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EXECUTIVE SUMMARY

A Study on the Impact of the Emission
Trading Scheme on Shipping Companies

Ah-Hyun Jo - Hyeryeong Lee - Hyosoo (Kevin) Park

1. Research Background and Purpose

1) Research Background

= In September 2020, the European Parliament passed a bill
to include the maritime sector in the EU Emissions Trading
Scheme (EU-ETS) starting from 2022.

- As carbon neutrality becomes a global agenda, the need for
greenhouse gas reduction in the maritime industry has
increased.

- Consequently, the EU and IMO are discussing specific
implementation plans for a carbon emission trading system in
the maritime sector.

- However, due to strong opposition from international shipping
companies regarding the method of implementation, the

specific application plans are currently being reconsidered.
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Since IMO’s environmental regulations for the maritime sector
apply globally, it is expected that the ETS will significantly

impact Korean shipping companies and port industries.

Despite the imminent introduction of ETS in the maritime
sector, South Korea lacks related research and policy

responses regarding this matter.

As seen in the fuel oil sulfur regulation introduced in 2020 by
the IMO, environmental regulations in the maritime sector,
being widely applicable and mandatory, have significant

impacts.

Considering the significant contribution and essential role
of the maritime industries such as ports, shipping, and
shipbuilding in the South Korean economy, proactive policy

research is essential for the survival of related industries.

To gain a strategic advantage in coping with maritime
environmental regulations, it is necessary to analyze the impact
of the maritime ETS and conduct policy research based on the

result of research.

South Korea's understanding and preparedness levels regarding
carbon emissions trading schemes in both ports and shipping

companies are still insufficient.

2) Research Purpose

viii

The primary purpose of this study is to develop a theoretical

model capable of analyzing the impact of maritime ETS.



EXECUTIVE SUMMARY

The Cournot model is the most widely used model to analyze
strategic decision-making process among participants in an
oligopoly market.

The proposed model aims to determine the optimal supply
quantity for shipping companies in both the maritime market
and the carbon emissions trading market, maximizing their

profits and analyzing the resulting market equilibrium.

The second purpose is to analyze the impact of the
introduction of maritime ETS and eco-friendly vessels on

shipping companies and the shipping market.

From the perspective of shipping companies, the study analyzes
changes in profits and emissions based on individual company
characteristics such as operating costs and emission factors.
From the perspective of the shipping market, the study analyzes
changes in total transportation volume, total profit, and total
emissions resulting from decision-making aimed at maximizing
individual shipping companies' profits.

Furthermore, this study empiricallt examines the impact of
intensified regulation of the maritime ETS and government
policies supporting national shipping companies using actual

data.

Lastly, based on the analysis results, the study aims to
provide implications for effective responses to maritime
environmental regulations from the perspectives of both

shipping companies and the government.

ix



- This effort is expected to contribute to the more efficient
implementation of government policies, enhance the
competitiveness of South Korean shipping companies, and
strengthen their capacity to respond to international

environmental regulations.

2. Research Scope and Methods

= The spatial scope of this study is limited to ship operations
recorded in EU-MRV.

- EU-MRV data are collected on merchant ships over 5,000GT
calling at EU ports (including Norway and Iceland).

- To simplify the model and focus on the aforementioned research
objectives, the study's scope has been confined to the container

shipping market.

= Based on the Cournot model, this study analyzed the optimal
decision-making process of shipping companies and
resulting market equilibrium concerning the introduction of

maritime ETS.

- The model is structured to simulate scenarios where free
allocation of emission permits was abolished upon the
implementation of carbon emissions trading and where carbon
prices increased.

- Analytical methods are employed to interpret the effects of
maritime ETS based on strengthened environmental regulations
and shipping company characteristics, deriving general

implications.
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- Empirical data are used to complement the analytical approach
and numerically assess the impacts of each strengthened

environmental regulation and shipping company characteristic.

3. Research Results

1) The Impact of maritime ETS on Shipping Companies

* The introduction of the maritime ETS, with reduced free
allocation and increased permit prices, reduces total

emissions in the shipping market.

- Completely abolishing free allocation reduces emissions by 7%,
and tripling the current allowance price to USD 272 reduces
emissions by 9%. Implementing both measures together reduces

emissions by 24%.

= As the maritime ETS is introduced and regulatory standards
are strengthened, the total profits in the shipping market

decline significantly.

- Shipping companies with eco-friendly vessel fleets show
relatively smaller decreases in profits, indicating that stronger
environmental regulations promote the transition to
environmentally friendly ships.

- However, the profit increase due to the difference in
environmental coefficients among shipping companies appears
relatively smaller compared to the profit increase in operational

costs reduction.
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2) Effectiveness of Government Policies for National Shipping

Xii

Companies

Assuming national shipping companies transition to
eco-friendly vessel fleets due to government support, these
companies demonstrate a significant reduction in emissions

and increased profits.

Specifically, reducing the emission coefficient of national
shipping companies by 25% from current levels results in
approximately a 75% decrease in emissions and a 30% increase
in profits.

While the transition to eco-friendly fleets by national shipping
companies reduces the total emissions of the shipping market
by about 16%, it does not significantly affect the emissions of
competing shipping companies.

Although the total profit of national shipping companies
increases by approximately 30%, there is no dramatic profit
increase due to the competitive advantage in emission

coefficients compared to competing companies.

On the other hand, if the operational costs of national
shipping companies are reduced with government support,
it leads to a substantial increase in their transportation

volume, emissions, and profits.

If the operational costs of national shipping companies decrease
by approximately 30% compared to current levels, their
transportation volume and emissions both increase by around
300%, and profits surge by about 500%.



EXECUTIVE SUMMARY

- Furthermore, the reduction in operational costs for national
shipping companies creates a competitive advantage, causing
a considerable decrease in production volume, emissions, and

total profits of other competitive companies.

= When government support for the transition to eco-friendly
fleets is combined with the company’s own efforts to reduce
operational costs, the profitability increase from eco-

friendly fleets is further emphasized.

- A simultaneous improvement in emission coefficients and
reduced operational costs results in a roughly 33% decrease in
emissions for national shipping companies and an astounding

approximately 600% profit increase.

- Consequently, the entire shipping market experiences a roughly
35% decrease in total emissions and approximately a 35%
increase in total profits, showcasing a significant impact on the
market.

- This implies that with the implementation of government-
supported policies for eco-friendly fleets, shipping companies
can generate substantial profits through their own efforts to

reduce operational costs.

3) The Effect of Government Policy Support under Strengthened
Environmental Regulations

= When the free allocation of carbon emission permits in
maritime ETS is abolished, it is evident that the effects of

government policies is further enhanced.

xiii
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The effect of government policies refers to their joint impact
with the transition to eco-friendly fleets and reduction of
operational costs.

The abolishment of free allocations results in a more substantial
decrease in the total emissions within the shipping market

compared to when solely government policies are implemented.
While the overall profit of the shipping market slightly
decreases, the profits of eco-friendly carriers actually increase.
This indicates that government policies could further drive the

transition to eco-friendly fleet among national carriers if free

allocations in maritime ETS were removed.

Likewise, an increase in emission permit prices would

amplify the effects of government policies.

When the emission permit price rises, along with the
implementation of government policies, the total emissions of
the shipping market decrease even more, and the profits of
eco-friendly shipping companies increase significantly.

This also suggests that the government policy could strongly
promote the transition to eco-friendly operations among

national carriers when carbon credit prices are on the rise.

Lastly, when the maritime ETS's regulatory standards
strengthen in conjunction with government policies
supporting the transition to eco-friendly fleet and cost
reduction efforts by national carriers, it maximizes the

policy's effects.



EXECUTIVE SUMMARY

Compared to scenarios without regulatory reinforcement and
government policies, the total emissions in the shipping market
decrease by approximately 60%, mainly due to the competitive
advantage of national shipping companies leading other

companies to reduce transport volume and emissions.

National shipping companies witness increased emissions and
substantial profits, predominantly due to their competitive

advantages in emission coefficients and operational costs.

These research findings urge shipping companies to more
actively embrace strategies in response to the maritime ETS as

a first mover, based on the evidence presented.

