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Abstract - Recently, there has been a global emphasis on decarbonization in order to address climate change and achieve carbon
neutrality by 2050. In line with government regulations, domestic port authorities have also started participating in this global agenda.
Since 2010, when decarbonization became an important task in ports, there have been studies analyzing the environmental efiiciency ot
container terminals, taking into account undesirable outputs. However, most of these previous studies only measured carbon dioxide
emissions based on Tier 1, whereas this study Is the first to analyze the environmental efiiciency of South Korea’s container terminals
based on Tier 3 as presented in the IPCC guidelines. The study considered 17 container terminal operators in South Korea as
decision-making units and used the DEA-SBM Model Subsequently, an Undesirable Outputs Model was conducted to calculate the
environmental efliciency.

Key words - container terminal operator, efliciency Analysis, CO, emission, DEA-SBM model, undesirable outputs model

1. M =2 43l e] o] F 121/ =77t 715 5E e s e 7 atA
2050 gaF o] = oAl= FAakdvh(KMI, 2021).

IPCC(2021, Intergovermental Panel on Climate Change)ell IMO(International Maritime organization)¥ =47}~ #j

2w, ATF2dstE Ao ke ZEA Aestal o E9FE 2008 tiH] 20509744 50% S wEE AA S

w, it 7122 1850-1900 il 2001-20200d oF 0.99C ¢ th 28] dE Port Master Datags &3+ Aul-AA 5.3

Sotdth AA B dlgEe AEKHoR At 21471 A A, A Aste HAE F P fdEE JH5 5
A 1.0lm, iF2Ee A 37CR 4 dAdolth o] 8 &47kA A5 =X UES AASI

g 7|l FAE SN E 7P 2 Y T shuE 9 SEvE ARE 20209 12l e 2050 ©@AaTH

Ar8HEr2(CO,) o tH(Jung and Chung, 2004). A AlAlf ez FRHES F3 A7l 71F0s o e S8t 9l

71FRst] tigaty] A Grkaste] Fode A&HHow v AR Fo FIHAE AHEW, olvA HF 7p&s)

ZzxE I leom, 20161 It 2 20199 Fol VIFAE BHAFTH AR i VI An %%‘Xﬂ 2938t A9
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FAe) ¥4 Y AF Fo] Y-S ¥3etm grt o]F 2021 FE IPCC slel=gklol A AAst 9l Tier (v 4
A 129 A BRI R A HagY A udd Fad BA G FEE V12 wEAS 24) 720 we o igwa
gF, fyA BaEd SpldER, jRuERAA ‘R &S 34552 (Chang, 2013; Na et al, 2017; Lin et
WE EAaTY RS BRSUA, @axFgo i F7F al, 2019), Tier 2574 29EH did] Au] TH A= &
2l #aol AFHATE AYFA-E YA ok 2060 FE FESY Irtnd mlEASFY Ulnse] BAE HE
BAasy 2EWS Hxsg o, 2050 s GFAt €A UIAY S| AbEStE WW), Tier 3(AA ] o, 4, 23E F
Bl HHE F9Esta 5o FRGEIgUA, &5l ER7F o dlolE A &8)¢] V|Fel wet 84S wAT A7e
B FAboE ) A BAFHS FxEa otk 53], mH)g Aot
gupitobol M= 20601 7HA] 'hAE Y I 5 BRE 3§ kA B Ao M= Ul HAHoHEuE SFAF 1TAE
T glow Tl FEbEokE Mekd HEA Wk 7ol o g o R KMI(2022)1A EE e Tier 3 BA/(AAl &8, F-af
i gl gt ofof whEl vk 9 o] LED &% uA|, &, 9] o5 S ol AY &) w} =EFH o]its)
Ak g7 A47E v g O AAAd HX T oo B WEE ARE g85te] 2848 F48 A st o
YA &&s7t 2asg el = S8l dAZbA Ra" el Fekor o] ibsteka wjE
U gt A= of= EFE|(Yard Tractor), ERAY 2 F 54 WHS HESNOH, o]1hgehi(CO,) WEHFS
# 2 (Transfer Crane) 5 3WHAH|E 3oz Hddlala, KMI2022)004 wxst 2021 3wk Ag ol e o o]ak
ABAAA BAT} oA E&3E Tl BAMES AR SEs MEHS 488ty AEsdrh 183 fAEE 1
gl3b7] 913k wmgo] o] Fojx o Qtt vlrH oz Hakgvky B dFo Zl HeEolUHud Z&A WEE mietslazl
AHBPA, Busan Port Authority)= #41e-& 31874 gvo2  DEA-SBM X& 3} Undesirable Outputs 53 418 4]
/38t Ak LNG stelB2 el = AENZAS/C) 7ML A 2 133k DEA-SBM 23 X Al A&¥sE el
S FRsAy. 283 QHITWFANIPA, Incheon Port UYEF S 125t9 o™, Undesirable Outputs E& ol A=
Authority)= &9 7| EZ wiE ARS Y3 A% 2EEFE AdoluEsE olitdetk wWEHS FAld
AAH I 1 A(SNCT)F S1H A A IACT), E1A  z#sgith o|F F 7k & B4 43S vluwsle] Iy
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g 2847 dHE AYPAFES AR
EA(Data Envelopment Analysis) £41S 2 835k9]
HoUEsdS AEHeR d4s) 3 s
=5tth AU ET e TS vt 4

