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E 3. SEXMAIRR AR HFIRWRASMEELL, FTBES. &, BHEIPEE. B
HFNEBEIRU K ARSI LRSS

300
250

----- IR SR
S — RAKASNE

150

100

KRR RS (€/MWh)

2020 2030 2050

B =55 B 55 B 8 A FEmEdsn B BHRERAS

EX2EE Ash et al. (2020)

YERNILE, BEdemn R MEAERRINR RSN ( 2398 IkERT 30 BRIt 27 BRIT ).
XE#Z= 2020 £ 11 B 24 HESHRINE, 2 Ship&Bunker A EHREMAIRH I EFERRY 2020 FHIEUE ( hitps://
shipandbunker.com/prices/emea/nwe/nl-rtim-rotterdam ) . BRIRFFBHIRFIARIEIRERTBERNESHI, BT
BEREARIE IR BT EES SR, IR LN 2020 SRS " E itk 222 Biot, TREE 2030
A9 105 ERooil 2050 FR9 54 RRIT.

> JL S\ 1:

3.1 E{CRERRAH
3.1.1 S8, SHI=
3.1.1.1 5=

SHREHIA N R ERISAITREEEEAE, EACIIAER. JMAIE AR}
RS, SRR RBEERF 4K, MRERNBIFER, SR-E"8/4E (NO,) Fi—at=
@ (N,O). R AMIRES~E—8W 8. “8EHEERRENE . W, AFE
BHESMEETRIREN T RS °, ELESMENaS st BB E S (AL fIE
FEFEMW (Duynslaegher, 2011),

9 HTEAIRBAFIEE, SRR FEEERSSRE . 2UFERRIREACOEBRHEEE  BRRES . MEE. pIRIERRE
sfE (AlfaLavaletal., 2020) . ROZIBHAOR, KSHERK, IRERASRE, BEEERLESREREIRE.



RRIRVEEAEEE, FHABEESN, LR TREMRMBR NIRRT, E
e HBFIKESE, FalRSs5 e AIHIERML (Wang et al,, 2015; Shen et al,,
2016) . BULTEEXRMIGRRIREBUHIT&ES . I, “aNRaEMRENEAY,
WAREREE, M—at_a—MEDEANERESH, HEREEERE (CWP) 22
a48%A0 300 (5. WBMNENIERS, NEFRHENIAR (SCR), EEIEIIARERSTRIAN,
LFEEH —aSham. — st ZaiRmka s mmEais ( Dimitriou and Javaid,
2020) . Hal, THMEFHERREL T BREMER AN E AR IEEHITZH.

BTFau A \KNEFEMNSHERS, haKa, BUTSEENMEEESEN (0%
2R ), ERRFAMBRHEERITZ2IE, FHEERERRRRITEXZEF M0
LUBp &R, FHEAESHAIER MEHEMRIUEBIETR. Mkt © SENFIESER
HHARRHEFINIE R AR FT AR SRS E S EmAIEEESER .

3.1.1.2 M

SRR Z N EEUR T A R B AEAREH R R R E AU &S,
INX AR R BB SR . 2RISR .

558, atANRTiEB s AEE, RACEaESHEEEE, JIUURESM
EFEFLARHIF A FHEERERE (34 CHIES 1bar) Sin/ER# (20 CRIES 10bar) & (de
Vries, 2019) . IIt4h, SR —MEETEERRXZEm (EZ2RTEHIE ). Haltt /&
Aik 40 MEOEO&ME 90 MEOHOR ( BRAERRAETL ), FEit@tEiosafaieHiL
PR —LEEATIRNE (I BRI FIMEHE ) BL£774E (Alfa Laval et al., 2020),

B—HH, BTFESRRREEREMIIM LFERAS, EERBIANE/NENRAA_ LI
AEARA{TE. SEMEREELL, BEESMHIBERASESR, XA ZNASEIRA
R T — 1 EERE R —RLRIR R NUEF BB E A TR, TR KRY
TSR BESMAEFRENRTNEENA . XFFNEESSENES NERTEME
AR, EERIAR I EE MR EARS 22 AYER FIUEALE .

10 R R ZANAEFREAE RIS RSB AINELUREN TR 2MRIFMERIIFBUTAER . SO BE LM EINEeESEE
TER R ERREARFR R MR LR S ILEE K

11 BmEZR: Guide for Ammonia Fueled Vessels issued by ABS (https://ww?2.eagle.org/content/dam/eagle/rules-and-guides/
current/other/325_guide_ammonia_fueled_vessels/ammonia-fueled-vessels-sept21.pdf) and Ammonia as a Marine Fuel Safety
Handbook issued by DNV : i i
ty-Handbook.pdf)




EEHSAR AR R B IR ERIE R

MRER, JLFRBIRS TEERSFSTEZERIERERENLZ, IFBEMEMREHT
HEEE (4L 5% RULRWE) ) sliR(F (IRI0—PIEus ) D E T —2/ NGB ZE, BETLAE
BEMFERENN (Mao et al., 2020) . [REHARERE, RIASMARIEBERX BRI LITES
E. =LA 3 iR S RAVEER EEUEgR , RE 1 BB EINSR—/\alo
Riz=ERRfEFEMAR (Comer et al., 2022) . XLEHHRERE, SARBEETLUS RS T
AR R, M EEEE R TEME LAtMaRIRS MR, EAk
REEERFI.

FRISEERMBIRARHEG TR . RARRNRB TR ENIRERE,
(EHER ARSI A AN ASRELE., 2RRTFERAINEEHIESH —NRBE=E
1, 2021 FEZMEEFERARZED 70% URSEEIIIMEM AN, 2 2023 FEHERE
PSRN ASINREM (Warsila, 2021) . 2B TPEADHIESH—2 B8R
HEAE (MAN Energy Solutions) FlRISEI/RASINBIRART (WINGD, hEARRATIE
ARNBFAT ) —itRIo 37 2024 F50 2025 SFHEREME AT, SBATATHIF)
2025 FHEH—EREMMRBUES = ( Bahti¢, 2021;  Lindstrand, n.d.)

NHEEFNEYENZHIAZERS ASIBKOFE K, BRSZOBRETITBLL
QUK S TERTSENLN B L SRR AR s AR &M KRB (ammoniaready )
fofE. R EE—RETLIE S ERRBIMMIR R T 2023 XK T7K (Maritime Executive,
2021), LERIBSHRE A E]) Euronav NV B 7E2ISEMASFTRI U RN EEARRE, 1&F 2023 &0
2024 FEx 4t 7, SE. PEFMAARNEBSMH EESBSIHNRREEIIBLIHEER,
XLAREFRERE A RNIMEIAT] (Approval in Principle, AiP), EiEiBARYEEAERERL . BATR
GG . BARESARG . RUARHILERS . BUEEIRLAR —I85 T 2024 SR AT Fie (0
% 3) " ATHIREMEEHBMENZRAE, SEERCV=ESTHIAFERSEET
BATME D BITE 2024 F70 2025 ECIE AR RSO AL

12

S FEIRE: hitps://www.greencarcongress.com/2021/07/20210707-euronav.html.
kv

=
13 S2HEHEIRE: hitps://www.ammoniaenergy.org/articles/ammonia-fueled-ships-entering-the-design-phase/; http://news.sohu.com/
a/500112987_624484; https://en.yna.co.kr/view/AEN20200924003200320.

14 20FERE:




% 3. HIFliSimrRitRBISELAR IR °

EREENMEATNE DR
RALERIE SR
&8 (180,000 DWT)

AT | RAEIRIHA
ISR (SDAR)
KA T

TRIRT

TR

EIES

hiE
SDARI

B NSER AT
PIEAIERAmR TR
(MARIC)

WA EFEM (HMD)*
=857 (SH)
AFEMSEFIEAT

HEMRN T (KR), KMS EMEC
and Navig8

SHI

FHEISHIEF TR (KSOE), #E
IRETER (HHI) K& HMD

KSOE, HHI & HMD

FrRSIEm &
N SAatRel

FHE

SEN

15 ﬂmﬁwﬂﬁﬂh

FBARUEERR
PN N
RIS ARAG

&82 (23,000 TEU)

WAL S

(2,500 TEU)
ﬂy'f‘b 1

AR (VLCC)

izl
iEslie
BARER

FER (23,000 TEU)

SUINERR (8,000 m?)

VLCC

SiEH) / PNFERR (38,000 m°)

guzkfh (60,

sk

000 m?)

ARt
LR
LR
LR
LR

Bureau
Veritas

ABS

CCS K&
ABS

LR
LR
LR

KR
DNV
KR
KR

ClassNK

HoEEE
2019% 12 A

2019F 128
202010 A
2021F3 A

202158
2021F8
2021 FE 11 B

20207 H
2020 10 A
202010 B

2021F3 A
2021FE8 A
2021 %12 B
202112 A

202112 A

httos //wvvw ammoniaenergy.org/articles/ammonia- fueled ships-entering-the- desmn ohase/ https://www.xinde-

ultra-large-container-ship/; https://www.offshore-energy. blz/hvundal -mipo-dockyard-wins-Ir-approval-for-ammonia-powered-ship/;

https://pulsenews.co .kr/view.php?sc=30800028&year=2021&n0=852515; https://www.maritime-executive.com/article/k-line-is-de-

veloping-an-ammonia-powered-car-carrier; https://splash247.com/iino-kaiun-orders-ammonia-carrier-at-hyundai-mipo-for-mit-

sui-charter/; https://splash247.com/euronav-doubles-down-on-ammonia-fitted-tankers/; https://safety4sea.com/hoegh-autoliners-to-

receive-four-more-multi-fuel-and-zero-carbon-ready-vessels/;

world-s-first-ammonia-ready-tanker

https://www.maritime-executive.com/article/construction-begins-on-



EEHSAR AR R B IR ERIE R

ZITTIRITUARI E AR FREE (Ammonia—Ready) ARfH

. ~ s . S
BEEET o S4B (9,100 CEU; 8) Hoegh Autoliners | 2024-2026
x|
GRS FMB RS (1) Avin International PN}
MR SUEEIG (23,000 m*; 1) lino Kaiun 2023
WRETER HE TR (3)
Euronav 20232024
NR=HET FERESHRG (1)

LR= REFG&EEMMRAL , ABS= EERHAL , CCS= hEMMAL , KR= kit , DWT= &Mz, TEU=
tneEfE , CEU= SREEREZ .

* IHEEF TREAEMERERSN, BFIEATRMAETWERNFLRE.

SR D RRATF A RIHREOITUER . BEEMIN (BRETE ) E2E 10 LSRR
Bt AN D RIRRRAEH T TSIl s IEE RIS T 2025 FFRIRAT, IXLARRREEE TS ™A
(GREENL . B LBRSSAR. ERAR. IFEC . HEAR . JBRC. SRIEAG ) 1° . SEEFN B AU hHEIER (6
RICAE. FHIGRS ) EEFARTIRBENSMEEIERRS, HTURET 2023 FiK
HELEAERN . SEHREBFEETAISERREEN .