Conversely, even if the government extensively supports the
transition to eco-friendly fleet, the policy's effectiveness
diminishes without shipping company's own efforts to

reduce operational costs in all scenarios.

Research results indicate that despite a 75% reduction in
emission coefficients compared to competitors, if operational
costs are approximately 15% higher than competing companies,

the total profit is almost similar to that of competing companies.

In the future, as the characteristics of shipping companies and
container freight functions change along with strengthened
environmental regulations and changes in the price function of
emission permits, the effect of emission factors is likely to be

further emphasized.
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EEHOEH%?, F=Q0HR S HEH AT 512 YEASE 7|45 2 1,
=R EU-ETS M| StolA] EA| 243t 2
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oA B2 vl ARG T 22 WATACL A2 ASE T U e
20| @AFAE dhe BB EU-ETS Beo] fhmjols], Ao ot 7]
&4 74, 234 A S ZabEh ojefat FAS0] SATIA 0w
A8suA b de) A AU ANE] AU wHe §
e ASl e w2lg kD A02 I, ol & ol
L EU-ETSE E3 o 229 @474 50 1o] B 72 44
% 274 ojg By Avec

H1E =8 &3+4H 32

1. EU-ETS(24~)4

EU-ETS&= A9 7|9t S4+#A1 & stubz, ouA] fof Atgd & 2
& o= His 51839 misd AdE 7N A7 52
FEoke= Aotk EU-ETSE= 2005958 A= %oH 20239 @7t
A SFAEECF 2 FoRoP)E o E A= Qirk 20219 74
4) EU Commission, Reducing emissions from the shipping sector(ZA4: 2023.11.15.); EU

Commission, FAQ - Maritime transport in EU Emissions Trading System(ETS)(ZA4:

2023.11.15.)2 XM=& HIEHOZ XXt &ty
5) IS, XIZTHAIS HiS61S A(permits)] PAE HIB0| £2 HO|H, £5 S4TYL tYHO2



144, EU= #9715 H(Buropean Climate Law)09] 37| Z=E37)
AL st AWt H7]Z]Q1 TFit for 55,5 BHEsHH BU-ETSS] HAS
Sl F27HA] JRH o2 Yol AS AQkollew, 1 A3 20244
¥ e FZo] EU-ETSO] ®YE oieltt. o]24 EU-ETS= 32
i viEgel BAA g4 7S Raske #x 2371 "ok

.

H 2-1) EU-ETSS| HHAE =2 LHE

e Phase1 Phase2 Phase3 Phase4d
= (2005~2007) (2008~2012) (2013~2020) (2021~2030)
FU 2743, FU 28743,
Chad= EU 2774 2901, OIOIEZE, | 20|, 0HOISE, 3719 &Y
25[H%Erl 2o[HHRELl
* 20MW O[fQ H |« 17] SiZRE V| HgRE * 3| otg £
X HadANE  STOO12EEE) |« Y20)5 * 32
* A3 * 4933 * 3303
CARE * SB(OUE12125E) | o A FRRSS A
o 57} - 9gLjop SZ 37 ¥R
mg | AME 2 - ofmy 3 | METAH A
oz |9 S e ETS2 =& 0fE)
. o M3 o O|MGIEMA X A%
o HE THOE2401, OfbiaeiA
x| NERE
o IO
R NER
= A 504 90% YL 57% RYLF57%
-, tigie fded oA (2% 100%, HIZY | (20261328 2034L07H|
=c rese 20%, &3 15%) A 1K)

BT 8420 B QEZMAI ALY SBH U AQA, T B9 STOI MY

t=: EU(2015), pp. 18-19; EU Comm|55|on(2021) pp. 2-8; 01A421(2023.10.5.), p. 4, ICAP(ZAL:
2023.10.30.)9| XAI2E HIEOZ XX} MEE|

-
T
X

HXlst7|2 28
6) 20204 3& M, 20214 62 L £Z RHEY
7) 19901 ThH| 2030E7HX| &4 5% 2A7A HiEZ A%
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EU-ETSY] 7]& 29 9% ‘Cap&Trade’ W20, HE A%
As 2A7IE g $FY s 7RI AR EU 71§ 3
gt FAH o Foler HiE e HolA AP HoAE2 8% HiE
T2 7= Y i BE & loH Bt vied 9 23
sl deide Eaol FatEh

(12 2-1) EU-ETS &4 7L Z=
THE CAP & TRADE SYSTEM OF THE EU ETS ﬂ

SURPLUS — > SOLDTO ——> MEET DEFICIT

EMISSIONS LIMIT
amount
used

(DECREASES EACH YEAR)
Installation 1

Installation 2
Xt&: Anderson(2020.8.6.)(AAY: 2023.8.14.)

SHH, BU-ETS= 7] Alx 9k}, etaZE(carbon Leakage) Y& %

2 olfz B %20 A9 £9 2/ HEde FHor IS
A4 Lo AL Agart ST e BB B9
2] 2715 P glo] A% 94U WaleR £9 ogoln,
202495 H 340 2H S4VYF W12 GAFOR T
ohS A gatch. o) wet SheAA] BAMEAY AF O 20244
TH= 40%(2025E AlE), 2025W71A= 70%(20269 AlE), 2026185
Bl 100%(02735E AD)R 0w 27hshe Aoz A4
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T3 20269 R E = EU-ETS7t &5 tiif 2A47kA0) ojAlskerAsigh
oflzt WgHCHy), oHIBHAN,O0)71A] 23 == Ao =R o= o] lo]
3l BE EAE oS AskE Aoz AgHt

(O™ 2-2) o2 22 EU-ETS &= Efdztol

EU ETS Extension to Maritime Transport
Introduction Timeline

Ship sizes and types MRV review ETS review

Cargo  passenger ships*
(5000 + GT)

Offshore ships First surrendering year
(5000 + GT) on 2027 emissions

Offshore and general Inclusion in the EU ETS to be considered
cargo ships (400 - 5000 GT) as part of the ETS review

Greenhouse Gases

Carbon dioxide (C0,)

Methane (CH,) and
Nitrous Oxide (N,0)

Phase-in

% of emissions to be
surrendered as per the 4 70% 100% 100% 100%
EU ETS Directive

*Ships already covered today by the EU MRV regulation Under MRV scope Under MRV and EU ETS scope

Xt&: EU Commission, FAQ — Maritime transport in EU Emissions Trading System(ETS)(ZA1L:
2023.11.15.)

ol F-E EU-ETSY 28 o2 20244 7]& $E< 5,000 o149
EU #9 W 7I¥ot= 3+ L oJ A A(cargo and passenger ships)o|™
20279HE = FE 5,0008 o2 AFA(offshore ships)ole 48
2 oot} wiE AP diAd2 EU €9 WollA el & 713l wet
HAgels BiEF] F 100%, EU 9u J&Yd A 2 99 gt 7t
Fofoll A EAok= HiEF2 50% Z-& oFoltt.8)

9]
57| 20 300nm O|LH EXoh= Ef 220 7|84t 22 AH|0|HM2 aliy 21 R 29| Sleo]

8) 012} 21 EUE EU &2t 7|1 7HS S AlAskotl M= o8 “*XIoPITIorO:I EU/EEA &2i0f 713
Et
CHSt HiE22l 50%E ZESHeS Sl te =712 & n@g

00|
S ojet
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(d& 2-3) EU-ETS i 418t 230 He

At=2: DNV(ZMY: 2023.4.19.)

g et HiEE= 1€ CO.eqd EUAE Frfistoiof s, AAks
< T 8 99 3097HA] 189 31-83= FHistoiof qiet. o714 AdAt
© 94 H A B0l AMgshs $UT EUAS ESdtojof o,
%

o 719 7 A 52 B TR S o T, B 29 e
she A9l 1E COeqd 100929 Bo] Rust o) mde

Zolr.