A=, gt BAYL 2579 ° r
2le] ®THLiu and Lee, 2019). 314 %}, 20104
ol A getasiyl FasHAl A2 H 7] AlREHE A, o]
2(CO,), A2A5HE(NOy) & fralitEss a3 de el
Ugrd a84 ¥4o] JdE At (Chang, 2013; Shin
and Jeong, 2013; Lee, 2017; Na et al., 2017; Lin et al., 2019).
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Ala) A .

L=AREAR=

AUHS ALEsle] olxtgleta WlEHS A4Stk IPCC
Zhol=giRlell W2, &4 wiE S 43S $18) 3714 AF
A2 (Tier 1, Tier 2, Tier )& 83 4 v} Tier 12
4 odEd & 3EH 72 MEATE &&3th Tier 2
= 54 2dE&do tiste] A FRek du TRE &St
o Z7 R MEAT @ 7R BAE ALt =3t
= Wol|t), wpxeto 2 Tier 3 #31&, &9, A4 Av] o
T 59 deolH A F&o= 4ol shesitt o)Akt
&) A= SR G 2008)0 A welsh=s FAA

@A 7R =2 “2301' Ijr 20089 -Eiiet vt

3o
CO,(2458%) =2 714 =grom, 1 thgom goks) ¢
349t =C0,(17.99%), &4tsk <F
o} 228} £CO, (1189"/) oz UEh, me 2w u

she} ol fr
o E A “o*ﬁh 7h - wE A &
sl Tier 28 Z g3t om, ]

oA st _1211—/] | EAFE
3 S EFS vwd A 195
s} gl o E mdS 32,3081 %CO
gL 27,2385 ECO,, dHA53} A ]LﬂEﬂ ]g 21,2783k
ECO, & WEste 2oz AT olge AAE F3
A5 3 Hude v abE sl 2o 34%, whAbEEl 2ok 22%

[e]
&4

KMI(2022)= ZAelely 9} videoly& F-&3te IPCC 7}
ol=gkelel uhe} Tier 3 WA SR TA wiE =S A
i APATFeNA 2t o] 2 MEAGTE Thel o
Ao ot E Ao ghhe wEA S olatsigki
W7 4ol Fsle 44/125 3l olatzte s wEASFE
259 E} olaksteta wlE o AL ofe] A (1)
W ZAdely a9 wiEFS Abgdek Ay 2021
%t?‘aﬂr Satkako] Z+7t 26.536kgCO,/TEU, 8143kgCO,
Z38te] HlaL FAE BYon, 1 ggoR
o] = F 4T 4682kgCO,/TEU, 21H& 4.001kgCO,/TEU, 3
e 73 1.163kgCO,/TEUR UEtt), o] o} #adale] A
3 &S <Table 1>3 Zt}

7<4 Eo

E= Y (N, X H; x P, X LF, ;X EF,;) X 10"
ij

E = emission (ton)

Ni]. = source population

H;; = annual hoursofuseofvehiclei (h)

P, ; = average ratedpower of vehicle i (kW)