HERISFIRWARIE D AERARYE RN BFHARIX LARARRE N IBIRE URZWRIMAI— P SER
FHEE2RERZTHNEEME Y RN ARIX LR gE 2 tiEE . ismiilE. E%ﬁ%
MEREFEBERRATFER . TTE, 8T 60% HE~BRR, 19% FFEXAS; 8
Iz =Mx"BER, AoZ— - BRAS (ME 4 7R). F@ﬁﬁﬁ’ﬂ%ﬂ%ﬂ’ﬂ/ﬁiﬁ

16 HAaERENREREE ((H—SME ) A —iEise, 1NAI—IZEL (Sea Change), HIEFIEEFIRIZ=HIMAE
BEHR, RUMAI—AELAFREZIARIER I AR AUHERS, LA BARBI—IERRAzRE . SRIR: http://www.qgibebt.cas.cn/xwzx/kydt/202101/
t20210126_5877430.html; https://baijiahao.baidu.com/s?id= 1700830362705871797&wfr SD|der&for pc; httos [/www.seetao.

businesswire. com/news/home/20210818005674/en/5032461/SWITCH Maritime-and-All-American-Marine-Announce- the Launch
and-Operational-Trials-of-the-Sea-Change-the-World % E2%80%99s-First-Commercial-Vessel-Powered-100-by-Hydrogen-Fuel-
Cell; https://flagships.eu/2021/04/07 /worlds-first-hydrogen-cargo-vessel-set-for-paris-debut/; https://www.cnbc.com/2021/06/24/
statkraft-lined-up-to-provide-green-hydrogen-for-zero-emission-ship.html; https://www.svitzer.com/press-and-media/news-and-re-
leases/2021/11/08/maersk-svitzer-to-develop-carbon-neutral-methanol-fuel-cell-tug; https://www.maritime-executive.com/article/

nyk-leads-project-to-develop-hydrogen-powered-ferry.

17 2DIEERRIE | hitps://www.ship-technology.com/news/hyundai-motor-signs-pact-for-hydrogen-fuel-cell-propulsion-systems/;

https: //www offshore-energy.biz/samsung-heavy-bloom-energy- push forward-with- deve\opmq fuel- ceIIs for- ShIDS/ httos //www

sure-hydrogen-fueling-demonstrated-in-japan.




R S T E RSN AREL © B, ALIEESARAE, FEERT A~E
A BARB NSRS EMHN BT S5 a s IRRRTEE .

El 4. SfEEFEKiF

) =

100% - pamnsnany - 100% -
Oy B TR

KN T W AERTER R W SRS
W m s
B R#S B RAS

50% |- . 50% -

25% NN 25% -

0% -+ TeEEE—— A 0% -

= HE 2K G alE|

HURKIR : IEA (2021b); EV100 (2021); Giddey (2020); Tu (2020); Dolan (2020).

— P OABEEBE, 2EFAUBERRMKERHS (LITEIRRBES ) AYEE
FPRREIEIK, MRHSHNERIHENRRIBES, BEFABUESRASRIEERE
REURE, BTAR, NXBisEEMHEND, LUREANIK. KE. HIESSHKEEmErT
RIERFIBERTR . EFRIERTHINS (IBESHWARSRIBIRIIEERAR ) KEAAR
RIEIZRM 2019 Fa9 3 MENDNFE 2021 FA/Y 17 4 (IEA, 2021b)

Hp—EEREEEFNBANE KT BES L BB RS . LUEE, 1ZE
BRFRBEWGERFEN 2 E 4 NS0, Mgzl HNRESEE (Ocean Hyway
Cluster, 2021), T2, S1+EF DFDS A8 ( —xRAZERTMIRAT ) EEREA—FRE
RS TR, Zaa BFBE LR OEBEFENSREmEHR .

18 JEHISFIF SN —EMHEHMES B0 2409 Z& k2 /MJ 1 1669 Z& =2 /MJ (Brightling, 2018; ABS, 2021), IXixs
FohRpARAN e ERRERREE SR E (90.8g “&tikxas /MJ) (IE1).

19 SFERE:
plant,




20

EEHSAR AR R B IR ERIE R

SitER, EEEONEERENEERREEIRENFABERITH. JLDTUW
F ERIEAE AR SRS Iz m A g e eI init (Ship & Bunker,
2021; Mandel, 2021) . 54, BAFIL. FHI0EK. BAFTEENRASDEBFHIZIEFT,
[EfEREIR AT e DN SAanHE s QM EMRE, RITFIEERSESMEaRY
LEFMINER

3.1.2 EAfEz

3.1.2.158=

FRESRET, PVEHESMAME, SEESEWIITHINE DR, EIREENEERY
RRFEIARt (322) o Etteg 80 SUF0 90 8, HREEEENMAIIAKIEHFELIN RN,
2012 g, FEAMENEITEFENSNA, DRRASSSRAMERZSE™ 7,

FRESFA—MEAITRIRRE AHRRS R, BESHETISEl TR SH<E,
FEBUN VN HEERRA:

1) HESZEFENEE, YINEEMEREIISOSE @I EMNGE: FEENREREME
DTFRREH, XEELUELSERTREAE (RS RUKAS ) BEE5HERAA
MIZEANERS M . BT REZASSHIIRM RN, WEREIAhEEfEFEM
RERFBEFITEMAOE, B BT HNREFEARAME (ETC, 2020a) . @i,
WEJLTFkR, ATHEATUVERR T RS tshFEERER . Hei2ka 100
MO LEEREE, FitEREBOER RN RERE oA I EMRE.

2)  LIRBEAMEIROSURRL A EEEAL . SURRIREEI D AINIEHR BT 11 #44
FHE. —ERREIREERI—IES AR MEEnD (Wartsila, 2020; Offshore Ener-
gy, 2020; Ellis, 2020) .

20 2IFNEEEREOSEB A% Maritime Singapore Decarbonisation Blueprint: Working Towards 2050 (https:/www.mpa.
gov.sg/web/portal/nome/maritime-singapore/green-efforts/decarbonisation) F0FFE#RIE: https://www.miragenews.com/austra-
lia-partners-with-singapore-on-hydrogen-575583/; https://www.fuelsandlubes.com/singapore-explores-hydrogen-low-carbon-alter-
native/; https://www.itochu.co.jp/en/news/press/2020/200612.html; https://www.spglobal.com/platts/en/market-insights/latest-news/
electric-power/111521-h2-green-to-develop-hydrogen-and-ammonia-hub-in-shoreham-uk-to-decarbonize-port.

21 ATERIEHTERSE, MMTE 20 42 80 40 90 FAMEE T —VNEIRE, S TERAE LERFE, ESIERIEAE 100 24
IS, T RERINE L, (EIRBMIN. ERE, 82012 FLk, EEAWLA. A, g, SN ERER S & () Bah T,
BHAE FERRAERAERIE (Joyce, nd.; Zhao, 2019). XEHLBIARMINGT, /M EERS RN 7 —HIESXH, Bl
RESIFESRE L KRERAER (OFweek, 2019) .




3) CEERSNAZENABREFAMBEHRALES|:. ErEFARMET (MR LER
FREEFZB2ImAT S ) (Shipinsight, 2020). ZSNEEEIIAZIEIRNSEAHLRN (#E
FRERSAFIEM R AR ERRZ 2N ) (IGF AN ) &, ME TERREE / JBF
FRRHORRARII. IRBIRFHIME .. Tk, THMRENE. E1TE/0 IGF S
Tz A~ BRI E sl SO E DB ARRART & [R LA FRES O RRAEIARS o

4) HENAERRINSFAZHRDILESMEIaZ/):. FEESEESERaR. mE,
SEHsLERREEELL, RENTMRIEER/), RAERLIATK, ERERIRILL
AUREYRERE (ZFR2) .

ETHERSHAIZNG, BEMAFRER, ERRITEDRRERRIK, AJUFEEIAR
TIARIERREEARR I 9 (Tier Il) EAMHRUEENE, MIHEAE D SAIGEMEEL
AR (SCR) RSB EIRES (RINA, 2020), Alt, BNFHEEFR SCR EEEER
Fl AR —E A RRRIRIAR, RESEEIAESI XSS AR ANEXI B ERIRR AR

% o

H8l, ERREFARAERBRRERRIIEIS M LARE, MELRERTHINFEE
ENRIR. SEMa—F, FEEEERXNASMERE (WE S). £HE, FEEE
FHREREF (B 75%), RE 7% KBRS (Tu, 2020), FEXRASHIFRE2EEH
EESPHINERS B EHRENAIMEEEES .. AIESHERSHEFRARNA
(CCS)BEE, FrEXRASNREEEnRINEE SRS BRI TES AR (Martin,
2021), Eitt, ERELRERMERRAAN SR ELRMERFRL, e /mEieERIEHN / ZHE
T ERESHAY

2l
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REHRBR B R EEDR R T E RIS

[l 5. FEZ4EF=RIR

100% -~

W e, TEEERRE
W RIPRS

m

W R#S

75% -

50% +--

25% +--

0%

K FE

HUESKIE : Dolan (2020); Tu (2020),

B (E B AT FFERE MR IR BRI R ES (SHEREMRESR ) (B21T1E01563.2.2.15),
Fise Al RIAZIRIER D E s FELE = SAHNNERIERY . AT, BT RFESRERIEYIRR
RNV AR, FHEREYRERNEFZRIRS), min=SHEMELURHRIEN IR )REEY
PR, RICEYRERRE A LA TR E AT i< N REE.

FRESt A LUS SRR FE AR . XSV AR H] RERRIE RS = (e BESM~
B BERBIR NN SR FEERISAVEYDRIRIRAIER AR, EHR E0AZ (B
ZENE 3.2.1. 1 ). BASYLIBTEBERTE, ERBEREREF AR S ARUIRE
SRISKEBMLN, MERAES. ILtHh, BHFENRARS (WE 3). Br1, EBHIFREEAIRA
KRB HARERME (Wittels, 2021), EATEEVMNIRS ¥, KRR REESUEE
SHISFIRUARE (B1a0, FEARERBMN TEFNSEMNR ) BHR (Ash etal., 2020),

3.1.2.2 W fH

REEXRBEASRELSEFES, BRTRENDRFEREMR, FEERESSEH
AEBITFRERARENIENZE2SN, RENDIMMERTEERANER, B hisars)
REREEAZHIRAY F—E LA



&7 BIEIREN KT THIRERSI M, 120222024 FEHAE), Sa L HEFREIER
FRESXUAEHIG ™K, HRERNERBERATESTENT T 2023 FRTAIFEE MR ESE
FESTERARFN 2024 FEFFIAIR NEFERY 8 42 16,000 TEU FRESIUMARIEZXEFEAL . SHECHIE AT
Proman Stena Bulk $7E 2022 2 2023 FFHIEINNEE 6 AR EEIUARERS . HR
BRANFREEEFRFEAR Methanex, BT BRISERANGER 11 REESMARIEEMEI,
£ 2023 F55 8 RN ZRIZEMANENER . SEMFHINENEREEER AT
X-Press Feeders &iFITM T 16 & 1,176 TEU RUFFERISELEFMN, IXEARTTLAE A R EZF]
AR 7

IR ARARBES (E B R ESAIBUE MR D =R EF AT, IninZREH Stena Mim 1 H
E24 7/ Proman IETEER S A — M A TR F AR AHAY B BZ SO AL R AR R 75 22 (Adin,
2021). BE—THBEIIERT). BARKRFMAFELEYIR L BEMRIBA B EF & —
MR LUSEARTIE MRS A TR RERMRI RS (F&L Asia, 2021) (R 4).

