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AGV(FRI2EXD: Automated Guided Vehicle
AMP(E4%

4

#HEZAIA): Alternative Marine Power
ANN(RISAIADY): Artificial Neural Network

ARIMA(XIS 8| =M0|= HH): Autoregressive Integerated Moving Average
BSI(E=HEZ33]|): British Standards Institution

CFS(Z1H|0|L] ZI1E): Container Freight Station

CNN(ZH& 218Y): Convolutional Neural Networks
CNPC(EZMQMATIATE): China National Petroleum Corporation
CY(ZiHIO0|H OF=): Container Yard

DNN(AMEAZAT): Deep Neural Network

DR(EMXY): Distributed Resources
DSCE(SHIO|Z T X|¥2]): Dubai Supreme Council of Energy
ECH(Z7Z4E|0|H3HE2): Empty Container Handler
EMAS(RE A ZAINT): Eco-Management and Audit Scheme
EMS(O|A X[ &2 A|AE): Energy Management System
EPCI(M7|Z21%): Electric Program Investment Charge
E-RTGC(H7| 11REIO|{S EHATHIFQ): Electric Rubber Tyred Gantry Crane
ESPO(RE &I S]): European Sea Ports Organization
ESS(MZ{XZAAX|): Energy Storage System

EU(REHAED: European Union

GHC(24&7tA): Global Greenhouse Gas

IMO(ZH|aiALZ|7E): International Maritime Organization
TT(LHE24 2 Et BE3HA): Internal Terminal Transportation
JCCC(Bt=EHMME): Joint Command and Control Center

LBCT(ZH|X|4H|0]4E{0]'E): Long Beach Container Terminal)



LSTM(ZHZ|HZ2]): Long Short Term Memory

MSE(HAXME2A}): Mean Squared Error

NTS(H0|Z&tW): Nanyang Technological University
PERS(ERISAAEA|AE: Port Environmental Review System
PESO(ZZH Of| 4 XA AE £ X3}): Port Energy Systems Optimisation
POLA(Z AR ASH Port of Los Angeles

POLB(ZHI|X|&): Port of Long Beach

QC(et#H 321): Quay Crane

ReLu(3& M3 QU): Rectified Linear Unit
RMGC(HIYHEHATFQI): Rail Mounted Gantry Crane
RMSE(EANSZSZ2X: Root Mean Squared Error

RNN(z2HIH): Recurrent Neural Network

RSM(EFSEHYEHE): Response Surface Methodology
RTG(RHAME S A HH7| &X7)): Radioisotope thermoelectric generator
RTGC(IFE0|0{E E2HA T 2{2l): Electric Rubber Tyred Gantry Crane
SC(AE2{E 712|0): Straddle Carrier

SDM(XEZFRITHEH): Self Diagnosis Method

SMES(ADIE QL X] ZH2|AJAED: Smart Multi-Energy System
TM(HAQIEAE]): Tug Masters

TOS(Terminal Operation System): E{0|E 2FA|AH
Y-CC(QZo0tst 3tEMIE]): Yokohama Port Cargo Center
YT(OF=E24H): Yard Tractor

SIPG(&010|8t1E): Shanghai International Port Group
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EXECUTIVE SUMMARY

1. Purpose

This study aims to suggest technical and policy alternatives for
optimizing electric energy consumption in ports which is

expected to dramatically increase in the future.

First, it intends to emphasize the urgency and importance of
energy management in ports, which have recently emerged as one
of the most significant issues for port operation across the world

but lacked interest and relevant studies domestically.

Second, it intends to estimate the future electric energy consumption,
which accounts for the largest share of port energy consumption
and is very important for energy management but lacks related

research, based on the case of the Busan New Port.

Third, it intends to seek for alternatives enabling the optimization

of electric energy consumption in ports and to present a roadmap.

Fourth, a government policy is suggested necessary for energy

management in ports.

ix



2. Methodology and Features

1) Methodology

= Preceding studies and overseas case studies were conducted
through a wide range of reviews on existing literatures and

materials on Internet, etc.

= The forecast of the long-term electric energy consumption
focusing on the case of the Busan New Port was presented by
means of the deep-learning technique being widely applied in
the energy forecasting field and with the application of the
LSTM algorithm.

- Materials and data used for the forecast were obtained from the
monthly/terminal-specific usage for the recent decade and the
forecast of the container cargo volume in the Busan New Port.

- Materials and data used for the forecast were obtained from the
monthly/terminal-specific usage electric energy consumption
record for the recent decade and the forecast of the container

cargo volume in the Busan New Port.

= The required long-term power supply for the Busan New Port
was estimated based on the contract demand via expert advice
from the Korea Electric Power Corporation (KEPCO) and

power-related companies for the Busan New Port.

= The required long-term power supply for the Busan New Port
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was estimated based on the contract demand electric supply
via expert advice from the Korea Electric Power Corporation
(KEPCO) and power-related companies for the Busan New
Port.

= The energy consumption optimization plan, expected effect
and roadmap were prepared based on the preceding studies
and overseas cases, by reflecting a variety of opinions from
experts and stakeholders presented throughout the study

process.

2) Features

= This study is characterized as a comprehensive study on
energy management in ports which, despite its importance,

has lacked attention and preparation domestically so far.

- Specifically, it forecasted the electric energy consumption in ports,
which previous studies failed to draw due to difficulties in securing

data.

= In addition, while previous studies conducted so far were limited
to specific areas such as equipment, energy management plans
and technologies, this study was carried out to encompass

overall matters regarding energy management.

Xi



3. Results

1) Summary

Xii

Energy management in ports is a core challenge.

Energy management and optimization are one of top priority
policies for ports due to the increase of port cargo volume, the
increase of energy consumption resulting from the introduction of
automation operation, the increase of energy cost caused by the

expansion of energy conversion, etc.

The study on energy management in ports is at the beginning

stage.

Although related studies are expanding due to an increase in the
importance of energy management in ports, most of them only
introduce the sectoral strategies and adopted technologies of
major ports and fail to cover the estimation of future energy
consumption, which is the most critical, from a comprehensive

perspective.

Although the power consumption of the Busan New Port has
continued to increase and is expected to grow significantly in

the future, the supply capacity is not expected to be sufficient.

The power consumption of the Busan New Port showed an
increase trend higher than that of the cargo volume. Especially,
about 60% of power was consumed by cargo-handling equipment.
This is expected to become the most important problem, since the

power consumption is going to increase significantly due to the
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introduction of the full-automation operating system and the

expansion of eco-friendly facilities, etc.

This study estimated the electric energy consumption of the Busan
New Port by 2040 through the deep-learning method. The
estimation results also showed that the increase rate of the power
consumption is expected to be greater than that of the cargo
volume. However, the analysis on supply conditions estimated
that it is required to provide large-scale power facilities in the
future, also suggesting a possibility that the supply capacity could
be exceeded.

This study estimated the electric energy consumption of the Busan
New Port by 2040 through the deep-learning method. The
estimation results also showed that the increase rate of the electric
energy consumption is expected to be greater than that of the
cargo volume. However, the analysis on supply conditions
estimated that it is required to provide large-scale power facilities
in the future, also suggesting a possibility that the supply capacity

could be exceeded.

Utilizing various strategies for optimizing the power

consumption of ports
Utilizing various strategies for optimizing the electric energy
consumption of ports

Power management in ports requires @ the installation of the
microgrid for optimizing energy consumption, @ the expansion

of new renewable energy and @ the conversion of energy.

Electric energy management in ports requires O the installation

xiii
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of the microgrid for optimizing energy consumption, @ the
expansion of new renewable energy and @ the conversion of
energy.

The most fundamental and effective strategy, among others, is

to reduce energy consumption itself.

It is urgent to provide an energy management policy for

domestic ports.

It is urgent to provide an electric energy management policy

for domestic ports.

The overall results of the study show that it is urgent to recognize
the importance of energy management in ports as soon as possible

and to provide a related policy.

Unless prepared in advance, energy shortage could pose a great

threat down the road because there are few solutions.
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2) Policy suggestions and policy-making activities

= Establishment of port energy management plan

- Itis desirable to incorporate and stipulate the energy supply and

demand plan in “other matters recognized to be necessary by

the Minister of Oceans and Fisheries” which are specified in

Paragraph 9 of Article 6 (1) of the current "Port Act,. In doing this,

the mid-and long-term energy supply and demand plan is going

to develop as the critical policy of the port plan.

{Summary table ) "Port Act, Article 6 (Details of Port Master Plan)

Sort

Content

Revision (draft)

Current Improvement (draft)

(® The Port Master Plan shall
include each of the following | (Same as current)
items.

1~8. (omitted) (Same as current)

9. Other matters recognized | 9. Other matters, including the energy

to be necessary by the supply and demand plan, recognized to be to
Minister of Oceans and be necessary by the Minister of Oceans and
Fisheries Fisheries

= Establishment of port energy statistics

- This study suggested to create the new item of “Establishment and

Operation of Integrated Port Energy Information System” in the

"Port Acty, because what is most urgent for energy management

in ports is to establish the port energy statistics.
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{(Summary table-2) "Port Act, Article 00 (Establishment/Operation of
Integrated Port Information System) Revision (draft)

Sort

Content

Current

New

Improvement (draft)

( The Minister of Oceans and Fisheries may establish/operate
an integrated port energy information system, if necessary, for
the efficient energy management/operation in ports.

@ The Minister of Oceans and Fisheries may request heads of
other central administrative agencies, local governments and
public institutions under™Act on Management of Public
Institutions j(hereinafter referred to as “public institutions”) and
operators of port facilities to provide data and information for the
establishment/operation of an integrated port information
system in accordance with Section 1.

® The Minister of Oceans and Fisheries may designate a person
who is equipped with personnel, an organization and
facilities/equipment as a dedicated organization and allow
him/her to manage the integrated port energy information
system properly.

= Promoting research on port energy management technology

- The Ports and Harbors Bureau under the Ministry of Oceans and

Fisheries is recommended to lead researches to promote the

‘Research and Development Project for Establishment of Port

Microgrid (tentative name) for the Busan New Port, and to secure

its practicality by expanding the project to ports across the

country in the future.

= Diversification of new renewable energy review

- Port areas have advantages in developing a variety of new renewable

energy, including wave power, blue hydrogen, seawater heat as

well as wind power and solar photovoltaic power and carrying out

demonstration projects.
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EXECUTIVE SUMMARY

- It is required to expand R&D for the development of various
new renewable energy applicable mainly to ports, including the
development of breakwater concurrent with wave-power
generation as well as wave-power generation utilizing ship wave

adjacent sea routes with heavy ship traffic.

= Recognizing the importance of energy management in ports

- What should be prioritized is to create awareness that energy
management in ports is significantly more important than validity
in order to reflect the policy suggestions and turn them into actual

policies.

3) Expected benefits including policy contribution

= Securing stable port operation conditions

- This study contributes to the stable operation of ports in the future
by emphasizing the importance and urgency of the energy

management in ports.

= Development of port energy management technology

- The energy management-related R&D project suggested in this study
will provide an opportunity to improve technology and secure

practicability by expanding the project to ports across the country.

= Contributing to carbon neutrality of the country

- Energy management in ports will realize the reduction of energy
consumption, the development of a carbon reduction technology,
etc., possibly contributing to achieving the national carbon neut

rality goal in the long term.
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See | olol B et A X2 Al
0018) o Bt i i « AR 917
- O|L{X S 201N 35 & 22 HI|ST AL L 0j0|
I2p|cs S5t M| AIS MY
* |SO 50001 (MK AGAIAH) LI 24 o
a0 - RE R éﬂoz 01||w<| ngz} %!1 R I
o olmaiol Ab| 24 " ARl 2t
- S8 HOI0|L{KAAB(IPES) RU2S B THA YT | o
oy c AI23H0|M 2
Serg et | Jh U Er(energy hub)7Igt ASIDE 7% B =
‘ S2|0|4 ZTH PEST} 7|1 AR ThH| of 26% 744 | © HE= =4

o 0O PHMN, 7|&H, O X| LA|ARK ZHO|
Iris and ISRU[EPNR=F=r=1g H*Of HIA|
Lam(2019) | « OfjL{X| RH2IAAEBIO= OLAX] AH| DLIEIZ AJAE of

UX| 2] 2, A0 Ol X| 2EjAIA SOf et

Bjerkan and | * SITHE2| U 2] F U HE A S A SE 54
Seter(2019) FX| =Q HZ=0| EHok267H°| ACHal J7|s AE
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* S BI0| T Wot U AE DN WY M|+ EYl B2

Alamoush, | ¢ gPto| 2A7IA &S 2ol HE, K], o X|(AIjA0]
Ballini and HX) S), UK &8s, 2Y, A4 ME S
Olger (2020) | =HO| 197}X| Z=X| HIA|

Molavi, Lim | * OF0|F2712|E &5 AQES
and FAEIS! AB 0} 24 2t 0
Race(2019) | g2 4| Y ErathE M2 S

2Y M YR HA| | o FAZZ2T2]Y
I2I2|E AlAEK | 7"
W AS ° NIZ20|M 2N

Puig e | * SDMZ 0183t R 9071 Y2te| etAH2| it 24(54 | « A7 RIEY

al(2020) | 7§ X|EO| HO|Ef 24) (SDM)

Sifakis and | * OflLIX] AH| M2t RSt 242 2H HE AN E5E Q01 =% A
Tsoutsos 2 dMA, 718N sk HE9| IPA B4
(2021) |« SWOT 242 E3l| ‘nZEP' Q2 Xst

A= KRG AR.

2) OlLix| AHIZ £Y W MY B

=~

r
re
4

Iris and Lam(2019)9] A tollA ZFx3gt Hiel Zo] vt o|Al&
aeFog HSH| YoM Y] oyA] Mg F4o] FR5It 11
2t R oA A] Al 41 TRE A= 11 S840 s F=3t
Aol AR £PH AH(Wilmsmeier er al, 2014; Wilmsmeier,
2016; Acciaro et al, 2014a; Wang et al, 2020 5)x E7% 59 AH|<}
+Y0E 5= R ARG AA 7]Hke] ATy 74 e deA 4
&3t e2olth. 11 olf= FRE Eoke] oA oM =4S 2]

Al

AN e Am 3o ojg7] fEe]tk(Iris and Lam, 2019).

Q.
B

[

-

L
ko ij
%



o)

Gt 2ok9] U] | FH} AT At ZA PR oA &
Hlof] & CO2 5 W71AE49] T FHSFESNTH, 2008; 354
2], 2009; FARFHA], 2010; Geerlings and Duin, 2011; Yang and
Lin, 2013; =& -FQGH, 2015; A 2, 2016; Moya, Paja and
Maldonadoa, 2019 5), 42 A7 Ei= o|A| H-& A3 529 o
UA] @&t Wot nkiS 917t 5t Aot 37HE D, $sdE el &
AP )9 odA] anjEF 7402 L8 4= ITHJA, Cho and Pak, 2012;
Wilmsmeier et al., 2014; Wilmsmeier, 2016; Iris and Lam, 2019;
Wang er al, 2020; Haibo, Wen and Xiaowei, 2019 ).