LF,; = typical load factor of vehicle i(fractionbetweenOand1) W
EF;; = average emission factor foruseof fuel j € vehiclei (g/kWh)

i = off—roadvehicle type

7 = fueltype

o WE o] Eal Ao ekt

Table 1 Carbon emissions unit per container in 2012-2021(kgCO,/TEU)
Year Gunsan Port Busan Port Gwangyang Incheon port Pyeo.r.1gtaek Average

port Dangjin Port
2012 13.979 7.889 4.481 6.091 1.052 6.699
2013 31.800 7.492 4.688 5.492 0.931 10.081
2014 23.116 7.064 4.792 5.030 0.995 8.199
2015 26.759 6.988 4971 4.824 1.040 8.916
2016 20.991 7.616 4.375 4.146 1.128 7.651
2017 14.426 6.855 4.061 3.212 1.271 5.965
2018 14.683 7.327 4.410 3.256 1.342 6.204
2019 20.727 7.666 6.667 2.7124 1.292 7.815
2020 22.216 7.718 4.908 2.660 1.278 7.756
2021 26.536 8.143 4.682 2577 1.305 8.649
Average 21.523 7.476 4.804 4.001 1.163 7.793

Source: KMI(2022), A Study on the Improvement of Carbon-neutral Port Management System
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A3} Bohai Bay Rim &5t 28 2H7F 7H =2 284S
912?1, Ao mat g&A4 2hol7t e Ao ®E e
n et al.(2019)2 FaAtEES 1H T 167 F8 &

“&9] E84S =A3luAF IDEA(nverse data envelopment
) —‘?‘Qtﬂ 2= AA4e], A

=2 Adoly

OIA].

vk Hh7t BeHoR vehdon], Py welAe Gup
3 BHRE 7 AAF FPS RFolof drka AW

Liu et al.(2021)2 2010358 2017@7}A] Pilot Free Trade
Zones(PFTZs) Wl <] 671 &wte] Eﬂtﬂ eSS golrm
2} Super-SBM #2418 z8sgc FYHFEE A A
Ado), A wiEAvE AR E ’Lxé@}?iﬁ’—f‘i
2 3tw &% dHolUEsE, wEd, it
Jﬁr%(SOX) A a4s=(NOy) WiE=e MAststh
3}, Adste

Fste] ghnt
Fu 584 237

O 1

1
-

e 2o
o Hr Mg 19 -

L H R

Mo oﬂ m{N'

449 e drha AW

wa1e] 2 R
2 don ARAS BAS AT RER Adelt 17
I gt KMI(2009) 9l A1 &3 gk Tier 19 whe} o] Abshekbi

45} tH(Chang, 2013; Na et al., 2017; Lin et al,,
O:]:TLOHH 7H Z el KMI(2022)o 4] &%
AhEE o] bslEA WlEH A RE E8)
4 B84 A4S A8kl 1e]ar DEA
-SBM E&3} Undesirable Outputs 2.8 2418 S Ao %13}
sto] FaldEE 18 Ao 284 wIE okt

Table 2 Summary of Variable in the previous studies that considered undesirable outputs

Author Input Variable Output Variables Undesirable Output Variables
Chang Labor, Quay length, Terminal o
. Vessel, Cargo handled CO, emission
(2013) area, Energy consumption
Shin and Jeong Quay length, Number of C/C, . o
Container throughput CO, emission
(2013) CY area
Lee . . Throughput .
Handling Capacity . . Number of delayed ship
(2017) (Container, Non-container)
Na et al. Berth length, Port area, Gantry ) o
Container throughput CO, emission
(2017) cranes, Yard cranes
Lin et al. Berth length, Equipment asset, . i CO, emission,
Container throughput, Profit o
(2019) Number of Employees, Cost NO emission
. Number of berths, Length of . o
Liu et al. Cargo throughput, Container SOy emission,
berths, Net asset, Cost of goods o
(2021) throughput, Sales revenue NO, emission
sold, Number of employees
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3. 97 dA

3.1 2M 7l

2 AFdAE FeltEEd oitsei wEds 1y
Ul AdelyE g 1+ A
SBM X33} Undesirable Outputs
A5 4 OH DEA-Solver Professional version 131 =21
o

FQWS W AEUSE DEA RAAG FA J3E
w27) W] AARA S FFA7E A Bekste] A sok @
ohomebd ASe 44 8 NS Bush] flskel A
ATE Ba AP FAUSE F Ohs 1A AFe) R
W4E ARerath 3, DEA B4 A DMUE Rl o
AEWS Gl 20 ol o] slofof Nz ge] ek wekdvh

