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EXECUTIVE SUMMARY

1. Purpose

= The primary purpose of this study is to verify whether the
target set out by the IMO for cutting carbon emissions from
ships can be achieved by 2050 by quantitatively analyzing
the trends of technological advances of fuel oil consumption

in the container shipping market.

- To achieve this purpose, a variety of scenarios were designed
to fulfill regulations by calculating carbon emissions while
taking into consideration eco-friendly fuels, low-speed

operation and the growth in ship size.

= Most of the preceding studies on forecasting carbon
emissions in the shipping sector have been carried out by
solely a few organizations such as the IMO and DVN. In this
regard, this study bears its significance by securing an

independent forecasting model.

- Therefore, this study developed a model capable of conducting

regular analysis through the simplification of estimated models

vii



as well as forecasting processes.

With its forecasting model being expanded to a variety of types
of ships such as bulk carriers, tankers, and passenger ships, this
study contributes to estimating and forecasting carbon
emissions from the fleet of national flag carriers by 2050.
Therefore, this study can be utilized as a basic foundation for
establishing a roadmap for transitioning into eco-friendly

vessels.

2. Methodology and Features

= Studies carried out by the IMO (2014, 2020) focused on the

viii

improvement of fuel efficiency either by type of technology
or by random estimated value collectively. However, this
study first estimated technological advancements and then

applied them based on data from containership fleets.

In addition to the analysis carried out by linear regression
analysis and quantile regression analysis, this study utilized
Al-based methodologies such as Lasso, Ridge, and Elastic net,

to secure the robustness of the estimation.

In addition to technological advancements, a variety of other
scenarios were reviewed such as the reduced speed of ships
and the use of eco-friendly fuels, presenting cases that meet

the requirements of IMO regulations.
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{Summary Table) Process and assumptions of this study

Study flow
U

Introduction

\

Preceding
studies

)

Grand outlook of
containerships

\

Estimation of
technological
advancements

Estimation of
carbon
emissions

)

Conclusion and
suggestions

Specific contents Methods
| |

* Qutline, contents and differentiation of

the study
| |

* Preceding studies of ship fuel * Literature

consumption review

* Preceding studies regarding carbon * Review of

emission from ships preceding

* Technological advancements of ships studies

| |
¢ Forecasting container traffic volume * Regression
(~2050) analysis
* Operation of containership fleets and * Literature
outlook (~2050) review
| |
* Regularization
linear models

* Estimation of technological (Lasso, Ridge,

advancement coefficient Elastic net)

* Comparison of model performances * Quantile
regression
analysis

| |

* Carbon emission factor by fuel

* Selecting scenarios (speed reduction of
ships, use of eco—friendly fuels,
increase of ship dismantling and

) e . ¢ Simulation
increase of efficiency resulting from
technological advances)
* Estimating carbon emissions in
accordance with scenarios
| |

* Conclusion
* Suggestions
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3. Results

1) Summary

= By 2050, world container trade volume is expected to be
approximately 400 million TEU, with the capacity of the
global container fleet reaching 470.5 million ~ 499.0 million
TEU (about 230 million TEU in 2020).

- The average size of containerships is expected to grow from
434.9 million TEU in 2020 to 580 million TEU in 2050.

= The current level of technological progress is hardly suffice

enough to satisfy IMO regulations.

- While the technology progress rate is estimated to be about 0.5%
in accordance with the age of containerships, the growth rate
of containership fleets is expected to be an annual average of

1.5% (based on the number of vessels)

= As of 2019, the total amount of containership fuel

consumption is estimated to stand at 822 million tons.

- The amount of fuel consumption in 2008 was estimated to
record 740.3 million tons. If currently using high-Sulphur fuel
oil (HSFO) and low sulfur fuel oil (LSFO) continue to be utilized,
the amount of fuel consumption will reach more than 100

million tons by 2050.

= IMO regulations on carbon emissions can be met if the rate

of shipbreaking increases twice the average rate of the
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recent 10 years together with the introduction of reduction

of ship speed and early adoption of eco-friendly ships.

= Reduction of carbon emissions through lower speed can be

suggested as a short-term solution.

- A 10% reduction in ship speed will be able to fulfill the
regulations of carbon emissions in the short term, however, it

may be hard to do so in the long term.

= Regulations on carbon emissions will only be met when the
breaking of existing ships is accelerated and eco-friendly

ships are adopted sooner.

2) Policy suggestions

= Faced with more drastic regulations, shipping companies are

likely to take a more proactive approach

- Energy Efficiency Existing Ship Index (EEXI) regulation will be
applied to existing ships in 2022. However, responses conducted

by ships often vary.

- Gilbert (2014) gave a warning that a short-sighted and
low-intensity regulation may present a variety of alternatives,
weakening the enforcement power. Therefore, the more drastic
a measure is, the more proactive the response shipping

companies will take.

- Indeed, according to the analysis of container fleets to which

EEDI was applied, their energy efficiency has been significantly
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improved compared to ships constructed prior to the regulation.

Preparation for the demand and supply of eco-friendly fuels

is necessary.

In 2018, approximately 170 million tons of ammonia were
produced. If such an amount is used by all the ships in the world,
a shortage of supply is evident while requiring about 6 million

tons of ammonia.

Furthermore, it is important to review measures for utilizing
eco-friendly technologies (solar, wind-power), instead of fossil

fuels from the stage of production.

Studies to promote the concreteness of regulations are

required.

While a number of environmental regulations have been enacted
through MEPC meetings and implemented, the lack of
concreteness as well as vagueness surrounding statements from
the MPEC has posed a difficulty in interpretation of regulations.
Therefore, relevant studies are required along with more

concretely stipulated regulations.

National flag carriers need to prepare a roadmap for
eco-friendly ships
In order to meet IMO regulations, replacing existing ships with

eco-friendly ones is inevitable. Therefore, national flag carriers

will have the demand for ship construction.

National flag carriers in particular need a more strategic

approach as IMO regulations can only be met when the number
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of scrapped ships is more than twice as high as the average

dismantling volume over the last 10 years

- Although the Korean government announced the ‘Korean Green
Ships (Greenship-K) Promotion Strategy in 2020, this strategy
primarily covers support for the shipbuilding sector and the
replacement of eco-friendly ships by government vessels.
Therefore, it is necessary to establish a long-term roadmap with
regards to the order of eco-friendly ships placed by national

flag carriers.

= Cooperation with ports is necessary

- Since fuel consumption of ships while anchoring/at berth
accounts for 3.6~5.7% of total fuel consumption, alternative
maritime power (AMP) alone will be able to reduce fuel

consumption, which calls for cooperation with ports.

= Preparation is required for saturation of the ship-breaking

market

- When regulations on existing ships begin, the demand for

replacing old ships is expected to grow rapidly.

- It is estimated that 2~3% of total containership fleets are
expected to be dismantled to meet the regulations by the IMO.
Due to environmental regulations, however, the number of
nations allowing ship breaking becomes lower, hence,

preparation by national flag carriers is necessary.
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H SF AP FHHMARPOL: Marine Pollution treaty)S AJZo2
d71ed 4 A5Z =9siilon ot $EEDS 82 AASHI
201849 7i¥H s|FeHE S HYS(MEPC: Marine Environmental
Protection Committee) A|724} 3]ojoAE 2A7IA & = 27|14
ZH(Initial strategy)< iHEﬂﬁ}OﬂE} o] Mgkl FQHoloA HjZsl= 24
7IAE E017] Yol 5 9T Bt viEH ©AFFE(CIE Carbon
Intensity Indlcator)— 20308714 2008¢ thHy] |4 40%, 2050874

70% 5ok AL HHE Stk olet T2 7] AlFS B 20509714
Aol A st & 2AT7EA HiEFS 2008 HiH] 50% Az AlY
ofc}.

20139 RE Az Ado] ofgt of|Aa&MAREEDL: Energy

Efficiency Design Index)& Z-&sl3 o, &4 2022 11¥5H
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E42 20194 71E0.2 CIIE 2024-20269 5t v 2%4 w4
3ttt EEDI A17F AAIE7] o]d]l 20124 71 AlAl & Al de=
8%t 6,082 22, 2020119] 97+ 9,430%] 9] 86.6%°] Gok= A& e
U dEA0 digh A17F 20129 ool e AdHte] 87t 5ol
% " 7/l Erh D AAR SHFRARRY] RAL TEW 54 A
990% % HARAUAREA|(EEXL: Energy Efficiency Existing
ship Index) FAIE ok AR & A9 oF 15%(1463)0l £}t
Ao R eI

2 o
cal

(a3 1-1) =X MetEEXI 44| 2HE o8

350

300

250

200

= Pass

W Fail
150

100
.l =

FE | INGRYEM JHARUY | WS zZ=24 g3y QUDIEY | NSK2UM | HHOIWY | BHA0Y|
— 33 47 18 0 238 93 46 131 238 844
al
100% 90% 56% 0% 90% 78% 84% 98% 80% 85%
0 5 14 4 26 26 9 3 59 146
Pass
0% 10% 4% 100% 10% 2% 16% 2% 20% 15%
A 33 52 32 4 264 119 s5 134 297 990

X2 SHUAAE(2021), p. 18

1) S2(2021)(ZA4Y: 2021. 8. 31)
2) SiU4=AH2(2021), p. 18.
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L4
oE

& A= AHCIUAY g4 BiERE 20508714] Agstr] fis) e
ojy =22} 0|5 Ashks IH(AIH)E FH%h Adt o mE A=
ARTES T A ST FAS] 8l 71E AolME LA &
W 7S EASE A8tk B & A9 M= 24V S i
2 Aoz olikeletaof gheitt

(O 1-2) 24712 HIZS0M Y QESE HIS
(a) Excluding black carbon (b) Including black carbon
1.45% 0.52% 1,3.5;1-,0.48‘%
‘ o 4
N0
I BC

COo;

91.32%
98.03%

Xt=: IMO(2020), p. 135

F8 A7 Uid=S A EE AReAe A dusR ) gaEd
e ARATE AHEL, A3AE AdEeld a9 TEFE 74
St} AdgeIME 7Ied =S AP 205018714 g oIy Adie] &
BARGS FEAT A5 AL 2%, ING #44, 184 =
A 59 AlUE2E AsaL oo B dERAaRYS Fsta] X8
A 24 oRE AEAT. Aol E & A2 28T AMEE =E



(O3 1-3) = AF0M BAE Y DM~

IMO2| EtAHIE FH AE | —— IMO MEPC

Murolm & R} SLAES

Hgel7 —{  euza
A o | © [—{ qmerAwEy
ZE0/] Mo ST EAS o £21217/Lasso/

dzApakxd

ZiE|o|L] Mef EtAHISEF = T Er
h\*l'—l‘EIQ(wzmsm — EHAT/AIZEO|M

Lidge/Elastic net

R SIESY
2, ¢4t HiH

2 AT e ERARARE SAHoE AFE 33t IMOY #
AHfE AT I AFE 5ol ©HavE] 9T UIR= 89S ZotH
ket ESE 20509 Aol 29t FIFF AYS YoM T APA

S 7|gko g AASigtt, & AFtoAE A AN EYI]ARSS
53 B4 9or AFA S 8ot wHEQl ZH(Lasso: Least

Absolute Shrinkage And Selection Operator regularization), %]
(Lidge), AetAEY(Elastic net)S B3l 42 FAAHS FE1Yt. of
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ofl2LtH2| EtAHIS |

H1E IMOS| 24UtA HiE A

1. IMOQ| 24I7IA HIE A AEl

IMOS] 2A7kA Hi&E A= 200349 12900 AAJE F3]2 904 A]
ZtelQlom 20119 7€ol 7HE MEPC A|622}F 2o A FE A 8}=]
7] A MEPC 416221 219914 MARPOL Annex VIO 7]%38j A=}
A &g 4= Aesto] 4t AHol gt EEDI}F Autofuv A a3
2| A= A(SEEMP: Ship Energy Efficiency Management Plan) =%
sttt 2013 MEPC #1652t 3l2jofjA= AHF o| x| 88 = ¢Iet
7189 £7 9 9 7| oA ZAQ|Rto] = E gLt o] MEPC A|70
A} 3]oJof| M= Aute] AmAar ol gt tlolE +S ARt ZjQto] A
2= leH, 20189 MEPC A|727} slejojxl= @A -2loAl &= =

A7IE HiE S48 AT A7) 2EYo] FRE I



(& 2-1) IMO 2A7tA A ¢

A= IMO(ZAL: 2021. 8. 30)

MEPC A|722} 3]9joflA FixE W-8-2 2008 ] 203097HA] i
Holo] A7 J&4 AHE CIIE 40% O FFA71H 2050L477}11 24
7k wiETFO] 50%E =S Yozl 21008 7H4] 247k 8iES 02

2 o= Zo| F Hxo|tt. o]F s MEPC A763+ 3]9]o 1% 2022
| ORE @AM tigh A 884 A st FASIT @4
o= 5,0008(GT) o4 A8k 2023WHE A¥AH(CI) AXE U
4 B35 20229 E7HA] SEEMPO 71Asof gttt wid dAmaH] A
E_TLZﬂE(DCS)Oﬂ 2A% dBARES =3 attained CIE AAKSHo]
A-E 5 T=oh, 39 94 EE wh2 o= oflui] a& T AY
< ZﬂgoHOl: gt ol=gh Auk2 & Zﬂo}OM o] A FAE F
7H o2 Aagopyt 28 4= lrt. Cll 7152 wid 7Z3k=lo] 20239
AEke 20194 tiH] 5%2] 2AVAE Z=3fof skl 2026W7HA] wid

2%% F7F AEsok gtk 20279 olF AEFES #Folth

T

5) ClassNK(ZA: 2021. 8. 30)
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Total: 50% reduction

Intensity: 70% reduction
2008 as Intensity:
base year Peak ASAP 40%reduction et j
l ---------------- ‘l ------- s Zero emissions ASAP

c
&
é """"" Emission gap within this century
j l
o
2008 2020 2030 2040 2050 by 2100
Short-term 2018-2023 Mid-term 2023-2030 Long-term 2030 -

m Tighter EEDI and SEEMP m Energy-efficiency measures for 0 m Development of zero-carbon fuels
m Energy-efficiency indicators new and existing ships, using Newl
ey m New/innovative emission-
@ = 5peed reduction Dedindicators reduction mechanisms
= National action plans 0 m Carbon pricing / MBM

m Plan for low-carbon fuels

A= DNV(ZA: 2021, 8. 30)
2. IMOQ| 24JtA HfE A+

IMOS]| 2A7kA Hij&o] Tt A= 20009 7E AA =R o 7HY 2
o] HHE AFE 20209 A42F IMO 2A417FA A9 (Greenhouse Gas
Study)oltt. A42F A= A3AF Aol s 2 7HA] WES A=
o, AA|, 2A7IA vlEFE SUet 54 Foli= sk, olF ¢l
AlS A=E Bt B4, &4 v A52 St A= AT