T8 AT P 7|2 SAAE 59 F5 & AuREHeA
2], 2007; =ES|FH, 2008; Geerlings and Duin, 2011; 2% 9], 2016;
Moya et al., 2019 &), AEZAKWilmsmeier et al, 2014; ZAe}= 2,
2014 B5), Y7HARFH(Wilmsmeier, 2016 5) & @A AR} A&
719 Bt AlS 2 E8okolnh. e ouv ] AHjEa} o] =
FH 9912 Huld #olo(Geerlings and Duin, 2011; JA, Cho and
Pak, 2012 &), BH] 744 ¥ 4ds(Yang and Lin, 2013; Wilmsmeier
et al, 2014; Wilmsmeier, 2016; Moya, Paja and Maldonadoa, 2019;
Iris and Lam, 2019 §) §2& UEKt zdelo]denld gojofza]
o2t CO, HiEZo] Ao|7F U Y 4t WollA 542l HixE 39
CO; Hi&E Hd 70%7HA] A7 7Fs5t A o2 YePdthGeerlings and
Duin, 2011). T3F 4| 7493} Ad5el w2t ofl|A] aH] aa/do] v A
o5 BAE9tHIris and Lam, 2019). £3] 39t HolA A== A9 5
35~40%7} ¥ zE oI FAFolA ARk ) 2H(Duin er al, 2018),
5} AH] 5 Electric-RTGC2F A-RMGC(Automated Rail Mounted
Gantry Crane)?] ouRX|880] 7} =2 Ao & YEPYTtHYang and Lin,
2013). Iris and Lam(2019)2 & AlA| F8 e 12718 2= v
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RERERPS 3
9710G2d BEY A7 B UAuE e skl U]

T
of
o
(@)
&
ol
u)
N,
to
ol
o
i)
o,
52

o

8 o] T3t A= FotH 7] oGt o=gt AghAQl
YRl Iris and Lam(2019)°] At AAH A2/ U= oA
Amo| BEo® woteEY. 53] Absst Pt =Y, AnE- A5} it
T5 S0 T2 A ARSFY FA% ST SHAAQ] @A Al ANA]
WS olhe Bpoleh & % ek

Aut ool M= o|A] 4| 4 T AF7F FE =2of tju] A
Koz gtolA =il UtHYuan and Nian, 2018 Tie et al,
2019; Peng et al, 2020; Uyanik, Karatug and Arslanoglu, 2020;
Isikli et al, 2020 &). o= Adt oL x| (Logbook)>l A= AH|FFS
7155t Qo] AARY 4" SAAEZE Wistal 20108 H 0] E°
EU, IMO SolA Adr AA] duAeg 37icke & A= £HF A=
o] v golsly] Wil Aoz FtEct 3t Auko] 2-gu]go]
A&H 07 F7lok= AolA ARAHE £ol= o] 7 Bl &
FEE A JRtol7] HEd Aotk ol AFtolAe WREEHETH
(RSM: Response Surface Methodology)s 283t Q18X (Isikli er
al, 2020), 7F-2 Z2AA 3R F(Yuan and Nian, 2018), 33k

rh

5) SIOIURIOE Hute] S8, E3l, YEH S BE AES 71SoPH El0] YO0 HY HOHE Y YK
o2 AHIZT HYS 7|20k US

18



(Tie et al, 2019), A%=85(Peng et al., 2020; Uyanik, Karatug and
Arslanoglu, 2020) 52 &83lo] AHo] g AH|FRE 3ol A&
2| A3 HRkE AAISHSITE AR ofujA] An|gat BEIe 5 a9l
5%, Ak, A5 (Peng er al,. 2020), AR EF3]H4(RPM),
XJXHQ'E 5%, S (sikli er al, 2020) 5 A9 A Q3 v, mk 5
714 24 uan and Nian, 2018), Huld st AAH(Peng er al.
2020) Go= Yeylth &3] &3 Adtat ot Aute] o |z &3}
Qo] ThEA YERE

98} 9] AMulo] o] z] ARZof| 7} 2 kS u|X|= AL Auko] &
T2, 10% A& AR 17% AAasks Ao 2 YeldtiYuan and
Nian, 2018). 18U Al &% 7h&o] T2

AGHo= AAFS AHH 25|8 HZEHQ
32 QM A £29 &% 247 "as Aoz AAEHY
(Isikli et al, 2020). 3t At} o= ko] st Jibgo] 7}
8% 8910& A= oH, 519 APit/go] 28) F7leHH A o g =]
AH]FE 34.2% FAAchs AR YER) kY] 2Agt 51 ik |A171
293 Aog EANEtHPeng et al, 2020).

g} 4] oA = Y- 558 A8, ARY 52 THeE AUA &
HIFF 274 A7 S LJollA o] A SR EA. 1990 ThFE
20009 ti7HA] dAtollA= AES] 4t A aHe] BAE o8 vl
B[S Yok s AEE S &-83 A7 (Noren and Pyrko, 1998;
Lam et al, 2008; 0]7}3]-F5& 0|24, 2009 §) E= AlE-AE X2
of W& A AR 7|9he] A ERIE- X, 1995, Deng and
Burnett, 2000; 7-9-41- 2433 -ste, 2007; SES|FH, 2008; Hu er
al., 2004; oA 9, 2014 5) 5ol Bk, 201080l SeiA= A
A A 75HY] AR (AFS, 2012, A4 s AAE
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2017), ARIMA 5 AAIE ZPQPFEE-2FH 024, 2015; Miswan er
al, 2016; B70]- 7728, 2019)= o83 4 HHESZ SAlo| &85
gith HTolle AFY 71e Il et 53414 W(Neto and Fiorelli,
2008; Au)F-549], 2016; Chae et al, 2016 5) E+= A173gof 7|4t
Sk CNN E+= LSTM Eg(HEd 9], 2019; Somu, Raman and Rama
mritham, 2021 5), AZEHEHHA(SVM)Z &3 IAEAE G <, 2
016: Paterakis er al., 2017 &), ""{H‘% H A E(Robinson et al, 2017

5 5 HAHYMachine learning) HHHE2 &85t 571 EdlslA A
Y= At

F8 A7 29E AuEE I dE 729 ouA 2HE2 20134
71E U SR 2B 17.8%C1H 15 F8 F-2°] 9.95%, U
0] 7.82%F AASHL, oA &8st kg or FE REI AAU=2
AUz defle A&shM dashe FAlolU FE9] dedle dddE
H] 2 FEo 2 YERATHH IAL - A3, 2016). °1F% 754 54
f E}F/P g /\F‘l mjeo] g2t £8 Aol tidt A8 AR AH v
5= & a&st kel A=A - AAS], 2019). EIE, o
SHl 1i°ﬂ A LED A, A& o B, AR &85 &35 J
e, Aols, A7E 59 olUA &8F F 20 40%7HA] EH 7ok
-84, 2017). 219 A HAlE Y HES B9 4dE A=

NME odA] AR TS 203 1 R84S =& 4 or, A

4
U

¢

e}

%

& 1jglo] FARE FEA] 4YE AES] AY Hlo|HE o]&sto] ofE3HE
A9 AhE AE ouUA] AREF F40o| 7hsoFtHRobinson et al,

2017). HAIE Y tu] AA R sk5o] 7Essk deEy HHHES 2851 A
B ofulx) avlspe] B2 VAP SH7H 2 5 9ol o e

u]) Aw]ef S70] 75 steHSomu er al, 2021). A% Hoke] U] A
HeF 34 @77} FUsA o]Rol A3 Gl ol %k AFE &S P
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ool Al7|d Zofel7] wioltt. 1 A3t oliA] 4xm] AT, AAE,
HAlHY 5= B8t olUA] &B|E £ A77F B ol R R,

AT BIE VSO R oUR|9] avha ARG fIRt TRl Wklo] I
S Zo= wrhddh

%3 o] ok2 7o el o] Aujer 24 Bl ATl HAl
2g PHE B8] FET ek 1 ol T Al KR 2f] Tk
Stk A, AntEnlE 5 B3 FUY AehH 2 (Lynham er
al, 20163 A8 F5o| Rsteh A, A, ARG 7149 PHow
Hgole 5 8% ARS BB Bao] At 4, sAors
AR F5o] BLAoleh Holck. thi] Tef W] TG HART,
AALEY 5 A5 BA 7o) o2 whEe A thae] B 24
S F2E 2 4908 RIS o} ST HAled e 2ol
A AHRRE shsse] Aol WAt ASE FHsH Hk wey
ARG F52 SIat sl ol AU W] w5 olshA 48

& A AFH S U o] oS FEETF 2 oz AAEL
o

HAHRAE) %7 L8 o1
Esfore o M o T, ARXIZO| A= ALZ0| CTHE O|MIE | | lctel A
=ElZE A HISZF ALE O A1 HiS2F MO ECTiT
(2008) o HEoc UE x o =0 o =3 s
= o ° HHEOFHA—! =8
e HIENZ =H 4% 2 Mz 8ot Mot
Netoand | ° CHall #t2] A= M QY MISS fIor QsMdY | | oAl 74T}
Fiorelli T AZH0E 2 70y & = 29 At | . LO; "
_ - _ LN =
(2008) - = 93 QS Az Ff AHR 0| HE AEHOIT =4
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EU(Buropean Union)llAl= 2030W71A] & o[YA] AHIE 32.5% £0]7]
A oA AREe] BEIE AT Z A&StaL QIrho o]of gt
Hopo| = FHIUHS(ESPO: European Sea Ports Organization)&
AR Pt Y Y oA &H| &3 93 =8& 7etetal Stk
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6) European Commission(ZAl: 2021. 5. 10)
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1) ESPOQ| EcoPorts 272

EcoPorts= 1997 RH9] 8 3RtolA ARt Zg gt oy A
E|E2A 2011858 ESPOOIA gk e}, 1990dH] FHEF-E 77
A kel e TS flsl FBAEAIARI(PERS: Port Environ
mental Review System), ISO 14001 & 73 & EFS A5t Q)
t}. ESPOOAE EcoPorts T2 1S E3] vl g3 4<% Juto] g
S o2 A7HRAIAH(SDM: Self Diagnosis Method)S ©]-8-5to] Z¢
e 34 AEE S5k e EE, SWOT 4% Bof ZF gyt
o] A% 5719 A "a FokE Hriskal itk /idE dute] B7F Axbe
HZ7Hol™, AA| RS o2 FAkste] 10719 ¢4 7 Boks &

TS 9Ieh)

|0

[¢)

[

gl

1990dd] FHlofl= ~&(Water quality), ©43(Dredging), HA|(Dust),
X214 o¥(Habitat loss) 5°] 8 4 F22& AAE Yo, 20094
o= /39 100 94 s =oF T 791= ol A] 4H|(Energy consumption)
7t AREHA AU ZA7F A& AU o]F R&7beT gt
AFA] W {I3F oflifA] 4H| A9 F8/00] FREHA] 2013H 392
<=7 A5k, 20169 o]F 20199714 7] &(Air quality) T
o2 295 FAIsIH 71 HA1ER1 2020 0]= oA AH|oflA o]
A89KEnergy efficiency)® HAS WAt 7|2, 7|FTHSKClimate
change) Th&?l 39191 A2 YEyth((TId 2-1) =)

7) EcoPorts(ZA1&: 2021. 5. 10)
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(O™ 2-1) S 0ol 29| 1071 &8 M Q019| Hat 0|
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..

w

Dredging
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Dredging
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Garbage/ Energy
Port waste consumption

Climate Energy
change efficiency®

Relationship
with the local
community
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with the local
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Dredging
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Dredging
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Water
quality

o1

Relationship Relationship
with the local with the local
community ‘community

Dredging
disposal

Garbage/
Port waste

Dredging
operations

(o))

~
ORanog:
S

Port
development
(land related)

Relationship Relationship
with the local with the local
community community

Garbage/

o
development Port waste

Air
(land related) el

~

Port Port
development development
(land related) (land related)

Contaminated Hazardous Energy Dredging

argo consumption operations

Climate Garbage/
change Port waste

Habitat
loss/ Bunkering
degradation

Relationship
with the local
community

Port
Vﬂ“ft’ development
qualy; (Iand related)

Water
quality

Garbage/
Port waste

©

Port Port Port

Traffic
volume

Ship
waste

Dredging
operations

Dredging
operations

Dredging
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(land relatec) (water) (land related)

0

Port
discharge development
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Port
Water
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Water
quality

Dredging Climate Garbage/
operations change Port waste

Xt=: ESPO(2020), p. 19.

ERF ESPOOIA= (E 2-1)3} Zo] SDM A& RANE BoiA Fd=
ol ool 34 HYEY T2 WS Potr YEAE RARHL A
S YU tiH] A3 ko] HlgZ WMEER e Qltt &, HE0]
ForE B2 oA BUEHS APt Qlo] A7 =2 #oF
olth. (X 2-1)2 20209 XA 2#E ot H71 82 20139 tiH] 12%,
MR ZE&3l= 10%7F d5sto] A& 02 RUE Yol RokE YEHt
o} Al Hlgo] 7P & Eo0 = JFUKE A He= ti7|doly, 49 SH
M= 5eHE ovA] B3} tin] Blwd S9lof fIXJstal Qich
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H 2-1) ESPO &% gi2o| &4 20FE ZLIHZ AlY HIE 0

=Rl %

. Change
Indicators | 2013 = 2016 2017 @ 2018 @ 2019 @ 2020 2013-2020
Garbage/ | ¢ 79 88 84 79 79 +12
Port waste
E ey 66 73 8 | 8 | 76 | 75 +10
efficiency
Water | 55 g 7 72 68 | 69 11
consumption
Water quality | 56 70 75 76 71 67 +11
Air quality | 52 65 69 67 62 67 +15
sedment | 5o a3 g5 53 B4 | 59 13
quality
Noise 52 57 64 68 57 b4 +2
Carbon 48 47 49 47 49 52 +4
footprint
Marine 3% 36 44 40 40 | 46 11
ecosystems
Terrestrial | 09 55 37 33 37 4 13
habitats
Soil quality | 42 44 48 38 32 41 -1

A&: ESPO(2020), p. 13
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(1) 2H|I2Z8K(Port of Rotterdam)
HEHEo] SH 22 ALEYTE AS AEdh= FTto=A gat
o] A2stel G-&sHE ofye} MiFAY AAE &35S mAstaL Qlck
W% AuAo] 4T 99 el Agsi esn
St AR 7]dto] opbd 7oA 7jstez A 1=
AHLE o X2} 4] 2EEWS S XI5kl Qlth. o] 25O 42
ot ol Aelel Hsk BEHe BEE Bl A47KsT Agsiet
SeAE 72, A4S ARG Bhsks Ao

ol gAsl] AsIA 107] F=o] A FAE 16}1 e
57}x1 Hokw goto] F53itt. HA, Hloloul A, & :

£ vkt oA 9 TR S o %Olt}. =7, ol
a}% wgsh AL, ea AT Ak ol et 49, Aol 7t AH
e R g P
23 Ye9a 0, 459 BRI 23 A24d 75 52 58 oY
Ao BEHQ Bg 3t ot 2-2) TR,

=

(" 2-2) 2H 28| Smart Energy & Industry Roadmap MIS LS
22 ) LH%

o MATXIIM LY=L= CO.E ERot MV ElE Sall A=

Power-2-Fuels A E HES S) 3k

Electrons to Chemical | * U 29t SISIEA MAAM 25 = MI|=26H 7|29 &2
Bonds T

* HIO|20§A(Biomass, |74 MEHIES 2/0[)Z 01&310] HI0| 2

CAPCOM 218)2 MAIS] AR R &8

Governance van het
havenindustrieel o 2H|Z2ESHEH MATX| X9 HHEHAAZS Mot Xt 27t
complex en 97| =1 42 ?lol =
klimaatdoelstellingen
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CCU landscaping

= =2t 2N 24
Electrons to * Interreg-2-Seas EXZ T2 20| 2stoz FM7| HMHTIA,
Chemicals CO2Z 0I5l DMED #iitg S5t X&7Hs 3t MQatsiig A
* Botlek X[ 7|12 OIHXZHAHI0IH ~QF 11245t X7 |0
Flexnet LX|2t HoX| S5 HERTE HAESIH < YRt iS4t
ol &8
System integration | ¢ &2t9| X|&7t55H Of|HX| 352 #let MoK HESES 0ot
Energy D ItH ZIgEY ARE S5 KSH S8 2 AAH Ot
DDP bottom-up - | * &7|=2olE Solf 12~ %é‘iﬂﬁf@l EHZEYT XIS CO, i
Power-2-Hydrogen = NZo} BiSAA0| QA A 25 7| OF
DDP - Deep ° 2050E7HX| 2HEEYE X|F99| CO, HiES 20154 O]
Decarbonisation 30~98% XNZoH= 471X A|L2|QE 2AGHH AL HAlA
Pathways NI ETED ]

A2 SmartPort(ZAA: 2021. 5. 10)

(2) &2238KPort of Hamburg)

A= PIYHPA)E "smartPORT, Z21HS &3 '5‘&‘1}9] A8

oA ARER} offR] AR X6kl ot TsmartPORT,; 21
E5 HEE(Smart Port Logistics)] 127§ ZZAEQ} o x| BE(Smart
Port Energy)®] 157 Z2AE7} AP Qi ofufx] HE9] 8 =
= oUA] AH] A 3] I FAaslst= Aolw ole} T st
AAZNUA Y ARE S, AEH HiE 40} JeFAQ 5T &
€ 59 A EV} I

8) WRII22 T 510 97|22 W3 HEIR BIE Ho|Q RS ojuj3t. Ciet Q7IME KEE 2 4 9
TH3ISHE S PIDF A0 B3 2 20| 2A5i0 £710] 2o 2 82 BE Jfsg Fol
HANDS QAL O} WG OHST T3t 12 71 WAlo| U2 T W2 20| US

9) DME(CIHIZIOlEI2) L2 SHA2120] HI3H C7|2i9) HiS0| TS W42 HAIRE L1 SS Thils
N MQ3tEHY, KSR SN 280|758
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H 2-3) 22335 smartPORT energy

7= smartPORT energy
=H e OfAX| AHZ 4E Y 2t HE 2[5t

O AAOLIX| 2E ST
FoUg  @OILX| AHY UEOE OUBH UiE FAs

® gy - SAIEQl 2aatt 88

* Wind farm sites: sustability & expansion(7702] 7} ZLH H
RSN}

* Cross—company use of waste heat(&2t L 7|2 7+ H 0|
K| w3 3 At M it & ALE)

* Alternative power for heavy—duty traffic(LNG S CH¥SH Of| L X|

22 B85 E2{ Y U 23 AE)

A=z 42 2(2018), p. 7

O2HE At

[>
=
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Y
vy
™
T
el
[>
juii)
Mo
of
:L_l‘
2
i
™
S~
0
5
filo
‘Q]
oz
_Orlt‘
kl
=
2
i
o
%0
rlr

o A, 9, 3991 5 P B BE 49U
ANzEoE AAste] qRt 2qule] 75%S A1

REZHAGE Pite] eShAFH A9 Ao E AHLE o 2] A|ARIQ]
b o YR A| A ZZASHPESO: Port Energy Systems Optimisation)
LZAEES 20209 6LFE AH&Ysta Qltt. Innovate UKOA 247
H2FE AYsk= "PESO projectu= T AntET T 7]|&3} e

ATEF 0} Tgfo] ouix] Avle] BLS HHASHE PHS mAY

10) HEf&I(2018), p. 495.
(2018. 7. 18)
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Al gaulE A7 B3 di71d 7 E S48k Zlojth 22u A
A% PESO AIHARIS] =8 W82 100kWe] A= gl 7Hs3t 2lE
e =9, ek 7 Wi o] d} A, AntE ZE JEE
AZES HHslohes HA ALESO] 7T GoJth12) Egh Z2m A
x= UVAHSJQ} Fgsto] 20219 F 1,67070] HiG sidS AX[sto],
f A9 of 30%= %T}%} clgeltt. olg sl Asst AHl SH=
13611 A 13 (Peak) Al St S 3FY 5 =S ol Yk 1Y)

ol

(¢]