(Golany and Roll (1989); Homburg(2001); Dyson et al.
(2001)). W&t DMUE 128k 243k %—’F Mg A8
t}. 4, DEAY® DMUE 4o Bi¢E MAAste] BAg
H AdAeZ vEE&A] deE fdotsta &S Sdistat
= o] HAolng Aol hee WgE g 9

th A, Wes DMUSE 23 Adtko] glojof aln] 34 ¥
w2 wjA| ] ofof str). whebA] ZAE o U E W] d

A AdFe A dES , dld H&s A2 s
o A9 MRS R3S

~

[e]
&4

SN ABATS 3 AH] P WSS <Table
353 2ol AAaT. FRMFE A4A0), selsd 2714
2 PASA. AEEsE AHolUBEST o sEa )

E IR

AAsdh 71E AgATFolME A
AEs YeEdls gl AEEZ Ao UEFHS AA
3 ek AT, B Aol A AHo BEFT el

o
o o K
)

Table 3 Input and output variables for the DMUs

. . Undesirable
Input variables Output variable
Output
Berth length, Container Lo
. . CO, emission
Handling Capacity throughput

3.2 24 i

U**A} o)A 4 %H%k#t%oﬂ J
stk T3 o]aksletA(CO
3k 2021 %wg ZjEHOM

Table 4 Performance of South Korea's container terminal operators in 2021

. . Container o
. . Berth Length Handling Capacity CO, emission
Container terminal operators o throughput
(m) (million TEU) (kg)
(thousand TEU)
PNIT 1,200 209 2,737 22,287
PNC 2,000 379 5,087 41,423
HJNC 1,100 231 2,939 23,932
HPNT 1,150 193 2,238 18,224
Busan Port
BNCT 1,400 244 2,315 18,851
HBCT 1,447 172 1,983 16,148
BPT 2,900 383 3,875 31,554
DPCT 826 82 1,017 8,281
SNCT 800 110 977 2,518
Inch " HJIT 800 105 1,096 2,824
ficheon po ICT 600 55 505 1301
EICT 259 21 268 691
Gwangyang KIT 1,150 112 824 3,858
port GWCT 1,400 160 1,301 6,091
Pyeongtaek PCTC 1,040 60 519 677
Dangjin Port PNCT 720 36 288 376
Gunsan Port GCT 480 28 201 5,334
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3.3 =47

3.3.1 DEA-SBM Model

45242l DEA(Data Envelopment Analysis) 2¥8 < &8&
A A AMEHE 7ol A4 2848 A3
g Armgor F2 ALEHEUL 152 DEA ¥42 o
9 AE QAo JhEar] v s 4
9] (Decision Making Unit: DMU) 3 &84S "4 s}
W Z} DMUS] FY4849 A8 7t

2 Ze4S 543 DEA 232 T
Returns to Scale: CRS)<
(Variable Returns to Scale: VRS)

T2 4 9k 53 CCR 233 BCC 53/] 73: H]
w3lo] Rl F84(Scale Efficiency: SE)& 3} L% T 2
o}, AT AEX 9 DEA B8 Tl AFE SR of
frit(Slack) s A8t £&84& S48, FdEolH =
ol Hl# Ao FadTE JIAH ollA E8E ALY
(Radiah) ® & ot} ALY B3P A &0 =4 Y=
DMUE &t 918 248 + gl ¢3S 7Ix 2 Ak 29
I AEZFQ DEAE &S 1AL BYE Fole ¢
7] (Input-oriented), FY4= LAAIL &S 5= A&
7] (Output-oriented) # #Zo] SAg WF4S 7HAIL U=
W8k & (Oriented model)o]th, W&R -S> £ T AFE
g Al a8 HARE AFSA Eavhs @] dth
(Park and Kim, 2014).

