859
0.1484
0.1172

0.0703

0.0938

0.0391
0.0703

0.0391

0.0781
0.0625

0.0469

0.0703
0.0234

0.0547

0.0547

0.0469

0.0781

ot

oz

Singapore
Busan
Shanghai
Yantian
Ningbo
Qingdao

Hong Kong

Kaohsiung

Xiamen
New York

Rotterdam

Cai Mep
Manzanillo

Los
Angeles

Shekou
Long Beach

Guangzhou
(Nansha)

Tanjung
Pelepas

Yokohama

Port Klang

2023

Lifss B4

0.1917
0.1833
0.1500
0.1333
0.1333
0.1333

0.1250

0.1167

0.1167
0.1167

0.0917

0.0917
0.0917

0.0833

0.0750
0.0750

0.0667

0.0583

0.0583

0.0583

Qe SHld
(In-Degree) | (Out-Degree)

0.1833
0.2250
0.1583
0.1417
0.1167
0.0583

0.0583

0.1000

0.0917
0.0750

0.0917

0.0833
0.0750

0.0833

0.0833
0.0667

0.0250

0.0917

0.0667

0.0667
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(38 2-5) S-A B2 A7 F44 24 Z22019/20234)

A= KAt ARY

L}, 28 SAM(Closeness Centrality) 241 Zu}

A = Y A7 AQl dds UEdle 24 S48 24 A
2 A4 At FARE A0 R YEhdt 5| 559 w&3o] 4
T AleRt gt s MY =2 &9 7IEReH, 1 el
=g, MY e, SHIAF 02 24 S440] 2 A2E YE
B0 AR A7 FHIAF2 2023 WY o]rol: Bkl &

e e H1
+ oo e, of



(B 2-5) S-MEZ 2 B4 24 22H2019/20235)

2019 2023

S e UBENY mEHN L. UBENY w3yl
e (In-Degree) (Out-Degree) e= (In-Degree) (Out-Degree)
1 | Singapore | 0.393774 = 0.371704 = Singapore = 0.421458 | 0.380672
2 Busan = 0392548 0331600 = Shanghai = 0.415522 = 0.377023
3 Shanghai 0.380688 = 0.345227 Hong Kong 0.404138 = 0.314689
4 Yantian & 0.356963 0.343346  Yantian = 0.397334 = 0.373444
5 |Hong Kong| 0.355954 @ 0.291685 | Kaohsiung = 0.397334 | 0.313852
6 | Xiamen 0.354952 | 0.298597 Xiamen 0.396001 0.313019
7 Ningbo = 0350022 @ 0334238  Qingdao = 0.396001 = 0.311368
8 Shekou 0337823 @ 0307336  Busan  0.384392 = 0.397334
9 NewVYork 0337823 0291011  Ningbo = 0.37463 | 0.371095
10 ;""e?é‘s’;g 0.336919 = 0.316603 = New York = 0.371095 0.306515
11 Qingdeo = 0.336021 = 0.291011 ;ae'l‘éggg 0.366486 = 0.344048
12 Rotterdam 0.333354 0.316603  CaiMep = 0.357601 = 0.328714
13 AnLgZSIes 0329002  0.264722  Rotterdam 0.351215 = 0.318082

14| Manzanillo| 0.326445 | 0.306588 | Manzanillo | 0.348107 = 0.324199
15| Vung Tau | 0.325602 | 0.296489 Shekou 0.348107 | 0.321549
16| Le Havre | 0.323097 = 0.260886 | Long Beach 0.345054 @ 0.326893

17, Colon 5303007 | 0285086  CUENGZNOU (34347 0285734
(Manzanillo) (Nansha)

18 Ela_gancgh 0.320631 0.285732 Los Angeles 0.342053  0.292825

19 Colombo 0.315809 = 0.300019  PortKlang 0.341065 = 0.356521

20 PortKlang 0313452 0307336 @ L80 ' 5310080 | 0282317
(Haiphong)

INESPSWN RSS!
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(22 2-6) -M 22 2% A 2A ZIHA: 20194, 5k 20235)
o [l Jle [/
Cartagena (ch“?::bla) \ N o

\
)

" Ii\remal'!'ie Sines ..\\._
b | T
@ T Dm;&%::m)ﬂ o
o

Haiphong

\ \
Beinn o chimion city *_

\ \

= Heoluly |

A= MAH A
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Ct. O§7H SAM(Betweeness Centrality) 241 Zut
=204 E4 LE@W7} vAs dFES Uedie ZAeE, £ 1
*1“]’\ TEE WO R T AR AAY EAA vl 544

(E2-6) 3-M &2 W7 Seid =4 Z22H2019/2023H)

ey ) 2019 ) 2023

gl 0H7H S alat 0H7H S
1 Singapore 0.344956 Singapore 0.293667
2 Busan 0.233239 Busan 0.201841
3 Shanghai 0.156818 Shanghai 0.144351
4 Manzanillo 0.148355 Manzanillo 0.118472
5 Rotterdam 0.114465 Colombo 0.092088
6 Colombo 0.111784 Yantian 0.089103
7 Gioia Tauro 0.089567 Ningbo 0.085649
8 Yantian 0.088104 Rotterdam 0.073755
9 Callao 0.084313 New York 0.072976
10 New York 0.078050 Port Klang 0.066498
1 Kaohsiung 0.070598 Qingdao 0.062675
12 Ningbo 0.068431 Tanjung Pelepas 0.056387
13 Port Said 0.066037 Marsaxlokk 0.056374
14 San Antonio 0.050663 Callao 0.052764
15 | Bremerhaven 0.046362 Hong Kong 0.044563
16 Tokyo 0.046139 Seattle 0.041494
17 |London Gateway 0.045813 Charleston 0.041235
18 Le Havre 0.045802 Pointe Des Galets 0.040616
19 Damietta 0.045583 Port Louis 0.040616
20 Port Louis 0.045583 Sydney 0.040616

INE=RPAIN RSS!
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2}, OFO|MIHE| =AIM(Eigenvector Centrality) £ Za}

ololut Ahzes) 2ol 24 Beiol 44 98 e 9}
A0 Uehgth. AE0E o] B8 JuRe obAlol o] 20 Pkt
g8 A2t ot 3091 Mol 9 A= ALl

H 2-7) S-M = Of0|HHE] 44 241 Z1K2019/20231)

~o 2019 2023
= i 07 SA e 07K SA14
1 Shanghai 0.577956 Shanghai 0.57108
2 Ningbo 0.528095 Ningbo 0.530879
3 Busan 0.307267 Busan 0.323515
4 Yantian 0.289531 Yantian 0.29746
5 Qingdao 0.221319 Qingdao 0.223407
6 Hong Kong 0.192718 Singapore 0.181946
7 Xiamen 0.14766 Xiamen 0.148166
8 Kaohsiung 0.130104 Hong Kong 0.132775
9 Singapore 0.128934 Kaohsiung 0.099362
10 ;a”J“”Q 0.089888 Tanjung Pelepas 0.084523
elepas
11 | Tianjin/Xingang 0.087998 G{,Q""a”ngszr:‘a‘;“ 0.084021
12 | Kwangyang 0.084867 Cai Mep 0.082559
(Gwangyang)
13 | Los Angeles 0.072261 Tianjin/Xingang 0.080473
14 Long Beach 0.071654 Los Angeles 0.072678
15 Oakland 0.067244 Long Beach 0.057273
16 Shekou 0.062697 Laem Chabang 0.054927
17 G(L&aa”ngszﬁ;;u 0.055362 Shekou 0.053607
18 Yokohama 0.054512 Manzanillo 0.051944
19 Manzanillo 0.050018 Kwangyang 0.049885
20 Rotterdam 0.048017 Colon 0.049666

R M A
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s-A ZHCY 7R AEdEY 242 dARE 23 w8/ wA
A} o] Ju] T8 I &7t ot Aer yEEH. 1 94U
a3 2o 3R, 24 oY Al7|o] 50 AR gk Aoz s

1o
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> o
o
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ol
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>
=
—
5
@)
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=
)
|o
il
o,
é
N
N
ifiny
rot
offt
4o
ot
=}
N
oot

o] A5 E7] AlFg7] wolct 202149 T Hu] AR Jute] A7t 21
o AN

(72 2-7) 20| £ BT 07| &%

30 I 1 3
20 i —t—HHH
v | I I | | | II " " " " "lI |II I|
o LIt ol ol R R0 00 n i , |
O 0 0000000000 - £ &= === & = & = T R R R R T Y
N A A A d d A3 A3 A AN NN NN NN NN NN NN NN NSNS
O O O O O O O O O O OO0 0O OO0 0000000000 0O 0000 o0 o0 o o o o
) A Qhigt Sliigl o Sliig! Qiiigl Ofigh o gl R Qi Suigl oh gl ool i) St gl gl 5 gl &
cC O & & > C 3 Q f# 2 O € O & = > € 35 Qa fH 2 O € O & = > € 35 a8 2 9
§ 8 3835353965683 3&58%08 ER-4 8335385835389 85833
Se=<235285288¢ 2882283528328

Xt=: Clarksons SHO[X[(ZAYU: 2023.4.2

o

), MRFEY

A, 2022 5ERH Al A e 52 HILWU: International
Longshore and Warehouse Union)¥} EjEFJAFES|(PMA: Pacific
Maritime Associations) ZF @4¥o] EFAEA] ofal A|&Hof met £u
AR ggto] tigt 359 711 d4do] vEua Qo AAE 20229 8
dEY FE/FAAYY HHW E5d< 84.3% TEUE 7159
LA(80.5%F TEU)?F LB(80.7%t TEU)E Fold Uth38) thgt MSC, &sto]
s IEY WY 3¢ ARE IA Rt AAES] 717 ERldo] SH|