)

rl'

(4) RT3 Port of Delfzijl)

HEHEe] duAdedute 203049 ovAl 5 24< #Isi 20174
1,1007§9] AutE 7k25(Dynamic smart lighting system)< 4|5}
1:} AULE 71259 54233 Dynamic dimming)< &9 7]& Lyt =
A o] o 80%] A71HAIE Akstal A AA(City Sense)2t
ZEYo(City Mangen)E &&sto] FAH2 HE2 50%71F &
A & SlE ACE st QUrk14

FojA 1L 5212 , ] 0“3}«1 OﬂLﬂxl &3 20009H] 2HHEE X
d ¢ TS5 Al Ao 2UHI

12) CATAPULT(ZMY: 2021. 5. 10)
13) PIP(2021. 1. 8)
14) Ledsmagazine(2017. 8. 23)
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1) SH|X|8(POLB: Port of Long Beach)

o=+ Axyopo]] Jx|gt POLBY] LBCT(Long Beach Container
Terminal)= A F 25345 18 HHOHEHIR F= 1L Ut
LBCT+ 2016\ 7] 719k Z2#1E =45k 20189 A 99 A3k
EASHHA of7kRiofl 48 F= AZF 1,000%F kWhe] A= dordt &
itk 16) T3t POLBE 20184 10¥€ CEC(California Energy Commission)
9] A7|Zg IH(EPCI: Electric Program Investment Charge)S 53
oF 5005 E¥E Aot FESAAE(JCCC: Joint Command and
Control Center)®l] Tto] 22 18] =(POLB Microgrid Project)& AA]3}
o™ 202190 AlE AT ool o] mle|AR e BRAE-
SOOkW PV o]do](PhotoVoltaic array)!?), 330kW<e] 1144 g,
250kW9] o]54] HiE g o= o] glom, vt 3, A=, H
AAA, PR, 718 8 Al 5ol AH|E= oUAE aEdoE

T 5 UEE A ol Fo Hule] MY Ane verstu
HEe A FIL B 0§ AP ABIA B2 Befslel WYY

Hu|zol A4S sRskn k19

75%91 IS 3= rH(HdheOH), 0]S(2AH-0IE), OFE(E 2 XAH)Q| RE A2 AFEHE Q|
E(ZAMe: 2021. 5. 10)

HULLUMAIAES O|0|5tH 2|02 Solar Panel, Solar Farms 5 Atggt

G (2020. 3. 10)

09
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(d@ 2-2) POLB2| JCCC Or0|2212|=2| JHE

XtZ: Port of Long Beach(2018), p. 2

2) SAUBASHPOLA: Port of Los Angeles)

POLAE= 2016WHH I3 Y Huld ZZAE(Green omni terminal
project)g A5t} 2A7IA HiE AR GA4S HEE ofaL ok AlF
A A= 2,6608 FHE FAS] 1.03MWS] PV of#e], 2.6MWhe
HiE] A7 AlA"l, P SHAA], o|A] BAIAE], SimensAHY
SICAM(TTBIEHEES) 8 A me|AR IS 553t A
Al B TP EgoA REEo|: 5H4 08 80| 75t FAM] A

ARglof| 7] 241 oUAE Jgstal At A Al ARS A 7R EE

o
h
A3 £y ofgoltt.19)
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(12 2-3) POLAS| 12l 2L| E{0|Y TZHE }HQ

Pasha Green Omni Terminal

|
1
L]
Bectric Yard Tractors  High Tonnage Electric Solar Powered Microgrid
® Forklifts

Vetnel Exhaunt Trealment System Electric Top Mandier Bectsic On-Resd
- Crayage Truds

3,200 56,000

Tons Per Year Pﬂmﬁs Per Year

14,100

Cars Off The Road

CLEAN AIR

ELIMINATED | “"GAINS

A= : Microgridknowledge(a)(ZdA: 2021. 5. 17)

3) MC|ojjo]2&(Port of San Diego)

Arjofo] 132 7|55 A& (Port’s Climate Action Plan)9] Z& &
AL 3l 7€ 29 188 LED wA|, ZUnS, FVAEE A9 of
YA ZAKEnergy Audit)s A& 0 22511 et E35t 2018¥ o=
10th avenue marine terminal®] 8905t @& +22] ulo|ma 278t 4
AE A & AdEl 5 4909 ©21E CECO| EPCI Z213s F3f

A Feoret. 20219 &3 A 2& 700kWe PV ofgolE &3l 700kW

-0 7
L.
S

19) Microgridknowledge(b)(ZdA4: 2021. 5. 17)
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9] oA AR AR, 1FE ZXPAA 508 1AE o J
2o Ag8S FF3c} vpo|graEE gl A

olN
o >
=)
o)
u

g2 539l
10th avenue marine terminal®] 2A7IA HlETRE AA] 7= SA|9
Huld 7] v-8 60% 2, G Al Ff 4087 Huldo| A FZo]
7Fse Ao oiHr} 200 et IF=EHu|g3} SHEE o] F712 AA

o|Z 9l SAHLYETZIX(AMP: Alternative Maritime Power)S Hfo|=
Z28|E AJAH0| Z3FA7| 121, Hot ol AR 2 AFRAN 7)1
Am A AAE st It SPAHOE AES AT ofFolr}.22)

X|27E OFA|OF it

1) 339 2T oLx] 22|

oA A = ARPZE 9HSt 7 & oler § sk, o

=

o} Pkl dA QA JSFSE 2L Sl S AROIAE 7
2o oA 4] A4, ShAUA] =9 eF = A% S HdE
S A&A 07 sty itk 20079 F9 We5 R (FA 5H)
+ " oA 9 wiETkA A Aol b A= AR THELTIHE
B LA S RO S SHsh Y ouA 249 F842 714
7|32 =% ] wA|, ARt A, =5 geke] HEEd Al A9 93

20) Microgridknowledge(c)(EML: 2021. 5. 17)
21) GREENPORT(&A4Y: 2021. 5. 17)
22) Port of San Diego(ZAi: 2021. 5. 17)
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o2l STl OLAR] 2| FRHIL Al

R FEYsto] A9 T POl AY &4 2Y + Hot
DABIEE 319t 1 ok IELLHE 2L ysE 2% oYX
9 HiEVEA E7 125 AR (ABKBSSEE T RREE A HLR),)
(2011), 3gutel o= Ao st Ao AR FHE O
RHESEN)) (2014Y), "SHFISFH 77 | (E OB E RN
(20159) 5= A&A o= Wapsto] ot f oyA] Anjet L FEA viE
At

E3] 20219RE A143 5709 AF 717H2021~20259) ] Eol7H=
A 23 JRAE GDP 9T Uiz 289+ CO, HIEE 2025U7HA]
2020 ofH] 247} 13.5%, 18% AdttHs SRS A%l wt % 5
-t Ropo] ofuix] AT} MEAE AAE B JeE Ao o
Hrh23) F3 AR A 7|z wat F2o] 8 YHE o] Bl

B2 ¥e 7leola At

o

3

A

[e] =
Ad= d=£s

i

2) = 0o ofiqX] 2| Akl

(1) Ak510|8H(Port of Shanghai)

HAZ FA8 ger, 200849 “stolAl ouA] deF i AX dAl(k
WHITTTRE TAFEI RGN o A2 THF oUA] Aolli e 242 e
AL U249 Gtk 2AYR|Q] AJstel Al FR(stolA et =)el
AL 2011 gstolde] AHddery, 431sty et A A=A(k
VR IR 20, AR RO EAR S B 52 L EEsto] Astold)

23) FEi(EMY: 2021. 4. 28)
24) SIPG(2010), p. 34.
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of o] 4u] W7 AFHLH 25) 20159 AstolFIE A4 A
9 g 39 AEA, S WEsle] 2017%1 s 5o 9ol
oA £FE 20109 the] 7% F2AZIAH: BEES 4971 o

AotolF1EE olHAI Y SHIAE thgtt O R AUA] AH[E
Z0l= dl =gsta vk WA 159 &FAE 98 Al oHA AB[HE
AZF dAkE | Hrdstal gr|Foeg Exo U AP = Hesta
Ao, 7+ AB|ARe} A AP ZFA A1 oA AAE 55k HE
offuAl FHulls, AR, S BIES) =8 AH|9] ovA] 48] A # &
S Folsta Qict2?) E5] 20124 £248321E(SINOPEC), =4
FHAFATF(CNPC) 5 F8 °UA FFA}E Feks AEskal 2013

WEE 08 A% Al ABHOR F7 FRYIAN 4RARE 7
thsh OF At FehS WASle] 18 FUNH BAHOE ToRAS 5
=2 stk oS 5o} ARAEY ) ugS BT HYHel 45 F
Al

A8 TRl Qlow, 7 A AASIALY] o] - AH] JHO| B

dYH 2 wARe=HN wiE7tA T OME’r U] /\B] *7::‘3 SIS
o, B Aol m=d ol EF oM NG EFE8iz 24 Al TEU

25) GAI TR=9JA, Ol M= Hot0let 252 HeIE( =M
= CHH| 2015E 2 2020 242t 5%2t 8% BHTitis SHE MAIR. Lk
(2011.12.14)

26) #4510/t 25 HIY OIUX| ARZHEEME 7|F)2 SHX|0= X 0IXI2 2016H 2HEE 5.1
6=01M 2017 5.0E7X| ZAEL SIPG(2018), p. 111.

27) SIPG(2012), p. 51.

28) SIPG(2015), pp.97-98.; SIPG(2016), pp. 105-108.

2B2/2852)2 2010
5@

EAAOEER
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g oy A7 1.1175L00141 0.943L& A= AoR Ak 9)rt.29)
20209 T 71E0R AtoldlE W EfL29] LNGE &2 95%C]
golgg.on, slo]HE]E RTGE] HIEE 90%] Bdl 21343t 37 o x|
A8 A% SA)o] Adsty 9ich30) o] st Tkl wHof| uet (&
2-4)9} Zro| Aslolgto] 88 aH|= x&H o7 7hasl 9oLt AMP
ot %, SolHels AUl ALg Flo) meh A AL 7K s
FAJolH

(E 2-4) A1510[819] OfL{X| A2 50](2016~2020%)

CH9l: OF £, OHkWh
ol
Tg 20168 20174 20184 2019 20204 | 28
C™e | 102,549 94,507 88,873 86,556 73,853 -7.9%
H2Q 63,687 66,879 74,100 55296 53,321  -4.3%
NE 39,320 40,621 41,022 47,396 49,449 5.9%

Xt2: SIPG(2021), p. 96; SIPG(2018), p. 110.

whetA] Aot 152 AY 7t Aol tigstr] S8 20159 Ael
U A 715 (Shenergy)3V} 50:50 EAFE S9l “dstol 3oy Al {35A
(LSS IREIREIRAR]) & AYolal LNG HAZAIGETE oflzt A28

NUAE M= A= sk itk 20209 /dstol et u A {35A
£ Asto] FA(FR) T EFAE 253 BT FAANES &
&, =Fot7] A=, o Eoizte] 2717kl 19 Bt 4,500kW ©]
ol A At Aoz YeRgth ol Astold #z9] ABAAY

29) F=2((2016), pp.97-98.

30) SIPG(2021), p. 97.

31) MYHUXIIES HI0|A7t ARSHSR7 PO R LNG MAt-F0H- 35 & Sl2UH, INGLHE
2 MHOZ 511l UOH, By, 2 % ARt Ol0|22 RIS 718 JHEE ot Y= F
W [EpNpiale]



By TAA A (grid connected photovoltaic system)O.2 AJARE
;ﬂa% 7|17 AR EFAE ] AREEL &9 M2 = AHAE

(23 2-4) <510/ REYUTH| RS Y LTAE

Xt=: SIPG(2021), p. 97.

(2) M™&HPort of Shenzhen)

AAAE 20169 THAA| lﬂ*“-XiEPi JrAd 5 AHSHEGEITLR
fRBS IR A TR0 %)) < E3sH, 20208704 Rte] oy
E5% 99E oy ARE 2015L4 tie] 5% ARt B3RS AAIS
3 PR Y 29 1A 52 B9l odA AH[E AT AS xR
gith.33) olof wet AR et Aul-AH] AE Be olvA 5&3}
oA £24-& YL Stk AAFS 2006 5E 8. g ol E Y|

OO

49| RTGO 4713} 74 Ae #13oH, 1% 91 AJERHE) ] HA
RTGE 7] i stojHe|E FH o7 WA|HIE34 LED 29 WA I

I

=

A o) o] Am] Aol SA| 7]ofstal itk 20199 & V1%, A

O

32) SIPG(2021), 849/ & p.97.
33) RYIMARBAF(HMY: 2021. 4. 28)
34) HEBOM(2019. 7. 8)
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sHiel Bmtel OILX| RH2| MR AR

oAt & 4,017709] oUAE A LED 2HOZ WA=, ol
b Ag AL 5005 kWhE A 35)

ot ook
oll
oL
l‘.&

E5] AHTL A B SHAAE B2 =8 7]E0]|1 Sl=T
20179 “ISO 50001" oA HFA LIS Q1F AR Al&bsto] 1d9] 1}
e AA FFEZES|(BSHZEH ISO 50001° 9152 FHE3FATt. 1SO
50001 A|Aglo] AgH dlolg 7]9te] AxFE Fof ALHQ o] &
25 Qokal =t AEIFRS o] 72 o] Filety Q1S5S AR 7HA]
FAS a1 Slrh.36)

(3) ZCt8K(Port of Qingdao)

Ao ge] AAR|Q] AL o |A] 4B] S ARekal 9l &
o= ofvA] d7E 85kl itk ATk A= 2018| 12018~20209
A oA ovX] A3t =0 BASH A THA TR T TS REX
BATEIN %)) = EHESE] 20209714 A9 GDP @93 AvA &ARE
2015 thH] 16% Aol ofvA] ABlSHE #E A7) 71 3,380
T E o]yE BASHItHE A¥S Rt Johe el 20208714
E5Y ©9T AyA ARE 20159 ofH] 2% AT AS 975k

ol whet Aok P oot WHle &9 ovAl Bl =5 e
St=dl, Fut H]-gwe] S AR 82 FEs] 4
o Avtedke 20189 288t9] FuF =Y AHFE LNGAF2R
wAsIRoH, A7|AEe] S keHe 71& 20204 71E S
FAgole & 3090 Ma] A71AE SA717F A=l Sl Hol=
FaAR 7] Efddeel ofs I QE AMH R gl 3rt.38)

EA

paes

35) EhFAEE(ZAMY: 2021. 4. 28)
36) 9ol A=
37) BEME(FRAR)2 €S 7,000Cal/kgs 7121
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(18 2-5) FCtREQ| #A0HX| E&Y2{2t OF=T |2

(E 2-5) RICIR &} 0| K| AZ2F 0](2016~2020)

akers

7= 20164 | 20174 | 2018 | 20194 = 20204 =jIg
LR E) 53 49 46 50 - -1.7%*
(80t kWh) 386 426 462 554 684 15.4%

Ki= QINGDAO PORT INTERNATIONAL(2021), p. 46.; QINGDAO PORT INTERNATIONAL(2020), p. 36
F1*22016~2019¢ HBASIIE

ojFgAl T7oke Y a0 tigs] sl HaL Sl B 2R
HlE AAsAY, AR Frole $8 ke HYE HE 292 AR
oA A eS FEstal ok 53] At SAASJEE M) 2017
4 SE=7P S AL =7teld A=) Arget 28719] TR el
Al vpolAzTE Al ZRAE | AEHHERHE MREEH A #)) ol
= U T FLHA 2= Aok o] Al Z2AEE SAAS @

O

38) QINGDAO PORT INTERNATIONAL(2021), p. 43.
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sliel siotol oL{x| 2| Maat Al 02

oL

o] Bjofgat ING B LAS ABAOR B ATAAF 17
SE TESR: 202 AR WL GE 2-6)7 e,

H 2-6) YO SA7LE 010|2272|= Z2HE

AISAL O2HE F9 WHE e NE s g4
1. 78 SR 1742 1. ATHHOILIR] 01

| HE S (grid-tied) OF £:)100% o
Qingdao New | |52 72|c 415 2. 72 Xgg: 60% | SO HPEA

IOV o meHymLE MW, 3 mEZaEE | oo
Solutions ™) G eseispstsi(CCHP) ) 99.99% o'_}”; bia
SBEENT gy MM IMWh 4 o= oo sk 2 v
ATIEFIEE |3 oyt wyay: 10KV s Y= TH LT o gy

PRRER) ) oo ez om 70w, | SUmsEp

A5t 45MW 5. EX[2Y: 89 9I0t

X EREERR(EMY: 2021. 4. 28)

2. ¢

rh

1) 22 o oLx] 22|

rhT

Y22 20119 FFAAF A A o] AHZSE o A] 7F
YA AHE Aok A F, Ad~52; 771 AHA7|EA S

olA] A& vIFS oA 5F FHA(Energy Security), LA
Z(BEconomic), 224 (Environment), oHUA] FAA A 31(Safety)et=
IE+S 2 AATIYTH T3 YA AFEAo] YolRl AlejoA FHAd R ol

£ S4517] fIsh Ao A @4dste] B ¥ 7]&0|al Q=T
201849 I3H A52}F o | R 71 2A ], ol A= 203087HA] Ao A
H]SS 22~24%% A3 BHE AAFCE39

39) YoM AX|H(2019), pp. 3~4.
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olefst 2719 oA HA7| o] B AR sL- gt HopolAE
sz guot AN B8-S B k. 53]