DEA-SBM(Slack based measure of eff1c1ency) 2o
o 847} EAlSte M E&AQ] FHddE E7st £84
e 12 AAkshe 1E 20 DEARE 9 "rxﬂﬂ < BHaE
ATHPark, 2011). DEA-SBM =3 Tone(2001)°] 33

nygox HEZH DEA R¥y Y
DMU 3+ &84

(Slack) el
SBM-DEA #4412

=
=
A gt BYoR, e gelR L HEas BE
kel [e]

1atA A /fdew
ZA438A v DEACIA tajsls o
%3 (Non-radial) 9]

=]
S FAel Efdte] HAe B8EE =& 5 sith o2
sto] DEA-SBM2 DMU 29| =915 W &st/ wrsi= &

Aol glth(Park, 2008). gk, wgek

Non-oriented) & 484 9 A& Q A9 A

sl ol w  WhAb" 9 u|uAbA

Non-radial slacks)E =5 dldsdle] E4 Hb

B ORQET AEES =
v} wekxd SBM-

He geHom

H
DEA-SBM =3¢ A4k

o ¥2

e 1] ®rh o]¢} o] DEA-SBM 23& F)e29 2
o3} A& R 2e] REF] WF 0o] @ wjwr T&H e Yo
% #9so] %42 DEA w3l FAHEL nad & vk
(Park, 2011)
1 17 B
1= — 30 (s; [ay)
mi=
Minp,, = I <
1+=>(s/y,.)
stz = szk)‘k+s;7 Y = Zyrk/\k_s:r )
E=1 k=1
N 87585 =0, Vi i,r

3.3.2 Undesirable Outputs Model
Cooper et al.(2006) Tone(2001)7} #|¢+3F SBM(Slack

YA fFaitEES 1

Undesirable Outputs Model S A2+ th(Wang et al., 2019).

Undesirable Outputs Model> A%5%¢1 DEA #4 A -+

= FYHs 3w AEEs 99 1°T5H 2+Z& & (Undesirable
eN

EEEE W4 o] o}

based measure) PE =

Output) & F71=
(Jung et al., 2020).
Undesirable Outputs Model®] #A4F2]

EEdte

e old) 4 )3 2

tHCooper et al., 2007). <} oA yi&= AEE, o5& FY4t
=5, b FIEE, o H7HIYY DMUE 9vlsith. x&=
mxn FYE FE, V' spn FUNEE PE, V'E s, xn T
gitEE FE, A= nxl 7HEA @Hﬂq.e,ﬂe%fqa
U AN, FAEE RER, FRNEE Zapielr)
84 HEQ i 03 1 Aole] Grom FgEe FAE 5
S feltEEe] IR 9 FANEE 9 2IHEo] BF 0
o= veld uwf g8 e 10 Hrh
1_i m 5;
. M=%,
£ =min ) i sf’ 52 f)
+ (
+s Ty, S,
st 3)
r, =X\+s
Y =YIA—s7
P =YA+s



