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Abstract @ The International Maritime Organization (IMO) is tightening environmental regulations in the shipping sector to reduce air
pollutants such as greenhouse gases emitted from ships. Meanwhile, the paradigm of the shipbuilding and shipping industries is shifting toward
eco-friendly and high-efficiency ships worldwide. The Republic of Korea is also promoting a policy to expand the supply of eco-friendly ships
from 2020 to disseminate them. In this article, a survey was conducted with 12 experts on the government's eco-friendly ship supply policy, and
the priority of the policy was evaluated using the analytic hierarchy process (AHP). As a result of the comprehensive evaluation of the priorities
for six priority tasks, “Securing the world’s leading technology for future eco-friendly ships” for the development of carbon-free and low carbon
ships was the highest. This study, which analyzed the importance of eco-friendly ship policies through AHP analysis, can be used as data to
preemptively respond to international marine environmental regulations and to improve policy execution efficiency such as budget allocation and

policy development regarding protecting national shipping and shipbuilding industries.
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Table 1. Emission control substances by MARPOL ANNEX

Annex  Substance Main contents

O Effective prevention of oil pollution

I oil O Requirements of double hull & bottom

Noxious liquid © Discharging standards and management
substances about 250 substances

Packaged  © Pollution prevention measures such as

m Harmful packaging, labeling, documentation,
substances limiting capacity
v Sewage O Discharging standards and sewage

equipment

v Garbage  © General prohibition on discharge

VI Air pollution © Emission control of NOx, SOx, GHG etc.

MARPOL H-4:4] VIo| wel &4kshE(Sox), diitshs
(NOx), MW A] 5 7| dEde w&s FA S, FAit
3HE(SOx)S TFAISHY] Sl 20208 KB = A el elA 05%
olale] AF&F5 AH&stAY 2~ ¥ (scrubber) & E3l
AEtES WME AgV]E oletE wiEAIE AE oF-shekel
th o2 A E dov)= AAASIEWNOx)S 1At
7] Y& gz E3o] 130kW o|FY A$ wE5 &7+
= AxA71eh sl oel wet Table 29F 20™, Tier 1,
Tier I, Tier MO.Z o] 48531, 2000058 7 A
ol Tier 1, 201158 Tier I, 28] 2L 2016\ F-E] wl&F
A G (Er st FHEBa), 2021358 2Es)el Ea)7) uf
StAlE e oll 3 o] Tier M-S 2-8-8kal JATHMOF, 2020).

Table 2. NOx Emission allowance

Emission allowance(g/kWh)

. Date of
Tier .
Construction 1 pm)<130 130<n<2000  n=2000
"*II.Z
I 2000.1.1 17.0 45.0 9.8
ex) 720rpm, 12.1
"*II.ZZ
O 201111 14.4 44.0 7.7
ex) 720rpm, 9.7
"*II.Z
m 201611 34 9.0 2.0
ex) 720rpm, 2.4
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FHA 2ATACO) #HEFES 8] Table 3. Eco-friendly ship policy of major countries

IMOE Aduh2a7b2s 25 Wk 5 sty e AvtelyAas
Mai li
MAAGERDL, 129 SES AT Avkol 194 e o ain policy
$A W EE = o]abslE A 9B A Vo] F713HY O Intensive investment for technology development
WEE ol Wl o= o Ao Aquk o] of eco-friendly ship through “Horizon 2020, the
20133 BEDL #to] i 712k Btk 522 B M <) EU largest European R&D support program
1 =3 ; i EN)
= 3 ARl SAH, Fig 13} el EEDUE A% 0.2 3 O Tax and pier fee reduction etc. operation of the

3tE = A Green shipping guarantee program(‘16~)

