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1.1.2  UNFCCC (KIEEBFALASEK) OBHWH

(1) BEE
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> A=) B0 2008 D CO2 PEHEIX, FNEi12.0% (FIST8ME M), 1.5% (K455 )
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L, FHROERORKELHEML WL LEZATH D,

2010E 11 H29 H2H 12 A 10 HE T, AF v adh v 7 2BV T, COP16 MBifE & 7-, COP16
IZEBWTIL, COPI5 CHBTAZ LI T -7 [aXun—F U A8 B, Hir- 7oz 5 T
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TN TF o, TTT~T, 7T7P0, TEE) Bimbikim BT 5 2 LIZEBL .,
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FTRELOERZRR, 77UV, TABCTFUENIIICHEE LT,
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I, ZO7ZDITIZICAO KTNIMO Tigim 3 N & LR AR, NTF~vORE %23 LT,
RTT7T 4V TEREORER, N —IZOoOWTIEHERINTKRT L,

IR—=T T =TT
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CUNSULTATIONS ON ELEMENTS OF THE OUTCOME | (COPREDEHEZER) LN KT 7
TALTITN—=TNEDT I Ty b (TXANELT 7T —H— ) — ) &lfilLT,
IHNHDN— =3 LT O EEN S EG@mBSR 6722 Lokt L, #&KIEL COP kE
DHERZIZOWNTULFERDOEMRSLE TET 5 L O TIEe W EFB LT,

(iv) RBEZEBEMESAROESZES 16 BIeE (COP16) DfERBIZE
HIEF : 2010 42 11 H 29 H~12 A 10 H
it s hr v (A¥xva)
(R OFE CRE S -8

RSB SRR E 2355 16 BlA (COP16)

TR EEE 6 MIffifIESE (CMP6 : COP/MOP6)
SUEAEHPERASAOEE 33 RIMBIHERI A& (SBSTA33)

55 33 [B1%E e 12 BT 2 M BhiBI =& (SBI33)

FAEGREED FTOMBE 1 EOE 22 288 T 2 RIEERESE 15 B4 (AWG-KP15)
FHRIO T TORMNIW I OITEY O 72 ORFBIEZEI S5 13 M54 (AWG-LCAL3)

O HABRNOXE (£14)

>

HABUFIE, COP15S TIERR STz Tauvn—Fr A8 ZBEx2, kE - TEZ2EH2T
O FEFHEHEDBINT D DD FERN 22 [E AR 2 2 5T 2 8 L — 2 O fE R 72 1A
LEOREREREZBEEE L, 27— BELE 5 Ko, EE L& EEOHEH B
(FBFn) LEEZLEDOLE L DOMDNRT 2D LTz COP REDVERZ B L1z, & EENS
FeEENC R Ui, RARRREFOR 2 KR ORE ST 2 MWERN B o 7223, SEiEE

16



DIRIEH R L, KEOSIME FIAD W EEHEZE, AR OE=ZE T 2 HEHH
BUZ DN RN Enn, TBAEILE 2 MR OREITST DG EE X, k<
R LT,

> AWG-LCA TiL, o v v a v FEittE - & EEOFERMOKIH « 778 K O OB MO MR
S (RUEEE) OB EA~OXER) | BeIdR, B, v 074 - BT 4 7,
RFEMY;, REDD+ (& BENZIT M « HARICH KT D HEH OB | *HSHE
SERT e —F (R - R - EHERAN ) 2 oW Tk L7,

@ COP16 XU CMP6 (£1K)

» COPI6 TiE, [a_u =080 ([THES< 2013 4ELURE O [EBRAY 72 1R RO ML 2 0 B 12
72 VA5 EIER T T 2 ZADEHL T R E (Outcome of the work of the Ad Hoc Working Group on
long -term Cooperative Action under the Convention) 23R &7z, ZDO—EHE LT, FEED

(et E R O EE R L2 EHHAIR RS 2 EEOLFE L LTE O LT, b
@E@ a2 COP L LTHRETLOZ L LT,

> CMP6 Tid, ml#fae i #H5 FARIRIC A4 25 E OS2 H L2V ERETHE L oo,
COP & [AIRRICIEEE OPE AN B AR Z £ & 72 #E (Outcome of the work of the Ad Hoc
Working Group on Further Commitments for Annex I Parties under the Kyoto Protocol at its fifteenth
session) ([ZHRET D2 L Eol-, £7o. AWGKP ODEEDOMREEZHE 2. 5B OKBED
tf5 L 72 5 0#E (FCCC/KP/AWG/2010/CRP.4/Rev.4) HMER S iz,

>  AWG-KP15 O AWG-LCA13 Tlt, & 5T 1 B AWG-KP., AWG-LCA D1E¥Ea k45 = &
DIRE STz, AL, 2011 FRICX— > (7 7 U ) IZCRfEEi5 COP17 « CMPT7 IZ[A)
. TS IEERSIZIBV T COP16:CMP6 TOREBENE L ML LT-RWa T b & LD,

® SBSTA33
. z”—7°‘/‘/7°i~?4 VDB, EEETZE - #EE) S O GHG HEHEIEICE LT, =hEh
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728, BATOBANIEI LT 2008 4212V > b > DC OBFRIEFHFE I N OWEE T L7253,
ZOHAELRINTED, 2012 4RI LWRANCE X b 5 TEE 2> T 5,

AHIEL, BEOFBIHEIR—RAT A L LTORANENLGHIHREL L THE2H 560000
EID Y T% Cap&Trade HlETH 5,
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1.5 [EBRHEE D = RV F— 2= [a)_ LXK O & AR T 5 REE
[FEACOW TR, s # TEBSEEIC IS T 2 PR B [ EREF AN TS 22 ]

1.5.1 FAEHFZED B # R O

1511 FAEHEOBH

HRARE D & D DTV F—2hRm 12 KD GHG R EHIRICEE 2 BARIC DWW Tid, PEL A &1,
7T VNVEOE EENR, R TOMMA~O—HREBLEZEAR L T 5 IMO O - BRECHLHI O JF A A B
L->2% UNFCCC & [FpkIiC HLl7Z 285 5 E(E (CBDR) DOHI) 2 EiRT 25 2 &2 bFtn
AL TV D,

Z Ok, D = —(X, MEPC59 (ZBRFHIB# ] (Marginal Abatement Cost) Hif 2 ff H L #
NR—2A Tt 7 ¥ — L RA%E L 7D BAEORE FIEZRET 5 L L BT, MEPC 60 I2 43 FIEIC LY
BRE LT BRI HI B AR 2128 L7e, HEHANR B OREFIER RISt 7 ¥ — L[R5 L 70 D BAERRE
ERERIATL2H5D0THY, B EEOEMHE LT <, ETDREGEZOZL L OE L PWHEREEZ R LTZN,
FEHLUZILIMO & UNFCCC @ MAC Hif7 O BLE F71E O FH B HAM AN RRGE T RSB b FET 5, £ 72,
HiJEk B #2122\ T, IMO GHG Study @ MAC Hift Cid7e < /v w = — A OFEIZ IS < MAC #h#
EHHALRESNTEY ., MAC RO Z Y HEORFEDLETH 5,

— )5, WEF A FE LT, N Nl TOTRILX 20K L ROEAEE L, A =¥ /Lba A b
L= T AaA NORGTEERE L TEOEMXNREREIT D BENH D03, ] 21FX GHG HFH &
SRS, BRBRRE DD OB BER A RRENFIEOBEADRRFT SN THDHH, ZHLDEBITLY
ZOERAKDRIIRELS LT T L, ZODOMEBIMM IR A EAT LMW B LT, Zhz
BRLTZTA 7H A 7T DB R EAE R E R IE) O FIEDOKRF b LETH D,

VU A8E2 . MAC HiifR 2 U 7= [E B 0 = %L 3 —2h 25k i) s 3812 X D HEHEIR B A= o #st & O
TERIARAAC 361 2 = L 2 — 2R ) L5k 3R O i & & R B O Rl FIE DB F 2175 Z &I2 kv
B XN S BB L2 A ERR 7 EBREE O = 3L X — 2 EXPROFEBUCE T 52 L2 HME LT
A A FE N L 7=

1512 HREOHE
AAEE OB IEOMEIILLTO LB TH D,

(1) ERHEES B D MAC i D H (update)

IMO GHG Study(MEPC 59/INF.10)?> MAC Hi##1Z EEDI Zh=Rk#0 B AL ZE(MEPC 60/4/36)I 70 # D
TRV F—ghF N B A H L, UNFCCC 23 95 KU 288012 B 3 2 BURFIE] 2 % L(IPCC) D MAC
R & [F) U RIS K 5 2030 FEIE 0D MAC B2 FH 5, £72 5 H L7z MAC #ift & IMO GHG
Study DAY UF LD 2020 FBf O MAC L TN L7 = —$#EZR(MEPC 60/4/23)7 2030 RO
MAC dhft % i3 %,
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(2) EEDI A& DX EMFESE D MAC Hf0EH
(1) & [RlRR D J7 15 B ONE AT % C O BIHFR A 12 ¥ EEDI %} 4@ Dry cargo carrier(Bulker #H4), Tanker
K O% Container @ 2030 “ERf 500 MAC g2 HEH 35,

(3) MAC h#R % Fl W - EBSIEE O = XX —3h =R A _ExRIC X 2 HEHEIR B Z O

(D) KONR) 12X D MAC iR % OV IPCC 5 4 3-S5 12 FE# > UNFCCC 23ME 3% MAC Hhif
R L. MAC X—Z Tt 7 ¥ — & [[l1% & 7 2 [FEERRER A K O L) @ EEDI XF44infio 2030
FERE R OPEHEIR B (R U MAC 128 5 27 U Akt &Ik A HIEEIS) Rt L, the s 72—
[ B O HE I HIE B AR O BIfR 2 7”7,

@) AR BT B =R —ZhLm _ EXHR O EREREFEOTERIE DR
IMO T STV DRFFIEOREIZ X A MEEE A B8 L 7z = %L X —5h=m) _Ext R o @
BEERR A O TN TIEER FEAFISRE, ERFEMEES) OB 21T 9,

1.5.2 IMO {ERR O EFEEE D B O GHG SEHEFHI &R U GHG BEH HIFE F dh#r DR EE

1.52.1 E@ET—7 LHEFHEDORIE

1.5.2.1.1 fffE/ A D558

IMO GHG Study TiZ, & 151 ITRTIHY | k5L D0z ifE Y1 ZXI2E->T 70 %ﬁ WA
LTCWb, ZNENOMTE %A XX, Ocean-going, Coastwise, Non-transport &9 X571Z57 1T B
TWb, MAC HifROFEEIL, £ 1.5.1 ® No.1 7*5 No.53 £ TOMFE YA x“ﬁﬁ%!f“&)éo

IMO GHG Study OHEFHT X 5 2007 F1 61T DAEHHEE &1L, SR TR 33,249 5 o Th
%o FFED MAC H#ROFE R GMTEIC L D EHHE &1L, 2IAEDK) 86% D 2 K 8,434 )1 h v Th %,
Flo, FU—, ST — aUT I, RN 7,549 5 R (23%) L 5489 T v (17%)
7223 7 b (22%) OBEHEEE TH D, K 1.511E, TONEERLTND,
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# 1.5.1 IMO GHG Study (Z351F 2 #3E,/ W A XD434H
No. e YA X 247  |FHIMACC| |No. A fe AR 247 |FRI|MACC
1{Crude oil tanker |200,000+ dwt O o 41|Vehicle 4,000+ ceu (@) o
2 120-199,999 dwt (e} o 42 -3,999 ceu (0] o)
3 80-119,999 dwt (e} o 43|Roro 2,000+ Im (0] o
4 60-79,999 dwt ¢} o 44 -1,999 Im C o
5 10-59,999 dwt o O 45|Ferry, Pax only  |25kn+ C o
6 -9,999 dwt C o 46 <25kn C o
7|Products tanker 60,000+ dwt (0] O 47|Ferry, RoPax 25kn+ C o
8 20-59,999 dwt (0] o 48 <25kn C o
9 10-19,999 dwt (0] o 49|Cruise 100,000+ gt C o
10 5-9,999 dwt C o 50 60-99,999 gt C o
11 -4,999 dwt C O 51 10-59,999 gt C o
12|Chemical tanker |20,000+ dwt O o 52 2-9,999 gt C o
13 10-19,999 dwt o o 53 -1,999 gt C o
14 5-9,999 dwt C o 54(Yacht N X
15 -4,999 dwt C O 55|Offshore Crew/Supply Vessel N X
16|LPG tanker 50,000+ cbm o O 56 Platform Supply N X
17 -49,999 cbm C o) 57 Tug/Supply Ship N X
18|LNG tanker 200,000+ cbm (¢} o 58 Anchor Handling T/S N X
19 -199,999 cbm O O 59 Support/Safety N X
20|Other tanker C ¢ 60 Pipe(various) N X
21|Bulk 200,000+ dwt (0] o 61|Service Research N X
22 100-199,999 dwt (e] o 62 Tug N X
23 60-99,999dwt (0] o 63 Dredging N X
24 35-59,999 dwt (0] o 64 SAR & Patrol N X
25 10-34,999 dwt O o 65 Workboats N X
26 -9,999 dwt C o 66 Other N X
27|General cargo 10,000+ dwt, -99 teu (6] o 67|Misc Fishing N X
28 5-9,999 dwt, -99 teu C o 68 Trawlers N X
29 -4,999 dwt, -99 teu C o 69 Other fishing N X
30 10,000+ dwt, 100+ teu | O o 70 Other N X
31 5-9,999 dwt, 100+ teu | C o 51l O : Ocean-going shipping
32 -4,999 dwt, 100+ teu C ¢ C : Coastwise shipping
33|Other dry Reefer C o N : Non-transport shipping
34 Special C o (NI TFHEIICBWTC & LTHbILD)
35|Container 8,000+ teu O ¢}
36 5-7,999 teu (0] o
37 3-4,999 teu o o
38 2-2,999 teu o o
39 1-1,999 teu C o
40 -999 teu C o
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_ 80,000
(7]
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S 70,000
o
-
e}
o 60,000
©
3
3 50,000
-
=
c 40,000
(=]
5
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=1
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c 20,000 -
o
o
) 10,000 -
=}
L
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LLLLLL

Crude oil tanke
Products tanke
Chemicaltanke
LPG tanke
LNG tanke
Othertanke
Bulk
Generalcargo
Reefer
Special
Container
Vehicle
Roro
Ferry, Paxonly
Ferry, RoPax
Cruise
Yacht
Crew/Supply Vessel
Platform Supply
Tug/Supply Ship
AnchorHandling T/S
Support/Safety
Pipe(various)
Research
Tug
Dredging
SAR & Patrol
Workboats
Service, Other
Fishing
Trawlers
Otherfishing
Other

Ship Type

1.5.1 IMO OHEEHT X 5 2007 45 D fFEBIREE 2 B

1.5.2.1.2 fifE/ VA R DOMfEEL
(HARRAZL D L

IMO GHG Study OfffEI%, #iit=2— FTEHIND L9 RPERERD RSN TV RN D, —f%
ICHWHBR TV S HE 21— KT % Statcode5 & D xf s BAMR Z it L. IMO GHG Study Ol D NZ %
¥4 %, Statcode5 1%, THS Fairplay {23 E BT S vl = — R Toh %, StatcodeS 1E, D = /L F—
BhHEFREHERE (EEDD) ZHEMNT 2BOMBESEEZHET 52 LI bEH SN TWAH 729, StatcodS &
IMO GHG Study OSFESFEOBMR 22T 5 2 EI13AH & 725, F£7-. IHS Fairplay 113, {ER A AO
IMO S AFELTH O, fHAHAO IMO #7512 Statcode5 ZEIV 4 TTW 4728, IMO GHG Study
OfFES A & StatcodeS DXIGERNIER TX 5 2 & T, BN O/3HT %2 IMO GHG Study & B}
TR RRE L 2 D,

AFRA CTIE, Appencix 2.1 (2779 IMO GHG Study O3 %E & StatcodeS Ot BfR % 7% E L 7=,
1.5.2 1%, ZORSBRIZHE-> T, IMO GHG Study & IHS Fairplay £1:0> 2007 = iri#z > T, MAC
HIBR O E X R Z L L T D, MF ISR ERFEN RN, BRE L7zxHBRIC K & 72
X WEE R D, £72. Appendix 2.1 IZ7RT KL 912, MAC HifR OB E XS ME L EEDI H A R A >
DXFGHRFRIL, RE RFEN W EF 2 D, 7272 L, Statcode5 7 B35SE2TF (Bunkering tanker) . A31A2GE

(General cargo ship, self-discharging) . A33A2CR (Container ship, fully cellular with ro-ro facility) T& %
sk, EEDI B4 K7 A R EN TV, 216 ON, Bunkering tanker [X, IMO GHG Study
IZEOLILDZERPFRINTWDR, o 2 fEIIAHTH S, AREAIL, IMO GHG Study OARfifZEL
EHEALCotratEd b, ¥ B —Litik L7284, Bunkering tanker % & 72 0#7 CThH 5 Z &2
EEDI A RT A &85,
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20,000

18,000 B IMO GHG Study

16,000 M [HS Fairplay Data
14,000

12,000

10,000

No. of Ships

8,000

6,000

4,000 -

2,000 -

Crude oil tanker
Products tanker
Chemicaltanker
LPG tanker

LNG tanker
Othertanker
Bulk
Generalcargo
Reefer

Special
Container
Vehicle

Roro

Ferry, Pax only
Ferry, RoPax
Cruise

Ship Type for MACC

1.52 IMO GHG Study & THS Fairplay ££:0> 2007 £ firdk o Hrifi

(2) FERO BT RIME

IMO GHG Study %, 2007 4EDOffindk 2 FA L LT, 2020 4E & 2050 FEDMAAEA TR STV 5,
MAC HIFROFEIX, 2020 FA4 xR L L TITHOIL TV D,

RAAER O TRIME L, ST EE & EEM IO v U AT X W IRET S, MAC OB E TR ST
WEEEDO YT Y Fid, AIB DAL TH 5, AIB O FALTIE, 2020 400 2007 4T 5 k),
Ocean-going Shipping & Coastwise Shipping C 1.31 fi%, Container C 1.94 {51272 %, [AIER D 2050 4D 2007
TR DS FE X, Ocean-going Shipping & Coastwise Shipping C 2.45 %, Container € 9.00 {5272
%o F2. MAC Hif % 5E T 5 B OIS T MBI, BodERT XS S o U A iS5 < B
BHEARL LTS, 2720, HOEEMIZ, GHG BB D —2 L LTH]Y LTl | JEEL I
O I D ZEA L OF R FIEDR, %R T2 K2R INTND,

1.5.3 1%, IMO GHG Study T &5 2007 FE O E | EFED 2020 FOMMAE Z R LT\ 5,
F7o. K153 1%, 2020 206 2050 4F O BITAMMAEDS BB 2T 5 2 & ZRE LT, 2030 FDfh
iz R LTV D, BOEORIZETIE, 2030 F 25512 L7z MAC HitORENMTHOATWDH 720, =
D 2030 FEOfIAEL 2 72 MAC Bi#RORIE % 1.5.3.2 §iTIT 9, 4, IMO GHG Study (231 T rb 2007
FEND 2020 F TOMAAERIT, BIRICEILT D L2 EL TV D, M1 XBIOMmEIL. =
DL BHIZENTHINT 2 Z LM TFHS N TWD, FebEINERN R E 2ifl, A4 X%, LNG Tanker

(200,000 + cbm) 725 4 &5 100 BIZHINT 5 Th 5, KIZ, Container(8,000+ teu)s 118 75 953
BITHEMT DM ThH D, 12 O/ VA XTI, MESHEERICED T2 Z L3 Tlllsh T
B, —HFOWDRTH LM, YA XL, Chemical tanker(-4,999dwt) T ¥ . 2020 F=D %L (1,659
££) 23 2007 FEOMIOHE (912 £8) IZHAK 0.55 5 T T 5, 2020 0> 5 2050 FEOMMEECTIE, IMO
GHG Study (2B W T, T _XTOMHE VA XDRHMT 25 Z LR THIESA TN D,
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Ship Type/Size for MACC

5,000

No. of Ships

10,000

15,000

Crude oil tanker 200,000+ dwt
120-199,999 dwt
80-119,999 dwt
60-79,999 dwt
10-59,999 dwt
-9,999 dwt
Products tanker 60,000+ dwt
20-59,999 dwt
10-19,999 dwt
5-9,999 dwt
-4,999 dwt
Chemicaltanker 20,000+ dwt
10-19,999 dwt
5-9,999 dwt
-4,999 dwt
LPG tanker 50,000+ cbm
-49,999 cbm
LNG tanker 200,000+ cbm
-199,999 cbm
Othertanker
Bulk 200,000+ dwt
100-199,999 dwt
60-99,999dwt
35-59,999 dwt
10-34,999 dwt
-9,999 dwt
Generalcargo 10,000+ dwt,-99 teu
5-9,999 dwt,-99 teu
-4,999 dwt,-99 teu
10,000+ dwt, 100+ teu
5-9,999 dwt, 100+ teu
-4,999 dwt, 100+ teu
Otherdry, Reefer
Otherdry, Special
Container 8,000+ teu
5-7,999 teu
3-4,999 teu
2-2,999 teu
1-1,999 teu
-999 teu
Vehicle 4,000+ ceu
-3,999 ceu
Roro 2,000+ Im
-1,999 Im
Ferry, Paxonly 25kn+
<25kn
Ferry, RoPax 25kn+
<25kn
Cruise 100,000+ gt
60-99,999 gt
10-59,999 gt
2-9,999 gt
-1,999 gt

m 2007
™ 2020
™ 2030

1.5.3  fFE A B O AaE
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(3) Fridhh & BEAFM DA Rl iE

IMO GHG Study CiZ, 2020 40 MAC Hi#ROFEED, EFED 2020 A OFRAAEICFE-S X 2007 44 FL i
L LTTOI D, GHG AITEo R IE, Moo iR o> 203 FTRE 72 & O MFAET D 728D | A, 2007
ELIETHBIC NS SN A ISR GErdm) &, 2007 AELLRTIC AN S S - ifngk (BEFE) (CoBET5
VEIN B %, IMO GHG Study Tl #ndh & BEFAR DO XD 728, LT OIEN TR E STV D,

2007 FEIZFHR VT, FEMmITATHO R,

N, ZRBIDOMAIERIE. 2007 4E & 2020 4E O THRIZICEN S L <1345,

AR S 30 ARIZ 72 DARAAIE. 314E RIS o TR & ey,

2007 TV T, ARAOMENL. 105 30 FITH —I23H T D, DFE D, 2007 FFIZIIT DR
ROELOD 1730 DISRAA, ZALEIUMED 14, Ml 24, . . . e 30 £ CTd D,

® 00

PLEOAGETIX, 13/30 (=0.43) {5LLEIT, 2007 45055 2020 A AAAEL B 3 285412, fRfindk
ZRETE RV, ZHISY TIEE % Chemical tanker(-4,999dwt) Tl 2007 £E LA THIEMAEAE L 72U
ZEMEREINTND,

O HL@ODIEIZFESE, M2 EE LIRS, K154 X155 ThbH, X 1.54 Tix, F4F
TOHEM & BEFZ R LTV 5D, X 1.5.5 T, 2007 FERES TOBEFM O & 2007 F0 5 O
MO RFEEAZZFE TR LTS, [ 1.5.5 THHFREMIT O A0 A ATRE7e GHG HIERT R IL, 2020 4
TR, REROMAE I U CREE OIS E I FTRE & 72 5,

(4) GHG H|J8uxt 3R 088 F At

FREOE TIE, BrigEhh & BEEM OIS A AR E S D, Z OBl & GHG HIEx R O i
AFENC Lo T, KR ORIG & 72 DB E T D, GHG I SR 1%, T A=k - 3 91 -C S0t wT R
RS L CEH S D 2 EPMRE SN TN D, D72, GHG BB R O it AR D i T
SNHMANEL, ZOXENEH SN2 E LTWD, Bz X, WHAFEEDS 10 £ Th DK IT, XKD
SN AL CANES 22 AFOMMIAIC T S, X 1.5.6 1, A4S 10 4500 GHG Bisce 3R o i i 7]
REZRARAASL & RN T DM 2 K TR LTS, ZOHA, 2007 FEREA T, vl 22 FLL Eo
xR D 9/30 A D, GHG HIEC R 238 H S 4v72vy, —757, 2020 Tk, 2 O GHG HIEokt
A 2007 D DAKFNCEM SN TNWD EEZ L2 TRTOMMICEASND Z L1k D, 12,
it FAEHC 30 AR D %R TR, 2020 5L TR 54% DA E FIRE & 72 D

(5) BEEMIC X A DO
IMO GHG Study Ti%., GHG BB R DO—2 & U TREHEN Z Y EiF T\ 5, EolELIC K- T,
BB LERZ L2 RELTB Y, ZAITHEN LN Z L2 RELTWD, ZOHE
SO ERIL, WD R o 2 HWTLUL TORTERIBENTWS,
BT BT g = 1#—1
-
IMO GHG Study T/HWH TV D 10%DHE0EEML T, £ 11%0BMA il 2 LB & 35,
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1.5.2.1.3 GHG HIBZ&EH

(1) GHG HIg X R4

IMO GHG Study 1%, f#HAEAERAFE L2V 10 OXRSFEEZLL T O X HIZRE L TnD, Z D55
Tl & 555D GHG BRSO 0> GHG BB E SN FE LN 2 L 2 RE L T 5,
WL OMOGFENTIE, S SIS b S L7z GHG B R B 3F7E L. 23 FEN Tlid GHG Bl
FEIZERT 2 (HOXRAMOXHR D GHG Bl EZ D S5 2 LRI T 2 RN & 5)
1. 2., 3., 4., 5., 7.0 GHG HIBCe R8I, & BT b L7o xSRI H 23F/E L, &K T 25 @ GHG
IO SR 2 R S T2,

1. 7aXTOATF R (Propeller maintenance)
2. aXT RO AT AOMERER - (Propeller/propulsion system upgrades)
3. MAERBIEROA T F A (Hull coating and maintenance)
4, iR ONEME O EA T Y 3 v (Voyage and operations options)
5. Fxx oot (Main engine retrofit)
6. MhiRdodEic X A MRem B (Retrofit hull improvements)
7. #iBhT AT A (Auxiliary systems)
8. T fthkid : MUZ K2 HM AT A (Other retrofit options: towing kite)
9. HOHIERMT (Speed reduction)
10. Z=50EVE (Air lubrication)
(2) GHG HIE A OFHHE 77 ik

IMO GHG Study Cl%, GHG HIJ# HIZBIT 2 I 223t B FIER RSN TW WD | Aild CE#R
T LR EE Z TR,

GHG HIlJd# X, GHG BB SR O F ML S B & D3RO ERIZ X - THA T 2RI O
B (AT 2A0EM) TROELND,

i 1o GHG HIIEE H I, LT ORRICFEDE D,

-—
—

b(:‘\
. - il GHG B E H

a (i

MC; : i#10> GHG HIlBk 5k 2
FC, i HIOBREHIEE H

i1 GHG HIJEE L, i MR COMETHY . FI5[HR (@&F]) 2T, BEFETHS 0 HIcH
TEAlE LS 2 2 LK TH 2,
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cV o BUEME L U7z i Bl GHG HIE

Bl 20X, FEEFEA 2007 4F (08) & LT, 20204 (13 &) OBUEME(L L 7= GHG BIJE Hix. LA
ToEICEDLES,

C13

CPV _
ST

i H1> GHG [BAHIEE HIZ. 1 $12H1F7 5 GHG Bl EYS Y © GHG HIEEH TH Y . LI T ORRICE
bﬁéo

mac, =S
A

1

-
—

-
Z
4;

i Blo> GHG Bl &

MAC, ¢ i HIORAEITEE

E7o, BEMEAL L7z i B0 GHG BRAHIEE H mac!” 13U F ORISR DE S,

Mwwzﬂi

B 21X, IMO GHG Study T H &4 T 5 8RBl #5  (500US$/Ton Fuel) . i Hi % %K
(3.02Ton-CO2/Ton-Fuel) Zf# H L T, FEHUELEZ 2007 45 L 7= 2020 4E D GHG FRFHIRE X, (IZ 2020
HFD GHG B SRE AN 0 THhH L, UToOfEICRETX 5,

Cis _ MC; + FC, _ 0-500x 4,;/3.025 —_166  (US$/Ton-CO2)

MAC,; =13
Al 3 Al 3 Al 3

F72, ZOffi% IMO GHG Study THUH ST 2HI51% (0.04) ZHH LT, 2020 450 GHG 5
HIEE: % 2007 4 CHEMELT 2 &, LT ORRICRE TE 5,

ct/ ¢y -166
Ay (1+nB -4, (1+0.04)°

mACq =
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PLEOFEIZ X - T, IMO GHG Study CTfti F S 30T 2 MRS . HEHR S BB R A2 HT 5 &,
FEUEFE % 2007 4F & L7 2020 4E O GHG FRFEIRE: X, 7°F A D GHG BT R E S FET D729,
FEBEME L DA T-166, BEMELDOTGAT-100 LY H KX 25,

(3) IMO DR EME

IMO GHG Study OEEAR T F VU A Tik, BREMEHE 7Y 500USS, FIGIHED% 0.04 IZRRESNTWD, D
fi.0> IMO GHG Study T & S 41TV % GHG HITBO SR B B OFER EIC DWW T A R 1.5.2 12777,
ZZCHET OREMEIL. A GHG HITEC R H IC B 2 k5 & 22 D MaRR Y X A5 FEhi % .
PREHEIEE Cd 5, 4 GHG BN RTE H O X%t 5: & 72 H0HE A X1, I E SN T b, — 7,
Mt AAEEL & B RIZOW TR, BEZRNEDR ST TW R WRERBFET 5,

PREHEIIRER & xR I, AL & EATEASERE ST 5, 45 GHG HINBSRIE H CTlix, FAZE &
EATAEDOBREHEER 1T LT, R RE O FAE & EAMEN S 5 72, BRAHIEE X, 480 OHEE
AR SN D,
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#1.52 IMO GHG Study DRIHESA:

GHG Mgkt 5538 GHG HIgxi 3R B KL A X
. 7aX5DRA LTI A 1.1 7 a_I RO Ay SR 7e L
12 7uaXgnT T s ARTE olfif HAFEL 5 4%
(BEEEDHEIN) ot H  3,000U8$~-4,500US$
OMRBHAIEES  0.5%~3%
13 7aRIn7I vy AR L7z L
2. TuNTROMEES AT A (21 T 0T AROrERER L Tx V= IR [Fid L
DOMERENR] 22 a7 OMNEER FONE, ) XV | X —DH Sk L
23 FTaNSGRAFY T T 4 RTE olfif HAFEL 10 4
OBAEM  AEITET LT D kw ITIEEFIL .
20,000US$ (735kw T2 32) ~146,000US$(22,050kw -2 72)
HMERFE I L
OfREHINEEE  4~5%
3. IMEBEER A T A (3.1 ASAMERREE R e offit #% 54
o FEMIE A : 45,000USS, ERTEMIEH : 5,000US$
fnIC X DA L
OMREHIRER  0.5~5%
3.2 fRfRGEEE 1 AR olfit FAFEL  Fili7e L
ot vy 7 AoV OB & 43,000~51,600US$ & L
T, INEFEUEL U ORI
o RENYEEE  BNFRAEIC /R Y | 0.4~2.9%F
3.3 FRfARERSE 2 AR olfit FAFEL  Fili7e L
ot vy 7 AoV OB & 221,000~265,200USS &
LT, Il U ORI,
o REHYIEEE  BNFRAEIC /R Y | 0.8~7.3%FRRE
34 WMET S v T e olfit FAF%L  54F
oMl FEHETEA : 26,000US$~39,000US$
IRFERINC N R D (FRIRER} & RO
OREHEIEEE  1~10%
35 MAKEZ T 2 b (k) AfinFE offit #4 54F

OB EME  33,000US$~49,500US$
IREBICE N D (IS & Rk O#E)
oBREHYIEER  1~10%

36 K74 Ry 7 COLRET T A b
(AR T T A RO

TERFR D AfRFE

ol AR EA L L= ARk WIRBEIEIE DT- 6D | BED I
WHEND (N 25 SEOMMN A TEE)

oW 68,000US$~81,600USS$
RN E DSR2 D (I AREEL & [RIREOHRE)




09

# 152 IMO GHG Study ORISR (i X)

GHG HIEx 3R 548 GHG HIExf 3R B KIRHNFE A R
4. fitE R ONERTR OUEEA T (4.1 BHEE (PERERCHR) AR offit FAF% 10 4F
eIV ol 26,000US$~31,200US$ (HiF771HEAZY)
I L pE SR L
oREHEIEEE  0.5%~2%
4.2 REWEEEGT (PEREESR) AfiFE offit FAF%L 10 4F

ot 46,000US$~55200US$ (BABHE LA ZY)
iRl & DBz L
oREHIEEE  0.5%~2%

43 T xYP—)—F (7

7z —, ZI—RE R EHE

offit H4FEL o7 L
okl 800US$/AE~1,600USS/AE
oREHINEEE  0.1~4%

4.4 AEEREEEOMRER FROSRE | FRZ L
5. B vk 50 Foo v DFa—=7 T U—, ZA—XEERSHE [FRA L
52 IELL—NAKTE ARt k7 L
6. fiviReEic X B REn E 6.1 YA AT A ZBHAE e Ayl Rz L
FinoEt, 70 v K)
7. FBH T AT A 7.1 B )L X TS ENRE Tz — IN—X Flakze L
72 KT ROT 7 v OElEE I A FralZe L
7.3 BB G iRE) b e Ay FllRZe L
8. T Ofthdrds : UZ L 2 HMiT AT A PV B T— JISTHEE(m2) 320, 1200,480, 26, 25~35
TV A T (kw) 640, 2500,920, 50, 65~85
i (T USS) 1280, 4900, 1755, 96, 160~195
R EE (T USS) 2500, 9600, 2590, 142, 285~335

A~ L—a V(T US$AE) 5000, 19200, 3430, 188, 445~515

9. Tk

7 x = I N—RuBR< AfifE

offit FH4ESL  #Mwd
ol IREE R EATE M 6,000~8,000 US$/H
OREHENEE  10%

10. &5

B O LU OfFE/ A X
JFIH % > F1—(>6 J7 DWT)
7NV (>6 77 DWT)

LPG % > J1—(>5 77 m3)
LNG % > 71—
227 FH(>2000ten))

offit %L 30 4F
o FEMEHM  ERHTENMTIE O 2~3%
YEHE T —H4729 0.3~0.5Ton OFKEHEIN
ORI
BouB— ST 5~15%
N AA 2.5~9%




1.5.2.2 GHG BEHHETFHI & O GHG [RFHIEE F iR O HE B,

1.5.2.2.1 GHG HEHHETFH]

IMO GHG Study T, iz Tl & xtie LT, GHG PEHEIZRE LT 1 2007 4EDHEF & | 2020 4F,
2050 O TR DT T D, IMO GHG Study (23517 5 GHG HEHE & 13, CO2 P& x5 L LT
W5, X 1.5.7 1%, 2007 4, 2020 4, 2030 F DR, 1 XjlO GHG HEH&EAZ /R LT\ 5, MAC i
BROBER R L 72 DWW X T, 2007 42 8 f& 7 T b v @ GHG HetE 3 st S Cn b, £
72. MAC HROBEEICHW LN TV D VT U A TiE, 2020 2R T 12 6 T kv ® GHG
PEHR TR SN TS, ZON, U —N3ErN ST —R2@2 T, a7 N4
6 TH ko GHG HiHETH 5,

AL &[RRI, 2030 42> GHG HEHEIE, 2020 4205 2050 DL, MFE WA ZBINTHRIE T
W42 Z L2 RELTHRELTWS,

. AFHA TIE, IMO GHG Study TIZHR &R Ty, MAC #i#RFEE ST Y 4 GHG HEHED
F—HZERBRATF L, 2D T\ 5, IMO GHG Study Tid, 2020 4500 GHG HEH &S 12185 T
TR EfanTBY, KHEDOT —4& L RERHEEIT RV,
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200,000+ dwt
120-199,999 dwt
80-119,999 dwt
60-79,999 dwt
10-59,999 dwt
-9,999 dwt
60,000+ dwt
20-59,999 dwt
10-19,999 dwt
5-9,999 dwt
-4,999 dwt
20,000+ dwt
10-19,999 dwt
5-9,999 dwt
-4,999 dwt
50,000+ cbm
-49,999 cbm
200,000+ cbm
-199,999 cbm

Crude oil tanker

Products tanker

Chemicaltanker

LPG tanker
LNG tanker

Othertanker

Bulk 200,000+ dwt

100-199,999 dwt

60-99,999dwt

35-59,999 dwt

10-34,999 dwt

-9,999 dwt

Generalcargo 10,000+ dwt,-99 teu

5-9,999 dwt,-99 teu

-4,999 dwt,-99 teu

10,000+ dwt, 100+ teu

5-9,999 dwt, 100+ teu

-4,999 dwt, 100+ teu

Otherdry, Reefer

Otherdry, Special
Container

ize for MACC

Ship Type/S

8,000+ teu
5-7,999 teu
3-4,999 teu
2-2,999 teu
1-1,999 teu
-999 teu
4,000+ ceu
-3,999 ceu
2,000+ Im
-1,999 Im
25kn+
<25kn
25kn+
<25kn
100,000+ gt
60-99,999 gt
10-59,999 gt
2-9,999 gt
-1,999 gt

Vehicle

Roro

Ferry, Paxonly
Ferry, RoPax

Cruise

0

|

CO2 Emission(Million tonnes)
100 200 300

400

500

m 2007
m 2020
W 2030

1.5.7 #fE /Y1 XB> GHG HEH &
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1.5.2.2.2 GHG [R5-HIDRE F dhiR
(1) GHG HIBE L HIBER OB E

IMO GHG Study TI%,2020 4% %} 5 & L T .MAC B O R ENITHOI 5, # 1.5.3 1%, IMO GHG Study
TR S5 GHG BTG 5R43 8831 0 GHG Il AT e & & BRAEIBE A 2R LT\ 5, 1.52.1.3 fi CilEA
L7z 0 | -100USS$/t L0 &/h S WBRFHEIEE X, BUEMELATOh ThwinegBZz 6 b, IMO
GHG Study O [RFHEIFE 1L, -100US$/t £V &/ SWIEE N SEAFET D720 ARFHA TIXBAEMAE
{EAMT I TN 720 & L 7=,

T2, F1.541F, 4 GHG HIERE H B, IMO GHG Study C/r &40 CV % GHG HITE & & RS
HIBE M Z R L TnD, £ 1.54 OKRTIE, GHG HIEXHR O TAES U< iX BArfE s L TERMS
NELEEZONDETH D, £io, FAEHAMEIT, GHG B R COR/ME, PHAEIX GHG
IR 5 43 38 T DB KA &2 7 LT %, IMO GHG Study (2381 5 GHG Bl AT fE & & PRSI 1.
GHG HIBIRI SR E B 1) 5 Fe/ Ml & e R 2 IR L C RO & B & 3254 & 5o
FoT, WS ONOHEIEE ZBRS L T FAEE EEZEIRL TWD EBE 2 6 b, Fric, (2.7
7T ROHERE S 27 AOPEREM ) 38O 121 7T fEoEREm Ly & 122 7 rXJ oMkEemn
FUNE 7 X)) 2BV, GHG B E FAL 7 — A OFR A HIEE F 23 90~600USS$/t T & 2 HEFHI 2 bR
AENTWDE, Eo. AL CERROYEA 7> a ) SO T4.1 i ) FHEREER)) &
(4.2 BREHE L FH(MEBERE M) ) 128\ T GHG BIBE FAL7 — A ORRAHNEE A A% 70~330 US$/t TH
LHEEHED RN STV D R, [TA4liBh v AT &) SO 171 Ao —HURREME]) & (7.3
D EBCINEMIZIRE) | ORFENEE AR ST 5 mild, MAC B OBEICK X 8%
525,

PLEO TFAAE & BN OB+ 5 BIEIX. IMO GHG Study TIZFFMINARHTH D, AFHED
MAC B DR E Cld, HFHMEOBIRZ %k 32 L ) ICh/MEE IR K E LT 5,

7 1.5.3 IMO GHG Study O [R5 HITEE H & GHG HIj ] e &

GHG HIJs Al e & FR ST IR R
GHG HIIJEoe 53 48 (CO2 ~v) Ck Kv/co2 b))
FNLE CFALAE, EAZAE)
. F7aXTDALTF R 45 (257 65) 75 (65 / -120 )
2. a7 ROHEET 2T AoOMERER E 50 ( 45/ 60 ) -115 (=70 / -155 )
3. IMABERRA T A 40 ( 15/  65) 2105 (1 -65 / -140 )
4. il K ONERE O ES T T g v 25 (1 5/ 45) -150  ( -140 /  -160 )
5. Frmovoils 5 ( 1/ 10) 175 ( 470 / -120 )
6. MriRdaElz X o EREm |k 30 ( 10/ 55) -155  ( -140 /  -160 )
7. B AT A 5 ( 2/ 10) 80 ( 250 / -90 )
8. T OfhtkiE - Mz X DHRMLT AT A 70 (40 / 100 ) -110 (=75 /7 -135)
9. JHCHIEMT 100 (90 / 110 ) 110 ( 80 / 135)
10. Z25 Ve 20 ( 10/ 25) 2130 (=90 / -150 )
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7 1.5.4 IMO GHG Study @ GHG HIlJ8se 55 B 51l > GHG Il & BR A HITE H

GHG Mg (100 5 ko, HIEER) | BRAHEIEEH (US F/L/ton-GHG)
GHG I8 A7 | GHG Bl & _EAT | GHG HIJE: FAL | GHG Bl A7
GHG HilJsk 3R A oA A= Ar— A Ar— A
BEH | m&H | KEH | mEH
2 | =R | =R | r— R

100 J7 t | MR | 100 J7 t | HijgE

1.1 7 m T PR 0.4% 425 3.4% -135 -130 -160)
12 70T D7 7 v w7 BEOE) 62|  0.5% 367 2.9% -160 -130 F160] ml
13 7uX5nT5 v 254  20%| 62.8] 5.0% 75 -125 -120
2.1 FuTREovEER 19.7 1.6% 4.7% 90 120 -80 -70
22 T aT OMERER EONE, 2 XL 0.1% 112 0.9% 530 -90 -80
23 TaNTRAX YT T 4 429 3.4% 53.1|  42%| [158 -150|  [155  [158]
3.1 M PERREE AR 0.5% 612  4.9% -45 -45 -150 -150
3.2 fRIRZRLL 1 6.6 0.5% 26.1 2.1% -115 -105 -150 -150
3.3 MaikiREE 2 13.2|  1.1%| 65.3] 52% -40 -140 -130
34 MET T v 12.7 1.0%| [125.6] 10.0% -95 -65 -155 -150
3.5 JRIRKIET Z A N (OKkH) 12.7 1.0%| [125.6| 10.0% -80 35 -155 -150
36 R4 Ry 7 TOREBT T A b 82  0.6% 16.1 1.3% -155 -150 Fie0|  [160]
4.1 B ) EH(MEREEE B 5.4 0.4% 21.3 1.7% 70 115 -105 95
4.2 PRENHE &5t (HERERE ) 5.4 0.4% 21.3 1.7% 245 330 -60 -40
43 TP ——T 0.1% 3.7%|  -130]  -100 -160
4.4 B EHERAEEEE O PEREIR R O 5.4 0.4% 31.9 2.5% -140 -140 -160 -160
50 B v OFa—=v 0.1% 0.6% 405 470 -90 -85
52 aELL—LkE L1 01% 53] 0.4% 25 45| F125] 120
6.1 1 F2F AN ho.7| o09%| [B34] 42% -145|  h140| [160| [160]|
7.1 AR F — AR EL R 0.0% 0.6  0.0% 385 95 -85
72 R T ROT 7 > ORI 21| 02% 0.8% 210 250 90 -80
7.3 I BRBEEMIZ IR IE) 0.0% 0.7 0.1% 100 130 F130] -125
8. FOME T LA EMI AT A B7.4]| 3.0%| [100.9 8.0% -85 [135) -130
9. JHHEAT 98.7|  7.9%|  987|  7.9% A3 IEE
10. 728 7.5  09%| [24.4 19% -115 | F500  -140

K= : IMO GHG Study D FRSAHIEE H O FALfE S L < 1% A0l
[ ]: GHG BBkt 5 53 589 C 0 e/ Ml
[ 1: GHG MR 3 538 T D ok i

(2) GHG HIJRE & HIBE A o g

AL, IMO GHG Study (272 S VD AifESRM (BREHEES - 500US $) | ik, fE2 6. 2020 4ERF
S5O MAC #hROFHL 21T > T 5, IMO GHG Study (ZFE# STV WE ST 2 EIE. A&
IORENTWABRAEIRE AN SHER Lz, 2 2 Tlk. MAC Hi#RORE LB 722 GHG HIEER & BRA
HIIEE: 2T, IMO GHG Study D& F: & AFHAE D% R % i+ 5,

1.5.8 1%, IMO GHG Study & ARF# > 2020 4REA T O GHG B & FALEIZDW T, GHG B!
REHBNRLTWD, K 1.591%, EAEICET 2O TH 5D, GHG HIEEIL, I, 2020 FRFA
DIV B R Z 36 AR 72 finAnEk & . T OXR D CO2 HIR=RIZ L » TRET 5, Ai# D GHG HIjK
BEOHEFHIE L. £ < O GHG B 5 E B 123 T IMO GHG Study & 1% 5 20% 2 E OFRE & 72 5,
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1.1 Propeller performance monitoring
1.2 Propeller brushing (increased frequency)
1.3 Propeller brushing
2.1Propeller/rudder upgrade

2.2 Propeller upgrade (winglet, nozzle)
2.3 Propeller boss cap fins

3.1 Hull performance monitoring

3.2 Hull coating 1

3.3 Hull coating 2

3.4 Hull brushing

3.5 Hull hydroblasting (underwater)
3.6 Dry-dock full blast

4.1Shaft power meter

4.2 Fuel consumption meter

4.3 Weather routing

4.4 Autopilot upgrade/adjustment

5.1 Main engine tuning

5.2 Common rail upgrade

6. Transverse thruster opening
7.1Low-energy/Low-heat lighting

7.2 Speed control pumps and fans

7.3 Power management (new ships only)
8. Other retrofit options: towing kite
9. Speed reduction

10. Air lubrication (new ships only)

| | |
M IMO, Low reduction

B NMRI, Low reduction

0.0

20.0

40.0 60.0 80.0 100.0 120.0

Maximum Abatement potential (Million Ton)

140.0

1.5.8 IMO GHG Study & AFR# D GHG Hlljoe I8 H 5ll> GHG HIjJsiE  (FALfiE)

1.1 Propeller performance monitoring
1.2 Propeller brushing (increased frequency)
1.3 Propeller brushing
2.1Propeller/rudder upgrade

2.2 Propeller upgrade (winglet, nozzle)
2.3 Propeller boss cap fins

3.1 Hull performance monitoring

3.2 Hull coating 1

3.3 Hull coating 2

3.4 Hull brushing

3.5 Hull hydroblasting (underwater)
3.6 Dry-dock full blast

4.1 Shaft power meter

4.2 Fuel consumption meter

4.3 Weather routing

4.4 Autopilot upgrade/adjustment

5.1 Main engine tuning

5.2 Common rail upgrade

6. Transverse thruster opening

7.1 Low-energy/Low-heat lighting

7.2 Speed control pumps and fans

7.3 Power management (new ships only)
8. Other retrofit options: towing kite
9. Speed reduction

10. Air lubrication (new ships only)

I [ I
1 IMO, Hingh reduction

B NMRI, Hingh reduction

0.0

20.0

40.0 60.0 80.0 100.0 120.0

Maximum Abatement potential (Million Ton)

140.0

1.5.9 IMO GHG Study & AFi# > GHG Bt K B Bll> GHG HljsiE ((EALfiE)
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ARFADOHEEFHEA . IMO GHG Study (2% LT, {7 2 Ff o 72 AHIENFEE LRV oD, ZOMED
KIUEEA & 20T 72 o TO RV, FREDORREN RS WREBEIL, 7.3 HAEBEGIERICRE) | Th
V. AFRAOHEFHELS IMO GHG Study @ 7 fi5 (FAZfE) & 565% (BALfE) (272223, ZOXREAI
GHG B &S ORI RE B 2~/ & < MAC #ifO B HIZEZIT D70, £, 110285081
O FAAEIZERBN T, AR OHEFHIE A IMO GHG Study (2 Fb~, 2 {5 Ol KH#fEGH L 7> TWnd, k
PAEIC DWW TIE, 3%RREO/NS2ETH D720, FAAEOHIED FIKNA R L 22> T 5,

¥ 1.5.10 IZ. IMO GHG Study & AFH D 2020 LEEE A TORRFHIEE A O _LALEIC>W T, GHG H
WP RE H BN R LTS, RS HIZ 4 @0 HiH S b, X 1.5.10 1Z, GHG B ED FALET
HY . HIEEAR EAETH D 7 — RS, RARREH DR R b RELS D7 —ATOHEERL
TWo, K 1.5111F, TEICET 25D TH S, ., IMO GHG Study T, 2020 FREH T O xR
OHIEE AT RSN TN, IRAHNEE A CHEgE1T> T\, & HIE R B o PR HI
M. RS HIEOE R H 0 GHG AR & BIEE I &> TRIET 5, A& D GHG Bl EOHE
X, 2 < © GHG B RIE H 2B\ T IMO GHG Study & 1%70°5 20%FEE OFE & 72 b, [RA
HIE O EALE T, 20% 2L EOFENFET S REA X, 113 7m0 7 Iy 7] 131
FRORPEREREEAR) . 33 fniREEE 2y | BAEKT T v 7)) | [BSIERKIET 7 2 FOkH)) |

[8.F D : JUZ K DML AT A [9EGHEIE] ThD, Eo. BRFAHIEEHO FAET,
20% LA EOMENFET HRPRE AL, 71 =RV —RURREREH) | 72K TROT7 7
OEHAEIE ) . 17.3 HAEBCIEMICIRE) | . [9BIEEN] THhD, ZhoDOXREHDNA,

O BGHGERT ) 1, B & FALE2 I, IMO GHG Study OHEFHIE 2 FFHl T & 9, TN ENHERHE
23 50% & T0%FE, 1w/ 7e > T D MO B 1%, EAMES L <X TFALED—J5 T IMO GHG Study
EHEFHEIZFREDNAE U 2 A%, BRAVEIEE F Okl [9.80GEMT) 12~/ & < MAC Bi#RO B E
TIIREREEIT L 2 20, T9.REGEN] (X, BHOREEIHERNDH DL Z ENEXLNDN, 2
DREIES BICFERREBRATFEZITORWIRY | JRRZFET D Z L IIREETH 5,
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1.1 Propeller performance monitoring
1.2 Propeller brushing (increased frequency)
1.3 Propeller brushing
2.1Propeller/rudder upgrade

2.2 Propeller upgrade (winglet, nozzle)
2.3 Propeller boss cap fins

3.1 Hull performance monitoring

3.2 Hull coating 1

3.3 Hull coating 2

3.4 Hull brushing

3.5 Hull hydroblasting (underwater)
3.6 Dry-dock full blast

4.1Shaft power meter

4.2 Fuel consumption meter

4.3 Weather routing

4.4 Autopilot upgrade/adjustment

5.1 Main engine tuning

5.2 Common rail upgrade

6. Transverse thruster opening
7.1Low-energy/Low-heat lighting

7.2 Speed control pumps and fans

7.3 Power management (new ships only)
8. Other retrofit options: towing kite
9. Speed reduction

10. Air lubrication (new ships only)

IMO, Low reduction, High cost

-200

m— B NMRI, Low reduction, High cost
__\
__\
__
_:\
=
__\
-
__\
__\
__\
_:\
__\
:_
__\
1 !
_:\
_—
I
0 200 400 600

Cost efficiency (US$/ton of CO2)

800

1.5.10

IMO GHG Study & AFH# D GHG Bt 5K H B O RS HIE A (EALE)

1.1 Propeller performance monitoring
1.2 Propeller brushing (increased frequency)
1.3 Propeller brushing
2.1Propeller/rudder upgrade

2.2 Propeller upgrade (winglet, nozzle)
2.3 Propeller boss cap fins

3.1 Hull performance monitoring

3.2 Hull coating 1

3.3 Hull coating 2

3.4 Hull brushing

3.5 Hull hydroblasting (underwater)
3.6 Dry-dock full blast

4.1 Shaft power meter

4.2 Fuel consumption meter

4.3 Weather routing

4.4 Autopilot upgrade/adjustment

5.1 Main engine tuning

5.2 Common rail upgrade

6. Transverse thruster opening
7.1Low-energy/Low-heat lighting

7.2 Speed control pumps and fans

7.3 Power management (new ships only)
8. Other retrofit options: towing kite
9. Speed reduction

10. Air lubrication (new ships only)

IMO, Hingh reduction, low cost
B NMRI, Hingh reduction, low cost

-200

-150

Cost efficiency (US$/ton of CO2)

100

1.5.11
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(3) GHG FR 5Kl F it oD ELik

AFHAEMIE T S A7z GHG B R & FRAEIEE H 12355 < MAC #ift & . IMO GHG Study ® MAC

R &t 5, AFHAE D MAC #h#RO R E 1L, IMO GHG Study &[RRI, BREHIliS 2 500US$ & LT
Wb, Fo. T2 TO MAC #iffOFE TIL, RAHIEE H OBIEME L 21T 720, Ak L72@ Y |
IMO GHG Study Tl&. 4 GHG B SR B 31T D HIEEE H 123\ T, BALE & FALfE D@ IRI ’%}%
W FEPNFE LR, O, KFHEDO GHG BRI CTO _LALE & FAEOSRIL,
BN K E WVERIETIE, IMO GHG Study &[] —& LTW5, BiRpyicix, 2.7 Iﬂf\7)§ZU\?EL‘
A7 LOMERER ) . T4AREE CEMEOLEA T v a v . TTHBIY AT A 12BWT, BN
i & FAME & 72 5 GHG BIJE0e 5IE H 0K 2 IMO GHG Study & [Fl— & L7z, o> GHG BB 34y
FICHBT D BN E AL, 20BN TORKEE F/MEE LTS, o, KETIE., —8H
LT BNl & A O SEEE 2 P AfE L LTV 5,

B 1.5.12 1%, 2020 FFRES O XM 2IRIZEE T 5 IMO GHG Study @ MAC #i## %R LT\ %,
1.5.13 1%, A THESF 472 GHG HITBE: & [RAHIEE HIC K-S & Biio & 95 72 Bl & FALELC
B L CHREE AT 72 MAC 2R LT\ 5,

IMO GHG Study ® MAC Hi# CiZ, 2 T3{E9 T4~ ® GHG HIIB&TH 5, KA D MAC i
FECTIX, 36E 8 T 900 7 ko> GHG HIJH & Tl OFEIZ/N SV, £72. GHG [RIHIEE 3~ A
F A LI DRI HI AT RE 72 B iX, IMO GHG Study T2 &8 T4 by, AFET 2= 6 T 900 5
VTHY | RERMEILR, Z OO GHG BT R /381X, IMO GHG Study & AFi#C—E7 5,
7272 L. AFHE TS0 GHG B 3R IE H T, IMO GHG Study & it KT 20%F2E O FENFAE L
el ~A F ADORFEIBE H O GHG HIECE RIZBI 3 2 IH/7 1%, IMO GHG Study & AFHA T#
po T 5b,

77 AORFNANRE H & 725 GHG BB RIL, 5. orddE) o TMiBhe 274 19
JOEEMT] TV, IMO GHG Study & AFHEIL—ET 2, 5. vodds) & F7.%%EJJ°/;<?AJ
IZBI L T, IMO GHG Study & A4 D GHG HIjEE & BRIHIRE FHIC K E 20 7evy,  T9.JeusE
fit) 1ZB8 LTIk, GHG HINBRICIIR & 703 720, BRAENEE A IZ B\ TR A OHEGHIE A D &
2o TS, TOrRIE, B L72@ Y | BIRGEMRRE A BLETH D08, 2L L TIATFED MAC
R OBE DS, IMO GHG Study ® MAC #hitZ HEL A fE L S 2 5,

[4 1.5.14 1%, IMO GHG Study (Z351F %4 GHG BT R H O FIEE & RFAITEE HIZ oW T, &k
il & e /IMiE & 7 D HEFHE 2 B4R L. GHG BB R8O EALE & FALAE & L7236 O MAC B % 7=
LTW5, X 1.5.15 1%, AAEDOIEE 2 AR A OHEFHE TI7 . 15 B L7z MAC #iff Th 5, Mi# D MAC
HIARICBE U CoofHiEIX, Ao T9REEN) 12X 2 b D L FERTH D, GHG HIJdx K 5E T DR K
il & Fe/MEN S, IRAHIEEHOFEEEETZ T, T4 ﬂm@&ogﬂnﬁmﬁz%zﬁya >
OIRFHERE A7 7 A L7 d, ZO 1L, IMO GHG Syudy & Afi#& CHIEL T\ 5,
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Retrofit hull improvements

Voyage and operations options

g 150 Air lubrication (new ships only)
o 0 \Pro peller/propulsion system upgrades
.5 10 Other retrofit options: towing kite
E Hull coating and maintenance
= 50 Propeller maintenance
U
7]
2 0
=
L% ]
S 50
= Auxiliary systems
£ 100
(-] Speed reduction /
7] Mai engine
Q
o -150 retrofit
-200
50 100 150 200 250 300 350 400
Maximum Abatement Potential (Million Ton)
1.5.12  IMO GHG Study ® GHG [R5k A i
(2020 =, ARFEGFE. AEHmES 500 KoL)
200 Retrofit hull improvements
—_ ‘Propeller maﬂtenance
8 150 Other retrofit options: towing kite
o Alir|lubrication (new ships only)
"5 100 Voyage and operations options
§ 50 Propeller/propulsion system upgrade
a Hull coating and mainten
7,1
2 0
=
L=}
S 50
= eed reduction
% 100
E Main engine
o -150 Tetrofit
-200

50 100 150 200 250 300 350 400
Maximum Abatement Potential (Million Ton)

1.5.13 A4 GHG BRSLHITEE H i o M e
(2020 45, AAFEAFE. REMERS 500 Rv, FEBLEAMifEAL)
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Cost efficiency (USS/ton of CO2)

250
200
150
100

Retrofit hull improvements
Air

rllubrication (new ships only)

nance

/ Propeller mainte

Qther

ull coating and maintenance

AT

\/, A 41
voydaytc daiiu opcidalvl

Qnaand radietion

opPCCU TCUuUCHOn

I

uxiliary systems
Main engine refrofit /
Propl ller/propulsion system

50 100
Maximum Abatement Potential (Million Ton)

upgrades
150 200 250 300

350 400
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(2020 4, fipfE G EF, ORHEIRS 500 RL)

Cost efficiency (USS/ton of CO2)
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153 EEREESE O GHG [BRBIEE A ORE
1.5.3.1  IMO {ER® GHG FRFHIJEE F dh# D update

1.5.3.1.1 #ZE (update D FHIE)

IMO GHG study(MEPC 59/INF.2)IZ a9 2 x5l & DR FHIRE H A2 % 1.5.5 1277, MazRAHI
W . TBOEMLI T OBETER A T ORISR > TRV . ik B0 FriE i i ox R A w 12
72, EBEEORFEE MR L Lk, BRI D BRI SRS,

T, AWHBENIETIE, Brigfamid oxR 2 M85 L7z EEDI =R O H R R (MEPC
60/4/36)\ZFRHL D = 1L X —2h# ) Ext A L. MAC #iff % update 35 2 & & L7z,

# 1.5.5 IMO GHG study(MEPC 59/INF.2)(Z i3 % %t 551 & o [RIAE1E:
Table A4-1 — Approximate cost efficiency and maximum abatement potential for the

different groups of measures (2020, fuel price is USS500/tonne, interest
rate is 4%0)

Cost efficiency Maximum abatement potential
(USS/tonne of CO;) (Mt)
Central estimate (low bound estimate / high bound estimate)

Retrofit hull measures —155 (—140/-160) 30 (10/55)

Voyage and operational options =150 (—140/-160) 25 {5/45)

Air lubrication =130 (—90/-150) 20 (10/25)
Propeller/propulsion upgrades —115 (—70/-155) 50 (45/60)

Other retrofit options =110 (=75/-135) 70 (40 /100)

Hull coating and mamtenance =105 (=65 /-140) 40 (15/85)
Propeller mamtenance =75 (—65/-120) 45 (25/65)
Auxiliary systems 80 (250/-90) 5 (2/10)

Speed reduction 110 (80/135) 100 (90/110)

Main engine improvements 175 (470 /-120) 5(1/10)

BARAIZIE, X 1516 12880, ML LT, EEDI $hR&ED H ARZIZHH O KD
PRI 2 R GBI L, 5 Bk & L C. IMO GHG study @ MAC Hi#R I FoH otk o # H % &
FAIFICHERR L, BRAENREHZ AT & L,

Cost efficiency Maximum abatement potential
(USS/tonne of CO-) (Mt)
Central estimate (low bound estimate / high bound estimate)

Retrofit hull measures —155 {—140/—160) 30 (10/55) N

Voyage and operational options —150 (—140/-160) 25 (5/45)

Air lubrication —130 (—90/-—150) 20 (10/25) n

Propeller/propulsion upgrades mlila (01 =155) 50 (45 /60) ﬁ__ﬁé"ﬁé"

Other retrofit options —110 (75 f—135) 70 (40/100) > ” E—

Hull coating and maintenance —105 (—65/-140) 40 (15/65) ﬁ%ﬁﬁ@EL L

Propeller mamtenance o [e05 il s120) 45 (25/65)

Auxiliary systems 80 (250/-90) 5 (2/10)

Speed reduction 110 (80/135) 100 (90/110) -

Main engine improvements 175 (470 -120) S{1/10) ehe ffbﬂtb

-= 2~ FRIE
EEDMERBEARECR 0 YYoyisy) > T
O} KD IEN
4 1.5.16 GHG [RSHIEE I H#E D update DIFFEA A —
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1.5.3.1.2 EEDI Z)RikED B ALR(MEPC 60/4/36)\Z 508 D x5 0 R HIBE F 0B

(1) EEDI /=Rt D H AR (MEPC 60/4/36) DHEE

EEDI I3t D H A$242(MEPC 60/4/36)1%., Passenger ship, Dry cargo carrier(Bulker #H24), Gas tanker
(Excluding steam turbine ship), Tanker, Container, Ro-Ro cargo ship(Vehicle carrier), Ro-Ro cargo
ship(Volume and Weight carrier), General cargo ship & Uf Ro-Ro passenger ship @ EEDI 3 x4 D 9 finfi
(22T, EEDI £l 7 = — X(2013-2017 4F « 2018-202 4 + 223-2027 4E)f5 D 4 3% A A0 i F -+ 5 Boffr
BRSNS HIEA T v v W(EEDI HfE) 25 HE T 50 TH 5,

M AARBRRICTHHET 2R - EE2RK 156 1077,

RIBEICER L Cid, b 3R oot 1 o i PR (TR K OVRE I (S B 4T), HIUTRCRE (IR S OV T (W0 391 )
EBEFEL TN END YT — &2 EMNT 5288 IRAHIBEMZEHET 2 2L TE 5,

#1.5.6 HAIEZE(MEPC 60/4/36)\Z L DO HR— &
. Year of 2013|2018 | 2023
Dry cargo carrier (20,000 DWT) Contract 2017 2022 2027
Expected
gzg;or?;m e e Improvement | year the
; effect of each | improvement | Phase1 | Phase2 | Phase3 Note
o RO technology(%) | reaches the
propulsion ogy ;
maximum
. In the case of transition fo electric population system
R_Eduzhm ?; Optimization of 30 2019 o which will be able to transfer engine room to
airand win superstructure bow-side, streamlining superstructure will be
resistance
adopted.