t}2o 2 ujHeg SBM E38(SBM Non-oriented) BCC &

4 ME A 9 w2, BCC R@el AA B BEAe 06972 Leht
o M ge&doer B4E ZHoUHMYE *YAE
PNC(1.000), HINC(1.000), EICT(1.000)&2 YEFtew -1t}
4.1 DEA-SBM 28 21} S0 PNIT(0959), HPNTO&1),  DPCT(0.781),
0 Fe Adeluduusl sede wasag HTBCTOY),  HITO715), BNCTO6), BPTO64)
DEA-SBM 288 olsdol mas xased. wawe SNCTOSID, ICTOSM), GWCTO306), PCTCO46)
(Oriented model)© =01H 2 i Abzm2mo] & 7pH el PNCT(0.448), GCT(0.447), KIT(0.444) s o2 eyt
S8 Aus Aze] meue mue spy waeey R A7@ AeldEEd £aE BPTS Asist
Non-oriented)& AH83te] FREI AEHE FA HAgap 0 FEEON VARG wE ASL IO, £ PNCS
stk EwgE 4420 Mnput D9} o5 nput 2 TINCF A EGA T A S LEYS mela ALk 7
AR OH, HFUFEE AIY EFHOupue D& 4 o TEMEE dlEhE Aol 48 gomn Y
A3l % AT ES AHEsy] e T840 =4 v
HW8F SBM X8 (SBM Non-oriented) CCR 23 #44 Ao e,
4 CCR male] A H 554 06ew ehie, 4 LRIl SR AAIHIY gk el &
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HINC(LOO)E  Uthstow, = ceow parmoop F EEAQ00E mels ek o BICTS 44 728
HPNT(O815), DPCT(0704), HBCT(0699), EICT(0679), oo @& A w=& 88 5715584 Pure
BNCT(0679), HJIT(0658), BPTO640), SNCT(O571), Lechnical Efficiency: PTE)S ol slehs 218 ejnjdn
ICTO508), GWCTO486), PCTCO420), KIT©415), o1l AsCIAHME $91H84d, geead, wa
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Table 5 Domestic container terminal operators efficiency based on the DEA-SBM(Non-oriented) model
CCR BCC
Operators Score Slack Score Slack
Input 1 Input 2 Output 1 Input 1 Input 2 Output 1
PNIT | 0936 971 0.0 682 0.959 931 0.0 0.0
PNC 1.000 0.0 0.0 0.0 1.000 0.0 0.0 0.0
HINC | 1.000 0.0 0.0 0.0 1.000 0.0 0.0 0.0
HPNT | 0815 270.1 2.3 0.0 0.831 202.2 0.0 2177
BNCT | 0679 1124 0.0 960.0 0.682 220.9 0.0 8127
HBCT | 0699 539.3 0.0 3256 0.723 5833 0.0 206.6
BPT 0.640 13765 943 0.0 0.640 900.0 40 1212.0
DPCT | 0.704 3933 0.0 836 0.781 2704 0.0 721
SNCT | 0571 2195 0.0 4994 0.617 1846 0.0 423.0
HJIT | 0658 245.9 0.0 3133 0.715 2046 0.0 240.4
ICT 0.508 300.8 0.0 2332 0.594 1757 0.0 2207
EICT | 0679 1482 0.0 139 1.000 0.0 0.0 0.0
KIT 0415 559.0 0.0 679.3 0.444 4185 0.0 6689
GWCT | 0486 555.7 0.0 8465 0.506 584.4 0.0 7349
PCTC | 0420 7234 0.0 286.3 0.468 5913 0.0 2740
PNCT | 0377 606.3 145 0.0 0.448 388.1 0.0 1819
GCT 0.350 332.2 0.0 1748 0.447 1870 0.0 1612
Average 0.643 - 0.697 -
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Table 6 Domestic container terminal operators efficiency based on the Undesirable Outputs model
CCR BCC
Operators Slack Slack
Score Score
Input 1 | Input 2 | Output 1 | Output 2 Input 1 | Input 2 | Output 1 | Output 2
PNIT 0.936 1239 5.1 0.0 0.0 0.949 9.1 0.0 0.0 464.3
PNC 1.000 0.0 0.0 0.0 0.0 1.000 0.0 0.0 0.0 0.0
HJNC 1.000 0.0 0.0 0.0 0.0 1.000 0.0 0.0 0.0 0.0
HPNT 0.815 270.1 26.3 0.0 0.0 0.829 270.7 17.1 0.0 391.5
BNCT 0.678 489.8 71.5 0.0 0.0 0.689 496.5 62.1 0.0 3485
HBCT 0.699 667.4 24.3 0.0 0.0 0.714 568.4 23.6 0.0 960.8
BPT 0.640 1,376.5 94.3 0.0 0.0 0.643 1,337.9 94.0 0.0 375.2
DPCT 0.704 426.2 6.2 0.0 0.0 0.732 296.4 5.4 0.0 1,259.8
SNCT 0.871 86.9 164 0.0 0.0 0.874 71.8 17.1 0.0 0.0
HJIT 1.000 0.0 0.0 0.0 0.0 1.000 0.0 0.0 0.0 0.0
ICT 0.747 231.4 6.6 0.0 0.0 0.754 186.1 10.0 0.0 0.0
E1CT 1.000 0.0 0.0 0.0 0.0 1.000 0.0 0.0 0.0 0.0
KIT 0.501 548.5 33.1 0.0 1,734.5 0.503 527.7 34.6 0.0 1,734.5
GWCT 0.595 450.4 35.4 0.0 2,738.6 0.615 538.4 40.9 0.0 1,284.2
PCTC 1.000 0.0 0.0 0.0 0.0 1.000 0.0 0.0 0.0 0.0
PNCT 0.863 1429 2.7 0.0 0.0 1.000 0.0 0.0 0.0 0.0
GCT 0.260 401.0 13.0 0.0 3,697.0 0.403 221.0 7.0 67.0 4,643.1
Average 0.783 - 0.806 -
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