H-§A= F45t0] A8siqith. AA, Adf S5 ARgol e £ 7k
HlEFS F716to] Aottt YA, 71& A3A; A7 = Aol A &
Aots 2A7IA HilET 400 "ASFoU Al4xE Aol AIS A=E o]

&9l 2 71N 2A47A HiEF 8 dHE S

y3)=13
=4

2 A= A3Re} 55 A (Bottom-up)d SFFA(Top-down)
HpAlo g QA7 &R A AR Bl GDPE I AHE
a3 AFS]-AA Mﬂli— ggsto] 5 a5 A3t o|F Aut



(32 2-3) IMO AITIA =X T2 NA(ABEA])

Historical data
transport work, Socio-economic
GDP, energy, et scenarios
cetera

Transport work Ship size

Autonomous
Regulatory
Energy e
F

effici leet activity

Autonomous
Regulato!
i Energy demand
Fuel mix
Emissions

XtZ: IMO(2020), p. 26

o

o] ¥HAjolA GDP, 91, E=AS}H 5 thdt 2918 o] 8L Bt ofy
g AU E o tdet 7hsAde IHFTh Van Vuuren, Detlef P er
al(2011), Riahi er a/(2017)9] A7l AAE AREA] B2F o8|
S O 1Y ofluA] AUy 2 SRSt HYsioith. 3 e AR AAIEE
(SSP: Shared Socioeconomic Pathways)= Riahi er a/(2017)9] A+
£ 7|5to 2 7|9 HIlof| gt g0 & nl ARSI A| F27F ofEA B

Ag At Ay Qo]tt.0)

6) Riahi et a/(2017), p. 153-168.
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H 2-1) IMO 202001M HIA|SH ALt 2

ZiH|0|L, E20[HI(MEt X|2|), StSE MEH A, JIA S

SSPI(RI&E7tsd - sttt M3 25 ';J%. RCP1.9 (1.5°C) in combination with
Taking the Green Road) SSP1, SSP2 and SSP5

SSP2(2319} M2 IS =7k Middle of the RCP2.6 (2°C, very low GHG emissions) in

combination with SSP1, SSP2, SSP4 and
SSP5

RCP3.4 (extensive carbon removal) in
combination with SSP1, SS2, SSP3, SSP4
and SSP5

RCP4.5 (2.4°C, medium~-low mitigation
or very low baseline) in combination with
SSP1, SS2, SSP3, SSP4 and SSP5

= RCP6.0 (2.8°C, medium baseline, high
QIS =71 MO Lo ’ ,
SSPO(BI= Ful MS2 RS Taking the mitigation in combination with SSP1,

Highway) SS2, SSP3, SSP4 and SSP5
OECD &7| 7|& MY
Xt&: Van Vuuren, Detlef P et a/(2011), p. 12; Riahi et 4/.(2017), p. 156, IMO(2020), p. 27

Road)

SSP3(X|Y A - 2519t M2 DE =25 A

-1 oo

Rocky Road)

0l

SSPA(ERS - sh= U NM32 =
Road Divided)

n|p
>
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SleFa] WAL Adto] AR ElE 2A7EA BilEA5E o] &) AR AR
of g 2AIA HiEFE S5k Ao E th2at 2ok SO A
|5 F dRARgE 7P AdF ARg wuigE ol8s) g3t
& WA A AREERE B E 7P FA|OH A 7]SHIEA! International
Energy Agency)ollAl ARgot= B F83lct,

(2 2-4) IMO 2A7tA £ DR HIAGHEA)

Reviewing the energy fuel sales data
(IEA etc.)

Three marine sectors | Three types of energy products
(International, S (Fuel 01l/HFO, Gas Diesel
Domestic, Fishing) Oil/MDO, Natural Gas/NG)

Energy Based EFs

Emuissions of CO, and other relevant

substances for each sectors/each type energy

AtZ: IMO(2020), p. 99

2A7EA HiEF 20184 109 EoflA] 20509 Hd 159 E7HA] &
7¥e Ao At ol 20184 & thH] 0-50% S7Fet =x]o|H
2008 diH] 90~130% F<=olt}. ok&# IMO(2020)9] Aol ALt
212 A4S Y3 Van Vuuren, Detlef P er 2/(2011), Riahi er al(2017)<]
AE L8P 5 A+ U, TAIBE GDP 5ol HiEk 21009 7HA] 9
AUEE Bofl Aottt
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(d8 2-5) A|LI2|0f [ME 24TtA HHEE Y

1.600
; .0 r——n - At gme
i.. 1.200 -_--____..-_-: ______________
= 1.00 e —_—
@ 80
':: G0N
T 400
5]
(& 20
2015 20 2025 2030 2035 2040 2045 2050
S5P2_RCP2.6_G S5P2_RCP2.6_|L == 55P4_RCP2.6_G
====e55P4 RCP2.6_L OECD_RCP2.6_G ===== OECD_RCP2.6_L

Ar=: IMO(2020), p. 37

HARY AYPE Q= Lol HAIH
ang et al(2018)2 ARARIFS
S5 Sl Foll E 7R R 5= E8oto] SR E 85 ARt o
EAUF HAS 2SI $8 HeER Adr o], £ SESH, vt
&, 31 5 3 20709 HeE 89l Sha AlFTE SRR 9of ANN,

SVR(Support Vector Regression), GP(Gaussian Processes)E H|ild}

ol
o ¢
o,
oo
ol
re
-
N
)
o2
Au)

=t
%o M
o
=

7) Wang et a/(2018), pp. 817-824.
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do Uﬂ RMSE(root mean square error) 23} 2HRHE Q] g50] 714
S Ao E YEyith

(O3 2-6) SRS &5t AR

4w
H1J
g
>

Voyage data

Preprocessing | T W amn inen e s awn
Weather data i . e asem
W _:" Sea data BIOTTE ASMAN AN AON8 LMD . LM A2

Raw Data Normalized Data

wlR(] 9pLai(]

= Fuel
i consumption Sparsity LASSO LassoLarsCV

i { prediction regression model algorithm Trammng Data

Test Data

Output: Osbome’s dual algorithm
Fuel Consumption

Xt&: Wang et a/(2018), p. 819

Uyanik, Karatug, and Arslanoglu(2020)2> tFFst HAlzy W=
= &89l HdHolY AsAnTg f‘ﬂ%}cﬂt}.@ o3, A (Ridge) &
2t 319, SVM, RS 5 F 15719 2do] &&= it ovt A
Toll &84 A=rt 149 HHolH Aol &xfste] Adr 27]of o A=
ARF FH2 B7Fs0It= ol A9 AR HSkth

M

8) Uyanik, Karatug, and Arslanoglu(2020), pp. 1-14.
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(d= 2-7) Uyan|k°| AR =X D2 MA

!| DivideDaa || l _ l
Vessel Database ks : Trazmung
Pre-processing Data Test Data
!
\'-.“ mer ] s
Companison of :KumlR:dgeRegmml
The Actual Data !
And Predicted _ W&me
Values by L _,
Models Tree Based Regressions
Determine
Best Estimation Models
B stiona;
Model

XtZ: Uyanik, Karatug, and Arslanoglu(2020), p. 3

Moreira, Vettor, and Guedes Soares(2021)9] AIX&%, ntal, Adt
&k 52 E8sto] MUt ddaanshs FA5I=T, AFASANNE
Z-gsto] A% A3t Fou|gt AE AU o] st At ke
&L 5 ol8sto] Aming 40| 7t AoE A5t

Le et al(2019)9] =Eo|A% 2012~20164 B9t 233t 100~143%
9] Zeloj Aol gt 2FARE &8oto] ARALT 4 HFS AL
Stich10 HEoHAE & oAl 7) AR FEst] 247 e 4 &
FE EE, 59 27 AREE B9l AdRARTFE APyl w4
o= A= o33t Zrh

9) Moreira, Vettor, and Guedes Soares(2021), pp. 1-14.
10) Le et a/(2019), pp. 1-28.
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Mt 37 Fg4
3,000TEU 0|2t F1=0.00727,5;, +10.85927,;, + &
3,000-5,999 F1 = 0.01017;,57, +20.2406 7, + &
6,000-7,999 = 0.01207;,57, +31.9387;; + ¢
8,000-11,999 F1 = 0.01417;,8} +32.15847,; + ¢
12,000-14,999 F1 = 0.01807; 5}, +32.2535 7, + &

X=Z: Le et al(2019), p. 19
Meng, Du, and Wang(ZOlG)2 42 9] Zg|o]A1(1.3%F TEUX2, 54
TEUx2)ol gt &, s, ok #3F/=0], vige] 2715 o8 A
EAHES 1D 01‘7‘ At At As g8 gk A7) Hesol
P vIFHeH oo et FF=E FA S

11) Meng, Du, and Wang(2016), pp. 207-229.
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(12 2-8) Meng®| PIZAD 28 T2 AA

Module 1: DATA

I Outlier score-based data preprocessing procedure |
T

D o D. ek vt cdion
[ Dmasarpsi / / Daaset2 D2 «
/
/4 \

2: MODELS AND CALIBRATION

Ship fuel efficiency regression model
with speed and displacement

Fuel consumption rate

Nonlinear regression model

Linear least-square method

Quantitative mnfluence of speed and
displacement on ship fuel efficiency

Imitial values of some parameters to be calibrated
2

Ship fuel efficiency analysis models with speed,
displacement and weather conditions

“Fuel consumption rate.

Sequential caibration procedure
with the trust region thm

XtZ: Meng, Du, and Wang(2016), p. 214

LU, Turan, and Boulougouris(2013)= & &3S 53] ofyA]
BES A7 2A7IA HiEo] FAT A0 R AiFt12) ofof &4
o2gAF BAAE A CZ Kwon(2008)0] AASH HEHS 7gto g
o ARansg FHAZ A =& 13) B3 AA| AR 4
A Bo 4" ARE S HST ZF ovA&&dAH(EEO:

o

12) LU, Turan, and Boulougouris(2013), pp. 1-11.
13) Kwon(2008), pp. 14-16.
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Energy Efficiency of Operation) 7|& A7t 34 745t

Ar9(2019)9] AFolMe EAE] tigt drardFe 45 9
3 A 714 71AskS 2D (GLM, GBR, MARS)S Zdlst
Stk o2 fisf & 4178 WS A, A 713w, 7R
S)E °l&sIde™ FAHE A4S ol8dte] Mg 451 RN

ggolo AwnE 4 B35t

o, A 52 Teislol 294% KA E Q7oA
S Aol ALS Sl 1) ALS H15S 71 Batstel o

A EE - 2R EH2018)2 LZAAEHER] Sha(hadoop)ye ©1&
s 149 AutFAus =45 01]‘41] BES ASFH10 JAFAEY
Hgs AEstlon HIE fs) AR 0¥ o83t AR ST
23 RMSEoA= Aol7h gigleut ¥% A W%l BFS(beaufort
force scale) Z1gjZofA= QlFAIHTo] AXH HES
yETE 9200 Q= Ao=E AFEHU

14) F0|$H(2019), pp. 1~64.
15) REIM-FA2(2019), pp. 108~114.
16) f24 871 - 252K2018), pp. 275~284.
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Large Container Ships

Tokuslu(2020)

Analyzing the Energy
Efficiency Design Index
(EEDI) Performance of a

(5X) EEDIO| LSt &1t
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(YYE) UH 0L Ax
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m
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i
X
E
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=
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. X At=
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° M Mol 0t ST
8 T AR AR AHA
* XEE, =HA((2011) o (5M) HEARY FHA | « oXY D2 7208 E5t
c oXM maaus ot | MY A=A s 4
MEfo| HRADZERTA Y | o (YH2) QEXM T2 724y | Y

REM D2724Y 7|t A
BEARY FY YU HE

JP Petersen, O Winther,
DJ Jacobsen(2012)
A machine-learning
approach to predict main

(2H) ABRADZF T4
A

0124 Ferry) 1540] 217t
GlOJE] 4 24

- o (HHHE) Q1ZX|S(NN: ST = T
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2. EtAHHE F1A0| et MAHA

Winebrake, Corbett, and Meyer(2007)= Aldt dgF7| #i& 29
9] TEAMS(Total Energy & Emissions Analysis for Marine Systems)
2 AEseh 1) 5 2D il A AR ARG~ 28, Af
A, A ARY, AR~ GFHARACNG), HAA~FTD
(Fischer-Tropsch diesel), HlF— Hio] 2t &)oflA BAY5H= Al 7H9] &
A7ps(olAkBkekA, obtaEL, TiEheh thil ZHX] Q@B A(LAIBREA,
FAohE, AR, S $715REE, WAEA)S S4ele 5 3
FollA= Al 7HA] AE(ElE], B, elold)o] thet oAl 714 Azof wE
LFEE HiEo HoE AuEYon AFEE 23 HHS 24

(23 2-9) AHO|HY MREF AS0 HE 2= HEX

[0 Feedstock m Fuel @ Engine Operation

100%
BO%
60%
40%
20%
C:O \;D" Q@.\Q éj'r

& F P d,er" &

Xt&: Winebrake, Corbett, and Meyer(2007), p. 109

17) Winebrake, Corbett, and Meyer(2007), pp. 102-110.
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Lindstad, Asbjgrnslett, and Str¢ mman(2011)2 A< 02 9l
g 2A7A wiETF 5T 51189 o] die] ARt 18) 24
7tA &S FAadel] ofAe HEHlYALY SE(EASE dH)E
67% TES AS- HiEEe SATIAYS 62% 0] 7hett AoE At

=AY

Gilbert(2014)9] A= IMO 2020 AR FAISHE9] 7150 B Qg
FGoNA oliteketaof gt A7 FRbE| ojoF St Wi FX1AQl ¥iD
7} sttt 7F&5HQITE 19 ZAIRMAQI Al AARSolA Thkgt

< & 5 o] FFLIt A4 4 ok wagth G HakE s
A=A, Hlo]7tALL T2 2L 7&d ARTF EY=|ojof

ool A %%:_‘7}11 Lli=a=a JL-QP* W= 71%5 27N3HAL o] F AlF

sketoict.20 247k~ HH JJJJP‘ T U= AR 7H W—Ero]t(iiﬂ A,

0}04 @J‘EE % o}cﬂt} ZEHOo=® #i, UH o} 22 218
Ad=ns ﬂ%}.ﬂ—t— A7IA HlES 2 Zo g Folk AL Erlssld th
et Eokg BT ASol Easittal 7)ol

18) Lindstad, Asbjgrnslett, and Strgmman(2011), pp. 3456-3464.
19) Gilbert(2014), pp. 376-378.
20) Bouman et a/(2017), pp. 408-421.
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(O3 2-10) 227 20t2| CO2 tHE & EIHE

Vessel size o

HULL DESIGN
BN POWER & PROPULSION SYSTEM
BN ALTERNATIVE FUELS
mm ALTERMATIVE ENERGY SOURCES
BN OPERATION

Hull shape -
LW materials 4.@_"
Alr lubrication - D
Resistance reduction devices - a-m—f
Ballast water reduction - I—m‘
[
Hybrid powerlpropulsion - _—.—-——{
Power systam/machinery - _—0—{»
Propulsion efficiency devices - '.-—o—A—.'
Waste heat recovary - P-'-O-“'v—l
On board power demand { et
s e e
Fuel cells 4 -n—f
Cold ironing - 5.—‘—|
8