Reduction of
wave making | Optimization of Optimization of stern shape mainly has effect in
resistance by | stern shape ocean waves.
shape of stem

Low friction 5 2012 - Low friction coating can not be used with air

coating lubrication method.
Reduction of | Air lubrication 10 2020 o o Effectiveness of air lubrication method further
friction method improves by adopfing sprit stem together.
resistance Stern duct has effect on reduction of friction

Stern duct 2 2013 &) 0 o pressure resistance.

Stern fin Stern fin can not be used with stem duct.

CRP 8 2013 0 0 CRP can not be used with Post-swirl system.

Pre-swirl fin Pre-swirl fin can not be used with stern duct.
Improvement Sprit stem has effect on improvement of propeller
of propeller Sprit stern 4 2024 o efficiency caused by mitigation of propeller loading,
efficiency and is suitable to beamy ship.

B Hybrid pod has effect on improvement of propeller

Hybrid pod efficiency compared to multishaft ship.

Stern duct -+ 2013 o) 0 o
Improuem_e nt Pre-swirl fin Pre-swirl fin can not be used with stern duct.
of propulsion
efficiency by | Sprit stern - o
shape of stem -

Post-swirl ) )

-swirl P
system 4 2013 ] Post-swirl system can not use with CRP.
Phase 1: 5% (T/G),

Waste heal Phase 2 - 10% (+ Power Turbine),
recovery Phase 3 - 15% (+ Low boiling point medium, etc.)
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(2) RRFHIBE R OHE A

FHET D IRAHIRE HIZOW T, HARBREIZEHO XK O HFIZIE, IMO GHG study [ZFEHE D x5k &
BHET L0085 0, MEiRHURIR, R PEERGURIBE OMARLCAR D x5 & BEEMBIIN S o {5l 22 5%
BARARIET D70, WITRT B0 MRFEHNCIRAABE N 23 H T2 22 & LT,

XD BRI : IMO GHG study [Z 72V T HLx R
Measures for New build ships ((2)-(4) % 45 < BT et SR (AR oG L. 458))
HEER) =R
Air lubrication

KERGE) ARG
Hull coating

XR(4)  BERNEIY

Waste heat recovery

: IMO GHG study (Z& 5 X KIMO i & Hig
: IMO GHG study (Z& 5 AR KIMO i & Hig

: IMO GHG study (Z 72V TR 3R

FHR T, ATET & R U< IMO GHG study O FVEICHES 2 Z & & L7z, BARAYIZIZ, IMO GHG study
DOIFE « IO K E EDX4# : Crude oil tanker 200,000+ dwt Z8)DFEIC, 47% X4 DAMARED CO2
P B R OBRBHE# &1t U R ORI R OB MA@ 2 2 LIc k0 BRAAEE H A KT,

KIROHIEE K OFEMIT, BARRRBICREOMEEN T2 L& Lien, BEHIZOWTE, koD
RV ARFE - IR K X S Xy OfAEE O 2 BE LT,

> PR O F FIAE AL FLIE L (R RE I 0038 00)
AARRIT., VIHEHEEGE AL OCLTEEAOR LNEE L TWRWzD, ERE N
A& LT, 5 FEROEFMADEIC, MAEMIMY R ORI RIZ OV T, WIHHIEH D 10%I24H2
THEMDB. T OMTRIZONTIE, FIHIE O 20%ICH Y3 2B HBRAET 5 LIRE LT,

> R - AR K & & X5 DR OXR O # H OFH
HARERIT, BSMEORFEH R RKE SDOWT)D 23 EDE DL LG EL Tnin=n, &
IO R & (GT, DWT ST 2 Z N TH L Z L 2ZE L, K 1517177 &
BY . HH@E R R OERE ) EMHO R E SOWDORBEGREZ EZTIERRE2RD T,

Cost - Low [MS$]

0.800
0.600 =
0.400 L . ®FY2017
0.200 +—— —¢
v Y2022
0.000 .
0 100,000 200,000 FY2027

DWT

1.5.17  HARFEZ(MEPC 60/4/36)IZFCHx R D& H & i D K & = O BE£R(Dry cargo carrier)
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(3) RRFAHIBEHOHERFE

BREMIEFS %2 500US$/ton K V&R 5% & L7z512351) 5 H ARHEZLZ(MEPC 60/4/36)IZ FR# D %tk
2020 =K T 2030 AFRE RO IRFEIRE 2 %% 1.5.7 7053 1.5.10 £ TR,

FRACEIEE X, 3T Ofifi(all ship) & O EEDI xf 44l f#(Dry cargo carrier, Tanker } O' Container)
BN, &R &2 BRE L7232 WEE (nominal 77— R) & &F & B fE L7255 (BLEATE Present Value 77— R)
D% ZEFE LT,

FTo. REQ) 2RI ORI 3) IREEEEBEHC SV TIE, IMO GHG study |2 Z0#k o FR S B 802 ]
H BB TR LT,

#F1.5.7 %K) FriEmmxt®  Measures for New build ships @ [ 5 Hil 802 H
(FBE 2 2020 4F - FEE @ 2030 45, REMIFS : S00USS/ton + 4 F 1 5%)

Cost efficiency Maximum abatement note
Low cost |High cost |potential
[$/ton-CO2] |[$/ton-CO2] |in Mt % of total
all ship Low reduction potential -77.3 -73.7 48.6 3.9%|nominal
High reduction potential -77.3 -73.7 48.6 3.9%
Low reduction potential -46.4 -44.2 48.6 3.9%|Present Value
High reduction potential -46.4 -44.2 48.6 3.9%
Low reduction potential 0.0 0.0 0.0 0.0%|ref. IMO GHG study
High reduction potential 0.0 0.0 0.0 0.0%
Dry cargo carrier Low reduction potential -100.9 -96.9 8.8 0.7%|nominal
High reduction potential -100.9 -96.9 8.8 0.7%
Low reduction potential -60.6 -58.2 8.8 0.7%|Present Value
High reduction potential -60.6 -58.2 8.8 0.7%
Tanker Low reduction potential -69.4 -63.5 9.5 0.8% [nominal
High reduction potential -69.4 -63.5 9.5 0.8%
Low reduction potential -41.7 -38.1 9.5 0.8%|Present Value
High reduction potential -41.7 -38.1 9.5 0.8%
Container Low reduction potential -67.3 -64.9 18.6 1.5%|nominal
High reduction potential -67.3 -64.9 18.6 1.5%
Low reduction potential -40.4 -38.9 18.6 1.5%|Present Value
High reduction potential -40.4 -38.9 18.6 1.5%
Cost efficiency Maximum abatement note
Low cost |High cost |potential
[$/ton-CO2] |[$/ton-CO2] |in Mt % of total
all ship Low reduction potential -73.2 -69.7 132.9 5.6%|nominal
High reduction potential -73.2 -69.7 132.9 5.6%
Low reduction potential -29.7 -28.3 132.9 5.6% |Present Value
High reduction potential -29.7 -28.3 132.9 5.6%
Low reduction potential 0.0 0.0 0.0 0.0%|ref. IMO GHG study
High reduction potential 0.0 0.0 0.0 0.0%
Dry cargo carrier Low reduction potential -99.7 -95.7 19.7 0.8%|nominal
High reduction potential -99.7 -95.7 19.7 0.8%
Low reduction potential -40.5 -38.8 19.7 0.8%|Present Value
High reduction potential -40.5 -38.8 19.7 0.8%
Tanker Low reduction potential -69.3 -63.3 20.9 0.9% [nominal
High reduction potential -69.3 -63.3 20.9 0.9%
Low reduction potential -28.1 -25.7 20.9 0.9%|Present Value
High reduction potential -28.1 -25.7 20.9 0.9%
Container Low reduction potential -64.3 -61.8 68.5 2.9%|nominal
High reduction potential -64.3 -61.8 68.5 2.9%
Low reduction potential -26.1 -25.1 68.5 2.9%|Present Value
High reduction potential -26.1 -25.1 68.5 2.9%
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#1.5.8 XIHQ) ZZ&IEME  Air lubrication O RS HIJEE H
(Bt 22020 4 - T Bk : 2030 4=, BREHlAS @ 500USS/ton - F : 5%)

Cost efficiency Maximum abatement note
Low cost [High cost |potential
[$/ton-CO2] |[$/ton-CO2] |in Mt % of total
all ship Low reduction potential -148.4 -147.6 19.2 1.5%|nominal
High reduction potential -148.4 -147.6 19.2 1.5%
Low reduction potential -89.1 -88.6 19.2 1.5%|Present Value
High reduction potential -89.1 -88.6 192 1.5%
Low reduction potential -115.0 -90.0 75 0.9% [ref. IMO GHG study
High reduction potential -150.0 -140.0 244 1.9%
Dry cargo carrier Low reduction potential -150.6 -149.9 6.8 0.5%[nominal
High reduction potential -150.6 -149.9 6.8 0.5%
Low reduction potential -90.5 -90.0 6.8 0.5% |Present Value
High reduction potential -90.5 -90.0 6.8 0.5%
Tanker Low reduction potential -145.8 -144.8 76 0.6% [nominal
High reduction potential -145.8 -144.8 7.6 0.6%
Low reduction potential -87.6 -87.0 7.6 0.6% |Present Value
High reduction potential -87.6 -87.0 7.6 0.6%
Container Low reduction potential nominal
High reduction potential
Low reduction potential Present Value
High reduction potential
Cost efficiency Maximum abatement note
Low cost |High cost |potential
[$/ton-CO2] [[$/ton-CO2] |in Mt % of total
all ship Low reduction potential -148.7 -147.8 415 1.8%|nominal
High reduction potential -148.7 -147.8 41.5 1.8%
Low reduction potential -60.3 -60.0 41.5 1.8%|Present Value
High reduction potential -60.3 -60.0 41.5 1.8%
Low reduction potential -115.0 -90.0 75 0.9% [ref. IMO GHG study
High reduction potential -150.0 -140.0 244 1.9%
Dry cargo carrier Low reduction potential -150.4 -149.7 153 0.6%|nominal
High reduction potential -150.4 -149.7 15.3 0.6%
Low reduction potential -61.0 -60.8 15.3 0.6%|Present Value
High reduction potential -61.0 -60.8 15.3 0.6%
Tanker Low reduction potential -146.5 -145.5 16.8 0.7% |nominal
High reduction potential -146.5 -1455 16.8 0.7%
Low reduction potential -59.4 -59.0 16.8 0.7% |Present Value
High reduction potential -59.4 -59.0 16.8 0.7%
Container Low reduction potential nominal
High reduction potential
Low reduction potential Present Value
High reduction potential
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# 1.59 X Q3) (KEEEEL Hull coating D BRFHITEE H
(Bt 02020 4 - T Bk : 2030 4=, BREHIAS © 500USS/ton - F : 5%)

Cost efficiency Maximum abatement note
Low cost |High cost |potential
[$/ton-CO2] [[$/ton-CO2] |in Mt % of total
all ship Low reduction potential -62.8 -58.4 37.7 3.0%|nominal
High reduction potential -62.8 -58.4 37.7 3.0%
Low reduction potential -37.7 -35.1 37.7 3.0%|Present Value
High reduction potential -37.7 -35.1 37.7 3.0%
Low reduction potential -40.0 -15.0 13.2 1.1%|ref. IMO GHG study
High reduction potential -140.0 -130.0 65.3 5.2%
Dry cargo carrier Low reduction potential -87.6 -82.9 6.6 0.5%[nominal
High reduction potential -87.6 -82.9 6.6 0.5%
Low reduction potential -52.6 -49.8 6.6 0.5%|Present Value
High reduction potential -52.6 -49.8 6.6 0.5%
Tanker Low reduction potential -44.5 =371 74 0.6%[nominal
High reduction potential -44.5 -37.1 74 0.6%
Low reduction potential -26.8 -22.3 74 0.6%|Present Value
High reduction potential -26.8 -22.3 74 0.6%
Container Low reduction potential -57.9 -55.2 13.7 1.1%|nominal
High reduction potential -57.9 -55.2 13.7 1.1%
Low reduction potential -34.7 -33.2 13.7 1.1%|Present Value
High reduction potential -34.7 -33.2 13.7 1.1%
Cost efficiency Maximum abatement note
Low cost |High cost |potential
[$/ton-CO2] [[$/ton-CO2] |in Mt % of total
all ship Low reduction potential -59.5 -55.5 70.9 3.0%|nominal
High reduction potential -59.5 -556.5 70.9 3.0%
Low reduction potential -24.1 -22.5 70.9 3.0%|Present Value
High reduction potential -24.1 -22.5 70.9 3.0%
Low reduction potential -40.0 -15.0 13.2 1.1%|ref. IMO GHG study
High reduction potential -140.0 -130.0 65.3 5.2%
Dry cargo carrier Low reduction potential -86.3 -81.4 9.7 0.4% [nominal
High reduction potential -86.3 -81.4 9.7 0.4%
Low reduction potential -35.0 -33.0 9.7 0.4%|Present Value
High reduction potential -35.0 -33.0 9.7 0.4%
Tanker Low reduction potential -47.9 -40.5 104 0.4% [nominal
High reduction potential -47.9 -40.5 10.4 0.4%
Low reduction potential -194 -16.4 10.4 0.4%|Present Value
High reduction potential -19.4 -16.4 10.4 0.4%
Container Low reduction potential -53.7 -51.0 37.7 1.6%|nominal
High reduction potential -63.7 -51.0 37.7 1.6%
Low reduction potential -21.8 -20.7 37.7 1.6%|Present Value
High reduction potential -21.8 -20.7 37.7 1.6%
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72 1.5.10 x5 (4) BEEAEIY  Waste heat recovery O [R5HIE H

(EBE 2020 4% - TE: 2030 47, BROEMIES : 500USS/ton + &K : 5%)
Cost efficiency Maximum abatement note
Low cost [High cost |potential
[$/ton-CO2] |[$/ton-CO2] |in Mt % of total
all ship Low reduction potential -10.1 -7.5 36.5 2.9% |nominal
High reduction potential -10.1 -7.5 36.5 2.9%
Low reduction potential -6.0 -4.5 36.5 2.9%|Present Value
High reduction potential -6.0 -4.5 36.5 2.9%
Low reduction potential 0.0 0.0 0.0 0.0%|ref. IMO GHG study
High reduction potential 0.0 0.0 0.0 0.0%
Dry cargo carrier Low reduction potential -39.3 -36.5 5.9 0.5%|nominal
High reduction potential -39.3 -36.5 5.9 0.5%
Low reduction potential -23.6 -21.9 5.9 0.5%|Present Value
High reduction potential -23.6 -21.9 5.9 0.5%
Tanker Low reduction potential 9.3 13.7 6.4 0.5% |nominal
High reduction potential 9.3 13.7 6.4 0.5%
Low reduction potential 5.6 8.3 6.4 0.5%|Present Value
High reduction potential 5.6 8.3 6.4 0.5%
Container Low reduction potential -65.0 -63.0 154 1.2% [nominal
High reduction potential -65.0 -63.0 154 1.2%
Low reduction potential -39.0 -37.8 15.4 1.2%|Present Value
High reduction potential -39.0 -37.8 154 1.2%
Cost efficiency Maximum abatement note
Low cost |High cost |potential
[$/ton-CO2] [[$/ton-CO2] |in Mt % of total
all ship Low reduction potential -20.4 -17.9 102.0 4.3%|nominal
High reduction potential -204 -17.9 102.0 4.3%
Low reduction potential -8.3 -7.3 102.0 4.3%|Present Value
High reduction potential -8.3 -7.3 102.0 4.3%
Low reduction potential 0.0 0.0 0.0 0.0%|ref. IMO GHG study
High reduction potential 0.0 0.0 0.0 0.0%
Dry cargo carrier Low reduction potential -34.7 -31.8 13.3 0.6%[nominal
High reduction potential -34.7 -31.8 13.3 0.6%
Low reduction potential -14.1 -12.9 13.3 0.6%|Present Value
High reduction potential -14.1 -12.9 13.3 0.6%
Tanker Low reduction potential 7.4 12.0 14.2 0.6%[nominal
High reduction potential 74 12.0 14.2 0.6%
Low reduction potential 3.0 4.9 14.2 0.6%|Present Value
High reduction potential 3.0 49 14.2 0.6%
Container Low reduction potential -59.1 -57.0 56.8 2.4%|nominal
High reduction potential -59.1 -57.0 56.8 24%
Low reduction potential -24.0 -23.1 56.8 2.4%|Present Value
High reduction potential -24.0 -23.1 56.8 24%
1532 EEEEELT O GHG FRAHIE A ihBOEH

1.5.3.2.1 At
AT, 2020 4 L 2030 4E O EFRHEESY B O GHG [RAHIHEE Hiit (MAC ghit) 2%+ 5,
ATFESREIL, IMO GHG Study 1272 B o T, BREHliES 500USS, 4F (BI5[3) 4% & 9%, IMO GHG Study
TiE, BRAHIEE I > WD CHRAEMEAAT TR TN E B 2 5508, AFHH TiX 2020 4 & 2030
FEORRFHEE M 4. 2007 4 CHAEAGEL L7z MAC #hifizHH T 5,

%5 & 9% GHG HITERT 3R H 13X, IMO GHG Study T

HARESCEHICH 2RREBMNT 5, LA, 1BIN3 25 5RE A 13,

=) .

0.2 Z2%iM#(IMO H AR CE)) |

I(IMO H ARFEZRCE)] Ll d 5,
AFAE L, GHG B I >W T, GHG BB & GHG HIE Ao EAEE FTAMEZZRE L., 4
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or— A ORI HRE A % HE 9 5 805, IMO GHG Study & R CTH 5, £7-. A TiL. GHG Hl
TR RS FNOETEB IZ OV T, e KM & /M 72 5 GHG Bl E %2 . #N 2 nEIEO FAE s F
(L 35, AL, EAE S FATEOESE CH 5. [FEEC . GHG B4 N 0 438 H 12
DVNT, RRIE & /M7 % IR SR . £ R R B A o TS L B S+ 5,
AL, A & PAEOFEHETH 5,

KIRAHIREMIE, £7 ) ZIC k> TRIELE, BT U v 7 OFRIZ, IMO GHG Study T/REND
#BH & AFHAD IMO GHG Study 2 LT 2B A L7288 (152280 Z2#rL T, BHZELE
LT3,

1.5.3.2.2 GHG [R5-HIDRE F dhiR
(1) 2020 F=-DHEFE
# 1.5.11 %X, GHG HIsx R B BNC . AFHAEORTHRGM TR L7z 2020 420> GHG Ml & BRALH]
BEMOXTr— A% R LTS, ZORMRITHEDE, £ 151213, GHG HIEKRIR /3 FEHD GHG HilTEE &
PRAHIIRE O HAAE (FAHAE,/ EAE) 2R L TnW5, £72. X 1518 (3. ATHEICEIT 5 2020 £0
MAC HI#RORERR TH D, 2020 FEORGAMAIATIZ, 4487 T 700 17 k>0 GHG HIHETH 5.
GHG RS HIE F 3~ A T A & 72 230 Fa0ICHIETRE 2 S, 2686 T 200 U b Thod, ZNatE
R % GHG HIEoeH SR 1%, BRI AV NS WIRIS . TefifRUaiEc K o PkRem by . 8. & D
M E DR AT A . T10.2258WE) . TL.7axXT0A T A | T4 & OSERTHE O
BATvar) . NIREGEIMO AAREE)) o N2, JEEEIAIMO A AR E) L7225,
F72. GHG BRAHIEE AR 7T X L7 HHRe72 &L, 281 T 500 1 b Thd, ZIEHEAK
3% GHG Mo SR 1, BRICHINEE /N S VIR, T9JBGHIEMN ) . BAEBIER A T F R,
.2z ovids) | .85 RUOHRE S 27 2ottem ) . [T#Bs 27 5] Thb,
¥ 1.5.19 1%, IMO GHG Study ® MAC Hif7 % Ffs LT 0 . AR D MAC #hff & g 247> T D,

#1511 KA D GHG B R E B 51> GHG I8 & & FR A HIEE H
(2020 &, MAFESEF. BREMEAS 500 L. & 4.0%., BAEMEAR)

GHG HilJka (100 7 k> HIBEER) | BRAEIEE H (US K/V/ton-GHG)
GHG Y& A7 | GHG Ml & A7 | GHG HIJE FA7 | GHG HIj& B4
GHG Mk 5 E H Ar— A r—2 r— 2 Sr— 2

100 J5 t | HIJEE | 100 J7 t | HIjR E%f f‘;’%f E%f i%f
1.1 eI e 0.50% 50.2|  4.00% -45.2 -90.6 -87.9
1.2 7axXTOT T v r JHEEOH) 63|  0.50% 36.4|  2.90% -89.4 -85.5 -95.7 -95.1
13 7aRgn7rIvv 25.1|  2.00% 62.8] 5.00% -96.6 963 (969  -96.8
2.1 Fua~XZHEotEEn k 20.7|  1.65% 57.5| 4.58% 49.7 147.6 -44.2 -9.0
22 FuaXZoMRen LONE, 2 X)) 0.09% 119 0.95%| 340.1| [777.7 -53.8 -10.1
23 FuNTRAXY T T 4 427 3.40% 52.8]  4.20% 91.8 75.6|  Fo28]  -79.7
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#1511 KA O GHG HIEc S H B 5llo> GHG HITs = & FRAHIE T (i)
(2020 45, FFEARE. BREMES 500 R, &F 4.0%, BrEMEIL)
GHG AR (100 7 ko, HlEeR) | BRAHEE ) (US R/4/ton-GHG)
GHG HIB & AL | GHG B & _EAT | GHG HIBE: FAL | GHG HIljE {7
GHG Mk 5 A r—A = iy —A Ar— A
e v | EFH | @A | B | SR
100 73 ¢ | I | 100 5 ¢ | Fsess |, ), | e
3.1 AMAMERERE 0.50% 61.5  4.90% 4.9 4.9 -86.7 -86.7
3.2 iR 6.9 0.55% 26.7|  2.12%|  -66.3 -89.1 22
33 fiREEE 2 13.4]  1.07% 67.1] 5.34% -16.3 -0.1 -80.9 -71.6
34 WMET T 12.6|  1.00% 10.00%| -86.9|  -81.8 95.5
3.5 MMAKIET Z A Rk 12.6] 1.00%| [125.6] 10.00%| -84.2| -77.7|  -95.8 95.1
36 R4 Ry 7 TORmMT T A b 7.0]  0.56% 14.1|  1.12%|  -91.1 -89.9|  -94.1 93.5
3.7 REEE 3AMO H AREXE) 377 3.00% 377 3.00% -37.7 35.1 -37.7 -35.1
4.1 HlH ) FH(MERERE 5.0 0.40% 21.4)  1.70% 31.2 2257 -81.6 -80.3
4.2 PREHEE EFH (MR 5.0 0.40% 214 1.70%|  -10.0 -76.6|  -743
43 TxB—N—F T 0.09% 46.0| 3.66%| -68.8|  -40.5| -963| -95.6
4.4 BRI E ORI _E R OFREE 6.3 0.50% 50.2|  4.00% -93.4 -89.7|  |96.6 -96.1
50 ExyProFa—=2 0.09% 0.64%| 2213| Pp77.4 [5L6 ~-43.5
52 =EUL—LKE 13| 0.10% 5.0 0.40% 85.2| 130.7| -51.5|  -40.1
6.1 YA RAITAXBNO 11.3]  0.90% 52.8] 4.20%| -949| [92.8] [96.6 -96.1
7.1 BRIV —RURFEE R b o0.01% 0.5 0.04%| 1027.0| [1251.8| 127.6] 1725
7.2 KT RO 7 2 OnlEn i 2.5 0.20% 10.0] 0.80%| 176.3]  194.5 -28.7 242
7.3 HEHECHTEICIRE) 0.8 0.06% 39| 0.31% 46.8 82.7| -68.3 -61.1
8. FoMYGE MK HHMM AT A 39.2| 3.12% 78.5| 6.25% 768  [72.2 -86.9 -84.6
9.  JHERML 109.7)  8.74%| 109.7| 8.74% 14.1 140.6 [14.1 40.6
10.1 225 153 1.22% 251 2.00%| -76.4| 645 [84d < -77.3
102 ZE50EHAMO B AREXE) 36.7| 2.92% 36.7| 2.92% -84.5 -70.4 -84.5 -70.4
11.1 RS EIMO B ABREIE) 48.6| 3.87% 48.6| 3.87%| -46.4| 442 |464] 442
12.1 PEEAAMO H A#REE) 365 2.90%|  36.5|  2.90% -6.0 4.5 oo  -45
[1: GHG Mot ey BN T oJi/ M, [ GHG BS540 81 C 0ok i
#1.5.12 KFHEORAHIE H & GHG HIJE Al HE &
(2020 47, MFEAEF. BREHIIRS 500 FoL, &F) 4.0%, BLEME{L)
GHG HIl 5 FT R FR S HsE A
GHG HIIJixt 3R 5348 (CO2 k) Ck Fv/co2 )
PALME (CFALE, AL E)
1. TaRSDRATFF R 345 ( 63 / 628 ) 60 (24 /  97)
2. TuRTKROHERE S 2T L OMEREM L 29.3 ( 12 / 575) 342 (718 / 293 )
3. MRIRBIEKR A T F U 65.9 ( 63 / 1256 ) 88 (272 /  -96 )
4. iR ONEMEOREA T T a v 25.7 ( 12 / 502 ) 48 ( 0/ -97)
5. ExrUrE 46 ( 12 / 8.1 ) 113 (277 /  -52)
6. WA X B PERER b 320 (113 / 528 ) 95 ( 93/ 97)
7. MY AT A 5.1 ( 0.1 / 100 ) 502 (1252 /68 )
8. ZTOMUE  MIC LB AT A 589 ( 392 / 785 ) -80 ( 272/ -87 )
9. JIEIEM 109.7 ( 109.7 / 109.7 ) 27 ( 41 / 14 )
10. ZE50HVE 260 (153 / 367 ) 275 ( -64 / -85 )
11. Bk RAMO B AREE) 486 (486 / 486 ) 45 (44 | 46 )
12. PEAARIIAMO A AR ICE) 365 (365 /365 ) 50( 4/ 6 )
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(2) 2030 =D HEFHE

# 1.5.13 1%, GHG B SRIE A BN, AFRA ORfR S TR L7z 2030 420> GHG HijE & R
HIRE O/ r— 2 &R LTS, ZOREICESE, #1.5.14 1%, GHG BB 4550 GHG B
& & (REIEE Ol (FALE EAE) 2R LT 5, £72, X 1.5.20 1%, AFHAEIZIS 1T 5 2030
£ MAC i DREER R TH D, 2030 F O RAMEIATIZ, 102 T 300 7 > GHG HI &
T D, 2030 4D MAC #ifRI%, 2020 4200 MAC HiIfRIZ b~ GHG B E O (2030 420 GHG Hl
BENSHKT5720) | BRAHIEE HOBLEMEIZ X2 0 Fr~DfE/ B ELT 5,

GHG [RFHAIRE M3~ A A L2 2RI HIBOTRE e & ld, 6 1 T100 5 o ThoD, iz
Hepk+ % GHG BB 1L, 2020 £ MAC #hft & R TH 5,

F£7-. GHG BRFRHIBE N T 7 A L 72 HHIETRE/2 &L, 481 F200 5 b Thd, ThaHK
9% GHG B R . 2020 420> MAC HifR L [FEETH 5.

