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EXECUTIVE SUMMARY

1. Purpose

= The primary purpose of this study is to present quantitative
base data which can systematically connect the smartization

of Korean ports to carbon emission reduction policy.

- While encompassing the concept of port automation, a smart
port can be defined as an intelligent port aiming to obtain key
components such as eco-friendliness, stability and effectiveness.

- However, current carbon neutrality-related projects being
implemented in Korean ports are not presented from the
perspective of smart ports.

- Thus, quantitative data on the effects of carbon reduction
resulting from construction and operation of smart ports should
be presented first in order to connect eco-friendly ports with

smart ports.

= Moreover, this study conducted a cost-effectiveness analysis
as a means to analyze the economic feasibility of building

smart ports for reducing carbon emissions. Thereby, this

ix



study offers the most cost-effective measure for handling

traffic volumes.

2. Methodology and Features

1) Methodology

= Studying relevant literature and similar cases

- This study extracted the connectivity between carbon neutrality
and smart ports by delving into carbon neutrality-related
policies and smart port-related policies together with an

in-depth analysis of existing studies.

- Trends and main agendas were reviewed pertaining to carbon
neutrality in major global smart ports, while specific cases of
carbon emissions at smart ports were analyzed. With this
analysis, this study was able to secure solid validity for
presenting quantitative emission reduction data following the

power conversion of smart ports as intended.

= Carbon Emission Unit analysis and Benefit-Cost Ratio analysis

- As the criteria, container terminals were classified into
non-automated, semi-automated and fully-automated ones
while applicable and reliable existing data and literature as well

as consultation with experts were utilized.

- With the Benefit-Cost Ratio formula applied, this study
estimated the cost of constructing smart ports by stage and

conducted a cost-benefit analysis at the time of construction.



EXECUTIVE SUMMARY

2) Features

= Concentrating on the eco-friendless of smart ports, this
study analyzed the effect of carbon reduction based on
power conversion following the smartization of port

equipment.

- There is a shortage of studies that provide quantitative data on
the carbon reduction effect in building a smart port specifically
by defining equipment from the perspective of smart ports as
well as analyzing carbon emission unit analyses per

corresponding equipment.

- This study estimated the basic unit of carbon emissions in
accordance with the characteristics of equipment introduced by
smartization stage. Hence, the study compared the amount of
carbon emission per non-automated, semi-automated and fully

automated terminals, verifying the reduction effect.

= This study proposed the most cost effective way to achieve
carbon reduction effects following power conversion of port

equipment.

- With the results of estimated carbon emissions, this study
established carbon emissions of fully automated terminals,
which emit the least amount of carbon, as the target of
cost-benefit analysis. Following this, the cost of installing and
operating equipment in non-automated and semi-automated

terminals was converted into present value.

Xi



3. Result

1) Summary

= Estimating the basic unit of carbon emissions per equipment
in accordance with the type of smartization of port
terminals.

- Fully-automated terminals were found to be 34% more effective
at reducing carbon emissions compared to non-automated

terminals while being 22% more effective than semi-automated

terminals.

{Summary Table—1) Comparison of carbon emissions per type of smart ports

Unit: tCO,
Basic unit of emissions per area Total sum of
Type of smart (tCO/TEV) emissions Reduction
ports . Basic 1.95 million ~effect
Quay Transport Equipment unit TEU
Nor—automation 0.0058 0.0053 0.0055
(Horizontal) (Single | (Oil-powered = (Oil-powered | 0.0166 & 32,308 -
onzontal 1 trolley) YT) RTG)
0.0029
Semi-automation (()SOOF)'S (O.E'OOBS g (Electric 00140 27238 16%(non
(Horizontal) Ingie {Lipowere ARMGC) ' ’ — semi)
trolley) YT) .
Cantilever type
0.0035 22%(semi
Full-automation 0('805[6 0.0019 (Electric 00109 21278 — full)
(Vertical) ue (Electric AGV) ARMGC) : ’ 34%(non
trolley)
Rahmen type — full)

Footnote: Quay cranes are all electric-powered
Source: Prepared by the authors
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EXECUTIVE SUMMARY

= The result of converting the cost of equipment installation
and operation for 30 years to the present value showed that
fully automated ports incur the least cost to produce the

same amount of carbon emissions.

- The cost of non-automated ports and that of semi-automated
ports were calculated at 398.5 billion KRW and 353.1 billion
KRW respectively while the cost of fully automated ports was
estimated to be 345.8 billion KRW.

{(Summary table-2) Result of cost-effectiveness analysis
(Unit: 100 million KRW)

Non—automated = Semi—automated | Fully automated

Classification terminal (&) terminal (B) terminal (C)
Equipment cost 6.303 5,387 4.978
(Face value)
Cost 3,085 3,531 3,458
(Present value)
Cost Reduction (A-B) (A-C) B-C)
(Present value) 455 527 73

2) Policy suggestions

= Pushing ahead demonstration projects for reducing carbon
emissions within ports

- An empirical analysis through simulation should be carried out
to improve energy effectiveness via automation of port

equipment as well as operational optimization and consequently

to promote minimizing carbon emissions.
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- Ports have been in the spotlight as a potential field for using

Xiv

hydrogen along with power installation and land transportation.
Therefore, it is necessary to push forward a project which can
demonstrate the introduction of carbon-free fuels such as
hydrogen, the adoption of equipment driving technology

utilizing carbon-free fuels, and its impacts and effectiveness.