A 9 AhE 700 Ae B Al WREe BAHS 715 44
St AR g et £ ntel £712 W) 8 kst
o}, olgfet welo] Aow AR FANH FETEHS 201285
A 5 HAAE A A ahael S Arkash 24 AHARIGK
EEIFHREC L DR SRS LT RS S WAk gt
of 471 BET & Q= HTH AR WA AT A wE

ARgol AS AHShaL ATHKE 2-7) #5).40 TS A& FENEHY

A =AU} oA FFAF 7501 ZE 0] Qo] FHt oA o
B 24 gEal Qo

* 2o AIOIE 7155 2 QPN S| QA0 T3t H|LXIZ XY 7K OL{X|- SHK|Z Bl 4
HIEPUENTEES

» RUKOI IHS Ki
=o

Q'E
K
ro
n=
N
[>
>
oy
ol
=
I3
>

o
Hl
=
o
0ok
=]
A
18
=
]
0x

A& BEa2012. 7. 12)

40) %4 (2012. 7. 12)
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53] Hieto] I gt &
duzdez Z=i ot A& AH= =
HETHALE Tt 3T /\}‘ﬁx}oﬂﬂl%: Srde &
7IZHE 209) o8& A=E FEoHH

I8 = o
v oHOﬂOF‘l‘%ﬁ & Wsle] QRipclo] ohd At sl SFE

2) U= ATl O] 22| At

(1) 35t0r3H(Port of Yokohama)

[35HeR JEo] Y4 Fogfolz mUEn|Ze|2]' R HEE=
E|ZHEZ A 2134 ot AAE oS FAlokL 3lom Fgo MEiﬂlbgoﬂ
A slolEE|E ESHAT FQl, 4t Wf LED &%, HFEA A2 5
284 - 188 A thFotA &8st “‘% 43) QL ‘=AY ”%’—3—‘ i

=

B o

ZEloly A 52 135]0fl EE 80T 2% &ﬂroﬂ J3ste] It F
o] &5 349t 1 A| Ao IA 7]ofstaL e 2013EFEHE ©]

2 ogoE JPot o AGES Ao E: o
Y5}l Qrh.4d

e

47) P12 S5 L Ui 7126 OfRIEISOR O[8si= 37 U 80t 7o S8 A9l

SRRl sigS

|00, SH&S A2 25~30E 2 M7 |ZH0] 2QE|L oS 018 = QU= B 712H0] X|F0
M2t 3~ O 2 B0t SheS AL TIYHH0| ZUS. 01||-1I|7WI°4 (MU 2021. 4. 28)
42) 0|5H 2/(2019)

43) City of Yokohama(a)(ZAY: 2021. 5. 27)
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FaZA ] dotE QTR0 SAARHAAANAY 15 A 5
uksict 20149 718 E "R FshafF A Sl (Master Plan of the Port of
Yokohama), ol W} @ ISR o] ARE- & 7iA, A #137t, A5
Aol whE A Aol dinls oto] admHAAAARI(H20ne)
S 2735} SFEANE|(Y-CC: Yokohama Port Cargo Center)oll AX]
sto] 29 Folth. FAARHAAAARL (TIF 2-6)3 o] DAs4
AZZA] @AY @ARHA] @FHA] G25HARE %] A
o, UAIZAA-FI(EMS: Energy Management System)< 5ol o
Ehieg

(1 2-6) 2FBI013} SHZMEIS| SAAZTXINAY

KE (FE)
H2

X2 City of Yokohama(c)(ZAL: 2021. 5. 27)

o] FAJARAIAEL $RES HPTEAE B3 AE Wz AR
sl A5 /e, AGE ehe AFRINA FHd 724 S<t A
Aol 7hsottt. AE A% 8= 44kWholH, A= Als Hgo] A=
e Ao HE A8 34T o Ak

44) City of Yokohama(b)(@AY: 2021. 5. 27)

48



sliel Bgte] Ofufx| | Hut AR 02

(2) 118 (Port of Kobe)

THFE A|R] BEskE 91t AH|9 TS A0 R Akt Ql
ot FENEAAT Y] Al 5 BIARE HA Al ARl A
Aekast £X1 AR-ARYG 9] 29,9334 Q) Hhol so]B =y EfA
o 31 201E 2018¥RFE 1HIF PC-188u]d] =ttt ol& &

S o A] 4] AFAS AZE 4019 Aoz 7]E AH] ARGl H]sf o]

A H82 519714 AAE 5 e A= YER. o] A2 oA
] dihe AET B9 opyt I 9] AR 7] ¥ ZEeld
L 71E 9ol Bach dvz H¥e 35T 5 3o A 5 Bl &8

o] 71%5% SHE 253 k4

(23 2-7) 1HIYQl 50[E2|E T2l M SFX|

= BEE(2020), p

% RA5 pipl 92 eae g HaY

3. dopz=

A7HEE= AAIARQL o || AFHo] glo] E&& Q1 U A] He7t uf$-
2931 EAo|t}. o]o wet A7FE=Z 33 (National Environment

45) Bi5#(2020)
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Agency)¥}t AR AIAH(Energy Market Authority)2 2007W5-E o
R §-&X 2 THAEA(Energy Efficiency Programme Office)E 44
Stal o|A] =8 AY, ovA9 a4 AR o, W 7l A
5o B2 ¥8& 7]&0]1 Qrt.46 A7IEE S (Maritime and
Port Authority of Singapore) 9A] 2011dH-E ‘Maritime Singapore
Green Initiative(MSGI)'& F#Is] 21 1o, 2019dol= MSGIE
202497 AAgTE MSGI= A ‘Green Ship Programme’, ‘Green
Port Programme’, ‘Green Energy and Technology Programme’, ‘Green
Awareness Programme’ & 4709 T20s]0og LAEo] Qlt}.47)

ArtEas gute] oY thaske 23511 itk PSAE 20164
A7k 2 9] efFFAIAR TR Sunseap Group¥ 3522 £
(Jurong)&oll AIA 2] Fut eFFLHAAS AR o AT &
AFE 1,2000 kWh o]0 g o= F23 AA4 Mg 29 0%l &
Sh= qfiolth48) TEu Bk Boll AE AE FolA =R g
/45| Wol ute] BRI oy A] TEAA”lo] 8FE|QI o] 4
ot7] flof FEF2 GFOlZHSL(NTS), SPLET T thkst oy A
AS D 5 U= Al 7]6EY] "ATRE ofjuA] BE|AARI(SMES: Smart
Multi-Energy System)' < 7Hdstal 2018 UHE F5ZolA HAES
AL, o] AAES 714 A% Boll whet g Wdely o Ast
02 YA AT 5= L oflvA] ALE- HUERT BAE 7ot s
AR, o 10%2] AMUA A7 G237} = AoE YETh49

Energy Efficiency Programme Office(ZA2: 2021. 5. 28)
MPA(ZAL: 2021. 5. 28)

8) SIEMENS(2017), 99/ & p. 46.

9) NTU(2018. 9. 8)

46
47

vvvv
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oiel etol ofux| ma| M Al 02

AtZ: Marine Insight(2017. 11. 1)

T3 PSA+ 2018W TR |23 E U (Pasir Panjang Terminal)oll
HI|AE &8st7|2 d4stl s amgHud W dE, AClE
gu] 714, LEA A5 T3 Huld 57 o] HSBAIAES 15
glom, M| 4.3GWh 29 A AY4ito| 7Fssitt. 20199 PSAE A7t
ZE OHAAAE T T TR ZRFE S HAEHER Sho] Ptk
oftz] AHIE HYEHSHIL XA} ok= ARETTHE A AAET oA
A AE A 2R E| 257 E k.50

4. FH0|

ARl FHbo] AT oUA] B&3F w719 5 Aol FHlo]
= 2009 0] FHto]F 10| x| 91 3](DSCE: Dubai Supreme Council
of Energy)E AEF oM, 20109 "FHio] B q=] Ak 2030(Dubai
Integrated Energy Strategy 2030).= AAloIH G829l ofif#] &9

50) Z2HEHS “AloT-Enabled Smart Grid Applications for Sustainable and Resilient Digital
Ports in Singapore”?, Energy Market Authority(Z4MQ: 2021. 5. 28)
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84S A= T3 201590= 'FHbo] AFAoHA Mg 2050
(Dubai Clean Energy Strategy 2050)1< <=35to] 2030W7HA] FHfo]
9] AR H[FE 25%7HA], 2050E00= 75%71A] A|aLstAlth= o
AZR] HEZ AAF. o] Agofl= 20309714 FHlolof| = AlA 2
g &g ejFHAQl ‘Mohammed Bin Rashid Al Maktoum Solar
Park’®] &%= 5,000MW7H4] £ol= & & Axe} 5 Agx 29t
Elo] Qltt5D
SHIo[R} GA| o]t AHHE o] AFH7|Rof 9y oA At Aol
X2 1! Ql& DP WorldE 20204
AL 20509714 gaA2E A
H3Ith= F3toltt. olof Wt A DP World 154 A oU A& &3t
A8 T3 201849 127t 2,460MWhollAl 20209 15%F 9,670MWhE
27 S71em, o= AA| 15 Ag &H|Y oF 14%0] sidot= ==
o]t} 52)
(O3 2-9) DP World1E2| M3 AH| 5 MA0H|L{X| HIZ(%)

13.4 et

31

N/A
2016 2007 2018 2019 2020

Xt=: DP World(2021), p. 66

51) The United Arab Emirates’ Government portal(ZAQ: 2021. 5. 28)
52) DP World(2021), p. 66.
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VA BUZ| ol 4 A7 7120 B e B BAALRE £
shulA ahere] U] H83HE FAI3HR 9L
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A7, At 5 8 PHolds ol Husl] 98 8 Folt U&=
L 1 o] ol A MX] A48 2ot At
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A, A F9 G RS ouix B2 A5 Rt WAL
Ao Y85t Yk F4 A okstel Helstal ouixE A7)
A AR TALA/LBY, ZH29Y, 3
Aol AT, Artewt 5), BTt $2 5 AR e
239, 2HZE, LA/LBY, Arloolna, Avhrag, Fuloly, a3
s, 3, Afstold, Heked), Holazaels 5 ofux] el Als
o 7adewy, gueas, LA/LBY, Atde|ns, e 5)
Folct,

A, AA F2 GHold 95 5 sHHoI A Ault b
st glont e Avge ot g el ol 8
19 A7l ] A3 AMP A%, Eulde] A53} Sof 7123kt A
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Bk Ao e An] AR Horshy] 98] BAk 419 57 Enld
(1~555)9] A7) A1 B EAST 57 Hujde Hro] Fmo
=]

B 72 o] 2w ol mt

k. S9Hel e ule] 7] A lFol A A7) A8 60%
oS AL UL, FH|E AR AMe] A7) AHgFo) o 7.8% F7H
£ ugtke Zoltt. ol ] o= AR
S0l e 371 5 vlgu] Holol= ouixY A, e A

4] 3HBe] 27} G4 7]eleks Ao Weke

)

e

(B 3-1) SAKSH ASHHF| HIIABE $18

o

r

He: ™ kWh, M TEU

oAm
I2 | 20164 201749 20184 20194 20208 | SS9
=
| | 137385 143866 155922 157973 | 162745 | .
© (66.4%) = (65.6%) = (64.0%) = (63.8%)  (63.3%) =
g | 09522 75,146 87,852 91,329 04168 | o0
(33.6%) = (34.4%) = (36.0%) @ (36.2%) = (36.7%) =

A2k

-2 1 206,907 | 219,012 | 243,774 247,302 = 256,913 5.5%

12,835 13,449 14,518 14,867 14,777 3.6%
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B4 A HI10HR] A XY 03

T ™ kWh, ™ TEU

L

= 20164 20174 20184 20194 20204 ";IE
AgS 16.12 16.28 16.79 16.63 17.38 1.9%
/TEU . . . . . I/

X2 BALSE ASt 2t ED[Q2BA HIRAIEES HIEOZ KX} &4

Z1): FHl= P2 5{%MHI(QC, RMGC, OISEH| 5) T17| Al22 Biisi0] 24

Z20): 7|Ef= G124t 0[2|0] £5 AN (Reefer, 2UTIS, BIFA, AT, Al HO|E, MBS, 25

734_’_, _D‘(_ECI;IE 2|91 HH| 2Rt '=) H7| MQ_EFO ShAteH] 2
F3): 252 2016~20204 A1 b7 RF(1~-582F) 23S ks XY

-

2. E|0|2E M ALE 212

IR AL S I ] A8 ol AT 29501 540
B 7,008 kWh 5202 71§ g A718 Agska glon] 355
(4,1009F kWh), 455(4,100%F kWh), 5%5(4,0005F kWh), 185%
(3.9008 kWh) 0.2 H71% go] A 202 ettt Teh} M2
5197H2016~2020) A7) AMEF Z7H8OIAE SEEENCT Ae

12.8%% 57 5 FolA 7H 2 7M1 BTt I3 15H%
(PNIT, 6.2%), 35FFHJNC, 5.9%), 2% (PNC 4.4%) <=oln, 4BT

(HPNT)9] A% 5717t -0.5%] #AAE EAtt 5559 A7) A8
70l 7P =3 E olf= 20129 AW olF AIgk 574 End F /4

A MBS A5 PP 2GElo] FAY f BE e At
e 25 gxge] 8|2l te] JojE o H7]7h gl 28 ARMGC
ol7] Tl Aoz FehEch
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(H 3-2) R4S Mgt BEE H7| A8 £0](2016~2020)

T2 20164 20178 20184 2019w 20008 o= | TE=

H=

(PEE) 36,357 34,753 | 38,899 @ 41584 46,194 39,557 @ 6.2%

H

(PE_(':_) 62,355 | 70,119 | 74,926 | 77,489 | 76,036 @ 72,185 @ 5.1%

H=

T T .
(HINC) 37,114 | 37,336 @ 42,195 | 42,296 46,654 | 41,119 | 59%

H

(HpnT) | 42179 38451 42741 44835 41207 41,901  -0.5%

H=

T T 0,
(BNCT) 28,902 38,350 45,010 43,791 46,730 40,557 | 12.8%

A 206,907 | 219,009 | 243,771 | 249,995 | 256,911 | 235,319 5.5%

X BMSE ASE 2t B0 D2 LIRAIZ S HIEO 2 XXt 2y

A
[\®)
[\]
R
N

N

Il:l

wt.

(B 3-3) A3} Mgt HES 291 30 $15(20201 715)

. o= o= o= op= o=
= (PNIT) (PNC) (HINO  (HPNT) | (BNCT)
2= 40| 1,200m 2,000m 1,100m 1,150m 1,400m
50t £3 soreg | oW =S dEE | gorem

ot 52 o o 244,08 2 o0t o

344 644 E oMM EZ OMA 444
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e 2e 25 25 HE 25
= (PNIT) (PNC) (HINC) (HPNT) (BNCT)
A 2X|
]ur;' oxr | 0S8HM 5538 ";'rx,_[ v CY
X[ 840%mt SR LCY 346 CY 2138 / 5.__m2 '
H &4 = CY 5257‘._1m2 = = ’|54X|_-|m
eS| -CY 29474 4D 11 R e A= = = _—
= = |_§11x|_‘|m - - 55787ﬂm
i -CFS -CFS e
2.58m 1 En 1 4% 0.9%m
&4 1,154% 1,748"m | 1,0608m | 777Fm 947 &M
-C/C127| -C/C227| | -c/C127] -C/C127| |-C/C147|
-T/C 427 -T/C697|  -T/C427|  -T/C387] |.T/C527
-Y/T 83tH Y/T 15404 -Y/T 96 -Y/T85tH | -S/C36CH
- -R/S 3Ch ‘R/S 5IH ‘R/S 4ty ‘R/S 5 -Y/T 10C4
© AHAL166CH  -AHAI 334LH - AHAI 2134 -AHA] 161CH | -R/S 4
“F/L 10CH ‘F/L21ty  -F/LA70 -F/L 11T -MA] 70CH
-E/H 8ty E/H170 -E/H 7O “E/H 304 “F/L oty
“E/H 4ty
2] 336 62204 391CH 31504 199K
hag 46,194 76,036 46,654 41,297 46,730
(FkWh) 6.19 ’ ’ ’ '
== 2,295MTEU  5,501ATEU  2,784FTEU | 2,167FTEU | 2,119%TEU
HIB) (12.6%) (22.2%) (13.5%) (9.7%) (9.8%)
A2 RARS) A} 2t E{O| G2 YA LIEAIR S HIZO2 KAt 2py
R et 24 E090] 2% Z01 SSAHIR OIS THIS D5 371 27}
Akt 419 571 guld A7) AR 5 sHAm]Y] A7) ARgEe] B
60% OVFOR 71 e B]F XS glow], 2%5e] gu] 1] A
gaFo] 5d(2016~20204) Bt 4,4009F kWhZ 7 &2 0= et

.