Solar power

s sion - o R +——— '
coy o |+ [ ——

Other operational measures -

o 10 20 El 40 50 B0 T 80 a0 100
C0; emission reduction potential (%)

Xt=: Bouman et a/(2017), p. 416

Johansson, Jalkanen, and Kukkonen(2017)9] ¢4+= 20159 7|&
oul ] o]}, oF 809 7H9] AIS AHEES BAste] &, I7)¥ QFER
(AARE /AR [247ES) BlEgdE F401%th2D ol& Hsf AIS
2 E3) torst QFEA HiETHS = 4 Q)= STEAM(Ship Traffic
Emission Assessment Model)S 7ol A+ A3 HIstEy 9%

g

]_

21) Johansson, Jalkanen, and Kukkonen(2017), pp. 403-415, Johansson AT0AM= B BY

S S5H O 302t K| THSt Bt HISTS T3
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(I8 2-11) M52E O|utatEA BES

Tankers

Vehicle carriers Fishing vessels
4 Unknown

Miscellaneous

RoPaX
Service ships

Passenger ships
Other g ¥

Cargo ships
- Cruisers
Container ships

Xt&: Johansson, Jalkanen, and Kukkonen(2017), p. 410

Psaraftis and Kontovas(2009)&= Zo]=-moj&Fo]9] A8t A7rE
283l AA A, |7, ZEeld, LNG/LPG, Ro-RoAl 5)9f 2
AZFA BlETF S22 AT 27 44E 3204 7Pt 4%
A3, 20079 71& 89 44w £9] 2AVIAE HiET A o' S

Chang and Chang(2013)& HZAEHA 0] /mhjars /2 al/dic))
ol el S 744 A] B4 HiEere] WSS ARSI 7% B A
£ 14.4E9 00 10/20/30% A4 A] B4 wjET] Wsle Z4%
3 19/36/56% THAsks A0 Uehith. thit £ 7tio] mE
Y £qo] Wesiug Eulg WA A4S Ao} b Y
A

5 AL A ST0] hE WSS EEte] HYLFHES

oo dp

N
—

22) Psaraftis and Kontovas(2009), pp. 1-25.
23) Chang and Chang(2013), pp. 710-715.
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Abet A3} 1453 ER YERGTE Cariou(2011)9] Ao A% Chang
and Chang(2013)9] e} FARE 237 U=t A% 2322 24
7kA viETo] 11% AT AoE ALE Q)24

(d8 2-12) ZHRYRE

N
4000 - )
[ []
L 4 n
| 2000 - *
r .
R N, 2.
~. LW F |
LA r ‘l‘ ! + =1
g- RO00 -,‘ E L
51 [ *a i
B ol E . )
E  f0m F - LT I -
=] 7 "-r-...'..---f'
& : ", L i aaett
a0 F " P T L f=0.5
i . LTI TTLINNY ARee T I L
2000 b v
[ }.r Speed (knots)
I

L & I i i i
] L 1] 15 20l 25 3

Xt&: Chang and Chang(2013), p. 715

2 9201009 AtelMs 71518k A7 2 HEAIPCO)RNA AA|
o 27 AP 7ol =Rkl wEkA 244 ' siEdE F7Y5kA
029 & AolMe S84 s B A4 WiEFe 24 wedE R
sto] 4% 23 20099 7€ =4 g4 HiET2 539‘1 8d &, =9=
7635 Eo® FHESITh

1)

O

24) Cariou(2011), pp. 260-264.
25) ZAM71 2(2010), pp. 33~42.
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(B 2-4) H2FEZ EHAHE 780 2ot =71 MYHH
MYATH A ZH/HHE = AT LHE
° 2007H5E 2012E7X|
o (2X) ZH| 20| 247t | 2| SR RAVIA HIEH
° IMO(2014) AUES QetEAHIE | FE
* Third IMO GHG Study 23y o MEF QEH ARAISE TR

* IMO(2020)
* Fourth IMO GHG Study

* Balcombe et a/.(2019)

* How to decarbonise
international shipping:
Options for fuels,
technologies and policies

* KunWang, Xiaowen Fu
and Meifeng Luo(2015)
* Modeling the impacts of
alternative emission

trading schemes on
international shipping

* Michael Traut et a/.(2018)

¢ CO2 abatement goals for
international shipping

* Cariou(2011)

* |s slow steaming a
sustainable means of
reducing CO2 emissions
from container shipping?

(F&) IMO #A[of] THEt

The gt Of

oz

3
uJ

0
Qi
2
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[ ] [ ]
6 NE 0P T
oE e 2

™~
mx
Iz
HO
og
Ral
HU
un
ot

L]
M
2

2012E~205049] 24
ThA HIE ALFR] R THE

2012112Ef 20184 St
o 2| 2 ATLA HiE
o 2%

A8t Q3 IRAIRY T
20501171X] 2M7HA b
5 ALf2IR 7

CHHIIZ(LNG, B10]2,
5 5) 0/0] T2 FEHY
B84 SHHIR, 44 X
o, Halr S)S olsty
o A
SIELASIS 2I5t A Ciot
(8F2H|, EHAUET, &

=
ESERS

2A7IA HE A0 TS
S| el i) 71 & 2
2oL, i) A HRHETS
S), i) Mooz 7
of04 CHRF AA|

oMM ATt
8.0%2| A= 2
S50t IMO A 2
7ts

Rl

N

fol

=

N IO
Ol

M5 10% 25 Al, 0|2k}
EtA HIS2F0] 10~15% 2

A3 5
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* CO2 emission statistics
for the world commercial

* Potential CO2 reductions

* Heiu—-Jou Shaw, Fu-Ming

28
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O?.E

oty

Psaraftis and
Kontovas(2009)

fleet

ICCT(International
Council on Clean
Transportation)(2020)

under the Energy
Efficiency Existing Ship
Index

Tzu(2019)
The Strategy of Energy

Saving for Smart Shipping

o7 =X/

° (BX) T MA g 24
JtA HEY 24

* (YHE) 20|Z2AEQ)
MEHI0JE 28

(2%) IMO2| A7} b
S2 25 SE IS 9

[mm ]
3 N2 HE

X
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(FX) IMO2| 247

= (=] e o
Bt 22t ZE
° (LHZ) [oT HHIE 25t
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HOIE{Of 2743 Z7A(Met
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EXVOTNETES
Mot 2351 742), elmAn

Y EAEA S 2E
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1
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2L BEY SHA E

§7ts iR d&

=7 7iE0|L] A4t 1540)
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EESTRSY
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3

ZAEo[L] MCH 9dgh 2 X9t

20506717 o]} Aol A Bageke 2A7tAE e s 5
ACHEDSL TRATE WYL 0)F TNtow LALS HiETRS >
3.

(23 3-1) AUH0|H MO 247IA HEDZ £ Z2h2A

o[ My

ZHo|H ES

HAZRHS/

271/85/
ety

HEAE S

|

ZE0|H ES¥ Y

ZHolY Moy HY
(~2050:4)

(~20504)

ZiHO|H SlgARE
(~2050)

ELABE
(IMO)

ZEo[ My
2ATIAB =2
(~2050)

A= KA Y
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H1E ZEHO|H 23 MY(~2050)

205097H4] ZH|olY AlRe] a0t 32 Ash] flsiA o 8
£ d&3th AH oY 428 52 flsi4= Box-Jenkins®t 22 A|AE
1S o] 83FAY Meersman, Moglia, Van de Voorde(2002), 1182
(2018) &9 Aot o] WA HFE 2ot AI&st= WHo| Urh2027)
2 AFoM = 2050W7HA] 7] S AAISHoF StER Mg AdS SHHS)
o AU 5 B3 TRt 7HY0] Thsstes B MgE &85t oS
Eli= g

HE o] &3t AElolY 3= dlISshe A= tFE QI+ GDP
2o AAXAREY AFGRE o]83tt. Fontagné and Fouré(2013)
2035E7HA] AlA nFR7E ofEA WHEEA At sl 54
CGE(Computable General Equilibrium) 2¥& ©]-83}3it}t.28) ol&
Qs AA|, Bite4 &4, ASAHFEE 7INIOE =7 52 SIS
on, &4, GDP, U+, AS5E 5 AAXBA LIS CGE Hdof| A-8A1R
ok AR, T AU et £ el AYsto] 20359 wAFERE
Agstoitt. & ZdoA 8 =719 GDP AFES F 7] AlUE &
&l =5ttt

26) Meersman, Moglia and Van de Voorde(2002), pp. 29-39.
27) 1¥L(2018), pp. 1~216.
28) Fontagné and Fouré(2013), pp. 1-60.
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ZH0| MOy 348 2 ®Mar 03

(O3 3-2) AlLI2| 0 ME= uAE

|

=

=
- | |
[ - '
£ 2 - -
3
. ===
E

{ : |

0 1 2 3 4 5 6 7 8 9
ODeveloped Ref O Developing Ref O World Ref
®Developed Sm ®Developing Sim ®World Sim

Trade in
services (vol)

Xt&: Fontagné and Fouré(2013), p. 45

De Langen(2003)= 31 ZHolY 2.8 dl&sh7] fs) 4+ 7o ®
FE Z83) 20239704 AHolY E5%FE S8 o] F o A
e A 53] T 9l GDP, & o4, £ W3, 9 7o
o, Al 7l R ZEoluste] JFe] e F =T $ H°H v,
oy 24, E32F vlSo] ARSEAH.

ZHolY 7] 552 A5t 9 S HEAR] 97=+= OECD =4
5 EXZH(ITF: International Transport Forum)olA & HEst=
rTransport Outlookso] Ut} & A= o252 vISSt 5, &4
s 90| et A5 AAlstaL QUek 20199 HHES 5 A
‘_r"oﬂ/‘i-‘i 2050‘5. Z 3= 971 A¥+ 3.6%% STVt 20159 o]

29) De Langen(2003), pp. 29-39.

31



3u S71 Ao dldgint. E3 F Bk 8.9 75%F HYthe W
SHEF] HF2 205040E 4AE Aoz AYsart.

(17 3-3) DEAEH 312 42 HY

rn
10
ox
12
T
5

I Sea [—J Road 1 Rail [ Inland waterways ] Air

350000 |

300000 |

250000 |

200000 |

150000 p

100000 p

50000 F

0

2015 2030 2050

A= Tran.infor(ZAY: 2021. 6. 25), 0]2U%I(2019), p. 2. XHRIL

DNVOIA 20508 7H4] dj&3t Afmo] w2 Agoly] E532 2015
W 169 6% EolA 20509 409 445 Eoz Mgt 3 FAgo]
Y3Hcontainerization)7} AP= o] E5F S7HAI7F %o Fo=+=
L5138 Aoz ALt 16.69 E& TEUY Hat E7(9.5%/TEU)E ©|
L3 TEUZ A3 39 19 6,781% TEUZ JA= At 2 587 ¥
T+ E57F QA5 fAIH0] IFF TEUY B EFE 9.5807 283}
o AT DNVY 201949 HA A= Agoly E53 S/
2030474 ABT 3.6%, 2030~205082 AB 1.5% S71) 20508
o= o 49 TEUE 7|§T A= AYHch

32



ZAE(O|L 4Ty

ror
Ofol

g
X
og
o
w

(& 3-1) DNV2| 2050E7tX| ZAE|0|Lf 2 HIS

5718
=2 2015 2030 2040 2050 ., , tg A
15-"30 '30-'40 | "40-'50

wotE | 1660 2,660 3,390 4,040 3.2 2.5 18
ot =
oo | 8290 13290 16910 20100 3.2 24 1.7
TEUZRE 16781 27206 34041 41765 3.2 2.5 18
(BtTEL) ‘ ' ’ ' ' '

x TEul:_r 1111_.,1- E* X‘IQ_
xrg DNV,(2019), p. 38 XX} 4

B oA Teurelinex, Verbeke, and Declerq(1998), P.W. de
Langen(2003) &ok +E2 AgPATolA ALEE GDPE Z-89f xiH|
ol &5 AlE3TE303D vyt A7He] S50 wEt HEolY 5%
¥} GDP 7] ©&/do] A& stetgto] wet o] & whdshy] ffsh @l
ZA51

(B 3-2) 7120 M7 LD} GDP Zb0) Er2iA

1950- 1960- 1970- 1980- 1990- 1900- 1950-
1959 1969 1979 1989 1999 2009 2009

1.62 1.54 1.31 1.19 2.82 1.42 1.64
Xt&: Fontagné and Foure(2013), p. 13

20004 o]% AlA| F84AHGDP)H ZH oY E5F 7+9] g de At
SR AJ7to] A @S AEHH 0 R siEshe Ao UET.
ol T THLE Ste 3= A& AWt & w7 ABAIZE 1A
of ]3] Wolxom, Fontagné and Fouré(2013)2] A-ollA A

glojuste] Zggo] gx71o] Holeslr] Wels F4EH

30) Teurelincx, Verbeke, and Declerg(1998), pp. 1-285.
31) P.W. de Langen(2003), pp. 29-39.
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H 3-3) MA SYLHGDP)2t ZiB|0|L 23| B2y
'00-'05 '05-"10 '10-"15 '15-"20
2.45 1.47 1.30 1.26

212020 MO S0E Helokl HEde AR 4 1.2228 AME
E IHS(MIA| GDPY(ZMY: 2021.7.8), E&(AMY ' 2021.7.8)H0|H 2=2F), XA} AHAt

il

AlA S84HGDP)H AH oY &5 7HY] w42 2005~2010W ]l
A 2015~20209 0.2 JP=HA ABHF SFHGLS 1.5%4 Fashe= Ao
2 Ueht ol& 205097H4] A-83ttt. el 2 (loglg A3l AlA &
YIS ol &5l AHolY EeHe T AL vt Ztt ZHolY &
T2 ZEA ATl AA F s AEHOIY S92 Ao
AIA F84HGDP)AFESE 20509 7H4] A2 = THSOIA Algshs ARs
o] &3t}

log(container_volume) = -9.6364+1.2649 * log(world_GDP) [54] 3-1]

5 wAo g FHolY E5%E F451H 20509 69 245 TEUOILY,
A AL o] BAYsHH oF 49 TEUZ =

=

(323 3-4) B(og-log) &1t HHHS 0|33 HIZ

EA9}: 843t TEU

200

100

A= KA ARY
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ZiEfOl Mof 3 % MY 03

DNVOA gt o &9} BlTe 1 2040971 DNV £7h8o]
ou}, 20404 olFol= & Aol d&Tt ZAAF o £ Ao 1}
epde