In addition, an empirical analysis should be preceded on the

effects and impacts of applying renewable energy sources.

Systematically listing sources of carbon emissions and

building a real-time monitoring system

Sources of carbon emissions only operated within ports should

be separately estimated and managed.

It is necessary to identify the present status of possessing cargo
handling equipment as well as the actual operational status of
the equipment currently utilized in each port. For these
purposes, stevedores should be allowed to secure the
information of leased equipment just as the information of
equipment in possession is or carry out irregular complete

enumeration.

Devising measures for nurturing professional manpower
capable of collecting big data on pollutant emissions at

ports, forecasting and responding based on the data.

Digital ports, where Al and big data are applied as a commercial
technology, need to collect big data relevant to pollutant
emissions within ports as well as forecasts and responses based

on the data.



EXECUTIVE SUMMARY

- Key technologies of the 4™ Industrial Revolution connected to
eco-friendly smart ports, such as Al, big data and machine
learning should be introduced to the curriculum of higher

education.
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E44E IMO A &5 5= ER 77H] FEoE FAdE o] it

PO B, A7HEE =7 718 v e SE A Y-S s 4
7P 2FTHY(MPA) PSA B F5F(Jurong Port Pte Ltd)Zt o7 It
U g T AAE 5, EE W oURHoEN A AR, Aea
ARZ2AE 55 gt 41 Folot. ol Tt PSA= 200537
GRS A7)9f Mol wh tAA] of= TS 7|4 R HEA|F|

T glou], gt olgu|e] ARE 4 P INGE T8t U0

36) MPA(ZAY: 2021. 11. 26)
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37) Reuters(ZAi: 2021. 11. 26)
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&7 ZT2IHUS QMEEE KIS
z * ‘Clean Air Action Program’ 2| Y&t0 2 200610
LA/ZHK|
(Lo CoE m2
Angeles/Long ° R7| 2HE 20074 Het 31A HE 2 BES F46}

=

Beach) . = EZHE TQ5I0 2010 AMK| S+ 23 XEZOl o
> S S212 50% 2E3He %
= =llean o x s oL
Truck Program) TE2 E=43IK| 22 EZH0| 2B6H= HX|E Z4E(0]
He TEUY 35$9] HIZ(Clean Truck Fee) H1t

2009E7K| ZAH[0|H EZC| 75%7t BEES &40t
= EO= A, thad CI™ E=0iM 7|21t 2 Y
EZ2 2010971K] 2f 90% T4

201028 ©7| H{E2Z XSoke Me2dAt
1. HHLA HOjg9 (AGV)2 =¥

=TSN © RIZOIA B 7 |7}AT | 2HAGR| 0411 AS0| H0{ 3+
M7\ H|2 HZ0| 7Hs5HH, M2 HOlg oA QI5H
=g =M OIS S8 22

(Hamburg)

SR 233510| CTS(Central Terminal Steinwerden)
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o Z|Z Aot MY 7|F0=2 2F WAlo| siAt SEH
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WA ok gt A4 oA RTG 82 g ko] ojAlsier
2 HiE9 oF 20%F AAJskaL glon, HFH o= td RTG A lo] &
T 7|15 Ak A9, 2d 30%9] olikeieta viEs HAE 7IHE ¢
AL AAJSEIL QLo39) of= ARG G| =g Fx]2t= AT A

R ZAVIA ST A4t BHste] LAEd HEH A v,
Admidge] e e g4 55 AAR AFSAF7T EA = SR
AEsE =Y @A 28 AH B4 7N siEsde vl AlAR] 2

< 54 A Be E4 vl Hiet 23t AASL A=

(E 2-5) uo| ANES| M2 LHSE HEY L2 &1t

7= ZH|X| EH=F LHIA|OF H7tEE
AL, YHAZ| 2016 2011 2018 2022
- C|2 | x|,
274 o & — X
287|& AMP HH0|9012 LNG = [ — X7
QA 2ATA O|AtabEA O|MafEA O Mo
ZAHIB 70% 19% ~ 21% ~ 24% ~30%

Kt&: Muni-Fed-Antea Group Energy Partners(2016), H. Geerlings and Ron van Duin(2011),
J.M. Moya and M. Feo-Valero(2016), MPA Xt2E HHEOZ K{X} XiXfd

38) Yau, Peng and Qadir et 4/.(2020), p. 83392.