38) PMSA EH0|X|(ZAY: 2023.4.10.)
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rlo
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|o
il
o

Aol Aol uet BHN L ArjHoz o
A,

(O3 2-8) LA/LB, NYNJS ZH|0|H S5 X2| &H

600,000 In TEUs

500,000
400,000 \ /\
300,000

200,000
Jan-2018 Jun-2018 Jan-2019 Jun-2019 Jan-2020 Jun-2020 Jan-2021 Jun-2021 Jan-2022 Jun-2022 Feb-2023

M Los Angeles Long Beach m PNYNJ

At2: PMSA(2023), p. 7

20229 9 =P IeNArE 2] A Hodo] 7t MSC AdHHe] oF
4 AdS FUerH FAREC] AR & ILWUO 2AE A7t Al A4
ZQl ]le] Hof dafo] A=l It 2023 3 15¢+E LA/LBY
Pt esAEo] HAA AR LIS S S A Ade] TAFeH,
44 7€ ILWUS| 57t A&oHA o]ofA[A] gFot Yol THH
ATt39 Adsf 2% s e SHA] 7= kAt G5Ol FR
T AR Pt oto] FEH T Ho| $F AT g2 A%
=

Aoz dAte

AR, En] A5 gRtoA LAY YA = ok Fi2ol titz AEEAR
7} o] FojA| 2L it} 20218 || Q3= ek lzet ZjAof oF 79 3007t
%*391 HRXaZ G2 SUFHI0 SQlE HRa2 227] 5 4170

EAES BYE=d, HEHCE FAA HEFY IV} A4z
2,500%F 217t 242 oot ok&d] AlA 39 iH|olH AAto|x} 28
=t 5278 Ftof] EnjdS BAF- Yok CMA CGM2 20224 12¢¥ H5

39) lloydslist(ZAA4: 2023.4.10.)
40) Marinenews(ZM: 2023.4.10.)
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[FAAF A-FS vt CMA CGM2 GCT H|o]&3} GCT &
Huldg oF 309 gl Qs Aoz g A4

2. AISZ 283 SRITY MaR0| 24

1) 24 = JHQ
(1) AIS 7HQ

AtolM= 22 JFY ¥l FolE 4517 a9l AlS(Automated
Ident1f1cat1on System)e 83t AlSe F3ueHgE A o8&

ADS(Automatic Dependent Surveillance) EZA % & 7fdet ICAO
(International Civil Aviation Organization, =A|UFF7]1)2] 74

2 EY{2 FHEow, 19974 AIS A5 7| ZQto] &A=, 1998
W IMO(International Maritime Organization, =ASIAFZ|F) SARRT
Ao B HFo] HHFOEN F EF 300 o9 ARAY
AIS 7Fzko] 20029 7€5H RS rE42) o]F A $F =& AIS H|o]
EIE 7|Hto g Auf o]F AHE EATOEN VA AF 4 S5
T2 AL WASh= d E8stal Q43

ek AISE SOLAS(Safety of Life at Sea, Z-AIa)AFQIHEHAE k)

A8k8-Ql Class-A BFYT T84 &2 Class-B BFY o2 UHH, AL F
717 25 GEAT £ B BF 2204 37 o[y A FEE HUj=

Aog FAHo] gck.é

Shippingnewsnet(ZA2: 2023.4.10.)

41)
42) 2¥S 2/(2016), p. 3, M2 ZFS 2(2020), pp. 19-20.
43) Z7E 2, /o &, p. 20.
44) 2% 91, 90| 3, p. 4, OIZ: ZDE 9|, 91| 3, p. 20.
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7\, 9ET P Bk F T A Ao FuE Som LAl
ek

N
TT = thi_ B e [A] 2-5]
ARG N A A4
P, + iR M o] @7l 5 o] gk A ZE
Ry, ;o 1A A o] A ol 21 ]1 9k Al ZE

22 5 AFoA A AlZHHarbor Time)¥}t t7] AlZHAnchorage

(33 2-9) Identification of route of ship movement using AIS

= 7 o
& epee sag
! TN ]
.

Xt2: Kim, Kim, & Kang(2022), p. 6

45) Kim et al.(2022), p. 6.
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2) Hst 0| B4 21t

(1) D0t 2ot2| Hat

it @ote vl SR ARE ROE = F8% EF 8FA°

o BjE S 2AQte] WHoto A FhejE e AQte] A AR o]27]7HA
% 0|7} 64kmol Eote shbal &5k 19149 8Y 1590 RO
m,40) 20169 6¢¥ 2699 &5} 4 AP daFo] et v QupbetA
(Neo-Panamax, 128 &4, HH°HA 7|& 15,000TEUR) 2719 A
H]—E —}__ Eﬂrﬁ} 2 171] 5]041:]- 47) Eﬂl‘do‘rjl} EH/\-]O]:—Q- qufﬂ- uﬂ Ll—o]—
27t &0 & HAag ¢ o 434 20,000km °l/de] AZE Eobrtok
Ste WIARR wEo] Aub e shut @545 ol-&star Ut

2 Ao A= of2fRt bt 259 B3t oS BAste] A AA &
o] o|9A WSkl Ql=A F3) EHyTh. ok £E Y B A
20179 4,672TEUCIA 20224 5,511TEUR B 3.36%% #AA|2L
Rom, B T2 AZE EIE 21.35A17004] 24.40A17F0. & FSTHSE A

E A ol munt @55 S6hs AdrEe] AAF t3sty
14 EQF EolA| AL Stk ACE SiAE 4 Utk F A4 JA] AR
oAl BHEE 3,135204 3,6212 0.2 ABA 2.92%% S7IotL, 55
oAl MEZE= 2,97440]4 3,183 0= AYA 1.37%4 S7Fstal 3o
upuat g5 B3t Adto] F7fstal %\—t— ﬁ% & 4= St £5] LA/LB%,
A&l = AFAlA NY/NJ, A% EHE o]Eot=
Aeb 71 5w S7ksk Qe A H*d JJrE‘r
TR R va E5F S4lo] AR A

& qle

ol‘
S

Rl o %O

i

11

%

46) CHstX|2|etg| @|(HAiY: 2023.4.7)
47) BH2ASZ APRI(ZAIY: 2023.12.11)
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E 2-9) TiLi0} 25t St 0]

7= 2017 | 2018 | 2019 = 2020 | 2021 2022 | CAGR

B M

(TEV) 4,672.23 | 4,725.61 | 4,833.75 | 5,070.48 | 5,495.22 | 5,510.66 = 3.36%

Yot STHARE

(Al7h 21.35 21.81 21.54 24.28 24.70 2440 | 2.70%

K58
(=) 3,135 3,466 3,729 3,370 3,491 3,621 | 2.92%

=] =]
SE-ME

(=) 2974 | 2,863 3,120 = 3,007 3,053 3,183 | 1.37%

Af=: AIS HIOIH 245 Sofl MAF &y

(I8 2-10) DfLior 26t St 0|

6,000.00 549522  5,510.66

5,070.48

4,833.75

5,000.00

4,000.00

3,000.00

2,000.00

1,000.00

2017 2018 2019 2020 2021 2022
R UY(TEY) o= MR ) 87 =038 ) MR

Xi&: AlS HI0|H R2Me Salf XAt 2k
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3.19%2} 2.96% 28 o4 F7151R 9 Ao w BAHYYT. E3] Pt
o &lste Adtae LA/LBoLol At 1.38%4 A3kl = H w8
FEFT NY/NJFS 42 0.98%¢H 2.73%4 37161 Qe g & &

olth. LA/LBEQ 3t At £t 2019¢3 202040
zozlbﬂoﬂ st | Z7HIAEE 2022800 2017HETE E0f
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224 2xzgyol ¢t 02
H2-10) 0|2 FQ 812 Mef 20|

ﬁ.' siob = 2017 2018 2019 2020 2021 2022  CAGR
B 43

ey 6:664527,003.627,035.26 712080 7,348.76 7,280.72 1.78%
oj F s

2 LA/LB MBAIZE 69.01 | 6839 7525 10055 19599 11848  11.41%
A (AIZh
® 053t

Mef& 2005 | 2,331 | 2,080 2,034 2,688 1,954 | -1.38%
(&)
1 M3

“TELy 4:251.92 4,570.66 4.812.57 4.854.15 6,046.51 4,974.60 3.19%
7

SAE MEARZE 2775 3041 | 3221 | 3174 4086  49.76 | 12.39%
g (D
Uzt

| Meta 92 | 1,024 1,03 | 1,147 | 1,030 1,010 | 0.98%
= (&)
& 7 M

2 (Tcu) 6:088.3816,364.886,734.53 7,069.77 7,375.98 7,044.88 2.96%
Hz

NY/NJ MBtAIZE 3168 | 3362 | 3454 | 3657 4356  47.01 | 8.21%
3 (Y
s

Mef4 1835 | 2114 2106 1996 2,030 2,100 | 2.73%
)

A= AIS HOIH 242 Sofl MAH 2
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8,000.00 3,000.00
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6,000.00

2 .
5,000.00 00080
4,000.00 1,500.00
3,000.00 1,000.00
2,000.00
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HE HIYES Soll S=4 SUTH 22 S, 4 SLA S=4FH| x|

O
x|
S HA | 012 SATH| 201K B4 HIS 37 24
- CI2H 329 AFOIA O15] Si9/0], ZTE § SR BHI7}H =2 232
2%
- Al Tk A0 SR ) £E2 SRS EHT HHH, Ho|E I