(HE 3-4) 5 712 DNV ZiH|0|L 252 0= Hw

THol: uot TEU

ste
= 2020 2030 2040 2050
T 15-"30 ' '30-'40 | "40-'50
= 194.4 261.8 | 327.7 | 399.9 3.0 2.3 2.0
DNV ' 273.0 | 3494 | 417.7 3.2 2.5 1.8

At=: DNV(2019), p. 38 XA =X

H2E ZiE0|H 2 Mo} g o MU(~2050H) ——

Zgloly Ald) Ago] digt A= 1 580 vlEiA= &dstA o]Fof

A A koIt Crew(1986)2] AAtolAl= s1FAl(Top-down) A&
Ak Z=oly Aol s of&st3ct.32)

32) Crew(1986), pp. 43-51.
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(& 3-5) ZH|0| M0y MY TZ=MA

HISTORICAL
DATA ON
SAVANNAH

FLEET

SAVANNAH FLEET
CARGO CAPACITY/
DRAFT

WORLD FLEET
[EXISTING APPLY CARGO CAPACITY/
WORLD FORECAST BRAET
FLEET HETHODOLOGY DISTRIBUTION NESSEL
FORECASTS

TOTAL
CARGO
FORECASTS

CAPACITY
UTILIZATION
ADJUSTMENTS,

Xt&E: Crew(1986), p. 48

Luo, Fan, and Liu(2009)9] dollA<= el &%do] =gl s
2= AR FAF o o|F 7|Hte = 20138749 U< dISst
Act.33) o] 5l 1980WFH 2008W7HA] A|A Ho|Y dfj-&A1%<]
25 ol8dl 39A FHaAEHE A-8sto] FEsHH

|

N

(23 3-6) ZIHI0|H AlYe| =22 S50 TE 2 Ha}

= Achal a— Predict

Freight rate (§ per TEU)
-
"

0 2000 4000 6000 8OO0 10000 12000 1400(

0. 0. Quantity Fleet capacity (thousand TEU slots)

Xt&E: Luo, Fan, and Liu(2009), p. 513, p. 520

33) Luo, Fan, and Liu(2009), pp. 507-523.
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ZiEfOl Mof 3 % MY 03

Zdloly £88 123t AqE Adobr| oA £x(slod A=
ol g3ttt &9 A& e ol Mut & 7l9] &Ro| Azt 24tst
gl E5Fo2 20000 g 79 &322 14.7TEUE 24rot
A5k, 202040ll= 8.5TEUR 50| 24 stehetitt. 202149 &%
AgEFe A fgiv] A% Z71510] 8.6~8.7TEUS 7|28 Aoz 74
A=A A7 A 02 stk A0 R o AtET

xR

e OXL

(13 3-7) ZH0|H S UMY, &% 2HE
crel: & TEU

2,000
1,500
1,000 6

500

o mi wil wi wi mi NN W N BRIl I I I I I I 0
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5 0| 285 MO ZHRITEY)  e——slot3| &

INEEPSINE X

Aol €29 AYFY st 2 71| ddo g sk, AA
ZgolyAel digt 3+ #Jolct. 2000 ©]F FEoly E5%F
5.6%9 04 A= 8.5%% F7tote] =90l vle| T3

o] 27 %7}6}%4. E3] 9gdz2] 729 20008 7,000~8,000TEU
=20 FYEI oY FTol= 24, OOOTEU:LO] FU=]

ool A STkt EAlE 449 stEto|tt. AR U1l 35 2
O F Qlsf AAES TA) HIs] 5L AH|AA F7F *WE' F}4st
a2 25t o2 A ofA|of-FHTEL] AH[AA g 7Y
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I (loop)oll £285HE 7|7H 9~10FF o, FZol= 1253 Yoz 23
ot dojFrt. 7t AH|A0]7] ol Folu= F e FYE=
AEe] o= IR FUR RN FBYEE Aol SoluiA B+
A& THA0] HISHA % AEd, S A=) 29 20109 17.3%
EoA 20209 14.2:E& 20% 7}7to] A3t

.l.:

(22 3-8) ZiE|O|LY T 412 X0)
ool L E

Aa: SEA(HAMY 2021. 7. 15)

Ge et al(2019)399] Aoxet Zo] o] a7t ZP= U
A9k, G| =85 (capacity)@t 34 iAol FFS wroH 2o o
o} XY 71&2Q] AFETh= #5Hcana)] 4oL AARe] Mo

QI JFol o & AR UEhrh3S) 2020L%°ﬂ S MO 2471
42} Aol A= FF HHold Al oA Y A= F7t
S 1111, @A Yotz AHE A Aot AHte] S| HisiAe =
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34) Ge et a/(2019), pp. 587-614.
35) PierNext(ZAg: 2021. 9. 13)

38



x.
T

s

% of the fleet |nnumber s

~

ZAE(O|L 4Ty

ra
Okl
s}
=
o=}

(23 3-9) ZIH|0|H 37| HIF TL(2050)

$ ERERRERRBEESES

A =
4 T|E

A= IMO(2020), p. 126

IMO+ 20509 5,000TEUR ©Jste] Aut v|F-2 Adl stz Qls|
20189 tjy] 49 Ao JAgion, 8 000TEURF ol A vl52
Z718 Aoz dAfslLt.

(& 3-5) 20503 MrC{ HIZ MY

=Rl %

Ak 37|(TEU) 2018 2050
0~999 17 13
1,000~1,999 25 20
2,000~2,999 13 10
3,000~4,999 16 M
5,000~7,999 11 M
8,000~11,999 12 20
12,000~14,499 4 9
14,500~19,999 2 4
20,000+ 1 2

Atz SE(EMY: 2021, 7. 15) XA =8
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IMOY] &7 A2t A H%%O HJoz dAA 1&£2T AeF ¢
8.5TEUE |77 o8& o= watdrh Q5|9 022%1 Zof] EEXI
TAZE AAE BS- oﬂﬁgﬂﬂﬁlﬁi 5= B9l A% 29
= 5 dFollAE dSE £8E EUHE £37Y
oy MAdiE A3t ot &£ x%ﬂ%w gt Alue o= dA =5
ol 8.5TEU®} 8.0TEUL.Z F-E3lo] AA|3

41

=

Zgloly =70 w2 EF= IMOCA AAH 71%—"— 285kt o
Ate] T=SHE sl IMOOA ofF 78 3712 £573 d whef £ A+
Ae vl M2 ERFT A €29 Ag4E 71 8.5TEU 7|l &
g A< 20509 & A FEE 811230 & dArEh 202040 H]3|
At H4== 50.8% 5715 © §hsfl, At 2= 4,705% TEUZ 104.8%
S7Fettt. Aur syt Ky whet H4of| vjs) AETF S7HA7 T
Z ZAog oAtH

i
ofo
ol

rf
:?é'a,
re
S

(B 3-6) ZiH|0|4AM Mr{ XMU(8.5TEU/slot 7|&)

e 3000TEU 3,000~ 8000~ 15000TEU g
= O3t 7,999TEU 15,000TEU O
2020 2,998 1,346 873 161 5,378
qa | 2030 3153 1,479 1215 233 6,512
2040 3316 1,624 1,690 337 7,361
2080 3,488 1,785 2,362 487 8,112
2020 4,127 6,600 9,196 3083 | 22975
gy | 2030 4642 7,785 | 13686 | 4721 | 30,804
2040 4,793 8364 | 18699 = 6702 | 38588
2060 4,750 8657 | 24513 | 9129 | 47,047
7 200042 ez
A2 S 2021. 7. 15) XA FY
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ZAE(O|L 4Ty

e
dlt

g
2
og
o
w

A &5 APAE 7|EE 8.0TEU 7[&22 o 49 20504 & A
o FEE 8619802 dAtELE 202040 BHS) At H4= 60.3% =
71st 9] Bl Ao FRE 49999 TEUR 117.6% S7}stet.

(8 3-7) ZAH|0|L4M MI§ Y(8.0TEU/slot 7|&E)
SRl A, MTEU

3,000TEU = 3,000- 8,000- | 15,000TEU -

=T L o S
Olot 7,999TEU  15,000TEU 04
2020 2,998 1,346 873 161 5,378
A 2030 3,218 1,509 1,240 238 6,919
o 2040 3,453 1,691 1,760 350 7,821
2050 3,706 1,896 2,499 517 8,619
2020 4127 6,600 9,196 3,053 22,975
TEU 2030 4,932 8,239 14,542 5,016 32,729
2040 5,093 8,887 19,867 7,120 40,968
2050 5,046 9,198 26,045 9,699 49,988
Z: 2020492 ANt
At Sk (AM: 2021, 7. 15) MAHF=H
ZAgolufAel dFgsrt olgA APER] Y3t 42 & = gloy A
A FRoE 82 92 4 Urth 1,800~1,900TEUSE W=dA
(Bangkokmax)= |+ AARE©] 2,400TEUR HY=E A8t 2715 37t
A IA-EAS 22 B0 T A Qrh ES JA FHof A2
24,000TEUZ°lY ZH 28,000TEUZ AlvkS fdteta 9tk 7=

24,000TEUZ #7HA(megamax)®2 F24°0] 4000H Ao, F7tol
28E F718t 717 A(gigamax)= &240] 425mz 7igt Foltt. 23k
FAZ Qo) AAEe] A ojgsie siste Ao o),
3,000TEUZ m]gbe] Aol cfshiis 7|2 Ala ohe] 30%, 29F TEUR
oliko] 2T 10% olite] AR ZrE 2w Itk

=



(2 3-10) MZL BZM3 7l

13 x 2,388 teu ‘maxi-Bangkokma” sighy difteront shigs fram yards i China and Jagan . Jiangnan, Imabari, Changhong
__}; : 172.00 m x 32.20 m
J’ ca. 28,000 dwt
| 396 reefer plugs

3 x40 t cranes

" GIGAMAX CONTAINER

717HA)
Xt=: Alphaliner(2021b), p.1

APEE AuHol: 20309 4l 719 1EoA Bt 43S HHAE
7155HARE, o] AZ Sl Ao odHn o= A 37
ofd 1E3E AEE Hlold IFolA EFEY] g2o & Eoldrh d&
E0°] 15,000TEUS ©old9] Helej|yAe] B+ =7]9 st 8,000-
15,000TEUH A8te] tigst=|HA] 15,000TEUSE Aldke] #sEgfo] Hof
UA AAAHA Wolxl Zow A AAR Bd A¥ A7]=
20204 4,349TEUCIA 20509 5,800TEURZ A42Q1 5717} AL

o
A
>
N

(F 3-8) M3 TF ZHE0|L1A 7]
o M TEU

2z | 3.000TEU 3,000~ 8,000- 15,000TEU
= 0|3t 7,999TEU 15,000TEU Ok

2020 1,369 4,909 10,463 18,671
2030 1,633 5,461 11,731 21,115
2040 1,475 5,254 11,287 20,316
2050 1,362 4,851 10,420 18,756

7120202 MEAIRY

Xfﬁ 202092 S Xt=2(EAY: 2021. 7. 15), 2030/2040/20502 XA 4
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ZiEo|H Mo 33 2 &Y 03

H3E &Z

ol Zo AL 2050W714] AHolY ARe] =90t ZEL Asty
Agol 48+ APATLNA ALLH AXFARSGDP)E o185 3

st Sy olgs LAt

2

o

H 3-9) ZH0|H 42 0|& ZZM|A(~2050)

o 52 NS LHE Hlad
l l :
o o =
va AR o HHSIRGDP HY) e
] l ‘
0| E=2F
“ Lﬂf * BRI MRERINS 0/83 B " DNV2f Bl

X2 MR 5

d= ZAx 20304 29 6HY TEU, 20409 39 334 TEU, 20504
oF 49 TEUE 7152 Ao A=t 5 o4 A= 20309 olF
S7HI7F DNV A&ET £3F A 0= Yeft 20509 7] DNVOllA] 2
IS OF 49 275 TEUO] H|g| @& AoE A=
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(38 3-11) ZE0|H 23T o= 21

o
40
1=
rg
_|
m
[

CNMYTNORN VA0 T NN TNOERNRDADT NI VDON 0RO DN DT D

A= KA ARY

oy Addiofl digt diS2 ed AP+ FE53) A=z HE
= EYFT 2 AFoME 20509714 dI5E s AHOlY e

A= Wgal] 999 2749 Ate o AP ther 22 Aej
2 8.0TEUR 443t Wekeh 2AL glo] ol ST ¥ A7t 5a

3t

(H 3-10) ZiH0|H MCH 0| ZZM|A(~2050)

on 52 HiE L 718
U } |
- ARI92 A1) 57
(8.0TEU/slot),
- A
e S L EL (85TEU/slot)

* 20504 MC{ HIS2
IMO(2020)2] HYX| ALS
A= A A
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ZAE0|L Mrj 312 2 &Y 03

=

Zgloly Ao A& A} 20204 5,378 9] ZH|olu Auk 20304
6,512~6, 919?4 20409 7,361~7,82134, 20509 8,112~8,6194 0 &

AgEch F AEFS 2020 2,2987F TEUSIA 20309 3,080~3,273%t
TEUOIA 20504 4,705%t~ 4,999%F TEUZ oA},

H 3-11) ZiB(0|LfM Moy MY

SRl A=, MTEU

= 22 x2lg 22 x2lg
= 8.5TEU 7|& 8.0TEU 7|&
2020 5,378
N 2030 6,512 6,919
2040 7,361 7,821
2050 8,112 8,619
2020 22,975
TEU 2030 30,804 32,729
2040 38,558 40,968
2050 47,047 49,988
2020 xrgon

B

Q
i% f&(d *—.” 2021.7.15), A &3

Zgold Adie] H Aur Ir: AEFoz Jrbe] 20209
4,349TEUCIA 20509 5,800TEUZIA] 2713t Ao & ojAt=c

(3 3-12) Mgd 72 L TWF MOy 37|
ool A TEU, TEU

—— TR
[’]77[_] 0 A F

AEECEEREEEEEEEELEELELEELELLELE

==3000< == E==15000> ——

Atz S2L(HAA 2021, 7. 15), MAH=H
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H1E ZEojH Mol 7

JleTid HE A

1.