39) MPA(ZAMY: 2021. 11. 26)

40) AMP MX| A] 2|t 70% 4%, ¢lE §80| &2 TR | WA A OMSIEHAS 19% 25, HI0|2¢=
QA EAS AL 21% LE, OF=EEHE HI S LNGE WHE AR 7|Z OF=EHEHIA EAiSH= 04

SIEAES 2|0 24% AES & UACHE A7 SO0| A= 2
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41) J.M Moya and M. Feo-Valero(2016), pp. 1-22.
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42) Port Technology(HIAIY: 2021. 4. 14, A28 2021, 10. 1)
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Qolof B AFAT. oSS ABE 7142 BEoE AEshE ik
supEgpgolet Z2ste, 17, UAE U A47k54S B oz
of i} 43

7FsAd, AlHl 5 2FA *oﬂo A= Eii o] 4*4011*1 Assht

ABAs, HHoH, AU & A7 eS & LE‘r TFAHezE= Al

‘Port Technology 449] ARFEZTE HoJofA] 555 4= Ql%o], Ant
Eqt o A AZE = ARk /\U}Eﬁhﬂf’f] UHRE & 5
oh. ARssfet QI7He] Y FAaslels Ve ou|stE R 45 Q
9] A FAasRt Au7t FYEHL, AFA 5= %ﬁl oA A o]
= TS Asdue g & 4 Uk kS AElo|uvE A st
o|UEHdRE FHFFA[o] AFTIH, HHOIHE 519 - o]&sl= FH]|9] A

AULERURY] JRE AEIE of7] A dF= that 22|, 9A
EA A A ZARD of@&(Ericsson)oAl s ARTEGTS] Al @4 &=

43) SINAY(AHIAIY: 2021. 5. 28, Z4AH: 2021.10. 1)
44) Port Technology(AIAIY: 2021. 4. 14, Z4A12!: 2021, 10. 1)
45) IBM(ZA: 2021. 10. 1)
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AHog ot FAlo] AlA & ddlolE YEYT 5 st AgA
2 AZFYc}47) Yang et al(2018)2 AFERIE YIS Bof A28 24
o eSS AntERTIO R QlAFoug  AFsgivto] AnETL

o] g5t #EPE 758 &+ At
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Ho| x| Ho| XiS3tofl Chst A2t
o AIS3IZ Ta5H HAI7|2 2 SR SHAE s _ _
Port Technology _fo;% i I=& 230l Pod 953 =5t C ADIES
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o Z7h-THH MISf, AAkg L OFM 2 HOEIHM, K|t
Bernetal | SN S S SN 0Ol A OIS TSI E | A
= off Aot ot
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- SIS FB, CINY Y 47154
. MM S XX|Z 2R3 XS} K|, Q1Tat So| o
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O -

Kt=: Port Technology(ZA1l: 2021. 10. 1), Bern et a/.(2017), SINAY(ZAL: 2021. 10. 1),
Ericsson(ZA4: 2022. 2. 3), Innovez-One(HAY: 2022. 2. 3)7[EtC 2 XXt K|

46) Ericsson(ZAtY: 2022. 2. 3)
47) Innovez-One(ZAH: 2022. 2. 3)
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_ ;
X2 (2)) Riviera Maritime Media(AIAIY: 2021. 3 .2, ZA1: 2021, 10. 1), (Of2H) Liftech(ZAY:
2021.10. 1)

sntEgure A5 Aol EHrd R Sath, 453 o] 4
go A WAEe Helds SAAEe s 7R 4 o wk
53} Hrlde 9 e S O 449 3, g gl A5akE o
u]dg ojnjstel, AZESe ks Zeelo] ohy Awz(ad 3-2), %
oF=. Esto] ol Pz BT, AL WAES HUlES LI

1~45548) QEdlAloh Aph(ava)®) 2u] Tioks Amted Hu]d(TPKS:

48) HCNGHA(AIAIY: 2021. 6. 9, ZAIY: 2021. 10. 1)
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ADIESISH TOl0) M2 EA KZED U FAY 24 03

Terminal Petikemas Semarang)49)0|t}.
SAAES} Hude o]53 A YFo| Assld Huldg oJulsid,
o= oHd FERlo] A0 R XFEE= I PFE FUHHO R s
] sttt viARE s Eiu]‘élz}% g, FUEEY Y 3Q1S €85

S BHH(OE 3-2)). REEET Y AA2 F e EERE 2
jlﬁH A st 5— =502 28 + Sl T dE 9

nlgteh. oA Q1 FHAAES) B gL vl FH[A|9] SH|A| g oY

o]gd(LBCT: Long Beach Container Terminal), UE#= ZEHZHE 9
utAEZH| [[(Maasvlakte II Rotterdam)®] APMT,50 3= HHE3}0]
diEgol =A| Agoly] HulY(VICTL: Victoria International
Container Terminal Ltd),5D) 18]1 2ZME3HPort of Auckland)52)
5ol Slt}. A&t oY AHE v E & Atolxe vHAES Euld
9] b I RIS ASEEY Ao, HAEs Hude FIES
WAE ARESHE ACR 7HP3I

o 1=

HiAbEs} Eud o] 192 WF5‘]33 oA E-EE= oft AH|of| wet = 7}
A2 A&k 4 ok A% & A53} ofeAglo] EE=
o], of== Q12 F3Ao] E}ﬂ' HY-g met F2lol= ARMGC(Autom
ated Rail-mounted Gantry Crane)2} Efo]ojE &-8&5f= ARTGC(Auto
mated Rubber-tyred Gantry Crane)Z WHTtH(I¥H 3-3)). EfoJo]+
34 WET o] 99 752 TAN, HYY o= JARMGC)2
AU e = slEg HEo| ERZAHZE 271 A4 HuldS Al
Qgt A AA F8 WAFEsE 9 BHRED B Eo A= Efo|oj 334
Hoh vud AYgLrt 2253 g dF30419] ARMGCE AREshaL §lo

é
r—l‘[:
o =

49) Pema(2016), pp. 28-29.