22 ZDIEEHRIE | https:/splash247.com/x-press-feeders-signs-for-16-methanol-powered-newbuilds/.

23
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# 4. HiSAARSRISERILAEREE oM RIRIRRAR =

R~
I haEmR (GSI)
GSI
HPNES
TR RIS
KERRRE TEH]

FN=tEMp TR

KENRHE T &H]

NERIER (HMD) *

HMD

SEMRETEE (HHI)

REhiEm

TEU= trifefs , DWT= #EIE,

E

FHE

B TERIRE AR E AR *

ARAREE!
(H%; FITRESL)

SR (49,900 DWT; 3)
SHAR (49,000 DWT: 3)

bl

mom

SERERR (1,170 TEU; 8)
FfarE (1,170 TEU; 8)

AL

EERERS (7,100 TEU; 2)

SE%REMG (1,300 TEU; 2)

£e%=faMR (15,000 TEU; 6)

W miEkin

(49,999 DWT; 8)
£

Se5RAERA (2,100 TEU; 1)

SERTERR
(16,000 TEU; 12)

S50 (7,200 TEU; 8)

RR%R
Proman Stena Bulk
Proman
X-Press Feeders
X-+Press Feeders

Danaos

MPC Container
Ships

X EEEH]

Waterfront Shipping
Company **

SR

Ot

Danaos

* ONEEESFLIEATDNENERRN, SFLEATIRNRE L ERANTFAT.
R KRB RRRA AR, 9 Methanex B9 FAE].

RfTEH
20222023
20222023

20232024
2023-2024
2024

2024

2025

20212023
2023

2024-2025

2024

23 Z2IEEBRIE | hitps://www.offshore-energy.biz/proman-stena-bulk-1st-methanol-powered-tanker-launched-in-china/; https://

splash247.com/x-press-feeders-signs-for-16-methanol-powered-newbuilds/; https://www.maersk.com/news/articles/2021/07/01/

container-fueled-by-carbon-neutral-methanol; https://www.maersk.com/news/articles/2021/08/24/maersk-accelerates-fleet-de-

carbonisation; https://www.offshore-energy.biz/danaos-orders-four-more-methanol-ready-containerships/, https://lloydslist. mari-

timeintelligence.informa.com/LL1141124/CMA-CGM-orders-six-methanol-fuelled-box-ships; https://splash247.com/mpc-contain-
er-ships-orders-methanol-powered-boxship-duo-for-norwegian-charter/ ,




3.1.3KAS (BR)

KIRSBER 85-90% HIRIRAR ', EN— T ARME ERSHMMZI0n., (8
S8ENDERFZMRELEFBNE, NERKBEIREIXAS KB LU/ KE S MIRKHE
(Gould and McGlade, 2017), MAXASEMMIBRET RN SRR SR EIMEZ .
B, AFHRIRNRENNEE, WRGERE. R £ fEhnd R ERMI0%0,
ABARRMRERRAS FERAED N B AM S H— T RE5eEk . XTRASERS
BEZUWAERRISNTES 4 THREEZIIE.

EESREFH, AMIBBASBRUCKASEROHRINEADSEIEESNRE, AR
IR ARSI R A4 0, FHAPHERBE D> (13 2) (Anderson et al., 2015;
Lindstad et al., 2020) . AT, @& NADHEBUKFEUAFIEERRRE , FHIER N REME .
PRRACRASIZEELIN, BRIASHMARMTASNIANEERXVARIRY, FTEFMFERR
ERITER S EINERBRASIEAR (LD BIFR A I BRI E/RIEIR AL ) ©,
FRIRURASHNEIEEIN AN ERESGELIE (MEFRHEVARES ) BIalREERE
FRRQ | RRBMDHREESIINE, (ENERBER RN EEREREMERZ T 8L E RS
FRQ N RREDHEBEESIRE

£ 2021 FLEHRASMENAZE, BRUKASHNEBRETHESEIRSEAHLRHN
EHIX (ECA) MEAIHIIESINERNRAMEE0 0.1% AUBS AR, M 2016 e,
X EEERESHEER (DNV, nd.—a) . B, RERRSEI I EHRESS
XEKRNEEMAZTHNERARRARBALZE ., [BEEEAIHEREE S X E KT LEFORUMN
FARIMNE RIS & SR HInER S I, BRRURAS IR0 ER
I8N, BFRIREER. . HeFIERERETL (Pavlenko et al., 2020, DNV, n.d.-b).
#HZ=2021E9 Ak, B 704 ﬂﬂiﬁﬁﬁﬁﬁ,ﬁz%%% AIBEIAIMARAR ( BEIERHWRASIZHIREG ),
EEBRRERAAY 0.7%, MFRETTBHBEEXMDER ([ Sy 28%) FURAESERRIKAS
HIBEH

24 g RIASRVEERYL, £ Britannica, n.d., Composition and properties of natural gas. In Britannica online. https://www.
britannica.com/science/natural-gas/Composition-and-properties-of-natural-gas (2021 & 12 B 22 53 ).

25 B RASIEHRBLGEBENRGERE, BEERSONETHE, RIAEEE DRNSH. M RAS L& BIIRih
IR AR 2R EFERNE IR R VS EINERER LS (Jdaskeldinen, 2020) . BIEERASINIENMEREHMIEEERE
R LUARIERRESSER | FREAHIBUEHIRE, MNERBIRASNSSAIHIRENUESREZIIE 25%, NRAE
AREAERS, NEXRAZIERSSEAR Il FEEmHdztiingE (Andersen etal., 2015) .

26 RIEFRISARRIENE, 20 Chambers (2021)
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REHRBR B R EEDR R T E RIS

R RIAS BT 2 A OMRRARRIRAOS RS 2, EANRRE SRR =4 =
SEHER ( NMEEZIEREVHE ), ERRURASALULLERESREENR 2 25% B
LBRHERY (Lindstad et al., 2020 £ )%, {BEXRASHVIRE. T, BXAoELRES, B
Irsittiie, RSV RIRS M ARIN AR K ( BiRbiR ). Bl —faiifR=ES0rx,
RG0Sk 20 F8, HIRMGEHhERESEE — SR 84 %, BlELL 100 FHIREREE,
HIpMEE Dt E — SR 30 15 %, HULARIRECIE SRR RIRR B AR IR IS ATHI —
SRR, (B IERbRAt R0 E s T IR — S BRHEEES o

BIE R A E— T . EERRURASER T, ERFk 20 F (GWP20) I,
4 mERRESAHMEERBARE AN PR RA S 20%, tHEBLRR
,EEEﬁ@ PESHAARNNE 48% ( WE 6). BMEZEE) 100 4 (GWP100) BISIEZEBERIN ,
X F IO HREIEEINA NS, MUKRASDALLESRIARHIEZRORESUR, mxXIF—
RN, LD 4% BRZESAHE . INERBEINANAIRINRYF, ZiHEfpyhiz
RINASRESAHEEBELE S & s E——CGWP20 1 GWP100 23 3Ui@> T 9% 1 15%
(Lindstad et al., 2020; Pavlenko et al., 2020),

Hel, FltiRE™ERIEREEN R ES CKE BN RNEL, EEWSEAER
RPN, B, #lER) 2019 &, ASHERSGTIBRYIRICKASEINARESZ (2RI
BRI . XL, HRIfrER AR RERARIAS NI AR E I EE/RIE
IR

E 6. SEmiIXURklRzhtRS LA _atRSE (COqe) HIM

i) ZrpizAahtl: B0 20 £ (&) #1100 £ (A ) KkHae

WTW - Z g S mnaR st & il WTW - Z 2 Geidfn IRk & i
R_SHERSE/ TR - GWP20 R_SMHREE/ TR - GWP100

LNG (DF BUEMEHERNH) 120% LNG (DF BUEMBEFRENH)

LNG (DF IXZE/REIF RN 91% LNG (DF JXE/RIEFREIH)

MGO (IKE/RIEFFEEHHL) 100% MGO (IKZE/RTBEFETHHL) 100%

VLSFO (IKE/RERLEEH) 101% VLSFO (KRB KENH) 101%

[ 200 400 600 800 1000 o 100 200 300 400 500 600 700

B WIT B TTw Zgkix B TTW BIR 18 MGOHEK HWIT B TTw 2t B TTW B 455 MGOHEK

27 RACKRASHRRIR I — NI E R E R RER FIRAISRS T ER TN AELE

28 FRGERESARZINER —RETEES (GWP), LIEETREEE _anSHEEASHESERR. —MEESEN
GWP 20 (R3REfE 20 FRAVEEISESZIA, M GWP 100 L3REfE 100 SFRAIKEISESIN .



i) MR EN: B 20 £ (£ ) #1100 £ (5 ) HIk#AEED
WTW - PUhF2SemAN IR LR s WTW - PUF2SemANIRERRELR S

RS HUE/TRE - GWP20 RISMBRNE/TRA - GWP100

LNG (OF RAERHFRHH) 148% LNG (OF BIEBFFRENH)
LNG (DF JXZE/RIEF K THH) 91% LNG (DF JXZE/RIEFRRENHL)
MGO (IXZE/RTEFFREN) 100% MGO (JKZE/RMBIF KR

VLSFO (IRE/RIEIFRENAL) 101% VLSFO (IRE/REFRENHL)

0 200 400 600 800 1000 1200 [ 200 400 600 800

BOWIT B TTW SSeh B TTW R 8 MGOHER HOWIT B TTW =Sk B TTW S 18 MGO R
HUEIZEYE Lindstad et al. (2020)
WTW: SHAZIER, S4B, WTT: HRzEidME, £-mzindiz; TTW.: HEaziER, FRdiE;
DF: XU#sl; MGO: BRARYSH; VLSFO: BEmMELm; LNG: HmHUEKARS,; GWP: 2IKEEEEE.
BiE.
1. REEITERASWEE S ENERER AN E ESHRRIE .

2. ERZEEREU_SAKRIERT, (IFRELENNEEENEESHENTRFEEN _AMHRAIRKEER
8BRI8E . GWP20 7= 20 FHgHARNIRISIESZIE; GWP100 27 100 FH<ERRY SRS o

3. BRIMERARIIMERURIAS KR EBINEREAZA

AV IEFERRIR R R I IR AV 5T . HI80, IRIFEVRRSTBIRA TR, EARIR
BRIBIEINR IR M T — R BRI EZAIRAIZIN, AJLALLRI—URIEiA 50% AIFR it
& (gCaptain, 2021), 28, MEMAANVIRIRGEHIA R BIZERMTERITTES . WRIZRE
R NRR I AR ZAIMESSY, XEDIHASA AR seEuaie R ARG
BDBIREHER, R, BMEEIR AR ASETREHRAVE RIS E s A RS EIRILE .