M AH| HA | 20l S|
o A1 Qo= T3 HH|Q| MU MO|H IS SE LSS st HA K&
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RIREA e
- 3012 BA, 712 QIHjo] Ottt I8 92, Hs K| 218} S0 [ 49
eSS T
o MEAFE XY Y for 2= MIXH7+ 202260l = 2 202 2H&t
oz g s f; = i§ - '“om ljﬂmrm .
LA, |+ AJst 2712 71 SH0I517| OfRISLY EIQHE 25 AJH7} 0] M20] i

o=l Mgt

At=: 019%1(2022), p. 6

o2 WA A dRio] SE I Gup XA ghop ARR AP E Q=
< &9 10€ 79 diS= SteA £=28A%L & 329 7Ie 5 AR
ZA°] oigt AA We&S FAslth. WA HEE & DRAMOYA]
18nm ©]3}, NANDOJA = 1284, H] H (A AHEHER]) A RofAE T
ol 9 Ao|EZoZ-2E(GAA) T HIHH ERAAH +29 14/16nm ©
o T AL et FuE %‘Alé}‘ﬁi, 3] 9iE NAND 7]l
YMTC & 309 7} &= 7195 vdS &5 (UVDol F7Fst3iet.>9

Fl(‘

S O &

SALAEUY) D AAADUY) =3 2] QAel Ygee ASMLI}
AR A= S5 w20 YET 42 BA SIS0, B wFS 17
A% 52 1A B2 T2 5 o 7o Srfekt Wore 39 102
71 19SS E B4 TEY I 32 3401 3
Ho® AAY R NAMKIP) T8 34 2 AFAAD B 2
95 52 A 5 538 B9 099l H A2Chip Choke) B4,
X]X-] oz _Q]—]:HE] UJ—O]T;]—

=

54) ZI1ZEH(2023.1.6.)(HAL: 2023.8.2.)
55) Bloomberg(2022.12.7 )(AAMY: 2023.8.2.)
56) NATO(2022)
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HA S AR, T3 SAEAY a4 M7 A dFE Ad A
o

HjRe v ) A2 JHe BEsks vy 3 £39) dzn

=
A2F 93 390 F=T HEY SAH0E AHshs kEE 7|01
o]
A

Ol=-eHY AA T AYA(IPEF: Indo-Pacific Economic Framework
for Prosperityx= 2022 5¥°] &3t AA AR =& vIE9 14
7ol Z7Fstar Qlet. IPEF: 44 71%5(Pillar) 0.2 FAE .01 59 Q%
-HEG A9 MFe 2Rt IEY FHAHY HIE 8 FHE
AL QUH}60) [PEFOl= OFAlot =8 =7HE0] skl Qlo] ARAY ml=o]
= A48 BAGYAE FSotEe It WEE] Sk

H4(Chipd) T2 vl=o] FEdl= WA 357 FWls, 2=, ¢
2, fetes 45 ot =2 22 AFS FEokal e A
Aoy, Wi2A| 2431l e =2 AAIR] s F=S wiAR W
A FEYS =0l

HASFEQIH TFE L A(MSP: Mineral Security Partnership) 4] 4=
TFHNAY HFES 55171 Yol == HIRRE 117h=0] Fosk=

57) The White House(2022b)

58) U.S. Public Law(2022)

59) £ (Fair & Resilient Trade), 35L(Supply Chains), ¥4 ZX|(Clean Economy), 38 ZA(Fair
Economy)

60) =210t 2/(2022), p. 3.
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SUA(LFEA, A2 ST A, 3 e, 7|4 2H),
AFEE7], FolA), F “4&% glo](&rtd A3, PC 1‘4&% o], 33
5) o0 F= AREHIL U062

ul3 A WRAEHUSGS) EAQ2021)0] J5td A A4 SEs e
£ oF 19] 23Tt B2 £o] Fsio], F3 U o] 4,400% e
£02 AA 1903, o HEY, Ao}, Ha} £HZ Zo] &
T}.63) S|ERO] 20213 AJARFS OF 284 Eolnf, Al ZH A= F
o] 20214 71& oF 169 8W Eog A AlA JE AArge] oF 60%
2 AT 9o, 202149 7|&0 2 u| U AR oF 40t 3 Eo g
oF 15%5 AAISHL Qi H=2 S8 S ER 3+ £7(2010~20149)9]
JFOR, 2018FE EAH0R A= Y| P4+S Aok &5 FA
Folct. g mlsolA YR SEF P (concentrate)o] BATEL, A
AHEE JJER F5 9 IRME2 A9 100% ol &t Qi 1
29| SER FH £ FAL2 20219 7|E F 19 649 o],
FYFE FHOE AAY 78%E AA|skil QUrt.64)

o}
SRS $9, A, A2 549 AN S0k 354 o
3_'0]-
I}

61) LA ZJ|SHA 177Y
62) YHHZAU(2022), p

63) TAA DR HIZ: %i* 37 0%, HIE'Y 18.3%, 2{A|0t 17.5%, B21E! 17.5%.
64) YYEIRAI(2022), p. 3.
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A
27t s
2018 2019 2020 2021

Ol= 18,000 28,000 39,000 43,000 1,800,000

sF 21,000 20,000 21,000 22,000 4,000,000
Sat 1,100 710 600 500 21,000,000
0|2kt 19,000 25,000 31,000 26,000 -

5= 120,000 132,000 140,000 168,000 | 44,000,000
A0t 2,700 2,700 2,700 2,700 21,000,000

Ett= 1,000 1,900 3,600 8,000 -
HEZ 1,000 1,300 700 400 22,000,000
FMA 190,000 220,000 240,000 280,000 | 120,000,000

R2: YAERB(2022), p. 3, DIZKLEAR XOI8

N

I

S A FFHL H2o
g 5FS B
S 3%t 29 7]04(China Rare

A Bk o] FHe 5

JERF T 9 BAA 7 2 vl
S EF At digt Aotds Aeletal
o|a tt. F= 3Y JEF P4 7|dS el
Earth Group) 3= W 449 70%E 3ot

ok
H
a‘l“ni :

0] HEF A1) Poretol AN, 0% 5 ol A A2 A
Taa e, P vl S AYYRIIEHE B AP LG

on 69 o]t BER 49 e T4, gkl £
A U BAA, AR 28 A28 50| O A A
X 7ole.66) o] 2 Q1) o] A|Ht Aog 3

% 7RsHo] AX T Uet.

z30] SER Aoky 45l tjgaly] A8 viae] P RAGR,
NUARSS = S5 AA A 5kE 98] sk grh. TR
AR 72 E o} Aele] sE ° A2 A4 LS 945 MP Mineralso]

65) KOTRA SHRIAI R FA(2021.2.5.)(BMY: 2023.8.13.)
66) ALHFHH(2022), pp. 3-4.
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3A59EE 2eE FARIAH. E 195049 "=EAMAY Joﬂ 374 st =
P FEOR g ovA], e Az Sofl ol&HE F= Y

=
20 33 44 2 FAZ AYstn Uk

(B 2-23) 0= 247 ER 2H| A= XA

CHol: oy
257 1¢ UX FH(ED) MIE LHE
- A5|EF(Light Rare Earth
Elements) M2| Al 2+
ot
vp s | 202001 980T eniealois oim galo) g

(MP Materials) ZHAL AS [0
o |~ 38ER(Heavy Rare Earth

20222 35002 Elements) M2| A4 2

- 33 7|YCR F= MLl SIER

20207 | OIE T ST

2f0|4A o - ZA3|E3(Light Rare Earth
b~ e=i=w(Lioh
(Lynas Rare Earths) 20212 3040 Eloents) 22l Al 22

- &8|E&(Heavy Rare Earth
20226  19f2,0008t Sjment(s) A
TDA OtZIHEA
(TDA Magnetics)
il O EA 2020.7 28308 |~ |:||9E|Eo S|ER At O|= L MAEX|

(Noveon RN
Magnetics) 2020.11 860t - B|E2 XpM Zaa) o1 3

Xz 019%(2022), p. 26

2020.11 2302 - SER AP S2Y G o

i

=2 2= Y YAk A3het & ofyel 33& otE mtEUA(MSP)E
THsto 2 M 24 33T S TRk Q. U] I REE -5
Huch- ZPA-EY-dE- I 5 4
o}— MSPE i 6}%3

oel
4o
rjg
jo_ir‘
N
-
Y
o 8
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1) 012 g8lo| £5 Hg
9]

2022 wl= ke < AT HEH gApAo] A FAETR O]
% 2,5489 9E|E 7MY o, thgo & RO Y5 wE&3o] 1,713
o S E 7|EotA} AR It FollAE A zyoto] AAfsH 2 AN
gAagdo] ¥ 1,218 & &5t 20229 FUHE 712H] oA HA
2 Z JEE AASH

H 2-24) 0|7 FQ gt =5 A

X Sty 2017 = 2018 2019 2020 2021 @ 2022
22 | Houston-Galveston, TX|1,090.7/1,409.5/1,501.1/1,269.2|1,771.6|2,548.2
52| New York City, NY |1,363.4/1,450.0/1,358.1/1,247.4/1,559.5/1,713.5
g8 Laredo, TX 1,261.3/1,342.0/1,277.9 1,096.7/1,411.9/1,602.4
g2 New Orleans, LA 954.6 11,073.5/1,055.8 958.7 1,178.7/1,602.1
S Detroit, MI 1,300.1/1,327.5/1,297.6 1,108.0/1,280.1|1,436.0
ME Los Angeles, CA 1,285.0 1,303.6 1,215.3/1,075.2/1,135.5/1,218.2
g8 Miami, FL 5919 | 615.9 | 607.2 | 509.9 | 648.2 @ 742.1
SME Chicago, IL 479.8  524.7 | 506.6 | 536.8 | 656.1 | 717.8
M= Seattle, WA 798.3 | 786.0 687.8 483.3 5854 | 665.1