50) The Maritime Executive(AA|Y: 2015. 4. 28, M 2021. 10. 1)
51) Pema(2016), pp. 28-29.

52) Nzherald(AAIY: 2019. 2. 16, ZAY: 2021. 10. 1)

53) ali¥44t5(2019a), p. 24.
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o B ATolA uAREst @ SHARESE ERE Y] ofETE9le ARMGC
£ By BAsTA

(313 3-3) ARMGC(ZtZ)2t ARTGC(RE

Kt&: (X}) Konecranes(ZAMY: 2021. 9. 27), () Konecranes(ZA1: 2021. 9. 28)

OFEFRIRMGC) 53412 Add|H(cantilever) A3t =l
(rahmen) WH2lo] Qith. of==2R19] S5 4] £]o], o]5°] Adsh= oF
TEE9 wjx Ao wet HujdE RS E Stk RS Huld
9] AL, /d of=EEo] ko g HE £X 07 wWiXH £ Huld
TZ2E 7Y, $HoE WiXE 3 Hud2 WAbEs} Hujdol| &
o] Hrt. ol= RAFY WRAFS A3 EHAE ¢ Qe
$2g wix9] £/ wiZott. End of=EF wjAHAlo] wat AgHH
AT 2 WA Fg|Qlo] FRE0] =R A ofu, A4
£ 99 F8 AHE v R RS Eud2 =AY AL 7MYt
2y 1S, A Hulde FEFos AP E Aot
AoE AolstuA} gt
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CPASOR WA el SUATE oIS Tl A 2

£ olEg ) ABs f7l thald A EnA gt wApest Ee
g2 Aol Rate] 2shs o= EdE T AEHE Aol AE
dht, easst EudoAe Aol S5 g RAAES o5

H|E A}83l} o|#3l A5} o)A 7t QR Efyt 53 =4S A
L3F AL S A0 EFto] A G8A0] HojREE o]l537HS Bl

8] FARES EuldolME $49 WA AN 9dek59

]

=

AAAES} B o]F FHl= HZCE Al 7HAE AlEsFd 4= 9l
o 7PF 71249 AEsE old Al AGV(Automated Guided
Vehicle)= AH&F30] 7ks3t okt EZ o g & 4= Qlth. Ega vzt
A2, 74 A F1l HHo|UE AASIAY, A AEHoUE AAR

g & Qlof 5t Al ko] "RSIH(IHE 3-5)).

54) B4-4H(2019a), p. 49.
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(Od8 3-5) AGV(EZ)2 Lift-AGV(RE

X2 (&) Konecranes(ZA1: 2021. 9. 30), () Konecranes(ZA12!: 2021. 9. 29)

EAZ, Lift-AGVE AGVET 24 ¢ XEY e SHES &3 4
HolUE A - skAd 4= qlt}. FFRlo] (I8 3-5)1A4 Eol% E4E0
ZHlo|UE &80, Lift-AGVE ZHE o2 ols &, AF W A
£ ol&sl AHolY 912 &7 SR EHE Eejotul, STHES wAY

2 & AF Y AAE o= W2 HHoHE HYF R YRS & olF
AEo shatol= 2 IA EREL A W FAE

=
=
83} £ & Uk

mlm
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(18 3-6) AS3t AEH S 7H2(0f

XTI TR &

] _ - & |l'_q

XtZ: Konecranes(ZAH: 2021. 10. 1)

AR, @A 7P AEE olFAH= ALV(Automated Lifing
Vehicle)Z EHE9] =2 glo] vi=o] &2l g o|dE AAlstAY, =t
H A oIHE v & 4= e ofF FHlolth. P2 o]dd FAE
YT & Q= AEHE (T E 3-6)ETH W2 =ololH 7|5
ERES oA gt dS AYSH, Lift-AGVe} 7158 0=w &
o} E3 Lift-AGVEeF ALV 3991 #dat AAzte s AAE a7 9
ouz Il H7|E H4asel7] A3t 71 olS AR7E FUE "art
At Saanen(2016)2 ¥ =Y HA A=F & AGV 6.54,
Lift-AGV 4.0t, ALV 3.5H|2 ZFz}t AAsh7| = .

i

A7 FEe 7o U 9 A AlA| F8 vEREsHAEs) Huld
= T2oto] AEshd (& 3-3)3 & HoAM & = Uk A AA =2
LRSSt EnjdolA] o]$H|Z AGVE FE ARSI e A €
ATt



H 3-3) MA| FL - 2SSt B0
X

e AHlEktaas) IR 0I-’c‘}‘&c.:'-rg"'0 ZXIES
BARS} AlSH ~4EE AZEZ

ECT Eu romax(HIEe*E._fE) FYUEEZ56) AGV ARMGC
OfASEHE | (HE2tE FYEE2[57) Lift-AGV | ARMGC
LBCT(CI=) FUEEL AGV ARMGC
S ot 47|(5) SYESA  AGV | ARMGC
A QEA0IE(E=) FUEEL AGV ARMGC
EHIADKYE) HIEEZ5® AGV ARTGC