2. EEDI(Energy Efficiency Design Index)( 13~)9)

A Ao it oYA] & 74 ARl EEDI= 2013¢ Had Ax
AutEy A8 FA=, T 39A 1 24 AlFH. IMooﬂ oIt =A|
A 5 OME' Ak éﬂﬁlﬂrﬁoﬂ/ﬂ 1E9] 3}E-2 198 &5 &

Sh] v
e 0.8 AA0 2 AJOIT, HEHE 128 2 A9 ko

19

9) Resolution MEPC.364(79)(ZAY: 2023.8.14.); IMO(ZAHQl: 2023.11.15.)9 AtZE HIEIO 2
PONE!
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A= 9 HS FAok= Atk 1241Q1 20159 |3 REE 27] 7
Z2] 4] 10% 7=, 294191 202049 ©o]FREE 20% T, 32
2025107 E= 30% A5S SHE ofH, dAR 75 Hikol v|dst
Auke Az7F Bttt

o XN

fr

3. EEXI(Energy Efficiency Existing Ship Index)(’23~)11)

EEXI= IMO7} Aldsh= &4 4008 o449 d&Ald gt fA=Z,
20239 19 145H AYHT Ak AfAks Ad AYE 71&02
ARl 1E£9 S 198 &&ot=t WEs= A8 CO. F& A=
sto] AuPgA oA EEXT A 71% 35 olF-5 AF0oF wAo|A]

0
ofof 2ttt o] SA7F Adulell HIAI=A] gfow sig AH2 2 At
7F 7R, A Az, A Aljt 52 31 oluAl 882 #olal
SAE ool Ak oA 2T & A AVIES A
=™, 19999~20099 xH AEe] ouAag B 7IEoR
2024'A71A] °F 20%, 202549 ©]F °F 30%E F=stoioF ettt

4. Cll(Carbon Intensity Indicator)('23~)12)

Clle S 5,000& ol &4l diet A=, 133k dA 2374
HE HRoR ARANET, Ald of Aer a8

8%, 2972 5& BE3tol 4

B et ke Qs Ol 5183 9 24l Heh A~E7
10) LNG-LPG 2tHd, Z4E{0[L4M2 2022

11) Resolution MEPC.350(78)(ZA4Y: 2023.8.14.); IMO(ZAAL: 2023.11.15.)2| Xt=E HIgO2

A A
12) KR(2021.10.6.)(@MY: 2023.8.14.); IMO(ZAY: 2023.11.15.)9] XM= E HIHO2 XA} &4
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g Ak CIL 5183t 940l Btk Algjo] =otel At o 4] &8 e
AZ(SEEMP: Ship Energy Efficiency Management Plan)& A8FHA}

FlgolA] &elitolol shm TAZRL o] AL ClI FA AA
EEXIS} 20] THA 0 2 71480] Aghysd o] weh 4xlse) Hye
=715 Aoz AYE

5. FuelEU Maritime('25~)14)

FuelEU Maritime= EU°IA Aldsk= &G4 A AHE s
A2t AFAZ, EU Ftol 713dst= FES 5,000 ol vk o
O = 202595 Al ofFgolct. o] #Al= & FEH 9 A= AMZ 8
SHA] o A9 2AVIA HiEFS AZHCE U= AS BHE

(2 2-4) 2050E7HX|2| MEte| RATHA FOHT HSH SH (20201 ChH])

Annual average carbon intensity reduction compared to the average in 2020

-2% -6% -14.5% -31% -62% -80%

2025 2030 2035 2040 2045 2050

A= European Council&Council of the EU(ZAMQL: 2023.11.15.)

13) 20234 5%, 20244 7%, 20254 9%, 2026 1% S
14) European Council&Council of the EU(ZAMY: 2023.11.15.)2] AtZE HIEO 2 XX} AHY
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o Of2f RIBEME A ME 7|& &
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FUFEE |« MutilE 24714 245 U RIS HAE 2E

- ZIFME MBS 15% S (TISITl4 3,542% & 5283 Tt

o Dj2f FISHAMEL A Mz 7| &
- A ARL|0F A YILIOFS PEA ML & S

- 2gfE £ S MEA ME T]s o
- LNG-&7|-5l0|HE|E F27|= 18t
% CH7IE =S PR ARt =

USIRER) | - A ZAPIE OF

- Ag-E7AE AR

c Ry AZ DRHEY

- g K Alguer Ax
A74§ 1|

- oigESE st Ve

#-K) 22

=5
eS|
- IREZ 0lma 8%
~ LNGHHf ez a T &
Jo|ogt 1

-

e - 7l
= =
(Glohsy | - EBRE MEN He
- DIPHS FE 2t
IS T ME TN

° X
oL
- =W M7|1&0| =X EEeh XA
g {92 AA OF

- OXE -S4
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A7, 20209 1€5H Algsiint. sig ol wet 20209 124, SIS
ZF"H?—(E:L )2 AR EIAEFCNY) S0l B o= TAH1A W AdEr A
=+ &2 iﬁ-"J( 21~'30)(°st 2030 =3 Z18HdA¥HGreenship-
K) $2132) & Ssto] 218348 7 Bg9] 7|2kt 57| SRS
AATSERT 1ejal 7| 2AIE ] W8-S Bl = 2021 195H 2023 14,
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E3F 20239 2900 TR RASS Yehast FUAE S 5
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HE | 2050 2HGHS HAZYES 0|11 7|S 2RI}
* ZHBHS EtA Z=( 08 ChH])
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° (BUN) SR M= 49 A
SHE | - (8% 22 s ©Eh 9 271304 0 92 H71 60%, ‘5043 HHCH
FRIFf 100% T2
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15) EU Commission(2013)
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A LS Yot Fdebr|ge A 4 T2 7291 Horizon Europe
53] Ship-aH2oy Z2AE16) NG A4} Hgt &5 WA 5 213kg 44t
& 7]& 7Nl A= FASEAL Itk T, EU-ETS Al 9 52 &8
o] 2AH Innovation FundE &9f Y, Asta: &59=7 5 &=
H getast a2AE 7S Yokl k. 1 9] InvestEU, Modernisation
Fund 5= FARE A¥E skaL ltH7). EU= IMOSE @S &3l sl
7@ ME(MTCC; Maritime Technology Cooperation Centres)&
FEoto], Ad JiE, AUA] 883} 5 AHr 2AVA HiETE A4S
At —RAEE 2|Ystal JQoHs). sHH, 2016WHE]+= EIB(European
Investment Bank)E B3l #8 449 183 7|& T4 7H45to]
A A Z, NE 55 Edohs ZRAE| 55 A¥dk= Green
Shipping Guarantee Program Green Shipping Program Loan &
T 3 A5t Qe

et

s

|

3. 0=
1) HE-ZHY g S

nj=9] 4% 20224 79, S FE ©AFE 249 48O E Clean
Shipping Act of 2022,5 oot Jiiol thet =215 Y ol AUtt19
Aot HQk2 EPAQ] Clean Air Act,9] 7H3to g, Al g 9] B4
Jw 7|E, At FulE 71E 5ol oigh HES 2§

16) H2TECH(2023.2.3.)(HA4: 2023.4.9)

17) Sasmaz(2022), pp. 42-49.