HAFSH A5}

TLOo L

H7I0jx] At X 03
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60

WPSINE=ES
(HkWh)
EEINEE
(HkWh)
HIZ(%)
WaPSINE=ES
(HkWh)
EEINEE
(HkWh)
HIZ(%)
WaPSINEEES
(HkWh)
EEINEE
(HkWh)
HIZ(%)
WaPSINE=E]
(HkWh)
EEINEE
(HkWh)
HIZ(%)
WaPSINE=ES
(HkWh)
EEINEE
(HkWh)

HIS(%)

=)

20164

36,357

26,267
72.25

62,355

40,217
64.50

37,114

23,558
63.47

42,179

25,376
60.16

28,902

21,966

76.00

r7+51[||l-|ocn*

Enae

20174

34,753

25,373
73.01

70,119

43,605
62.19

37,336

25,451
68.17

38,451

23,610
61.40

38,350

25,825

67.34

S

HI|AE

20184

38,899

28,382
72.96

74,926

44,791
59.78

42,195

28,436
67.39

42,741

24,682
57.75

45,010

29,630

65.83

2 HiE

20194
41,584

28,977
69.68

77,489

46,188
59.61

42,296

28,628
67.68

44,835

25,497
56.87

43,791

28,680

65.49

| HSIAIRE BRI R XiX} 2H

312H2016~2020)

TRl © kWh, %

2020

46,194

34,344
74.35

76,036

45,830
60.27

46,654

30,846
66.12

41,297

25,008
60.56

46,730

26,716

57.17

tIEHIQC, RMGC, 0158H| )2 J‘17|)\fo S et

7

39,557

28,668
72.45

72,185

44,126
61.27

41,119

27,384
66.57

41,901

24,835
59.35

40,557

26,563

66.37

SR/

ot
518

6.2%
7.9%

0.07%

51%

3.3%
-1.68%

5.9%

7.0%
1.0%

-0.5%

-0.3%
0.16%

12.8%

5.0%

—6.87%



SASH AR AIOIUR] ABJ XY 03

T Lo

1) 125(PNIT)

| 597K2016~20204¢) 1779 A AAHERMGC, QC, Reefer,
+JAE 5) A7) AT %S AnEH RMGCZF B+ 1,6828F kWh,
AP 7.9% S7Fot] 71 w2 A7) AR S7HEE 7SS 2o
Uepgth o2 QC 1,185%F kWh(ABH 5.6%), Reefer 1,020%F
kWh(QHB+ 4.0%), 718t FdE2 2F 695 kWh(HAB 5.8%) <2
A71E AHESHL Sl AR EAE It RMGCPE 59 Bt A7) ARS<
42.50%5 AAok= A2 A5} ot 2 29 Fol7] HERl Aes
SR l=

(H 3-5) SAISEASH 1RE(PNIT) A|ME XM7| A2 $181(2016~2020)

ol M KWh
o
T2 20168 20178 20184 20199 20204 R S5E
QC 11,339 10,460 11,807 11,552 14,075 11,847 5 69
HIZ) | (312%)  (30.1%)  (30.4%) (27.8%) (30.5%) (30.0%) O
RMGC | 14928 14812 16574 17424 20268 16821 | o,
(H=) (41.1%) | (42.9%) @ (42.6%) @ (41.9%) | (43.9%) @ (42.5%) o
Resfr | 9670 8548 9778  118%4 11,199 10198 , .
H=) (26.3%) | (24.6%) @ (25.1%) @ (28.6%) | (24.2%) | (25.8%) o
7€
|E} 519 831 738 713 650 690 | o

HIB) (1.4%)  @24%)  (1.9%)  (1.7%) @ (1.4%) | (1.8%)

A 36,357 | 34,753 | 38,899 = 41584 @ 46,194 | 39,557 | 6.2%

XIR: 4K N3 195 ED[E2YM LR XIRS BIEOR FX X1y
F JlEHE 122 EDI2 U 29E, Al 50| 2 \ZE 17| AIBEE Bittst 27I2)

)
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2) 28 5(PNC)

k\X/h FEOR 7}1* lLOPOU% ﬂg(hlo, =
34, WAL, AL, A oF 2,662 kWh, 7IEHARIE, 24, 49)
1309 kWh 9] A71E ARSI Qs A 0& YeERth 2475 2149l
7] ARgFOlA BE7E ARk HEol 2T 5EzE oF 61.3%= A
o2 wokon, AR, ReeferAld, 2FH 5 Erd 29 283

ZtE AEEQ] A7) AT A 8.5%9 F7HeS Holil Sl
H 3-6) R4 Mg 22 5(PNC) A|2E 7| A 121(2016~20201)
el A kWh

m
T 201694 | 201793 | 2018E | 20194 | 20204 I g;’é
Bl 40217 43605 44791 | 46884 45830 44265 .
(HIB) | (64.5%) (62.2%) (59.8%) (60.5%) (60.3%) (61.3%) 7
UZ 20876 25275 28783 29215 28935 26618 .,
(HIZ) | (335%) (36.0%) (384%) (37.7%)  (381%) (36.9%)
7|l

|Et 1262 1,239 1347 1390 1271 1302 .

HIB) (2.0% | (1.8%) | (1.8%)  (1.8%) | (1.7%) | (1.8%)

A 62,355 | 70,119 | 74,926 = 77,489 @ 76,036 @ 72,185 | 4.4%

Rz Soret Mg 225 HOER A WRAIZ S BIEO = XAt 2y

Z1): IS ORI 0, OF=329l, 0SHHIO| £7| ASYS EHtet 4x/2)

Z0): US2 BUE, XU, 2UNS, JQHITY, HEHA, 2HANA, YT, MBEAO|
X17|M_QE_F t}éf %ol

(==}
F3): 7|Ef= SB0IE, %é’_éﬂéi_’t, NEAG T7| ABYS gttet +XIY

[= i)
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SAEE g FHIIOUR] A Y 03

o

3) 3RF(HINC)

0

o
ot
cal

3RE A7) Ak g B4 Axt QC2 RMGC7F Z3ke #u]o] A7)
AMgEFo] SUZF Bt 66.6% 208 AA| A7) A4 7P =L

%2 AA8EAL Qiek 20204 7]& RMGCHH] ARgaFo] 1,722%F kWhZ
7 =9toH, QC 1,3639 kWh, Reefer 1,181%F kWh, AE 230%t
kWh, 28 1229 kWh, 7|g} 4791 kWh 02 52 A7] ARSHS
Hol1 Qich. Aut tigsle] whE stAH] i 571 J58% Ay
71l w2t 5187H2016~20209) QC 57 E olH (Reefer) H7|ARE-
g 27t AM 10.2%9 6.1%9] F7H&-S Hol1 ok ¥ 3RF £
He LED WAAMYo] gl wet 2¥e A7) A2 5|zt A¥dt

°F 3.6% Aot

EY
5
0o

I

(B 3-7) SRS M3 BEE(HING) AN H7| ARRE $21(2016~20201)

T © kWh

Hm
T2 20164 201794 2018 20194 20204 oy g;’é
o

QC 9232 | 10627 12215 12423 13629 11625 .,

(STS) | (24.9%) (28.5%) (28.9%) (29.4%) (29.2%) (283%) "

AMG 14326 14824 16221 16205 17.216 15758 .,
(38.6%)  (39.7%) (38.4%) (38.3%) (36.9%) (383%)

samg | 2294 2308 2354 2322 2299 28315 | ..
6.2%) (6.2%) (5.6%) (5.5%) (4.9%) @ (5.6%)

Roofer | 0337 | 7887 | 9452 9486 11814 9595 | ..
(25.2%) (21.1%)  (22.4%)  (22.4%) (26.3%) (23.3%)

p— 1412 1 1229 | 1486 1382 1,221 1346 |
(3.8%) | (3.3%) @ (3.5% | (3.3%) | (2.6%) @ (3.3%)

et 510 459 466 475 A7V 4762, o0

(1.4) (1.2%) | (1.1%) @ (1.1%) = (1.0%) @ (1.2%)
A 37,114 | 37,336 | 42,195 | 42,296 46,654 41,119 | 5.9%

=
Rtg: 2415} A3 38 E{0|SREA LSRR E BIEIOR R} &H
2 J|ERS 38 B0 L AT, BT SO| AMS HI| AR BB 4RI
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4) AR5=(HPNT)

4ROl A7) AR 20161 OF 4,218%F kWh $50]lA 2020 oF
4,1308F kWh 20 & 5|t A%+ 0.5% AaFch 455 A4 A7
ARG 5 AH(QCY ATC)7F AA[ol= B2 59 B 59.3%= H|SO|
7V wom g0 g WEHAA0] 32.6%% =2 HlS= APAISkL Sltk
QCe} ATCO] 7] ARSEFL AW 0.4%, 0.3%= Z12F 745ty o, ¥
BHAAL A7) AT T 597 AHT 2.1% FE9 TAAE Ho|n
AULE 4575 A7) AT Has AP E5FY AaolA 7117 ]
4R% SHEL 20169 232%F TEUOIA 20209 211%F TEUZ ﬂ%v} oF
2.3% FEOE HASHIUY. 455 55 Fao TE shAH|(QCe
ATC) A7] A= AR AF| HE0] 7] Ak8afo] ZhAsH Ao g woiEch

(H 3-8) S48 Mg 4R E(HPNT) AIRE 7| AH2E $18H2016~2020)

=] M kWh
Hmz
7E 20169 20179 20184 20199 20204 BF | 5
oc | 10031 0047 024 10216 0860 26040 .

(23.8%)  (235%)  (22.5%)  (22.8%) (23.9%) (23.3%)

ATC 15,344 14,563 15,057 15,281 15,147 15,078 ~0.3Y%
(36.4%)  (37.9%)  (35.2%) (34.1%) (36.7%) (36.0%) °7°

13,873 | 11,639 | 14,485 | 15,805 12,726 @ 13,706

LHE K] Al —919
ISUHL | 30 0%  (303%)  (33.9%) (35.3%)  (30.8%) (32.6%) =P
xoig 642 632 996 840 878 807.6 8.1%
5% | (1.8%)  (23%) (1.9% (1% | (1.9%)
wsiois 1,922 2,099 2,140 2,266 2,279 2,141 449
(4.6%) (5.5%) (5.0%) (5.1%) (5.5%) (5.1%)
BIRAl 365 420 436 424 404 409.8 2 6%

0.9%) | (1.1%)  (1.0%)  (0.9%) = (1.0%) (1.0%)
A 42179 38451 42,741 | 44835 41297 41901  -0.5%

S ART HOZ2YA WRARE H-o2 MAF &Y
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5) 55F(BNCT)

5952 7]

AR8gko

O O+

T 12.8%) 715t A% 571 Euld

=
i 66.3% To02 7MY w2 ©
7] AR 57 AW 45.1%9]

N

7R 57

-r‘ﬁ‘rlo

<l fz}E} E3F QCoF RMGC 5
Bt 7.2%, 4.0%% 7S 2

= Zﬂ 2] 7] A}_Q_Ek = QCQ‘ RMGC
152 A8l At} E3] Reeferd] A
S7HIE

Ap=-g}AH]

SE(BNCT) Al

20184

10,073
(22.4%)

19,556
(43.4%)

12,382
(27.5%)

1,263
(2.8%)

799
(1.8%)
935
(2.1%)
45,010

HAFSH A5}

TLOo L

=S

H7I0jx] At X 03

20169914 20209 7kA] 9F 1,2008F kWh(HH

'6‘ 7].;(1- L0 =

O 3T -

Bt 55

%8 shoAr|o] gl 5

Zglzxo] =
= =2 1__

17t o2 EudQ] Reefer A7] AFR Z71853HT} oF o)) 4=
79| Reefer 3HEo] thE BT dju] tjZ Z7}5t ZojA
A9 A7) ARGFE

20194

9,363
(21.4%)

19,317
(44.1%)
12,279
(28.0%)
1,218
(2.8%)

708
(1.6%)
904
(2.1%)
43,791

7| At

ERIA HIRAIZE B2 MAH Y

a2 20168 20174
oc | 6579 | 8
(22.8%) | (22.0%)
15,387 | 17,404
RMGC | 5300 | (45.4%)
v, | 385 966
(13.3%) | (25.2%)
1334 1263
o= g ’ ’
susucs o 00
845 | 727
EXlE
R 00w (1.9%)
897 871
7|E]
B G @3%
S 28902 38,350
X2 SHAte AI8t B HO)
= J[EtS B2 = B U Al

53) 2016\E~20204, 18252t

BIFA SO

[ S

| NEE 7| AME8EE Bt +4

455=9| Reefer H7IAMEEES 4.0%, 6.1% 212t

ot}

(o]}
[=]

o]_‘: 7k9_

_4&-:.

5|zk

22¢ 551(2016~202043)
=] M kWh
2009 @2 S92
doow @an T
oo oy 406
(132132/3> (1213(1)6/1> 45.1%
con Gap 4%
o | oy S
(2?81) (92092,3/2) 1.0%
46,730 | 40,557 | 12.8%
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ol FAt A9 A7o|A] 4n| FolE FRte B £ 571t
A% Bujde] 55t 29 AA S, steigulo] A75Est 5 oy
AY, AW P THS 9 A2 A4 A7 2ulgo] A&How
2718 Q= A0E Uit 201645 2020971 A% EEFL
ok 3. 6% Z7F5t vhH 7] ARREES. 0|2 AFBloks 5.5%9] Z27FeS HYl
AL ].—y Q= ﬂoi 1/}1:,}143: ]
AA 7] A8 oF 29 5,0009
kWh & stedH|9] A7) AR 6,0008F kWhz AA19] 63.3%2F
= B2 HISS Aokl

E35] 532%0] T 5U7KH2016~2020%) X*ﬂ A8 S7HEC] 12.8%

2 71 28 F7PAS BT Gl ol SRSL RA APH 1Y
o}ﬂl Fads] 458 AR 23 Ol 7| tfgolt, e 2A1g

2 ATo|E Y A A6l A Sleld Geld 71U B8l
N EEER R DR R ER L ELE Rt
20E vigoE & AAY B4S B A A v o), BEL
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7|0HX] A2 M 03

ol
.

2AISH A

1) X8l 2P4(Normalization)

Hlojg MA = A AGS HAIHY EE= gy 7]&S o831 o
OfE 53 1 &2 HY J& ATLE sto] W3t Igo|t. 1
% glo]g HSKnormalization)= HloJE] £4] A] ¥4 go]g] Zho] H
o] o]z HMAYst= Q75 Fo] Hot Ak mdlS AYASict

st 7IH S shgol 2 ARSEE FAFY AFSHMin-Max
normalization)= 229 A dlo|g(X)ollA 7P A2 HaegkS 0, 2
HEZhS 12 77gskal YHA] M= H]&o] YH30] 03} 1 Afo|9] gto g
HEkstch FAZ Y AsF 412 ofef [4] 4-1]3 £

X, = w4

T N Ky
A7IA X0 ¥ dlolE gk
X,... 93 dolg H4igk
X,.o. Y2 dlojg #Hakgk

2) AMAE =M

A7191uA] &8)F HolHe g dE A ASFe JHEE

l
ﬂ?ﬁ
<t



AL Hlolg 9 é?—*% AYIL Tk AIAIE glolERk A

1ov

=l o
< I HWSE 7I=RL HolHE uieith. mEbA AIAE ElolEit S
I 242 Eot] %‘*01 A= dolgE @A AAE olsfska I 9
glolEE Bl v g2 AT 5 A olwf A 9] HiojEE Hi=
S AIFERD t=09] HlolHE o835t drks AR ¢ =12 dISsAY
2 A9 A HolHE o835t the Al dSE &

£

Yt:f(y;ihy'ti?’y;iy...?y]‘/i") ........... [é} 4_2]

(H3-10) AIAIE 24 GlA|

=] kWh, TEU
%jl__lt 2 E%%‘zt 2 %j_’“lt 1 E%%]:t 1 %j__lt

1 4,243,721 239,600 3,772,342 232,803 4,396,722
2 3,772,342 232,803 4,396,722 268,165 4,734,312
3 | 4,396,722 268,155 4,734,312 262,676 5,138,262
4 | 4,734,312 262,676 5,138,262 292,667 4,640,934
5 5,138,262 292,667 4,640,934 289,746 5,083,103
Al=:

X-le- KI—A‘I

EQ AAE HolHe DR HlojE et ThHT HlolH 2 tro] £40
ojFoint. T AIAL dolEe 4 A l/ﬂ 4 tdol He B
7t siel dlol8E vttt weki] dd OﬂLiX] Bl dlSe] A
841 o] 83t HlolEl= EE oA AvFAE Aufitt. ThHSF AALE
glojel= TEHF AIAE tlofEfe} Hissh HollA shtel B4 i

= 5919 dSske dial, F 7l o9l Mg FSt] shu Ee -Er 7H

o] 4 dd= dSsdtt. old Wt 24 A EEH<= HolEe

_

Q‘J_, i
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A A HI|0HR] Al MY 03

oA dsolaprt ouix] o] GFL nlX|E Wsoln o ol §to]
oA Ave AT Uebd Bug Bt g AAD dolet
Yo 79 B A9 EE o 29 o3 59g olgste] B4 /s
Sih AAD T EE O A9 o B theat o] ojShse

(A 3-1) AMAE ZL AR OE 22

t=0 =1 | t=2 | t=3 | t=4 | t=... | Inputs

Model

t=1 | t=2 | t=3 | t=4 | t=5 | t=... | Predictions

=1 | t=2 | t=3 | t=4 | t=5 | t=... | Labels

XtZ: TensorFlow(ZAMY: 2021. 8. 24)

54) Tensoflow.org(ZA4: 2021. 8. 24)
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(3 3-2) AAG OF 28 05 2

t= t=1 =2 =3 =4 | t=... | Inputs

Warmup Model
t=3 | t=4 | t=5 | t=... | Predictions

=3 | t=4 =5 | t=... | Labels

At2: TensorFlow(ZA: 2021. 8. 24)

I AL A7o] EAT o&otalA}; of= W4o] EAJo| whet oSk} ok

1S A@stA AREsfof st B AFoAE oS FEr A

Xdzi =2 7o R HriEa gl e %44 71HE EEoltt ®

gk FT | A] &H|EF dlS AtoA A= &E-E= DNN 23} LSTM
1y I AYPA+ HEE Bo) Bt F J 23S AHsict.