AEY AutoStrad(&%F) AZEZ2|59) ASC

At=: Pema(2016), pp. 24-29 L Nanxi W. et a/(2019)& 7|¢to2 XXt He|

o|E Higog X oflofA] Hixs3s} Pk AZFEET] 4] otd T3
olat AR A 1L ARMGC, o]$AH|E= fRlof=A|(of=EHE)E

191 218 TAS OB AGYE A§SH FAFEL WS
S5 AAZPLA ARMGCE A3t Erjde Hojei

= otsol | 0l T ARG HH|
sisst | NZES2 3Rl YT ARMGC
oRRIss | HUEE2 T2 AGV ARMGC
|- X-IXI- PN

55) HgheA(HMA: 2022. 1. 14)

56) ECT(ZAIY: 2022. 1. 14)

57) AJOT(ZAY: 2022. 1. )

58) AGVblog(ZHA2: 2022. 1. 14)

59) Patrick Terminals(ZA4: 2022. 1. 14)
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H 3-6) HET Y S8

S AP e A
SZE(Tier) °
ZNHOZ E8E|=
IPCC 70| =210 =
. =1 = E =2 E Al22F HZ= A
Tier 1 HNGI sfEri Aig | SRR X BRABE X AEAR(PCC
X7} D9 HEHAT} =
s Al AR
Tior o DIIQUEALTL | HRER x UBNSY x HEHAMAR
AS I A 71%)
OIm £2, 014 V|5, NE X, HBEE x AAJ|S x HESEY
o | BB RARE wY, A SRS x QAT B x
1er = =
o14] S0 Ti510] 27 19 YH|GA x ARAEY x HiEA(PCC
NENEEN TP 71%)
7 MHSE(TienS BEXIR, HEH4, MaIS, MBS U 2UTLA HIEY S AFUHO| 2ENS LE
LHe 2702 AHSH0| 5842 HElzo} Meler} SE (S5 SHOIX(ZM: 202112, 14)

AE: S22 TRBIAZMY 202112, 14) X 877 SHOK(@4Y: 2021, 12. 14)3 Bz X
X} K7

oA Aok ol 7h A olAsiEre MEALE theol (&
3-7)3 Zom] WEF T 1C0E AR

(H 3-7) A= E O|MalEtA HHEA

AZE(E) FRWU(E) H7I(MWh) (%)
HiE2 [tCO,] 20.111tC/TJ 0.4594tC0Ozeq./MWh
Z: B 7h R CO, HISHSES LIEHY

A2 3H2 Of X2 2 0| K|RATIA Z8IEE Z3iZ(https://tips.energy.or.kr)(ZAY: 2021.
12.14)

2) &4 #el { 28 GHolH

HA, B A7t AEeIUE AFstke 7Rl wiRkEs), WiAkssl,
AU AHES]) FHtolH wiET 4] SLde sl 2 30 A
A(1A4T 655 TEU Aoz oozl izt 51958 1958 TEUS]
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9L 7PH3th60) 181 1TEU A A] QHd, AR, o]4 JY
] HH%% %DP% T3} gEo] 1957 TEUS A2gt 499 uj&

& 2400A 7Hg dido] H= oluA] AR B HlolE ] 7
H|AE S HixbE sk =y Aol AR SAehY, Bds

Alzte] 7] B E et Euld 29 odoR < B4 %

27t 27Fs oM, 2 SYAMER o |A] ARl tist ElolHE BkR

A Frhe TAZE Aot B3 A HEE Y FUEST
219 o F Qe Sl A ok LFH7] Zdolw sief A9 7%l
&= ekt o] ARgFo] didt A2 HlofEr} AR Aot ofef &
ATFolAE 7 2419 T2 e AlEEolA HolHE 3kl =
HFARE(2019)9] A5 2 Y. Saanen(2016) 55 E3E 71E Aol
A AIABEL = HlolEE 8-88kaAt .

AU A FE 28 tlol"E FE e o2 (& 3-8)3

(2 3-8) 24 Uy X &2 H|0|E
7= FQ At 2 HolH

1) Wilmsmeier,

92EEA . yr prge S
2ol . st o pengler,
HIXtS St (2:17'” ;) (7&%)2) (@191’)3) Bitet 58 Thomas(2016)61)
= 2), 3) Muhammad A.B.
et al(2021)62)
AZEEZ3 . R 1) \éViIrgsmeier,
HIRFES BRI o LIALS} AlS} ordon =
I'oil' (x-|71||>” (@%)2) (@Tor)zl) T Lo Spengler,
= Thomas(2016)
60) S4otaE AMat M| Al 18MY A7 TSI SE 6560t TEUS M6t 42 =88
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H|O|E

)

AHPEEE HH| 3 A= =g A s
ot 0l& x|
2) Muhammad A.B. et
a/(2021)
3) ofipAte
(2019a)63)
HE2tE RWG
* ORASEH |
APMT B
o | TE==El AGy ARMGC ¢ S CTA 5 SifeipLi7201%)
Xtest =2 @70 @D - z200CTN 6) Y. Saanen(2016)
° (CSPDRE - Qonmy | oREHRC01%)
* 32 Patrick
e 0|= LBCT
NERPONETS!
2% ADIESD Q8 EIANSY Tte| AbY
2 doA= A1EoA gt AntERREe] ERof gt W82 7|ut
07 ANENRE AZEETY o FHQ, 72 of= E, §2Q RTGC
£ AMEole AEAQ HIRbs3st Huldat vl wsf shAEEs dHRE A
A3,
eHAnEEE AU 8 YR ol 7 JH9] AH| &9 a&o ¢
o}, oI E°], AGVY o] o] AP To|t