AFRURASHSURS G A RE, HRRTIEERGEMAR (IS EFILCFIRSHER
FAZR Euronav ) IFIFR/ D IR R ASI DRI T EMIZAIH —21RER, LU IR E
FROXE, Bz 52 EXARESAEIEN, SR ERZHERR S ZZ0TE
BEINREYE (Englert et al., 2021; Adamopoulos, 2021) .
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EEHSAR AR R B IR ERIE R

3.1.48H
3.1.4.1 %8

BE10F, BEshHMEBINRNME —EERIIBRK, TEBETEUFETIRIN
L?h SANSIRSR . SERESRIRNINELL, (CRBBIMREESRSHIN. B
TERAL R HEol, EERIELRIAEEIEE R, EICAHER4EF A A BT .

AME BRI R LN F LSRR B e R AR R RS 2B AR A
HIEAIPEEL . tESh, BTEIRIAMREEEZER (kR 1), BRIUEIISERIMEERE M
FAMEZFIZAE . RTXYRE, =EMRAEBINRTREAILE R .

FEENARRAARYAE A BIERXI K SAI SRRV A T EEVA TR E BB NNR=ESINRE . 2AH
IR N\ ERRIAZHEENARAAEREMNES, BERHFNER SRS EEEUR T St R BRI
BHE, B-LEIINRINE S DRERERTRE .. FIi0, FZEEEEL Elen 2HIE
RIZHIS, BRAEMNIIRS (Lro) BM7EE, M3 LAEBNTERBENXEE (Cemny, 2021), N
BRMAIBENRE, MESATEERIEEEZHNEZRETE AL CIRPM, pIH
FEEDAMDENEMBSIBIN, NTIHERNEEENARRART KA SRR S RHE L5

3.1.4.2 kg

#ZE 2021 &, £KEEE 337 BRSO ER, 199 EIEEEEF.,
151X 536 R AR BB DHEHAINMAS, SEFIEEXMHS S 24%(130 42 ), BEB5
RLARZS 5 —F (248 2 ) (DNV and Maritime Battery Forum, n.d.), 2N\ {EHEEEY
IREEAOFIEREANET, BEMEFENREMENAENZSEER ARE ( A2KSERY
43%), EDREIEEIMAR (12%) (DNV, n.d.-b),

MBS ARIRERA BRI AN NE, SBEAXSERMIIBEAETHF AT, N
[FREEHE R E K EMEH EE SptR T KARSS . 201K, HRERIEELE
FEnpEY “‘BHMSS" (Baste) (FEMEIMESE 4.3 JkERT, BJLAZEE 600 &3kZ=H0 200
WD 24 R . HBNAIER 2010 FRASRNERERMBMmEEER ‘RiES”
(Ampere ) (Siewers, 2021) 94 5, BESLEEMNE 2 &, £HE, #8817 50 L85

29 IM‘ )'H:JEEEJZEEPE’JEEbH“%BEEEﬁ i, R*“E@Eﬁﬁfd&%@ggﬁﬁ? BIﬁE 1@%513.%[] ZEERIZSBIRE | hitps:/www.




FEARERNERS RS, SREEERANBIWIENFE “<KI=Zk 15" , BHEEaEAN
75 kER (2 ‘BEFS" /EfEmas ), F 2022 F£ 3 BIRAER, RESFIIITNIIR
#3% (Doll, 2022).

Ll AN LTSV PN o Ly — AN ¢ N
)7y S
AR A (defossilized) ZE (xR ( ANBENTS AR ) sk EVDR, BIIWFE%W
HIEERRAEL, MYEERES, S5TFE, 5B AmW AR EMRERS. StaAa
VARHELY, IRE SRR RE TGS, mERNKSRSIYE LD, Ko mihsEilggmE
SRR, SRS EYIARIFNAHAVEYARL (BARTRASE _(CEMIRE ). BEEzIE
IIEMN AR E S EERSAIE MRS K, IXFRMIRE S AR SR E RS 1],

3.2.1 SRS SRR
3.2.1.1 5=

EEHIAEL (tBFR e~fuels, power-to-X) 2—F G AR, ER LU BB/ KICRELIRAE .
P LUIEZERIFRZRIsEERA (2K, 5% 3.1.1 Tk ), BelLISEMDF
S5, BUNWFSAETHMTZIURIESIAR . f1an, SatxEs (SHCF) JLIBE S5
SRHOBR S NSRS o BB HITICHINRREARLZ2EEHISSH . EBHIRESAIRH Rk (208 7 Fir ).
Sen—IPIZICRIEBHIE, ANESPOBRISEER (205 3.1.1 Tk ) .
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7. ErFERBIEEEER

S
FEFISE;H
-
CE—

FE IR RS

~——
)

FEHI Rk

~——

MHEREIBRRY
TS FEHIRRY
— SR

MNESHIRRY
— SR
(EE=SHK)

MHEEAERRY
Tlid FEEERAY
— SR

s }i%EE HEAERA T2 A F 2R AL IR . dRRAAESK Tk, HE AR T2 6 F2RIEMIRS

BRSSO FIREESESIRIES, BILR LIRS S el R ERR e R
FRARSINARER (SRBXHREHEINZOE ) , WMERIARE . BTEIES MRS IR
RABERENFISEAER, HhEIEPrFBERERLIGERTBERT, XEGMREMFL
A—HMRI BRI SRR P EUARIARIR S 22 . (BEpRSMARHEE RN HI Al . 2EEMNN
VT FTErHOAR, FBEERRIFERIRRIRRR . LR LU SR — AR (B
EESIR, DAC), BRASER. B—IEREAFERETNEDRKER, (BEKRIFS
BIR, FEUCAKRBENERM (W5 3.2.2 TRITIE ).

BRFBERENHEENMH—PEXRNNE, BETEREFIEINS N T REFTERE
RIS, RIRERAEIRIRAE RN . MABESMAIFEKIR (GIINEZET IR ) HI AR
BREESMAE ERINEF A ES T LHE SRR BESMI BER .. £ amlEs
PRRHE ARSI ARREE * (WE 3FTR) -

30 MFBREZHFSILRMAMENEINTT, (EZIERT 2020 £ 11 B ARESHIIRERASHINEIHTEATHILLE .



BRI 2L FHRREE VRREEEREUR TEBRBIEDRRESEE. W
RXATHABERS, BoRENEETE. RERRTBERED (HIa0, IR, Gl
RKSKREB] ) 77, BABRESMHINEESRREGITTLARESEE (WE 8 i, &
FBIRENE Malins (2018) , LI ERARBDKE~EMBHERIRANEESARE ). X
TR, ARSI E R S L I e P I —EfE B Rl . 205
TeeBRIEH R, KR BEEIRERSIETAIES (Malins, 2018)

T ARIRREE, (ERaNREMHSSICEEAENAES . WE 3R, £-amika
BRI BT A i R R B SRt S A S A SRR A P B AN BT Bt A = A B SR B4
2Em. A, NEBETMNRRRRNERAERE, REFEEAUHNAIEEE, NLTEREER
B4 E ] (Agora Verkehrswende et al, 2018; Malins, 2018) . iz E, &k
SRR F AR SIS EBFRRI RS R, RERTNESBSMAIRGHE, TS
S E RS EB IR A K SHIRGAH . It NS ERMRETFHIRTEAERASEN
RO, RS FAEFIAEEEMLIEZARE R R S SR .

& 8. ERAAFRBHRRNIBEIRREESEERE

lmt 600
@
f 500
]
A 400
Fy
X
W 300
I
1 200
£
100 e _ — —
. H B
=00
& KBRS, E=Mehd T fEE KRS KRS PN N EFhik
r rhege E BHCCH  CCOT HBCCH MEREY DEEN o8t
g*él IGCC CCGT 5B
e BTEMEED e AEERL
. BiEE pgia
— — BELERAEAIRE

=E42EE Malins (2018) &
HETF M EBHIERIER 2 e- BB =S RRED TR EE S EENIES
IGCC: ESHEZEAETER, CC: Wik, CCGT: BARIMBRSEN..
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3.2.1.2. X550

BRERESMEA ST, MR EZ SN, FRHtCERREELD, BErEs
RS IESIRRIED . MRREEWIHIER, ERSARSMITEFRECEILE T
R RE R BRI SHHREHI2E (Royal Society, 2019),

3.2.1.3. B FAIAZ:

BRESIARIAZEIRABIER . SERES, st EFmEPalRamshtis
I8, LUERRHEETMH, 2021 F9 B, —EREEMMNENTmRCHT BT/ REIES
Hr RS e T 7 R EREM, FANEENXDEBFENSFHNEBSS R = a i
ERRIEB IR ( Bundesregierung, 2021)

—EEOMNNE B MAEESHEHENESE, LIMRESHESARINF L. a0, &5
R EBERNN— BRI EEZR— 1 EHIFESE T 12 BMERTBESMN—
MEIERFNER (CCU) T M " S WiREFBHIFE:, FutigTF 2022 &%= (Port of
Antwerp, 2020) .

S+E—ERREMREFEEE, DIARESEEFRERRMEN, SEPREIHERERE
FERREEIN . 12581k, BTENTIEESERTTBEESMEYRE B H PERIE
Reintegrate &Z X, /9 2023 FHERRISE—E REESUARGIREHTZHEEREZ (Maersk,
2021) . BiE=SEIERANYIEI AT Prometheus Fuels 13818 T S EEAISE, BEHAT
AP FIERHIBES (Port Technology, 2021) . &, BEESAKATIET 7 HIESIE
KEXR, LI XEEREEFIE, FTET 2025 FRAEFE/POXRY 73 FIEHEE, =
KBRS TEEEITRUN, BASTEREBF PR, HP—RE(FKIGRE NS RES,
A REE . b =REESIEIEEASTEREENFEE (Maersk, 2022)

3.2.2 i
322158
PRI RAE RTINS . R, BRI,

F—EIR (BIRNEFREIRR ) BEME. TEMSURERERY (ANEKSEEH )
&7, BEMBWAMREER, FOZATHRSARKEE . AT, MEREEMIENERR
SXIREEFENES, SEmERIMEHIRFEMEER, FEEZINKRFGGRIEXAT A



KR (Yeh et al.,, 2011) o WA, BREZRONENAS, S—CEYRH = SAEINERD
TEEEENATEAEFRIRI AT K, SETEMIMIRESEI (FREZE TR
TR ) (Valin et al., 2015) . Zitbsnm, SEREEFRENSERFER T ERH
—EDREFRIEENERE (ABS, 2019)

STAEYIE (B0 SHEYAR ) BRAFEmRBAEF, WsERIEY (0HIaE ). K
AANARERBEY) ( QNIKFEFFAIRIAL ) FUEYD (ANAITAYR AR EIAEY ). £5E, =
BRIz R BEMERTIME RIS, B EYMMBIRIR AT 2010 =R, 8
RTEFRAS, £ ST iEl (Rapier, 2018) . B=CEMIRRILIEENERL, (B
HEnLR B ER,

SEFFEHELL, MR ER MM EMEE , EaanHIESEMEIA 18
I, BBETREARESH (Gibert et al, 2018; MAN Energy Solutions, 2022 ) . S£¥A%RY
imzE VAHEREZBUATEERAVZEE. MBI E IR AR EIMIE IR TR Ea =S5
THBERARVEET . SE—REMEHELL, ETAME =REDR RV EZ T ER BT

TUHIXBLE/NMEZ .