5 7155t o

A==

e

2 =
= ©

T2 ARG HH3

SNy Ay

ERaFIY

el

k
e

= @ Porfoimance monitating
g ki T Coating

E == EEmEm e = == UE T 1
i B t8 1E 35 1B vH Um 38 18 18 5 18 = 18 i !
s i o i )

FlUmEAY

REmNue wafaods @i

WHEEA

Az 24H(2021), p. 24
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IMO°lIAl 20144, 20209l L3yt A3}, A4RF 2A7EA Aol A e
71l i 1 Fct 2014900 HEH A3A; IMO 2A7FA Ao
A= Phase 0%-E] Phase 37FA] EEDI #&of 2 gil5 dHZ o= &
|3} 20139RE Alz2H Adbo] EEDIZE 2-857] wjio] oo #HE
JE7} HE53 Aol AshisF Ao tis] 78S Bl -85t

H 4-1) EEDI M20j| ME AzARY HAE

Reduction relative to baseline,

Reduction relative to original baseline taking SFC into account

0% -7.5%
10% 2.5%
20% 12.5%
30% 22.5%

Z: SFCE Specific Fuel Consumption@ 2 HzA D22
Xt=E: IMO(2014), p. 280

20209 0f HEH A42F IMO 2A7EA Ao A= 7sXl o] E Al
U E T 7HA] ¥Rt = A-&519ltt. AlUE| 12 20199 o]%of Al
AzxE HE Adto] A= 7]&o] A&E= AURE, 20304 7& &
54%2] A8H45%= HAo T2 WA, 9%+ F7F Al S7holl 417]1&0]
AEE= A 0E 7P AU 22+ AluE] 219 Bls Al7]& 4
= B0 AR Ao R, AR W82 (& 4-2)¢ A A&
|-E(penetration rates)2 EH 20508 7|& AUy 1A RE
dho]| 285 o wef] AlUE] 22004 = 20~40%= A-&E0] HEyHo=
=3It
< BES AR dFEe Adut A8 584 /N ek A |-
of tiet 71 9 S F3l 7Fssitt. IMO+= & 16719 1&
=oton, 248ES gooto] AlUEE FEstlt

of

oo A oo



H 4-2) 7|& MEE(Penetration rates)

Group
2018
x5y 75.0%
Group 1 o1
TR} QAEl H|0f 1.0%
Group 2 FI | 12.5%
HERALE | gogmaz XM 50.0%
Group 3
Sh SEAA | S YA 2 4 (75.0%)
H
Group 4 HE3|4 12.5%

HEele | EXIRIOIHNT [7IA B2 12.5%
o2y 7| A
Group5 | EE2HHIM(E, E &)
Z2H M O=He{ HA 4 0 10.0%
0|5 Z2He 12.5%

Group6 | D2z M= 0LEZ | 12.5%
O2Hy

12.5%

FRIE D2H2| 22 75.0%

Group 7 - =

27| —Epr% 7| 2 (0.0%)

Group 8 S0 s

one | MOREAMIEE 125%

MA Hs 2LEHY
Group 9 MR Heid 12.5%
I MH Bl0|EREatAL

TR a0 M) S o
ULt 50.0%

Group 10

MRIKRO| | MH RO R4 HKat 12.5%
Q4% #H3

Penetration rates
(% of ships applying a technology)

4
0%
o
S

Scenario 1 Scenario 2
2030 | 2050 | 2030 | 2050
100% 80.0% | 100%
56.0% | 100% @ 7.0% | 32.0%
55.0% 6.0% | 31.0%
66.5% 17.5% | 42.5%

100%
100% 55.0% | 80.0%
(100%) (100%) | (80.0%) | (100%)
66.5%  100% | 17.5% | 42.5%
66.5%  100% | 17.5% | 42.5%
66.5% 17.5% | 42.5%
100%
64.0% 15.0% | 40.0%
66.5% 17.5% | 42.5%
66.5% 17.5% | 42.5%
100%
100% 80.0% | 100%
(100%) (100%)  (5.0%) @ (30%)
66.5% | 100% @ 17.5% | 42.5%
66.5% | 100% @ 55.0% | 80.0%
100% @ 100% | 55.0% | 80.0%
66.5% | 100% @ 17.5% | 42.5%
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Penetration rates
(% of ships applying a technology)

Group Scenario 1 Scenario 2
2018
2030 2050 2030 | 2050
Group 11 27425 M (0.0%) (100%) (100%) (5.0%) | (30%)
55.0% | 80%

e
100% = 100%

Group 12 X =2 QIak 7 (KK
E_{%—r_ﬂ‘ E+E;L;_EOEI:)|=?(X1L 50.0%
?.E_Fjl'x = = o
EQ 710|E(Towing kite)
Gfo%ugﬁ ZaI™ S0 L) (0.0%) (100%) (100%) (5.0%)  (30%)
3 AX(EELH 2H)
Group 14
EHQS FIX| EfQ FX| TH (0.0%) (100%) (100%) (5.0%) | (30%)
g
Group 15A LNG+ICE 1.0% | 55.0% 1.5%
BtAZ HBIBH | NG+FC, Methanol + 0.0% 20.0%
IR AR | ICE, Ethanol + ICE | 0-0%  54.0% 0.05%
Group 15B
EAE OXAE AFS: 4
st oo oo o 0.0% 0.1%  100%  0.05% | 20.0%
CRICIE AR
SORTC L amionEs (0% (100%) (100%) (100%) (100%
5 01o] 2Xf= B Meto] Chot BEEE O[3t

s

T EHs
At=Z: IMO(2020), pp. 274-275

(L fob
:oé =
éafa
24 il
e M

£579 16709 189 Autel o] wet w4 wEY 42
olste] 45EE /15T ¥

X‘LQ.OH]‘,]» 2 ro] 7]40] 10%
ZAOF Al iich

1 0 A
" AR 20.0~64.0%9] #=0] 7Hsd
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(H 4-3) A7|& M0 M2 CO2 LA=(20504 7|E)

Scenario 1 Scenario 2
Code Technology group Co2 Co2

abatement abatement

potential(%) potential(%)
Group 10 S IhTe R X3t 3.00% 0.90%
Group 3 St LA T4 2.13% 0.64%
Group 6 D28 RAlE 3.95% 1.22%
Group 9 MH AL 3.90% 0.21%
Group 12 HE HMH 0.71% 0.83%
Group 8 X ZE 2.55% 0.48%
Group 2 HAE A|AH 1.59% 0.14%
Group 1 = AIF 74 0.45% 0.50%
Group 13 =4 1.66% 8.18%
Group 16 H& 7.54% 0.80%
Group 5 D22 JiM 1.40% 0.12%
Group 11 Z 4T Mt 2.40% 0.12%
Group 4 g3 0.39% 0.93%
Group 7 37| 82 2.26% 0.77%
Group 15A EtAS IS5 AR AL - 2.03%
Group 16B [HAE EIGHK| U2 HAHHZE AHS 64.08% 20.00%
Group 14 B TA| IS 0.30% 0.09%

Arz: IMO(2020), p. 279

o183 Bk W 0% oS FET A0 A0 4
SAHE 4% JlolwS Bel A 15}, 4% 27 5 oF 58S
A% woRrhs Z1% Wt 18 dRd 42 1% bt 2 A
Uehget.

r

36) IEA(2020), p. 25.
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(O3 4-2) B4 HiES 4= 7|0

CO, reductions by technology

Stated Policies Scenario

Gt COyr
o

1.0

0.8

0.6

0.4

0.2 Sustainable Development Scenario

0.0
2019 2030 2040 2050 2060 2070

B Operational efficiency O Technology performance @ Electrification
mHydrogen mBioenergy o Ammonia

X2 [EA2020), p. 277

2. JIETEAT =M

SATLA WjEgo] it AT Aubdoz Aut 27], o] BE o
RAREe 2450 U4 LYARE ol duiwTe 2Ys: 7

ol
8

2 vl g1 5 7|AREE o835 % ST Wang er a/(2018), Le
et al(2020)9] ATolA= ABtY] 727], = 59 ©4E o8 dEh
H|ZFS FH519 21 37)38) Moreira, Vettor, and Guedes Soares
(2021), Uyanik, Karatug, and Arslanoglu(2020)2 ™Al12{d-S 0|89
F49] A s FIAIFT3940

37) Wang et al., op. cit., pp. 817-824.

38) Le et a/(2020), pp. 615-632.

39) Moreira, Vettor, and Guedes Soares, op. cit., pp. 1-14.
40) Uyanik, Karatug, and Arslanoglu, op. cit., pp. 1-14.
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ARG EE A= THSOA et AEely A¥F DB A== 20194 7]
ZAgloly & Ado] gt A7 IMO %, AuF 27](Zo] 5), A7t
Agoly &, Az}, AL, AR4RH, AASE, dUEY 5 o
et Apmst makElo] 9lck. 201949 7|2 5,3000] 29| Aol 4lo] &35}
oM & A== 526030 gt FE7E 71A = o] ek, ot AduF A
2o et AEX7E 28 ARARFo| AREE ARE 4,744F 0]

o N

(¢]

N

i
5

£ Ao APATY WSS HitoE A S, 4t 217
8lo] Z7hA 08 Aet Q4o e ARAmTE ek A
tE dRsmsge] 3L Qe s1o] 489 7HsAol

4T 5 glom slzo] 488 Jadno] B A
Q= Aol Athg slwtes 2AsH: § eloj} 9l

re
jﬂmﬁ
= 2

H‘
o
Ho rlr _IE

of

rel H
=24

K1

ARAHHE/Y), HAA7Fs AHClY 4X(TEU), A7
(LE), 7% ko gt 728AFS (& 4-4¢2 2t} EEDI W=
201549 o5 Az AdrE #ASH] s Hul(dummy)H &2 4
AMgEo] 7|2 BAFE R HASH] ottt Y ARARY] Bt
2 oF 1138°H 7§ Yehve= FAVks Bd HElolY $+=
4,391TEU, Bt Y7t AAEEE 21.2%E, A% dxs 9F 20074
o= yeygth Ad i3 Qs AA7Fs AHOlY 49 BEHA =
3,971.52 o & AOo=Z YEepT]

-

R

¢

2

-
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<+
7l

78.4
3,971.56
3.04

4.3
95.0
27.5

10

326.1
21,237.0

112.9
21.2

4,391.1

A
o

M7+s ZH|0|L
(TEV)

pS|
S|

2019 1971 6.49

2006.9

Bl
K

ts
=

I.

t=}
s
=

(sl

=

HEQ
| By LI
M

1

A

0 g AR7Fs Adoly £x0.8146), AZ A%(0.2213)
It

(0.8554)011 th

o
=]

X2 MR 5

ks Glse

A

A
o

ZE0]H

LEPN-EL

<+
Il

=

=

EEDI

1

1

T

1

0.1585453

H Hepolrf & Aol Al

AEL} 2013 HE AAH

1

0.5594346
0.4084864

T (RRA<), BEDI Hujdasg A4}

0.8146882
0.8554680
0.2213875

A
e

IASE

7|_

M7 ts ZE|0]4
o
toict.

7}s!

S|
S|
gt
INE=RPRIN RS S|
[¢)

=
T
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log(fuel_consumption) = B, + 3, * 1og(ship,speed)—O—ﬂ3 * log(ship_size)

+ 8, ¢ built_year+ 3, « dm_EEDI+¢

fuel_consumption: At} HzALE

ship_speed: Met 2ts HA £

ship_size: HXi7+s 7AE|0]H 2(TEU)

built_year: 71Z ¢t

EEDI: EEDI 7#H| ABi(phase 1: 2015 0|F ZAX Aduh)

olt
|

A3 FEA A= EEDI Z& A3 W Zfo|7} o@A LAohs
Yotu 7] fJsf F 7HA| HE Zﬂ. |3t 274 A3 Ak a
a4 2o]7} YRt EEDI ¥47 Al9E mdloAs Ax 05_501

2 dgango] 0.80%, P_tﬂzoﬂ A= 0.57%2 Ut 201549 o]+
Az5 Agto] H84 EEDI H4s 34 JJr 10.8%= WERt EEDI A1
194 d=ansF 7+ H1EQl 10. 0%3 S0k Ao et

r&
_ﬁi
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(B 4-6) Y32 21}
GiES e 22
- 8.696912+** 4.292152%*
TS (11.76717) (05.279854)
o oeed 2 553202%** 2.492840%*
P-sp (116.4059) (112.4754)
o cive 0.501157%* 0.505501***
P- (128.8189) (131.3665)
it vear ~0.00799*** -0.005712%**
Y (-21.7976) (-14.05790)
-0.108156***
dm_EEDI (-12.16762)
" 0.96659 0.967595
Z: ez 24 19 270N A4 QO3S o]
NERP SR
ABEFRAOIAL WS 719] Si4o] S Elojof sy AaaAL
Lod B4l gt Al#Ao] sltsiA ot olo] o] Zake ¥
& 1 9S53AAES HEEok oFH, EH o2 AR EE Higo] EAbgy

QQI(VIF: Variance inflation Factor) 40|t} & ALoAE s
A ASET e W] B4R ]l gho] 3 o|stE yEehd A7
= Ao2 YUeHTHI0 ol AL s34 TAV) Q= AL Hd

g2 0

gh).
(B 4-7) HEBNY 25 ZIVIF)

- VIF %t

A4t -
ship_speed 2.612742
ship_size 2.920620
built year 1.613745
dm_EEDI 1.415801

Rz M A
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AYs| AL 3]F4oA4 RSS(Residual sum of squares)E *4A3}
St AR aefsl7] diof sAASTE dA A o Stk ol AS ¥HE
Fol g AA &4 o] AsH & 7] "ol IHATS 271 Ao
SiA ARk NS ol FANREF M= et B2 HEE W
%%1‘;}—_41)

B85k 3= Min(RSS(W)+ alpha* || WI3) [4] 4-2]

of7]o A DuHalpha)7} 00" FRHAQI A4 FUsht durt wf
G AXA =HH WE HasfsA vl&ete] FH2 At GAdlof o
o}, wEbA dujel WOl S &9 HAadE &
(Regulation)2tal 3hH, L13} 122 FEEHTH L1 2H& 3] oA AR
=8 W ddigho] sidelE FojshH, L2+ A
JE g Fojgitt. upx|et AU 113} 128 A9et A0 = o

3} gt
H|- 832 = Min (RSS(W) + alph o*|| WAl + alph a*[| WAI3) [2] 4-3]
TAAZEE F AR EDO] FH2 ABLAT} &2 H47F 23R o]

o= Ao 2 Wsol st SO

A
2 F4vs A% 9k

O[ll-N
k)
r
Y,
-0,
__\'.1_“
o
30-14_4
K
N,
N
—

41) AELI(2020), p. 320.
42) github(ZA: 2021. 8. 10)
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H 4-8) MM RO HHA

i 2fA A U2FAEIL

H|2FA] L1 L2 L1+L2

4 MEY Vs E7ts ts

224 HAl5 @12 closed form BAlel Gl=

7 Ei— g D:o%f._fﬁw t t.ﬂ:"— Zt ’iﬂgﬂ.ﬂﬂ; b2t gEEAs
=C0H Hds | =0t Z2 H5 BrYSt Motat
Ery jl%ﬂ HSE 17t E 'ﬂi—% HHEAL 2 HLE
QMHoZ =Y MMoZ = SA|Of] A& /HH K|

XI2: github(ZA4Y: 2021. 8. 10)