"Energy consumption and container

% 23} g 4 9

2f
==

XfE§f94HIOIE1 HOlg A= =0

61) Wilmsmeier, Gordon-Spengler, Thoma(2016)
container terminal layouts, p. 3
TIAAR K=

terminal efficiency,, p. 6.
62) Muhammad A.B. et a/.(2021), "Evaluation of CO, emissions and energy use with different
%17, pp. 233-234

63) SiY=4(2019a), "
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BEAYS MAAFC =N, § A AGVE &8l &2 +59 =32

Helst Aol 7Rsstck. Z, olo] wheh SaniE 94 Fau ol
gl wret Ar] oS APSHE AL U9 IR oA BA

EERDER:
2 Qojck. ufehy B aAFolAe] ]tk A H8ET S A
bgom 4vgste, ouA AHgFS BEHIAo] SutEl 26 of

1) HIX}S=t EOE

(1) | Ui &Y
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(E 3-9) HIXS2tE{D| 29| FH]| T

E;él-
= -
= XPML Al Ziat Aziat LA
ALCES
i 4.1 43 4 2.4 3.7
QC i 14 15 9 7 1.3
RTGC L4 33 36 30 19 295
YT o 64 86 74 39 65.8
MM QC o4 3.4 3.5 2.3 3 3
oc171y
6 2.4 2.4 33 2.7 26
oc17|g
iy 46 5.7 8.2 5.6 5.8
MK 252
Cozohea ) 182 230 150 103 166
1958t TEU QC 15 13 12 13 13
X2l 7P Al QCY RTGC 36 30 38 36 35
U ocgols 69 72 95 74 78

Nz B 58 A A2 E BIF22 MAL I

(2) HHIE BiET ATl 4

—

WA b FE19] B, HiAES 2 AHE3) Bud HF tfEE 27
Aog FEotal Qo ouA|aHFg2 20169 TEE Wilmsmeier,
Gordon - Spengler, Thomas(2016)692] g|o|E{Ql 7.9kwh/moveS At
&otazt gtk thZ 0= ofEAH|Ql ok EdE e} AR AFRIQl RTG

9] o A] AH]FHE Muhammad A.B. et a/(2021)6594 AA|5H Y=
glo]ElQl 1.27L/move ¥ 1.32L/movesS Z}Z} Ql83gi} utzog

64) R FH0|- 712/ ZRIYIFSECLAC) 27t RHEIOIT2I71XI240) 367} ZIEIO|LIEID|ZS o2
| AR U 57| LK) A2 CfEt ASEHS S35t

66) 7|Z 7SS BIE2Z AUH0|H F5 THIE moved OIHA| AH| FHRAS AR

62



ADIESOE Toof M2 &t Mzsw 2 ZAHE 24 03

moved A2 5= S{ll:: box 7HZ,>— JslA| mietsly] Yofals 2 )
ol2 e, AYEE 3

sk &= AlZE A Zigo] gk
A<

AlEdold #4o] B asteE —E— Aol M= 1moved 1boxE A&

HEF A2 Xﬂl?d_oﬂfﬂ et H}Q‘r o] =y

c e EF(
cARTAF (M) = AR T X TEFq,
A2: SROAX 2B HEMY: 2021.12. 14)

QA 07 boxE TEUR SIS 93t Al4(Coefficient)= 1.62
266) B JFo|HL o]F ZEslo] TEUD oA AH|FS EEIIc)

b

o9 Y&Z Fgoto] HRFsaEREe] uE ojAlsieta viEH
ARYSE A3k, 1TEU A2 Al o 33912 0.0058tC0O,, ©]53H]Ql of

EHEE 0.0053tC0, FAAF AHARTG) 0.0044tC0, 5 viEsH=
o7 =9t

il

[n

o

66) QHBITZAK2008), p. 156, SHL=AE(2019a), p. 233.
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(H 3-11) ZHIE O MafEtA HiETF ATk - HIXISSIEHD|E

oI K| UIIEPN HHE A=~ S 2
e EHH| SlE  MBY¥ AT (20179 IJIEAHE  (tCO,
(/box)  (/TEU)? A% /TEV)
QcC 12.64 tCOseq./
O}t
0 geeay B 79Kwh 00T 04504 Ul 0.0058
OIES YT A9 1270 2032L 20111 tC/TJ  0.0053
MX  RTGC  Zf 1.06L" 1.6896L 20111 tC/TJ | 0.0044

1) HR|FYO| 42 AlZ2|0|M LI0[HE 7|2t 2 218 H|0|E0f 0.8moves/boxE ME
2) TEU EAA 4= 1.62 B
A= : Wilmsmeier, Gordon - Spengler, Thomas(2016), p.6, Muhammad A.B. et a/(2021), p. 32
HIZO= XAt K2

2) BxtSs} EO/d
(1) S| = &Y

WSS Eo]ae] FYulE @4 29 B9 BT AP 1855
45572 AR vgo s sttt 589 7
Vg A BN S Gk olste] e i A A
ASIStETE. 1958 TEU H2tS /H9RE A9, WAEst e de] =)

o
4>
)
FE
N
i)