1.5.21 1%, DNV 73, IMO D% 60 BN R R#ELZ B TD /LU = —iRFE(MEPC 60/4/23 kT
MEPC 60/INF.19)? /17 2030 412 B9 L C ., EBFED MAC #h#r Z 1E L7 fE R CTH v AR D MAC
R & A2 1T > T B,

#1.5.13 KA D GHG BT R IE H B> GHG B & & BR A HIE: H
(2030 /£, MNFREAEE. BREMIEE 500 Rv, &K 4.0%, EAEAMME(L)

GHG g (100 5 o, HlEeR) | BREEIREE A (US F/b/ton-CO2)
GHG B & AL | GHG Bl & _EA7 | GHG HIJE: FAL | GHG HIs & A
GHG H st K H r—2 =2 r—2A r—2

100 77 ¢ | it | 100 75 ¢ | s | ST | SR SRR G
1.1 7 aXT e 1.8  0.50% 94.5|  4.00%| -38.3 622 -60.8
1.2 TaXT0T Ty 7 HEEEORN) 1.8  0.50% 68.5| 2.90%| -61.5| -59.5| -64.9| -64.6
13 7Fuxsn7Ivv v 472 2.00%| [118.1] 5.00%| -653| -65.2 -65.4
2.1 Fu~XZEotEm 40.1)  1.70%| [111.5] 4.72% -46.9 -34.4 -58.9 -54.4
22 FuZotiEn LUNE, 7 X)) 0.07% 16.8]  0.71% 83.2 513|364
23 NG RRF Y T T v 80.3|  3.40% 992  420%| -619| -50.4 -53.3
3.1 ARIRPEREREAR 11.8] 0.50%| 115.8] 4.90%| -11.4| -11.4 -60.1 -60.1
3.2 finikEEE 13.3]  0.56% 50.8] 2.15%| -47.9 -61.0  -10.3
3.3 MREREE 2 255 1.08%| 127.5| 5.40%| -18.4 9.0 -56.2|  -54.3
34 MAT T T 23.6| 1.00%| [236.2] 10.00%| -59.6| -56.6 -64.7
3.5 MRKIET T A FOkH) 23.6| 1.00%| [236.2] 10.00%| -58.0| -542|  -648|  -64.5
36 RIA4 Ky 7 TORET T A b 0.29% 13.6] 0.58%| -61.6] -60.7|  -63.6| -63.2
3.7 AR 3(BARELE) 70.9|  3.00% 709 3.00%|  -24.1 225 24.1 -22.5
4.1 bR (I RE R 9.4 0.40% 402|  1.70% -30.9 -28.0 -57.4 -56.8
4.2 JREHEE ZF(MERREE) 9.4 0.40% 402 1.70% -19.7 -14.5 -54.8 -53.6
43 T =Y —N—F 4 T 0.09% 89.2| 3.77%| -51.0|  -363| -652| -64.9
4.4 B EERIEEEE OPERE N & O 11.8]  0.50% 94.5| 4.00%| -63.7 -61.8 -65.1
50 FxoProFa—=27 0.09% 15.6] 0.66%| 1253 [159.0] -383] -33.5
52 aELL—LE 240 0.10% 9.4 0.40% 41.0 67.6 32.3
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#1.5.13 A& D GHG B R B B> GHG HIEE & RAHEEH (i)
(2030 &, MAFESEF. BREMEAS 500 R, & 4.0%., BAEMEAR)

GHG K& (100 5 k> HIEER) | BRAHIEEH (US K/l/ton-CO2)
GHG HIJE TA7 | GHG HIjgii: A7 | GHG Ml TA7 | GHG Hlif: A7
GHG I SR H r—2 r—2 = fr—2

100 J7 t | HIVEE | 100 J5 t | HijEE E%’f f‘;’%f E%f i%f
6.1 A RAZAXEN 0.90% 99.0|  4.20%| -64.3] [63.0] [65.3] -65.1
7.1 AT RV — AU R B R 0.01% 07] 003% 6823 B3Lg 839 1138
72 W T ROT 7 o o BEHEEHI 47| 0.20% 18.9| 0.80% 94.3|  104.9 -25.6 -23.0
7.3 HEECHTE MRS IRAE) 22| 0.09% 109  0.46% 24.6 47.2 -43.0
8. T Ok U LD EMT AT A 85.1]  3.60% 720%| -51.7| 483 [Es8.7  -57.1
9. JBUHERT 2154  9.12%| 2154 9.12% 5.3
10.1 225 M 1.85% 735 3.11%|  -51.0 -56.9|  -51.9
10.2 Z2REHAMO HAREE) 4.49% 4.49% -50.1 -50.1
11.1 RIS B IMO HAREE) 1329 5.63%| 1329 5.63%| -29.7| [28.3] [29.7] 283
12.1 HEEAEIL(AMO H AREXE) 102.0|  4.32%| 102.0| 4.32% 8.3 -8.3 -7.3
[ |: GHG Bl BEA ToR/ME, [ | GHG BB 538 T o K

# 1.5.14 AKRFHEORFHIFEH & GHG AR AT e &
(2030 4, MAFEAFE. BREMEES 500 KoL, &F 4.0%, HAEME L)
GHG HIl 5 FT R B S Fi1 s e
GHG HlJsors He 55 (co2 ) Ck Fv/ico2 )
AR RV - X VA )]

1. TuXSDRALTF R 65 (12 / 118 ) 46 (27 /0 -65 )
2. 7aRT ROHEEY AT AOPERER 57 ( 2/ 111) 219 (500 / 63 )
3. MARBER VA TR 122 ( 7/ 236 ) 41 (146 / 65 )
4, iER ONEMIE OSGEA T v 3 v 48 ( 2/ 94 ) 40 (0 -15 ) -65 )
5. FmrUr s 9 2/ 16 ) 60 ( 159 / -39 )
6. WA X B PERER) b 60 (21 / 99 ) 64 ( -63 / 65 )
7. WBhT AT A 10 ( 0 / 19 ) 392 (832 / 48 )
8. FOMhkiE : UZ L B HEATY AT A 1286 (8 / 170 ) 54 (0 -49 -59 )
9. RIHEIEM 215 (215 /215 ) 2 8 / 50)
10. 22538 75 (44 /106 ) 50 (43 /0 -58 )
11, ek R(IMO H AR CE) 133 (133 /133 ) 29 (28 / 30 )
12. YA (MO H AR CE) 102 (102 /102 ) 8 7/ 8 )
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1.5.3.3 EEDI X& DX EMERED GHG [RAYIEE H 0B H

1.5.3.3.1 RifR&MH

AT X, 1.5.3.2 i & AR ORITHESME CHRIE L7z, 2020 45 L& 2030 EICBET D 2 b —, 2Ll —,
a7 RO MAC iRz RT, X h—, 2Vl — a7 iE, 212 #iCRLULZEY . EEDI
ORI FE & K& 72 AHE T e,

1.5.3.3.2 S D GHG FRF-HIIRE A s

(1) 2020 FEDOHEFHE

F1.515, 1516, £15171%, X h—, S h—, a7 B L TEE L7z 2020 Fi2k
(7% GHG I 54380 D GHG HIljdi: & FRAEIEE A o P ArfE (FACiE/ BAifiE) 2R L T,
Fo. 15220 M 1.523, M 1.5241%, o A—, 2\ —, a7 O MAC iiftz " LT\ 5,

BB — = AT MBS 2020 450> GHG HITEE L, 2 183 T 400 75 >,
18800 5 by, 1486 T 90015 ko ThHD,

4% v 1—IZBA L TIE. GHG [RAHIRE 3~ A T A & 72 250 I HIR T e 722 ik, 7 T 900 77 b
Y ThDH, TNERERT D GHG BIEse SR I, BRAATRE H 23N S WIIEIZ,  TeARSuEIC & 2 PEREIn
k1L TRZEDOMYNE UL DHRM AT L) T102EKRHE] . TL.7aXTDA T F U]

T4 fiftify K ONEfL i OUGEA 7 S a ) o TR ERIMO HARZECE)) o 12, JeEEIIMO
AAREIGE)) &5, ZuL, IR Gst &Rk TH S, £72. GHG RAATRE R 7 R &
72 HHIATREZR BRI, 5 T 600 5 b ThHh D, ZIEHEAT D GHG HIxRIL, RIAHIEE H 23/ S
WL, ToscsiEdT) . 74l A7) | IS ExrvridE) | BMREBRELOA VT
A, R7aRZ ROREES AT AOMEEM ) THY . IIRAEETE B D,

2V —IZB LTI, GHG [RSANRE A3~ A T R & 72 2530 HIB AT BE e &i%, 7 300 7 b
YThDH, TNEMNT D GHG HIRRIT, RAHIEE 2N S WIEIS,  T6 M RSGEIC & D MEREm
by IREOMEGE U LD RMM AT A . T10.2E2KEN) . 11,78 XTDATF A

MIAREL RIMO H AR GE)) T4 ONEftm OLdEA 7 > a > o T2, PEEEIR MO
AARIEEE)) . .77 ROHEY 2T AoMEER E) 725, 2707 RO 27
LOMEREN ) AY, 27 GHG BB R & 72 5808, Iginaat, ¥ v h—L R8s, Fi-,
GHG BRSHANEE 2377 2 L7 DA RE /e &L, 3 T 400 5 h o ThHhDH, Tz T % GHG A
ORI, BRI AN S WIS, T scdGEML) . [7.4Bh > A7 &) | IS Ex o Ui

BAERBER KA T 2] ThbH,

a7 IR L CTiE, GHG BRFEIRE A2~ A T A & 70 2 2h LA AT e 72 &1L 1 6 T 700
TR ThD, ZNEWET S GHG Bl IL, (5. 2Fr< 3 To GHG B!
e D, ZOMIT. HEMAH. Zo—, N —EREL B ARD . a7 T GHG B
KRN BENR D Zenbond, 5.z D0t X, 255 b GHG IR & 72 5,
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#1.5.15

ARMED & o T =29 D IRFHITECE & GHG HIljs T aE &

(2020 4E., BREMEKS 500 R, &F] 4.0%. B/EAHEAL)

GHG Hlig rlfgs (CO2 k)

| BRABEE K RLIC02 k)

W1 ek s 43K
GHG HIRC A7 RO (R Efri)
. 7aRSOALTF A 82 ( 15 /149 ) 59 (21 97 )
2. 7T ROMEE Y AT A OMERE k- 80 ( 12 /149 ) 342 (778 / 94 )
3. MEBERORA TR 156 ( 15 /297 ) 121 ( 338 / 96 )
4. WK ONEMER OWES T v 61 ( 03 / 119 ) 47 ( 4 97 )
5. Fxmrvrikds 12 (03 /21 ) 108 ( 270 / =54 )
6. MRS X B PEREM 76 (27 /  125) 95 (94 / 97 )
7. WBhV AT A 13 ( 02 /24 ) 56 ( 183/ =70 )
8. ZFOfhtkidE : U LD HMT AT & 301 (200 /401 ) 80 ( -72 / 87 )
9. JREEM 297 (297 /297 ) 41 (56 / 27 )
10. 2253 67 ( 40 /93 ) 68 ( -50 / 87 )
TR B (IMO A AR$EZRSCGE) 120 ( 120 / 120 ) 44 (43 46 )
12. PEEABI(IMO H ARHRZE CE) 81 ( 8.1 / 81 ) -1 0o / 30)

= 1.5.16 ARFHAD )V — |23 D ERAEIE H & GHG BT AT HE &
(2020 4F . BREMIFS 500 KL, 4F] 4.0%. FIEAELL)

GHG HIJsixt 5 4348

GHG HIlJs rligf: (CO2 k)

| BABIEIN CK K1ICo2 k)

i VA A VA - g v [0)

. FaXSDRATF % 61 (11 11.0 ) 67 (38 / 97 )
2. 7T ROMEE S AT AoMERE F 75 (40 / 11.0 ) 4 ( 84 |/ 93 )
3. MEBER A TR 1.6 ( 1.1/ 220) 188 (470 / 95 )
4. i ONERLR OWES T T g v 45 (02 / 8.8 ) 57 (0 -19 296 )
5. FxoUsakds 09 ( 02 / 15) 55 (174 -64 )
6. MARGGEIC X B PEREM E 56 (20 / 93 ) 95 (94 296 )
7. WBHV AT A 09 ( 01 / 1.8 ) 18 ( 112/ -76 )
8. T ofthckid : JIC X D RMIT AT A 288 ( 192 /384 79 (0 -720 87 )
9. JEHIEML 220 ( 220 / 22.0 ) 17 (28 / 5)
10. 22504 53 ( 39 |/ 6.8 ) 68 ( -56 / 81 )
1R B (IMO B ARHRZE SCE) 88 ( 88 / 8.8 ) 59 (58 61 )
12. PEEABN(IMO B AHESR ) 59 (59 / 59 ) 23 (0 22 24 )

#1517 RRED =27 BT A RAEIE H & GHG BT A HE &
(2020 4F, BREMIEL 500 Rv. ©F) 4.0%. BL/EAE(L)

GHG HlIJort 5 4348

GHG HligrlagR (CO2 k)

| BRABE Ok R1ICo2 k)

Az CFAZAE EALE)

. FaSORALTF R 125 (23 / 228) 87 (16 / 97 )
2. 7uT ROHREY AT AOMREM L 155 ( 82 / 228) 25 (0 43/ 292 )
3. MREBERORA TR 238 (19 /  456) 21 (55 96 )
4. UK ONEML O K ES T T g v 93 ( 05 / 182 ) 83 ( -70 / 297 )
5. Fxmrvrikds 1.8 ( 05 / 32) 35 (141 / 72)
6. MMESOEIC X D MEREm 1.6 ( 41 / 19.2 ) 95 (94 97 )
7. MBI AT A 20 (03 / 3.6 ) 7 ( 64/ 278 )
8. T oftheki : JC k2 RMI AT A na ( wna / n/a ) na ( na |/ n/a )
9. JBUHEAML 456 ( 456 /456 ) 52 (48 55 )
10. 2250 124 ( 74 / 17.5 ) 79 (0 -66  / 93 )
LR B(IMO B AHRZE ) 186 ( 186 / 18.6 ) 40 (-39 -40 )
12. PEEAEII(IMO H ARFEZE0E) 154 ( 154 / 154 ) 38 (38 -39 )
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(2) 2030 FE-DHEFHE

#1518, #1519, £15201F, o h—, »vh—, a7 B L THEE LT 2030 28
\7 % GHG B SR 734800 GHG HilTs & & BRI o irfE (FAAE/ EArfE) 2Rl Tnad, %
7=, X¥1.5.25, K 1.526, B1.5271%, #oh—, 2 h—, a7 o MAC #ifgz Lo,

B T— v — a7 HRICEIT % 2030 450 GHG HITEEIL, 2 Eh 2 &3 T 300 7 b,
1893005~ 5(8600 77 hoThs,

Z 2 —IZBA LTI, GHG [RAHIE AN~ A F A &L 72 B30I HIBRTRE /2 Bix, 118 5 T 400
B R Thbd, ZNEMEKT D GHG HIERRIZ, 2020 FEOFER LA E 725, 72, GHG BRI HIT
BHNT T AL HHIATREZ2 &iX, 7 F900 5 k&7,

sV —IZBA L TIE. GHG [BSRHIRE A~ A T A & 72 20 RAICHI AT RE 72 B0, 1 {2 4 T 100
R ThD, GHG RAHNE N T Z A L7 HHI A RE/e&ix, 5T 200 5 ko ke,

a7 B L TiE. GHG [RAHIRE 3~ A T A & 72 250 I HIR T RE 72 &, 518 100 77
NoThd, Ma—, 77 AORREBER L 25 5. FEx 0 UrddE) X, SES b O GHG Bl =
L%,
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#1518 ARFEDO X 1 —IZBT 2 RAHNEE H & GHG B rliE &
(2030 4E., BREMEKS 500 RL. &F] 4.0%. B/EAHEAL)

b GHG Bl fER: (CO2 b>) | IRAMIBEM Ok F/co2 k)
GHG R A RO (R Efri)
. 7uRSDALTF A 1.6 (21 /  210) 42 (-17 -66 )
2. 7a~T KOS X7 AoMERER 114 ( 1.7 / 21.0 ) 218 ( 500 / -64 )
3. RIERBER A TR 219 ( 1.7/ 42.0 ) 82 ( 228 / -65 )
4. iR ONEMLR O R EAS T T a v 86 ( 04 / 16.8 ) 34 (0 -1 -66 )
5. Fx Uk 1.7 ( 04 / 29 ) 67 ( 173/ 238 )
6. FRIRdGEI X A MERER E 107 (38 / 17.7 ) 65 ( -64 |/ -66 )
7. WHBhY AT A 19 ( 04 / 34 ) 34 (115 / 48 )
8. T ofthekd : I X DM AT A 657 ( 438 /  87.7) 54 (49 ) -59 )
9. JREESM 420 ( 420 / 420) 24 ( 34/ 15 )
10. 7225 147 (94 / 200 ) 46 (<33 / 558 )
11. iR EIMO B AIELEE) 255 (255 / 255) 29 (28 ) 230 )
12. PERAEI(IMO H ARFERICE) 173 ( 173/ 17.3 ) 0 ( 0o / -1)
#1.5.19 KFWRAED SV —IZB8T 2 RAHIEE H & GHG A T RE &
(2030 4F, BREMIIES 500 L. &F 4.0%., BIAEAGEAL)
e s GHG MM FTHERE (CO2 ho) | WURANSA Ck F//C02 k)
GHG RIRAT P (FCAE L)
. FaX5DRATF % 89 (16 / 16.1 ) 45 (25 |/ -65 )
2. 7T ROHEE S 2T AOMERER) k 11.0 (58 / 16.1 ) 2 ( 58 -63 )
3. MEBER A TR 168 (13 /  323) 131 (326 / -64 )
4. gk ONEMIE O EA T a v 66 (03 / 12.9 ) 39 (0 -12 -65 )
5. FxmrUrokds 13 ( 03 / 23 ) 38 (119 / 43 )
6. MRS X B PEfEm 82 ( 29 / 13.6 ) 64 ( -63 |/ 65 )
7. MBIV AT A 14 ( 03 / 26 ) 13 77 / 51 )
8. O : T kD RMI AT A 61.9 ( 412 /  825) 53 (48 -58 )
9. JHHIEML 323 ( 323/ 323 ) 12 ( 20 / 4)
10. Ze5 M 1.7 (81 / 153 ) 46 (1 =37/ -54 )
11. iR E(IMO H ARHRZECE) 197 ( 197/ 19.7 ) 40 (-39 ) -40 )
12. PEEAEINAIMO H AHEZE SCE) 133 ( 133/ 133 ) 13 (0 -13 ) -14 )
# 1.5.20 AGHED = 7 TR T 2 RAHIEE H & GHG BB I iE &
(2030 4F, JRBHiliFS 500 R/ GFl 4.0%., BUEAFE{L)
T GHG BB ATERE (CO2 h>) | FRSNIEEA Ok FA/co2 k)
GHG I A RO (R Efrie)
. FuXSDALTF A 346 (63 /628 ) 58 (=51 65 )
2. 7T RO 2T AR 27 ( 26 |/ 628) 15 (0 33/ 62 )
3. MRS R A TSR 637 ( 1.8 / 125. ) 12 (41 65 )
4. fumgk NEMEOREA T v a v 258 (1.3 /503 ) 56 (1 -46 65 )
5. FmrvrikdE 50 (1.3 ) 8.8 ) 27 ( 102/ -48 )
6. iAo X A MERER |k 320 ( 113/ 528) 64 ( -64 / -65 )
7. Y AT A 56 (12 / 10.1 ) 2 ( 41 -52)
8. ZOMYGE : U LD HHLT AT A na ( na / n/a ) na ( n/a / n/a )
9. JBCHUERMT 125.6 ( 125. / 125. ) 34 (0 -31 36 )
10. Z25iM1E 454 ( 262 / 64.6 ) 53 (0 43 ) 62 )
11. A R(IMO A AR E) 68.5 ( 685 / 685 ) 26 (25 ) 26 )
12. PEEARIAIMO H AIEZEE) 56.8 ( 568 /  56.8) 24 (23 ) 24 )
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1.5.4

1.54.1

[ B 2R D BRI B B AR

MAC #hi# & VT2 [EBREE O = p oL X — 203w _ER R X 2 PRI B R ORE

1.5.28 |Z779 IMO @ MEPC 59 @ / L0 = —#2 22D Fik & [FERIC, FRAAIRCE F ahir (SR EI
BRAROHIRART v ) ZHWT, it s 2 — L EEEEOR CRAEER IR TS50 4
PR RT3 2 HIE G OAEB N O | ERREEOPE LA B 2 R 5,

fE.L. IPCC & IMO D [RFHITEE AR DR H AR, RO OHENRH D | HikE R 1.5.21 12

Y,
1‘ + - i
copmg L E27% . w7
L (N=RAF4)
e qmmmee
*— BiEfE v
20004 2020
f '
CO2H = EreiEE :
mmes
/”‘:’(w\“—zaml
""""""""" T
2000% 20205

- . MCT
SO%HIBE ) 506/ cootgal

DFHE
ORA

20% B3R MAC
<: 508/1-co252%4

1.528 MEPC 59 / V7 = —fE 232

#1521

IPCC & IMO OR H 5 ED ik

IPCC

IMO

w (RS HITECEE I ik oD B HY
7tk (B B3y Rav-vay)

o M EFER OV abv-yavik

o B LITEDR

w RGO R 71k
CRHFROPNE - #H -
ISR, HEYEAE (x4
LB DR y FHI 2) )

07 &7 Z—HNOREBIEF O RN — 2
0 2000 £E LB > 2030 £EHE S Ol
(AL WG3 & ZERRE (2007 4)
MNH O & b R AT HE

0 10 B 5y BN O ZSE BT 3~ — 2
0 2007 4ELEL#Z 0D 2020 4EI B D fif

n BHITHR D T O
(A% - FHERZDIR,
PREHifi - ofihi L)

o MREDREEZREICEE B LTED
77— EHSE)
o BREMIES - Bl b5 & RERNEE
(B By H4y 8713 30-60USS/BBL #REHT#4
K OGF| 4% CTHH)
o & A OBEMEIEAH A LTET
IEEEARHNZEE L T2

0 MRMRELEE
o BORHlfiA - ] 2 %5 R
o &M OBEMME L L
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B GEEZTRCECICT 52 EIXRETH 208, BREHMER (GE# : 45USS/BBL, [E FEEiE
250US$/t) K OMeR] (4%) Z[FIFRRE & L728E1C, IPCC & IMO D[RS HITEE: F Hh#R 0 bhig A3 AR
IZH[RE & 72 D,

ZD, BEHOBAEMEILOF DRI, 2020 4K TN 2030 FI2HB 1T HEHES U A HEHETH
% AIB U U FICBIT Atk 7 2 — OHEHEIEEE & ONE BEHEE O Pk HH EIEEE O A B 4 [21.5.29 K O
1.5.30 12" T, 7236, AIB U FHEHIEIL, e 7 # —728 2020 45T 59Gt-CO,. 2030 £4£T 67Gt-CO,
ThV, EEHEN, fiE COFE &R UMEZMHEH L, 2020 45T 1256Mt-CO,, 2030 4T 2362Mt-CO;,
Th b,

2 &2 BEMEL L2 nEEe GERICHE A L7z IPCC OfER LT ¥EDRAEIEE iR L [T & 72
DIEAR—R) TiE, EHESHREIL, s X — B L, 2020 EREAITIE, FREOHIRE 725 2 &
WOIND  F 12,2030 FERE AU CUIE, FRAAHIBCE F 23 50 USS$/t-CO, AT D X [ CRIFLE OFI & 72 5 23,
50 US$/t-CO, LA EDO X THI 1.2 5 DHIR E 72 D Z & H3 b,

B ZBEMEAT 254 ik, EEYEEIX, tht s 2 — L gL, 2020 FRSTIE, 7 EREED
HI L 722 2 & 3o D, E72, 2030 FERFATIE, FRAAITEE I 25 20 US$/t-CO, Al 0 X C R R EE
DHEE 72 5753, 20 US$/t-CO, L LD X TR 1.2 f5DHIB & 70 D Z & 3D,

723, IPCC O WG3 #hiFEH DO FLH O [RFHIEE H & OHIBAR T > o v L, A 0 US$/H-CO, AR
iti (vAFRA) OHGEIT—HEEO-D, HiZXH (KH O MED AT IXH) OB O R ER R
X, 2BLE L THOIRETH D,

N 60.0% o) 45.0%
% 50.0% — % “0.0%
§ § 35.0% r
} 40.0% } 300% ——
ﬁ 30.0% = Central ﬁ 20.0% l = Central
ol T e | EE ] e
g 20.0% 'J I High g 15.0% I_. High
§ 10.0% _! | § B
o & 50%
g 0.0% T T T T T | g 0.0% T T T T T T J
0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0%
IMO - o2k Hi Bl i = (%] FUA HiHiR e IMO - o2k Hi Bl = (%] F A Hril
FR SR EILRE FAAY R R D LLER PRI 250 RAHIBRERA PR LR pRRFMEiAR 250
SHULAHHEE  |BRFRAEIEERUSSI-CO2) SHUAHEE [RFHIHERUSHE-CO2
RS <0,0-20 20-50 50-100 100>= |@&I= <0,0-20 20-50 50-100 100>=
IMO min 2.6% 2.6% 20.4% 29.1%|IMO min 2.6% 2.6% 251% 39.4%
max 17.5% 17.5% 20.4% 37.5% max 20.8% 20.8% 34.2% 42.6%
IPCC 10.2% 22.4% 33.1% 39.8%|IPCC 9.0% 19.7% 29.1% 35.0%

X11.529 AIB > U A TOME 7 & — L EBEHEOPEHEIBEROMES (/£ : 2020 4 « 4 : 2030 &)

GEBEMAE L, PREHlAS © 45USS/BBL  (iEii

91

- 250US$/t (EFSEE) | &8 : 4%)




1 50.0% 1 40.0%
g 45.0% g 35.0% l
f 40.0% r — f s0.0% i
i 35.0% —1 — i
» 30.0% A D 25.0%
X I X
'3 25.0% = Central '3 20.0% = Central
% 20.0% Low % 15.0% Low
g % ! High 3 10.0% I_ High
§ 10.0% I, I § N e
3 5.0% : 0%
g 0.0% g 0.0%
00% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0%

IMO - cO28k i Bl B (%] VA HiHE He IMO - CO2k i Bl 3B (%] VA HiH R He
RAEIRERA R ROLLE #R fiffi 4% 250 PRAHIHE AL RO LK R fiffi 48 250
SR |BRFAHEIRERUS-CO2) DA HEE  [RFHIHERUSH-CO2
Bl 2= <0,0-20 20-50 50-100 100>= |HIFE= <0,0-20 20-50 50-100 100>=
IMO min 26% 20.9% 29.6% 34.9%|IMO min 26% 259% 40.1% 42.9%

max 18.0% 20.9% 29.6% 38.0% max 21.5% 35.0% 40.5% 43.3%
IPCC 10.2% 22.4% 33.1% 39.8%|IPCC 9.0% 19.7% 29.1% 35.0%

1.530 AIB v UATOME 7 ¥ — & [EEEHEEOHEHEEEROMET (£ : 2020 4 - £ : 2030 4F)

(RAEME L, BREMEES : 45USS/BBL (i)

- 250US$/t (EFZHgEE) | &F : 4%)

IPCC & IMO DORFHIRE H OB FIER BRI D720, BN E 72D 0, IMO TORBFHITIED
FRESDRBHIAS 2 500 225 750US$/t Z HIEIZI T TNWDH T &b, itk ¥ —DEIZEDOEE L L,
[E] B M 3 B OO B BRBHIl RS & 500 « 750 US$/t IR L7356 OHEHAIBER OB A2 % 1.5.22 12T,

[ERSHEE 1L, it 7 2 — & bl U, BREHMIAR 25 500 USS$/t TIEIFIFEE DB E 72 v . BREHMIlFE 28 750
USS$/t TiE 2020 FEEESIXFEFRE 228, 2030 EFES Tl 15 UL EDOHIEE 725 Z L Nbnd,

#1522 AIB v U ATOMYE 7 % — L EEWEOHEHBENBEROMB (4 1 2020 4F « 45 : 2030 4)

GESRAEAMEL, PB4 - 45US$/BBL (i)

+ 500-750US$/t ([EpSEE) | &5 @ 4%)

PR SRAI32% F AN ch 3R 0D H PREMERE 500 [RSREIHZEAANHRDLE PREHTERS 500
SFUAHEHE  |RAAIKEMAUSS!-COZ SFUFHHE | RAAIEEAUSSH-COZ]
Bl 2= <0,0-20 20-50 50-100 100>= |HlE= <0,0-20 20-50 50-100 100>=
IMO min 2.6% 29.1% 29.1% 34.4%|IMO min 2.6% 2.6% 39.4% 39.8%
max 20.4% 29.1% 29.1% 37.5% max 34.2% 34.2% 39.4% 42.6%
IPCC 10.2% 22.4% 33.1% 39.8%(IPCC 9.0% 19.7% 29.1% 35.0%
BREIRE RS DR LE PROBHEAE 750 RRBIREAA RO PREHEAE 750
SFUAHHEE  |RAAIRERUSS-COZ SFULHHE  |RAAIHEAUSSH-COZ]
il g = <0,0-20 20-50 50-100 100>= |Mimz= <0,020 20-50 50-100 100>=
IMO min 2.6% 2.6% 34.4% 37.1%|IMO min 2.6% 39.8% 39.8% 42.2%
max 29.1% 29.1% 34.8% 37.5% max 39.4% 39.8% 39.8% 42.6%
IPCC 10.2% 22.4% 33.1% 39.8%|IPCC 9.0% 19.7% 29.1% 35.0%
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1.5.4.2

EEDI x4 £ 0 = E il O Pk HIB E R

ATHET & R C 53512 £ L EEDI %44 @ Dry cargo carrier(Bulker #H4), Tanker % U" Container (22T,
filz 7 % — & MR O E CRRFHIEE HICB1T 2 0 U AFeH &I kb3 2 HIREIE OB 6 |

B EE O HE H
PRBHMIRS GE#G : 45US$/BBL. [ESIEE

AR 2 RE %,

250US$/t) e OV F]

(4%) ZEFREL L, &H 4284

MEAL L 22 WA BEELCHH L7z IPCC OfEA BT O R EIEE A & [ U & 722 5 HAKr—2)
BT 5 2020 M R 2030 R IZ BT DAEHES TV APHETH 5 AIB VT U FITB T Lt 7 2 —D
e BT M OVE BSYEE O HEHHIER ORI 2 X 1.5.31 251X 1.5.33 12T, 728, AIB ¥ U A4k
HE XL BT COFE & R UE % 6 H L. Dry cargo carrier 3 2020 4 C 220Mt-CO,, 2030 4F C 323Mt-CO,
T Y, Tanker 73 2020 4F T 245Mt-CO,., 2030 4F T 347Mt-CO, T & ¥ , Container 73 2020 £ T 456Mt-CO,.,
2030 £ T 1256Mt-CO, TH 5,
T ARTOMFEN il 7 & — & g U 2020 FREA T, RIFLEE OHI & 72 2 75, 2030 4R T,
FINSEORRE 72D Z E R D,