¢

o

;
> [
i)

(1) DNN(Deep Neural Network)

DNN2 & 7] oJ49] 2438 A4t Jlor &3t g98 &8
sto] glolgf 9] HlAY EAS FE3IT) a“%ﬂ | 93t AL orea} 2tk
(AF3=85H, 2021).

55) 2rat B4 912 X2 0| S22 AFols B40/0 KIS LSS $a3
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B4 A HI10HR] A XY 03

o

Zlil — il g li=1] L la)
i _ il 0L
wi=w QT L s [2] 4-3]
plil — plil _ 0L
abl?

(2) LSTM(Long Short-Term Memory)

LSTM< RNN(Recurrent Neural Network)s 7|2 H3og w2
RNN9| &7] 94 EAl(long-term dependencies)E siZ&st7| 24l
AdrE meoltk LSTME = = (21,25 &8 y = (1, ,yy)
£ F4% F457] gt A& o3 ZeiSak er al, 2014).

i = o (Wia, + Wiamy 1+ Wi, 1 +b;) (A 4-4]
fi=0(Wya,+ Wym, _+ Wye, o +b,) - [ 4-5]
Ct :ftQCt_l +Zt®g(W’IxT+ I/V;?mmt—l +bc)[k_! 4_6]

0y :U(W)xwt+ I/I/:)mmtfl—'_ I/I/:)cct+bo) """ [A_! 4_7]
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y, = (b( %mmt + by> ....................................... [A_! 4_9]

oA7IA, Wi 7Sl br BE HE, o1 ZALH AIECIE g, i

golt, F2 AREEE EA3) 2+ Sigmoid T, Tanh (Hyperbolic
Tangent) 3, ReLu(Rectified Linear Unit) 3+ 5°] it} Zkzke] 4]

2 33 ZtHKeras).

(Sigmoid &)

s = s [4] 4-10]
1+te
(Tanh 3=
tanh(x) — M .................................... [é} 4_11]
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2AISH A

g M7|o|R] AHE Y 03

(ReLu &>

o71A, = U4 HlolH

olff ReLu &= Sigmoid &<et Tanh =0l W3] H|wZ] S50

Bk T, AL vl-go] ATk el itk

3) B3}

ASSE REARS o|8sle] WA RAT SAT S5 Bt 3t
Hole, mio] AR A48 AL Fur A&sls Ro] FRsiTh
ojuf Mo} Alers E ol 3 Ji7E A BHTOlA HES 4 Qe
715 ittt Aot AE AEchke A2 [ 4-13)3 2o 9

alo

T 1
Meie R j= 8 Y Be is A1 g, j= 74
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Expj;- i, j7HEIALE Y] Aeet Al
Pop,;t i, j7HEIIE9] AT 7]

Sam;;: i, j7HE|IE9 BE TV

2

2. 24 Xz

Sk Alee] AE Avlak AGe o) AMRT AR BARMHEAl
Ul

Al TEokE 2011~20209 Huldd, 9 A8 g &8519Tt57)
T olf= A HulddE AY Av] A% A4S Aol Huld LPAER
Bl 33 A= FEE melo] 7Rss Aol AT Ak& 717ke] 59
o= #a /gl FFote] Ao 8oy FAG ot WAy o
2olot. wEkA] A1789] 4H] @5} BA A ARESE EfndE AuRk} A

ool 283t 29Yo] U3 Hol7} 3L v

A
5

(o]
o

N

57) 2 AISZ2 SASIDEBAOIA BH2ISHs RASH A3 154KV HHA AISY 7



SAEE g FHIIOUR] A Y 03

o o O

H 3-11) 48 EO|

i

LA MEH AFREF(2011~20208)
=2l mWh, %

= Hc | = | = H=
?_u T T T T T T T T él-j;“
=

= (PINT) (PNC) (HINC) (HPNT) (BNCT)

20114 18,862 56,328 45,957 38,561 2,454 162,162
20124 22,988 56,434 50,004 40,883 16,911 187,218
20134 30,686 55,078 47,140 42,653 26,649 | 202,205
20144 30,004 60,009 43,931 42,179 31,394 | 207,516
2015 37,541 64,788 45,163 40,819 27,699 | 216,010
20164 36,349 65,193 37,114 42,183 30,819 | 211,658
20174 34,849 72,855 37,336 38,442 40,045 | 223,527
20184 39,069 77,657 42,196 42,741 46,036 | 247,697
20194 41,585 79,304 42,296 44,835 44,964 | 252,985
20204 46,194 78,761 46,654 41,298 49,5614 | 262,422

Ry 33,813 66,641 43,779 41,459 31,648 | 217,340

a8 10.5% 3.8% 0.2% 0.8% 9.3% 5.5%
=l .07 .07 2 .07 (39.6%) .0%
Atz SUAVUZAL HEAZE HEO = KA Ay

Z: bREE OFY3 7|2ke 12i510] 20131 7|22 AT B7tE2 AMSIUCH, ()e] +Xl=
201Es 71z 7 EY

B AN Ao 940 HYoR B il B 4
gaih thig BAL PRlAE o BEARE deusn Zasol
a1

th et sl e ] Fl0] W 59 Ago] Washy
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%

siAe A9 a8 I A

[¢]

g 9l

8 7Fs o2 W

AHFY =T A

1e7

1175
150
125
lLoo

0y 0& 09 10 11 1z 13
teu(TEU)

0.6

0.5

1e6

A= KAt 2

o
=

o] Aol Hed 23

DNNz LSTM Z&o] #f

ANAE
£

=
=

o[|qA] AH|ZF 9
JZAE LSTM 29

=
=)

g, A9

F

=3 g

glolg 9=,

AAG HlolHE &8t

o
-

LSTM 23
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B4 A HI10HR] A XY 03

i 7 T AolA F= LEE I JeHHTE 9, 2016; ole+F &,
2016; ALEB}S’J 2018; 9= 94, 2018: o]gd 9|, 2019; olsi4 <,
2020; 244 £, 2020 ). S o] AtollAE LSTM 233} DNN
ny, 715} 2y 7F B E 55 LSTM ¥ 9] 943+ ASsIchEgd
9], 2017: Al&3}E 9], 2017; Al&5t 9], 2018; o4, 2018; AHdA £,
2018; 7129}94 2019; o €& 9], 2019: ZAA 9, 2020; Z, 2021
).

7%k 2J(2016)+= SARIMA(Seasonal Auto Regressive Integrated
Moving Average) =@} LSTM HES ARgadlo] oF 2\7te] Ag 495
A&t ALLE Hlwstlet. 200595 201497k =W AL A
AHF AmE Fysto] 2005 E 20129714 = shEHolE 2 &85

a1 20139+E 201497HA = ASTolEHE 8513t LSTM g2 A
AE o5 vAFH BA sfHE Bl A Q0] & FTF= 71K

-l> 4 1w e >

HEE 18T 5= o] dF Y%7t =94t} WH, SARIMA 232 A
+9 WsS Xéiﬁ] FA5HA] Eohe A HAEH. V& AE
8 3o 22 E-8H SARIMA B3 A8 14 34, 452 5
HH A4 B0 o|FARI ol sloy, HAFA A s g
7} 9loH, RNN 7]5te] LSTM o] A|AE tlo|elE Azjsk=d a3t4
olth(e]F @ 9], 2019). °]AF (2016)= 2006WHE 2011E7HA] =
7ol A AvFF A2 E Es5to] LSTM 239 d& AL g AE

Sttt A5 A £40] 0.1 HHe R &2 Y=g B}, olsi4 ¢
(2020)= 2016~2018¥9] EV 449 AY 4H|%F A7} LSTM 23
< &85 3849 g A Xﬁ HotE &Sttt HlolE gk 8l
o wet 4709 a1Fow EHstl, LSTM Rd3T ES(Exponential
Smoothing), SARIMA, TBATSSS) 139 dl& 5= vlwstitt 3719

58) Box—Cox #H2t I ARIMA 2&2| TS X|Tatnt A3st S| 2
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JF0lA LSTM 2ol 7P W2 248 vt A9 220160 Al
AL AF dlolHE &8st d& F&x, ROC(Receiver Operating
Characteristio) ¥4, % HFE & 37K 7|&Z AHst LSTM,
GLM, SVM, ANN, MDA & oot g8d 239 s H7IskaH
LSTM 239] H&=2 AUC(Area under the Curve)7t 2+ 82.8%(Ek
Eﬁé ﬁé& 77.1%), 89.1%(Et 2@ B 82%)& 7MY w2 Aoz el
S5t 2(2017)= F7} tlolElE &-85ted DNN 233 LSTM 23
9] *é‘a S Bl BA5I. LSTM © 32 & 3,0008], DNN 232 &
g e o olF diSghe u];@ Azt LSTMO] X4 exp&3t Ao
QAFE 749 Atol= DNNETH 22 7102 YEelgt) o]8% £(2019)+=
2008E5E 2016¥7HA] %ﬂ‘ﬂi 2 A G AR EEEY Holo
93 F+= BSAL(Equivalent Single Axle Load)>93} 6719] &4
ArE ol&3l AHe] S50 e FeKF A5 RNN-LSTM, DNN &2
Fo] H5 H7lorith 1 A3 RNN-LSTM 2¥ 2] RMSE(Root Mean
Square Error) o] DNN 2§ tiH] 0.102 2R Zo & YERdtt

i

o)
ol

r\l HJlO

E

g3 1E-& 83 tfsh Hofo] AATE HES 23 9l
Y 7 {%”}(NN Neural Network)S &3 A8 A&
A Mo B BAE A REHT 4 QU= FAHo]
9], 2016). St B8 =¥ F LSTM 2§ 9] 542 thafst Hof9
F4 AFoA ASEHAUTE ESE oA A 2 A A E YA
AHEURS HEE 18T 4 9= DNN EdHT= 1:}001:-9‘1- SHHFE

1HT

= LSTM 13& &gk A7t 37Kk S=Aloltt

%9
olo] £ ATOINE LSTM ZFE E8310] 2040874 FAkg 41k
42 avleke AW TA Bk

59) S7IHEIIE2Z AV |2t 2R USTS BAUSHOZ SHISH| 2fa |THR((8.28)S Kyt o5
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M)
Ystz 9|
(2016)
oles 9|
(2016)
{71 9|
(2017)

01ge 2l
(2019)
Olatg <
(2020)
TR <
(2020)
iz
(2027)
M= AR A

stst Mat F7ILiK| AHIZ Y 03

T Lo

H 3-12) RNN-LSTM 2 3 =2 M

02

o

AT LHE
* RNN-LSTM 72t M 22 0I5
* RNN-LSTM2| 28 H|O[E 052| Mefd AE
* RNN-LSTM 2 &85t M2 H0|5 oIS
o M=ZhIHH| 2417401 0.1 D|2tO2 =2 MsiT: 30|
ANAZE THLHO0IHE 7Y R0S2H Hw
013 28 & Mt U AUC $X|7} 24 82.8%, 89.1%= RNN(LSTM)Z &0
JI& Q45702 HE
DNN, RNN-LSTM 2 &25t 27} 0f
RNN-LSTM O] DNN CHH| 15% GIESE St

A

° IN VL
S To
- s R EYY BHY T| D2y B3 Tt
* DNN, RNN, LSTM 2t H|W 3 LSTM 239 85 45

T7| H 7t CIO|HE 8% 7t4 U

OlUX| &8 20f Mg Y LSTMEYC| Metd 2F

GIO|E| 0SS SEDNN, 7|= LSTM, AEf SX| LSTM 28 H|WE S5t
st gl gga 2N

° D M AN KAl L 7= LSTM 20| 718 XEtst 202 At =&
Held AAE YU2|5E 280 7 IUREHEEY A5

8712 28 & RNN-LSTM 2&9| 245t §5 HS

S ZAL HIO|EHE 283t Hald 2 Hlu 24

LSTM 2&9| 7|& tze AMALE OSHLC} Q45 HE

c Helgs 2N E2 BY RAIES AV| A S 2YE Plet ot oF
* DNN-RNN(LSTM) 2& H|w % RNN(LSTM)ZH Hds H5

* SARIMA 21t LSTM 2HS &2t Peak Hfgiit AIZITH 0=

° PRESS % 7|& LSTM 29| 22 0=t 45

* RNN-LSTM 25 &80l EC 5TA0| U 2T T Fol 65
* 4719 B& = LSTM ZHO0| 71 W2 0|E QX HS

*DNN, LSTM 2= 28t 7|12 0= & HluEA

° 6712 th7|2F=E LSTMZ 0| AJAE 2401 Metet 21t =5

;;7|_ 0;“:_‘<§ _CI_)_lof i|E|9| Al E%’ Eg
AZATLSTM 20| 84.9%= CI2 Al 28 5 718 52 H5Y 45
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3.4
3.5
3.4
3.4

ik

)

(2020)°1| A
= ® TEU, %
CAGR

2040
9,596

3]
9,596
23,408

42,599

boict. chat

7124
o o]

Q-
il

’(‘)3—11’
8,132
8,132

19,614

35,878

20354

=
=

-

A TEU

s 259 oy A WE2
6,842
6,842
16,435

g AgA

o
20304
30,120

=5

i
F

(2020)009] F-4t

ARE(2020)0014 AA]

sttt A4t A=
20409 42,599

20254
25,452
5,841
5,841
13,771

=]
RN
o

L

A9 o] 7

tof i

Holv =53

(E3-13)
21,824

4,853

4,951
12,020
(2021), p. 161

5 °
20204
)

2]
=

o

I3

Q-

&

e

1=
o O
==
Gl
A
X
S|

s

=]

b

S

oot
2 v
7

9|

S

=
o
-0

T
o

—_
o

o

Ho

ojy

stetc

°

4

WEg 4

60) Si==4H(2020)
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siAbs) Al F7(OIL{A] AH[ZF K2t 03

T Lo

Aol Z3E Ago|7] wjEo] Ak X189 519 S8 H|L-2 20209
66.3%C14 20409 88.1%71A Z7}519ich,

(2 3-14) 5448 ZH0|LS = 5l 53 MY

T 2020 | 2025 | 20308 = 2035% | 2040 H|1

s 25} 6,452 4730 4730 4730 4,730
Algt 12,688 = 12,688 = 12,688 12,688 12,688
21 Alst - 4190 6070 6070 6,070
RIsHAISH - - 2670 12,750 16,290
- 6,452 4730 4730 4730 4,730
A oe 33.7) (219 (181 (131 (11.9)
as | 12688 16878 | 21,428 31508 35048
=e 66.3)  (78.1)  (81.9)  (86.9)  (88.1)
2x! 19,140 = 21,608 = 26,158 36,238 39,778
Kt s kAR (2021), p. 200~201
Z11) MBS Rihhlst E3t
2)

()2ref =Xl= A 51% 5 | 2

(E 3-15) R4t 41 ZE0|H =5 Y
o M TEU, %
72 20208 20258 20304 2035 20404  CAGR

A 14,978 19,880 | 24,673 31,195 | 37,633 4.7
Akt Y 2,707 4,562 5,605 7,071 8,455 | 5.9
At ] 2,925 4,562 5,605 7,071 8,455 | bbb
2 9,347 10,756 13,463 17,064 | 20,624 @ 4.0

A= MR AR
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olt}. wepA

Je2 AR a7 S5V W

@__1;;(4

soju]

I

0]

¥
=]

Tor

o
47

FHlE2 (F 3-16)7 Zth

=5

<t

o

=z}
=

e

B

47 H12(2011~2020)

2f Ik
oS o

H0| =25

(E21: %)

O

s

Y
of

8.54
8.30
8.23
8.57
8.45
8.59

7.97
7.54
8.53
8.40
8.57
8.31

10
(=

128

o g A =S thHY LSTM 230 4

FARH(IE 3-4), <&
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(% 3-4) LSTM 2SS 0|25+ HALSH 0f|LX| AH|ZF XMLx|(2022~2040H)
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A et

H7|ofAx] A ®Y 03

NRANELEARR AR ES R A
EEEEEEEEEEEEEEEREES
PNE=MPRINESE|
(B 3-17) 2Ate A3 &E T2 AHIZ MY 220254 7|F)
= SAKE Mg ESEE TEV) S MEE M3 AH[F(kWh)
14 1,873 33,822,820
28 1,853 32,973,760
3E 1,952 31,620,320
44 1,579 35,745,340
5% 1,638 33,784,804
6 1,423 35,501,052
74 1,621 34,195,344
sd 1,573 35,607,360
od 1,487 34,132,960
108 1,704 34,371,664
(= 1,644 35,553,316
12¢ 1,634 34,597,180
A 19,880 411,905,920
NERP e
Z EME MG SR R S50 LSTM 28 Q2Ha2 MHeH 2 dAXs Ngs
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8 N8t 12 AW

F Y HaH2030E 7IE

o T2 AHIY
TEUV)

24

42,623,620
41,016,380
39,709,404
45,142,800
41,425,816

44,609,036

42,215,576
44,593,456

42,115,412
42,997,776

44,251,750

42,763,740
513,464,766

2,324
2,300
2,423

1,959
2,033
1,767
1,887
1,952
1,846
2,114
2,040
2,028
24,673
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50,343,604
47,378,504
46,707,560

52,980,656
47,436,556

52,502,470
48,528,840
52,345,964
48,442,256

50,386,596
51,349,964
49,505,508
597,908,478

ESZ(H TEV)