2o}t 7] 3] fHEA
njzom Mul 37| EEDI, A% dx4o0z
7 2 A £E0] F9 A
1}0o

57} e Ao Rt oj

o
Folgth
H 4-9) 2tAret 3X| 312N At
B 2fAA A

Sl 4.370214 6.114401

ship_speed 2.489529 2.180977

ship_size 0.505802 0.545921

built year -0.00575 -0.00631

dm_EEDI -0.10646 -0.13356

R 0.967622 0.966268

7 2= I 3101 1, SIXlE 021 B9
INE=RPAIN RS

ek SR i g AASHE Frio) Wsle] g2
Aoz vkt Fet glol

= B\ 3=
£ 243t

FL A

IF=



Holde s AHF Sieof] digh ¥ ok b whef Add 2719 A
=

(B 4-10) 2f& 31124 2t

e 2C}H0.0001305) 2{CH0.005391) 2C10.007822)
d 4.370214 7.517667 8.971821
ship_speed 2.489529 2.356014 2.294329
ship_size 0.505802 0.517933 0.523537
built year -0.00575 -0.00716 -0.00782
dm_EEDI -0.10646 -0.03788 -0.0062
7 0.967622 0.966655 0.965585

2= @101 0.0001305Y M AMZHOR LIS
ISE=RPRINESES]

2k 9|FEA2 W] AEol 7hsst] bzl HaE o] wet e
VF=E SHL 4= 3o, o] gho] A-SE a7t vjAls == 09
S A0 vehdtt

(2 4-3) WZEIRITHO M2 B4 ST HEHRIL)
2.5
2.0

E 15

% 1.0

7 s \a_f

0.0

-0.5
00 01 0.2 03 04 05 06 07 08 09 10 11 1.2 13 14

Lambda

——— LOG(SPEED) —— LOG(TEU) —— YEAR —— DUMMY_2015
A= KA A
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S| SHRA AR Heh ghe] HIto] wEtA . Al 7o & Alol=
TS 9k SO ekt webAl 7] BisSo] AAHOR oS
u)Xe Wg g

(B 4-11) X 32 2t
Ha 2CH6.19) 2ITH8.98) 2ITH11.87)
A5t 6.114401 6.796537 7.432045
ship_speed 2.180977 2.065827 1.959426
ship_size 0.545921 0.560741 0.574369
built year -0.00631 -0.00653 -0.00674
dm_EEDI -0.13356 -0.14246 -0.15038
Vs 0.966268 0.965083 0.963658

A ARA A E B S4BT g19] Higto] wet e gk
7F AZF AASHARE 00] EHAl= Z=th ot 00 FAF ¥tk AoE
et

(O 4-4) TQE|(ZTHO| M2 HapH FBHE HEKRIX])
2.0
" 1.5

o

2 1.0

‘o

o
0.0 ;
—
-0.5
0 10,000 20,000 30,000 40,000 50,000 60,000 70,00C
Lambda
——— LOG(SPEED) ——— LOG(TEU) ——— YEAR —— DUMMY_2015

R M A
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(2 4-12) LAY 372N 21t

H Alpha:0 Alpha:0.1 | Alpha:0.5 Alpha:1
et -41.685 4977277 = 4.449884 | 4.370214
ship_speed 0.015633 | 2.404851 2.478384 | 2.489529
ship_size 0.087983 | 0.515957 | 0.507136 | 0.505802
built year 0.022612 | -0.00596 | -0.00578 | -0.00575
dm_EEDI -0.00562 = -0.10961 -0.10671 -0.10646
I3 0.227643 | 0.967509 | 0.967619 | 0.967622

INERP STV

ot gro] 0.1 wf et 3ho] wishe] W Wi QJPLS A 2
3}, oA FARHOIAE X9 GARE 002 2K 712717t
e Aoz tepge

(23 4-5) I2E|(FHTHoi| [E Ha

2.0

S HIKHAEL)

15

1.0

05 L\

0.0

Coefficients

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Lambda

—— LOG(SPEED) —— LOG(TEU) —— YEAR —— DUMMY_2015
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EE ARE s AT A/ A AZANA ot 27171 2
<= AlEtollA 2 7R 47 AR M7 ujRls 8910] of9A g2t

WS AR A 219 FAT b= o2 FA9 5,00 disy

ity = ity <a'f
& w4 T2 2 7R ARe 7HRAL Qe AR, AdRSHE g2 ©]

A Z=tt. YA, £93]H= ©x ¥HEHmonotonic transformation)2]

S WA ot ARG A8 BNUES AT 4 Uk

BYBAEAe] Av dringe] g G} 2 A SEL AR

43) Cameron and Trivedi(2010), p. 274.
44) Cameron, A. C. &P. K. Trivedi(2010), Z&5|-Bt4# #HS(2017), p. 275.
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JIeTRE T2st deanz =N 04
£EF] G2 IR0 W 0R9IR 24% JYEE A T4t A
o ek}, weo] Al 27]9) e BTt LBEeE AR
Aoz vkttt At Az AR(leAR)l BE JPEE dRsno|
2 U3 AR 7 83 A= A0E YT 7lexlE
189014 0.44%0] 2IMOL 9BA b 0.86% - H
771l E713ck
H 4-13) 2918 H2M Zat
Mk 37] 124 289 32%
rSEall 0.444922 —-2.19143** 0.425707
ship_speed 2.991615%** 3.006738*** 2.867138***
ship_size 0.4369%** 0.432543*** 0.460277***
built year -0.00436*** -0.00303*** —0.00427*x**
dm_EEDI -0.1361%** —0.1294*** -0.1346***
Za 0.822464 0.832568 0.843287
Mek37] 429 582 6=%
gt 2.242242%*%* 2.869113%** 3.094442%**
ship_speed 2.541143%** 2.430732%** 2.283524***
ship_size 0.506917*** 0.524525*** 0.542092%**
built year -0.00478*** -0.00498*** -0.00492***
dm_EEDI -0.17756%** -0.12333*** —-0.12971***
Ca 0.848418 0.847616 0.845609
= 7=¢ 8E% 9=2®
YS!l 5.640926*** 6.564444%** 10.955683***
ship_speed 2.200705%** 2.037928%** 2.07712%**
ship_size 0.554463*** 0.572928*** 0.565929%**
built year -0.0061*** -0.00637*** -0.00857***
dm_EEDI -0.05812%** -0.0428g*** -0.02882**
i 0.836597 0.823849 0.793028
ook xe ks 2120 10%, 5%, 1% 201N A7t Qs 20|

INEEHPSVN RSS!

63



295 A% gho] WSIE L Awne dRius] o
of WSS B ST 4 ok, A S0 A% AR B

e A% gro] Stk A =719k BEDI #4e] A% g
5% Z7k5He o0& et

(]
HE ‘D‘ —E'

oN &

SO

9
P

(O3 4-6) 2% Hafol| TE A Hat

2.8 .60
24 .55
2.0 .50
16 45

12 40
00 01 02 03 04 05 06 07 08 09 1C 00 01 02 03 04 05 06 07 08 09 10

Quantile Quantile
(Ml &) (Her 371
.uwu -~
-.004 2
1
-.008
.0
-.012
-1
-.016 )
-.020 -3
00 01 02 03 04 05 06 07 08 09 1Cc 00 01 02 03 04 05 06 07 08 09 1LC
Quantile Quantile
(M HZ A) (EEDI 0J)

INE=RPA N ESS|

64



H2E g 0|1 AzaRE =

1. ZIHIO|YM HEAREF A DT2AA

205087k ZEolvAlel s A A3l 47104 %
H ZEoly AddiEs drargo] 2 viAle Adr 271, $&, A
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2. ZHO|LM AZARY FH Al 7P

Amransy 4 TR AL E 712 7H8E Bof AL Tttt
AR, Az g 71E ] siAgT 8 F70] OE VSR

2otk A 22 1097H2010~20209) & Aglolu Al dju]
oA H15(1.56%)% 283t A A FololA Hdate] Zpol(r A1-
- (1) A= S8 7 OE Al SR 7Pt

(2 4-8) ZUH|0|HM aHix| 0

£rl: 2 TEU, %

A= SH(AMY: 2021, 8. 9) XAt &Y

A4, oiAE Auke 5USE Uk AR Wt leE Al Yl Af
By AF(B000TEU ©l3f, 3,000~8,000TEU, 8,000~15,000TEU,
15,000TEU o)L= Qledct. A4, 15,000TEUF o1 AHre] siAl=
20304 o]%of TAIRHH(15,000TEUR A 2006¥ =0 A2 Q=]
ROt 201349 oA7ZHA] QIE H4= 8] EfobH 20139 o] FHH
ol o] Z7I5lith. UA, A8AHEF 24 A] A% QEEL Adke
EEDI7} A850] 4AH] a&/4o] == ZAoR AHg3irt.45)

45) ZH|0|HM2] AR EEDI H& 7I&2 37|0] W2} 0I5Ht 5 G0 M= YE &8s
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(J2 4-9) EEDI ME0| M= EtAHIE ZET

»~
0%
-10%
E
-
8 |
o Phase 0: 2013-2015
o
L Phase 1: 2015-2020
=
w
w
~———Bhase 3: 2025 +
Cut off limit Capacity [DWT or GT]

At&: Puisa(2015), p. 67

3. ZHo|HY HeLRE =

A7] 7H8E& Bl A HAY =9 FTt mE AR QAEFRe oS
I 2 Ao Y. &5 AEFo| 8.0TEUE 4% 20304 &
TEE Auke 1973 20409 2313, 205040 28829 o]

S Ch
o A=t 3,000~7,999TEUF A&l tigt =9+= 46| &0 Q%
Tl Aute] Ha=et AHSHTEV)Y S7H7F o A3l Hls 34 gk

A0E et B3 Aol ol H 5Uzk A% W57} o2 1Y
o ]3] ke 552 fAIskL Glo] FFOIE F ALl MefolA] 2]

She HIS2 44T o= odidEn
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(B 4-14) QS ME A=W M+2 F71)(8.0TEU/slot 7|F)
B9l: 24, TEU

o 3000TEU  3000- 8000~ 15000TEU 4,
= 0|5} 7,999TEU  15,000TEU Of At =
2030 82 41 62 13 197
2040 78 46 88 19 231
xa
2050 84 51 125 28 288
gl
f%;lo& 0.1 11 3.6 3.9 19
=2
2030 125,626 = 222151 | 727.946 = 269.610 | 1345333
2040 115341 | 239.611 = 994.549 = 382746 | 1.732.246
TEU
2050 114284 | 247.982 1303791 521362 | 2.187.419
o
;;ﬁ 05 0.6 3.0 3.4 25

ISP

&34 Aol 8.5TEUY A% 20309 & QeEE AERe 1813,
20409 2084, 20509lli= 2553 0] o] AL = d/itHth. £1F A
o] 8.0TEURI %<} Hlmwsl Q==FellAl oF 7% WLl Ao]7

o= UEith

(B 4-15) A8 MZ Q=2H(WM+52 S71)(8.5TEU/slot 71F)
SQl: &4, TEU

3,000TEU = 3,000- 8,000- | 15,000TEU s

T= O/t  7,999TEU 15000TEU  OfAf
2030 74 37 58 12 181
2040 68 41 81 17 208
e 9050 72 45 113 25 2565
ol
e 0 1.0 3.4 37 1.7
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o 3,000TEU 3,000~ 8,000-  15,000TEU -
= 0|5} 7,999TEU  15,000TEU Of A =

2030 | 108,912 193,674 658,394 244566 | 1,205,447
2040 98,928 208,788 899,524 347,192 | 1,554,433

TEU | 2050 98,021 216,082 | 1,179,220 | 472,932 | 1,966,256

omE
=g 0.5 0.6 3.0 34 2.5

NEPONES]

~
O
SN
£
)
o
(@)
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)

oA Aute] g G842 Ao} 20504 AZRE Auke 20204 of
H| 9F 30%9] 4| 884 A I} S Aoz AAtEL

H 4-16) M3 HBADY MY

Bl E/Y, %

o 3,000TEU 3,000~ 8.000- | 15.000TEU
= ofst 7.009TEU  15,000TEU o[}

= 23HM

20197'%1_5% i 350 65.8 94.6 123.8
2020 28.8 54.9 80.4 1078
2030 237 451 66.4 89.4
2040 22.1 419 617 83.1
2050 20.0 38.1 56.0 75.4

TLE 281 7hY, 2t S YRADRS B 3|2 71F0R MY
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46) Czermanski et a/(2021), pp. 1-18.
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ol Mool dAxd
AR F7H= Wou IMOS| F#AIE % =
20084 ﬁw%‘: OF 7,4039F 02 Y SAtEl=|, A9 71ed
Folg 1T o 20509 AElolY A drineF

< A7 19 22 92 Jes AiddEn.

jalr

(B 4-17) ZIE(0|f MO Sz SR A e

ool M E
S 2 X2g &2 XM2g
= 8.5TEU 7|= 8.0TEU 7|=
2030 89,668 92,406
2040 94,798 102,279
2050 100,108 113,280
|.§ x-Ixr xJH

2 AT} RS Q(ZOZO)_J A= wlwst A 20199 Aoy A
TH% 7]%% ﬁiﬁ\& O]: ZSOU]- 5_,] X]—o] ]- 131__1— gé—]’?&q’- 7(1_\:: 5 9]

F2 IMOQ014)9] AFoflA AASE 5= AR AwEFe] 5%2 2851
Aub/gdk 29 wjo] A ARTS Comer er al(2017)0)4 AGt=
%‘_ﬂ% +F $ ARLEFY] 6.0%2 HE5tA4D

47) Comer et a/(2017), pp. 1-107.
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100% 1% —
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o 91% o

20%

0%
Containers Bulk Carriers  Qil Tankers Chemical General Cargo LNG Carriers Cruise

Tankers

mSailing time ®Berthing ® Anchorage Maneuvring

Xt&: Czermanski et /.(2021), p. 8

7358 2202008 AL} 2 A AmART Zol= o 3.0%E U
ERgon, 3 A Au4nge] Zpol7t & AoE YEbgth Amineo]
o] %?l Z U= AR 2(2020)9] AtolA= 20199 AT 71+
< AIS AH=7} Q= 5,0153 02 PGS o whof] & AtoAx= 20199
T 2= Ql 5,30001 Y| AhE thFo= sia] oF 5%2] A7t o 23w
ULt o] Hhof| 4ol ARSE Hat A&t AA AEolvAdY £keke] At
o7} 111, FE £1(2020)9] oq:rLoﬂ/ﬂ": olF AYE 1Y £ A
TFolME & I 7H8S B FHW7] dlwoll i s 439 @
A7 IS 5= ek S 21202009 °4:rL Qo] IMO9] AtollA=
20154 7|& Aoy Adje] AraAwsgFe oF 8 0009 &, Czermanski
et al(2021)2] AFoM= 19 1,7807t %_E s
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(& 4-18) ZAH|0|4M HB AT EH(20194 MLj 7|X)

Bel: =/
283 ¥ | BeE _
T ETES sgx oIxl | HXE Mil HX Oiil a
T = —— —— ——
S g+ 73,857,688 3,692,884 4,653,034 82,203,606
ZFE 2(2020) 60,418,580 | 14,349,915 | 2,059,887 | 753,743 77,582,125

== ;L 17E, 28 Y= 250 7H
X2 225 9/(2020), p. 50

H3E A2

A4ZN AL A7kl M2 7|1EAREE A4S 93] APATES Al
HYT} IMOQ014)9] A7ollAf 20134 o]F HxH E

£ w7 giRof dZHog ALt Al Qlou, Ao e 7]
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A 71N ER A8t
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et M L H|IZ
U | |
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B M 1B T(RA D FX) I} oiXIES) =
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e o MEFAE/F7|/HE AZ (7| SRS o THEHEM, K|, A
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5

AL 0] ME EtL HIES

H1E Wi HEW mE AU

1. gzd B HIST

IMO(2020)9] A7olM= A HEzoz Ado] AREE+= HFO,
MDO 9ol LNG, dgt&o] et g4 9 9 siEol tist A+7F 13
Ho] A=A, ER(@ T AFH wiEF EF MDO7F 7P o
AFRFHHFO), AFB-H(LSHFO) 22 et g siEd2 We
<, LING7} @A) ARl =l H8] 22 Ao et ofuix] g5
< L3 et W& AbEo] Fasi.