18) Maersk(2022), pp. 22-24; EU Commission(2022.11.15.)(ZA4Q: 2023.4.12.)2| X122 & HIE
o= XAt &Y

19) Congress.gov(ZA1: 2023.4.12.); Bahti¢(2022.11.18.)(HAHY: 2023.4.12)2| XtZE HIE
OZ XAt 2HY
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St 20239 1dof= 2050 25t 2etao} A8l(The U.S. National
Blueprint for Transportation Decarbonization)’ 20 W35t 0™
S AE Y s FEof stk A 2x]E Ze5tiTh sQF Hofo] 9
8-S A Ed 20309714 10702 thd BojsloA Heks dEs 23
sk, e R @ 7)ol et RaDS Aflstol mlwe] ) o
£ Ak ol A LV LA HEFE Tl Yelsol
2050470 FANS hEF Az T AL BE2 Ysig

g Ao AAE S —r—‘?—-‘/} ° F8 24 9 £ F s
AY7ksst A= o A7
T FA dAlzE vl e, u}E‘/]oh —}F—i, Hes 5
7144, AMP, ofi7] B8} 8l Sto]He|=8) o] Xt thgos
IMO, Quad Shipping Task Port & =A|-=W o|s|l#AA} Zoisto
Bl Fekast M(strategies) ¥ F4(regulation)d] 7 2 4
o] HaS AESHTh. B A= e} B4}, Ak o= Ax %
g A7 34 % By AuE 5 A 5 At 2 V1€ 9 =22
¢ Ak Aldo] HaehE AAsIH. 1 Qofl= EPAE AlEF 9f 4t
Azet A, e vl =Y 5 IR &4 JiAdS flt ot
HAA L A FASL U

39 rulo

[0)

2) e { BEE X

o=+ ST 9 7|&XYd ZE I (Maritime Environmental
and Technical Assistance (META) Program) < &3 Y At 33
9] A&7 S R Ve A AlYstal ok 8 - A+

20) Departments of Energy, Transportation, Housing and Urban Development, and the
Environmental Protection Agency(2023), p. 57, pp. 68-70.
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3HH, EPA+= "Diesel Emissions Reduction Act(DERA),°l A 35}o]
Agtd g Adfo s wAlSEAY XS ZeEsol= 4%, A8t W AMP
£ AAsk= BF 5ol tisto] ExaZ ]w:;h— UoH, 1 9| Federal
Ship Financing Program(Title XI) 5ol ¥4F A&7 7]&ol st
A9 Hjto] mtE]o] Qlrt.22)

21) U.S. Department of Transportation(ZA4: 2023.4.9.)
22) EPA(ZMY: 2023.4.9.)
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gyze | SO W6 WG LG BONYE oo fMEER NOC HUSC 0
=IO | A Capable’ Ready’ Capable’| Capable 2| AJAE | SCR/EGRs | Systems (Mo?iern)

gl
JHT
ofu

816 | 881 | )30 | )% B | 6776 | 6T | 2167 | 597 | 7940

WM | 46% | 08% | 03% | 01% | 04% | 55% | 255% 2% | 15% | 76%
(GTEZ) | (244%) | (6% | @7%) | 02%) | (5% | 263%) (739%) | §3%) | G.0%) | (294%)

H43SZ | )34 8% | M06 | )88 305 | %27 | 2% | 1% | )33

22 | 80% | 180% | 23% | 19% | 67% | 203% | 648% 2% | 75%
(66T 83) | (185%) | (39.9%) | B.7%) | 21%) | (61%) | (348%) | (936%) | (@28%) | (6.7%)

Z: ESTs - Energy saving technologies
Xt&: Clarksons Research(2023.1.16.)(ZA4: 2023.4.9)
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MSC | * 2671 LNG-Q2LI0t 912 ‘2¥ A8t 618 £8) £

o HEtE ‘7 MEH8R HZR(2026H 12, 20254 o7 | 62 Q101 )
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Cosco * HIEHS OIZ R "7 418 12 W3R(2027~2028 &4} QI 0fF)
HMM * HER2 ‘7 MEF 9& YF(2025~2026\ At Ol 0f1)

Rtz: SHYSH=(2023.4.7. (MY 2023.4.9.); BARKMES(2023), p. 29| LISS ZT5H04 KX} 2.
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Y& ¥]FL BBITDA margin33& A|Qst vl5oz AAsHgo
TFAAR APY WAL offiel Ztt

31) 7IZ m tonnes'n miles 2| S SASE HESHH MAHSH 2, eHtA= Clarkson
Shipping Intelligence(2023.3.1.)2] ‘Shipping Review and Outlook Tables March 2022(Excel)
(M 2023.8.1.) CIO|EIS &256t0{ 2022 7|& m tonnes: n miles T2 ZIEI0|H 25 g2
tonnes H®(Q| ZiHI0|H 25T S EE5I0 MHoIUS

32)7|1& USD/TEU Sl 22 USD/TEU - USD/tonnes EMAH S MESHH AN 7.
H 4= IHS MarkitOf| Af £=ZI5t H|0|E{ Q| MUt TEU TiH| Deadweight 24 75 H oot
6}040
33) FAtY FelgtES S6t M HESHS HU| Yot U FFXIH. O|RY, MiF, Z7H2iH| Xtz
0|22l EBITDA(Earnings Before Interest, Taxes, Depreciation and Amortization)2 S0iE
o= LK 7k

Ky

N
(il

S
o

rx o
¥

2 I'_>'L



a, = Freight rate X (1— (EBITDA margin))
F= = 5% G @9 29H8(USD/tonne)
Freight rate = SFE5(USD/tonne)
EBITDA margin = EBITDA vF(%)

shAlEoE WAN|B()S Aute] 3 BARe] WS Folog,
E oA AR sigsl= Aul v]8o 2 AR5y} oo AAL
H Aek H8-Z &3] 95t Cullinane&Khanna(1999, 2000)9]
QA 234 Fuslol EU-MRV W 4ubd 742S A3 T o) Aol
&3t SAAE Fetotoitt 7iE Adutel 714 AeS s AR 4
2 237} ZtHCullinane&Khanna, 1999, 2000).

In(Ship price) = 4.8097 +0.759 X In (V)
Ship price = AEr ¥]-8(USD)
N = Adt 37|(TEV)

2. s2MAF A OitOlE 473
& d7oMe =HE A4S HolH g E8ste] 23 W 419 7H
L

HAE 7SS o, B AToHE AAte] Sul8T} HE Ao

£ AAL) AT ONFEAS AR S F WSS |EoR HNS
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EAHISH 72iH 24 2¥ 03

of

TERH. &, %% EU-MRV Ho[HE 7|22 S13} S2= &9 &
A O

H-go] Aido=z W2 AAtelm, S33} S4+= ©9 U0 AHE e

=2 AAtoltt, HHH, S13} S4+= Aid o2 uiEAl47} Wot Je3E 4
1 AAtolH, S22 SS HiEAR7E 2of 5T F O HiETe] B2
Kol 471 AAl] it E40] EU-MRVE HE $3% A4 Aoy
ol A ET & J=E gAuEd S 4 AA] HlolEE A=A
Sheict.

(& 3-2) 7HQ 471 A Tf2H0|EfZ,
il

MAH el 2FH|E L E pamEs]]i=y S
(a,) (¢)) (¢) (%;)

S1 65 0.04 5,132,950 12,429,125
S2 65 0.06 4,387,480 14,220,729
S3 75 0.06 2,954,270 8,953,240
S4 75 0.04 1,026,590 1,580,561

INERPSINESES

a; = 25 9 ©9 2FHI8(USD/tonne)

e; = U9 5 o EtAIEZ(HIEH S, tonne/tonne)

¢; = Gizt THHIR(USD)

k; = RAOZ S EtAHIZHE(tonne)

3. SHA2Y U HHEH 7 B4 MM

g0l &9 g AlA ZH oY E5%3393 = ZEoly &9
A|5(CCF1)399] A7t tﬂolEif’aPrEi =&3F9th 10¥(2010~2019)7F H
olHE HIEFoRE Y FI4E ZEF2H COVID-192 QI oA &
AAsE7] f3h 2020, 2021%1 tﬂolEi% AQlstAtt. EU-MRV Hlo]E]

34) The World Bank(ZA2: 2023.11.29.)
35) Clarkson Shipping Intelligence(ZA4: 2023.7.27.)
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o 9A 289 S+ T &5 Yol The World Bank®]
AA Aelelvd &5%F HolEHE /\}%i‘ii‘:ﬂ EU-MRV30)2} The World
Bank9] & FEloly E&%F 719 Hl&Z }%}01 AlA el A=
tlolElE kol BHA 2t nEA|ek 24 AIA el A==
< S3YFE ARESto] EU-MRVY %Eoﬂ oA 2789 S 29 o
g =&

sHAufEd 7H = AW 1089(2013~2022)7F European Energy
Exchange(EEX)372] £ vj&d £ EUA 71438 7|Hto g2 =&3}
At 20234¢ 71, wiEdS] A B 7HE2 9F USD 86.20|th. HEZHA]
=, EU-MRV HloJH & 7ol sl %3t vi&d 71 8 =&
5t7] 918l EU SHiE= div] deloly Autol] ofgt viEd vle2 ol&
sto] s AP A9 IHES AX A3 HEHolY 9 et
HiEd 7H4 o] Etu|E = ofioF

m, = 1.13e — 07
b, =137.38
m, = 1.51e — 06
b, =101.53

36) EU-MRV Public Emission Report v20(2023.7.20. )(ZAMY: 2023.7.27.)
37) European Energy Exchange (EEX)(ZAQ: 2023.7.27.)
38) European Environmental Agency (EEA)(ZMY: 2023.7.27.)
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(O% 3-3) ZiH|0]4 2! &4(USD/M tonnes)
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e @
° LS [ ]
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. ..
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° o
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y = -1E-07x + 137.38
40 R = 0.543
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0
0 200 400 600