L QCE B 97], SFEAHAMRMGOE 3171, YT 67012 £S5 ]
HRREeE Ejo] o] ula] Ae 5ol Gulsk £UHS & 5 ek
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g5t
7 =
1BE 288 3RS HE W@
Has 3.4 5.7 3.1 33 3.9
(350m 7|&) '
QC iz 12 22 12 12 15
ARMGC Ll 41 69 42 38 48
YT i 83 154 96 85 105
HMZQC tix 35 3.9 3.8 3.7 4
QC17|
ARMGC tH 3.4 3.1 35 3.2 3
QC17|1g
T O 7 7 8 7 7
2H 258 2.74 4 2 2,11 1
(2020 A&, &t BF TEU) ' 83 .90 ’ 3,16
C 9 9 8 11 9
1958t TEU Q
2| 7F3 Al | ARMGC 29 27 28 35 31
H| o=~
YT 59 62 63 79 67
1) 2REIRIS S B0l AE 5REE HQ|E

o
2) AMA40| 2, 2 IT0IN SYUst 712 KB5P| 9JeH 350mE 7 EOR AFEat K1Y
RiR: SAS Alst 2t 2BAL KRS HIZIOR KX AYEHY

(2) HHIE BiET ATl 4

HibEsh Engyt H|AREsE ERge] Zjold oftAgH|e] A
T-5 folth ¥EARE3E EjnEolA= dRtd 0w PARF A A7
ARMGCE AR&3tTt. o]of ¥iAks3} Bjnd o] o]italets: & e
Aol A= o FE9l 9 ofE EdE = BIALERRR} Ut Ve A&
5tE], A 2 AL LS4 2019 A 2R oUA] ARSEF
W "olElRl 3.92kwh/moves Q1-&5talA}F Tt
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o FYslo] WHAEE Eu[S] u]E ojateid hEFS AgshA
ITEU A2 A] 9P el & ol44v]9] vj&ere: v45alet SYste]

r

71758419 A2 2 AARMGC)S] -, 0.0029tC0,E Bi&3}
A0 E UEH. o= HlAksst Euld GA A <19 TEUS M=
0.0044tCO,2th °F 0.0015tC0, - F=3]o]t.

T

(H 3-13) ZH|E O|LtatEtA HiERF TS| - BIXS3t KOl

=T

Of|LAX| ofl x| HiE A =2
A" 2| e | AEBE NS (2017 =7 etA (tCO,

(/box) (/TEV) HiEAI) /TEU)

Qc tCO%eq./
ot CE M7 | 7.9Kwh 12.64 Kwh" 0.4594 l\/IWh. 0.0058
EE&Z))
B YT #Q 1270 20321? 20111 tC/TJ | 0.0053
= éfﬂ}@fﬂ% W1 392 kwh” 6272 kwh? 04504 0%/ 00029
Xt&: Wilmsmeier, Gordon - Spengler, Thomas(2016), p. 6, Muhammad A.B. et a/(2021), p. 3,

H¥=AH(2019a), p. 2345 HIHOZ KX} KR

3) ATKISSHADE) E{O[E

(1) =] Oig= AP

HAESE Ende EHlE HEEEY W49 Qe IRl
ARMGC, 181 A58} o344 F AGVE -85t = AlAl 8.
njdo] Al v o= AMYstaint. &t AHE e 5 SHAEst
Huld2 U CTA, $= QQCTN ¥ 47|, ul=t LBCT7} thEZ At
g2 FIoh 1959 TEU A& 7H3E 4% SA53} gudo &
Y= QCE Ht 87], oF=AHAARMGC)1 3571, AGVE 4412 =
Z=o] A58t 9 9ibEst Huldol v 22 49| AH|7F FUES

% % 9t

_‘_4
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MyEn % FHY
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HL
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(E 3-14) ATRISHAOLE) HO|'2Q| FH| T

M7 Z2 SHRISSt Efl
= sy 33 32 02

m
CTA  QQCTN = At47]  LBCT o
NISES
(350m 71%) 4 6 / 4 0
QC o4 14 16 26 14 18
ARMGC T4 52 76 119 70 79
AGV Tz 91 83 135 72 95
MM QC 4 4 3 4 4 3
QC17|=
ARMGC T 4 0 0 0 0
QC17|=
AGV Ci ’ ° ° ° 0
uX| 253
A ) 300 520 630 330 445
1958t TEU QcC 9 6 8 8 8
X2l Al ARMGC 34 29 37 41 35
Y| Ol AGV 59 31 42 43 44
X2: BPA LSRR U SHY4AR(2010a) KBS BIEIOR FXf KR
(2) HH|E IS AT LAY
HAA 55 Huld oA 71&3t Hiel o] =29 HiAE 7ggth
FAY 2= E52 AR wjX5to] pes) ol$H|e} REY It &
Mg gl wet ok A9 shRet A 7F o]FHI(AGV)S] %
Azt EEHo RN §84 T ¥ oUA ARSFF FAo] wE wiETF
o] 3840 JFE £ 5 A+
A oUAARES S A T 12 viAlE et FUst 7SS 18
otal, EEEY] WA Qe I 9 FRAAES; o]53H[Ql AGVO

dafiAs SY4AHE(2019a) € Y. Saanen(2016)2] HlolElE &85l



A gk, WA SHPSAQ019a)E THEESHAY] Qb ol ua
o 7.5kwhe] XS A}-% L A0E EEYCLED o) uhAESt 9 v
5ot Eu]de] 574 AZESeRA] He) 2 UHOR, 32
502 2450 e Hld A8 oAE A8 o /g9l Ao
2 Hlt}