(2 5-1) Sz HAHEH S

o= Ry EtA BH EtA HIEZH(Co,/g) U (E/m)
HFO 0.8493 3.114 1.001
MDO 0.8744 3.206 0.895
LNG 0.7500 2.750 0.450
HES 0.3750 1.375 0.790

LSHFO 1.0% 0.8493 3.114 -

A=: IMO(2020), p. 92
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gaieS Asol Fs AsHE ‘EE»L* A AMEEE LR
(HFO)Q] Fu|&ego] X w|A)7] wjZol Baset B79] A7|= A& 4ol
gt dAZ pas A LBl AREE 871 852 4817 22
st fruol, mEhEe 7|E oiH] 1.8~2.8¥ W= &%°] "asitt

H5-2) 05 98 Y

s 2Y FEIMI/kg)  FEFMI/L) 7 =2&(n)
HFO 40.5 35 1,000
LNG 50 22 1,590
LPG 42 26 1,346
mHErE 19.9 15 2,333
VES 26 21 1,750

Lot 18.6 12.7 2,755
A 120 8.5 4,117

87 252 HFO 1,000n2] BL|EHS 7RO 2 MEE X
At=: Ammonia Energy Association(ZAf: 2021. 8. 30)

AR FEWEA(2020)9] A2l wrEd vt dmo] Jery e viE
e 2 4% ke @4 AR EE 109G

e A ek ©AarlE 7

(HFO), AH84-4(MGO) 59 dA=ol H3] 10.0%9] A7 Ao 13

RO o). AFA LNGO vl 8 75 a3t 34 & Ae=

s, o] Mg dmz FEGE= 2 71A] o]gut ok AA,

=2 ey W2 2yl Wash INGO HlE| Hehee A2 AAe
Aol Byt g %@—oﬂ -9—016}3} o] l '?-‘JXH 49—54% Hé?% AT 58k
- o
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G5, of ol 712 st AL 2 S1os 22 AKES ol
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Chxd
— O

cmon | Z3Y | @™ e
GEWE  easay dzdA e
* oI IPCC 7t0| =201
OflAf 712 AfOI2 DiEt
S EtABROS BiL
U 09 | 239 "HOIRMEIPCCINON < mam St gtg
o ' 2ol SASE A3
S LELLEE
- A2y, Ch521l 7|
0| 2
* &7 IPCC 7}0|=2f0!
OflAf 742 AtOIZ: Dt
003 | 170 °HIOISOIEIPCC Tl0] & ErEROR BTt
| P coplemzyag | S INEIIM= S
- 53y, Ch52e 7|

S

oEt=
=0| 2HA]

40.4MJ/kg, CO, BHEAS
S22 S0l A5t

grodaf
= o T

1) GEY EA HIEY Y ARRI|(WS} A= MLUI
CF=3.114-C0O2/t-fuel, H|E 0.942] Met2 SR 7|&C2 & Fafy CO2 Y
7|SHSIEEE 71 #O|X|01 IPCC(The Intergovernmental Panel on Climate Change) 710|=2t

21 2 IMO2| EEDI At 710|=2101 79| MQUFEHS HIFOZ AE3t
o|mx~O

2(CO2& 2| - 3|3l XH0|85h= 7|&0l 23 Q5XHCZ HEEE= H=)2tH0|R

2) EtA TER o
=9l 42 00| &
3) 2 HIE AT I MAY LTt Z7H0 toiAe HZREI| 0|29 QA st LIS
AaE: Y= ZEWEAN(2020), p. 11, 853 21(2020), p.155. ol
2 LNG, Hgt

9
2ot SRR|TE HlekE A HhAlof w
2t g HiE2 IA Aozt drt. o =2 HAZIAE o]
8o AgAket o] AL AAAREE AREZEA|(Well-to-Propeller)i=
KWh@d 766g2] ©4ag Hi&Eettt. SHA|TE $/-2} o] A4 A==
A=A YAEE ol-&SiA A 735 HiEE = g4 #EE2 KWhe

&3 APare

338g0 2 FA FAst= ACE Uehgth Ho|QEjAS o]
HehE2 AdutoA AME ff HiEE = ga #jETo] 0% Ao YE

.
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ALzleo m2 A v £3 05

(B 5-4) MAF HAO] T2 B2 BHEE XjO|

EtA HISE EtA HiSE
o1z o (/M) (g/KWh)
Well-to—-Tank Tank-to—Propeller | Well-to—Propeller
OILIXASALE)  (MUIRSHEDE) | (MMRE ALSTIX)
LNQ 18.5 488-549 630-691
(fossil)
LNG
(biogas) 55.4 107 531
Methanol
(natural gas) 27 550 766
Methanol 422 0 338
(biomass)

Xt&: Nanyang Technological University(2021), p. 6
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48) Lloyd's List(ZA: 2021. 9. 8)
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OF, CMA CGM< 20159 oiu] 2025W7HA] Zeoly gtha wiEHS
30% AT AYoR 2022W7HA] LNG 4 ZAgolHAl 22%-& SHs}t
Fom PR= ofAol-RH YR Tt &G Foltt. sHERo|E= &
8l 19k 54 TEUS Al9h& LNG FAM 02 7jx3sr3iom, Ads) T+
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A8k [NG-ready AH0 & et4H|E Ao H-8517] 9
o gl LNG ?—Mﬂol Z3Eo] 9lch. CMA CGM, sHgZol&=
LNG Fx1/4d8to] gag o] ehgt tiok2 d 4= glvkal Teksty| wizol
T4, HPo| QU A OﬁoﬂE Thilo] ot T8y LA gASHOoE T
Aofl LNG F2l40] "asiths Aol

Ha 2
-{[‘I

—_

=24 ol A2 gaitA ol 1‘41 So17] el A A=, ga
STHAE 5 et AL S AT 4T AAES RE oA A
Ao A=A oz g3k Qlek. 20224 wofl AAE= BEXI #Aof tiy]
off AAF IRES SEARPIAE B3 ©A HWiEF 15 ks A9
AR ddHt. IMO 2020 fAlE HFFEo] AHE Fhsk=

HAET $49 AAFEY the A Hol7h YT,

2. 0 A= 2 MY ALZ|R

IMO(2020)9] oAM= X2HE ARY HlF AV 7t 7[&X1E
o2 gato] m3tEo] glom, £ 7R FEES] itk AA AluE]| 20
A= 20509717 24, GEUolel 22 BAE HiEoHA] o dE AR
o] 64.08% & AoZ ALY, Z<H AU ofA= ek 22
HAE IR AR 2.03%, @A EIOHA] P A= AR
zo.o%oﬂ I3 ZAo= AT

[EA(2020)9] AolA= 20708704 el AMgEe d&stet,
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20409 o|% dHYoto] gt o7t AA F7E ACE AYHY. & A
FollA= LNG =9 AR A&EY 11 HjFo] IA] il 2040954
+ Hiole, tH Yool 22 X9 ARt F7Hd AR A Hio]
Q dmgE 20409714 2,500% &, 205080 & 32 deaAnTEo
20%%1 53R E71A] S7F 20 = Attt 20509 o] Foll= =Y
ofe} £4:0] H|Fo] FA F7oH, S ARE AREol= AU 20509
o|% At Ao = At 2070 LEYote] AR 19 34T E,
FAE 1,200 £ o]& Ao Mgyt

(% 5-1) =Ml H2AIFC OLIX| AH| & EtA HISEH(XIE7HSSH AILIZIR)

300 900
g mHydrogen

ML CO,

7
250 50 ®Ammonia

®
200 600 @Electricity
1 mGas
1 300 oBiofuels
mOil
§ 0 ®CO; emissions
2040 2050 2060 2070

o
2019 2020 2030

g B
&

g
g

A& IEA2020), p. 278

DNV(2019)2] AtoAE= st dRNA 45 ARE o|gst= 1}
oA LNGE] A= HlFo] wobd 2o = oAt dEYolk= 2025
VURE 2AF0Z ARREH, AR HF2 A&H0E AT Zo
2 AYAct 20509 71E LNG= 41%, FEYot 25%, HFO 10%, A5
TH 9% IS AT A0E g on 4, WEkE, Hioletd 5
o] AL HuskeE Zog oAtk
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(33 5-2) IMO A0l 2 HIE £ MY

Units: EJ/yr

: LSFO or MGO

N | PG

N NG

. Liquefied
methane
(bio/electro)

I Hydrogen

B HFO and scrubber

Electricity from
grid

I Ammonia

I Advanced
2020 2025 2030 2035 2040 2045 2050 biodiesel

Liquefied methane
(bio/electro)

2% LPG
Advanced 1% Hydrogen
biodiesel \'l et
— 1% -
4% j e

B Ammonia

Electricity —
from grid

7% B HFO and scrubber

LSFO or MGO
Electricity from grid
B Advanced biodiesel
B Liquefied methane (bio/electro)

A= [EA2020), p. 278

2 AF9 AU e AYPALE HReRE ZgHr IEA(ZOZO)
IMO(2020)8] A-tellAl A= =0l ATHt ‘1%0, 71&, AR O &
08 AU RE ZHJSitt. ofn| A4AolA 7 EASE AMste] A=
AngZ AE37] el 7]l gt Fi %1-6}71] APe= 2o =

7185k, EEDI Aol 23] &= ”fﬁﬂ-‘“— H‘i’f«] s &A% vhder

ok AdE 2 S AS A5 UE anE ST A deoly
A48 Czermanski et al(2021)9] ALoA Zﬂ/\]El 17-EE AF2Fo
L 10%, 20% 43 Al AEamge] Aolg ARttt )

49) Czermanski et al., op cit., pp. 1-18.
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ALzl m2 B HiEY =% 05

@A) HFO, LSFO&} 72 st4dg 7]6ke] Aul dg: Hrzog
LNG, HgHe 5-& AR5t Adto g AskE 7ks54lo] =t} 20219 99
ZEolvAl 71& & 2813(eF 5357 TEU)O] Ta3d# orderbook) 2=
dololon, o] % 802o] LNG 449l Aog Lehytt.50

H 5-5) LNG FT1M L=F 3igt

=
gl AN B
Mg zoirey | DHOMERER Nomrswsme sz
= (=
10,000 265 66 24.9
5,700-10,000 54 10 18.5
3,000-5,100 63 - -
(3,000 231 4 1.7
e 613 80 13.1

Xt2: Alphaliner(2021a), XXt At

Aeb Aol gk AlUE] 9] A8 s @A LNG F314 U5
3 IMO(2020)°014 AIAIE 20304, 20509 LNG 34 BHEE, &
ZYddg A Auko] HFES o]83lt}h IMO(2020)9] ATFoALE = 7

A AU E Sl FERPoH, AR AU o4= LNGE 23t U

71%& o]83t HFo] 20304 55%, HErE ofehE AR[AE Ao
Adho] 54%E ZFAI5HH, 2050971 ©aFd ARl F4al dHYotE
100% Agkd Ao = o 43irt. B4 AU 0jA= 20309714 LNGE
I3 WA7| TS o]&she Aol HISo] 1.5%0f &35, 2050¥7F

_

i
b

—_

rr r&

A INGS E3et ferle 2 9459 dmol vzol 247 20%S 34
g Aoz AYYch

50) Alphaliner(2021a), p. 37.
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(& 5-6) MUAEE MZYSE AL 2(~2050)

SF 20214 &Y 20304 2050
iAotz 86.9% - -
ALt2I21 1.55% 20%
LNG+HEZ S 13.1%
AlLt292 54% 0%
EAZoIR AL 21 1.5% 20%
(2, L2HOD 42190 0.1% 100%

F20218E M= ERMH VIR

At2: Alphaliner(2021a), KX} AHAt

£ AFolA AAE AvE| = AgolYAolA 20508714 A8 7hs
AU 5 Al 7H] BE(|&/ARt 9 /8 s RFE) o2 8ot
o} 7l&RE2 2 AoA 89 Ve EASE 20509714 A8
Tropuel A7 Al H8EE EEDI A BAlO] Este] dRARFS
A9k ofek 20259 oW AL 20234) o]F A4 EEDI A=
IMO7Z} AAJ5HA] ot 35A] o] Fofli= 7]& AA J&o] o]ojA= A&
7P Aut 23 SHolA= A9 2 FZollA 10%, 20% A &
TS 7P

&

NoOEE ¥R

287 A REEL IMO(2020)9 AEE Zarsie] 20504
AFAREEO] 20%, 100%°]H 20307k 71& shaAgo] H|

hanlEo] AAEE LNG, #lghE Auke] ARS-E2 1.55%, 54%= 7}
3tk IMO9] EIA AL 84S 236te RS T /AR FLEI9]
o], 34AEQ} LNG 183 11 (ING+AF AR, Heke/ofjeh2+3514]
F)E FESGL A @HEE LNG 4L g8 INGS} shed=
AMgStE Ao, &9 22 wATE SARE FAl AES
Hek2 Aul(16,000TEUR) 83 EFJct

=)
o X
AL

T

%9 ¢

A

DR A o
o

)
ir



ALzleo m2 A v £3 05

(E5-7) AL B8

AU Mot (%)

-1 2To
& At 90 2030 2050
EE  HAZE S5

H05%H | <o of 540 15 80.0 20.0

elragdEy T T
+

™A 109

EEDIAM g | 20 540 0 0.0 1000
=L o=

INE=RPAIN RS

H2E AMu=|e0] oE Bt HiEE

A2-o M= & T 7HAY AUE| 2F o]&-5f 205097H4] B4 HiE
FE F% AU 13t Ayeels Hdt AgoluA {25 5%,
10% &°l= Alv=| o]t AlUE] 32 IMOAA AAE BEFES A
Sl 2030¥7HA] LNG F214 HgE0] 54%, 2050W7HA] F&ta & A
gko] dk=Egro] 20%0] o] ALR dlAdd| B4 viEHE 73t 2021
| 7| AA AElelyAd F LNG 44 EF2 13.1%=, 20309714

&4 STkt AoR 7Pgsitt. AU 24+ 203097H]
LNG F24 I H|Fo] 54%7HA] S7FetH, 4ty ot 5 BASH
Azl W= H|Fo] 20509 100%0l o1& ALRE 7HFstqiTt. mRAE A
FETF AU 249] 7S T FolAl A HiEsF
< FAU BE AR e & Aol FHE A7 0.5%4 98 88
d g @A Az Ao A= EEDI FAIE Z-83t

.
(o
oft
e
i)

i
)
o
rir
2
.
1P
H
oN
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=Ll e Met 2o AlE Mt HIZEHME AR HEE)
o7 M
oL~ -7
A=l 5% 24
7 A
oL -7
AlLf2|22 10% 242 B

* 2030EA7EA] LNGM AMAM HFZF 54%
Auzleg  H2H0.57% - * 20507 ELAZRIMEE 20%
* SiXE 1.6/2.5/3.5
EEDI 9% 1 * 2030G77IK] LNGA AIZA H22f 549
ALt2|24 - * 205077HK| EFAZEIAEE 100%
* SliXE 1.6/2.5/3.5
* 2030L77IK| LNGA AIZA 2t22f 549

Iz M2

AlLt2|25 10% 2t | 2050E7IK| SHAZEME 100%
S e si"IE 1.6/2.5/3.5

NERPSINETS!