O R&D support through marine environment and

4 USA technical support program(‘16~)
0% © Incentives such as subsidies for reducing diesel
10% \\ exhaust gas from ports and ships(‘06~)
- "
_ O R&D support for new hull development, optimal
E design technology, ship construction & operational
8 JAPAN productivity improvement
g 20129015 O Shipping company NYK issues 100 billion won
‘; il worth of 5-year green bonds(‘18~)
_ hinadiin gl O Developing the shipping industry as one of the
8 top 10 core industries through “Made in China
w CHINA 2025” policy
O Subsidies for Eco-friendly ship
Cut off limit Capacity [DWT or GT]
Source: IMO(2016), Ship Efficiency Regulations and Related Guidelines 22 2L FlEAZMEr g o HE2 HX
Fig. 1. Trend of reinforced EEDL FElvEE Mo BHF RS A A3t ASEAES B
SR Al 8 7R Aol B E 5 = 713
2018 49 A|722F IMO MEPC(EI 34 e 98]y 3o ek Aol F+3E Far otk 3l 2 249717 Mo 3
o A 20503 7b4] A AIAl Ak zhes i ERS 2008 o AR kel tiEsty] el w=ely] AletuA durom s
H] 50% AESHE W] SAVIAGHG) BE 271 B MEEE BE Y 2 g1 g s Agee dne
Yl(Green Ship)2] 7@ o] EFSETHPark et

Falg o, o7ldle GHG MEHS wAdez Aste]l  ouel= &7 A
HEAo = FA7] Tt gEkAE HHd o F¥sta, 7)E al, 2016). AUt B0 A EH WiE S H 2 AU Ads

A &Y3tel EEDIE @ARTE B 38bste] 20309704 20081 ARE AHESHE F-7]¥(Chengpeng et al, 2015), B F A1 2]

he] A 40% FES ZE 2 A48 THMOF, 2020). AN2®l, 288 F37] 59 71&g e ddke 7jE A
MO2] s Aol HFH oz th&5t7] Jafl AAA ol H|gle FAES A st ED] wEHS FU|He=

%ol (Gallagher et al., 2003)

0017 Lhebrh RAFHEALE MEFE ARE Folm  RE
3 o "agol ¥ Fryx

N
A iEge) A7k MEFS 2R B Y =M Al Wabgalet 3

e T8 8 u7] 2475 AAGY EulEF 00 3L JTHKIm and Kim, 2014).

|
l

il

244 AE)S A A th(Park and Kang, 2021). 5855 ] oo uhe} KoM= dlFeE A L s Auk A
FR3t3 Qe WA FAL Table 37 Zomn, Fo A gk T2 UL 98 2018 T EF s A
&S Avnd Eus A7 233 “Horizon 202078 BFe] 7 @ BFEZ1 &g HE, & AAsH 20204 1
B3] GHG 7% 71&/dol] 2= T2 Foln, n)=o =4l AF-H Algsiglon, 20209 12¥€0]E 18449 A 2
FAAINGA A 7|30 48 7)eqd A, B AA BEs S 93 TAA 18348 A - By 7
F-HAAA 7T D Auked Ak FY 5 AT A A ElEFAT R AR g o] B3
d, T <A 2025 FH T ABAM A AHES g A Aduke] s B Bgs S8 S v sdvith s
NNeMds AAHoR FRa, e dleom A o' FHste WAAY)S vidsta, a-wE - §ATH
W2 B AF AAEY 2 3§ A9 5 13449 B o AAAA 2 =y G ojujx] FES 9@
F Fopels 37 2183 9 THMOF and MOTIE, 2020). 2030 ZHH-K Fxdgfrelgfa ¥ stich
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Vision

Achievement of a carbon-neutral industrial ecosystem in 2050
through Greenship-K policy

Reduction of greenhouse gas
emissions from ships and
entry into new eco-friendly
market

Securing world-leading
goal technology for future
& Eco-friendly ship

strate 5 Developing technology to
gy reduce greenhouse gas by
70%(‘25: 40%—’30: 70%)

% Achieving 15% conversion
to eco-friendly ship
(528 out of 3,542 ships)

1. Securing world-leading technology for future
Eco-friendly ship

Securing of carbon free ships technology
such as hydrogen and ammonia ships etc.