X2 KA A

(O3 3-4) EtAHIEH 714 &4(USD/M tonnes)
80
70 [}
60

50
y = -2E-06x + 101.53
40 R?=0.5418
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2 e

10 o2 . °
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1. BABHER ™| OfoH2tAIX}

(0]

SauEd ARAE 715 WS S-S AT BATA 2T F shi,
FU B IMO 5 SHA71 7 el 72A 298 £o) e S
Aol Ehh WiETS S0l 1A T} BATAT wel et Seas
Ha WEFE Folk 54 Seislehs WAl Al Mt
o} olu), AEE A BATA SelA ALY AET AR 4%
S 9 o A9 B AU, B HnAE PEL TR B85
of AT, SheAL, 0| ol TAuEA ARAF e APl
Al gFe BAsuA g

dhe R aulEd A =Y v YA olsfiAE L
40; 1-0] -_.—1Lxﬂ7] oﬂ /H/\]- ;H 2z :[L,.ol- A Oh:]—_ ﬂxiy IMO &
EUSH 22 2A/TE e BROINY o Wz SA5] 99
gamiEd AHA =de sk ot A7 daEd ARA
o e 7% NS wol7| YoM Haviad PITIFS WA 5
U 5 Ik E A Y] 75 sanE A was v
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= ARe] B4Jo] FYSkI APSH, A S5 )T BAAGH:)
2 29l geo) oz maste ohet 2ok

(3km,—b,)e—c+b,

q1 = 4z = 3(7}4062 +W13> (17)
o e((8km,—b,)e—c+by)
TR 3(7’%@ +m,) (18)

M, A7 gAEEE ARA =Y o vigd AR k)
Aaet MiEd 7H () o= B9 ol A HiEEE B S0l7 1
o Aoloh. B2 A7 @A A4H s©AuiEdY 7ol Ui W] o
2ol EauiEd ARATE A7 IRERA| 24 247 e AlSkL 71e
Fil= S5 AT g AR sHA| Fohal s AAskaL Utk
(Bayer and Aklin, 2020; Chu et al., 2021). w}2tA], 2 AFoA= &F

7ol
% SANEAY) sHdo] ASHOR 45T AOR THste] At
27 At e A% #32) WatE BT FARIR() 7
ok HRE 7HAG) A50] SAAY 25N AL JFS BA
S 91l 17 |ER A4S =55 ofefet 2o,

.‘_4

W}

l

(0]

dq* _ em,

dk mg+ ezmc (19)

dg’ e
db, 3(m, + ezmc)

(20)

olu|, 24](19) Q22 9] WE ARe, m,, m )= 0K 2 ZHS 714

do_ M gun ad 2 eaelER A Sl B

oz =
dk  m, +ezmt
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o] Z7heke A9, e AR AAQ $5FL FHIHE AL

90k, Wz, 400 S2E P2 WEA onef BomE, Hha
M2 AR stolA TauE 1ol A5t e AR 4
o gadths AYS £2F 5 Utk

i) m?k

dx — e mg; (21)

dx" o ¢
db,  3(m,+c’m,) (22)

ojw, #+4(21) EX F9 RE A IA 0ET E Fe THER
G Yoo oomn Z, = eadE AR slolA T
dk mg,+e‘m
Ve CIPALRIES %xm%*)— Zagict = 2y

o]
25.7]— ]—Eﬂ %_J_HHE%]:(e q ==k — a:)% 2‘{‘7]'—]']:]' }{.]:HE' ‘4\‘2\‘1(22)9]

c

‘gt s A %ﬁ\_‘ﬂﬂ%%k o,

Ho)l PR A 2A) He 1)

Tt 23
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.
dx e

da  3(m,+e’m,) (24)
dg Bkm,—b)(me’ +m)—2em, ((3km,—b.)e—a+b,) 5)
de 3 (m + ezmc )2

dz' _ la=b)e’m, + (6km, — ?bc)ems + (b, — ¢)m, 08

de 3(m, + e*m, )

4714 $4(23) 0B Fo| BE 44 A4 0BT} 2 e AHER
dq 1 L =
Sk S S— ) = | ol N A—]A o %Ogu Lo] Z7}5 ]
i S ) < OxcTt 2ot = ) |-&°] S7tst
ahe Age] e gadith MR, $424)9) 08 T2 08
S, ) SuIG0l F1SHE e Al BavES

[
= s =258 5 Aok

H, $24(25), 2602 AR HiEAT ()7t S7Hdel w242
173o] S55F wiEgol HAE 37

CdEY, T A0 QEE 2 ol AT Ao i FEES
o5 wdstr|7) of7] wizol siEAS7t she A% «1 &t
Aol v FFE sHAA WHoR RASH

1 O ]
Wed, ol T2 ol XA HuS ojga) met
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ans 245 gaas
9e] Svle, WA, TN Aol AET Bt Uk A
A} 7E RS T R BAs A AALe] 4o whet 24
Heko] thzA E&Elo] A} 2 B4 Kolo] wE wauEd AHAY

66



EAHEA P2 2 24 Znt 04

FFS BAT 5 Ut F /199 SHo| BE vErkn ek, S

YR 5452 2 FH = Folshd heat 2o,

2(0° — ¢, — f b+ fro (ky + k) + 0 f 1y )t + fomd)

h A(m’ + i )’ + fomt) — (m* + f1fymi ) 27
— (nd® +f1f2m”)(bs —cy — [0 +f2mc(kl +k, ) +m”f2k2)
4w +f§m")(ms +fgmc) — (i’ +f1f2m")2
. Z(bs—c2 fzbc—i-f2 (k +k )+mf2k ) (e —I—f )
¢ =
? 4(744 + 1 )(m 2m) <m +f1f2 ) (28)

—(m® + [ S ) —cy — [0+ o (R + ey )+ f 1))
4w’ + f1n ) o fomt ) — (md® + £ fomi )P

SR, 919) $4(27), 28] ekt AX 4 S
o 7 A 402 Sefalst] SRt A S5 trehls 4
o] Ux Hxsle] slHAoR Eolshs AL THS oAt

g Holo] W2 iy AR GF LA 44

:L

= 28371 fI8l ARt dlolEl= 37 A3EA s A
-2 AFME AR B0l e gaEEE AHA =Y 23
AR o JHIE 2451 f8l At B9 29818 wieArE
VIEoR & MY TV AAE AAsIAT 4 AdAR] mEtoE g
EU-MRVe} 2} AARe] ZHE YA 5 AA| g2 vhgo= A4t A%
H AR mEtE g2 (E 3-2)0] WER AT S13 S2 AdAks S3,
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S4 AAA0] 13} S2 AAHS 3, S4 AAJo] H]s) e Tyl Lgugon
Adjold sH2-e Aska Qlck. EaE, S1F $4 AR S2, 3 AA
Hlal WjEAGT} Bk HEASE 19 BBS 4551 98 s
a0 QR W 2 1T SAE 2, 53 Ao Hlg) WEAE
HALS Upehiict.