Y Savannah, GA 4915 5417 | 574.2 | 506.1 | 608.9 | 649.7
M San Francisco, CA | b47.1 | 5656.8 | 612.5 | 619.3 | 657.3 | 621.3
SNE Cleveland, OH 410.9 | 465.0 | 513.6 H 484.1 | 520.3 | 598.5
HE Port Arthur, TX 176.5 | 264.4 | 305.0  197.0 | 365.7 | 591.7

HE El Paso, TX 405.6 | 440.5 | 461.1  391.3 | 488.6 | 560.8
=5 Buffalo, NY 424.6 | 423.2 | 411.9  368.0 | 425.7 | 472.6
SNE Pembina, ND 278.4 300.2 | 278.2 | 234.8 | 287.8 | 372.3

Cha Norfolk, VA 270.7 2465 2484 | 2453 1 307.0 | 357.2

M2 San Diego, CA 2334 257.7 | 2525 | 221.6 | 282.9 | 323.9
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PN e aiar 2017 | 2018 2019 2020 2021 | 2022
=25 | Dallas—Fort Worth, TX | 245.2 | 243.8 | 254.4 | 231.1 | 268.4 | 297.9
=55 Charleston, SC 311.2 | 345.0 | 403.2 | 305.6 | 304.1 | 291.5

NE Anchorage, AK 197.5 | 218.0 | 209.3 | 196.6  257.7 | 259.9
Kt=: USA Trade Online(ZAY: 2023.4.10.)8 E&0t0] XXt =ty

L MORTH
DAKOTA

*, COLORADO
R -

e DKLAHOMA ¥
T . ARKANSAS |
ARIZOMA o 4
3 JINEW MEXICO P MISSISSIPRIL
3 P TALABA

At=: US Ports - Google My Maps(ZA2: 2023.4.12.)& €850 XXt &4

AQE vz I AFS HluEFe W, g7 A9 = F90] F
9,8489 2= A HIFY oF 51%E AAFeH, AR A9 Fuk2
3,3649 28, SAF-FEF A I 47 3,2129) 279t 2,822¢9
2HE FEIUH. EF AY FHY d¥d & I YFEQ017~
2022)2 9.4%% 71 woH, o E FAF-E5F A o] 42t 4.6%
&} 4.3%S AA, AR AHL 0.6%2 ABA & 7Y SRS 7SR
ot el A% 7832 20224 ¥ & F90] 1,714% EH=
A R EHolA FF FAkL FARG] o]o] & MAR o, A
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o AAE(2017~2022) 4.7%S 7123} 2022 1] A& =< guto]
& g9 HFE F HARE o, A¥d AFES 7MY B2 Aot
ME QoA 74 2 ol 2 ARAH A2 FTL 5U7H2017~2022)

5% 2 ZUAAL B G0N o 649 B S2slel A4 v
o 73%% AASHAOR, ARE $F SHLE 7.6%2 H EUT 55
2 vl £% Fo] HBET} O AL WYY A9 YuEoA T
L BB 3 AT Al Pt AGTIAR 5 1FF AFY viFo]
7] BhEel 2oz BAgr

5 2-25) 012 X/ 39t 45 3Y

= 2017 2018 2019 2020 2021 2022 CAGR 3ZE
SN2 2,561.1  2,705.3 | 2,668.7 | 2,417.4 1 2,817.9 | 3,212.7  4.6% | 14.0%
552 2,285.0 2,417.912,317.1 | 2,049.1 | 2,5628.9 1 2,822.3  4.3% | 11.6%

22 16,298.0  7,065.8 | 7,200.4 | 6,091.2 | 7,863.4 | 9,848.7 | 9.4% | 25.2%

ME 13,2617 | 3,325.3 1 3,209.2 | 2,808.5 | 3,176.9 | 3,364.2 0.6% | 5.9%

=7 14,405.8/15,514.2/15,395.3 13,366.2 16,387.0/19,247.8) 6.0% | 17.5%
At=: USA Trade Online(ZAY: 2023.4.10.)8 &E510 XXt 24

(H2-26) 0|= XHE U 5 =T

oo U2 E
T2 2017 2018 2019 2020 2021 = 2022 CAGR E%E
ZME 138415 10,6425 9,930.8 11,1265 9,169.0 7,656.9 -11.2% -16.5%
S=5102,236.7 118,185.6 111,282.4 97,769.7 107,931.1109,013.8 1.3% | 1.0%
S5 445,273.0 506,234.8 539,753.0 555,306.0 584,619.9 643,579.0 7.6% | 10.1%
M= 138,206.6 144,222.3 129,687.3127,069.4 126,305.8 115,732.6 -3.5% -8.4%
£7{ 699,557.8 779,285.3 790,663.6 791,270.6 828,025.9 875,981.1 4.6% | 5.8%

Xt=: USA Trade Online(ZMe: 2023.4.10.)8 E&0t0{ XXt &4
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H 2-27) 0|5 X9E(ESH) & +& =Y

St 2017 1 2018 2019 | 2020 2021 | 2022
New York City, NY | 1,363 1,450 1,358 1,247 1,559 1,714
Buffalo, NY 425 | 423 | 412 | 368 @ 426 | 473

Ogdensburg, NY 165 190 | 186 @ 167 | 196 @ 227
Philadelphia, PA 168 185 | 197 @ 146 | 181 216
Boston, MA 88 91 87 61 87 92
Portland, ME 51 51 51 39 57 76
St. Albans, VT 22 25 24 18 20 21
Providence, RI 3 4 4 2 3 3
A 2,28512,418 2,317 12,049 2,529 2,822

Xt&: USA Trade Online(ZAi: 2023.4.10.)2 S50 XX} &4

=

(B 2-28) 02 X|SH(MR) &0t 25 Zo

oz

ul} 2017 | 2018 2019 2020 2021 2022
Los Angeles, CA | 1,285/1,304 1,215/1,075/1,136| 1,218
Seattle, WA 798 786 | 688 483 585 | 665
San Francisco, CA | 547 | 557 | 612 | 619 657 @ 621
San Diego, CA 233 | 268 | 252 | 222 283 | 324
Great Falls, MT 131 | 142 | 161 165 | 190 @ 201

Columbia-Snake, OR| 142 @ 152 | 138 | 132 | 193 | 200
Nogales, AZ 124 | 127 | 142 | 111 | 133 | 136
Z A 3,262 3,325 3,209 2,808 3,177 3,364

Kt=: USA Trade Online(ZAY: 2023.4.10.)5 &&5t0] XXt =ty

2) k20 Z0o| &= i)

29| £33 % 7159
299 EH oF

2022 w|=of|A] g=o
ol A AA &3 2%
ot

o] et v of

62 3.5%C] fsﬁ*:*fs}h H]
FEFN(2017~2022) F7H&2 8.1%=, A AlA

CAGR
4.7%
2.2%
6.7%
51%
0.9%
8.5%
-1.0%
3.4%
4.3%

CAGR
-1.1%

TI9): of oy

18.2%
23.5%

=7I=
7|-_g

-5.2%

-3.6% |-16.7%

2.6%
6.8%
8.8%
7.0%
1.7%
0.6%

13.6%
38.8%
52.7%
40.3%
8.9%
3.1%

ojH, ol& wl=

%o

[¢]

Io}. &t
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AR 37H 5.9%ETH =T

(B 2-29) O|= &to| o= =

Z10H
== R |

M

&= | 2017 | 2018 2019 | 2020 2021 @ 2022 CAGR 3Z&E
o= 484 563 565 510 659 715 | 81% | 8
S MA | 15,472 | 16,668 16,459 | 14,285 | 17,543 | 20,629 @ 5.9% | 17.6%

Xt&: USA Trade Online(ZMe: 2023.4.10.)& 2&5t0{ XXt 284

vF FEe AU TR A, GRoR F FAL gR A9o|
34199 el HA) % w59 oF 0%k M BL HIFS AA5HY
o, 1 thgomt AR(230.29 YE), BEH63.29 F), FAR
(43.29 2¥) 2AZ L £% FAS /=Y

S Aol AFo2Y AWF 5F I 37 A B
FE.1%HT} £Om, $% BFL oF 30774 EoE mﬂ A % g
%) 71%8 A ol AT Sazolt-glAlo

o 9719 Y502 R AolA ouiA] AURS %)4 *201 %7t
W] el Aoz Baw,

H 2-30) 0|2 x| &ioto| 512 45 o

&2 | 2017 @ 2018 @ 2019 = 2020 @ 2021 2022 | CAGR 3#E
33.78 | 36.72 | 3472 | 2945 | 32.09 | 4324 | 5.1% | 34.8%
48.05  46.37 | 4744 | 50.84 | 64.51 | 63.28  57% | -1.9%
g5 | 152.37 | 209.47 | 242.07 | 199.21  299.16 | 341.91 17.5% | 14.3%
ME 1 226.14 1 239.74 | 209.53 | 204.89 | 235.42 | 230.20 | 0.4% | -2.2%
SA | 460.34 | 532.31 | ©33.77 484.39 | 631.18 | 678.62 8.1% @ 7.5%

Xt2: USA Trade Online(ZA1Q: 2023.4.10.)2 &2610 MAt &
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(B 2-37) 0= X[E &

=]
it}
o
Hi
4>
T
4o
o

ool M &

T= | 2017 | 2018 | 2019 @ 2020 @ 2021 2022 CAGR  3BHE
156.6 14.9 35.5 53.4 60.0 37.5 |-24.9%| -37.5%
3,983.0  3,320.2 | 3,725,561 2,607.2 | 2,104.3 | 2,071.5 -12.3%| -1.6%
=25 113,5620.2/25,022.8/33,5683.6/29,651.0 35,910.8 30,773.7| 17.9%  -14.3%
ME 114,181.0/118,800.513,320.4/12,798.9 12,524.5/10,364.6| -6.1% | -17.2%
&7 131,840.8/47,158.3/50,664.9/45,110.5 50,599.643,247.4| 6.3% |-14.5%