[2] Development of low carbon ship technology
such as mixed fuels propulsion ships

[3] Advancement of LNG-electric/hybrid propulsion
technology

2. Establishment of test bed for expanding new
technologies

Establishment of test/inspection standards

Establishment of test/evaluation facilities

3. Promotion of korean demonstration project

Building of pilot ship

Technical verification and market entry support
through offshore demonstration

4. Establishment of fuel supply infrastructures

Expansion of fuel supply for LNG ships

Establishment of carbon free fueling
infrastructure

Main
policy

5. Promotion of supply of Eco-friendly ship
Preemptive conversion of public ships
Spread of conversion to the private sector

6. Leading the Eco-friendly ship market

Support for international standardization of
new domestic technologies

[2] Establishment of digital and statistics based
ship operating system

Fig. 2. Master plan for expanding Eco-friendly ship.

31 ASEAH(AHP) TARLYE 3 4

AHP7] & Satty(1983)°l] o3&l 7w E7]Ho = oA}
AA Y ASTFZ2E T8t 84709 Aunag F§ A
Fabrt 2ekgk EAG oy AFAA ] Qlo] A A
EE Al grAZ S sk F&5HA &8&Ea 9
th AHP A7 F 3919 Bd 725 B9
FREHH, 1GAR JAAF S A% AT
(Decomposition)”} 2 23}H, 2¢kAl= AlE3tE
g s gk 3712 (Judgment)o] ™, wFA = 3EHAI =
7VAaTe] 9-XE9E AAshe A3 (Synthesis) & 2
V7129 4%, 43 A F(Consistency Index)7} 0.1 ©]3}<]
9ol Hr7he] Aol Jdvkn #eksta Q) Th(Harker and
Vergas, 1987).

o8 o

ol

B ATE Aol ABEa g ABFA A Au
F1EASY 3R Fo AAES FLE #0% v
B4 Qolth o A B4 AFTFEE &R 1)
Fe |\ RANY BEsh A AAs] A FF 89
o e YRAD ATA, AP A, Y
87 WA Ao wn ae 3 g2 A B T E 5 F
4714 B ES Table 48 o] AAFH L, 245 7]

z =]

2AEe FaAA 75 HA3ste Fig 3%
& v}l#E & TH(Choi et al, 2021).

Fo] 7S

m

Table 4. Evaluation criteria and definitions

Evaluation criteria Definitions

Urgency of Urgency of implementing policies to
government respond to global regulations or preoccupy
support future markets
Industrial Enhancement of competitiveness of
competitiveness  domestic shipbuilding and shipping
enhancement industry in global market

Improvement of
marine
environment

Contribution to reduction of pollutants
emitted by ships such as GHG, NOx,
SOx

Responsing of
global regulatory

Contribution to response to international
marine environment regulations

- 120 -



Achievement of a carbon-neutral
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Table 5. Consequency of the importance of the evaluation criteria

Fig. 3. Hierarchical structure of Eco-friendly ship Policy.

AHP#A1 S AE7te] A Aws 85t A F
QLS PASE VYoln AEvl v o w 7 4
Wl Ao SHAE AAst AT B &8s}
(Moon and Lee, 2015). A A S A S
Ag gidom #eAQl HoR M3es A= vk
= Aoln, T4 7F wopd ATt 391 o A=W Fevh
Stk Eok(Kim and Nam, 2010). wahA] - oA7to] A= AHP
S 9 AR iR E st S-3AE AEE
3], 59 5 7F Fopd HEV} 30102 F 12918 AAT)
Atk oW dS Fal AHP AE-S AAE% o, ﬂ%ﬂ 12
ol B% Suslar, A #| 4= (Consistency Index)7}

0.1 o]3t= YehY g AT7ES S8t F Tﬁl

32 HIP|EM ot S8x 2MEL
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Table 6. Consequence of pairwise comparison between major policies by Evaluation Criteria