AT, 1EXSTROFRESSH, RuEFESRRRIERBIRAIEYDIARL, BIUIBEYIET% A
IR AYEE R EMDIARL, ATLASEEL 70% 212 100% 89 “hMHZEER (WTW) RESK
BHEE . ME—REMREINRESARINEEE R T T RIBNEES NG, SRR
SOHRRESAHERL (LE 9 PRBSFTHISHEDARATAESHEINEZES
RsgE ) (Zhou et al., 2020; Searle, 2019) .
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B 9. STiHEMAN . EREMMREHICAESARAN2EmRARESEHIN

u FERHEENFIEDERIRIL AR AR
= ILUC & ZEESFHIN - - fRFESEH (0.1% REE)

200

150

100

a
o

@)

a1
o

BRESHHHGEE (R _SWREE /KER)

-100

m | F ¥ S & F C ™ ¥ B ¥ B X X X
Mo ow X X 8 F X 8 # o o@m @ @ # % R A
o T & & B BE o o# K% ®BH &om o #B o5 5 5
< - o nm P e 8 ¥ KB H B Z 1 8 g -
m ® = 4 =2 s 2= 0 %2 #® F Z ®mE oz A
SH m L m 2= S\ L < T @ e
&4 £ = - 5
% oo n = ’

it g £ ® 9

:EE f’f@ 7EE =

! 5 pic|

pic

REARRAERLER kERIEMHY was
EYPRAISEIE IR B B

EE2EE Zhou et al. (2020) .
DME : —EEf; FT =#&IE4856L; UCO: —FH; FAME - BEBpBRERES; ILUC: +HbFIBaET i,

3.2.2.2 iiFH

FEIENILEFR, TSz S ERAMNEHIRENAYSE —EMRE, BIELT8.
O+E ZAFEEEHM Stena Bulk AF) %', EMEHEMN —LAE A SIS BB SRR AT
, BIESTER Stena Bulk 28 (Previjak, 2021; Kennedy, 2021), f0a1FHA,
Ebi%f SARATEY 7RIS EEEEXRER, B 2025 FHN R, HFORAT (8iF
MERFEAT ) TN ERRE (Maersk, 2022) .

31 2MEFEYARRLAICAZENRIE : hitps://www.maritime-executive.com/article/ikea-cma-cgm-and-goodshipping-test-biofuels:
https: //Www joc. com/marmme news/maersk trials- blofuel drive-decarbonize 20190620.html; https://www. marmelmk com/news/

quest-for-carbon-neutral-shipping/



RETHF IR B AZERE, BT OR R B AR, SR
RO RIS B . R IS S E A LR LRSS A, BT
B R R B R B AR Z R AR BE L ERIIKTE, HFEEa (ETC,
2020b) .

fErbE, ETAEYIRENEE—ESRRS, TEERSHULMRRARETEER
R R RS ST EE T RASTE—AEMIRE T (USDA, 2020) , E5k
F 2021 £ 10 Bk 7RH0 (2030 ERTRERIETEITEE ) 45551 LR 51 0 ST mIE T AL s
BeSIE Y —, (TSR TR T RES Y, EABE AR EE AR (ESkE,
2021; E¥ReemeR, 2021) .
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4 MNPEETR

4.1 FF A R (R0 R F SCIARIE A b
HYESTZZ AR AR AR

KEEENEUEENEIEZRS (IPCC) F—TRENRHIRS (SEXw 2021: B
ARIFEM) RETTERES, MR 2050 FRITELM SR SR, R AIRE
DIFTEMBRRESAAIN, EERETALIPR IR HRESIE TR FLLE 1.5 C
SEEINAYBMR (IPCC, 2021) . EEREMIEVELREZAIIE, SERHINER 3%,
ISRz R 2050 FREITER, BRI EREF BT A T2 RK .

BINREERESAR SV SIRERTRESA R 2 Y SimFriEs £ T Al a1k
L E 1.5 CBEINABR (Comer, 2021b; Smith et al., 2021) &, FEZERNFAES
NEZARE (BRINE ) MK TITHhHEFES T —FRIIFIs R ZHRGE BRI SS AR RIS
(WET=1),
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Iz,
S 1. ERZIHMEWIRE 2050 FEHMEERNTHMRE

(1) 14 1PEzkmT (2050 FEHHMIZES ) , FEKENEREFHRCSERER
o5, 2 2050 FLI A WREAML.

(2) ZEAEFMIESEZRICIRN 55 MR EPEZR M RIFITFERESFHESINRIT E R
IEEBGEHIMERE SAHIERNTE, LISGRERSSFAREE SRR
FigEHIE T UAEIXFLLE 1.5C RN BEIMAR—E

(3) 22 PExRFEEEBOZEEEEME (XK@ N=ES ), LUEEBEREn]
BERY

(4) BETSE. RENEMERTENNEESzZFIIANT ZHHAGAAEEE (CoZEV)
B, HiEEl 2040 FRIGEFHMFREIAEIZIRSS -

(5) DON “SEITEERE” BRI FEET) 2030 FERZHRIARE 10% BIED,
SEZEWAMBFRAEM A FIEET) 2030 FEFARIARIF 5% HZTHERR .

(6) B REREEZBFRIEATEL T “KEKBLEREN , SEEH—EEITHE
MR EE B LR A BRGR S HEE SSIERRIF—EIERIESS.

Ai/zzz4447444/:c/zzdizzzzdzzzad

XLEFERAZRAE, k2 ERRIBUFAFAEER X T REVSRI TRIANB I IEAIA R LR,
FREEEISFEZGEREENHITER, FRESESRIERRGRT, LSS 3 Hitie
AY SR A G BUSRFOHEH I RIS

B2, MENEATNEEBEREERERKAMCHIEARRS SR, (REHUEH
BRARRFREEESS ANERRHE

offshore-energy. blz/mtertanko backs shippings-net-zero-emissions-path-by-2050/; https://thecvf.org/our- vowce/statements/dhaka

glasgow-declaration-of-the-cvf/; https://www.gov.uk/government/publications/cop-26-clydebank-declaration-for-green-shipping-
corridors/cop-26-clydebank-declaration-for-green-shipping-corridors; https://www.aspeninstitute.org/news/press-release/first-mov-

ers-coalition-2030- commltmentsl https [/www.aspeninstitute. orq/news/oress release/first-movers- coalmon 2030- commltments/

ping- translate to-progress-at-imo



ERdinEiERmEhiet, BEBRDEERARCHNRBEISRIZTHIERAR, TR
BEEMEZAYEEMM, SEFTEAINNDMNESSEBHEMFTEEEMAIEESD, S BIEE—M
REBETRIERERTS R, PRt EE RS E AN EBNAISGT T, 5
AIZEMEL. BAMFE, BOEHMBRARHE NSRRI EARERE. BRI
HHERIFITET 2023 SREH

MFim ek, BTaMFEREEREEERES, AEBUESFRMLE (FFEEER
g ), RIEERK 10 FREISABEZREVAAAIEHRERL R . BT HER
MARDNE LT, RNERESFERCSET T —BEREFEREIEN 22N AR
SN, FER(IBITE T SALFEAIRESENONRAR, FHISTE 2024 FEGIRNER. TS
|, EREEMAARNEEREEERMTARBEN R, B —EERIRELE T
2023 FHfE . £ 2023 £ 2025 FHijE), £202F 10 RIBREEEmEMETRE (am-
monia-ready ) RIFTABRA /K. MWIKIZRE, BITTIERZRE, WNREETEITALL DAL
R ERRFEH T ES IR IAR R, SRR R LR o Fisf)— iR %

FH

4.2 PEISEWVA A= E AR I
AR AT R RTHEARR TS =EE 1 £
STHREZHNEE P AERE ERRETANEIZRSS, RIS EZAN
sofnialitx, BEIEA—NESsiEmAE, PESEX—REFEGESNm. HEEE, T

RO S BT, LARIEMR AR EHIERERE 7 —idmmE, LU RSHEE
BRDERTH, FIHRIRRXEARRTS ZAIRENEIR .

ERTREEEnE, 82 2020 F8Z, FEIZESTWAYERIMMEEIE 50 f2 (£
ERBKINMKRDET ). 2021 F, SRR BTSEATEREN LT TiE
FRERRR AR E T RER MK IR FRIZLS (70KW F1 50-80kW), HA—EKE—HE

33 RS EEITENHE (https://www.regjeringen.no/en/dokumenter/the-governments-action-plan-for-green-shipping/
id2660877/), #5[E 2030 Green ShipK Initiative (https://www.maritime-executive.com/article/south-korea-to-invest-870-million-
developing-eco-friendly-shipping), B4~ Roadmap To Zero Emission from International Shipping (https://www.milit.go.jp/en/
maritime/GHG_roadmap_en.html) F1HAAE] Yanmar Power Technology RIS (https://www.maritime-executive.com/article/
first-high-pressure-hydrogen-fueling-demonstrated-in-japan).
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TIIEIEM 2,100 HBMAIBEM EETIL .

rPENEMR AT AN SIER B A R LA RER @ Ash D AR R SRR A TS EEVS Tt
& (R 30X 4). MRS FEMIPE L) TERRIA ISR RIFE/R AL
MNERABEREEY 7 — 2L, FREEEEMFRERERIIARIMEHET R SR
. B, FEMRMEESDSTESNE, FRRPIHSATIRENTZR .

XA TR T AR REXRER, AEHEENMEINIE ZN BT
TiER. AEROF, RBEsmEbitiRMRRERSR. & REMEGEDEH RN
1%, 2022 F 3 BABNFHE (G857 LA RPEIBIL ) BIRE T RRAFNIURIRTMR
B TEARARSRIAORI AR . *° IXLLERR A TS 2060 SehxRFIERIIEEEHE .

4.3 WA ETTIE R EIGHE, MRRIEZHEING
J22) vy S 1N ELYEL B9V

B R AR Z N BASER IR R =S A, G — KRS 2EER(E
RO FE B N

AT EWXERER, FEBNBEGE 7 i) BEERABIIF/HEYR, 5EE 2030
ERENBEFIAPHBER DI B E1EINE] 1,200GW LA E (1BETEIENZEN=Z) (BFH
Be, 2021) . SitER, HTFSE5BEMTIWERIRKRIXEMNT, tHhBERMESRERE
AABTEIEINRS KA R, USIFEREF. BEAEERAR (IEA, 2021a) *, 2,
A BERRARSEIBSERTERRN T MEBMIIELNTER, HENSREARERZENT
E AR EIEmER Ik, mRBFRAIBES. ask BRI o

; http://wap.eworldship.

36 WInGD. 2021. WIinGD expands engine technology investment with Global Test Centre. December 17. https://www.wingd.
com/en/news-media/press-releases/wingd-expands-engine-technology-investment-with-global-test-centre/; Maersk. 2021. Maersk
partners with China Classification Society on carbon-neutral technologies and standards. September 27. https://www.maersk.com/
news/articles/2021/09/27/maersk-partners-with-china-classification-society.