Xt&: USA Trade Online(AA: 2023.4.10.)E 2610 XX} 24y

o= AReh B St e 20 e Hlu A, AF-E5 et
oA gH=ro RO £EHL 7H7F 230.29] Dejet 134.39 2R A& 5fto]
EouU A¥T £ I7HES 47 0.4%, 6.8%E 5 dfigto] 950] =
oh. 20229 AF9] tiEARl Rl 2AHAH A oA F=om
FEH F F92 99.69 oY dABH &Y 57H(2017~2022)2
—1.4%<1d] ®ls], S5 HE FU 7EFY = 22 589 2O
o AAFES 5.2%C1 A AR FHe] & F90] § o4, #= A4
FEL &7 ol ¥ goH, ol I d=Y vlm FHFE FAVL

=74 dolow B4,

(23 2-13) 0= SRE) S MR(LAY +& Y

Ei9): of e
106.8 : 107.1
99.5 .
100.0 2 28.6
80.0
60.0 58.1 58.0
- - 5 471

40.0
200

0.0

2017 2018 2019 2020 2021 2022

B583  m 2ANEYAY

Xf=: USA Trade Online(ZA42: 2023.4.10.)2 E85101 XXt X4
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(2 2-32) 0= X[HEMS)

2yals 2017 2018 2019 2020 2021 2022 CAGR 3BZE
Los Angeles, CA | 106.8/110.9/107.1| 99.5  99.8 99.6 -1.4%  -6.8%
Seattle, WA 396 47.0 34.0 235 30.7 | 28.1  -6.6% -28.9%
San Francisco, CA | 66.9  62.1 | 53.8 66.6 | 85.0 80.5 3.8% | 20.4%
San Diego, CA 02 0103 01 0202 44% |242%
Great Falls, MT 03 03 03 03 03] 06 17.3% 122.2%
Columbia-Snake, OR| 12.4 1 19.3 | 134 | 148 194 211 11.2% | 70.2%
Nogales, AZ 00 00 06 01 01 01 24.4% 197.8%
S 226.11239.7 209.5 204.9/235.4/230.21 04% | 1.8%
At2: USA Trade Online(ZMY: 2023.4.10.)2 22510 XXt 2t
(B 2-33) 0| S% YU(ESH-HY) 52 +5 2
ool o 2y
shak 2017 2018 2019 2020 2021 2022 CAGR BZE
New York City, NY| 45.1 | 42.7 | 416 | 47.1 58.1 58.0  52% | 28.5%
Buffalo, NY 1.0 | 15 | 1.4 06 | 11 1.1 2.0% | 10.3%
Ogdensburg, NY | 0.0 = 0.0 00 | 0.0 | 0.0 0.0 0.7% 3.3%
Philadelphia, PA | 0.7 | 0.4 | 21 1.1 28 | 25 | 28.8% | 254.8%
Boston, MA 1.1 156 22 19 24 17  96% | 58.3%
Portland, ME 02 02 01 | 01 00 | 0.0 -229% -72.7%
St. Albans, VT | 0.0 | 0.0 | 0.0 | 0.0 00 | 0.0 -10.0%  -40.9%
Providence, Rl | 0.0 | 0.1 00 00 00 | 0.0 -100.0% -100.0%
Miami, FL 26 | 25 | 27 | 23 | 26 24 | -16% | -7.9%
Savannah, GA | 20.8 | 20.6 | 205 18.0 29.2 275  b58% | 32.5%
Norfolk, VA 56 62 | 73 | 58 | 74 | 88 | 9.6% | 58.1%
Charleston, SC | 11.7 | 9.7 102 | 133 | 165 | 21.8 | 13.3% @ 87.0%
Baltimore, MD | 45 | 34 | 35 | 24 | 32 | 54 | 37% | 20.1%
Mobile, AL 22 | 27 20 | 23 30 | 28 | 46% | 252%
Wilmington, NC | 0.6 | 1.1 1.6 | 1.1 1.6 | 1.8 | 23.3% | 184.6%
Washington,DC | 06 = 05 04 | 0.3 | 0.6 | 05 | -5.3% | -23.8%
S 966 1 932 | 954  96.3 1285 1343 6.8% | 39.0%

At=: USA Trade Online(ZAY: 2023.4.10.)8 8510 XXt 24
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RAE Bh20| O] AMEXISL FQ MMl HE

n=oAe S5 AEe 8 v W Axdel EdiEE 2laoiFol
D431 91tk Kearney 2022 214:018 1ol ook v 2] 242 A
A AEF2 otAlot 8 AR FVEETEL SUFEY v &
Jhelel fe] A4(+39)% 7SI Bl 1450] olde 17
Sf= 28 olfolls 15 Bl8, w5, BF AL % Hl8T e 75 vle

= o= 7 58S g5 Hotd] mis & e Age®
A= oo, S 35 22 185 o5 A0 459
< FAI B, v s e Al 1097 Mepr A9 ISl Pew
Research Center®] 2JsHH #4018 7]“%—9 = 011_,] X]-O]E o U2

AMEs A, Al FE 3 BlE <

H 2-34) 0= M=Y

0= M= 2 HIS

2013 10.64

2014 1.22

2015 12.34
2016 12.47
2017 12.74
2018 13.06
2019 12.08
2020 12.95
2021 14.49 | -
2022 1410 |

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Ata: Kearney(2022), p. 2.

67) Kearney(2022), p. 2.
68) Pew Research Center(2018.8.7.)(ZA1: 2023.8.1.)
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202249 %0] mj=o] glaojg o ok 224k 7 A9} 1,1567 71Qo]
&=l FDIZ Z&d 4A 139 %, 719 552708 F¥5iqlt. o]+
T vl IRA Y 59 FFo=E H7]Y %01 A7121 g o] i FA}

“7] 29l Aoz FAHL Ad 1097 2 X 4017 (off-shoring)2]

4 240y, FDIY F7I= 7|&0] 200097E A4 FAAE Hl=
ﬂi?é ARt $=7F L F4A]0f Hgf| 2021900= oF oWt 7 37t
Aoz Z=AEr} 69)

o n:L mlm
x

H 2-35) 2|A0{E/FDIZ Llist M LXI2| E 7Y
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< U=, 7Y 5 F2 APIAM FA AL 2E0] detEE 5 9 A
A F=0] AAH B o]AdA] Aol w7t ERER A48T Zlow
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Published by ON: 45 GWh QC:15 GWh

Battery projects == " STELLANTIS

North America as of BATTERY = ultium=:cells snmsunG :::E“-““*'; STROMVLT (3 LON ELECTRIC
February 2023 N[ws DE 202X, TBD 2025, Kokomo || 2024, 15D " || 2030, Quebec 6‘:}7;"{-) SQE@SEC

X GWh uuwss Gwh [|Up to45cwh || UPto10 GWh
@ LG Energy Solution I :|.:uncwn.x| 18

nv: 32+ x owh [TVEINIETEH
CATL 203X, T8D 202X, Holland Up to25 GWh

2022, Endicott Upto 32 GWh

2025, USA & Up toX GWh wun=cas 2024, Lansing Up to 50 GWh Geelectrovaya 2023, Jamestown X GWh
Mexico SAKUU Hwm 2027, Mecosta County X GWh| Wh
p OH:75+X G )
Ypictogwh 1D €52 2026, T5D Up 1035 GWh | @
2025, TBD Up to 40 GWh

Statevolt UptoB0GWh 1 510 2027, Beleville Up to20 GWh
20XX, Hells - utium=cells 2022, Warren 35 + X GWh
Kitchen o I
ptosaawh oo En ” ==
1KOCH v ¢ 2025, Clendale Upto!ei awh

&=
g;"fa"; 0 2026, Glendale Up to 86 GWh

& Envision AESC
2025, Bowling Green Up to 40CWh

Up to50 GWh 70 GWh

TESLA
2023, Fremont Upto 10 CWh

Panasonic T = S L~

2025, Sparks Up t050 GWh W
2024, Atlanta Up to S0GWh
= Solid Power s U P 2022 & 2023,
2022, Louisville Up to X GWh A sK Conie Atlanta Up o 313 CWh
2026, Bryan County

LG Chem uthors GeritBackey 5.0 Heiner Heimes (REM RWTH Ashsg == UmeOC
A Wh
2023, Queen Creek Upto 12 GWh

. saFT
BKoREPOWER I
2023, M Up to18 GWh Panasonic T=5LA ||ultium=cells @ & Envision —
Al 2025, De Sot0 & TBD |[2022, Austin  [|2023, Spring Hill 2025, Stanton 2021, Smyrna || 2024, Jacksonville
8B 20X Tucson UptoXGWh || Upt539GWh+x  ||Up t0100 GWh|[Up t670 GWh  Upto43 GWh Upto3 Gwh || Upta2 GWh

Xt2: Bettery News(2023.2.17.)(AA4: 2023. 7. 20)

4. CHIPS Act.2 st= Atd0f| CHSH Hakad

IE
x
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1) ¢

20119 69 HEH = HEd AS|EAHEHLI(PCAST: the
President’s Council of Advisors on Science and Technology)d #

Az ke A% A BAA7= 19909 FE 2049 o1 5

96) &3|(2022), pp 1~112 F1I5HH 2

94



my
HU
NE
:1I:I

I
)
oy
OD
6
rE
fon
o
N

Jd "= [CT 5 IR7PHA] AxY ok ,] ngdaz)zh Azt
AZ st %Xﬂi 7143513 9}, Holo] Ry ujxte] vix
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0= 2 2 HH-=7t2] 1995~2008H Ol=2 H M2 A= H A A
712t HHAE FYX| 0| HE FYX| F0|
980 (Y =3) 15 (M =a)
200 Lt 0
150 -100 =
-200 \
100 300

50 \,24\ o :400 \’\\
— 0 NAVS
50 _W/A k \/ o

-700

-100 -800
199419961998 20002002 2004 2006 2008 2010 1990 1995 2000 2005 2010 2015
[ —0F #0409 633 Al HIE | [ ESlAdvanced Technology Products (Al Manufaciured Products |

At&: PCAST(2011), pp. 3-4.