1 50.0% 1 45.0%

g 45.0% g 40.0%

# 40.0% ¥ 350%

* *

i 35.0% _ll_ i 30.0% _'r

D 30.0% Y

S ! - X 25.0%

g :)Zo: _] :Ece):vtral g 20.0% r :Ece):vtral
% 15.0% f High % 15.0% High

S 10.0% _l I 8 100% |y

o s0% 5 5%

g 0.0% g 0.0%

0.0% 20.0% 40.0% 60.0% 80.0% 00%  200%  40.0%  600%  80.0%  100.0%
IMO - o2k Hi Bl i = (%] FUA HeHiR IMO - co2:k tH Ml B R (%] F VA #i ik He
FR SR HILRE FAAY R R D LLER PRFMERE 250 FRFHIBERAMNHRODLEE pRFMEiER 250
SHUABEE  |RRHIHERUSHI-CO2 SFUAHHE  |BRRAIEEAUSSH-CO2
Hilm = <0,0-20 20-50 50-100 100>= |HIF=E= <0,0-20 20-50 50-100 100>=
IMO min 2.6% 29.5% 32.9% 42.9%|IMO min 2.6% 40.4% 43.8% 53.8%
max 26.8% 29.5% 32.9% 49.0% max 36.3% 40.4% 43.8% 59.8%
IPCC 10.2% 22.4% 33.1% 39.8%|IPCC 9.0% 19.7% 29.1% 35.0%
1.5.31 AIB 7 U A TOik 7 % —& Dry cargo carrier OFEHEREER O (/£ 1 2020 4F « 45 : 2030 4F)

(GEBEMAE L, BREHEAS © 45USS/BBL  (iEii
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2 60.0% " 00%
Tl W 450%
E 200% | i 40.0%
® Ko
i 20.0% i 35.0% —Ik
% I % 30.0% —
il-' 30.0% === Central i{: 25.0% === Central
;;E Low % 20.0% [ Low
| 200% High H 150% High
= I * g
S 100% ] ] g 100%
SI 8 5.0%
= o00% ; . ; ; . ; ‘ = o00% ; . : : ‘

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 00%  200%  400%  600%  80.0%  100.0%

IMO - CO2k H Hll B2 (%] A Bt IMO - CO2#k i Bl ML (%12 F VA B
RAFIFRERN D ROLLE PRI 250 RAEIFERA PR LE PRpHEdE 250
SHUAHEE  |BRFRAIRE RAUSSI-CO2) SH)AHEE  [RFHIHERUSHE-CO2
il g <0,0-20 20-50 50-100 100>= |d&I== <0,0-20 20-50 50-100 100>=
IMO min 2.6% 26% 27.1% 37.1%|IMO min 2.6% 2.6% 38.5% 48.5%

max 24.5% 24.5% 27.1% 45.9% max 34.4% 34.4% 38.5% 57.2%
IPCC 10.2% 22.4% 33.1% 39.8%|IPCC 9.0% 19.7% 29.1% 35.0%

1.532 AIB v U A ThOhit 7 #— & Tanker DHEHEIEEROFAEE (£

GESRAEMfE(L, PREHEAE - 45USS/BBL (i)

2020 & - £ 1 2030 4F)
- 250US$/t (ERsMEE) . &F : 4%)

1 45.0% 1 40.0%
g 40.0% g 35.0%
% 35.0% % 300% |
f{ 30.0% 'T; 25.0% —
X 25.0% S
g 20.0% — —Central g 200% [ e Central
§ 15.0% L‘."’" § 15.0% r — L(.)w
¥ loox ! I High # 10.0% —————— High
N g
o so% o 50%
& 0.0% g 0.0%
0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%

IMO - Co2k H Bl i 2 (%] ) A it B IMO - CO2k H Bl i 2 (%] ) A HitH B
RAEIBRERN RO LLE BEHEE 250 [RAEIEERM P RO LE PREHEE 250
SH)AHEE [RFHIHERUSHE-CO2 SH)AHEE [RFRHELHRERUSH-CO2)

Bl = <0,0-20 20-50 50-100 100>= |HIEZ= <0,0-20 20-50 50-100 100>=

IMO min 2.6% 30.9% 36.6% 37.0%(IMO min 2.6% 30.9% 39.4% 40.3%
max 27.5% 36.1% 36.6% 37.0% max 26.4% 34.3% 39.9% 40.3%

IPCC 10.2% 22.4% 33.1% 39.8%|IPCC 9.0% 19.7% 29.1% 35.0%

1.533 AIB v U A Tofthz 7 % — & Container DHEHEITREOFIRY (£ : 2020 4F - 47 : 2030 4F)

GEBEMAE ., BREHmAS © 45USS/BBL (i)
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155 fEBIMRMIC I T D RV F—Zh A bR OGO R FIE DO BREY

FRACHIE A (HR) 2 VT BRI 3810 5 = 0 L —2h 58 i) b 3R O g i #¢ B % 1k &
A2,

£ 1523 (TR T4 — (VLCO) (T L., (ICHEHESBE RO RMAEE H (FRAHIE A - ok
i, 2020 4, BUEAGEAL, BREHERS © 250USSA, & @ 4%) 2@ Lo, YR OER B2 Y
DEMIT, K1524DLFBY L7220 TXTOMKEFEN LIhE, K50 757 USSOEMHEINE 225,

HMIIZHE 2L, .12 Waste heat recovery (new ships only) JPN (BEEAEIR) | (HIEE 20.9%) £ T
L. BEHOEMEZ <, £72, 1.5 Main engine retrofit (Fo > ¥ tkdk) | (B 35.2%) £ Tl
Feh L7z xRk () TOBH O,

—J7, IMO IZB W T, MM A #HET 2 THEHERSI) (METS: Maritime Emission Trading Scheme,
EAICHE EAFI Y Y TD) | BARENRET S [[HEE GHG 4] (BEHHRE 23t , o
NRBCEEZ AT L BN — 2R3 2) FE 0k~ B FIEORGF BN R ST 5,
b, FECED ., ROBFOMENEZT T2 2 L00, LLTIZBWT, ZORELFHIT 5,

#1523 REIHHLEZZY v —0fE

Tanker 300,000 DWT

Voyage 274 [day/year]
Fuel oil 30,990 [ton/year]
CO2 92,528 [ton/year]

#1524 XEOERHT-Y OEM

year 2020 year Cost efficiency |Ab. potential Cost-Measure
fuel price 500 US$/tonne [$/t-CO2] [%] [%]sum [$/year]
interest rate 4.0 % Central Central

.6 Retrofit hull improvements -95 2.6% 2.6% -223,416
.8 Other retrofit options: towing kite -80 4.7% 7.2% -344,968
.10 Air lubrication (new ships only) -75 2.1% 9.3% -142,690
.1 Propeller maintenance -60 2.8% 12.1% -153,837
.4 Voyage and operations options -48 2.0% 14.1% -91,715
.11 Hull systems JPN -45 3.9% 18.0% -162,263
.12 Waste heat recovery (new ships only) JPN -5 2.9% 20.9% -14,128
.9 Speed reduction 27 8.7% 29.6% 221,053
.3 Hull coating and maintenance 88 5.3% 34.9% 427,205
.5 Main engine retrofit 113 0.4% 35.2% 38,273
.2 Propeller/propulsion system upgrades 342 2.3% 37.6% 740,328
.7 Auxiliary systems 592 0.4% 38.0% 221,322
total 515,165
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(1) PEHEES]

PEH RS 25, [RAATREHIC G2 D BOA A —U %X 1.534 127, KL, SRHABELE (A
HE) % 15%HIEE L. M3 X CToxR 4 F2hi L 40%E THI L 723562 KB L T 5,

AL, R Z RS 272 OO F AL T 582 0nE L 35, B EZEZ 5%t
REEZHOWTIE, HEHEIS] (ETS) 12XV | BOFKEIZH Y 3 2 IR (P H & ks (ETS-price)
BRECTCERMRGR E 0D, —FH, BIBBEEZEZ 2RI OW T, BT B AR & 72 2 91151y
& (AAU : : Assigned Amount Units) 72NEEOLEITE ] OBANR 20D, KOKEAOTI TS
D HIEY BB S ik (AAU-price) 2F U7-BHOAMNET D, 7ok, BAHEEH () o
BRI, PIMEY EOXROB AT, oL & L, ERICIE, Eii LT
NRTHREOF TEEINLIRE LD TH D,

600
500
D 400
“-.’_‘ e e Central -normal
3 300 .
g e Target-15%
= 200
T e Reduct-40%
fir 100 .
®” ETS price-30$
B ) REsssssss= A L Y Y
ir : - l === AAUprice-20$
1000 0% 20.0% 30.0% 20l0%
-200

HF H Al B2 (%)

X 1.5.34  PEHEES] 2N RAHIEE I 5 2 % 2%

#1525 X O 1.5.35 ([ZHEH RIS OB AIZLE S RAARE N (8 oZ{bzrd, k. BT
MG A2EE L, 0IESE (AAU) 1T, 20US$/t-CO, & L. HEH&ERS|fits (ETS-price) 30US$/t-CO,
EL. F. B, TRCBIEMECREE L,

PEHEIG I OEAIC LY | R OMIEZE L L, EARNTRAERE N (BARZAR) OIAT 4%
HTd -7 .11 Hull systems JPN (MBI R) | 23, BABRTIIRbERDOMERE R ST,
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#1525 PEHERGIC X DIRAHIBE H oL (RE

DEALRWEA, TR BEATLEE)

year 2020 year Cost efficiency |Ab. potential Cost-Measure  Cost-total
fuel price 500 US$/tonne [$/t-CO2] [%] [%]sum [$/year] [M$/year]
interest rate 4.0 % Central Central
.6 Retrofit hull improvements -95 2.6% 2.6% -223,416 -223,416
.8 Other retrofit options: towing kite -80 4.7% 7.2% -344,968 -344,968
.10 Air lubrication (new ships only) -75 2.1% 9.3% -142,690 -142,690
.1 Propeller maintenance -60 2.8% 12.1% -153,837 -153,837
.4 Voyage and operations options -48 2.0% 14.1% -91,715 -91,715
.11 Hull systems JPN -45 3.9% 18.0% -162,263 -162,263
.12 Waste heat recovery (new ships only) JPN -5 2.9% 20.9% -14,128 -14,128
.9 Speed reduction 27 8.7% 29.6% 221,053 221,053
.3 Hull coating and maintenance 88 5.3% 34.9% 427,205 427,205
.5 Main engine retrofit 113 0.4% 35.2% 38,273 38,273
.2 Propeller/propulsion system upgrades 342 2.3% 37.6% 740,328 740,328
.7 Auxiliary systems 592 0.4% 38.0% 221,322 221,322
total 515,165 515,165
year 2020 year Cost efficiency |Ab. potential Cost-Measure  Cost-ETS Cost-AAU Cost-total
fuel price 500 US$/tonne [US$/t-CO2] [%] [%]sum [M$/year] [M$/year] [M$/year] [M$/year]
interest rate 4.0 % Central Central
.11 Hull systems JPN -63 3.9% 3.9% -162,263 -64,477 -226,740
.12 Waste heat recovery (new ships only) JPN -23 2.9% 6.8% -14,128 -48,391 -62,519
.9 Speed reduction 9 8.7% 15.5% 221,053 -145,625 75,428
.4 Voyage and operations options 24 2.0% 17.6% -91,715 137,043 45,329
.1 Propeller maintenance 24 2.8% 20.3% -153,837 215,476 61,639
.10 Air lubrication (new ships only) 35 2.1% 22.4% -142,690 210,084 67,394
.8 Other retrofit options: towing kite 62 4.7% 27.1% -344,968 611,817 266,849
.3 Hull coating and maintenance 70 5.3% 32.3% 427,205 -87,523 339,683
.5 Main engine retrofit 95 0.4% 32.7% 38,273 -6,106 32,167
.6 Retrofit hull improvements 306 2.6% 35.2% -223,416 944,688 721,273
.2 Propeller/propulsion system upgrades 324 2.3% 37.6% 740,328 -38,951 701,377
.7 Auxiliary systems 574 0.4% 38.0% 221,322 -6,739 214,583
total 515,165 -397,811 2,119,109 2,236,462
600
b
500
~
o 400 Central -normal
it —
< 300 Target-15%
a
2 200 Reduct-40%
ﬁ 100 ETS price-30S
B , k=== ssss=s = == AAUprice-20$
AC
-1000.6% 0% 20.0% 30.0% 40§0% Central -Target-15%
-200
B H Hl it & (%]
1.535 PR &GN X 2 BREVEEE b #0224k
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(2) EHEE GHG E&

EBR GHG 4 (BREHIARG 2 8UE . BARONRUGEZ AT L, BRI —M a8 2)
2, BRAHIRE G 2 5 BOA4 A=V %X 1.536 1237, Kix, PEHEKRBZE CREME) % 15%
HI L U, MRS _CORRZ2 L L 40%F THIR L 728582 KRB L T 5,

AL, IR E RS 272 DI OFAOEHFIHL T H2EMENLEL T 5, MROEMZIY |
[ D kK 24 3 2 xR O BB O ARG OWEE S RIS L 2 D, £72. HEE S —E &
2 HHIR E 72 DR BEIZ DWW T, MOSKAOERSITH Y T 2B SN2 REER RS0 —3 (X
TRTC) BEF D, ks, RAAGER (M) OB XIE-T-720, BREEREOBEMIT, kit
DEFY & LD, FFEIZIT, EFMLZTXTHRBEOF TEREINLIRNELDOTHD,

600 v v
( |
500 ¢ "
= ' |
S 400 " :
Q | Central -normal
< 300 '
@ [ e BL-15%
2 200 '
e Reduct- ()
B ) Reduct-40%
g 100 '
s | : = = = Refund-BL+10%(back50%)
= 0 ¥ i
T ' o ] = = = Refund-BL+20%(back100%)
-1000. 0% 20.0% 1 30.0% 1 __40J0%
[ |
-200 — 1 !
BE W EIl iR 2 (%]

1.5.36 [EBES GHG 4N RBAHNEE HICE 2 5 w5
#1.5.26 KOV 1.5.37 IZEFE GHG 40 AZfE 5 FRAYIRE A (HE) oZ{br 54, 1B,

PREHMFR A OEAHE, BB EEZ 10%8 2 5 %R 50%ER & L, 20%% 8 2 5 % RIE 100%i= 1 &
L. ¥7=. M. T XTHEMETEE LT,
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#1526 [EPFE GHG #4I2 LD RAEIE H o2 (BB A LRWEA, TE  BATH54)

year 2020 year Cost efficiency |Ab. potential Cost-Measure  Cost-total
fuel price 500 US$/tonne [$/t-CO2] [%] [%]sum [$/year] [M$/year]
interest rate 4.0 % Central Central
.6 Retrofit hull improvements -95 2.6% 2.6% -223,416 -223,416
.8 Other retrofit options: towing kite -80 4.7% 7.2% -344,968 -344,968
.10 Air lubrication (new ships only) -75 21% 9.3% -142,690 -142,690
.1 Propeller maintenance -60 2.8% 12.1% -153,837 -153,837
.4 Voyage and operations options -48 2.0% 14.1% -91,715 -91,715
.11 Hull systems JPN -45 3.9% 18.0% -162,263 -162,263
.12 Waste heat recovery (new ships only) JPN -5 2.9% 20.9% -14,128 -14,128
.9 Speed reduction 27 8.7% 29.6% 221,053 221,053
.3 Hull coating and maintenance 88 5.3% 34.9% 427,205 427,205
.5 Main engine retrofit 113 0.4% 35.2% 38,273 38,273
.2 Propeller/propulsion system upgrades 342 2.3% 37.6% 740,328 740,328
.7 Auxiliary systems 592 0.4% 38.0% 221,322 221,322
total 515,165 515,165
year 2020 year Cost efficiency |Ab. potential Cost-Measure  Cost-Levy Cost-Refund Cost-total
fuel price 500 US$/tonne [US$/t-CO2] [%] [%]sum [M$/year] [M$/year] [M$/year] [M$/year]
interest rate 4.0 % Central Central
.5 Main engine retrofit -379 0.4% 0.4% 38,273 -5,675 -927,186 -894,588
.7 Auxiliary systems -302 0.4% 0.8% 221,322 -6,263 -926,833 -711,775
.8 Other retrofit options: towing kite -177 4.7% 5.5% -344,968 -72,624 0 -417,592
.9 Speed reduction -144 8.7% 14.2% 221,053 -135,354 -424,652 -338,953
.6 Retrofit hull improvements 111 2.6% 16.7% -223,416 -39,512 0 -262,928
.11 Hull systems JPN -94 3.9% 20.6% -162,263 -59,929 0 -222,192
.2 Propeller/propulsion system upgrades -87 2.3% 22.9% 740,328 -36,204 -908,852 -204,728
.1 Propeller maintenance -83 2.8% 25.7% -153,837 -42,611 0 -196,449
.10 Air lubrication (new ships only) -74 2.1% 27.8% -142,690 -32,069 0 -174,759
.4 Voyage and operations options -52 2.0% 29.8% -91,715 -31,700 0 -123,414
.3 Hull coating and maintenance -40 5.3% 35.1% 427,205 -81,349 -440,869 -95,013
.12 Waste heat recovery (new ships only) JPN -25 2.9% 38.0% -14,128 -44,978 0 -59,106
total 515,165 -588,268 -3,628,393 -3,701,497
600 v v
| 0
500 ] L
= 400 d
[e) ! — Central -normal
Q 300 ¢
< ! e BL-15%
v 200 i
2 100 : Reduct-40%
M
ﬁ 0 ' I ' = = = Refund-BL+10%(back50%)
- [
i 1000“”%3 20°0% I 300% ! ;O 0% = = = Refund-BL+20%(back100%)
& -200 ! !
[
-300 Central -BL-15%
-400
B H Al it & (%]
1.5.37  [EBE GHG F412 K 2 BRAHIECE F dh# o 24k
156 &

BEPEH ST U A THD AIB v U A0 FTHRBICHK b 2RO RWE T CO, BEH ORI A BT
Bt (AL CO HEHHEDOANRIC LT /2 a A FBRAVIZ 2 KO ICEEREEZ LS 2R H56) |« EEE
ESY EF OHEH BRI R, 2020 £ A TIZER R Tt 7 % — O 7TEIRREOEIREFE & 725 2 L AR S 1,
fitz 7 #— L0 HIERWVHEITR B & 725 —J7, 2030 R R CIEFEREOHIBEIE L 725 Z L R3biroT,
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2 REREIOFAEIRDA > 7T OEME T 5 HERHSE
2.1 REMEOHE

(1) By

EBREED D P S HGHG 2T 272D O RKITIE, M - MR OB = b, BEHR O
e, BN n AT 4 v I ADWEFRRA RTRPEET D, 2N OHFROEMRICIANT TBUERE %
72GHG HE BB TEBRE DM T AL T D23, PRI O A iE, RFMELSNC A 7 F |
LEMAVENEBICED > TS Z e b, YA T, FRRUFEEFEFE [GHGHEH BB O &
(BRI A 7 T DA (2T AORRBE ORI K O Ain oo KA, - A o Feii (b 55
ZBES 54 v 7 TEOPFE AT o7,

ZOFEOHT T, MAHBEE L TORBIREIOMER, FFIZLNG ORI L, EHO TR
EMWZ ERHBA LT 2 &2 T PR T AU B & L TOLNG OFFICE S %
Y . LNGEREHIR & EBLT 2 72D OB O FUARIZ AT T X 0 B2 E 44T 5 2 L2 X v g
DWFFRBITECE DR O K AT 5 2 & 2 B E LTl % FEhi L7,

(2) HE - B

O IMO IZBIF5%# (LNG BREHRDOZEEEDIER)
o HABREHR DD - DOEEHE] (IGF 22— R) FEIZHNT 72 IMO HifED 7 + 1 —

@ MAREIE LTLNG Z2HHTIEBEOA 7 1T 5%
o BEERBICH O THURMEL S LT LNG &I 2 Bk Bk i f S h o BAEE

o HEEIRIZIS\VT LNG 2 A s 9~ 2 bt B fi sk 1208 S 2 BRI A
o ZTOMPEE X — I F /B W T S 5 BHIFHE
o SEAAEL LTLNG 2R3 2 a2 FI i3 2 85 2 — I T L ORERE

@ MAREIE LTLNG ZFHT 2 BROBIRHEMIZB ¥ 5%
o HERDOUEE THAS S D LNG O R

@ HRZ Vv OBNMICET 5RE
e CIMAC IZBW T, LNG Z#E L T 50 A2 O3 ENN & &
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2.2 IMO DEha

(1) IMO/ % 15 ENE b BAKE - [E/NEES (BLG1S) OFHEGEFEOBRE
AW 201142 H7H~2H 11 B Hir: 2> K2 IMO A%

IMO DT BIEAER « KA/ N B2 TUE, 2012 4R EE % BRI T ABREHIR O 22 42D 72 6D DIEFEHLAI (IGF
a—R) OREEEEIT>TND HIRO LBV IEEBEMAII®RAHE L L RoT2)

2011 4E2 A7 B 52 A 11 HETORM, ER R IMO AFIZIB W TR S 7256 15 B BLG /M
H# (BLG15) 12815 IGF = — FEI#EOHFHAM R G 6 (IGF =— F) ) 1L TFD LB TH D,

() fExoRECETEZ (BEHRARIE WG TEE)

® IGF =— FOHERIZ OV T
N z—iX, IGF 2— KD K7 7 MI2OW T, BEXOBEZEIHIE, MG da2Tol
AR QKB K AR A EHCE A S b 28, KT 7 MERBPBE TR T ADHZE x5 L LTHE
R LT-T280, St EBIOREHZ DWW T, BINEERKETH D LA LT,
WG 1%, HEROWEREEM T2 COMENIEA T 2 8LE & U, R ER] OB EO
ERETHZLICAE L,

® IGC 22— K& IGF 22— FOFRFMIZoONT
Bi[E, SIGTTO, /7 =—, KAV, ~LF— A3 CESA %% < OE KO,
IGF 22— RiFM oz — R E U TERT 28 IGC =2— K& IGF 22— ROEEM LS L& &
FiELZ72H, WG 1L, IGC 22— FORBRAEZBE LFE 2 — FERIEDORZRE LNV EENKT D
WENH DT, FRERRY IGC =2 — ROWIE LTS5 Z LITHERE LT,

@ LN (Safety analysis) (T DUV TIZ DN T

FAEIL, BLG15/6/2 IS5, CG TR SN IGF 2 — FD N T 7 BTk, U X7 iy
FEOEANFRRAMETH Y . AT TOH ZREHRIZ U A 7 BT &2 ER LTV 5 O Thividil
FlTHHZ L, IGF 2 — RO TOFEMEMAZN 72 LT\ D T ABREHRIZ DWW TIZ Y A 7 fig
Hr&a7 o BN 72 <. IGF 22— R Bl 35 1 AREHIR O AT Y R 7 g 2 Bk $ 5 2 &
WY Th D Z & &R,

U A7 SR EM 2 2%PHIE, IGF 22— RO R T 7 N OIS ER S =14 Tre
FIUERERRIL 2Rz IGF 22— ROFEMIEENER Szt U A 7 g 2k o
HWHIZOWTHESERT 2 L 9RE,

7 7 v AE, BLG15/6/2 IZxt L, IGF 22— RIZBW T, BRSO TORREEET S
72, FLWERFTOBRICY R 7 ITIIATHY S AT~ F v 7 ) AV ZF$ 5 &
BR AR,

KA 0E, KB1IASRELORIE S & 5 72, BLG15/6 © ANNEX2 % ON ANNEX3 % &,

101



REf 2 20 CTHEEICEm T XE LB A ZIR < IGF =2— FIXIGC =— KD 16 L BEET 56
DR DHTH, IGC 2 — FEOFRFNTIEETH H L < EE LT,

WG X, BAREBRICHEAL RV L, REISE TIIEBEO HAZID O Eifl L2 E 2, &7
2fEHT (Safety analysis) (/X7 77 7 4.2) O H#iBH & OV HAZID O #E F I BIE 5 BRI
ODWTHERLIBEHZITOZ L & LT,

AVT VUMY AT BIZDOWNT

7 A%, BLGL5/6/1 (7T v AHRER) ICHESE, BEHEH S 27 2 0HE#ICHB W T, IGF
= RO KT 7 FTIEBE S 713N Z v 7 DRITHIR L TWERN, AT Lo X7k
IGC 22— FE 4 EOEMZRE L TEY A AF v U 712\ T 40 4FBGA 7 i3k < T
WEBLH DT, BREHE 7 1B L TRV E FE LT,

A 2 =T RO RA L, BREHY 7 BEE LTCBRICAER e O Tid e nh & E R~ L,
BT, NT T T 7 42 OZEMNT (Safety analysis) ZiEfH L., ZeME2HWrTidlnweE
Rk~ Tz,

Bz, RAVIE B4 BOHLTERBMBEHENSLETIRVWNEERZRN, WG #R K
RNy =B UCFEE L,

WG (%, IGF =1 — FOBREHEN S AT L OB Z - T 56 1R > T, A7 L A

TAEHHAT L EICAE L,

ESD (Emergency Shutdown System) D#EEIZ-DOUVNT

EUROMOT, ICS. X[E. FA >, CESA %X, RARH ALNOREHZ DN T b o072 2tk
%%%ﬁé%Dﬁﬁﬁuﬁofwémﬂﬁi:%%ﬁ&%f%ék%ééﬁbko

SIGTTO %, BELOMEIRIZONT, ZER KV BNT AN IZSL I, —0 Y DORES
RS ORE SRV ERT 2O BITR R D A3 I ;D%%Wﬁéﬁé RO ENT
X B0, ARBI K AIRAE T 225 L 0 B ARTRAILZIS AT, R L VR R L3R
720 Mk Z v PASHZE M 2 LI %0_&@?%¢Eﬁf%éoLtﬁof\mDy%TA
FZER L VBNT ACHIR T RETH L L ERL,

WG (%, ESD OEEOHEAIZZER L VWA ADOHIET 52 LICEEL, 20, =2
YOREX, BEHOKRES, BEEORIREN/HIRE L TEXLNL, ZhbIE5#% CG Tk
WA EICEE LT,

—WRE5EE (secondary barrier) (22T

RA %, B AT A UIESICEIT 5 1 DOBREDNERACRIUC SRR D D& <720
DEIFEM L LT, 2 AT B X275 OIRR, WA “IRBBEDLEN N2 A 7 C 2 v
7 DBEURTE, =2 V2 DRBEE ~DRRENE R D double wall piping (Z 2\ Tigig 9 <X T
b5 L EREIRAT,
EJN 547C5/7i§é@ﬁ Wiz, TIRBAEEIZ LB IRV E FR LTz,

AULF—E, RBEE i%ﬁ%é’]fi%%f&é’\% EERAEIRAN ICS NI NEIFFLI,
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@

Z U EBEEBEIZONT

RA 0%, IGC = — R TIIMMISMRIA BIREL 2 o 7 & O BREE T B ZEIRBTIC BEE L TV 5 08,
EZOHE XY — B AHE E TEET DD Tid/e < | MEREZGHEE 2O L 5 oKk 5
HEEZHIIR T 2 ONEBEHTHY . TORMNDL 5 /v OB TER S5O 720 Oy 7
MR LD EEREIRRT-, £z, BED IGC 2— RTHEZ N TS 760mm LT 1GC
I— RO RTZ7 FTREINTWD 800mm b —fXAIRARMAORELE L TH A ZHWL5EIC
EARFS2E LR EBR AR, Ko T, HEBRIOAEZITV, KEISAICHER A1
Mo L aRP LI,

CESA, A3A L%, SR SIREN S v 7 & OfEBEE FiRICT 5 Z SI3BERRES, # v
JIIREICAE T RETH Y, HEICRFNTRETH D LERZIBRAT,

SIGTTO (X, # v ZI3WEIZRET RETHY, £DLHIZH IGC 2— RO K7 7 MO EfF:
TR TRETHDH EFERELZ, Zhicxi L, CESA X, IGF =2— NII&TOMEIZEAT 5
720, MO DWW TIXIGC 22— KD R T 7 OB ZfE T 5 OIXREE, SHfEic k-
TR DO FEN R D L TR LT,

Flo, T = —ITEIFMEICEENH D . MM DB 2 7 F O BB, & OYR
BAORKE SIZE D R RELFRL,

SIGTTO 1%, 1960 1% F:LIFED SOLAS (K TIE, o A—K BT AF ¥ VT OEYZ -
7O FIZRMBE OB ALES D 2 & 7P L TR, 5LKED 60°CLL LD S T —#5
BHI., BWHEIBRO% T L OERREO TICiiET 2 2 ERFAENTnD, L ->T, IGF
a— D 77 ME, LNG Z & RGBS LB L O E O AR O TS D
AHEMED N B B8, FhuE TEW ) TliZe TR —BRBH Th D70, SOLAS SHIITEK L
RVEREL TS, LOLIGF 2— RO K7 7 hTIEHSIKAEDN 60CLL T OBREL b > T b
TDFED B D, SOLAS S=ANTER T 5 & ERZ IR,

iz, vy e— RAY T4 TR 7T A AL U KROVCESA I, fH A
RGO TIZH AL 7 ZBET D 2 L 2R T 2BROMmIE [N —1 2 1Y) THY .
G IR RBREL DO ERIZERT 2 b O TIE AW E BR AR, HAZ 7 OREIZET 2 %40
OREIZ. IS OO A&, “HEGBEND Z v 7 Bt A S e 2 T OMHIEDONE, &2
& machinery space DFRHE, FEKA) 72 0ri# . hazardous area D EFE. #a il AT DNALIESEIZ LV fiFR
TE D EEREZIRAT,

R—BTNE L TITDONT

RA 0, BREL 2 7 ATRIMAZ > 7 L LTOR—=Z T IVHE v 7 DFERICHONT, R—
BTNELTEA T TRES TWRWEICBIT DMIEICKNETH LD, EHFETHD
RETHDHN, TDEDITILIGF 2— RO X v 7 OB EETHLERHH L FELE,
IEC., KA Y KU SIGTTO (X, IMDG =— R CTHRRB SN2 TFHE2ATOH 7220 T
IFEEICEZDRETETHDL EEREBR, 72, /AT =2—F, R—FTNV& 7 I3H
ET HDUEND DI, A RGE, BlE. 55O\ T, HEIZEZ 20BN H D5 LB
ik _7z,

WG X, R—=F T NH 7 OEMHIZIGF a— ROX > 7 OFEHZHETL20ENH Y | =Y
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®@

DIMDG 2T F XA T DRI EHRTDHRE TRV EICAE L, £, BIERR 72T
SNTIE, 5% CGICBWCEmT2Z L & LT,

BASHZERICRBIT B XA 7 C ¥ v 7 DFERICOWNT

RANE, AT CH U7 IERBEN LB IR, £, #A T C X7 ODBIURTEDFT
Y L OFREMZRT Z N THIUT, BE RO OWN TS ZIRPEEN LI/
EER L, RRORHAEEMATH L3, ThERNT D Z LN TE D0m T D LEN
bHbHEEERELE,

%< OEIE, KREREEOEERIEHOERIZIEZE Z bW EBERZRLIZLOD, WG 1T,
K& REE ORI OEIR R O ZERIC BT 224 7S C 2 r 7, &, S Kb
BEQWMENMEIZDOWT CG Tilgmd 52 & & LTz,