1) BABE 7zid =Y Al si2MAL0 DjXl= B2

E 4-D2 E 3-29 w=uHE gz gauEd 7A7 =
SRS Al 4 shAlAre ol HuiskE fRt AraA el e S A
4 JHE Hehdt. &, 24 i s AR E4EEE)S vig
o2 o9 FHusid & Sl +5TH ERAETE 2T 470 At
o] ol distE 3t 5T TaAAT EA Il s A o
Y 49 HiEd7HEol 2AHHEH. AAte] Sl WorAd +E +4
o] sfstaL, AAte] 'Rl HotAH, & auiEd Hulio] wot
A wiEd 7HAo] shEkeit:

(E 4-Del =2 $dgo] 7P B2 AAbe &9 294880 Wl
HlEAF7F E2 S1 AAMR, 9F 139M tonnesd S 53 207
UERTE S1 Arks o2 S 12.4M tonnes?] HiEH 3 5.5M
tonnes?| WiE&HES AElol 3= 5 A& 6.9M tonnesd] Y
of W& wiEH Aol Tuict. S1 AAPE 139M tonnes®] SHES

a5t vk AR 79 2991 USD 86.19] 2J&) 2F USD 11,929M9] &
&4:0]o] A=x| Qi) 2411821 USD 9,006MZ A|Q5tH 402 <l

et

<0]9]2 oF USD 2,922M 21 Zo=E Yepyth. of7|o] 6.9M
tonnes?| Yo WiEES A #9 viEd 7F4Q1 USD 740l Hmst vi&
H 49 USD 510M& tfshd S1 AAe] A1 48 $592 °F USD
3,432Mo] Htt.



EAHEA P2 2 24 Znt 04

(H 4-1) EtAHER 7H2H =Y 012 o2 AIY ¥

MA 5 EAXZY e =22 HiE® 74

= (M tonnes) = (Mtonnes) = (M tonnes) (USD) (USD)

S1 138.5 6.9 12.4

S2 128.7 6.5 14.2

S3 53.8 5.7 9.0 86.1 74.0

S4 60.5 -0.8 1.6

2% 381.5 18.3 37.2

MA 25+ 25H|1E [ ESaENe]| =019 CHe| 2FH|IE

= (M USD) (M USD) (M USD) (M USD) (USD)

S1 11,928.7 9,006.2 509.8 3,432.3 65.0

S2 11,089.9 8,372.5 480.7 3,198.1 65.0

S3 4,631.2 4,035.2 423.8 1,019.8 75.1

S4 5,215.6 4,542.0 -62.2 611.3 75.0

2% 32,865.4 25,955.9 1,352.0 8,261.5 68.0
X2 KX &b

o|xd, S1 Arts tRE AAKS2~S4)7t A S IASHA] Y=t
71 olff, 139M tonnes?| =2 455t 6.9M tonnes?| Yo HiE
H HiEH Aol #fisks Zo] o] o] A2 5 U= AHFEA
ott. S1 AAT 139M tonneskth B WAY § HL& 49| 3152 %
ShobH dAA19] o]Q]Ql USD 3,432MHth © 22 o] A Hr}. o=
Yo HiEd gl sYstA A&

ShH, ZF AARe] 5 A EH T &9H]8o] B2 AAKSI, S2)
7F &9 2@HEol =& AAKS3, S4)ET 24H] o]
e & 5 Uk Fol A T 2GH|8o] W2 AARY] 4=9o] T

2oJul.go] & AAbrch 36 ol 7] Lehgeh, whH, T 29u|gol
9% 25 Yol HEAGTE de AApt H% A7t T Axpach
Sdet Bololo] &2 Z08 Uehdth olg B9, S1v S24A: B

AN—
A Y
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o} I3zt ﬁﬂm =k oaraAge] Qlsf| A FFo] E=EE T, Eg%
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£ 24517 Yol ale H& ETSY] =9 27]|%E FATFH glo] §+4
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EAHEA P2 2 24 Znt 04

(B 4-2) PUBILY U2 Al 52 A 2

MA 5 AN | R =22 HiEH 7t
= (M tonnes) | (Mtonnes) = (M tonnes) (USD) (USD)
S1 137.1 -55 -

$2 115.8 -6.9 -

3 443 =27 - 88.9 128.1
s4 64.0 26 -

By 361.2 -17.6 -

MA 25+ 25H|18 I ESIENe] =01 CHe| 2FH|IE
= (M USD) (M USD) (M USD) (M USD) (USD)
S1 12,186.9 8,918.4 -702.9 2,565.6 65.0
S2 10,293.8 7,633.1 -890.5 1,870.2 65.0
S3 3,933.4 3,322.3 -340.3 270.7 75.1
S4 5,686.1 4,799.6 -327.9 558.6 75.0
24l 32,100.2 24,573.4 -2,261.6 5,265.1 68.0

R KA 5

4% o3 EYHT, A AAHCR L7k Aol thet waxt
w37} A5 ge] HEUe] FARYFe] EAH %k Fu=
=99 7RsAo] ulg-

(F# 4-1)3} Bluste] (& 4-2)9] £4] Zito]| U=, si&de] 7443
Sefol Mk WX Ho] wfa} She AJRo] ZlsTky) ZujEero] 7hAsi
o2 Uittt F45%S 381.5M tonnesOlA 361.2M tonnesl.Z
2F 20.3M tonnes 4611, FHIETS 18.9M tonnes©l4] 17.6M tonnes
0 9k 1.3M tonnes A4t = 81 AJRFo] Zadako ok 59 7t
Astlom grAfEFE oF 7% AAF o= $41(19)2} (21)0A A%

Al

ol oz xSl B4o] BUTE 71gatn AT} A M)
£, FNEYTS VAL B S B ol2HoR a0 22
2 Aol
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A% (I 4-1)9] 2} vlu g o, i A SEF2 oF 58.4M
tonnes, W& 2F 3.5M tonnes AT A0 Ueitt. &, gAuiEd
T o<, HiEde] 7H4o] 3H] ol G4 5] A5l et s Al
553 wiESo] 42 15%, 19% 702 7H4stant. ols 424]
(2002} (22)0l4 Al Fodst= AAR] E/do] BUTE 7MYt A
HiEHY 7 A AAY S8, SHiETHe TAE 28 e
59 o|2Hog wast A2y 2 ZAyoltt. ol A= wiEd Tt
A9 FAHT 52 | A= ThA viEof ol o @2 H]-8-S
A &ofjof ok, o] & AAe] 2Jul89] F7I=E oJojA o] HdshE
Ak ALY A o] TAT AR SjAEH

SHARE, EAEiEdS 7HFo] IA ool 5%l Al

Bk, ofAlARe] S0l USD 14,416MO2 ok 75% S713ict. 7id

© o g2 wigde] 7o) A A7l WEeld. wEd
7H40] A A5, ik HEds ARgste] &5
(0]

oloje St Woke Tels) 2 4



HlE 50} 37} 22 © 2A tebgeh. w9, vy
SI% S (I 4-D3 HlaPe ) $5F U 255lo]
2 SAHGAE, 127 Fe 529} 3 $4FE = o
Bl R BT 4 Ur

[e]
= =3 uvaE T

(B 4-3) HAHIEH 71E 45 A iR AIE 29

A =5 Baxzdd Y =% HiEH 7t

(M tonnes) = (M tonnes) | (M tonnes) (USD) (USD)
ST 138.0 6.9 12.4
S2 100.0 8.2 14.2
S3 25.0 7.5 9.0 94.0 271.8
S4 60.1 -0.8 1.6
= 323.1 218 37.2
MAF 252 2SHIE HiEH2 Z0[9 T 2FH|IE

(M USD) (M USD) (M USD) (M USD) (USD)

S1 12,972.5 8,976.3 1,877.7 5,873.9 65.0
S2 9,396.9 6,502.9 2,234.8 5,128.8 65.0
S3 2,349.7 1,877.9 2,025.8 2,497.6 75.1
S4 5,647.6 4,507.5 -223.7 916.4 75.0
A 30,366.7 21,864.5 5,914.6 14,416.7 67.7

A= KA A
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9 £4 Ak wiEUY TG HEd A9 45e shesiAe)
5 2%l 2 GFS vAT, e AP FHET
aet Fololo] 452 FURIHe AN BolEt 91 (I¥ 4204

e A, BauiEUY 7o) A5l we Sbet Sulade
AT, Folole M AL B 4 9tk 53, Folo] ImolA
SgEEel W A4 S1, 529 Folo] 7} FEaue B 4 9k