20209 9¥ol= vl HHEAAIAES|(SIA)ANA Bl=+9] Mt B4 A

X dF IHE BEZHo7 dupyro] YL =51 H 1 A997F T HE
A=t A v A KL (CHIPS ACT)Y 7 o] 74L& &4
Z StUE BrtE e o] BiAe ARy Ay Exaa AA dY 5
F8 A4 eyt 1 7 anE Zﬂ A5ttt olo] 20219 W] r=ui-d
ol AR PR o] RFEQUOH, o|EH FFR7E S0l Hol 8
71459 = W AAHER ] AHA R RS ALT 5 = HE

<49 40| =gt

97) PCAST(2011)
98) PCAST(2017)
99) SIA(2020)
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S, v 7t 71emd AL vl A45t dEHQ ERFE PR A
7] ©& As}E9loH o] HF - F35} ol TEF 9] Aoz e
7] AFeIY) Q1A BHeA, I83 A HeARIolA wl=o] 7|&
A, A HE FEES Aosttts 53 ol 20199 M=<=dH 0
oA, F7RPAEAS]9] Abstol] QIR 5=7IRIE A YSI(NSCAL: National

Security Commission on Artificial Intelligence) 7} ZE=EoH F
SHEEolE 2 SRR oY FRESH A A ZHE 94 5
15919 8 QIAE d9=HH. o] f¥s]= 202149 3¥, A= Hy
1005 THsty, FH9 AYd Y& sl dBAE, BHeA, dd

AL, e 5 A AAY Ao aHAFE gt FAE
Aed oS G-t B3 ATa BEEA A IHFE Hehake
o 4 =94 7|9t = QA5 tivt &9 LAY} I AJH FAb
FAE T8 Ay o= A A5

olof weh, MIEA AU 2 AFATH7IEEAB(NSCAD7F A7
g o2 FHT QFA T 9 AT HkAY Aol o] HAE
o, v FEE AR ), WFES THaEAY ) 59 HekE st
Aok FF 1 AXH Ao = Qs 2N TEY Tl AT AY
o] AQF9on, A 20224 79 29Y, ] MrEAe} IHshH (CHIPS
and Science Act of 2022)°] & Fd}=o] MIeA] XU, A 24
ARl Ay Ao ZUsHA =i

o] A A9, 0 2 HURteA] Al AJd B2 9 AR,
olgoFy Sof 5279 2E(eF 70% ¥ AR A Y 9 A -
Au) B2 oA 25% AldgAlelch. AdgAlE Eaf oA AW,
(FABS Act) 0 & ojE|glom, % 109 52 = Wi AlH F4F 7|0

100) NSCIA(2021)
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102) The White House(2022a)
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104) NIST(2023b)
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(O’ 2-26) 20213 OIRC| FQ 7| LEH IS H|W

TSMC  Samsung Foundry umc GlobalFoundries SMIC

$56,674 $8,538 $7,605 $6,586 $5,443
5 nm 10,468 487
7/10 nm 17,971 2(954

16/12 nm . 1759 2(107 354

32/28 nm o 1,596 1,621 1,317 463

40 nm 4,251 470 1,369 856 822
65/90 nm 4,080 811 2/053 1,120 14763
130/180 nm 5,100 461 1,902 824 1,867

Xt2: Gartner(ZdA1: 2023.8.13.)

105) Gartner(ZAY: 2023.8.13.)
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106) ZDNET Korea(2023.4.20.)(444: 2023.8.11.)
107) Z2MH|=(2022.11.15.)(H *—'.*OE' 2023.3.2.)

108) Biz Watch(2023 3.29.)(AM: 2023.8.11.)
109) TAHIE(2022.3.15.)(BM OE' 2023.3.2)

110) Eﬁ?—r(2022 9.2.)(BMY: 2023.5.1.)

111) SIA(ZA4Y: 2023.8.11.)
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s
20074
20084
20094
20104
2011
2012
2013
20144
20154
2016
20174
20184
20194
20204
20214
20224

Rtz si=ey

A
_'_%:LOH

1,282
991
744

1,990

2,235

1,762

2,480

3,009

3,397

3,003

3,978

5,191

5,705

6,130

7,895

7,444

H 2-41) HH=H| HH|

3| K-stat PHEH (A

A=0| &

TE-d

TUEY =rEsY +E5T  TUSE == ST
8,472 -7,190 10,964 31,964 -21,000
5,888 -4,898 11,365 27,103 -15,748
3,593 -2,849 9,804 15,452 -5,648
10,142 -8,152 24,669 41,238 -16,569
9,646 -7,412 27,429 37,318 -9,889
9,022 -7,260 16,160 29,826 -13,666
6,471 -3,991 28,094 23,320 4,773
7,91 -4,902 30,931 26,410 4,521
8,059 -4,662 36,675 28,857 7,818
8,715 -5,712 43,620 27,519 16,101
19,076 -15,098 57,851 51,254 6,597
18,413 -13,221 67,476 47,877 19,599
10,152 -4,447 61,196 27,846 33,350
16,604 -10,474 58,550 38,066 20,485
24,964 -17,069 61,594 49,383 12,211
22,223 -14,780 55,119 49,306 5,814
1 HS IE 848610, 848620 848640, 848690, 903082, 903141 7|&112)
2:2023.8.9.)5 28510] XX} 2ty
| 71900] 4 v1F 7199 et vl
2 B b5l ou, WA el 1A
& o) F 71gol Bl Y] TEo|E Foid 75

112) ZHAX((2022), p. 28.
113) St=22H3 S| K-stat
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O 1o
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FE YA

1% 10.5%, &
2 FEoIU, I 714 FAbol wEt A& s
1:} 113) thul HFE ] Ae]) 313 A] YAF Ao &~
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X2: BHEDIEE| K-stat PASH|(ZAMY: 2023.8.9)2 BE510] HAL K4

sk, m=o] WheA] A Aleof whet gk 7149 di+ti sief &
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Sy, vj=ro] HIEA it dFE A&HoR SHsHE FHA AU
ojof w2 =i WA 7G| tiati FARE AT o HieA] Agu|e] o
0 #E2 4T VIR S Aer dlddEY. BEA FAERE 58

ojFol|e FAES BAHE A AHHYU $E0] oJojd Aoz A

102



M5 AZ

0oz =28 37 e
=}, 715971 HE, "AE Ag 59 olscl 228 357 A9
FFS U AQAA EAT Ay I2Y Wy o]F nj=E FAHoE F
2 =S Az A FFo] AL 25 FAT. o|= U3
HH A 7]19S SHOE IT A4S AEstl Y= vlwd W49 A=

ojgio & & FolA= AF Y] i el HEoly ZFTE A
S)AZY(SNA) H AIS B4F &3l AHEL=HN ofAlof-H|= 7t 3=

SEdY B3 FA= HlolHol 7|utste] EAs) Hott £4 23t 1t
urt 5k Sl S7eH, Su] 55 ute] Ad/Z2H/ /A S4
o& Ueith 20239 SAFTHEI 2
(ILWU: International Longshore and Warehouse Union)@} €33}
AP 3J(PMA: Pacific Maritime Associations) 7t @4fo] X|AHof wjat
1| AR lH SFEo] dF HMoldH JFT AN ZEU Wed]o] 7}
AL 59 914 Wtk kS vzl Ao g P vla 5o &
0| AsHEA g AGol|l di+t Feb-EFAIE FATL o] FolA=
AL ZRlEo] Ju| 577} 7H= 5842 HS Ad Ao HyH

oX,
lo
i
10
N
o
ol

ol
o
rir

2,

o

)

103



5] ol dlole] S B39) 20 o] a0l Tole 47
of AEHU WA BHE o5t P2 4B 5 Uik ol v
o) 33 A 440 F] 7\gol B8 Lehk A2, 14

wshEThs 4714 2471 2 A02 dyEA, 2297 HAe 9]

2 ol JHSAE 9lonE B Wst Folg A4HoR AAu} o

Aol

olefit ATNES AT, ] 55 BEE 7IA|, AR HE, 4K
HAAE 50| uiols], tu] 55 AHL A7} vl ARolA F=
oJ5% AR oAHET £ 45 49IQ] AH5Aeh HEA] 419l [RASH
Chips Acto] O3} T4 7 wale 22 Ao o A5}
SR AARS SIat Ul ) e SA7E Bl F2 AR o8 Sty
o uhe QAIBO] Zaot A4 -HE- G| L BEEO £5 Z7P} o]o]H

Ao 7 dAHTY

ofo

fru

f—i%
lj:'—|—'

H 2-42) FQ tio| =& M MY

=2 Al gy
(E171%) 0|2 Lj 7 |% At 720] BHA2 RIS
RSA | (M71H) 20244 012 2X 150 HIlxt 45 AN BE 45 A0z

Mzt

OIRPEA| O L 44t 2% 75 2 2 AXH (I3, 83X
BICH  O|= L AyArH| STl 0|2 I3t 45
HHRH| AH| | 2L 7| A 1RO 915t T |K 4

J

S) 45 it
Rpz: AL 2

S A
EA7L AFEE FR9R 4G 0RY

ojojd Zlor JSHt.