37 Z@iziaEh . 2021, FEaE ‘IR AREME . http://www.gov.cn/zhengce/zhengeeku/2022-01/21/content_5669662.htm.

38 ERAEXEZNERBERR . 2022. Sk EPEFIL (20212035 5 ). hitps://www.ndrc.gov.cn/xxgk/zcfb/ghwb/202203/
t20220323_1320038.html.

39 NS FERAER T ARSI A0 ORIRBHEIRE . https://www.scmp.com/news/china/science/article/3158005/chi-
nas-sinopec-banks-green-hydrogen-xinjiang-solar-powered-plant




EinslsE, Hin EXEARIERIRRAEIES , RSSO AN
REEIEZE . XAJEENEF N AT BESMENTERR ORI (NBFRE ) elis—
ERARNEOTT. FERUZERABH MRS IER N RS HIARs BRI MR XL
fEHEREAES [ ME NP BESMENTEMREMIA . IEmlfEF R AR, BIERIMERR
R RIS, TalE e ENs A ARRRE2EEIMEFEEH RS HREON AR

4.4 BB ARE— 1 EEH k4, 8
AR EE S EE] xﬁzz—m,nz /NEER
R[IETE

TIC R ESHERAORR MRS 2R, RSB AT HE ST
AR, IR ERE RSk, SRR EEMNE, RAFEEZN= IEHEEEQE
VR . B ARZERFIRYNARZE T B FE KT RS HERUA R BRI T APk, FHrTae
FEITEL T AR,

RPN AZER BRI — 1 A SRR TS R TERAFARBAAISRERE R, ITDRHA
FHERE. SRR RIsR. BREMHERNIRAREEFE, CHRIER—E5AREEY
OSHOAHt B A AN E, BUIAIFIBNASE (TN ). SEREDD (R FE=<IEE ) 3k
EABNEERFENTRAR, REERSFAHALELZREL 7 RIUHER (AMHERuRITHES
EEDI. INEALRARERIEE EEXI Mk EREtx Cll, W 1 Bk ), EBRPERFIAAL
INHIREESI TR, ELURIFMBIR ARSI (Smith et al., 2021) , &
ERUERHAEER, EIENMEPRMEAE 2N BIRSIERAIA, AN EHRZHL
ARk, F RIS SIS I
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S ZREZEBNMHANARELR, IkKEER
I A FEATMERISAR S B

SRR EMAREITL, NESREEREEMEPRINSEN. BbRKMESREE
X, KizmBIHLaR. B39, EREFRIME . —L1 iLHA&z{JﬁE% SHEH AR ER
—MIEMRRAL R, RARASKEEHRAREZER Y, BT "&aMmREE, Falae
VFEAR AR HERAIAEY) R e ol B 1 B Ge AR BT FRRT MR R AR S S T s PRI e 0, (B
H—HHE, WMBIPMA, &FEEHRERA, £ 20 F2REEEREHTUER, XAS
RESAHINERZ Rt AR SEHD 9%, MERETHRIRAS AR 100 £
TR ESREHITNER, RESHRINERSHMBRSERD 15%, (20E 6 Ak,
Lindstad et al., 2020) .

ATFRRRERSEBTINEZRRESA, KoIgitarEshER EESHiE
EURRIE, —ERSATERERRERD EENRETE . A, TIeEEREES
WHFEﬁZ%ﬁ"EEIBT@%QE,,\E’J/%@*[ LEBEARIT LB R SO R e HE R e = = an B A
RESAHEAOMUAESS, Emis BRI ERIEERITRR IR KA R
Ko AL, TFHEBRUKASDDMAEMRIAEINFREMIZENSIET A, ERTEEGE
HIGEEE,

gNRpTiAR, HEIRITH—EMIE RAERNRURASIKIRIRRT K. FIFESKIRRY
RGN ERR, FERZMERE, KILAMBRSRURAS AR LR ] 5
FEFHIEM R IR ERIR TR E T R . RARMKAS RNV LUE RS R,
BESTBERMSFEMR/ TRENMELL, BHPRREFRAES (World Bank,
2021) *, AHEmEEAR (OPEC) £ (HRAAHERE ) hthFx, HFBORASHIKE
AJFFEEtE, 2021 FEBoRUKRASIITREENH. 2021 F£9 B, #MAZSIE ST EE
TXIHBIN 16 BEIEEMRISAIRAAIE THOELUMEE AR R AN DRI« kAT, ZA 77]
—MEpR IR TR RIASNIAR RS, RIBUSRASHINEA (3500 B35t ), HEMmKEET

40 2WHEHRIE: https://cmacgm-group.com/en/launching-cmacgm-jacques-saad%C3%A9-world%27s-first-ultra-large-vessel-pow-
ered-by-Ing.

41 20 B E/RASINBIRAT ICER £ (https://www.alfalaval.com/media/news/2020/new-alfa-laval-purecool-developed-with-
engine-designer-wingd-enables-up-to-50-methane-slip-reduction/), and the Methane Guidance Principle initiative (https:/methane-
guidingprinciples.org);

42 OPEC. 2021. 2021 World Oil Outlook 2045. https://www.opec.org/opec_web/en/publications/340.htm.
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RIS IRBEEEAINIE, IIRIRR R EABESSEMBIIER, LU EARFIS AR
AYRZHEARREARIEE K, BRTEDXI O A RERAIKR .

NE=EBEBMNAEE, RURASNEBL@ENEE, RIPRREIASEARMAM
FHARTBEH—EIIASIRAASAUEREL . Ett, Efrtt AR EROIRUCRAS IR
AIIRFERIIRES - NIKIERE , IRRTEINERY. IMEARY. TisFAIAR, A BERNSME,
LISZHEisiitR, —MENMEBRIFaInE.

43 Thomsen, Jens. 2021. Hapag-t.loyd scraps further LNG retrofitting of vessels: More expensive than expected. Shipping—
Watch. October 1. https:/shippingwatch.com/carriers/Container/article 13330724 .ece.
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TEANRNE, FEHIIERINNERSAIFR .. TEEER LAMFSRIBERTIENRT
WHEZRZ—, BAEEXRRNAIBERREED, UKER EEFITAEL, SEZAIEIK
fiadit. BARIRISER], BINEERMustiMERES SR 7Tk, ErEBEE
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i\

LY

(1) FERTHARAAR B R2EM A (ORIt ERIAIE ORI )
(2) IsRIEZHEMBEBEARIEF SRR A, 7 AWRIEF8E
(3) ERMNRZHRIARIAYE O R0

FRESRETSTES [UXIFRIRE B R o . B95E, XA BT SEIIXR ARLA N £S5 BRBE R
R, BT IEEZMMEIEE . . AARREFREFIER VTSRS .

AT EEKIWAE 2050 FREIFHN, BMTILE A BREEXSAFTEZA
WUARAR, FHE 21 B2 30 FCRIERMPAHITAIURSNE, LUEERZHIRIARE (Smith et
al., 2021) . hEEARHERMIETHZ A LUESRZHISFGAAsERIEAESOEA R DA
ROHIE S, B W% b LR ZHINE SRR A RS E AT
HHIRZHISAAAIAIRERIRIRY, HIURKEBESRIEESD, ¥ ANUR, BEA, FEARER
HipEOERSHmiIRSE 0. EREDE, BENZHRIEEREERBIK, TEER
DN R AZHBAR AT . BN EREENTEmE, XMIAILIRS TERT,
WRILRS T2,

ATEIXLRRR, PEFRH—LIMAIHRFISEIMBIISER, FLiEENAFIE
Pt RHIR R EZ AR RS E=A0EN . SRR, 5 SETNRESHEAEYIEE, FE

IREIROIFDANE, LIGREZE 0] SEtt(FERFAVESHEEAR . LI T2 —ErHEEAEREER
FEINE
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5.1 #IEER T ERREIRYEE SIFFIRETRRY

IR E A

BB IEERIBI B AR IEA R RIARBEARRIAR . FRMEA (RD&D)
AR . RARHBIBIENS TS5 TERRITENS HEXREE, (BRFIENESFARITE
WHX LR TS ZER 2 SRR BlER .

(1) FEREFAA ST EFIEINGE ZESAEXER

EEIER T EMANERMR RV HF S IHIR AR, mEVHR E g0
imESAHIER (BIEREA SR ). BrESRBERARRFINAE 2020 F
AR AN RE, LUENMRZHSARIIER A SRR, LIBREES
R SHER A R o

(2) EFEFIFEIRRAAAREIZER
SR AB A LIRSS SR RIRESIBAN K SA5E, LU
EMESHESAR BRSNS . £ThEERMPMERK (T 11.5 52,
IENRRR 1 B EEE ) | OINEMERENMRAAHERERERNE, BT HERIRERA
FIARAER, AR ERAFFFEIE . EfrESAR BT i
RIFMSFITEIRARMBEE Sk (EEDI. EEXI #0 Cll) , ®IuflErEENEEEMEE
SR ERMEE .

(3) BRRHEETF 2L ARIHLRIRRIRAI AR = SR EINE

PERED. S5, SMREREFDTEREURER . XEMR MRERRIEF TR
SR MENFER. S BNARMSES N BESEMA EERIEE—
. JAe. FEZ. BRI, BRI REHIARIHEEENA, FaetamEEH

REREHRRE AHINE IR RIFXINE LERAH S INBHICREIRT, i)
M IE SRS HERMARIRO R . RERIEAE R FA (ARAMEHES ) (FuelEU

Maritime) Rl AP ERIEMBMEHEE R 2ENERMSE
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5.2 ZiIF— iR O XY KEFRESA
HERUAF EN 73R RRS B IR B

Ao BB XS TR FEZ AR AR AR LR R FE L ZE AR BIRGARHEE S AN R
WS ERRTEEREE , XEIMBERE BT m ST A IHIER RN AR ERNRE
e, DBHRZERMT . FEINE, WMEZ ARSI E D .

(1) MAZBERAN, I XTBIMEHER

hEEEHET —tEIBsI ORISR BT R . XX QIETIREEILE
BIERRIEENAS . BIEMEIRIME | TR EMIRIEAIAASIUAN AR NG / 88
BRIFEAEFENREEESE (Yang, 2020) .