SR KK DAFTITHK T D REL & v 7 DIREIZDONT

AL, BREES o 7 3N K K O AR LRET XETH Y . @V KK AT K DR EfH
WL Ta 7y X AXITEN L R RENEY) CTh 5, M= - EMERICH L TH, 20X
O RRREEII L EED S LV e BREZIRAT, F72, IGC 2— R TIEL, B4 7 LEERE D
2237 7 A XIE A-60 #RAEUI0 2B L 558, BEBNAHIEEE X 2 7 7 & A L RIS e & A
YT ENTE DL RERE Lz,

vy = — KO SIGTTO 1%, REERAIEEZ 27 7 X LA LEEEARTOITMERTHD & F
L. ZAuZx L. FAIE IGC 22— RTIEEMZ v 7 L= O/MIC =2 7 7 &4 L XiT A-60
A0 2B L § 53, BEEREIEE N Z N L RIS E &Gl S AU L Vo T nas
LB R AR CESA 28 ZHICRE Lz,

WG %, HRBREMOFEROBRIC, ToHiEbEmT 22L& L,

BERNDDORHIZ OV T

RA VL, BEFROREOIEIERIL, BHEHTEZDFERIMEICL > THOKRLS T2 2 & 2R
DVENH Y D LRTIX BRI T 5 TREMEN & 5, £72  BIfED IGC 22— K 8.2.16
MHAA T A5 25 TR L, o, VY x—F, EICE - TRARY | EEKHD Jvo
TIHRWNEERZR~ st L, R4 Y KOSIGTTO (&, FKIFECRAAE AFIET 5 AlHE
PED B V) | EHEEITERTH 5 LB R AR,

WG L, CGIZBWTHIIE mT 5 L& Lz,

BB 2 v 7 DIREIZ DN T

RAVIE, B2 V7 2T 570, METHLHRE TR TH, ZEOH ADKH %87
R 6T, Fo, MK OARICH L, BINR#EEEETRETH D EEELE,
J v = — O SIGTTO 1%, JFHIZFFT 2L LR, 7¥—ANAL 7 —2ATHY, IGC
a— NLDOBEEZE TR LEREIR~,

WG L, IGC 72— REEGEZZ/ L THICHF T2 & & L,
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RELZ 7 DBRIEIAFHT LD T

RA VX, REHZ v 7 D RFETT L-ULIZOWTE R L, BED IGC ==— N 15 (T
LEESN TS L Lz,

BAE, FEMZ2BLER TRV 2D, WG I, CGIZBWTHICHEmT 22 & & L,

MHERBTEIEITONT

RA VI, 7 NOBKREEICONWT, BESOX 7 bR OEE % LT CHAIEECCrEY)
TR, HABBO3RfmREHFECT L EIICTRETHY, ZO7dIZiE, EWF 7 b
LOEVE TIIhESWE 7 NEOEE LV EOCEHERMLETHD L EELE,

N 2= fORNANRA E, BRE30 B &V D O, BIED IGC 2— R 16 FICL Wk T
BV, IGC2—FORI 7Mbb b Ll LT,

CESA (X, BIED IGC 2 — RO 16 BEIZEEZ ZDEFEM VWD Z LIk L, BaeE/: THL
ETRETHDHEFRL,

WG iE, CGIZBWTHICHmFTHZ L& LT,

XA F DRI HONT

RA DT S, T OERRMIRITRET R E R o3 BICEm T AL ERH DL L EE L,
F/o, TU~—21F, IGF 2— KO KT 7 D 8.6 (231 TOMZICET 2 HERH Y | i
HOBOBRMRKNEDOHERXNRSH 503, ZHUIRE A 7O TH- T, JKIE A TI2o0
TR L EBEREZRR, P YR IhEIFFLT,

BIZT v~—27138.6 DRERICONT, CGILT—# 2t T 2 HENRH DL L Lz,

WG &, EFTHEEEHEICOWTHRHT HILERSHDHE LT, CG ITBWTHEICHEmT A2 L
L L,

Z UV ICEEDRBNEEE R VT D5 OB RIRIRIZ OV T

RA VL, Z o 7 ICEESRDBNZEE KOV T 085 O KIFIRIC OV T, WL Dol
B MIEORERL VT BNHHET L L2 0 7 ONEWITETEMICHEENTLE A, Zh
LEETEIMLERGDLONEEM LI,

UKL, T =—E Falle 2 o7 2V, BRTOX T OB E B O BB H D
EEREIRA SIGTTO 1T, AFIXEE L TRHAT 20 ERH D & BERER~T,
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BHTE BRICHET 2HA LS OB AR DIEFE =450 ORFIEEZ D CTED DI Edb
S N ORISR T IH ORGEEEA S TED HHM LoEET, wicBFs b0 L1 5,

— FCARWEZHEICHHR L BT 2L & (BREONAFHEN -1+ v ML ThH DT TAREGRS
(FEAANARD L OEERL,) OHEREE LI-HlTHOT, YEHERARONEROGFNIUA+Y ¥
MVUT ChHHAEEERL,) 13, YEERO LT WEITNCERIE AT 5 2 &, 2L, RICEITS
HLODOIEREE LIZEEICHOTL, ZORY ThU,

< HlE >

T RTARGBEL, TORE (TAOREZFHNTE 2R TCARIECH T, HADRE) il
FEELL RIS Z &y

= REARRRETH O CUMAROLAIEIC L W RENIEA PO T TELZ B L2 b0 (RERHRAl
L= ([HET 5K B B AR E AR UTRIEE LS ICHET A IEHTKRTERE
HEHF AR H O UL, FHRIENGE —HE -5 OR CARREMIREA A28 Li2b D) Z@EH A
OBEfEA L2 &,

<LLUFEHE >

Bantrid | BEHPERS
B

(3 FH it )

B4  ZoOHANZ, ®RETARZE (B REERE EUE, BT BE EWw)H) KOEES
ARLERATS  CERIVEBSE 5, BT 4] L0no,) IZESWT, BETAZLRTATEHED
DR CTHOTHHEIIZH L TBET L5208 TE2500 (LITHIZ TR &WvW),) [T HRLIC
SOTHIET 5,

(MEOEH

Bk ZOHANCBWTROABITET D HFEOERIT. TNENUEEBIZEDD L ZAILL 5D,

< g >

P (GRS WIS OB L. SUTABRRIG CHEIT 2 2 210 L 0 BN O 1 A DIREE ) F OB %
A TCEALRWE ) REEEHE L CTH LRI AT TAT D7 dORM RiELOE MB8T5
HLOEERL,)

<LLUFAAME >

() HEE, IR 2E

(BEIR D 7= 45 W)
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233 F&®

ZHNET (1) ~ (4) 28T DHEHEERICHONWT, L LTO LNG OfHE HFIEICET 2 450
B A TFITONT, WHNEE SO ER & EED LRI A FEE L7,
WP OERIEIZBWT S, BEFOBREHMLE ik Tldlenizo, FBERETICE WX, TR
FEE o THE EWH 2 LT DEFBEZOLNDIHOD, WTNLBERE CIXREEO H 2K
Bt ik TH D B2 BND,

> HRIEE
BEAED LNG Z Al B W T SN TW A EIET % X NICB T 51740 B H
DFFR S AUR, REMILIAIT A 13380 S 5 ATREME R 0,

> finfinz ek
BUR O L A DT TIE, BIPREIO TRE L LT LNG 2 8UE L7ZSRIHITED b T
W2 FRE DS UL B,

> URHINE B EARm i lk
LNG BEHIRIZ DWW T, a2 &S T 2 oxt g, 72720, vy Y —2 v 7547
I BROBREMLRA T, a2 T D7 & L BREMIMA MRS I8 L CITHRE S B,
Z o7 BRI OWTIX, BRE)T (BLREEEFER. B ERLET, RFEELSE) I
BT DIRES « HIRr D LB,

> EIET AMRLE

ING # 7 LNG # > 7 a—1 — 2O\ Tk, @ETARZENER, £/, X477
A v (B - 85%) X, RIETARLEOS &, a v — NMERZHANE 21X E T A
PR O R 2% %,

> {EBLIE
FEYEIRRE TR « B TIZZ2V LNG 1, fEBRICEEY LR,
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2.4 5D LNG #RICE$ 2FE

[REMC Wi, issE TAHRELE LCLNG 2RI 2801 > 7 Z5ICBIT 290 22 MR]
AETIE, FEEEIZBWT LNG 81~ LNG #8217 9 BEICHEE S5 LNG OfMAIZ O
THEET %,

2.4.1 H#RICIIT B LNG 48T 0N

T, HRITBIT D LNG HETROMER & LT, BAEDO IR O LNG B8 Hils D A ki e Z 10 6
OB DT D LNG D5 DV CTEFL 24T > 7=,

FEEMICRIT 2 RKART AR

KIRIT AL, AH > (CH4), =% > (C2H6), 7w 3> (C3H8), 7 # > (i-C4H10, n-C4H10)
7R TR SN TR Y, FEHIC K-> TEOMBRMN R D, e A B CERIE S D KIRT A DA%
BHE, ERTTHDLAZ 3RS =T O/NS W “Lacq Profond” (77 2 &) @ 69.0%7> 5 “Kenai”
CKET 7 AH) 99.8%F THENH Y, FEE LRI, Groningen (472 %) 352 MJ/Nm’ /»b
Afan (74 2=V 7T) D49.6 MI/Nm’ & 72> T 5,

24.1.1

F2.4.1 FEPEHORIRAT AL
A H 4 C1 2 C3 C4 Ji co2 | N2 02 ity Mﬁ%;)fyyﬁ
Lacq Profond |7 5> % 69.0 | 3.0 09 | 05 0.5 9.3 1.5 15.3" 37.9 83.9
Gron-ingen FFH 813 | 2.9 04 | 0.1 0.1 0.9 | 143 352 95.4
Frigg WE - Ay =— (| 957 | 3.6 0.1 0.1 0.1 0.2 0.4 41.1 96.9
Alberta HFF 919 | 2.0 09 | 03 49 39.4 96.0
Kenai KE (75 2H) 99.8 | 0.1 0.1 39.9 108.1
Hassi R'mei TN YT 83.7 | 6.8 2.1 0.8 0.4 0.2 5.8 0.2' 422 76.9
Afan FAT=T 810 | 6.5 5.9 33 1.4 1.7 0.2 49.6 60.2
Chaivo FY 928 | 3.9 17 | 08 0.3 0.3 0.2 43.1 84.4
B AA 98.0 0.5 14 | 0.1 43.1 108.4
Lumut TFHA 90.1 | 5.1 2.8 14 | o1 0.1 44.6 777
Das L. UAE 751 | 231 | 1.7 | 01 0.1 482 652
Ras Laffan B = 899 | 6.6 | 23 1.0 0.2 442 79.3
Arun AV RRUT 877 | 6.9 3.1 1.8 0.1 0.4 45.6 732
Badak A2 NERTT 90.8 | 4.7 3.0 1.3 0.1 0.1 44.5 782
Centra Luconia |¥v 1L —37 91.6 4.1 2.7 1.4 0.1 0.1 442 79.5
Bintulu ~lL—i7 893 | 5.6 3.5 1.5 452 75.4
Withnell Bay [ —2 5 U7 87.5 | 83 32 | 09 | 00 0.1 452 75.1
Oman ING"  |#F~=—r 857 | 9.8 2.1 0.6 1.9 44.0 76.7

(HH SRR MBS ISMR) A A E52R<° Southern Connecticut Gas B #HE 4 & & IZ/ERK)

—_
S

—_
w

—_
(=2}

BT JIS MRS ICHE > CHRHA
ZOMOYE & LT H2S
ZOMOYE L LT He

Southern Connecticut Gas &£} X v
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24.1.2 FEENIBIT B REN A OEARI

KIRH A D - A EE L5 L. BHTIEr 7 REH %< (W 1,831 Em) | 2fttR okt &
DK 20%% EHTND, RNT /AT x— (989 m’, [ 11%) . BT & (922fEm’, [ 11%) &7
STWN5, BATIE, KEOBMAENKHL< (F91,085Em’) . SAOEARDK 12%% DT
Wh, WNTRAY (8881 m’, [ 10%) . HA (859 F m’, [A 10%) &72->TW\5,

(g B oD Bz 20 7 [E]) (g A o> b7 20 7 [E])
RAAZ D& E (B4I:10077m3) KAAZDEAE (B4L:1005m3)
0 50,000 100,000 150,000 200,000 250,000 0 50,000 100,000 150,000 200,000 250,000
Russia 188,091 us 105,825
Norway Germany 8,820
Canada Japan 85,899
Qatar Italy 0
Algeria France
Netherlands United Kingdom
Indonesia Spain
Malaysia South Korea
us Turkey
Australia Russia
Trinidad & Tobago 19,742 Ukraine
Egypt 18,317 Belgium 21,54
Turkmenistan. 16,727 Canada 20,827
Nigeria 15,986 United Arab Emirates 17,25
Uzbekistan 15,696 Netherlands 17,21
Germany 12,800 Belarus 15,943
UK. 12,170 Mexico 13,163
Oman 11,541 India 12,620
Kazakhstan 10,300 Taiwan 11,787
Libya 9,890 Singapore 9,610
BS540 NG H(T54Y HING
241 W@HIE - A RO LA 20 VE (RRH AL 7T 4 2 £T21F LNG)

(HH 8t : BP Statistical Review of World Energy 2010)

2.4.2 FEEB BV THBE S5 LNG 0f8E
2421 MBI HEBORE

MR LT HWIEIL, FEREEDDIRD 10 #HEEE LT,
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#242 XBLTIHHE

H3sk E3| PRIE 4,18
1 ki (2)
HE
2 | EmTYUT K (26)
3 HEE[E] 21l (5)
4 =2 mirE (12)
WHET7 VT
5 U R—L R —= (1)
6 oA (16)
ek KE
8 AT oy T LA L (9)
PRI
9 KA NI (1)
10 | FRITHR UAE KA (7)
[ 4E 57%4]

> BEFESGRIC T, A T4 FDxRy U —7 ORIz,

> LECHEOEICI T 2 4 A HR LNG %5 O AMH T E O ooy pk 2 i - 5P,

> LERBEBOVANLASLATITAUFEORy NU—7 ORWAEBRE L, B%EEEIZR T 5 LNG
DR RABK 2 FEHE,

243 ASOER
S%OERE LT, VES, Fi-RBERE LTROND [FEERBKAT AN 12 HONWTE MR AT T,

2.4.3.1 FEERBIRART R L1

(1) FETEFRBIRIRAT 2 DD

FEAERIRIRAT A L1, PERDO T AHSCHBLUANSEFEINOITADZ L THY, A4 MUK
HA, T—=1Xy h AKX (LLFCBM) | v x=— VT RAENEYT 5, HBENELL, 5% 0D KRK
HATBICKRE R BEEE 250 AL LT, HAZHBOTN D,

IAERAURIRIT A%, TERITBHFE A R PR E <, BHARBE o T2lo | HEORRE R LR
Mol 1272 LT, B - AEBINOERIZLY | CBM 0V = — VW AEOBRIEN (e & 720 | &
PEENHEML TE TS, FFIZ, Yz — b HRATRHICAEENER L TEY | KEIZBWTIX 2018
FEEIIRIEIE R RIR A AAEPFER DR 1,73 127D L RIS TV D,

8 s () NOKIEIL. 2008 FEICBIF B 2L T FRBRT v %L 7
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#2243 ERIEERKIRAT A OFEEH

Tii¥H

B

=)Ly N AR

AIRFRICEENDH AT, EIZAX U NH72D, BEDOAIRILOBIETRE LI A X
SR DGy TR T REE O IR I 70 . BOMALEmERICEE SN LTHFEEL TV D,

— RN HEAS A ML S OB AT FEIE L TWA T R, Z A "o R AR, KEST

v — LA BRENND 7T 7T VI L > THADERUEITR DN, WHIND&HIE4 4 M
¥ RTARIZHARTH D EE LW,
B BN FER IR W E S BICEEND T A, KEETRA L NN 7T F v T
PUES A P () ICL o THAD@EY EE S, HAZEUNT 5, BiRFIEBIEICB T 5 E&R T,

HAFER 0.1~0.5 I U ZL—PIT, FLBERP5~15%, KEIFIER 30~70% DR < £ -
TWRBICHEET D,

ABNA RL— |k

AR TFEKRGTF S50 T AF—IROBER T, R HERE P07k A 13 o g
HEREHPICAFET D, HARDS BRI TR pE il OB RICE Y LA TV 5,

HERBIREIRFIZ A 2 BHERIREICPH LA bl & T2 b—< A - 2—)L R DOREIC

HIERVE @ A iy
A F ATTA B DORFESSENGREIZ LV ARSI D T A,

(HHHE  AREFD DRE ORI A ) ALFRREHE p24~p32. 2010 /11 A)

# 244 WHROIEARAIRIR T A Mk &

; T— LRy hAR =)L A A NP KRB A &t
e Tef JE m Tcf Jk m? Tef Jk m? Tef Jk m®
B[ S 3,017 84 3,840 108 1,371 38 8,228 230
H K 39 1 2,116 59 1,293 36 3,448 97
PR 157 4 509 14 353 10 1,019 29
HIRK - HERKN 118 39 1 78 2 235 7
[EP%:: 3,957 111 627 18 901 25 5,485 154
R 0 0 2,547 71 823 23 3,370 94
T7UH (FNT L) 39 1 274 8 784 22 1,097 31
CAP - [ 1,215 34 3,526 99 353 10 5,094 143
K% OECD [ 470 13 2,312 65 705 20 3,487 98
ZOMT PT - KFPE 0 0 313 9 549 15 862 24
M7 U7 39 1 0 0 196 7 235 7
A8k 9.051 253 | 16,103 451 7,406 207 | 32,560 912

(H{ 8 : Journal of Petroleum Technology [Tight Gas Sands |

(2006) 12X 0 1ERK)

1 b DB O IREL & Al L DR O = &

20 pound per square inch  DEELT % & - T psi & HKid
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(2) CBM, ¥ x=—/VH ZADRERL

CBM, BI Y = — b AT fEANC A Z > ORRREERNE W20, AR ITE Y, o T, 4%
BIZ CBM RV — A HRAEIT LD LT HIEERBRART AN E R ID L, LNG g3 E
LNG 2 & 72 5 AlREMES @,

(i CBM

CBM D EREDIIAZ L THY . 90%LL L7 TWAD, FRFEIZEBITHAZ L ORSHIE 85.9% &
RoTWNDHHEDD, ZHUE CO, RN, ED MM E G/ TNDHTZDTHY, CLULEDR T 4.6%
e EFoTWND,

(i) Y z—HZR

T —/LH AL CBM &Rk, AZ 2 90%LL EORKTATH D, 90%% FlEIDHDIE, CO,
RN EORMMESZL G LD TH D, o T, Y= VT AL AL U EEREIRRFEV, LI
BORKITATHD EE 2D,

2.4.3.2 CBM DO#EjH

CBM IZRJEH A & BTN, ARE AR T DB THRAELIZA X VN, AROERLBIUIE L
2D THD, LIENn-T, REHERAREROHD & ZAIFHET D, CBM 1T A X VEHEDN 95%
EIEFITE L. R R DR RN B VOREHSTH B,

(1) CBM OB E

CBM O 1%, KETIEH A REFENEATEY , HEEIIN 11 km’ L SnTns, kED
fIRAR D O R RK D CBM R EIZHOWTHERN T 5 & | 1ERDOAREIE CTITX G L 2 b0
T URER, B DRIBNOT A L5 LD EEZ B, K 140 J8 m’® OIEEIIHFEAET S E LTV 5,
CBM (X, nF+%, mo7, HE, ZNHYEFET L EEXLNL TV,

—7F7, FEIZBVTYH, CBM IZKBICHEAETHEE2 6N TEY, CBM HERITR L% 143 Jk o’
ELTETAER R A 2002 2R L T D,

(2) KETORERBZK LRI DE&

KETTIR, A PR EE DRI IC T R 2 A BAEPE S D T L N ATREZR IR IE 2 2 < BRAFE L T
HIENDH, 5% CBM OAEITHEETHDL E LTS, KETIHERATAFEENINS L T4
LTS —hH T, MERBORRT ZAGRDOAFER B LALT LHEHL N D TIIRNI &225, CBM
O IERB RN A GRATERIESGT 2B E AL TV D,

Bz 10X, KEOKFMST R A METH D Anadarko X, 2006 4 6 H . KerrMcGee 7> 5 Powder River
Basin CKEUVA A I 7 bEUZFICETZN 2D CBM HEHAE) 1231025 CBM & O EHIR,
KPR AWM CBM BEZ AT 5 A2 BT 2F0#3E N R 6N D,
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Q) KEUANTORERE KB X

KELSMZB W T HIFERB KRR A THY BT 2 B2 0N TR0, KEZMmIIHEE 723
TERIRIRAT ABRFE DB X 1%, HFUTIEA D 22H D b DD CBM 134 bR PE H ENZ BAFE O AT R &
D03, KELSN TORRRBIIPHEREICH D Lo TR TH 5,

i M

KM (KA, Fxza, 790 A AXV A, R—T 2 N%E) Tl BR% Xk E D O AR5 X
W60 CBM I3/MNABLIZATON TWAIZT &, MOFEREARNSA | TV Y 75 TIEARR
FE I~ DI E DT O TN DA, EEORBICIT I TEOA TR, 3—r v/ NTholk
CBM KT ¥ ¥ LDEWDIER VT T, 7 ANZRATE L% 10 Jk m® OGFEENHEE STV S
23, CBM OFRIEEIZ L i I T EN T2 ONRBLRTH 5,

(i) A—AFrFV7

A=A FZ U7 TIEKEIZRODT CBM OB PEA TS, 74— X7 RIITIE, CBM %
JFELE 35 CBM-LNG F# D N3 T Td 5, Queensland Curtis LNG, G LNG, Gladstone LNG ™
SHFEIL 2010 FITHRBEBEDREL TWD, A=A ST VT OB LNG FHIZHDL I A — X
7 FMNOFEDLFRIT 0% La2EHd s, ZnubD 7 vy e 7 FBEFICHERE X, & —1
7 bAl 25U R D LNG G EIC 72 2 Rty & 5,

(iii) FE

I, BERE S & IR X —FHEOEKRITKIST 5720, CBM B IZFEMAYIZER Y #H A
TW5, FEEAFIZ, 2006 45, CBM BHZFIM 11 - 5 FHE (FHE4E 2006 45~2010 4F) ZRE L,
BARAET 100 8 m® OAEPERIEZ BT T2 b 00, BEITGER SN TWARY, £z, B oshE
FAEFETEENBRTHY  ERIIREEE ORME R L T, B, BEAAMEEL LONE
NRUTF ¥ —REEDNFERERSTWVDR, BABIIELEHERICE EE-TEBY, FELED T A
G2 5 D B [EE CBM O FEE13 2015 4F1Z 3%, 2020 12 4% &, CBM EPENRIE TS KL ONEEE LNG
TR RITTRBIIBRER & RO TV D IEDH . BRI 72 & ERORENAE L TNDHT2DTH S,

ivy A F

A 2 RIFHENCR ST U7 O EHA REHETH 5, CBM BHFE O BUN 5 #HX, 1997 43K & D CBM
BRFEIETIZHEEDS <, 2 2 CiX CBM #L - FIFRICEAD 5T VNN AR I TEHEBY . 10% 21 ¥
NT 4 —, BERAAR—F AEOTHNNDRHE SN TN D

KESZ S LT, 348K BERE 149k m’) 2ACBMEEX E LTARSNTWD SO0, Bk T
A pEMIE L OPESEFEEZ AT, CNG JFEHAIT DOIRFEICE EE o> T b, IEIERDT-DIiE, &
B A 7T A VEOBEA M TH Y | 2010 4 1 HBE, BLE2/ESSA 774 v orEkE

HENPE L TN D,
— T, A—ANTUTE I:f\Zok%/I\FODEF IA—ARNT T LTS LK (30~
40%) &<, ?&%753‘1&%7‘:&)\ CBM AFEIZIIAREEDFHH H, 1 FIZBIT 5 CBM EFKZ’MJLP

ﬁmﬁL%%%&Hﬁﬁéﬁiﬁ%kﬁé®mmmﬁuhkw9@#%@@aﬁf%&
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V) AVEFEXRVT

A YRR YT ORFIHEITN 13 Jk m’ (BUF R Remigas IC L 2HE) & L TRV, (EkA
KIRH AD 2 fHIZ K 55,

AV R T BIFIZENTSRITHEBOROEAR L LT, BESWL-IUIH L AMEL G &
T, EEOAKRBILOT A, FroxrX— BETXLX—HROPREZBHITTND, LiL,
B EIIARTREELZZD- L0 THY, B HMEE] L L THETERNI L, £ PR
TN D H AT TR TH V. MBI E = A F 22 CBM BIF OGO MR DN T H
DT EEND, CBM BAFRICAKINICID S 5 & T2 REITDEONERTH D,

2433 Y =—)VHRADENME

V= )V HALIE, EPKFTKEIZHE L THE-EATHLIEE (TOBA: =—) D
FRRENCHTRE SND A X U HATH Y | FEERBKAT AN BFEEIND [ =— VTR OAEFEENRA
L2 EbH 0, 2009 FICITKEN T T 2RO TR RO KRR A EFEENZ 2 - 7=,

1) Y=— VT RAOEEE

2010 FF 6 Aok sne, v~ Fa—ky Y THRKE MIT) BNFE LD-REE TRARTADR
Kl 2k de, KETEHAED Y = — VT ADOAEERNBHT L L RIAENTEY | 2010 FEOAPER
TIFHRI 2Tef (9 560 5 m®) | WALFRER A A (LNG) #25 T 4,200 J7 t 25, 2020 4EI21E 5 %D 10Tef (K
2,800 fE m’) 125 EEND,

ZORMOBEB E LTL, BERMEENET OIS, KEICBIT SV 2 — A T ADOHEKEEIZ OV
TIERE RIENR D DA, Fefr O EHHEFHEIE 650Tcef (K9 18 Jkm’) , £/, ¥ =—/LH 2D &L,
A% OFALHEIEAT OFERIT X - THINT 5 ATRENEZ R TV 5,

Q) REZBIT DY =—H 2 DBEFEEH

KENZEB T DY = — /v T ADBAFEIE, Devon, EnCana, Anadarko, Chesapeake, XTO Energy & V)»
7o FRERARFE T 1V B4R S 47z, RFIZ Chesapeake, XTO Energy (3, 1980 FRICRR . S NT-EETHD |
2000 AR, SR E BRI A B, Yo — W ADEFERINE & BICKE LTz,

ZAUTIMA T, T, ¥ = — VT AORIRILIEPEIC O RFAMEENS AL L T D,
Vo — )V ADEFERENEERT D LURNE, ALKO TR EFERENFMERNIZH > 72720, KRFPAEEIT,
TV HREMT VT2 EOFIIIEITRE SR EB L TWER, V== HRATED, Th b3
ALKICENR LB L 7> T b,

3) BAMNCBIT B =— W ZDOBFE M
KEMCBIT DY ==V HAOBRITIEIN, T FTROILD, BN TIEEa o T ~DERIFED S i H)
T 50, BIRICHEBYTH D,

i BN
BRINZIEAERTURIRNAT A BRI T 2, ZTOBME LT, v 7 b OAMRIFOBH %
HEEL TV RMNZETbN D,
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RN Tl v == T ZADBRENER L TR Y, 2009 205 3 4ER], K1Y (GFZ) . 77 A
(IFP) . A Z7 > % (INO) BNy =— LV HAZY T OREEBIEL, HEESHNT2bA TS,
KENZ BV TIEE KRB KRR ABRICB A LT K PAMEETBECEINCB VT LR % B
LIz#ENRons,

erEl, BBICET S 2 unT, 4077 (OMT T4, AR i, KETHE %
Fo| LI Hoe PN WS BN TIIORELL BIZZ < OB LA T D ONRBRTH 5,

(i) HFHF

AFHTYH, KERE, 2= AT ARL HER I TV D AREMER S < Moo ERREICE
FLTWD, BFTHITBONTHET REHIAL LT, 201043 A, §#EE3¥ Kogas 7 Horn River O
= — )V ABAFEMELS % EnCana 2> LHUG L2 CThH D, £, 7VTHHRAITO LNG a2 B L L
ToREREEOERS S RN,

BT HCBNCY 2= A B AIT VT 4 vy aanr ETINILEE, 7AR—% « 25 FT )|
Xy JW, INRRATT e =a—T TR 4y ZINTIRN Y & R TS, KE & BRFREREEAMELT
F 0 S ABERERBAFE & EENCH AR LG | BAMEED S AR, U5~ DG 2 GBI E L
T BT HETe WTREMED B 5,

2.4.4 ERR9)

2441 BEOLLE

HPL L 72 LNG MR A N E OB ESEZ S L2, AR ORE 8 WIBIZB W T ATERARELME SN D
LNG OEE & bl Uiz, T 27 #HSe RS STl B AIEE O & LNG (37.9~48.2MJ, Nm’)
EEMRETH D LAESND —J, KRESCRIN OIS TIx, HlmEE OV LNG (35.2~41.1MJ
JSNm’) ZHEFRES LB bR D,

60 -
55 -
E 50 - 48.2
f 456 456 45.6 456
3 45 -+ | | | a1.1 a1.1
W40 I 44.0 442 442 440 _ _ 399 399
L l l 394 394
35 - 37.9
35.2 35.2
30 T T T T T T T T 1
+ 3 I > K =] 73 0 N
pi:= 1] ;3 > /N Y p b Y
5 9 T 2 > N
7'_\ }|< JL +
| 5 g JU J
L 4 =z

242 WETAFARELIEEIND LNG OBE21 Ol (BT : MJ/Nm3)
(Hdh - SR b5 EE ISR B A FESREME S & ISER)

2 BT IS 12 fE - Tk
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A B A D BB

WEA . TEH Z IOV CTO D IETERIURIRAT A EAENTURIRIT A D A B A% Lol d 5 & | PERIRIR AT A
F U BIFFERBURIIT ADFINHBEI RN DD, A Z AHTO0E N, T2 TiTo7elBEIZ kD &
A LA, TERBRIZAT ADLA 602~1084 THY . CBM DA 974~1084, ¥ = — /L H ADYH
105.8~107.7 £ 72> 7=,

2.4.4.2

120
110 |} @
100
2 . oo
4 90
E 80 ¢ ”~
70 h 2
60 *
50 T T T T 1
25 30 35 40 45 50
FHEE (ML Nm3)
O AR MCBM ALI—ILAR

X243 FEELE XX AORGR (B5)
X, BRAHEATETIE LI T aned, BRERTA Z AAfAIE L RO H 5
v — VI ADEE:

#2245 FHRM., CBM, « A XA

e 7 A 6 14 A 25 A
(MJ/Nm3)
Lacq Profond 7T A 37.9 83.9
Gron-ingen T 35.2 954
Frigg YEE - vy =— (i) 41.1 96.9
Alberta Vs 39.4 96
Kenai KE (7T A) 39.9 108.1
Hassi R'mei TN =T 422 76.9
Afan FAT=DT 49.6 60.2
Chaivo PNy 43.1 84.4
e TR EI‘ZK 43.1 108.4
Lumut TR A 44.6 71.7
Das L. UAE 482 65.2
Ras Laffan 7B —)v 44.2 79.3
Arun A KRRV 45.6 73.2
Badak A RRUT 445 78.2
Centra Luconia ~ =7 442 79.5
Bintulu ~ L =7 452 75.4
Withnell Bay F—A T VT 452 75.1
Lacq Profond 77 A 37.9 83.9
CBM /i‘~:‘/“:7’w KE 40.3 97.4
A= AT R KE 39.9 108.4
Shallow Wood ford KE 38.9 105.8
)V A Notre Dame de Lourdes, MB | 7774 33.1 107.7
Manitou, MB e 36.2 107.5

M—H, BOMRAFEFTNE LI T RWeD, BEEBRUAZ AP ELL RWVATERERS D
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2.5  BERINEME
[FEAZ DWW TIE, A E TLNG BREHIN DA > 7 Z1I2B T 2N FHE L MR DO A o ¥ BFE D
Bk E#hm iRt 25K

251 FAEOCHH

LNG BEHIS O 2L THERAIIZSEAT L T B BERIN O FBNZ OV T, B 1245 D BARR 2 Bk,
LNG REHINZ L BER AR & 72 2 BRE) 70 BRSE IC B3 2 Bl A& & 920 L . LNG REHIR O £ A kD
R, EBLOAREME L VRSB LE L 2R DR A BT 5 72D O BEAEIZOWTHEGR L, RISR &R
AT EEHME LT2010 49 HICERMN A %2 520E L 7=,

252  LNG BREHhoIIR

2521 HWE

DNV OF —Z (2 L, LNG & v B —LUISh D H 2 8REHINIE. IMO ICxt L CTIGF I EHA FF A
DIREDT DI 2004 FFRLIGERENTEFRL L BUE 20 522 5, 2N E THRES TN DH DI,

FEAER IV 2—DT7 ) — 7 a7 OVR— M, Nha—/KhTHY, BFOEDH
HIXFIELR Y, (VLT = — T NOX &I X 2EMB N H 5720, BENIEIN TV D,)

(=2 P rVEROHEESTXoMEM]

SEA-TRANS tED 472 53, MARINTEK, DNV, /3LFZ | RR ZEBI£RE O @O RERIL, BirEd
BEIINTWD T AREHR DN ERHEE T N A L T2 B, E’hkﬂ’n%a&)f h%@ﬂ’pﬁiﬁiiﬁ
BEOFRFEIZ 2303 O T EXHEEISE L T D05 TH Y | —BEYINIET v ¥ L EAE O A5
LDEZXTHD,

Z DFER.
> Smmm@mﬁ@mexﬂMﬁiRR&%@ﬁxﬁﬁiyVy1%+?4—€wﬁ%%%2%
(2 & D EREHEE S (Re) oD 103 2011 4ET1E)
» AU x—7 > @ Tabit Shipping #1:® 25,000DW 7' 7 % 7 k % > J—Bit Viking I%, 7N/VF 7 4k
® DF = 2 BT K D EREHEE SR (B0E5E 712011 45 A 7iE)
» /L7 = —® NSK Shipping fE:i%, LNG BB &3 210 M7 O — &M (FBEEHEH Ofd
BEOWEM) %, hL3d Tersan IEMRATIZRTE L (B 11X 2012 FF0E, FEMIEAE)
EWVH ESIIT, RS (Bul) FHENFE I - BEMIEER SR AR LT\ D,

[ KRB~ 58 FH o 18n]

Flo, INHLAMCEREREO NOx HEHE A M2 e L ConE CHEEFRNENFEH I T
T3, e EREER OFIF A FERE LIS Tl NOx OHEH A il CE 2 WEOMBELZ M E 2| LT 0@ v 3§
BHOMBEZ T AR T 28 b H 5, (ZHESMIB T L= ARG LT D EDERSHY )
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>  ~—AZ#:TiE, 5000TEU @ =27 F it MAERSK DRURY (2006 4-4t1E) 1Z#5# ST
% MAN #E8I5 r — P LR EMT U (2100kw) 4 FE+HBHRA T 1 B 5 HRREMKT
DU HAMBIARA T 1 A DFET 5L LT D (HEESE T1E 2012 4F),

KRN TU, LNG BREHIRIZ DWW T, 25% D CO2 HEHHEAITR S W Ol &5 Z & 7278 5, 2015 FFIZ 0,
SIVF o T HE. RS S LA BREHI O S 5HIH] (0.1%) ASEASNHD = Ens . ERIFICHn
FEM FRCRAREAA M) KV H LNG DS KIEZRMTEENL L 722 L D RIE LD T, ECA DI
LBALMFERIT R,

D7, BRI EHUAT T 250 10000 D 5 B0 F o 7 igE FIRHIAT T 2 MA1% 2000 £TH Y |
LNG REHIN X DR 2 TR EII R E N E W I R Ch o 72,

2.5.2.2 SEA-TRANS = RO/RO E¥fh

Z @D LNG #REHI X, SEACARGO #203MAH 35 5900DW @ RO/RO &4 (L*B*D 132.8*18*6 speed
17kt RR #5 ¢ —8 /L =# Bharati ShipyardLtd i) OFEMZ, RR 8o LNG = v
B35:40VI12PG ##liiy & LTGS2 b D, 2009 FEFNENGIIE L O T 7E (A > KO Bharati ShipyardLtd
THEE) & OWEN R INTR, ZOHROEFRZOWTIIH L > 72 #IE RV,

SEATRANS O LAvE, BIERAM 2 E4REL TBY, 2011~2012 2B TTH LD &
ThHO ., BENLTIEND b OOFHENIEITH ORER, 7eds. Mi% LNG B % 1 > R Bharati Shipyard

ZHIE LT= DL, 1RO EREB 2 #58 L 72 [AAfR A4 1 o R CREE L TV 5 Z & b5l &t & [RIEARAT
WZRIELIZEDZ L,

T ABREHIR OEEIZEA L T, BRESEWOMIEIZH 52 OO ERFH A EM L, EDTHDHE
ﬁ-ﬁ%nxbﬁv/%éﬁbf%%wﬁﬁ%@ﬁbfwéz&ﬁ&aénéo

[EfiRE]

WH 1 JE 10 BHRE D 2 v =— « 2L MEMEICEM T2 &L OFRbLH o208, ke LTiE /v
Ux—TFEO 1JE 10 HFEOMBICHMSEDS L LTV,

IV = —SOBEA~DOEEHIZ DWW TCIE. LNG a1 > 7 T OSSR E L THETH D | AT
Mirst step)] Tod D &FRA L Tz, IS, HABREHIR ORI K OAET 7 U S~ DMl B L T
I3, LNG fitiaA > 7 7 L2, BFL operation (B892 il 2 DAL RO BIH] (ANHEICERL TH AT
VU OMHERD R, BVE, T TR IRERE L LD L) % LNG IR B
fROREZE S LT,

(H#EL 2T L OE]

HEME R I, RR ALY 2 BifET ¢ —¥ L8 B35:40VI2PG (R 7 380mm, VI2 X5, 5600kw) 1
5% CPP 7' u R ICERMT 57, (fthdd LNG BREHIRO X 512 DF =2 2 BLod 2 e =0 2 AL DL
DHAT LV AT Mu LT ERHE ST Tidn,)

ZDB3S AR DAL, K0/ O S ONEE EXBESRHEEDO T AT = ) — T S FERER
O, AMEEIN H 2 RETOER TCOMAII O T,

=)L THESR SN D ILEMEOMER (BEBIE T H AIREIF ORI © Emergency Shut Down (ESD)
~OXIGEET) 1L, LRI X D xS,
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> LNG % 7 g iekERo 2 Bk
> FEMEHTERWEGS (ESD 2MEB) L7256 2 51e) 13, Mil=SICRE Lo = ZHE TR
800kw DT f — B /LA 2 M2 BN IR & LT 7 T ElicioEE BOX TSz v 7 Y
R L— X REEE o = b (i S D 2 Ol BOX L1327 7 v F &2 LTS ID)
CHEME
2B, DF = VU TiE R HAGEET 4 —EBL L LEBBIZ O W TE, 287 M 2O -ERICIX
SIVFZODFIXERLRIN-T22 &, ESD ~ORIGEBEZ T HEDOA = v /v a X FOERE, £L T
RR D T ABERET 4 —ENDFH /LT 7 DF LD b NOx A3 720y (NOx He4 DBk TIIh b 2 4
{72%) T EEFHRIZET Tz,

[LNG # 7 B OV LNG wi#8]
LNG % > 7 1%, 6wro>73uﬁﬂ‘” LNG BB Z o7 THREIT 220 Fm %2 2 5, iz T2 HlE O

ML FRETH D08, 1 HMEIC LNG fifa T 5,

R TIE Type A ¥ > 7 ORBFEHHEA DO OH D3, Type C ¥ > ZIZOWTIEFFHDOREZR M3 L
LRV D TR M?ﬁuw‘: LTW5,

Z o BRITEE OEE TIERL . MAiEE 2 oAadbEEzEATsELTEBY, FET
FEIND, WERTERho72M, ZOWKROZ 7 (BEUIRY v L& %% H) 13 TGE #E43
AL TR, FFEEK (AN A Y —2) ROHEICEERSEZA L TWD 2 &b RIFEE
THOTEHRWNEZEZBND,)

2,523 FOfh
ZDHOIANZ SN T BT IEROMEZFFEI T 5,

(1) A7 =—F > ® Tabit Shipping £ 25000DW 7’1 ¥ 7 % > J7 —Bit Viking
BAENVF /O 6 KT 4 — BB S LT T 46x2 S LTS8, b % LNGPac
D DF = V7 LF T DFSOx2 ZEICHEE L, & L CTLNG THIfTT 2 & LTW5D, faiEidAy v
AL AAETH Y | #RIE GL, LNG # > 7 1% 500 32 mx2 25T 12 B OMATHNATRE, e b & 2
52 i, ML L7EMEBIE L 2 OFF o TV A2, ESD EARICH A S LD DWENRKS Th D

ELTW5bh,
FEANIE GL O JA#EE nonstop 02-2010 5 P22-25 [ZHB#E ST\ 5,

(2) ¥—AZ %D 5000TEU = > 7}y MAERSK DRURY D&
tH 77 2100kw D1k 2 # & QMBI A 7 D DF {b, it 5 O &g D —Z doE L T LNG # &~
IR Rar b —)VEBERITDH, LNG Z 7 O &L, 500 257 m+240 32 7m, R OFFHEIE
A ~D LNG ki a2 % v 7 a7 TITH L LT0nDH 2 &,
AT HROLGERREICITEICH M) =7 L= 35 2 b KERICRT 2 LNG 812467
B FRak ORMRIT L R CERNWZ b B EREHE A RS S 720 D —oDHEL HFE
bbb,
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(3) MEYER WERFT (T & 5 REUREZEMMD 2 &7 MEFt (Gaspax)

63000 & k> D7 L—Xfi, DF =2 72 6000kwx2 . 3000kwx2 &,
LNG # > 7 1% 1000 7. 5 mx2 3,

(4) T DAt

/ V7 = —TI%, NSK Shipping tED il (Z OMAAOFHEIL, LNG BRI 7 27 v % LIZHE
T 5 Z &) Sea-Trans O NHIARLAZMZ & LNG EREFNMIEM OBR%E - EA L HED TN D,
REMZR L DI, NyFract 7’1 =7 FTH 5, ZiE MARINTEK 728 13 U CHFZEBIR 24T - =4
£ 90m ONMIMBE T ny =7 N Th b,

Flo. LNG BEHRIZOWTIZZ O X S IZERMNICEF LT D28, KE KL OH [E (Wuhan ferry
company) C LNG #RELD % 7 BFET HI1ED>, X A (I E T S 7z CNG IREH D/ N T ¢ — 42—
AT TN, T VNI Y X ET D DF =P U AEE LT ONG BREL O Sl i N FEET 5,

M OBEASEFICH 29 L VOLVO IZLNGRELD b T v 7 B3 TH Y KED Dallas Area
Rapid Transit /32 TIE 3 TICEE B HAL T LNG BREF S A3 EI T LTIV . LNG BREHILHEER 1X
INSDERKAE S > TLNG HHEY 2T ADREMICHOWNTIRLS FEL TV,

253  LNGBREOSE & LNG BREHIERE D 7= D Fe E sk

LNG #REHIR O F2AABIZES LU T O R OSSR 2 LNG g ORI TH 5, KD LNG %
AU T SR I8 STV B8, AT ek 2 B B BRI 3R~ D RS B M I I~ D G D
TeODOEAM LRI ER T 250720,

AR AR L LT oD LNG i — BRI CHENL 92 F TORM, BATHIR T 0 LNG A5 F s
(AR 2 2R, ST Ok, Ha sk R 2 F O MRS OBEPFET D,

FRZRRMNZ BV Tk, #EIENTOMA~D LNG G047 53 LNG BEIOEH BRIV T
E % OWBELRPHERZH L TNDLEDZ ETHYD | LNGREIOFBERAN—KICR2 5 ETIEIINGD
B BhagR ORENR K& 2 & L TR D WTREMED B D,

i

s

il

2.5.3.1 /)7 x=—¢& Small scale LNG

[Small scale LNG D3 &

JNT = —TIERAEBHTO LNG TR 10 T T4 L OFER O REER Z L0 0 IhE
HIZH D TMRENFESEJRE U CHEH L T EROMNE L LT LNG OfHantEd S5 Tunb,
BUEIR SR 30 ST A77ET % small scale LNG fifigk (5217 AFLA & 100~3500 32 5 m) & ZiuH Dl
RRICHHAT 2/ LNG # v 1 — (¥ > 7 258 7500 SE 5 m=2 1100 375 m) OFfid, o )
HEfFEINTZE W2 D, FT-. [BIRFIZ Z @ small scale LNG fiti g% 24 O MR O —EB A/ L = — @ NOx
HENHHTND Z &b Rk,

Z X5 @ small scale LNG fligk OB ZRIZE2F TR Y, 2 b 2iH3 5, SVl e % 5%
BT 52 LICEVM~D LNG D7D u P 2T 4 v 7 AF = — L ORFIIHHE S Th 5
LWz b, (FEEZEZETIERKIC I T small scale LNG (2B L CRAL A E WO, [A UHIBLAY S 2 A
LTWDbEbWR, 70 MEICH LIZRKGEETH v & 7 O, T T A L ~OBEOIFIZ L D
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U 27 3ERE S, small scale ING ICEHT AR LAE EF-TETND LD L THoTm, )

[LNG SE D HE]

/v = —@ LNG AFERE/IE, AL E CRIEACE I & 2 haak % 25 0 THRH] 150,000 ~ o F2E
ThH o773, 2010 4167 Tanager (24 300,000 k> DEEN AT D MEHNBTEMR L, A X Al E
W LNG fHAGRE I3 Kig 8 im L 7=,

BB, ATV =T VDA Ny 7 HEVLTRRTEH LNG O F ATUitsk 238 S CRAFRI A M hE
0. LNGAEIDO RO/RO 7 = UV —DRET SN TNWDH EDZ ETH LN, 26O LNGITHBAE /LY =
—/n5 50 S mdr— U — CFRANCIZ, 525 i mDu—) —+275 Vi mD Y v v —E ARG
R 72F 80 S m TORE FRiENFH S AL TNDH DT &) THIEIINL TN D,

DS, ZNHOHIKTIE, LNG OFEN T ATV OBRBEIC S 2 5B W TIEMmED
DNV IZH &R D RERBELEZR ATV,

[Z&RHIiconT]

J v = —XHE) LNG OFRICB L CTRARETH 5, LPG IZH# U CRIBIZERE IR, 12
AN & BEMEOHERICER L T EDHEFEZHA TS Z & (DNV TIIAKHPIZ LNG 21 EAT
LD/NHREEBRAATVN, SO/ NSRRI e 720 CHREKZARUBER O L 5 RBIG AR - ShnWZ L&
% IL72& LTW5, £72. DNV OfFHRIC X UTY = LN K 0 KR OWER ~DIEAEREZIT- 72 L

Lo ) EREOHBTH D,

mﬁ\%m/wvx—’ﬁwf% WA LNG v A7 AZOWTE, BEICHIRSIZE S L 7oA T
DRERLS FTRE 72 e Fhek & iiiﬁ D, 1 HHEOY A 7FMALETHL V) ERTIE2 A METHF
FEETHAEENRE VKRB H

2532 I—FTHRY STSKXOLNG GOT uv =% h

[Ship to Ship (STS) transfer procedure M EA%]

AT z—FT V2O —T R VIFA Y = —F U RIHIVIAT 2 — MO FIZIEN HH T T
BHDHA, WAL TS & TEMTENTFEL, 0 EROE 21 E NN TS A ET 5 &
Wit E A A L CW\W5, I—TFT R U DO LNGGOT 71 ¥ =2 M, ZD X 512 LNG O3 F AUl
FEAAABEAA TR 2 P WEEBEEM TIT Y 2 L OREES 2RI, :~%M%@5me37i)—2%
Z LNG b T HICEE LT, STSIZ &V LNG #8417 5 FIED T S a7,

ZAVEIFIREIS

> WL DHO LNG 02, HRNSEWGEE YR L OZENEL THDL EEZ LD
Z & (MSrBARRE O W)

» RORO 7 =V —=RJ )L—ZDOGE NLEDT 7 X L TWDHIREL T TR TIN5 O LNG
AR IXNEE e 72D, 2O EFRIRFIZIT O 2 & 2 AIBEE T2 2O ARH D L WM
ING@@ﬁ%%@ﬂLk%@

Frat & 46 L 7= D% Swedish Maritime Technology Forum (Non-Profit Ol CTH 0V . = DMFIE 4D
2<%, Taveg FBMFEOAHRLEDZ L) THY, I—TRIVEER, I—T R TR LF—,
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Gasnor M O\BfREERZIMN L TR 21T 72,

Z @ LNG STS Ffi & FHid, OCIMF Ol STS g FIHE L2 N—RMER SN b D TH Y | 5%
A—T7 RV BRSO OBEE LR T DD 0EmO &6 L LTOEHLHfF ST
P

F-KAB tEIC K AUE BAE e v TV E LR O 707 #8128 C LNG Solution (2 B4 25 ik & £t
TEDZLTHDLN, MOWEE R/ ToOmFHIZAnb LW Z &,

STS O/ — RYZRRF#IE, LN D#E Y,

> LNG e —A 2K (1 R1XY #—2H) . HBOMGO #5785 — A 1 RKDE 3 ROBE— A 2D
T, Hlbsnizh—A, By 7TV ZEACTREMEE 21T 2 & - - - BakEEN & LCidfE
i 320 375 m

> B v VU7X Mann Tek £ Quick connecter Z7tirH & D Z & THY, BFFETlxZ 7
~O LNG L= MIH A Z 2 made D=, HEHELTDHLERH D & DOE%,

> BREHMISA SN DO TN KL L 72 D720 IMAIAMRER D IC a7 X &3 TC MBS
92 2 & (ZAULLNG w7255 125k T A (cold flare) 23 BT 5 2 & A RIFEIC
B ENBHAIET D L) AR L 13008 D)

> AHERMRY HEMELT 720, BERICT — 2RO B =2 DI R—F =& S, ZOT7—Lr%2HA
JETHINCEET 52 L1280, F—RACRDRAMPPND T EE2IETH &

[LNG GOT]

A—7 R U ETOMMIT LNG #4572 ¥ = 7 b LNG GOT BRI, STS s FIARENTE Th &
IFHBHESRFEO LNG FFEBRETIUTEEN L WO B E TR TV,

A, LNG GOT 7% 2013 4E2~ Bam 7 LNG 45 2175 §ORELEITo72 2 &, Fo, RRHIZ
U L =17 ZHLNG GOT 7> 5 @ LNG i IZ DV THRIS RS 2 # O 2Bt T 2 5 AR L2 & &
EBETHE, a—TRVOT7 =) —DRHRLTT L= AOKRERS LNG &4 H9 5 "l getkidmn
HLDOEEZ LD,

[LNG #t5a ]

Bk & 72 AR 3N 6 small scale LNG [A]1F @ LNG Bk fird 2 27 R O3VR STV 5 (7233, small scale
LNG [[iF @ LNG sz 2OV T, 3,000 S A mAEOH 1 fAs B AR TS SV TR, @E, TE%
T 10 HEOEENTONTE Y . AL & O, F-KAB #:TiX 16,500 SN2 FmAEd L2 & Frd
% LNG 7 o — X2 —HE R OB 2R 2 TOWD N, ZOMMITT v~—2 . 277 B Ok 248
ELTZbDEDZ &, [FEEIZ STS O LNG AR IZ DOV TiE, F-KAB #1iX L1 & Frd% 800 37 7 mff
HOBRFZE/RZTEY, [AFETIEI =T R Y =R/ X —L DORFET 2010 4 10 A I bAERRE S D
DTIEIe W E OWIFFZ R LTz,

2533 T YTILE LEETORE
[BRM 1T 5 LNG T HORRE]
BERKINIZI UV T LNG %20 ANVEES) & LNG OFEAH LEEH O A+ % LNG N7 X —3 )b
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AN VRERONTZGATIC Ly <, HEOFAET 74308 1) B0y =—LISTIEA
NA B LNG ZE LB X TV EIZZE ZITH 5,

=2y TV AEEITEBE LNG Z 00 o Ty, BRI E KR D Deep sea port T 5 DFH78 &3 il
PREHMOMAR I THL H RN, ~—A 7 Oar T HMO X 5 IZ5%MAERE LNG ORI % 2
L3 MRS e D BREMILRA e & L C OBKRE - SIS D MG 2 MERF T D 72 01T, LNG T
A= FNE L TOMENRRAIRTHD,

(2T & adEO#RETRIL]

[FHETIE, 2011 421 LNG = AU (RE7) ; 4B 120-160 (832 m) ZBaxT 5, ZOHEHT
L, B2 5 LNG T ANUCH E O T HREENIERT D FIAA O small scale LNG ~D - H{afiE /7 &
FFOZLZTELTND, LEER-T, STSHARETHIUL, 177 & LTHofifizio, %
7o, FIRFICFEE TOMME~D LNG BBt OMAG, v — Y —~DOIEIZ O THITWER S A 7y R
BYx s bERERLTEOEBMELREFT L L LTS,

728, LNG @ feeding D7=OIZiF NNy 7 v —F 4 V72— FVEREBMLE L2570, ZbD
BERBITIER B SN D Z L b, BRAIZ, FHED 8 DDX — I F/WFIMI TR ENTNDH E L
T, LNG ZH 0 2 9 56 Ok o Wad UFEITH 5028,

[F#E T STS DEBLATRMEIZ OV CIBERBREM THET LD Z L ThH L2, BN RIC L 2%
A O &BREEY I L DR EGTHI AL CTH 5 & LT, TOERBIFREMED FiE LI oW T
S Lotz (ZEREORGE LTI, M Crew OBEENEELOZ &, )

[LNG o &EIiz 2w\ T]

PRI AT Y DIEICED A, JEEKTIX LNG OSEIEH £V RICENTE 5. MARINTEK
DTV UHMES 4T A 7 URE SRE) OF  — BB OERRIZIZ AT A D 2 & Al 80 LA 1
DB TIEH DD, —RINIIT AT P TE =Dz, 2 LD 6 A Z AlidMERN
BeiE Delay T4UX LV E L TR BEME L TW oo Tz,

i, v R F—CREOERM%Z3 7 RR OEMZIL, HAD A X Atk 70 DL ESLET
b, TAOBREL —EOFRMHICA->TND I ENNETHD EDORHETRLTWND,

2y TV AETCII R R EFEMN D LNG ZAT 52 L &5, 260 LNG IFFE R —fK
HEEETIC adjust SN THEAH SN TL D, ZO7-OE YR, M0 LNG BB A K& o~ —
7y MR ZETOBRRETIE, MoAmT & U T S Z2vy LNG BEBS s ns & LT, 20
B A EDEIT L0 E V) RUTKRERREE O E R LTV,

(3% DNV EREL7ZEIT, LNG OAFERRICBWTAZ v T uy TR L ENiT D2 L
RIS ATRETH 0 . BB DT MBS E OO THIH LNG BB K & < A iE R 3 iR+
HEDORBMTH T, M, ZD X D7 LNG OREEHITOIN D AT E SITAH LNG BBk
BREZETRELBRDIDEDIEFLTEY, e & OBITHIRF OXR O LB ITRIR & LT
FAET %, )
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254 TN ONT

2541 <UL T

VT w7tk (VU= brAA L) ZBWTH A VORI EME L, ~ U~
7w 7 T B RO ST 28256 DKM A A L, Vessel 70X T7 DORRAFENEKR L OISR %
HON, MU UBRBICE L O R TERORIEE AT 5, FrIEME GO /vy = —H T
FERS: - NTNU & B[R E S, RFPFeA S KER - AFZEICE L T 5,

TV U OFEZToH D Dept. of Machinery and Technical Operation @ Research Director T % Per
Magne Einang X/ 5, B AT U P U BRI HOWTEEE A - 72,

[FRAEV —v—25K]

i 4 2 FEBAMITOTIRA Y —o = T, ZELTROEDLHADAZ Ak LT 80 LA L
EEE (VT = — DRI AT RO RIRT A D A Z Aflild 50 775 95 £ ToHffi- +)
T, FAZ R v TOMELH D,

ZOHXOEFE LT, 7 4 —EBMZH~XNOx—90%, PM—98%, SOx ¥ u, Buh=RiIhiE 4 2 K
PEBE T b @AM T 48%ITIET D, AT VT AR TIEFZ 7 2ADOT ¢ —EB /L L0 BGh=R (&
K 25%) @< 72b, BEIE, REMBNECERENEG N LICED (RAR COBREEMMITZHT
DT 25°L DT &) FETRBES AR TR e AR &b R,

Energy efficiensy Diesel vs Lean Burn
Mechanical drive

Comparison Shaft Efficiency - Lean Burn and Diesel

A

Shaft efficiency (%)

>

Engine load (%)

X251 TA4—BLEHTAZL VDT R X LKL

[GI®5R]

Gl HFAUTMIE 2 A b - il 4 2 MERT & S I ATRE T "EEILBURABE Th D 72D A & il 8
SNTAZ LRV v T Hdhpn, 220, U= R_R=UFREHTREE S T NOx EEEIZ/hE <,
TierllZ 27 U 7§ 2 121% SCR ZEDBIK AL L 70 5 (HiE 713 v 2o Tiliagt SCR & Al & b
nad) .