)

il

F g

i v Pty I s
No.1 Securing world-leading technology for future Eco-friendly ship 0.346 1
No.2 Establishment of test bed for expanding new technologies 0.196 2
Urgency of No.3 Promotion of korean demonstration project 0.165 3
government 0.011
support No.4 Establishment of fuel supply infrastructures 0.091 6
No.5 Promotion of supply of Eco-friendly ship 0.108 4
No.6 Leading the Eco-friendly ship market 0.092 5
No.1 Securing world-leading technology for future Eco-friendly ship 0.318 1
No.2 Establishment of test bed for expanding new technologies 0.174 3
Industrial No.3 Promotion of korean demonstration project 0.201 2
competitiveness 0.011
enhancement No.4 Establishment of fuel supply infrastructures 0.103 4
No.5 Promotion of supply of Eco-friendly ship 0.099 6
No.6 Leading the Eco-friendly ship market 0.101 5
No.1 Securing world-leading technology for future Eco-friendly ship 0.239 1
No.2 Establishment of test bed for expanding new technologies 0.165 3
Improvement of  No.3 Promotion of korean demonstration project 0.201 2
marine 0.006
environment No.4 Establishment of fuel supply infrastructures 0.157 4
No.5 Promotion of supply of Eco-friendly ship 0.147 5
No.6 Leading the Eco-friendly ship market 0.087 6
No.1 Securing world-leading technology for future Eco-friendly ship 0.221 1
No.2 Establishment of test bed for expanding new technologies 0.202 3
Responsing of No.3 Promotion of korean demonstration project 0.154 4
regl(i];iry No.4 Establishment of fuel supply infrastructures 0.116 5 0017
No.5 Promotion of supply of Eco-friendly ship 0.099 6
No.6 Leading the Eco-friendly ship market 0.206 2
e AuE A3HE 15% GAAS AalAe Avs 2 Tk 7Ed e AL EA4 FoR VE dnE dAE v
kel gk 7l SEE 7HE T AAow SHAbEe] 9 AEA AnTF F3lo] e @i slo] aqo] ol
ek o2 WHAH = Tulle] e & geko]l vrdE A FrrE 5 ok
(edaily, 2022). o]4 & & GAFTHE AT digte] =ohad
3.4 ZHFTYM Zx FEHHIIITE & AP A] o2 - ok} B ek Mul v)% 3 &
AHP ¥4 Ba) AR Ao Fawel e W7k FAR FQ 5 A¥: A9 )% AL L ING- A7) - 5
713 FeARAE FHA R BAG A3 Table 73 o] olHIE FX7]E k8 5 AA AE s gEe] g9
P EANAE ARAD AR FAE A B 9G¥ E Bes} JE A0E AR
Uebgth =3 Fag A erllel de S oRE JNEA R WMol Agad dzet &, A B 304
HlEA g A3} cnje] g A A ZlEgRer A Fa9e e Ao yeiEgth o= I8 A4
P e $AEE AT Aow yesth ol A Al Fo] 2T|dAR 94 A 7] so] FE3tE ol F F
AAQ ' 9 7]zl wet el el f44tA Ve A g BT B sobd Aow gy el
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Table 7. Consequence of comprehensive analysis for main policy

Total

Evaluation Criteria

Importance
Factor in
Total

Main Policy

Rank

(Importance Factor)

0.291

No.1 Securing world-leading technology for future Eco-friendly ship

i=
m
o
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R §
en
°d
V/.(
2 &
o &
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o 32
—

0.185

No.2 Establishment of test bed for expanding new technologies

2. Industrial competitiveness

0.180

No.3 Promotion of korean demonstration project

enhancement (0.239)

0.113

No.4 Establishment of fuel supply infrastructures

0.112

No.5 Promotion of supply of Eco-friendly ship
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o
>
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No.6 Leading the Eco-friendly ship market
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