(G 429 (E 4-3) 2Tl =, a2 AU =9 3
gl gast Mz 49 45 2N BE e A% g
HlEwe i Tk Qs Ao Uekgh webd, BUY IMO 5
AT Tl AN AR A 2X2AY S v A7 3t
2 Sjslebr] ol 2N AW 7RsAe] B ok oh, FATY
%o] ka7t AAL] ol ofabay| T, Wiz 7Y Aol AAte] 4
o SRtk Aol T 2] 7k] ol oR etk SH, FAITE
She o] et WiEeRS Fol] 98] TAYTR] oot vEd A
o 4o 2XS BYHOR AYSHA ok, BAo) AW TFsAe]

Sf2AAre] 5 2 HiEEo] HAafh o= A5 £4(19)~(22)
A S gAEEdY 7HEol A AA|9 SE, SHilEE
o] HAE 22 FHY e Bl olEHeE =& A=Y} T2 A
olch. (I 4-1)} H|WFES o, s AP T2 F 78.8M tonnes,
FHIEFS 9F 4.7M tonnes AT &, T5EF2 o 21% FAF
om FHjETFS o 24% A,
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(B 4-4) 2Aerder Zha 2 ERAHIER 718 A5 Al o2 AIE 78

MA 5 EAXZE | FAEHH =2 HiZH 7t4

tAL (M tonnes) | (M tonnes) (M tonnes) (USD) (USD)

ST 136.7 -5.5 -

$2 87.1 5.2 -

s3 16.5 -0.9 - 96.7 326.0

s4 635 -25 -

A 302.7 -14.2 -

MAH =252 2&H18 Hi=SA~2 Z0[9] e 2EHIE

= (M USD) (M USD) (M USD) (M USD) (USD)

ST 13,218.7 8,888.5 -1,781.9 2,548.4 65.0

S2 8,420.9 5,663.5 -1,702.7 1,054.7 65.1

S3 1,498.7 1,165.0 -303.0 30.6 75.2

S4 6,143.9 4,765.1 -828.2 550.6 75.0

SHA| 29,282.2 20,482.1 -4,615.8 4184.3 67.7
& JApEh

o WY FATYFE] Gash NEY 7 4502 19 e
of whp o] T2 ulg Rio] 27 F7hstn, 1] wet pe =
S4% Azolth. olo] ujel, e AA0] F4olL oF 49% ThE FAHcH
ol WhE 7170 ATt BRG] AR QI ug B0} S5
TAR ISt 259 AV SHE AY=E A" o|4d, eAn&d
ARA7E EJE DL A o] Ao, s A HAQ el 2
Zoleth. 53], HiEgATT 2 A 2-8ok= AAKS2, S3)= e
Aehe 283 AAKSL, S4ETH 09 FAaZo] § & AR Yeryth
ol of (1™ 4-3)014 FRAT 4= At o (O™ 4-3)00lA4 xF2
AT A vE(%) 9 g2AEE 7HE S BlE (%) sS40 YE
ok (a9 4-3) F F°l9dS YE= I8 Z c.oA S13t 8491 A
712717} $29F $39) A 7187|He} vl@d duket AL Sof Sl
ek =, Wl Be A ALgste AL 4 46 T ol
FZo] jS .




EAHEA ZH2iH 2 24 At
(J24-3) PAISITE 2AG) U EAUIEH 7121(0%) 45 Al 32 A1 28 et
« 54 =—Total

51 ==-52 — -5 —
KM tonnes), c. Z0|2(M USD)

£482HM tonnes), b. BY
INE=HPSINESES]
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gt PSS HAe g2aiEde] M s 2AE A ARE
, A 9] HiES A4 At v SHEe Ao® YE
W (E 4-2)9F (R 4-3)9] 2] w=d, FJgFRt HASH 7%,
HEd 7S @AY 34 221 USD 272744 Z2H 9%9] o A%
W SHiETel 44 faoke A0 YET oshARL (& 4-4)°] At
o W=, WiEde] FIIGT A dauEd Mg S, T 24
£ A A § 24%9] s A Wl SISl dashs Ao®
e B3, siede] IR EE WA ¢, siede] 7HARt
22 FAEFEe] g2 A o] FUtsto] viE Aol Higt 4

il

AgAEro mo) Aehe 244

Zdon, galEd ARA] A Sxo] 4oE4S, 5, e
RAgTeo] Zol51 W&/t A5U4E HEAGT} B 7IE A
uhg Sgaks AR A £49 vt ANE Ao ekt
ATA BeFESE Ak AR A8 57, A1H 9900] ¢
S AR S, (% 4-3)9) T c.olH 29 S4 HAke] Fole)
HIE E8) SIS 4 9o, AL 7 HjE A Xfolof whE o] Auks
2GuIg Holo] 3t 49] Tajo] Hlef AR AL Ao et
A A9 A BT 29, M2 4 SN SheAApt A

SAMY R AU] 9 etk Anths 2Quge 2oty
=

W~
ne
rlok

Z%317] 918 sk Ao] Alxje] ojo] ZHol4 o HHbdoleks AM
o ARk O] e, | A1ge] A} eSSt e eadulee FlE
oz WlEshE BauiEd AdA £ Al Sess AeEAd de
3 W 37 LK 29tk Seait AgAAe Aee B
2 L717] Sl HiEe) 7hdo] o A A5y HiEee 8714
oz 29 4 9= AWAME] EYHojof .



A

-

gauiEd ARl AT eSSt B4 vl8S Fasto] 3
AE A BiEE E01=F ok Al siAdAe AlE 29
AR g4 wiEFol sigole WES WiEdE Fdstel Al 71l Al
Efof . DrIHezE, siRAdrike ERet vied oMo wiEsel o
M iEdS F7F FYste] Aol HeE = St SHAIE, (& 4-4)
oM A AAH, dauEd AHA W FEEETel Agackal vied
7H40] S7Fske & Al ol Aot d-role wieAsTr =2 At
< gt BAIA E4S et mEA, BT A sheidA=
HiEAle7E W2 JeEAdE Hdgkete Aol el oS getel €

ATt

Mo

i

AR FAANY A FISH AE, TN S5 A9 TS
oI AN AL AT AU FAL AT 5 ALk AN 7
T2 9T PAHA A9 FHORE T} FES| ABHHY J1& T
EL ARA WES T T8 A9 5ol ek 2 HolAe 9% e 4
7o) AP A AL A BTkg Avns] 9 P RYe
4Tt A BT 9] A F TS 2Yui8st et nE
A5 $3 A ABHARE A $717F 4 B A0 Y

313, 83 AALe] jEASE 0.06014 0.012 RS 490 she A%
29 A4S BAYc B3, 4% A9 ans AWM= 994 $3
S AN TPgslc

@ 4-5)% 83 AAe] WEASTE 001 $E0% AAHRS A9
ohe AV @ Al Rt ol Wy BAS 98] Zhde A FolA
HhEAS7E W A1A1Q) S13} 4ol MM 25% SRoltt. (R 4-1
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H 4-5) BiEAS i Al 312 AIE ZH(S3)

MA =5 EAXZY e =22 HiE 714
= (M tonnes) = (M tonnes) = (M tonnes) (USD) (USD)
ST 133.9 7.1 12.4

S2 124.9 6.7 14.2

S3 72.7 8.2 9.0 85.3 69.3
S4 56.0 -0.7 1.6

A 387.6 214 37.2

MAH =59 =25HE HiE A =0|Y CHe| 2gH|I8
= (M USD) (M USD) (M USD) (M USD) (USD)
ST 11,427.8 8,710.0 490.3 3,208.1 65.0
S2 10,662.2 8,126.1 466.2 3,002.3 65.0
S3 6,203.3 5,455.1 570.3 1,318.6 75.0
S4 4777.7 4,200.2 -45.7 b31.8 75.0
A 33,070.9 26,491.4 1,481.1 8,060.6 68.4