1. AlL4E|1(M% 5% 2%

AU 212 Hit A4S 17:EofA 5% 743 16.15-EY 1 A=
AR WIS A, 4459 TAE AAF JAAE 3EFHS £4
Sttt

sl wake 7He7] tEe] A 23 A%e ARslA 24sr
Eg 4450 Zak 7} Ar) B0 olofa 4 glo] 7] oAd
Arjzct o 5748 4 Stk get A elod AgHe dak &F
o o]y Helzo] 8.0TEUS 7IE0 Btk

Kso0] 5% letst 49 AFPER oF 12.0%9] d7sEF gart o
= Z°=Z YeEyth 3,000TEUF olste] Ha Aute] I7]+=
1,369TEU, 3,000~7,999TEU+  4,909TEU, 8,000~15,000TEU+=
10,463TEU, 15,000TEU ©JA2 18,671TEUZ ZAFE It 20009 7]
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ALf2|Qo) w2 Eta HiEY &8 06

< A9
gt
(E 5-9) M Hal0f ME H=ALRZHAILIE21)
T2 3,000¢  3,000-7,999 8,000-15,000  15,000)

17=E | RARY 34.9 65.8 94.3 122.9

16.15

Le | ORARY 30.7 57.9 83.0 108.1
Z11) 74X ¢= 3,000TEUE 0142 2005, 3,000-7,999TEU= 2007, 8,000-15,000TEU=

(o]

2011H 15,000TEU O|&2 20164 7|2

2) M8t 378 Bz 39| HRARY FHR
PNE=HPRINESEH|

200849 Aol AQ] ARARTFS OF 74035 B0 7 AT =Y Hat

A&0] 5% ZrAsH= AU 212 daisrake 2431 A3} 20508 713

90,9684t £0 & dAtE] o] IMO2] HAIS WEAIA &

IMO(2020)°l41 AIAIgH HFO2} LSHFO9] &4 vi&e9l 3.114g

At

e
o
ot

(d% 5-3) & 5% AF0| WE &

INE=RPRIN RS
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2. AUE|22(M% 10% &)

AUE 2= Hdt ASS 17E0A 10% Z43t 15.3-EY o A=
ARFS FAHFT AU 204 AUg 13} TRV R £53F 7
gloly AHz=e 8.0TEUR 7HY5k3ith.

(B 5-10) M=% Haj0f| ME ARADZHAILE|22)

==T A
T 3,000¢ 3,000-7,999 ' 8,000-15,000  15,000)
17E | SHEARE 34.9 65.8 94.3 122.9
15.3
LE HEALE 26.9 50.6 72.5 94.5

1) UE A= 3,000TEUZ Ol442 20054, 3,000-7,999TEU= 20074, 8,000-15,000TEUE
2011¢ 15,000TEU 0|42 2016 7|&Y

2) At 271 R Mo| ARADY FHRIY
RHE: KK &

20084 Agolul Athe] B WSS izt oF 20] 3% EoR 34
wheg] Alute]920] FHgoR 4 i W& 20] 7H% Q0504
7120 98] F7Kh thAl Wl M%) w2k MO 1A
2 FZAPIE olgle Ao0% wehEd,

(O3 5-4) 8% 10% L=0i T2 A HEH

I

Az MAF AR
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ALf2|Qo) w2 Eta HiEY &8 06

3. AlLt2|23(Zlata@MEl &= HIF 20504 20%)

AU 39 LNGA, ©adddulea, dHEYol), SFARHFO,
LSFO)9] AlxAl ¥ 8|52 oS 2t IMO(2020)01W AAE 2030
d 7]& LNG 34 o= 5ol 54%, ©asdAdto] 1.5%] 2ot
20509 EtaFgAuro] v 20%7H4] e Ao® JPYRLhS) ®
St A& 7129 AL F 1.6%, 2.5%, 3.5%S S5 HsleE &

At
&

e
&

(23 5-5) HZ Mut L3 HIF AL2(23

100%
90%
70%
0%
50%
A0%
0%
20%
10% I I I
o
PEIL 0

.‘_h

o o Y Y 5 > o 2
& 4 '3'0oo"’&“?@a“"’"”é”e"d"a”@e@@c?“’ ..9“..,.\'@

WLNG T B S%) Btz aidhw) e aH|E%)

INE=RPAIN RS

AuEl239] 7S S5 B4 siEedE F 23 20504 ©H4 e
F oF 39 =0 E9ll 200892 sofv= Aoz dlidd. A
0] Mg AEe] AhE S7HIAR 20509 g4 BiEFS oF 29 E2
Z IMO9 fHAIE TEA7IAE X Aes o4 dnt

51) IMO(2020)2] 2 1A0ME= BZE /HEO2 FRYXID, 2 70N 41X UF HIF02 HEst
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H 5-11) ALI2|230] T2 B4 HiEZ FHX|

oo HE
72 2020 2030 2040 2050
20084 EtA S 230,523
SHHIS 1.6% 282,176 295,778 296,644
HHE“;%F oi%S 2.6% 266,982 272,939 271,301 248,248
a5l 3.5% 263,107 245,249 196,736

INE=RPAIN ESGS|

4. AMLIE|4(ZigtZMe U= HIS 20504 100%)

AU 249 LNGA, ©AFHA A, dEYop), IAAE(HFO,
LSFO)9| AlzxA o Hl52 o3t 2t} 203049 71 LNG 44 &
F H|F0] 54%0]H o|F FrashH, AR 2030 A% U= H|G
o] 20%°ll €3t 20509714 100%714] ghE Ao g 7Pg 3t ol#gt
7S Bl 7Hgog SAES 7129 ARl o&F 1.6%, 2.5%,
3.5%% B9l W= YUk

(2 5-6) L= Me LF HIF A|Lt2|24

=]

02 031 24 X5 2006 2007 028 2019 N30 203 AW 2033 A7 M3EOMDS 040 2041 X0M2 2043 2044 NS IMG 2047 04 2040 SO
NG S HE CERLECE)

PNE=HPSINESE|
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AlUE] 249] 7S B3l B4 viEgde g% A3 205049 g HH%
& °F 29 277t Eof gsf 20089 ZAsHARE IMO HAIE
7IA= %@E‘r. o, sfAleS &9 7‘85&73%:‘91*91 *Jﬁ% S7HA714 2050
Z

(H 5-12) A|LI2| 2401 [MHE Bt HHEZ FHX|

ool M =
S 2020 2030 2040 2050
20084 B4 HiS 230,523
ahrIS 1.6% 277,154 268,686 222,413
HHE;:%F S%g 2.5% 256,982 266,535 237,178 155,456
a7 3.5% 255,233 203,641 84,188

INE=RPAIN RS

5. AL2|26(M% ZS+Tiatgd & HIF 2050 100%)

AU @5 Aue]229] 719 Al 10% 43t AU 045 2%
Ao, 202207 *w AE A0 igt gauiE AR 8 e
gt o
o

o o
ol -io]r r_?_l:

_4ﬂl.ra

Eg) daanEke 7k

1 JAFELh E 20508 7H%
IMO FAIZ WHEA1717] YafAs etatjEo] Q= 4, YRy ol 3314
u} E?j

[nh
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2050
172,641

2040
208,226

230,523

2030
214,737

(H 5-13) AlLt2{ 250 I}
2020

i

SiAlE 1.6%

Et

A

t

2008
E]

oo Mo o oo N

5 - of W R e N mw

AR W T w

2 g = % BT oF ®F

N =y

By B om o T

o | o A T

W | Tom )

< O —_ Tl A _JI_ _z_.E wml
o |0 X Bl e =

® 8 — - Y OB W mwo

op e TR

o0 o Bl W -

x| IS 8° ‘mo 0 W <X H._

S R = 5 e %

o< Q= o ~ <

HE o E R g P

N — N N

o moie e

JEZRE.

s B- =

N B .MLI._ TR 7o ,M_‘
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Lo (o] == X
9 NE N7
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o <n im 3o

oo N o7 7o

R R =) Koesy 2 W

| w SECE L_.wr mmo " ™
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4 AT A o
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ALzl m2 B HiEY =% 05

E
Te o= MERY  AX M uZH(MY iRHTE)
R K
A 5% &% )
M M
I 10% &%
7t0.57% * 2030A7EK] LNGH AZEM 2252 54%
ALE|R3 AR E2Y 2 - * 2050E7HA| EtAZE MR 20%
+ .

aixlE 1.6/2.5/3.5

EEDI X HE 2030U7IX| LNGM AMZEM @32k 549%

AlLi2i94 - * 2050L47HX| ELASNHE 100%
* 34 1.6/2.5/3.5
mo e | 2030E7H NG HEY W 64,
AlLi2|25 Soo 2| " 2050LMIX| ELABEIHE 100%

* SiXMIE 1.6/2.5/3.5
INE=MPSINESES

T A 7H94 AU 5 7Pggem, Zkte] AU QoA iElolH Adh
oiH] AL 1.6%, 2.5%, 3.5%= F-Eoto] etA vj&eRS =459t
27 A3 AFAFAG AlZ g H]S5o] 20508 100%°]1, A0l 10%
Hasks 790l 2008 thiH] g4 #jETFo] 50%°] Lt AoE U

9 HEES 2040958 SAA AL of
2 WEHT5) MO FARG B A4 7]
29 Si50] YSL glo] ANIEL & A7olA ANE Al entt o

52) Lloyd's List(ZA&: 2021. 10. 22)
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[Le

H 5-16) AlLI2|20] [THE & HHES

= F™X|
ool M E
2020 2030 2040 2050
20084 EfA HIES 230,523
L
(Afi ;{'}%L) 253,212 | 280,267 | 310,412
wi'ﬁﬁ,'/?f&) 221,284 | 244,927
AlLg|23
(2050 FMK| Tzt Mut
AR 2 HIZE 20%)
ALt 24
(2050 7IX| Zl2tz At 266,535
AR HEE HIZE 100%)
ALt 25
(5 10% Z=5+2060E 771K
et

237,178
R|5tA
A|X HFX

L 2T

271,271
272,939 = 271,301
255,982

L 2T

248,248

L 2T

155,456
x5t 205,059 182,482 = 119,637
HIZ 100%)

7 ALt2|Q3~5= S{HIS0] & ZIB|0|L ACH ChH| 2.5%01 29
INERPSTNESEY



e Z=
1. ZHo|HMe| HAY ME J|=sXIE=E 0.57%= =3

7%% FIEE ACE YT AgslFEA <

A= 7840 0.5 4
ARGEE B, A, SeRAEUS BE3tol AFT BT 0.5~0.6%
o A= T&Ao] FAElel ZAY It vehdch. EF ARLTo]
o AdolARE Ee Au BEAA s]EAne] Holg FEs] 99
29FAS Beslo] BAT 2, duindo] B ANASE d |
24 FHEI B2 202 et Al e ARDLE I 45
re ¥ 2 Aow ouEd
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2. 2xf9] J[sTEZ IMO 24UIA HE TRl SFAF1VI
YR

FUsPA A3k /9% B 2050

7beh Ao Ueit IMO9) A7k~
WEA]7)7] 0134% ﬁif'a o), by 7]&s o) Adt &
4k, 4%do] 7Hse AR AH8o] asitt o
A7} AR st 202451_1%1 o3lsle ek Aul JHodga A}
& 7Fe/dol w2 dRYok, het T2 ARI HHEStEojopt ShAtA|

3. OIX|ESEAKXI(EEDI) A= XIFAX|L U0

2 Aol AeEelAe] drire FAHS] A tdRt WeE
AHgg=tl ©ol ¥ EEDIS &3S &4t EEDI} Az 28d
2015~20194 Adﬂ#—g o g a8y P avs 243 49 9

9 ZuAe 10%E SEE A0 Uehdth ot du AR7t 2 oY
Aetel4-2 EEDI J&J}EE‘# AR Be w3} o 27 s
Ao BHE

=
2 A= gdHoly At Ao gt EEDI 242 AAItH= HollA
Aoy 1o g HESH Uyanik, Karatug, and Arslanoglu
(2020)9] A+ Aol g} ZFHo T H{3 4= Qtk= 99 7Kt
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H2E

1. "BOILFECE "0EA 2Esk=X7t &

AN Aokt g A BRI S Uukt Go] S5HA
7h A B9 A% A SR HRole BaAut e5YE
FRoA o H ARS g Ao FHHe JFBS Pt
A7 %83 B} 7o) BT k. Aol HFEe ohfet oY Ee
B9 A4 A8 7|%o] MBHS BeAThE LG L47kA
Wae oo wmeiskeA7t EE ek

weh 22 oY QS 294 AR A = ,
Hog sl He F4F AL theol oleiee 72 sFs4ol ot
11 2 A9 ek Bastek ol BRAPIFTAN 4 AL

)
_O‘_Il‘
K
xS,
o
i
o
Hu)

O

o} 13k A9 RIS AWk Qo] TS Srshs welel the A}
2 gt
2. 2EH A7 3 XA OpH

DNV 20184 °F 19 739t £9] YE Yot Al on AlA Ee
Audlo]] ARRE AO oF o] Eo] Q3 Aog 2A59c}53) ARG
F(Environmental Defense Fund)< 20509714 =A| s-F-Eo A oF
40%°] EHASEE flsiA= A 6 27t FUYE dHYol B4 &
go] AME|ofoF & AoE AYPLESD EIF AAF TN HATIAE

53) Lloyd's List(Z44Q: 2021. 3. 31), KMI xRl
54) Lloyd's List(ZMQ: 2021. 3. 31), KMI il
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SPATE 1 AI7F Aot A LFE A4S Hoksole A 4
FH02 gHo7] fhio] BaFYS 27| 2] YL FAF
o|al MRt A7 a5t && olo] d8SHA Eote e, S4

(1)_]_ A

|
3 AAtof| A= IMOE AA|5HAL Qlo] MEPC A653} 3904 7]&
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