3HH Y. Saanen(2016)2 ©|&YF o)A ARgst= AHIQlL AGV, Lift

AGV, ALVE] AlZbg AmaHF, olitsldta wigde APdRe 1 2

= oFf <E 3-15)2F At} o] HIR 2 E AGVY AlZTY dAsiH|gt
AP BIAA PSS vtAY AdgAH|gFo g Ak 2.6kwh/box7t &

E 3-15) FQUXSSt O|SHH|IE AZAHY, O LatEtA HEE

OlAa%| =2 AGV Lift AGV ALV
© (BR/H7)) (BR/H7) (E®)
E 26t/26t 31t/31t 52t
FAH|/AIZE 7.5L/17kw 12.0L/27kw 17L
._L/.\_ HiE &/ Azt 19.3kg/4.9kg 30.9 kg/h 43.6kg
Rg=/CC 30. 3.5 4.0
MRS /AT 14/box 12/box 10.5/box
CCMAtg/A Izt 42 /box 42 /box 42/box
Xt&:Y. Saanen(2016), “AGV versus Lift AGV versus ALV”, p. 32.

olg Felote] HAESL Huld] AHdH OVJE} = Hﬂi%& *W%}
A 1TEU A& Al 2l 419] A2 39Q

A ARREE ZPEE AEdy e ARE ELEﬂOJHE} Rt E%—%
0.0035tCO,E UEtth. HEEED] #4249 b I Qlat FRlAl&3}
o]&AH]9l AGVY] A Z+Z 1TEU A A] 0.0055tCO,, 0.0019tCO,

67) BHQAAE(2019a), p. 234.
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ADIESEH SO0 W2 A HUEY U MY 24 03

7HHiEEE ASR ALENH. SEH R AAES Huld2 viAks
9} ErdE} 0.0056tCO,, ¥HAE3t Huld R} 0.003tCO; 22 43

ArE st Euld o] oibeleta vies A9t 7P W2 A0R &
%FJ Atk

H 3-16) ZH|'E OJAaEA HiS2E 2Te| - ATXSSHADIE)E OIS

[

I[EIN VI[EIN HZE A HiE2f
ge | mE o= Ag”  ABZ QoA (o,
(/box) (/TEU) HHEAI%) JTEU)

RC OC

o | (zeEa)
o2 | % ey 75kwh | 12 kwh 0.0055

9;; N9, 0.4594

0l AGV 26kwh | 416 kwh CO2a/MWh 146519

) ARMGC
K| (2100 475kwh | 7.6 kwh 0.0035

Z ol U4AE(2019a), p. 233, Y. Saanen(2016) p. 32. (17kw/h, 6.5box/h =) TEU factor 1.6 HE
£ HIEHO R XX} XA

2. ADEYT CHAE XZgad St
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HwshA  HRFE3s Euldo]  0.0166tCO,; HEAFE3  Euldol
0.0140tC0O,, YAAES} Euldo] 0.0109tCO,2 E&Eo] AnESHE
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0|2 3414, Ak stelsd 1958 TEUS Aelshe /M) Eude 7
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-l AFH-YTHRDIZ &
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2033 67.7 85.4 1.4 164.4
2034 0.0 85.4 0.0 85.4
2035 0.0 85.4 1.4 86.8
2036 0.0 85.4 0.0 85.4
2037 0.0 85.4 1.4 86.8
2038 0.0 85.4 0.0 85.4
2039 0.0 85.4 1.4 86.8
2040 0.0 85.4 0.0 85.4
2041 0.0 85.4 1.4 86.8
2042 0.0 85.4 0.0 85.4
2043 1,743.7 85.4 1.4 1,830.4
2044 0.0 85.4 0.0 85.4
2045 0.0 85.4 1.4 86.8
2046 0.0 85.4 0.0 85.4
2047 0.0 85.4 1.4 86.8
2048 0.0 85.4 0.0 85.4
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2031 0.0 45.0 45.0
2032 0.0 45.0 45.0
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2034 0.0 45.0 45.0
2035 0.0 45.0 45.0
2036 0.0 45.0 45.0
2037 0.0 45.0 45.0
2038 0.0 45.0 45.0
2039 0.0 45.0 45.0
2040 0.0 45.0 45.0
2041 0.0 45.0 45.0
2042 0.0 45.0 45.0
2043 2,080.0 45.0 2,125.0
2044 0.0 45.0 45.0
2045 0.0 45.0 45.0
2046 0.0 45.0 45.0
2047 0.0 45.0 45.0
2048 0.0 45.0 45.0
2049 0.0 45.0 45.0
2050 0.0 45.0 45.0
2051 0.0 45.0 45.0
2052 0.0 45.0 45.0
2053 -886.0 45.0 ~841.0
& 3,582.0 1,395.5 4,977.5
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