104



A
al)

=
=

H(MIP: Mixed

-
(GA: Genetic Algorithm) 714t

ALt
e

2

=

=

Integer Programming)¥} FA¢ 12

239 A

H w6 < T
| T o T
> -

nyJ T o
E oo ) fron
5 G A
B =K g2 M“ ,mm I
i3 o N
X0 o7 ,.,_Ax.o N W_.H_ oI
O_ Ou mp ol O. X O
<0 gl ™o O e mr
= - ) omf 8% ®o %O
i ofl o ind T B ™
m_m ~ Wo e Ao <
(o] -, T =) =
< g0 o @ R
o o o N
A ﬂoﬂ i = oo w B
Br T :_o ,n_,_Mo X0 o 1D|
o _AI dﬂ JQJ_. = W
K no ,__J. i
o4 T = < B m__/u

T =0 T 3
B oI =T T xo
= - o my TE
- _I._O “_lnwﬂ 1..,A.O o) il
7.._ _._._—H ﬂ ~ ) ~o
—_— vl ,_ﬂoﬂ_ ny A o
i i
" Rl TR A

. —
o = ol
r = o T o o

HEst .
105

o
=2



H

L

T

=Y

AR

o

285

o]~

o

R R [
o}

o

A5} sCMe] A YA HHS
2.4 216 9(2000)2] AF-IA

1

AR

(e]
[e]

=

19

ool A1

1

A
285
2851
T
i

)

%

] 2 Al 3

Fol Al

2 A

b+ 9 &

=2

1

Ho

w
e Aggon,

Al ol
(2021)9] AollA

3l

15

Y

S

Al 27178 A AlRke] 23 &85 AY £AIE E4 35
ot

=
=

0|

=

=]
o]
A

1o}
It 94

AR
LHARH FHI7A = SCM

’l_

o
°

SRR

o RPoE TY

1) M2

(o]
—
(o]

R

b

mj

106



sho| 25232Y 2Xs AUzl 24 03

'?4—8]] = Oou ’ o' = [e) o= =
AT % A= 9t
2 AFoA9 3T 2AlE (T™ 3-DI Zo] 54 A (A gAit

el AFS FEN A3 B4 A A FFANA B4 AR 2E
WA RS Fastel BES AL, o2 B4 Y whAe]
Folt BAolt. 7|4 WAL )5 Bepjulret o] B3 AFC,
D1 AER U 24 A D U A%g G5, 28 Y149 4
2 FFAL FIA, 934, Beu, Ak, Aolx 5o YEW} Ung
gaishn BN QS T, YA i oldd 4 5
BUI WIS ATFASERAG), P, By TS, &

i

A]
I 9loH, St HIRS HF, S 5olA Bol BAEL . olHgh
A N ATZ ::-11_

A-2B2E REUAE B9 4 442 4B, 4 B @
—L

oH
g_i.i
oS
11
={
o
d
oZ
@
u:_@,
oK
O_l_.
E
i)
ACH
i
ofll
Bu)
i.9
o
ng
ox
Ol-J
”\1.
oX,
o

107



g X[ H[(PIC)

X2 KA} EH

olgA Bite HiE e Bagt 7o WA o Y AS A 2
= JHiz 2YEY, HFHere AeAe] FH O w4 7o BE

S A1 BMS(Battery Management System) 5-& ©AIoto] HjE2]
(0]

=
2 AFolldE ol2et AA 3 F wiE A Aite s e
YA ol= wig A 4%, F2 I 24 FEA F=A, F=A

AN, B, Aol F 5 BF W sl o dAEd AR

108



(8 3-2) HiE2| = =M

B2 =& HiE 2| 2

HiE 2| 4

74O 2 XXt 2ty

12023.8.1)8

To|R|(ZA

=4
=

A= A8SDI

ol

2ol

=]
il

to & o}

$(2008)9] AF1HE 7]

LR
Ho) 2mge 47

T

HpE

NjJ
~

eteh

)

4457

5

[712.(4Ah)]

PAES
PRI
KRS
M2 %A
Mo ROV g o1
W Hp Xpp R
T

(2008), pp. 3~4.

3
S

o
T

k

~NO

nd
11650

42 .

-

K-
H0

ol

b

114)

109



[}etuE]

PD,,, : 3 YA} poll A A 5 goll th g 7] Zh ol A o] Ak
OR,, : A AR} poll A A goll o &2 5-1] &

:\2

PIC,, : A A2 poll X A1 g B9 A 314 1]
MC;, : -5 AR} jo A A1 9] ¥ 91 9 A A &
MIC, A A E 4 91 A A5
MPC,, 5% AR} joll A A1 g) A Akz:v] 1] 8
(joll A A AY3EA) B 8= Al goll = o} 2 5 M )

PT;, : 735 AL ol A 28 A p7kA] 5] &
Mﬂ.ﬂi%%ﬂ%ﬁ?%@ﬁﬂﬁwg%M%

Ny £ 671033 ARERY ol A 33 o] A4k

Qo+ 67170 A AR} poll ] - o] -2

M)y, + 710 2 AR} ol A AR 3 33 o] B9
Lt t 713E 555 A A jol A 5 %qﬂ A a3k

Ry + 171704 AR} poll A 33 9] A) 12

Siy 1710 AR FFAONA RFAA j2 0 ) A8 3T
W, : t713F -5 AL joll A 33 g7 AR E W 1, 13 A F o 0
Oy + t 713 A AL poAl A Al g5 T3P 1, 1R A 2521 0
[E3d=r

Min TC :ZJ:ZQ:ZT:MCM /qt+Z]:ZQ:ZT:M1 L (A 3-1]

j=lg=1=1 j=1g—=1
?

lq / 1
Q T Q T
+ZZZMP ’ th+zzzzlp Tipy = My

j=lg=1u=1 j

1Ip=19=1t
I J Q T
153 B ITEHVIES 3) 3) ) LI
i=1j=1q

t=1

110



sho| 25232Y 2Xs AUzl 24 03

[Al<F4]

qutiquthRm-,f*l :PDmf fOI‘ Q.H b, q, t [/}Jl 3_2]
J

;A/[qut_qutZO for aH j9 p, CL t [/’\‘1 3_3]
P

];IMWJrqut—Im_,,l—J\gqtzo for all j, p, q, t [4] 3-4]
I

22~ Ny =0 for all i, j, q, t [4] 3-5]
]qut_‘]b[' qu,tfl_]\l' ijqt =0 for aH jy q, t []'\“ll 3_6]
Qe =M=~ 0, =0 for all p, q, t [4] 3-7]
W O, = 10,1} for all j, p, q, t [4] 3-8]
‘M’qut’ qutﬁ quu Sz'th,’ qut’qut =0 for all Lj, p g t [él 3‘9]

(4 3-112 S8, BAHE, AAEHHE, ALGAE&(E ),
5080 TS LR st FATEeA . [4 3-2le A AR
F87F A AR dga Aol o SEHEE Aste Aol
(4] 3-312 A AR S5F2 FF iAo T US| o
= Aoltt. [4] 3-dle FF BAAIM A AR ST B B4
Aol A o] Akt Aaggo] ofs] SHEES sk, [4 3-5le 4 #F A
AAIM Y] TS dEm SFARFEY 3T FUsH st 4]
ok [4] 3-60]3 [4] 3-712 AitkEr|u]gat HaH 4o]a, ofd 7|Zko] A

111



2. HEIRE|AE/YHE

1) HQ

R AEMHES 58 7Hs et AR WOl 258 Zotll= A
Ho g weFAgolghz &ol= Glover(1986)° 2l A AHEE R
o dEH HEFHAEHEC R YIS, Z9ad,
ACO(Ant Colony Optimization; 7Ju|8 243} 5ol o, & A
NA= SCM ool A Eo] Z-EH 1 QI3 £ AHE Kol =
A &S st

2 d7oMe HEF-HFE -A-32008)S] AFolA ANEE AL

TEE BYS 7O WIS el At BAE SCM BAS
Ssh) 9 FALMAEE ALAGL. FHLTELS BU H25

TAE &7] A oS P E F oslhuzE, 44 WHEddA oF

rN
r>~
_i;;
2
o/,
X
e
X,
_|l',
Fl r
FPN
re
e
N
rlI.