INERPSINESIY

H WS o, S3 AAR] BiEAISE 0.01 $FO02 JiASHAE S3 AIARS] HY
%th: oF 75% Z+4(3.3—0.8M tonnes)ﬁ}I’_, o]9] 2F 30% 57H1,020
—USD 1,319M)sk= A= YEth E3L, s A9 SHIEFE oF
16% 74~(18.9—15.8M tonnes)ot%+=d|, o= tF-E S3 AALe] vj&TF
Ao ogk Aolnt. (I8 4-4>9] xF2 S3 AA] viEgAsE yehdoh
&, QLEZRI 7PhESE S3AAPE H 884l AYlE 85k Aol
o} (0¥ 4-4)9] 2.9} b. I TS HA S39] wiEA 7 QMg whet
S3 AALY] EFFE STk, S3 AARRY S Al AA| viEES
St AS AT 4= o ol e AdEe = o| Heke A|¥shk= 4
o] AAZ s AL HA ©Aa HET Hao] 7]oehE HolEth
FET H2 $3 AAPL XA e R AHesty] s AQE = H]
o] S71eE =jolrt. (# 4-1)9] Axe} Bl s W, S3 AARe o]

[
o] oF 30% 27151 YA, A et BERS ] FHQ o] 5

[eNe)
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EaUET M 2 24 2

(OE 4-4) HiEA(tonne/tonne) &4 Al SH2 Al 73 H3}
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----- 51 ==e52 = =53 — - 54 =——Total

00.07 0.06 0.06 0.05 0.04 0.03 0.03 0.02 0.01
----- 51 ==+52 — =55 — - 54 ——Total
a. 42HM tonnes), b. BIEZZH(M tonnes), c. £0|2/(M USD)
NP SYN ST
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5ol @It ol (T 4-4)9] ¢ TN $3 Akt WEAT)
SobgolE B8k F7teke $ol9] a1} 718717}t el
ol 4 Uk $3 AR 2 Al Ha) whEATt 17% SRRl
Erotal, ©9] +gH]8o] USD 10 @2 S2 AAKUSD 3,003M)Ec E&l
e Folojel USD 1,319ME 7123t

)11

AEHoR, SaEd A4 £ A 240 et 1A A
& AU JAL g AAL) WhET 4ot 4o] Srieks F /b 244
o wIE FPAgh ER e A WA &Y ol 4] 7]
S Aow woldr Jelth, LA Yol de vge Sof
AR ABsteetE, WEASE B3 298] e Axnc
e 5:29] oo} B3] tEe] AN M2 A §3lo]
thi "ojxi oz vehet,

2. 23U 2F &1}

e RE gamEd ARAYL e Aol vl deke BAG (E
4D~ 4-4yo] W, BaEd AL 74 2 sk e B

T ehahE A% Tt GO o8 dehdth B4, HEA5)
W HARE BT ot AAIA &4 Eo| vwA H7] wie] ]
AoRL PPN A o] AAFA] thesh] Aat FelFl
welo] | 4 91e-e HolRoith SHAEL (I 4-5)9] B4 FujolA 2
S 9 AXRY AWANAGOE At WEASE YFE AL 29
u1§ Agtol wshe A olelo] 4] k] WhBo] LAY Sole
Aetsb] P SGHIES Bt Ao| AubHoleks e ek
webd], Aze BAFAC hgat] o) BRE AsAMGo Rl B
Thale] Gulo] chat HETe AU 4 AUk BT, AR A8
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(H 4-6) S3 AAN] @93 B8 USD 75914 USD 50= A%
SIS 99 s A o3 AEE YERTh (E 4-1D3 HusE o,

S3 AARS] 2gH[Eo] USD 50714 &olEH, S3 AAHY 53 viEs
2 i 3uf ol Z7FtH(54—197M tonnes, 3.3—11.8M tonnes). °]
A ALY &Y 2FulEo] FAastd, aEFdo] 7l Tt viEgE
S7kote AR BRIt ol= $221(23)7 (24)olA AAte] QH|-Et Al
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(H 4-6) 2GHIE HZ Al o2 AT ZH(S3)
MA =5 AKX e =22 HiE® 714
(M tonnes) (M tonn es) (M tonnes) (USD) (USD)
ST 102.5 8.3 12.4
S2 92.8 8.7 14.2
S3 196.7 -2.8 9.0 81.4 79.3
S4 24.6 0.6 1.6
A 416.6 14.7 37.2
MAH =59 =25HE i3 =019 CHel 2gH|I8
(M USD) (M USD) (M USD) (M USD) (USD)
S1 8,347.3 6,667.6 660.7 2,340.3 65.1
S2 7,655.3 6,034.8 686.5 2,207.0 65.0
S3 16,020.0 9,838.8 -226.1 5,955.1 50.0
S4 2,000.8 1,843.7 47.4 204.5 75.0
A 33,923.4 24,384.9 1,168.6 10,707.0 58.5
& JApEh
S Fir S ARAZE =UEAS 1 S AP FF= 74

—_

St Fz9] (I 4-DI vIHES o, GE 4-6)°4 S3 AALS] FH|go
ZHAStEA S3 AALe %—0104% °F 500% Z7H1,020—USD 5,955M)
SFRILE. $3 Az 2Qulgo] sl ThE AAt tiu] FAA-AE 7HAA
=, o2 Rl thE AR A ik, e, FoldL Aadhe
AT Btk (O™ 4-5)9] c.&0]9 I nE B §3 A gH|E
o] ZAagt] wet §3 ALY Fo|d2 7|k AH R FUokal B HA

A0 ol 343 gasie A2 B 4 Aot

9 (& 4-6)T (IF 4-59] B4 23S B9 Y A9 S
olelol mlx YL SR L5u1o] o Acks AL ThA] T
SeIsi9tt. %, TAHEAS) FhAo] Hut Lolo] W Blg B SR A8
sheet, obAle o1 HlFo] A 1§ o] e Arke AL oulsict
AA|o] BlEA%: A Fe] LQul8] Azo] AR S92 I B A}
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AFHOE LHIEL el
4-6y& FHHNY HEAS B
W she e FFL AT ANE

A, (F 4-5)004 AN

A} Base 39, Ju0 HH%O%

2 ok 30% Z7kske

T 0310(};__
°F 2% Sk

.p
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~
=
M
=
4>
oolI
)||

vk (F

gl £

+3 JHE

399 2y &4

AN

A Too
B (M tonnes)
ST 97.2
S2 89.8
S3 220.1
S4 19.3
A 426.5
AA el
4 (wUsp)
S1 7,788.8
S2 7,195.2
S3 17,633.2
S4 1,546.3
A 34,163.5

PNE=MPNIN SO

2],

A8 A9l BhaTe
ZCLREL

E 4-7)2 S3 A sieAsE

2G4 USD 7594 USD 5002 &39S
=, (E 4-5)9) (& 4-6)9] AU o7} BF A
JJE Uehdith. R AL 18R Hekst

0.8
24.9
25HIE
(M USD)
6,325.4
5,843.0
11,009.7
1,448.8
24.,627.0

(M tonnes)

12.4

14.2

9.0

1.6

37.2
HiZ
(M USD)
546.1
564.8
431.8
51.7
1,594.4

£ 0.01

80.1

Z0[o)
(M USD)
2,009.4
1,916.9
7,055.3
149.2
11,130.8

sz0= M FA

299 o} A

=

o

01=0
)

HHEH 7t4
(USD)

64.0

el 2SHIE
(USD)

65.1

65.0

50.0

75.1

57.7
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o HF7F HeE AR et ERFS X DotAY AAke] ARl
o= Qlsf gulgo] F 33% AA(75—~USD 500 B¢, H&AFe] &
W7} B BB U 4 ek E3L (FE 4-1)7 I FHS g 3
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S1 90.9 -3.6 -

S2 721 -4.3 -

S3 230.4 -2.3 - 82.2 118.1
S4 17.8 -0.7 -

A 411.2 -11.0 =

app | 25 25HE  HIEHY 3019 O 2SHIE
A (MusD) | (MUSD)  (MUSD) | (MUSD) (USD)
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S4 1,462.1 1,335.7 -84.1 42.3 75.1
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