2,939
2,907
3,063

2,477

2,570
2,234
2,386
2,467

2,333
2,673
2,580
2,564
31,195
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HAFSH A5}

TLOo L

3-20) SLAKS} A3 R T2 AHIY HY ZIN20404 7IF)
2 SASAIS SES(MTEU) AN IS F AHZHKWH)
14 3,536 57,823,100
2% 3,498 53,698,396
3¢ 3,686 63,773,372
44 2,980 60,869,660
58 3,093 53,309,630
6g 2,687 60,810,896
74 2,871 54,511,250
8 2,969 60,603,850
o 2,807 54,424,370
104 3,217 58,237,310
1E 3,104 58,244,504
124 3,085 56,472,064
& 37,533 682,778,402
Ri2: XA} 24
7 AN MB SEUS HiE SS0| LSTM 28 Qivi4s M55 ¥ Axe xgs
olF A THE FASHY A MY TS APSHH 20404
682,778MWh] Helo] HQastal, AWH 4.9% 5712 202 A= ek
e 71 AR AR E5% SV 4.7% UMl &% S AoE A%
gk
H 3-21) 2Lk L% T AH|ZE AZEHIE
= MWh, %
FE 20208 202581 20308 20358 | 20408 | CAGR
HMBAHY 262422 411906 513465 597,008 682,778 & 4.9
R 244

H7I0jx] At X 03
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1) R4 XIFoLX] 5 0| 24

(1) 25 oi|X] AH £

A1) % ol ALY An] SRl A 2 HEL A oy
e AgAZolm, Irhe-L Helolth. ARAEY AHl N&HoR
Zasha gk vhlo] Aen 7k uls 2T Z7F8Hs SAolH, 4

Agelu A avle HA AuAL 53] LFEe ARSI AUrt.62)
(8 4-1) BLHA 25 X HE 28 0|

8000 1 wuet wHRHE w7k wTH wSOIHK| a AR
7000 | o

3,000

2,000 -

HRHE
1,000 -

| L
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Ktz: Of|LX[Z RIS 2(2003~2016) MRIE: £4A(2017), p. 69

61)5AZAA|(2018). p. 3.
62)FAIMA12(2017), p. 39.
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&% 3o} 7|2 45 v 5o et gasien, 20204 23
A
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A

i
3 AL G} T2po7h Shatele] He A HlFo] S 414
£2 3408 Ag 467t wes) 248 Ao tehitheiA4
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T4, 2020). FARS A F A2 Go] Aok HlFo] woF AR
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HEdstl o % °oF 43%(16,368GWh)] A7
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S S0 Helg WAL, WA olgjd] 7 BgsteaidlA o
7+ 6,000GWh oJ4} #isti gick.6d

> mlm

(22 4-3) A X|T} 2 H7H AR 30]

121 Gwh)
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500,000 ot ——
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64) SAZSA|(2018), 'Y # p. 74.

90



[=[Y)
pal

g
A
o
Ho
mr
izl
00
<4

-

100
I+

°] 50%

O
=

I} A}

I.

=

3

Aoz LERt

Al

L

R

st

o

4

Q72

(1) 88t 20F NG £9
ZS

Ul A of

=)
0

1

s

a

il

gun!

g

olu, 2014

" o

-

HES

st

o

e
AA| =]

tof 41

o

Lo

2019)0l1A4 =

=5
= O
O -

AR

1 (o]
bl 2422021~
B

Sl

]_

o)

Ak

3

o

, 71HES

Pz A
(AMP i74)
T

L.

=
:I;

H

Folck. Tt o vlol=z 1z

)

.
AAE O oLt Al

I} oy R] AH]
71 EA2(2019~2040) ,(3H

A

(o}

o
=2

g2

o2 INGHRE 7|
H

S ALl
2,
47 7

S
[e)

Z|(AMP)

74
4] e,

]_

¥

o

Xe)

2) BAH AIBITF Of0[FRT2)E T
V4

g ot A

2030) (3l

E

[¢]

—_L

H

(

<
ﬂmo
i
o
4

Tar
&/

o
o
no

i
T

ap

ol
o%



2. 2017)

it

(2017~2030),(3H

54 7184

il

%—u

cht T35}

2 A4

18 3= +23< 9

S
T

o

2]65)9] &

el

Mo

A ZA]

Mo

o] 9lck.60

ijoll
Ki0

g 4H] =8 AT I A

il

o]
T}, BARA 9] A

e

14

A7

=
)

s

o=

g AAIE Hde

AV} A

ST

SE RS

1:/\]

5

|(AMP) =3} A

A

2020)9]

H
T

A

%

1 2A421(2021~2030) (30

Fur

ALL oh ek TAI4R

Hog A&

2017)°01A

‘t—?_’
a) At ZFATS 23 90

Pt

3]

A2(2017~2030) (

=

il

92



o0
pal

g
A
no
Ho
mr
pal
00
<4

-

100
I+

—~
__OO

o8

g oo

S

ZlRto =2

A
~

o

ol

e

iof0
Bl
no
Ho
ar
160
<!
00

jij 2

7105 Al162(3719) SFefhel

= %
—

)

3

SENY

il

s

570 Eujdd #WAAZ 22.9kV 23]40=2

S}

|

AlS
o

R Aol A

A4(154kV

N~
B

—

o)

]

il
R0

kwolct 7]& A<k

ARG 577 ol whet 2020978 117 kW= A

93



A7) Ag3haA} SHe A o] 718 7| RokE o] wet A

7] A& A%gE sfof gttt o ARl e 7] AR AdHE R
Bhiksto] AlAgsfof st S A1 H AUHE S EUZE 37 7HsHS
HES & 47|18 333t webA FF AR AR iRl Ay &

S Feliae AA AolA 99 A =88 7IRto g 3 Ao
Jo] "asitt,
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3} Bonsh, +-88 So| TefElofo} Atk T2t & A7NH A ¢
99 BE 201 Tl AR SE 5] 24} ol Fe A
M, Huld T, Huld i 8Rstet ASBYS wesot
E ‘%‘JW ARG ZF), AMPE AP 71%0] ther] o] 73
3fo] APgateiTt. ohge] BAG AL Bud ALEer ohje Furups
DA Aol 2o A el Astslel 9] hee] 2 @7l

T}

(ON]
L(ON]
%,
>,
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—_
W
(@)
(@)
(@)
gj
=
19
)
© r
2
1%
o
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T
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o
o,
O
o,
S~
0.
18
X,
12
L
1%
Mo o

T 25 2585 385 455 bREF 685 | JIEL | NH | A
4,000TEU
HA 200 3 6 2 2 4 3 5 25
kW/&4 | 5,000 | 2,500 | 5,000 | 5,000 5,000 5,000 5,000
2,000TEU
KA 2(7H) 2 2 4 8
KW/ 44 2,500 | 2,500 2,500

HOkK] 2

ﬂ(;V‘\;)_‘ 15,000 115,000 | 15,000 | 15,000 | 20,000 | 15,000 | 10,000 | 25,000 | 130,000

Xz offA5(2019), p. 6
> 7Ef0l= fE"*t’Tt

=TT

4~602 BIZOR HX} Xp
3 SRACHES)2] AP 2,500kt 2424 Bt
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%ﬁ}‘ﬂﬂr.

aogo= e AE 39 Mg A4zt Fur|2A | AE
217K AA9] AAd et 5o dA] 29 $< Hulde o A
< #8313k 8,000TEUHR Al4lol= 5

2,500kWE ZH7 #-&stoitt.

=
=
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upgko 2 e A Akdee 24 R ool AYE AT &
Hee] dE 57488 A8shrk

(H 4-2) Skt Mg TI|0f|UR| A AE F7HE(%)

= 2020 | 2021 | 20224 | 20233 | 2024 | 2025 | 2026'A
A el S| - 1.117 | 1.196 | 1.057 | 1.055 | 1.054 | 1.048
= 2027'# | 2028 | 20294 | 2030 | 20314 | 20322 | 2033
HHA O 37k=| 1.046 | 1.045 | 1.044 | 1.042 | 1.0383 | 1.031 | 1.031
= 2034 | 2035 | 2036'A | 20374 | 2038 | 2039 | 2040
A | 37k&| 1.030 | 1.030 | 1.028 | 1.027 | 1.027 | 1.027 | 1.026
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4
r=
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r=
0ol
r
1
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ol
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0
r
[ol=]
o
=

(F 4-3) 2413 13 57| A2 HlopH2 MY 27}
o AOf AlorE | 228 A2 AHE(kW)

7 b (kW) (%) | 20204 | 20304 | 20364 | 204044
125 15000 | 60 | 9,000 17,610 20506 23417
oni 15000 | 60 | 9,000 17,610 20506 23417
2o 15000 | 60 | 9,000 17,610 20506 23417
2o 15000 = 60 | 9,000 17,610 20506 23417

| ees 20000 60 | 12000 23480 27,341 31,222
iﬂg 2e 15000 | 60 | 9,000 17,610 20506 23417

CSX2S 5,000 60 3000 5870 6835 7,806
S7SS 5,000 60 3000 5870 6835 7,806

M7i2-52% 15000 | 60 12,471 14522 16584

M7i2-62% 10,000 | 60 7136 8310 9490
A% 130,000 63,000 142,877 166,373 189,993

Riaflgt 95,000 60 27,000 47,940 74,246

B A | 225000 | | 63,000 | 169,877 214,313 | 264,239

2) AMP HHH2] AQ ARy

AMPY] A2k g .4\.8%3 Zgel FQl Auro] AgdE, B A A=
AHFHE/h)E A5AHE(g/kWh)Z Uro] 8513t I 24 S
oA B4R} A1g9] AEolY End X+ 2,000TEUS, 4,000TEUH,
8,000TEUR 6-0& F~5p7] wiEol| £ Aol oF A 2fofoirt. whehA]
AMP A Q7L (I 4-4)9F Zo] 2,000TEUF Ao+ tid 2,000kW,
4,000TEUS-S I 4,000kW, 8,000TEURS I 7,500kWS 2835
k.

68) SSHSHRI= TX| L2 164kV HEANN B2 HAS SZ011 QU0 ALoAM HeUgt
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(B 4-4) 1434, E5E AMP A2 M
B2l kW
MZE ZiE[O[LH M UdelEM S =2
OIR AHZ AQ M3 I AHZ AQ MY CIR AHY AQ MY
5 (E/h) (kW) (E/h) (kW) (E/h) (kW)
10,000 0.263 1,212 0.201 926 0.306 1,410

20,000 0.459 2,114 0.320 1,475 0.471 2,170
30,000 0.655 3,017 0.439 2,025 0.636 2,930
40,000 0.850 3,919 0.558 2,574 0.801 3,691
50,000 1.046 4,822 0.678 3,123 0.966 4,451
60,000 1.242 5,724 0.797 3,672 1.131 5,211
70,000 1.438 6,627 0.916 4,221 1.296 5,972
80,000 1.634 7,529 1.035 4,770 1.461 6,732
90,000 1.830 8,431 1.154 5,319 1.626 7,492

100,000  2.025 = 9,334 1273 5,869 1.791 8,253
Rt2: SiRAR(2019), p. 124

AMPE End9] APAyt 5UoHA 852 A-&5Ielth. AMPe
S o) ApEe S B 70%E H-Eot Xsj4Ald e
HpA S A aslo] 49 AFHAHL AT

%o}n

ol 71&d} I Sl FAR A1) AMP 48 AoRdE APY At
oF 7U¥ 8,000kW7} g Ao = AP JTH(ER 4-5) ). A<

Qo= FL3t HAS F3f 204010 oF 9%t 5,000kWe] AR 4
&7} IS A0E AYEHIJHCE 4-6) IFR).
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SAE 3 R B3 A MY 04
(H 4-5) SASE MEEAMP AQ AQFM2] APY 21}
o o BT 488 A0 AE
(kW) (%) (kW)
l=l;l-|l:||:
reoyenm | AO0OTEUX3NAL 12000 70 | 8400
=S =
roene | HO00TEU x 8541 24,000 70 | 16,800
s7ine 4,000TEU x 2444
2UTA(HING | 2.000TEU x 244 12000 70 8,400
grine 4,000TEU x 244
2-2EBA(HPNT) | 2.000TEU x 244 2000 70 8400
drine
yacencT) | HOUOTEU x 485 16,000 70 | 11,200
drine
ysopgery | HOOOTEU X 384 12,000 70 8,400
drine
el 2,000TEU x 244 4,000 70 2,800
T T,
AimE
Al 4,000TEU x 354 12,000 70 8,400
JRarTS
P 6ot 4,000TEU x 2444 8,000 70 5,600
s 7 112,000 78,400
XI2: Xt A
(B 4-6) XIGHAIE AMP AQ HlokMzy Mot 241}
== THOH=24 (E2ALHE +EE (RL)AUTH(W)
= Se (kW) (%) 2030 | 20354 | 20404
8000TEU x 944 67500 | 70 | 47,250 47,250 @ 47250
_ | 2,000TEU x 1444
e | 39500 | 70 27,650 27,650
Ay | B/000TEU x 5244
2,000TEU x 3414
8.000TEU x 34y 28500 70 19,950
s 135,500 47250 74,900 94,850

Rtz KA 2
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53 AkdY FHdisF oF 18T kW=, P4 Ak 33< oA
70~80%] BF°l 7Fset AL E motE gt o] Bl @ 154kVHAL
ofjA] FAk} 4Algdol 5+ 7hset AP g R oF 147t 4,000kW &2
2 AT 5 Uk @ AfoA = FAR Ao Mgl ZA7F el
Ao = WHEY, 20304 o|FHE = AY 4289 Bl F5°] A 7=
gk Zo2 ot 203049 71 269 kWe AlFdY 3go] 58 A
o2 A= =t ol A 154kVHAA 17] AAA 35 73t
FES HolAEe dEFolch 20404 7|Eo2 B 154kVidA: 35
529 oF 3.540] Eote 3wol 5T A= A, FAR Al
= TF A4l EZARE Al Aldo] ool wet Al HAAE A
Ad AR didHth. 18y FARG Agdel 35 7Hee AggS 7t
SHA S7H7171= ofEoh o3t WHolA 2 A71H o2 FAR: 4
Tl AY Fgol A T 7Fs/do] EHA & 4 Stk 2 A 2
A AAE A AdHE AQF 7R AR I TS Bk
o] i Asht ol= AA| AIA AR Al e o7t H a3t ARREo]7]
o 2 AFtolA= A EAdTh
(H 4-10) B8 S M3 &3 24 Aot
Bl kW
TE 20204 20304 203544 20404
AL AISEAOFM2] 208F | 102,981 | 408,979 | 481,065 | 550,941
RS AISE oM 232 144,000 | 144,000 | 144,000 | 144,000
=5 24 () 41,019 () 264,979 (-) 337,065 (-) 406,941
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ol gsk= F7F 5=°] 28
2B O] 35 7R o RS wHsh = ofFANt % AR Al
g 27 A&H o F7ekL olof figslr] {3f divti Al
71 3go°] 83 A2 Hedl Helr}, waba £ FojA= F FAY
Agto] AF A4S gyzoz Hesty HASS & 9 HorS 69
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54, A9 1s4e ERkes ao}oq s2alq. Ae A% 27 471
Hlete] E9lo] 15T o2 weEglh AA, vlolAR TAE EYe

de wgstold), 4 48] AAE ol 4o
A

= EEELLS
L EA), AR A) s m =9 7R5 A4 A4t A

I %

1) RS Mgt Oo|F RIS 1

7}, Ofo|3212|=E9| Hol

nfo]3 2 18| 2 -EY(Centralized) A8 2 HH4lo] ofd A
O] AFAEE BHE 559 B4 (Decentralized) AY S4H02
‘g=lo] A ate A Quitit). nlo|A2 1B i) A9 HfE,
AE 44 5= Al 2mEIRES} 719 FARE 7ol dAH,
ot 5 diqtE TAA A AAste] =7 B E BEE SR She
20| AntETFEo, nlo|HR2 R F2 4, HE T &R ASS
ddoz st AAEeIUA] 49 BAddo s FARith

106



I
g
oot
e
oot
r
i
e
it}
0L
o
=
i
1
4>
it
o
al

(a3 5-1) 00|22 |E JHEE

O [fess
Er OImE X
IP2P ﬁéﬂaﬂ. &___‘—ES,S

a7

KEPCO Open MG

KEPCO -
%z -
MG MG
MG EMS
éa/% N Eﬂijae&m
F o]y
H ﬂ%ﬂ
o i I He:
fasmEsrEEEsEEEEEsEEEEEEE ™ POWBHD GaS 1
Ata: SHMHIAK2018. 11.18.), p. 3
(1% 5-2) 00|322|= 7280t QAT|7| GA]
( — = TDistibuted = i
o Generation
Open for a Utility | - -
Microgrid | Load :
l I
Distribution Feeder
from SubstatlonT jl T T |
| | Interconnection |m9f°°""9di°“‘l’ Open for a Industrialf|

Switch Switch 1 +—Commerical Microgridl

———

| :
Possible | = F = —.
| Control Systems| |
| Distributed Distributed
l \ Generation Storage

A2 2148K2014), p. 39
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Lt. O0|3212|E Q¥

mpo] 2229 RPL IA AZTAAR nfelAR T2 =} 5HE vt

O|FRIHER FEIIT AZAAY nlolAR T E= Bl A
ASLERY AYE IFIAY B AN Xﬁﬂﬁliﬁ AL 33
g Sltk. 9] A olle SA o & 55 AAGHEEH, Ao
)= &&sto] AYAGY EeEo] AR LFT # U= Alé@%
oujgitt. £9 g mlo]aETHES] A= AEF 8l
1 B Aol F5E= AlA”0, SAH 0 15E %_zoﬂﬂi ey
H Agor FE. PRt no|A2IYE 15 AHE ATEH A%