SRRIME LA BERMITEIN, REMBRADSRINAE— T ERTHR, EitE
VEIBINRE, SFLUREHRIARRIR R =SSR S ZAPRIR AR N E LAY
TORIH . XEMBENSMMER ERNEES5E (ERB. B0, AN
FRIZE® ) &1, LIBRES. RARMREL IS Z 2. Neirma, 128
KE, BERNEHISMHEDRSERES TEIRNMGENIE, MarlREEm
NEGRREFERTIm iz, Eit, FEUEETXERARFATE,

(2) IRHEESIFRTHBR EFFIRNAZ ORI &, FELERE BT

[—
ST

R R ZHEBAR N EMIR IE S 2 MIs R e L EIRH E2IE15 . XHHOM
FRMARIRIEET . izt FEFINESR ORI RN B IE# Tl, 88
B NETEEAFNIERAIARTIEES , BBERKIXLMMHTRABIR, XER
WHN S EE= R DN AE RN

FETE, FERRRETSFEMFIEEMNENAE (BEV) BittekERMHND
BHEHESETEXRMNI . XEETBEEMERIEUFRMTEZORAK , BITBER
AURNFTRERI S R E R THImE T AMRAIN A , B bl AETs IS AR 5%
SRERAEFTRA . FItF, BUSBERRLISHSEBAERARH A S OB OR R . B
WEmzcEE, FREFISHEEBIISLHRFINMEENER, BT KRR
ERHImREEENA, FHEREEERESI. EIEM E, FEEFE6E
BN EEEIE g M A BT A B SRR
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BRI BFHEEHIE TWAAEIKFELLE 1.5 CEREAMNBRMRS—H. AT IREESHE
IENRREARIFIFRARRIE &, REfaE PAIER A S EHRMBIRREREME T HE. £
Ziz 2T EHIRR A SRR T EIRRESTHE TN SERESA RN E A —ERY
NE . SRHEEREEISEMISER, AR EEE Bz LIRS, WLE.
ISR 10 FRNERIZEERD .

S AEBIEMAEARKB—MPZHRBARNS S XS, BAEHEEMMEEREIIKERR
=ESREARE D B AE AT RIERS, PR EERSEINEH . BN EMRIE
BRRHAR ERI{TANA I A BRI TR S BN MR R S 5 . NEBNRGHIAER
&, BJBEDRE. YThmiiiakil, aMPEEARR+FREMNEIMESHIMERSE,
MEARIEMIRTERISBS M BERE, SRLUFA— M RISBFIIKBBRLE . REXRS
PAZ R =TI A mBXRERIE, (EAITGERLERVEINEE B, BXASE
B ESRRHED BRI B 2 B S REE

ST HEREMERAAIMMN, XEHRATCHNER MANGIER, TaT ERIAE
BOMEE, PERLUSINRINE SEEBENERENEFRNPZm, RAXERERD
RRABFE LEENERMAI A SR ERURT W . BETHEEEER, RIBUESRERAER, &%
BIEASR. FFRMRBEREARARAIRA, PERLUESRARESD, IIKEMEREL. 8
FIEEMEEEBIREMNE . XEE I TEFRIBERE. ARSI SIRRIF BRI
AREXEE, MXERHNRABEEEERET N EEEEZNEE.



W

= 3

%

Abnett, Kate, et al. 2021. Denmark, U.S. and 12 Other Nations Back Tougher Climate Goal for Shipping. Reuters.
November 3. https://www.reuters.com/business/sustainable-business/denmark-us-12-other-nations-back-
tougher-climate-goal-shipping-2021-11-01/ (2021 4 11 B 18 HifAl ).

ABS. 2021. Hydrogen as Marine Fuel. Sustainability Whitepaper. June.

Adamopoulos, Anastassios. 2021. Shipping Leaders Disagree on Future of LNG in Shipping. Lloyd’s List. May 12.
https://lloydslist. maritimeintelligence.informa.com/LL1136761/Shipping-leaders-disagree-on-future-of-LNG-in-
shipping (2021 4 11 A 1 HAiA ).

Agora Verkehrswende et al. 2018. The Future Cost of Electricity-Based Synthetic Fuels. See https://www.ago-
ra-energiewende.de/fileadmin2/Projekte/2017/SynKost_2050/Agora_SynKost_Study EN_ WEB.pdf (2019 &£ 4 A
18 Hixmial).

Ajdin, Adis. 2021. Stena Gets into the Methanol Retrofit Business. Splash247. October 21. https://splash247.com/
stena-gets-into-the-methanol-retrofit-business/ (2021 & 11 B 17 HiAlal ).

Alfa Laval et al. 2020. Ammonfuel - An Industry View of Ammonia as a Marine Fuel. August.

American Bureau of Shipping (ABS), 2019. Setting the Course to Low Carbon Shipping - 2030 Outlook | 2050 Vi-
sion.

Anderson, Bruce et al. 2015. Study of Emission Control and Energy Efficiency Measures for Ships in the Port Area.
International Maritime Organization (IMO) London, UK. February.

Ash, Nick et al. 2020. Renewable Electricity Requirements to Decarbonize Transport in Europe with Electric Vehi-
cles, Hydrogen and Electrofuels. Report for Transport and Environment.

Bahtic¢, Fatima. 2021. WinGD Engines to Run on Methanol and Ammonia by 2025. Offshore Energy. November 23.
https://www.offshore-energy.biz/wingd-engines-to-run-on-methanol-and-ammonia-by-2025/ (2021 & 11 B 24
Hism ).

Bundesregierung. 2021. Maritime Energiewende Klimaneutral auf See unterwegs. https://www.bundesregierung.
de/breg-de/aktuelles/klimaneutrale-betankung-1964314 [in German] (2021 €& 10 B 14 BifiA) ).

Bureau Veritas. 2021. New IMO Decarbonization Measures: EEXI and Cll. May 3. https://www.bvsolutions-m-o.
com/magazine/understanding-new-imo-decarbonization-measures-eexi-and-cii (2021 £ 11 B 16 HifAl ).

Cerny, Philip. 2021. “All Aboard!” E-Ferry Ellen and the Future of Electric Shipping. Heinrich-Boll-Stiftung Eu-
ropean Union. https://eu.boell.org/en/2021/07/07/all-aboard-e-ferry-ellen-and-future-electric-shipping (2021 £
11 B 10 Hixla ).

Chambers, Sam. 2021. Global Methane Pledge to be Unveiled at COP26 Heaps More Pressure on LNG Fuel Propo-
nents. Splash247. November 2. https://splash247.com/global-methane-pledge-to-be-unveiled-at-cop26-heaps-
more-pressure-on-lng-fuel-proponents/ (2022 & 3 B 15 HifiA ).

Climate Action Tracker. 2021. Glasgow’s 2030 Credibility Gap: Net Zero's Lip Service to Climate Action. https://

ol



92

REHRBR B R EEDR R T E RIS

climateactiontracker.org/publications/glasgows-2030-credibility-gap-net-zeros-lip-service-to-climate-action/
(2021 4 11 B 15 AiFiA) ).

Comer, Bryan. 2021a. Choose Wisely: IMO’s Carbon Intensity Target Could be the Difference Between Rising or
Falling Shipping Emissions This Decade. ICCT blog. https://theicct.org/blog/staff/updated-imo-carbon-intensi-
ty-target-may2021 (2021 4 11 A 16 BifiAl ).

Comer, Bryan. 2021b. Zero-emission Shipping and the Paris Agreement: Why the IMO Needs to Pick a Zero Date
and Set Interim Targets in its Revised GHG Strategy. ICCT blog. https://theicct.org/blog/staff/marine-shipping-
imo-ghg-targets-global-sept21 (2021 £ 12 A 12 Bifia) ).

Comer, Bryan et al. 2022. Decarbonizing Bulk Carriers with Hydrogen Fuel Cells and Wind-assisted Propulsion: a
Modeled Case Study Analysis. https://theicct.org/publication/hydrogen-and-propulsion-ships-jan22/.

Dimitriou, Pavlos and Rahat Javaid. 2020. A Review of Ammonia as Compression Ignition Engine Fuel. Interna-
tional Journal of Hydrogen Energy. https://doi.org/10.1016/j.ijhydene.2019.12.209.

DNV. n.d.-a. Current Price Development Oil and Gas. https://www.dnv.com/maritime/insights/topics/Ing-as-ma-
rine-fuel/current-price-development-oil-and-gas.html (2021 £ 10 B 29 RHifia) ).

DNV. n.d.-b. Alternative Fuels Insight. https://store.veracity.com/alternative-fuels-insight-platform-afi (2021 £ 12
B 30 BifiA) ).

DNV and Maritime Battery Forum, n.d. Alternative Fuels Insight - Battery Statistics. https://store.veracity.com/al-
ternative-fuels-insight-platform-afi (2021 £ 10 B 29 Bifial ).

Dolan, Gregory. 2020. Methanol: Emerging Global energy Markets [PowerPoint], Methanol Institute. 16th Annual
State of the Energy Industry Forum, Washington, DC. January 23.

Doll, Scooter. 2022.  ‘World’s Largest Electric Cruise Ship’ Makes Maiden Voyage in China With a Whopping 7,500
kWh in Battery Power. Electrek. March 31. https://electrek.co/2022/03/31/worlds-largest-electric-cruise-ship-
makes-maiden-voyage-in-china-with-a-whopping-7500-kwh-in-battery-power/ (2022 £ 3 B 31 Hipial ).

Duynslaegher, C. 2011. Experimental and Numerical Study of Ammonia Combustion. http://hdl.handle.
net/2078.1/89103.

Ellis, Johanne. 2020. GreenPilot - Guiding the Way to Low-emission and Fossil-free Operation of Small Vessels.
SSPA Highlights, Issue 67.

Energy Transitions Commission (ETC). 2020a. The First Wave, a Blueprint for Commercial-scale Zero-Emission
Shipping Pilots. Report for the Getting to Zero Coalition. https://www.globalmaritimeforum.org/publications
the-first-wave-a-blueprint-for-commercial-scale-zero-emission-shipping-pilots.

ETC. 2020b. Sectoral Focus: Plastics. https://www.energy-transitions.org/wp-content/uploads/2020/08/
FETC-sectoral-focus-Plastics _final.pdf.

Englert, D. et al. The Role of LNG in the Transition Toward Low- and Zero-Carbon Shipping. World Bank, Washing-
ton DC. https://openknowledge.worldbank.org/handle/10986/35437.

EV100.2021. FX SHER FRERLRE 1.0.
Faber, Jasper. et al. 2020. Fourth IMO GHG Study - Final Report. Delft, CE Delft. July.

Fridell, Erik et al. 2021. Measurements of Emissions to Air from a Marine Engine Fueled by Methanol. Journal of
Marine Science and Application. https://doi.org/10.1007/s11804-020-00150-6.




F&L Asia. 2021. Alfa Laval to Start Large-scale Methanol Testing. March 8. https://www.fuelsandlubes.com/alfa-
laval-to-start-large-scale-methanol-testing/ (2021 €€ 12 A 21 Bifia] ).

Harvey, Fiona. 2021. UN Chief Urges Airlines and Shipping Firms to Do More to Cut Emissions. Guardian. October
14. https://www.theguardian.com/environment/2021/oct/14/un-chief-urges-airlines-and-shipping-firms-to-do-
more-to-cut-emissions (2021 €€ 11 A 18 Bifin) ).

gCaptain. 2021. Interview: WinGD Discusses New Engine Tech to Help Tackle Methane Slip. January 8. https://
gcaptain.com/interview-wingd-discusses-new-tech-to-help-tackle-methane-slip/ (2021 £ 12 B 23 HifiAl ).

Giddey, Sarb. 2020. Next Generation Ammonia Synthesis [PowerPoint]. Nov 19th. AEA 2020 Conference. https://
www.ammoniaenergy.org/paper/introduction-to-next-generation-ammonia-synthesis-panel/.