Gl TII A ADEMEEN IR Z N (BEBIH 1D 3—5%IC b 70 5) RBNBEETH o723, RIRHT A %K

2 HADIREMEAS B 213 S bar

2 Gas Injection; JE#fi L7 4 A D& N EEWES 1 21X 350 bar
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MOFFEHETEDEER T (BIGECTER) 2N I N, 2 X 0 EREEN ) 2 K2R T
x5 (B0 1%L ) o

R 7 DFEY Krytem #1400 bar) 2 BAETHHo72 Q 2V X —DFEEER) 28, ZOfia%lE LNG
2oy GdbgRE BB E T, BEL R ST T A% R, T TCHEEBBNIZE S TWDH, GLIZEHL TiX
LPG IZ2WTH 5k SNz, L CIMAC Bergen TMAN (F o ~—7) MHIERINTZNED
2T ThLIN, ALFET T B ITRDEE LPG 2RI 572D b DT, LPG [ZiEIHT
600 bar (Z/E#E T X 5, {KiE 2 2 MERIIZ DUV T, 30 4FFI1IC Sulzer #1723 KK A TARA J7 XA 38R L
TWZRBZHEIZ, ECA NTTIRE U — o= FRICOV B2 5% (REisb I T 2 2K+
W L, RN E R L CEMEK DY ETICTIREREEAK - +) OFREMEZEM L7z & Z A, Einang
KX, 2O Sulzer DAV (SN =2—OEHERST2 ) ONTTN (T2, 3 M
THAEHZ LD - ») BBREZ L H->TNDEH T, 2 X MCTRAFNITEBEIO Lz - -
EEIMETHoT,

A T G AORHE 2 2 MEBIIAR7ZHIA 220, BIfE, MAN+®#EEDO 7 A & v —TH

¥lnz L, )

2.5.5 ZF DAt

2551 BREIFV 7

(#4107 CH7]
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(EN 4 +EH3GEE, )
» 109: Newly developed Mitsubishi MACH II-SI and CM-MACH gas engines, enhancing and

expanding utilization for energy and specialty gases

M. Ishida, S. Namekawa, Y. Takahashi, H. Suzuki, A. Yuuki, K. Iwanaga
Mitsubishi Heavy Industries, Ltd., Japan

» 115: Development of large gas engine with high efficiency (MD36G)

T. Oka*, M. Kondo* and T. Aiko**
* Mitsubishi Heavy Industries, Ltd., Japan, ** Daihatsu Diesel MFG. Co., Ltd., Japan

» 189: Newly developed Kawasaki green gas engine — Top performance GE

H. Sakurai, T. Sugimoto, Y. Sakai, T. Tokuoka, Y. Nonaka, M. Honjou, T. Horie
Kawasaki Heavy Industries, Ltd., Japan
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2.6.3

125: Experiences on 1 to 6 MW class highly adaptable micro-pilot gas engines in one hundred fields

and over fifty thousand running hours

S. Nakayama, S. Goto, T. Hashimoto, S. Takahashi
Niigata Power Systems Co., Ltd., Japan
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37: Operational experience of the 51/60 DF from MAN Diesel

N. Boeckhoff, G. Heider, P. Hagl
MAN Diesel & Turbo SE, Germany

300: Environment-friendly operation using LPG on the MAN B&W dual fuel ME-GI engine

R. S, Laursen*®, V. W. Rudh**
*MAN Diesel & Turbo SE, Denmark, **Hamworthy Gas Systems AS, Norway

95: Wirtsild gas engines — The green power alternative

H. Sillanpaeae, U. Astrand
Wirtsild Finland Oy, Finland

112: Wirtsild dual fuel (DF) engines for offshore applications and mechanical drive

K. Portin
Wairtsild Finland Oy, Finland

241: Development of high efficient gas engine H35/40G

D.Y. Jung*, J. S. Kim*, J. T. Kim*, E. S. Kim*, A. Skipton-Carter**
*Hyundai Heavy Industries Co., Ltd., Korea, **Ricardo UK Ltd., UK

54: Development of the Rolls-Royce C26:33 marine gas engine series

T. Humerfelt, E. Johannessen, E. Vaktskjold, L.-A. Skarbd
Rolls-Royce Marine AS, Engines — Bergen, Norway

126: Thermodynamic optimisation of three gas engine families for higher efficiency

R. Boewing, D. Plohberger
MWM GmbH, Germany
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»  262: Exploration of Optimum Design Parameters for Miller-Cycle Lean-Burn Gas Engines

D. Montgomery, S. Fiveland, S. Vijayaraghavan, H. Sivadas, M. Willi
Caterpillar, Inc., USA

»  312: The gas engine of the future — Innovative combustion and high compression ratios for highest

efficiencies

J. Klausner, C. Trapp, H. Schaumberger, M. Haidn, J. Lang
GE Jenbacher GmbH, Austria

» 176: Combustion system design study to maximize thermal efficiency in open chamber stationary

natural gas engines

L. Tozzi*, E. Sotiropoulou*, D. Chiera*, J. Adair*, D. Montgomery**, P. Jensen**, B. Hanks**, A.
Kim**

*Woodward, USA, **Caterpillar, USA

@ =IyvalraE
» 106: Methane slip reduction in Wirtsild lean burn gas engines

A. Jarvi
Wartsild, Finland

» 172: Qualifying the Effect of Different Gas Mixtures on NOx Emissions

M. Birner and G. Wachtmeister

Technische Universitit Miinchen, Germany

» 168: Formation of formaldehyde in lean burn gas engines

M. Bauer, G. Wachtmeister

Technical University of Munich, Germany

»  33: Stoichiometric operation of natural gas engines for very low emissions applications

J. Hiltner, M. Flory
Hiltner Combustion Systems, USA

»  237: Controlling NOx emissions of large gas engines based on in-cylinder pressure measurement

J. Eggers, S. Sotke, M. Greve
AVAT Automation GmbH, Germany
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2.6.5

239: Optimization of combustion and knocking behaviour in open chamber gas engines based on

optical analysis and 3D-CFD simulation

P. Christiner*, G. Kogler*, A. Wimmer*, T. Jauk**

*LEC — Large Engines Competence Center, Austria, **Graz University of Technology, Austria

212: Knock in dual fuel engines: A comparison between different techniques for detection and control

F. Millo*, G. Lavarino*, A. Cafari**

*Politecnico di Torino Italy, **Wirtsild, Italy

213: Development of high-efficiency gas engine through observation and simulation of knocking

phenomena

H. Tajima*, D. Tsuru*, M. Kunimitsu**, K. Sugiura**

*Kyushu University, Japan, **Mitsui Engineering and Shipbuilding Co., Ltd., Japan
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167: The 32 bore engine program from MAN Diesel SE — The flexible adaption in terms of concept
and layout in the propulsion and stationary market for Diesel- and Gas operations

W. Bauder, C. Vogel, G. Heider, C. Poensgen

MAN Diesel & Turbo SE, Germany

298: Variable valve timing — A necessity for future large diesel and gas engines

C. Mathey
ABB Turbo Systems Ltd., Switzerland
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47: Port inlet gas admission valves for large gas engines

R. Boom
Woodward, Netherlands

RRVAT b, RKTZ7 7

173: A new technology electronic ignition which eliminates the limitations of traditional ignition

systems

J. Lepley*, K. Brooks**, D. Bell**
*Altronic Inc., USA, **Altronic, LLC, USA
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182: Development of pre-chamber spark plug for gas engine

K. Yamanaka*, S. Nishioka**, Y. Shiraga*** S. Nakai***
*DENSO Corporation, Japan, **DENSO Europe B.V., Netherlands, ***OSAKA GAS CO., Ltd., Japan
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282: New MAHLE innovative steel piston designs for high performance gas engines

T. Estrum
MAHLE GmbH, Germany
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258: Next generation gas engine lubrication

K. Tellier*, G. Delafargue**, K. Harrington***
*ExxonMobil Research and Engineering, USA, **ExxonMobil Lubricants and Specialties, France,

***ExxonMobil Lubricants and Petroleum Specialties Company, USA

180: Development of new gas engine oils for superior corrosion and deposit control in severe gas
applications

S. Rea
Infineum USA, L.P., USA
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2.6.6

130: Integrated cylinder pressure measurement for gas engine control

S. Neumann, M. Bienwald
IMES GmbH, Germany

ZOMDH ATV BT BH%
4: Knock occurrence prediction by means of chemical kinetics in heavy duty dual-fuel engine

G. Javadirad, M. Gorji, Nushirvani*, A. Al-Sened**, M. Keshavarz, H. Safari***
*University of Technology, Iran, **Technomot Ltd., United Kingdom,
***[ran Heavy Diesel MFG. Co., Iran

20: Improving the Combustion process in lean-burn natural gas compressor engines

R. Evans, R. Brown, A. Mezo
The University of British Columbia, Canada
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23: Legislative update: International requirements on next generation nonroad — Marine & stationary

engines (diesel & gas) & their fuels

P. Scherm, P. Zepf
EUROMOT, Germany

51: Vibration characteristics of a V20 medium speed gas engine — Simulation and measurement

R. Nordrik, H. Solbakken
Rolls-Royce Marine AS, Norway
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INTERNATIONAL E

MARITIME
ORGANIZATION

4 ALBERT EMBANKMENT
LONDON SE1 7SR

Telephone: +44 (0)20 7735 7611 Fax: +44 (0)20 7587 3210
Ref. T5/1.01 Circular letter No.3128
24 November 2010
To: All IMO Members
Parties to the MARPOL Convention which are not Members of IMO
Subject: Amendments to MARPOL Annex VI
1 The Secretary-General has received proposed amendments to MARPOL Annex VI

from Australia, Belgium, Canada, Denmark, Germany, Japan, Liberia, Norway and the
United Kingdom, all being Parties of the Protocol of 1997 to the MARPOL Convention.

2 As requested by the above-mentioned Parties, the Secretary-General has the
honour to transmit herewith, in accordance with article 16(2)(a) of the Convention, the text of
the proposed amendments, given at annex, with a view to their consideration for adoption, in
accordance with the provisions of article 16(2)(b), (c) and (d) of the said Convention, at the
sixty-second session of the Marine Environment Protection Committee, which will be held at
IMO Headquarters from 11 to 15 July 2011.
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Circular letter No.3128
Annex, page 1

ANNEX
DRAFT REGULATIONS FOR THE PREVENTION OF AIR POLLUTION FROM SHIPS
WITH NEW CHAPTER 4 ON REGULATIONS ON ENERGY EFFICIENCY FOR SHIPS

Note: New text (compared with the text adopted by resolution MEPC.176(58)) is
underlined and proposed deletions are strikethrough-

CHAPTER 1
GENERAL
Regulation 1
Application
1 The regulation is amended as follows:

"The provisions of this Annex shall apply to all ships, except where expressly
provided otherwise in regulations 3, 5, 6, 13, 15, 16, and-18, 19, 20, 21 and 22 of
this Annex."

Regulation 2
Definitions

2 Paragraph 21 is amended as follows:
"21 Tanker [in_relation to regulation 15] means an oil tanker as defined in

regulation 1 of Annex | or a chemical tanker as defined in regulation 1 of Annex Il of
the present Convention."

3 The following is added at the end of regulation 2:

"For the purpose of chapter 4

22 "Existing ship" means a ship which is not a new ship.
23 "New ship" means a ship:
N for which the building contract is placed on or after the entry into

force date of chapter 4; or

2 in the absence of a building contract, the keel of which is laid or
which is at a similar stage of construction on or after six months
after the entry into force of chapter 4; or

3 the delivery of which is on or after 30 months after the entry into
force of chapter 4.

I\C_L\3128.doc
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24 "Major Conversion" means [in relation to chapter 4] a conversion of a ship:

N which substantially alters the dimensions, carrying capacity or
engine power of the ship; or

2 which changes the type of the ship; or

3 the intent of which in the opinion of the Administration is
substantially to prolong the life of the ship; or

4 which otherwise so alters the ship that, if it were a new ship, it
would become subject to relevant provisions of the present
Convention not applicable to it as an existing ship; or

.5 which substantially alters the energy efficiency of the ship and
includes any modifications that could cause the ship to exceed the
applicable required EEDI as set out in reqgulation 21.

25 "Bulk carrier" means a ship which is intended primarily to carry dry cargo in
bulk, including such types as ore carriers as defined in SOLAS chapter XlII,
regulation 1, but excluding combination carriers.

26 "Gas tanker" means a cargo ship constructed or adapted and used for the
carriage in bulk of any liquefied gas.

27 "Tanker" [in relation to chapter 4] means an oil tanker as defined in
MARPOL Annex |, requlation 1 or chemical tanker and an NLS tanker as defined in
MARPOL Annex Il, regulation 1.

28 "Container_ship" means a ship designed exclusively for the carriage of
containers in holds and deck.

29 "General cargo ship" means a ship with a multi-deck or single deck hull
designed primarily for the carriage of general cargo.

30 "Refrigerated cargo carrier" means a ship designed exclusively for the
carriage of refrigerated cargoes in holds.

31 "Combination carrier" means a ship designed to load 100% deadweight
with both liquid and dry cargo in bulk.

32 "Passenger ship" means a ship which carries more than 12 passengers.

33 "Ro-ro _cargo ship (vehicle carrier)" means a ship with multi deck ro-ro
cargo ship designed for the carriage of empty cars and trucks.

34 "Ro-ro cargo ship (volume carrier)" means a ship with a deadweight per
lane-metre less than 4 tons/m, designed for the carriage of cargo transportation
units.
35 "Ro-ro cargo ship (weight carrier)" means a ship with a deadweight per
lane-metre of 4 tons/m or above, designed for the carriage of cargo transportation
units.
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36 "Ro-ro_passenger _ship" means a passenger ship with ro-ro _spaces or
special category spaces.

37 "Attained EEDI" is the EEDI value actually achieved by an individual ship
as verified in accordance with the relevant regulations.

38 "Required EEDI" is the maximum value of attained EEDI that is allowed by
these requlations for the specific ship type and size."

Regulation 4
Equivalents

4

Paragraph 1 of the regulation is amended as follows:

" The Administration of a Party may allow any fitting, material, appliance or
apparatus to be fitted in a ship or other procedures, alternative fuel oils, or
compliance methods used as an alternative to that required by this Annex if such
fitting, material, appliance or apparatus or other procedures, alternative fuel oils, or
compliance methods are at least as effective in terms of emissions reductions as
that required by this Annex, including any of the standards set forth in regulations 13
and 14-."

CHAPTER 2

SURVEY, CERTIFICATION AND MEANS OF CONTROL

Regulation 5
Surveys

5

Paragraph 1 is amended as follows:

"1 Every ship of 400 gross tonnage and above and every fixed and floating
drilling rig and other platforms shall to ensure compliance with chapter 3 be subject
to the surveys specified below:

A An initial survey before the ship is put into service or before the
certificate required under regulation 6 of this Annex is issued for
the first time. This survey shall be such as to ensure that the
equipment, systems, fittings, arrangements and material fully
comply with the applicable requirements of chapter 3 this-Annex;

2 A renewal survey at intervals specified by the Administration, but
not exceeding five years, except where regulation 9.2, 9.5, 9.6
or 9.7 of this Annex is applicable. The renewal survey shall be
such as to ensure that the equipment, systems, fittings,
arrangements and material fully comply with applicable
requirements of chapter 3 this-Annex;

[Consideration of this regulation may take into account paragraphs 5.51 and 5.52 of document

MEPC 61/24.
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An intermediate survey within three months before or after the
second anniversary date or within three months before or after the
third anniversary date of the certificate which shall take the place
of one of the annual surveys specified in paragraph 1.4 of this
regulation. The intermediate survey shall be such as to ensure
that the equipment and arrangements fully comply with the
applicable requirements of chapter 3 this-Annex and are in good
working order. Such intermediate surveys shall be endorsed on
the |APP Certificate issued under regulation 6 or 7 of this Annex;

An annual survey within three months before or after each
anniversary date of the certificate, including a general inspection of
the equipment, systems, fittings, arrangements and material
referred to in paragraph 1.1 of this regulation to ensure that they
have been maintained in accordance with paragraph 54 of this
regulation and that they remain satisfactory for the service for
which the ship is intended. Such annual surveys shall be
endorsed on the |APP Certificate issued under regulation 6 or 7 of
this Annex; and

An additional survey either general or partial, according to the
circumstances, shall be made whenever any important repairs or
renewals are made as prescribed in paragraph 54 of this
regulation or after a repair resulting from investigations prescribed
in paragraph 65 of this regulation. The survey shall be such as to
ensure that the necessary repairs or renewals have been
effectively made, that the material and workmanship of such
repairs or renewals are in all respects satisfactory and that the
ship complies in all respects with the requirements of chapter 3

6 Paragraph 2 is amended as follows:

"2 In the case of ships of less than 400 gross tonnage, the Administration may
establish appropriate measures in order to ensure that the applicable provisions of
chapter 3 this-Annex are complied with."

7 New paragraph 4 is added after existing paragraph 3 as follows:

"4 Ships to which chapter 4 applies shall also be subject to the surveys

specified below, [taking into account Guidelines adopted by the Organization?]:

A1

an initial survey before a new ship is put in service and before the

International Certificate on the Energy Efficiency of the Ship is
issued. The survey shall verify that the ship's attained EEDI is in
accordance with the requirements in chapter 4, and that the
SEEMP required by requlation 22 is on board;

a general or partial survey, according to the circumstances, after

a major_conversion of a ship to which this regulation applies.
The survey shall ensure that the attained EEDI is recalculated as
necessary and meets the requirement of regulation 21, with the

Refer to Guidelines on Survey and Certification of the Energy Efficiency Design Index.
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reduction factor applicable to the ship type and size of the
converted ship in the phase corresponding to the date of contract
or _keel laying or delivery determined for the original ship in
accordance with regulation 2.23; and

3 in cases where the major conversion of a new or existing ship is so
extensive that the ship is regarded by the Administration as a
newly constructed ship, the Administration shall determine the
necessity of an initial survey on attained EEDI. Such a survey, if
determined necessary, shall ensure that the attained EEDI s
calculated and meets the requirement of regulation 21, with the
reduction factor applicable corresponding to the ship type and size
of the converted ship at the date of the contract for the major
conversion. The survey shall also verify that the SEEMP required
by requlation 22 is on board."

8 Paragraph 4 is renumbered paragraph 5.

9 Paragraph 5 is renumbered paragraph 6.

Regulation 6

Issue or endorsement of a Certificate

10 The heading is amended as follows:
"Issue or endorsement of Certificates"

11 The following sub-heading is added at the beginning of the regulation:
"International Air Pollution Prevention Certificate"

12 Paragraph 2 is amended as follows:
"2 A ship constructed before the date of entry into force of Annex VI fersuch
ship's-Administration shall be issued with an International Air Pollution Prevention
Certificate in accordance with paragraph 1 of this regulation no later than the first
scheduled dry-docking after the date of such entry into force, but in no case later
than three years after this date."

13 The following is added at the end of the regulation:

"International Energy Efficiency Certificate

4 An International Energy Efficiency Certificate for the ship shall be issued
after a survey in_accordance with the provisions of requlation 5.4 to _any ship
of 400 gross tonnage and above before that ship may engage in voyages to ports or
offshore terminals under the jurisdiction of other Parties.

I\C_L\3128.doc

156



Circular letter No.3128
Annex, page 6

5 The certificate shall be issued or endorsed either by the Administration or
any organization duly authorized by it’. In every case, the Administration assumes
full responsibility for the certificate."

Regulation 7
Issue of a Certificate by another Party

14

15

Paragraph 1 is amended as follows:

"1 A Party may, at the request of the Administration, cause a ship to be
surveyed and, if satisfied that the applicable provisions of this Annex are complied
with, shall issue or authorize the issuance of an International Air Pollution
Prevention Certificate or_an International Energy Efficiency Certificate to the ship,
and where appropriate, endorse or authorize the endorsement of that—such
certificates on the ship, in accordance with this Annex."

Paragraph 4 is amended as follows:

"4 No International Air Pollution Prevention Certificate or International Energy
Efficiency Certificate shall be issued to a ship which is entitled to fly the flag of a
State which is not a Party."

Regulation 8
Form of Certificate

16 The heading is amended as follows:
"Form of Certificates"

17 The regulation is amended as follows:
"1 The International Air Pollution Prevention Certificate shall be drawn up in a
form corresponding to the model given in appendix | to this Annex and shall be at
least in English, French or Spanish. If an official language of the issuing country is
also used, this shall prevail in case of a dispute or discrepancy.
2 The International Energy Efficiency Certificate shall be drawn up in a form
corresponding to the model given in appendix VIII to this Annex and shall be at least
in English, French or Spanish. If an official language of the issuing country is also
used, this shall prevail in case of a dispute or discrepancy."

Regulation 9

Duration and Validity of Certificate

18

The heading is amended as follows:

"Duration and Validity of Certificates"

Refer to the Guidelines for the authorization of organizations acting on behalf of the Administration,

adopted by the Organization by resolution A.739(18), as may be amended by the Organization, and the

Specifications on the survey and certification functions of recognized organizations acting on behalf of the

Administration, adopted by the Organization by resolution A.789(19), as may be amended by the

Organization.
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19

20

The following new sub-heading is added at the beginning of the regulation:

"International Air Pollution Prevention Certificate"

The following is added at the end of the regulation:

"International Energy Efficiency Certificate

10 The International Energy Efficiency Certificate shall be valid throughout the
life of the ship subject to the provisions of paragraph 11 below.

11 An International Energy Efficiency Certificate issued under this Annex shall
cease to be valid in any of the following cases:

N if the ship is withdrawn from service or if a new certificate is issued
following major conversion of the ship; or

2 upon transfer of the ship to the flag of another State. A new
certificate shall only be issued when the Government issuing the
new certificate is fully satisfied that the ship is in compliance with
the requirements of chapter 4. In the case of a transfer between
Parties, if requested within three months after the transfer has
taken place, the Government of the Party whose flag the ship was
formerly entitled to fly shall, as soon as possible, transmit to the
Administration copies of the certificate carried by the ship before
the transfer and, if available, copies of the relevant survey reports."

Regulation 10
Port State Control on Operational Requirements

21

22

A new paragraph is added at the end of the regulation as follows:

"5 In_relation to chapter 4, any port State inspection shall be limited to
verifying, when appropriate, that there is an International Energy Efficiency
Certificate on board."

A new chapter 4 is added at the end of the Annex as follows:
"CHAPTER 4

REGULATIONS ON ENERGY EFFICIENCY FOR SHIPS

Requlation 19 — Application

1 This chapter shall apply to all ships of 400 gross tonnage and above.
2 The provisions of this chapter shall not apply to:
N ships solely engaged in voyages within waters subject to the

sovereignty or jurisdiction of the State the flag of which the ship is
entitled to fly. However, each Party should ensure, by the
adoption of appropriate measures, that such ships are constructed
and act in_a manner_consistent with chapter 4, so far as is
reasonable and practicable.
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3 Requlation 20 and regulation 21 shall not apply to ships which have

diesel-electric propulsion, turbine propulsion or hybrid propulsion systems until such

time as the method of calculation of attained EEDI of these categories of ships is

established in the quidelines on the method of calculation of the attained energy

efficient design index for new ship and the EEDI reference lines for these categories

of ships are established.

Regulation 20 — Attained Energy Efficiency Design Index (Attained EEDI)

1 The attained EEDI shall be calculated for each new ship, which falls into

one or more of the categories in requlation 2.25 to 2.36. The attained EEDI shall be

specific to each ship and shall indicate the estimated performance of the ship in

terms of energy efficiency, and be accompanied by the technical file that contains

the information necessary for the calculation of the attained EEDI and that shows

the process of calculation.

The attained EEDI shall be verified, based on the

technical file, either by the Administration or by any organization* duly authorized

by it.

2 The attained EEDI shall be calculated taking into account gquidelines®

developed by the Organization.

Requlation 21 — Required EEDI

1 For each new ship which falls into one of the cateqgories defined in

requlation 2.25 to 2.31 and to which this chapter is applicable, the attained EEDI shall

be as follows:

Attained EEDI = Required EEDI = (1-X/100) x Reference line value

where X is the reduction factor specified in Table 1 for the required EEDI compared

to the EEDI Reference line.

Table 1 Reduction factors (in percentage) for the EEDI relative to the EEDI Reference line

Phase 0 Phase 1 Phase 2 Phase 3
. . [1 Jan 2013 [1 Jan 2015 [1 Jan 2020 [1 Jan 2025
Ship Type Size — — — and
31 Dec 2014] | 31 Dec 2019] | 31 Dec 2024] | onwards]
20,000 DWT 0 10 20 30
. and above
Bulk Carrier 10.000 —
20.000 DWT n/a 0-10* 0-20* 0-30*
10,000 DWT 0 10 20 30
and above
Gas tanker 2 000 —
10.000 DWT n/a 0-10* 0-20* 0-30*

Refer to the Guidelines for the authorization of organizations acting on behalf of the Administration,

adopted by the Organization by resolution A.739(18), as may be amended by the Organization, and the

Specifications on the survey and certification functions of recognized organizations acting on behalf of the

Administration, adopted by the Organization by resolution A.789(19), as may be amended by the

Organization.

Guidelines on the method of calculation of the Energy Efficiency Design Index for new ships.
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Phase 0 Phase 1 Phase 2 Phase 3
Shib Tvpe Size [1 Jan 2013 [1 Jan 2015 [1 Jan 2020 [1 Jan 2025
—M& _— - - - M
31 Dec 2014] | 31 Dec 2019] | 31 Dec 2024] onwards]
20,000 DWT
and above 0 10 20 30
Tanker 4000 —
20.000 DWT n/a 0-10* 0-20* 0-30*
15,000 DWT
Container and above 0 10 20 30
ship 1 51 80%0?)\7VT nla 0-10* 0-20* 0-30*
15,000 DWT
General and above 0 10 15 30
cergosips | 3000= n/a 0-10* 0-15* 0-30*
5,000 DWT
Refrigerated and above 0 10 15 30
cargo carrier . go%og \7VT nia 0-10* 0-15* 0-30*
20,000 DWT
Combination and above 0 10 20 30
carrier 2040880DT/VT nla 0-10* 0-20* 0-30*

*

Reduction factor to be linearly interpolated between the two values dependent
upon vessel size. The lower value of the reduction factor is to be applied to
the smaller ship size.

n/a means that no required EEDI applies.

2 The Reference line values shall be calculated as follows:

Reference line value = a xb °

where a, b and c are the parameters given in Table 2.

Table 2 Parameters for determination of reference values for the different ship types

Ship type defined in regulation 1 a* b c*
1.4 Bulk carrier DWT of the ship
1.5 Gas tanker DWT of the ship
1.6 Tanker DWT of the ship
1.7 Container ship DWT of the ship
1.8 General cargo ship DWT of the ship
1.9 Refrigerated cargo carrier DWT of the ship
1.10 Combination carrier DWT of the ship

*

to be developed by the IMO Secretariat prior to adoption.

3 If the design of a ship allows it to fall into more than one of the above ship
type definitions, the required EEDI for the ship shall be the most stringent (the
lowest) required EEDI.
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4 For each ship to which this regulation applies, the installed propulsion
power shall not be less than the propulsion power needed to maintain the
manoeuvrability of the ship under adverse conditions as defined in the guidelines to
be developed by the Organization.

5 At the beginning of Phase 1, the Organization shall review the status of
technological developments and, if proven necessary, adjust the time periods and
reduction rates set out in Phases 2 and 3.

Requlation 22 — Ship Enerqy Efficiency Management Plan (SEEMP)

1 Each ship shall keep on board a ship specific Ship Energy Efficiency
Management Plan (SEEMP). This may form part of the ship's Safety Management
System (SMS).

2 The SEEMP shall be developed taking into account gquidelines® adopted by
the Organization.

[Requlation 22bis — To be developed if needed’]"

23 A new appendix VIl is added at the end of the Annex as follows:
"APPENDIX VIl
Form of International Enerqy Efficiency (IEE) Certificate
INTERNATIONAL ENERGY EFFICIENCY CERTIFICATE
Issued under the provisions of [.......ccoeeveenneen... ] under the authority of the Government of:
(full designation of the country)
by

(full designation of the competent person or organization
authorized under the provisions of the Convention)

Particulars of ship®

N OIS OF S o .titiitit ittt ettt ettt ettt et et ettt eee e teaeeeeeeeeees e eeaeeeaeeeaeeenseaneeaaseaaeeasaenseensennseeenseensenns

DiStinCtiVe NUMDET OF Lt OIS ... .iuu it ittt ettt et ettt et tee e tee e tee s eeesenaeeeseeneeensennsensseeseenseenseenseennseens

P Ot Of TGS Y o iiuiiitiiiuiit ittt ettt ettt et e et eee e see e teesee e eee s ses sees seeaeee s seeeee e sea s senseaeeneeesseeasenanreenreenreens

(GrOS S HONM Mg o ..iiititie ittt sttt tteee e teeesseenesee e seeeteeeseee s eerntee e sseeasteenteesseeenteensternterensreennsernnss

IO NUMIDEIED oo e ee e e s esseemseenesensseenesenseeenessnnesenssesnessnneesness

To be developed.

[Reference is made to paragraphs 5.43 to 5.45 of document MEPC 61/24.]

Alternatively, the particulars of the ship may be placed horizontally in boxes.
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THIS IS TO CERTIFY:

1 That the ship has been surveyed in accordance with regulation 5.4 in [................. 1;
and

2 That the survey shows that the ship complies with the applicable requirements in
| FETTOTTTOTOTOTT 1.

Completion date of survey on which this Certificate is based: .........c..cccocveevnne... (dd/mm/yyyy)
LS S U A . .ieuiiti it ittt ettt et eee ittt eeetes.ee.eesesseesseestesssesssesssessssesssasesssesseesstensteettenttentteenteenternrees
(Place of issue of certificate)

(A IO T Y Y YY) et es ettt baeeneee

(Date of issue) (Signature of duly authorized official
issuing the certificate)
(Seal or stamp of the authority, as appropriate)
Supplement to the International Enerqy Efficiency Certificate
(IEE Certificate)
RECORD OF CONSTRUCTION RELATING TO ENERGY EFFICIENCY

Notes:

1 This Record shall be permanently attached to the IEE Certificate. The IEE
Certificate shall be available on board the ship at all times.

2 The Record shall be at least in English, French or Spanish. If an official language of
the issuing country is also used, this shall prevail in case of a dispute or
discrepancy.

3 Entries in boxes shall be made by inserting either a cross (x) for the answers "yes"
and "applicable" or a dash (-) for the answers "no" and "not applicable" as
appropriate.

4 Unless otherwise stated, regulations mentioned in this Record refer to requlations in
[iiieiiiniiiiieieereenreenes ] and resolutions or circulars refer to those adopted by the
International Maritime Organization.

1 Particulars of ship

1.1 N AN OF S .. itutitt ittt ettt ettt ettt et eee e eeeeeeseeeeeeeeeeaeenaeeaaeenaeensennteensennsenaeenaeensant

1.2 IV O U D T it iit ittt ettt ettt ettt ettt et eeeeee s seeeeeeeeeeaeeneeeaeeesaeentennseenseensensseeneenne

1.3 Date of bUIldiNg CONTraACE ...ttt ettt et ettt ettt eee e teeaseesseenteenseesseneenaeenseenees

9

In _accordance with IMO ship identification number scheme, adopted by the Organization by

resolution A.600(15).
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1.4 GroSS tONNAQE it

1.5 Deadweight .......c.eeeeeeiiiiiiiis e

1.6 TYPE OF SNID™ oot

2 Type of Propulsion Systems

21 Diesel ProPUISION .......ccieiiiissiiieeiiiiiii ittt O

2.2 Diesel-elecCtric PropulSion ............cccccoiccceeeeeiiiiiiiiiiiiiieiiiiiiiii i O

2.3 Turbing PropulSION .....cccceeeeeeiiiiii ittt O

2.4 HybDrid PropulSion ..............ccccceeeeeiiiiiiiiiiiiiiiiiiii it ittt O

2.5 Propulsion system other than any of the above ...................cccevcccveeeeiiieiinnnnnees O

3 Attained Enerqy Efficiency Design Index (EEDI)

3.1 The Attained EEDI in accordance with regulation 20.1 is calculated based on the
information contained in the technical file which also shows the process of
calculating the Attained EEDI. ... .......ccccoiiiiiiiiiiiiiiiiiiiiiisiieeeeeeee O
The Attained EEDI is g-CO,/tonne-mile

3.2 The attained EEDI is not calculated due to:

3.2.1  type of ship (requlation 20.1) ... ....ccceiiiiiiiiiiiiiiiiiiiiiii i O

3.2.2 type of propulsion system (regulation 19.3) ...........coooeeiiiieiiiiiiiiiiiiisiiiiiieeeeeee, O

4 Required EEDI

4.1 Required EEDI is g-CO,/tonne-mile

4.2 The required EEDI is not applicable due to:

4.2.1  type of propulsion system (requlation 21.1) .........cccoeeeiiiiiiciiiiiiiiiiiiiiiiiiieeeeees O

4.2.2 type of ship (requlation 21.2) ... .....cccooeveiiiiiiiiiiiiiiiiiiiiiiiiieeee e O

4.2.3  ship's capacity (requlation 21.2) ... .......cceeeiiiiiiiiiiiiiiiiiiiii O

4.2.4  ship's building contract date (requlation 21.2) ... .........cooccveeeeiieiiiiiiiiiiieeeees O

5 Ship Enerqy Efficiency Management Plan

5.1 The ship is provided with a Ship Energy Efficiency Plan (SEEMP) in compliance with
requlation 22 ...........ccceeeeiiiiiiiiii O

Insert ship type in accordance with definitions specified in regulation 1. Ships falling into more than one of
the ship types defined in regulation 1 should be considered as being the ship type with the most stringent
(the lowest) required EEDI. If ship does not fall into the ship types defined in regulation 1, insert "Ship
other than any of the ship type defined in regulation 1".
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6 EEDI technical file

6.1 The EEDI technical file, as required by regulation 20.1, is an essential part of the
IEE Certificate and must always accompany the IEE Certificate.

6.2 Technical file identification/verification NUMDEr ..ottt iiiiieeereenreenreennes

6.3 Technical file verification date .........cooiiiiiiiiiii sttt e it st teeteereeaseeareeseenteereentrearreareens

THIS IS TO CERTIFY that this Record is correct in all respects.

LS U A A . ..iuiuiit it ittt ittt ettt teeete.teeeseesseseeseessescsessesesessesscssessesscessencentestoncenceateeateteenrenrens

(A M Y Y Y . ittt iii ittt siiisseeeseeesaseee e tete.tessssessssecessesesseessstessssecestesesteesssecsssiecsseecesees
(Date of issue) (Signature of duly authorized official

issuing the Record)

(Seal or stamp of the authority, as appropriate)"
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