—_

How AZG LARE} Atlolo| e 55 AFAAY vlolaTEg
EQI% dgolth, 1 olft 18-S HgH oz Adof s gre] £

2l 3k8 A2} 1 SRk,
Sel Haie e B2 DAY AgE WHHOL Sl Tk
2 1

FHoR B_——;L%E]r

T % Ak E3 P ASIG A
A 48 F3e 0% B Aol ek %@%@% A5
uo] A2 12 ES FE3H: Flo] Hrk g Eel Pt Lo HEL S0
2 g

Ct. ket At OO|F=2T2|E =S H5h T
A Aol As A plolH21E=E EYskL
A AME aE&2 SHigel] flsiAe ﬂj\tﬂ Aef
HoHload), EAPHY(DR: Distributed Resources), Ao 7
9as B A 9% A 7o) Basit
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AA, FotoAe FoPiE 33 S8 58 1He SAeE A4 &
B2 /8= SHHSljof & Aot} mle|a=T1HE o] HYRol= F9A
S°] R 58 KK ritical load), AYT A F4 FAo) 2%
75K Senstive load), A8g3 Z2Ho] 753t 2 E5HAdjustable
load), A €A1H Ag zldo] 7153t EoK(interruptible load) 52
B FES) oA FAHA o] BRg FaFok= tiY
S0 webd AR E. FARE A 22 Aol dde Buld 29
AI2ABI(TOS: Terminal Operation System)= 2-8ok= *YE5(Control
tower), AlASHe Bk 913t WaAdE ol AXF 5ol oKt 2 ¢
At WRSk= AES) 4520] ek ARMGC(Automated Rail Mounted
Gantry Crane), AGV(Automated Guided Vehicle) & SHd4 Ag &
o] 83t stH7F 285= Eo]Hok=(CY: Container Yard)7F
oy, ESE Aol 711t di71A=d A Hsi iVt A==
AMP(Alternative Maritime Power, ST FHA]), Fsket s
3}=l= STS(Ship-To-Shore) & Q1 F°] &F= olo]Z&(Apron)=
W7EstE L= 4= Qlt}y. 7|8k CFS(Container Freight Station), 571
glold A, Arkg, AlRE, FAE 52 2FotE SE

ol

i

Ol

4, o|ARTYE FH04 ule FR3 REo] FARAES Adst
Al aFisk=s Aoltt. A& 7 g A | A ¥ HEsHA AESHL A
Ab 7Hs8 AERRE Foto] T1o] Y= ESS(Energy Storage System, A
HAGFA)70 50 sttt ESS AIARRE 71E T 35 A|A”
A gujsto] A AT F52 B2 U} AYSFE AL AT
Ao A BE&Z =Y 4 Utk B9 A

a ()
AR 9] oFdE AAdstel A AlFe] T AFEE F

O.

ko] WAl A
_]

69) HelloT(2014. 4. 25)
70) OL{XIRAIALR = ARMOILIXIS S5H AAE Q0] H2IS XA T RS AIH0| 225101 X2 52
5

£ Stistol= xIE 2



A, ety plolAz el Ao ATE Tkt BArAe Ao
A3 EA AT AHE B, 247, $03e) Fo| a7H ol
270 B85 }71 94 HHL ABLAS], S RE, LoedlE S8

(28 5-3) Y 00|22 2|E F1d GA]

Renewable Energy = = Communication line
Main grid energy sources Storage solutions networks " Power line (AC or DC bus)

yQF Cooling,

Heating,

Power flow

Batteries, flywheels, p Energy
PV, wind, biomass, supercapacitors, as management
geothermal hydrogen system
T T

-

Onshore
power supply

Vessels cold-ironing Quay cranes, Reefers Industrial Residential and Electrical
gantry cranes loads tiertiary loads vehicles

L J
T

Onshore loads

Xt&: Roy et a/.(2020), p. 10

2) LXHHIAX] =t

b |

m
==

Tu

she) Aol A AmE AAY 2H2EY, W2 5 o9 Fo u
A A 2714 B ABS 915 ARIUAE A0z Sefsta
otk A, 71595} heTt SaBY YT 7S AN Ash e
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FRE B9 Ao = B, T, wEdd 508 tEHrt
Ty Ao A] B SE flsiAle St
of git}. of2|gt Tol|A] Erid FAR) A2 oy fEEr=
Bl ASshe 2ol Bgsf Eelt. ofof FARINRSAL A= 20224
7HA] SR M Feote] AR} 418 vlsaRof AlA X =<l
100MW EHokm AE T8 oflgoltt, 202149 10MW 2.2
A|5kaL 9OMW ] Al dxiE|olu et

O

Ty FHE 247 3 B Bigd 7hs At 3.70570 E{oA
100MW B3 A4S ol A7 B 2F 135,233MWh (100MW x
3.705%365=135,233MWh)2] THT 7Hsd A2 AJAFE. ol= A4
oA A3t 20408 HAG} Ago] =7} Zgo] WQdt 4n] ML
4,826 MWh] ¢F 2.8% 4ol Ex}aict.

(B 5-1) SR A| H2 ] EfQIZIN T2 AR

-1 OL-O
T2 2020 2030 20354 20404
AFHH(KW, a) 102,981 408,979 481,065 550,941

AHIHHZHMWA,

b=ax 24x 365,1000) 902,114 3,682,666 | 4,214,129 | 4,826,243

EIQIZ WRZH(MWh, o) | 135233 | 135233 135233 | 135233
HIE(%, c/b) 15.0 3.8 3.2 2.8
X2 A KA
7 2020149] 22 AK| EfYTUHOR MAEH= T2 GOLE 715101 HE 212

71) SAHEHMY: 2021. 8. 20)
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we B4k AFL Ae HHe WAEEE 183 BE teke
oleigt oA 4—3 S
Q- o

|
:
rr
>
i)
)
Ho
E)
i
kel
i

p
_E

3) OILX] NEE TH| AL

ook
o

Jato] E4dof webA ofvA] 4] wiglo] tefshAAINt, - It
A3 F2 YasAgol Aol 43%, rHEAFHJA(QC, Quay Crane)ollAl
37%, OF=AgHI9F AEOIA 20% BEE AB|SITE7 AR 4l °]’4 BF
o sFAH] FEoA Hit 60% o] AHE AH|sH= A E—ﬂ
TolA A QAT WEbA] o|A] g Rt 55 FlsiAe BEKiE|
ojtie} QC & otY AHIE 18& AHE 1A Ex= /fAS= O] 7V
F85t3 AFA0 titeltt.

O

AR sfe] =8 FHtoA= Y SFAFRIEE AqfE 2 FR|7HA] 1L
2 S Y5k ot olE £ E-RTGC(Electric Rubber Tyred
Gantry Crane) =%, olvA] 34 321, F-okab(Peak shaving) ¥4
A3} F5HiEol 4H]| o|A 183}, 1 8E LED WA, 3AXF
(Dynamic dimming) &H] =9 So|tt.

oleA] F]4= WHAZ HlolH ZFR19) AR HE A uf TSk
+5NHAIE o]&5to] A A7t Batsto] A sl AR EE A5
A o ARg3itE ESE Eto]&E(Flywheel)793 &E&} AMAIE(Ultra
Capacitor)74) 502 FAH slo]E= FH I Q(QC: Quay Crane)
72) pean Commission(2014), p. 10.

Eur
73)?:.%. El= H7I0HAIE 22 URIZ Hekoto] Kgotl R A M7|MLX|Z HES AL
ot HA|
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< H3 AEE 72.7%7HA] A <= ItHZhao er al, 2014). L3t
Al28lE RTGCO] 282 3% A 24471 35% Ak A4-HtHKim and

==

10 = S|

Sul, 2000).

Vo WAl 22 17 =08 HIAlY]E ok I Q) ”*E?%EHOM
59 Foteloll 483ttt QCE 5713kt BAlol Zssl= QCY ta&
Astsld ) A 4971 2 ]ﬂ/\ékq A a8s ¥Y 5 Ak 67H
QCE 713kt Hdf 57|19k SAlol A&oles ol g AH|7}
11.1% Z4sH= Ao & YedtHGeerlings er al, 2018). ¥5AHolU=
E50] o STkt AL, kel AA A An| F 20~45%75)
£ AAskL Qlo] A8 7t v F85it olgt WaiEoldo] F
SRR HWhAlS o] g5t AY v FHY 7.2%S Ak & QUk(lris
and Lam, 2019).

7§AgE 4= Qlet. o]
188 LED 29, 5333 A 5

&5 B 5% SHA(TT: Internal Terminal Transportation)& 9
g P2 flof AAH Huld R 2PAH8E RHAAE
o|-g5to] g 27 AlofRt AX=E shH A 4AH] 88310 k3ol d

1 Qloj= oA Ze&ste A3l 28 7Fe et TSt Hikkel Slnt. Fat

74) 21 21t 52 Of|UX| Y=E XH M7|E NEot= FX|

75) Duin et a/(2018)

76) REEH| AFR ™S MA| AH|2O| 5% 4T 02 TPYot, £ 60% 23S X2otH FASH At
A M= AH|Z F 2|0 3% B 7tset
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4) OLix] Hgt

offx] Agk> A718}, 43 o0& tid 5= 9l
WA oA 118 AH] Zd} Zo] A7|fHAE A
8 PyofA GF =YPEo] &85t Y= E-RTGC= HAZ AMESh=
71& RTGC tiH] ofuA] H|-&-S 86.6% HA5IAL, 2A7FA viESRS 67%
A5k KIris and Lam, 2019). E3tH slojBE = WA QCE H3 AES
72.7% A4 4 ol HA 7d QC tiB] A3t YA 44| a3t
7hsotal HlE A7 33 Uehd AR wHETh S koA A

ES FaAd S 9 Aow sl

22 B9] FuoAE 4 5 ARE oAU BEo ko] T
S AEEL oot Qo2 AT LAl 52 AmAA /M ERL &
QHon], AEmGPAE Sk AL 201095 BESIL Ue.
EG AT Sk YTE 485} dAol, AGY 50 S4AE HEstet A
£7} o] RoiA| 1 itk T HA1E o BN AT S4E Stopgulo]
F810] ARAAES B 715 AAsHe BAL vl Holek Alzto]
AETh IHOlE BPSIT 44 A4 B ASH0R Ba Aow
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A, BT Z7Hs et He S8 S-S 98 WAl A1
) SRS e AR BEA Aot o East. 29
=4o] B7As o5 WA A A A A X7} v ol
7] ot vlolARTeE 75 E3) ARoIA] WEHS fa}
How Aojgk 4 9lo] ML AR Sri7} 7hssiet

£, volazaels o] Rahe Fawo] et e B AN §
A F3AA vheto] 7Rsshcks Holth, A% HAAYe Bt I
BRAE] BAl) S5kl e 4 gk olg 59 Fu U] ¥
Aol ﬂ}a A8 33 399 ME 9 39 0 459 s
;g[‘

I RPN

)
H
Fl[‘
)_I
&
)
i
%
oy
i
. =
=
it
o Mo
o of,
ofy
R
c[i:
mE

A, g 489 58318 S8 A& A7l 7hsstal =71 AA|
g T 4= Stk FEF BopoflA= AWA, HAE
S B 2oF tiy] mlo]3212|E kQlo] H|W A o AA| =9 avtet &
ASES A= AY itk I3 Iris and Lam(2021)9] A-oflA]
AlEFolde A A7IREYC HlolAE T E =Y avE &
Astoint. 8 A3E AuEY FU3 51 YHE FYS FEo AUt
3047} 4032 AYPS W vio]A 21 E AL oA G oy A] H
£ A7t a3t Yepdtt 813y BSSE AE mfo|a 2 T = AJAH]
oA wig] gaFo] 3.2MWhY 3$= 18%, 9.6MWhY 73$E 21%7t
A] o A] H]-go] A= QIrt. 4G o] 3047} 40H 02 v WA A
SHAoJU At v E3 a7t yEbdt AAouA] A 59, ARt
o] 75, H|5+4 gl el YsxiH oY HE 5 29 14 Tl wet
npo|A2 2 E gL b FARY Al =} avE Agdor 3
A571= o]} Tris and Lam(2021)9) A1Ed0]Ad AHE w514 o
Ysto] FARGY Algto] mpoja 2 1e|E o wheh Fof 21%2] B8 E3

Ir

l
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BI7F yepdTRal Zgstd, 202049 71E Fd 5,240 A HEof A
g0l 4ag Aoz oiEH.7) vt o= AbaH]l Yo Hust
23 #e oA 5 A7 28sit olE A3 AR A A

AbE, mlolA2 9 E Ay e A7, B4t 7hset Ao A]
e %o] B3 Ro=z g

9A, e &4 1 g W ASR Aol Zhselth. elueks A

< AAeke FAdo] Bafiet Aol FFE o HY o Sdo] AL
o, FH 5HZt Bat EHES 3.56%, SUFAL 1,721 o] 2
T((E 5-2) F2). FAY A nfo|laz 2= F5351d AFAST
= % dg T5F0] So1eA =il o] wE &4 H]QE A,
CHek @A) AR B Aol #4120l A] eh2 ARolM A
TS dA oy A AYellA Agske AEF R VRl &
o Aget £ vE 24 a3t Z ACE dlidn. FARITHSAL
oM Fsh= HYF 100MW 2|2} Iris and Lam(2021)2] A-ollA
AAE oA B8 A

7 77 21%S DS Hdsto] AxtstE 2040
ST A mw } e °}E}<<ﬂi

77) 2020 7|E 155 MHH|E2 08510 MM X 0I5 St g TA| 1771 14
Ol MEotH 2f 24,9528t 20|04, 21% HIE H& &S 112{oHH 2|0 5,240t 271 MSH|E
0| ZAS
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(H: GWh, %, 21 ®)

SHEA i E 4 &

A= 43
£MZ  2ME MY 2ME  ANT 2ME

2017 | 8,353 1.59 10,437 | 2.02 18,790 = 3.57 16,408

2018 | 8,619 1.59 10,740 = 2.01 19,359 = 3.56 18,5621
2019 | 8,446 1.58 10,555 = 2.00 19,000 = 3.54 18,100
2020 | 8,279 1.57 10,331 2.00 18,610 | 3.54 15,826

s 8,424 1.58 10,516 2.01 18,940 3.56 17,214
Ata: MBI AN2021), pp.120~121.
A

er S
= 2AZUS G i HemY IS Mool MHE

(B 5-3) T &43U Mz 51t 41

T 2019 | 20204 | 2025 | 2030 2035 | 2040
2H|IHZH(MWh, a) 251,811 259,638 | 411,906 | 513,465 597,908 | 682,778
E4E5(%, b) 158 | 157 | 158 158 | 158 | 1.58

SETH(MWh, c=a/(1-b)*b) | 255,853 263,779 | 418,519 521,708 607,507 | 693,739
00| 2J2|E &8 MY
(MWh, d=cx 21%) 53,729 | 55,394 ' 87,889 | 109,559 | 127,576 | 145,685
EHYE HT(MWh, e) 135,233 | 135,233 | 135,233 | 135,233
SAHIHHEZ(MWh, f=d+e) | 53,729 55,394 | 223121 244,791 | 262,809 | 280,918
SAHHLSIHMWh, g=fxb) | 849 870 | 3,525 | 3,868 @ 4,152 | 4,438

THAUHTHH, h) 95 85 91 91 91 91
HIEEUR (ML &, I=gxh) | 81 74 320 351 377 403
=

X2 SEHE, SRS 2t ol
72 1) 202071 MRS HH0[DY, BT TS A

2) Di0|A2712|= 230) ME HH §35HHIS2 Iris a
3) 20252 A4S M 71 HYh= ZZ 6

S Hgat0] £33
Lam(2021) S0 RIAIEI 219 Z&3
pAi=k Ko
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skt ALl AAOI NS Sfero R Jle ZKsat AHAel
3 2 0 Bk A7 el oA e Al e e
Az

SHAo| A Al gl EAElE A ARAo] w2 SRS S YA
A9 1kWhd ghAui&sF2 oF 0. 424kgolt} w2hA 100MWe] E

J
=

o EaEET A2 57, 5395011:}. Aug 24 avbe 59zt B
= b

9d Ago] B HAATE 84.6/kWhes 112i5Hd 11,4409 9] v]&
A7 33t g R gaiET AR 32 6719 KAU2178)
A=l £ 23,8519 wrgstA oF 1,368 ¥o] AA|H aaprt &
Crines
( 5-4) EHQZ 2 2 HATH} FO0|(22 5)
(2): &/kWh)
= 20164 20174 20184 20194 20204 iy
AT} 77 84 98 94 70 84.6

2 MAEAEEAAR(ZMY: 2021. 9. 2)

Fut gulo] A A48 B3I BoI4 Aule A7do] ojEht /)
4, B Au)o] FRet Ae Agdo] weba 47 vt ge)
A}, et et A AE 26 G0TIRS Shelgulolq A18st
L ouE Ay A A48 Beshl Ue ug g7 ave 49l gow
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shajolZ|oA] A7l AL AR AR AsA He 7|
Avke 37 BadEd A% aale} olux] Gesl] We vg B4 &

sfo]e.

HAgro sy FHdlo] Rogoz 20204 7|& Agold B
2,182%F TEU, HAAH oY E5F2 2,0605% &, & B4 49 1,095
Eofl 23ttt o]t et E5% AHE Yo FAL o+
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