112



FXs AL 24 03

Ho —‘-|

1

(1) G~ B

AL ES Al A

ntation)} gt £A9 E4S &
ot X3} HAE Bl mA9tol o Akt
E]ojof it} 116) & Ao A= Al Y4t
AE ZHdh= T SCM AE
Aottt HA ZF A APAREC] 71717
IS Al7)9F BE AR 476 gt
A9 F7 X715 24| HalA= Dellaert, Jeunet, & Jonard(2000)
7t AAIGE ol7] HAA 1A ARESHL, BE BARNE 245 YsiAe
& AR o J9 UolA A= g2 SBAA Bt
k. A BiAREe ot BE AR A= U, 7 A
AbApaie AAE AI71E ASHA EH, o] ES o] HAA A ARES
Ut ol Bl 2t ARt AAE Al7|9f Babgol AFiAal U, B8R

of &
ol
r 2§
i ‘
o
=
[ rfN Jo
R e
¥ R
B
f 2
of px MM
ofm

=

z

e )
o
L
o

B oz

fijo
4
i
2
I
ot
Ay sk o

M
ko
N
A
i)
1,
39
o
o,

ok

o
=
2
it

iz
N
[e)
(¢}
Z,
2
ol

QuR EFoITh TT A YAAPER R WA Yol HER
HES SQeuEF Al 12 28), ol o[ A 5 A ol
25 248} A7k ek A7) gl

116) B 2™y - 25F2(2008), p. 4.
117) & FR0ME 155 171722 43

113



=

LA A YLt

2 5

[\)_\;_\M
- o of|w o
N o oo
a a2 -
- oN =~
N O = —=|o
N =N ==
N = = 2N
- oN ols
N o = =|o
N -
—_ o aols
—_OoOl= =]O0

Xta: i 2 - 22 E(2008), p.65 7|¢O2 KA Ay

AA5t7] el (1 3-4>%
Fot FHAE siF 7|7t
oF 002 HAIE A= o
7R U = AAto] APt gk o= A YA 1, BE 1
729 87} 100909 FAA7F 022 Fof 9lo] 7|7t 30] obd 7|7t
oz 7]7k 29] wEEFo] 1103 1000] Ha%l 2100] #

(8 3-2) SMH| B0 CHEH oA

e A AR A AR 2

= 281 8252 2E1 HE2
21 23 45123451 2 345 1/2 3 4|5
42 120 110100100 50 | 60 | 40 50 70 | 50 190/170/180 190 150| 30 40 50 40 30
g 1 1 o1 ool 1]olol1[1]o]l1]0]n
%z2f 120 210 0 (150 O 100 0 (50 70 |50 190540/ O 0 150/ 70 0 90| O 30
guA] 1 [ l2f1 22122121 [1]l2]1][2]2]1][1]n1
= HZ AR} 1 = G2

= B2E1 B5E2 281 222
F22 120 5218 0 1501150/ 0 0 90 O 28 19 00 0 0 17%0 05 70 0
g 1 [1Jof1Jola[1]ololof1[1[1]ofo[1]ofo]1]0
AARZF 120 7500 0 1300 0 0 (170 0 0 | 0 (190 0 0 |0 0 220000 70 0
oA 1 2122112122211 2][1]2]2]1]1

A2 - 25 29 8(2008), p.58 T|HOR MA 4

114



sho| 25232Y 2Xs AUzl 24 03

= _u_Z} XVS 7H—’F§ 7]‘?}°§ n-point LA} FAAEFT 8hH, B AL
ME 1-point T2} QAAE AL6lTt.

0202 B4 FHAJALE HolA)7l= EdHo] AR mutation operator)
7F itk E<Ho] AAkR= A o] W3S S0 Al W] TS S
St7] Yol AREEH, & AollA= o FAAIY A ABitRtet BE AJARARL]
et s AlE 7P RARIAE tE A ABAtRter Bg AARRe] £
AR} AT w¥sh= Ao A B ARSI

T3t wat g EdHo] AAt & APTRsE fAT 4 s EA
(repair) B2E ARoH, $2 /MAE AGs7] A3t XS4 A (seed
selection) WHI £ AE BESH] et A EE(elitism)S 485

of dABEZ NSt

115



A7HA]
KA
100.00
100.00
100.00

SHAT.

=]

T

1.371

3.955

8.084
6,284,950 | 108.439| 100.50
21,706,760 # 355.63 | 100.33

o] &£

a
W, U2 A,
15¢1
GA
98,630

615,280
1,118,030

=
-

spo] H]

0

=
0.06
0.48
4.03
25.61
15,868.36
(4.41M7H

=
A5 5

=
=
=i
RN
MIP

Z[Xat
98,630
615,280
1,118,060
6,253,650
15 21,635,191

3 2
7]

O
L
5

5

5
10

Al

=N
10
15

1

T

o
9|
[

X 37|
10
15

(H 3-3) MIP #|
MNT B SR

=]
=

10
15

,2,2,2,2, 59 &

=

<A g9l 271

7]
10
15

=

=
=

3

Al
=

INEEHPSWN ESGS

Java

o|
0

A

ek 24 2717k 15 °]

|

fok &

9]

43 A

S

o] o 2

s

O

A £9O 3
B -

of Bl

]
s

b

}-

~

ps

=

=

3

O

f

S E
= ©O

AR
An

S

|

A2l

zZ

ol
K

=

~

A7} AR5 3

=]
RLn

A

9)

=
=

L=

wW

Ho

__OT

)

%

571 $IshA

AE 312

o

HAIRE, 15709 A34t

[

2 9lgd.

116



Bl 22229 #xs ARl 24 03

A AFE 52 e AT AkE 1% oW shE AR 2 = A
7] gZoll & AolA AR AL E2 TV el deEn

H2E 24 AUl R Xz

1. 24 AU

BES PEo} S NG 0T Bepuiel §F 240 AL
15 Aoe F AR A AL BHS S Y Adolm, 53] 1)

n{n

2 AdFollAe s 2ol 712 AlUFE 245 AA g A

o

= Beujute] 9= =] AHsAt 4] S491 LEAE(Auto Alley)e]
Aot glo] £ A9 AlveEe 4 i A9or HAstrt.

e BE2 34, A, Aaid, £99 AlolA 5 571 A F
FO2 HFPor o5 ul, T, F, AT SolA 9EE FAT
& Sle 2% 7YY da FFARREH d8E Fifote] EE A
T FEAR HiSole A vl AR/EE B S 5 40 A9e
2 oiloH, ol& vtAel vig A T3 AgeR A% }Oﬂﬁ} o] &
njs ARE 291 gkl LA/LBFOE Adslon], SHE NY/N]
Fo g Adstgltt. o]59 YA (I¥ 2-12) v 191 2 I 9
Ao FAE0] lTh

117



g 7 b\&\\&\ }2 {\g z@g\%%
\’K' e b 4 SRR
= 4 Mﬂ&}@x{@ oy 4
L AREanx T Y N &)
ﬂg % E ¥z 2% P8 i'“\g
_ B
W23 f%’“ o 3%«4 P Zan W 237 7 3
S ¢ \ R G e
W yan R f ‘ By L
SaABEHW o 2 (2 o g W (=
N AN Yr Ny Wz g
SHI by ) ol
e ;(393' 74 LB A0l 024 ) WA= OELS
%5\2*(% f;w FE AUR TEERS
Aol AFE= @/ﬁ N, * t:tnﬁ A(H%Ai)
s gt 8y e W
g - . SENICIED NEREIES S
R4 : HelF(@HAIR) e
) )% e
Y Aol A=A D) M =

INESPAWN RSS!

O Aluel s IRA 289 8] 5= W 2 75 B4
FHE)7E S7F8ke AlUE|2F A4S IRA EE o] %i‘oﬂ/ﬂ %‘*&
He Ee F59 vlgo] S712 Aol 118) ojo] E
& Ardv|et AidEnv) = g2 pEoR %7}3 = *qu
goto] Bl st

upAlEr Ay Qe 2T v LEHY Ao digh £a 9 o] &

3
BE AL D 95 ¥go] ol Z1

7Fetan = AR aY s 4
AT /12O oI5 A2 Bl B ko] ¢ ol
A0

118) &= S &2 ‘RE=7V 0N SEEE SAES0|LE ARV Y2 AR H M| = E2Z LAl
oL K| CHALOA] H|2IZ/(IRA Section 13401)

118



Bl 22229 #xs ARl 24 03

2. 24 Xz

1) 7F8 & 7IF HIE £

% FHER] ORpg, Xﬂi 1 1301 PICpq, MIC,q §J 121 MGy, 4=
HH]Ql MPCjq, 2511821 MTD, PTy; 2] HloJEl7F a3, & Ao
= @%ﬁﬂﬂlﬂ"ﬁﬁ, AT Sl it AdE R B A= 2AE S5 Hd
HlolelE ZEstaAt Jict. fﬂ 1% 719 Wi 712 59 olf= &Rt glo]

He gHS 5 gloldl AR RARE B /iRl AHE SHHSte] 2 A

of A&7 dizol tlolelY A IHoA AT AU

olo] & Ao A+= E71HsHA EFHINEF, Visual Capitalist, S|
ARg 7|90 2 54|, Hyhn] FE8[(dm]), i) BAE

goton, A7PEEE AA HRE 75

W]

HA 20224 Visual Capitalist®] ¥31190] w2, g 2] 7142 A
&40 & gojx| 1l §lom120) vig g llS st =AM 51%, S=A
12%, &9 7%, AN 4%, AlolA 3%, A D A7HFHE 5 UHA
Hl-§o] 24%E AA St Y= A0E FAME YT 12D)

119) Visual Capitalist(z4AQ: 2023.8.2.)
120) BloombergNEF(ZAM: 2023.8.2.)
121) E2@e= 2lsf Hlg 0] 1000] Ot

119



(23 3-4) HiE2|2 HIE PG HIZ

Breaking Down the Cost of an

EV BATTERY CELL

The average cost of lithium-ion batteries has declined by 89% since 2010.

What makes up the cost of lithium-ion cells?

The cathode material determines
the capacity and power of a battery,
typically composed of lithium and
other battery metals.

©HLe e
e
&

Lithium  Nickel Cobalt Manganese

EV CHASSIS

The largest EV battery manufacturers
are all headquartered in Asia.

80% of all cell manufacturing
occurs in China,

-

The anode s the negatively-charged
electrode, typically made of graphite.

A battery pack consists of multiple
interconnected modules, and each
module is made up of hundreds of
individual cells.

SEPARATOR Separators prevent electric contact
between the cathode and the anode.

$101/kWh

Avg. Cell Cost In 2021

The electrolyte is the medium that
ELECTROLYTE transports lithium ions from the
cathode to the anode.

Battery housings are cases that contain
and protect battery packs, usually made
of steel or aluminum.

Percentages may not add to 100 due to rounding.
Source: BloombergNEF

ELEMENTS VISUALCAPITALI

At2: Visual Capitalist(4A2: 2023.8.2.)
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