Gilbert, P. et al. 2018. Assessment of Full Life-cycle Air Emissions of Alternative Shipping Fuels. Journal of Cleaner
Production. https://doi.org/10.1016/].jclepro.2017.10.165.

Global Maritime Forum. 2021. Call to Action For Shipping Decarbonization. https://www.globalmaritimeforum.
org/getting-to-zero-coalition/call-to-action (2021 £ 12 B 17 Hijia) ).

Gould, Tim and Christophe McGlade. 2017. The Environmental Case for Natural Gas. [EA commentary. October
23. https://www.iea.org/commentaries/the-environmental-case-for-natural-gas (2022 & 2 B 23 Hifia] ).

IEA. 2021a. An Energy Sector Roadmap to Carbon Neutrality in China. https://www.iea.org/reports/an-ener-
gy-sector-roadmap-to-carbon-neutrality-in-china.

IEA. 2021b. Global Hydrogen Review 2021. October. https://www.iea.org/reports/global-hydrogen-review-2021.

IPCC. 2021. AR6 Climate Change 2021: The Physical Science Basis — Summary for Policymakers. https://www.
ipcc.ch/report/ar6/wgl/.

Joyce, Mary. n.d. “Developments in U.S. Alternative Fuel Markets” . U.S. Energy Information Administration.
https://www.eia.gov/renewable/alternativefuels/issues_trends/altfuelmarkets.htm#N_1_ (2021 &£1 8B 17 H A
im]).

Kass, Michael D. et al. 2021. Spill Behavior, Detection, and Mitigation for Emerging Nontraditional Marine Fuels.
March. Oak Ridge National Laboratory.

Kennedy, Helena Tavares. 2021. Stena Bulk’s Zero-emission Vessels on Water by 2035, GoodFuels, Tufton’s 100%
Biofuel Voyage and More Maritime Magic. Biofuels Digest. September 26. https://www.biofuelsdigest.com/bdi-
oest/2021/09/26/stena-bulks-zero-emission-vessels-on-water-by-2035-goodfuels-tuftons-100-biofuel-voyage-
and-more-maritime-magic/ (2021 £ 11 B 8 HiAla) ).

Lewis, Alastair C. 2021. Optimising Air Quality Co-benefits in a Hydrogen Economy: a Case for Hydrogen-specific
Standards for NO, Emissions. Environ. Sci.: Atmos., 2021, 1, 201. https://doi.org/10.1039/D1EA00037C.

Lindstad, Elizabeth et al. 2020. Decarbonizing Maritime Transport: The Importance of Engine Technology and
Regulations for LNG to Serve as a Transition Fuel. Sustainability. https://doi.org/10.3390/su12218793.

Lindstad, Elizabeth et al. 2021. Reduction of Maritime GHG Emissions and the Potential Role of E-Fuels. Transport
Research Part D. https://doi.org/10.1016/j.trd.2021.103075.

Lindstrand, Nils. n.d. Unlocking Ammonia’s Potential for Shipping. MAN Energy Solutions website. https://www.
man-es.com/discover/two-stroke-ammonia-engine (2021 & 11 B 24 Bijia) ).

a3



54

REHRBR B R EEDR R T E RIS

Maersk. 2021. Maersk Secures Green E-methanol for the World’s First Container Vessel Operating on Carbon
Neutral Fuel. August 19. https://www.maersk.com/news/articles/2021/08/18/maersk-secures-green-e-methanol
(2021 € 1 B 6 BiAin).

Maersk. 2022. A.P. Moller - Maersk Engages in Strategic Partnerships Across the Globe to Scale Green Methanol
Production by 2025. Press Release. March 10 (2022 2 3 B 15 B 15 1A ). https://www.maersk.com/news/arti-
cles/2022/03/10/maersk-engages-in-strategic-partnerships-to-scale-green-methanol-production.

Malins, Chris. 2018. What Role for Electromethane and Electroammonia Technologies in European Transport’s
Low Carbon Future? Cerulogy report for Transport and Environment. https://www.transportenvironment.org/
wp-content/uploads/2021/07/2018 06_Cerulogy What-role-electromethane-and-electroammonia_June2018.

pdf.

MAN Energy Solutions. 2022. NOx emissions from operation on biofuels - two-stroke engines. TWL.08.2022. 3 A
28H.

Mandel, Ethan. 2021. Norway Approves Grant for World's First Green Ammonia Bunkering Terminal. https://www.
h2bulletin.com/norway-approves-grant-for-worlds-first-green-ammonia-bunkering-terminal/ (2021 &£ 9 B 3 H
1A ).

Manthiram, Arumugam. 2017. An Outlook on Lithium lon Battery Technology, ACS Cent. Sci. 3, 10, 1063-1069.
https://doi.org/10.1021/acscentsci.7b00288.

Mao, Xiaoli, et al. 2020. Refueling Assessment of a Zero-emission Container Corridor Between China and the Unit-
ed States: Could Hydrogen Replace Fossil Fuels? https://theicct.org/publications/zero-emission-container-corri-
dor-hydrogen-2020.

Maritime Executive. 2021. Ammonia-Fueled Engine Conversion Planned by 2023 for OSV. October 8. https://www.
maritime-executive.com/article/ammonia-fueled-engine-conversion-planned-by-2023-for-osv (2021 £ 10 B 12
Bimm ).

Maritime Knowledge Center et al. 2018. Public Final Report - Methanol as an Alternative Maritime Fuel for Ves-
sels.

Martin, Abigail. 2021. A Step Forward for “Green” Methanol and its Potential to Deliver Deep GHG Reductions
in Maritime Shipping. ICCT blog. https://theicct.org/blog/staff/green-methanol-ghg-reductions-marine-sept21
(2021 € 12 B 12 Biji9) ).

Motorship. 2020. MAN ES Targets 2024 for Delivery of First Ammonia Engine. August 14. https://www.motorship.
com/newsl01/alternative-fuels/man-es-targets-2024-for-delivery-of-first-ammonia-engine (2021 &£ 3 B 12 B 5
in] ).

Ocean Hyway Cluster. 2021. Enova Supports 15 Hydrogen Projects in Maritime Transport. September 27. https://
www.oceanhywaycluster.no/news/enova-supports-15-hydrogen-projects-in-maritime-transport (2021 & 11 B
17 Bimim ).

Offshore Energy. 2020. Waterfront Shipping Orders 8 Methanol Dual-fuel Ships from Hyundai Mipo Dockyard. De-
cember 1. https://www.offshore-energy.biz/waterfront-shipping-orders-8-methanol-dual-fuel-ships-from-hyund-
ai-mipo-dockyard/ (2022 4 3 B 22 BiAia)).

Oftedal, Sveinung. 2020. Driving Shipping Decarbonization - The IMO Greenhouse Gas Strategy and Norwegian
Policies and Actions [PowerPoint]. Advancing Shipping Decarbonization in China Webinar. August 18.

OFweek. 2019. (RTHEHHDMKFRAEFNAHNESEI) #%,3 A 22 B . https://nev.ofweek.com/2019-
03/ART-71008-8120-30313741.html (2021 £ 12 B 21 HiAA ).




Pavlenko, Nikita et al. 2020. The Climate Implications of Using LNG as a Marine Fuel. https://theicct.org/publica-
tion/the-climate-implications-of-using-Ing-as-a-marine-fuel/.

Port of Antwerp. 2020. New Milestone in Sustainable Methanol Production in the Port of Antwerp. May 7. https://
newsroom.portofantwerp.com/new-milestone-in-sustainable-methanol-production-in-the-port-of-antwerp
(2021 % 10 B 14 Hi519] ).

Port Technology. 2021. Maersk Invests in Prometheus Fuels to Utilise Electrofuels in Shipping. September 27.
https://www.porttechnology.org/news/maersk-invests-in-prometheus-fuels-to-utilise-electrofuels-in-shipping/
(2021 £ 10 B 14 AR ).

Prevljak, Naida Hakirevic. 2021. Maersk to Ship Bestseller's Products Using Sustainable Biofuel. Offshore Energy.
June 29. https://www.offshore-energy.biz/maersk-to-ship-bestsellers-products-using-sustainable-biofuel/ (2021
F£ 11 8 8 Hipln ).

Rapier, Robert. 2018. Cellulosic Ethanol Falling Far Short Of The Hype. Forbes. February 11. https://www.forbes.
com/sites/rrapier/2018/02/11/cellulosic-ethanol-falling-far-short-of-the-hype/ (2021 £ 11 B 8 Hijlal ).

Royal Institute of Naval Architects (RINA). 2020. Emulsified Methanol as Two-stroke Fuel. https://www.rina.org.
uk/Emulsified_methanol_as_two-stroke_fuel.html (2021 £ 12 B 27 BiAia) ).

Royal Society. 2019. Sustainable Synthetic Carbon Based Fuels for Transport: Policy Briefing. https://royalsociety.
org/-/media/policy/projects/synthetic-fuels/synthetic-fuels-briefing.pdf (2021 & 9 B 27 Hijia) ).

Searle, Stephanie. 2019. Will Someone Please Tell Me if Biofuels are Good or Bad for the Environment? https://
theicct.org/blog/staff/will-someone-please-tell-me-if-biofuels-are-good-or-bad-environment (2021 &£ 10 B 18
Hipinl ).

Shen, Jianlin et al. 2016. Ammonia Deposition in the Neighbourhood of an Intensive Cattle Feedlot in Victoria,
Australia. Sci Rep 6, 32793. https://doi.org/10.1038/srep32793.

Ship & Bunker. 2021. Bunker Holding Backs Green Ammonia Marine Fuel Project in Baltic. June 14. https://
shipandbunker.com/news/emea/523676-bunker-holding-backs-green-ammonia-marine-fuel-project-in-baltic
(2021 £ 10 B 26 HifiA) ).

ShipInsight. 2020. Approval of Methanol Guidelines by IMO Will Release  ‘Pent-up Demand’ for Low Carbon Al-
ternatives. November 9. https://shipinsight.com/articles/approval-of-methanol-guidelines-by-imo-will-release-
pent-up-demand-for-low-carbon-alternatives/ (2021 4 1 B 20 Hifial ).

Siewers, Hans Eivind. 2021. Charging into Tomorrow Today. DNV. March 3. https://www.dnv.com/expert-story/
maritime-impact/Charging-into-tomorrow-today.html (2021 & 11 B 5 HifiA ).

Smith, Tristan, et al. 2021. A Strategy for the Transition to Zero-Emission Shipping - An analysis of Transition Path-
ways, Scenarios, and Levers for Change. Report prepared for the Getting to Zero Coalition. https://www.global-
maritimeforum.org/publications/a-strategy-for-the-transition-to-zero-emission-shipping.

Tu, Kevin Jianjun. 2020. Prospect of a Hydrogen Economy with Chinese Characteristics. Etudes de 'lfri, Ifri. Octo-
ber. https://www.ifri.org/en/publications/etudes-de-lifri/prospects-hydrogen-economy-chinese-characteristics.

UNFCCC. 2021. Glasgow Climate Pact. November 13. https://unfccc.int/documents/310475.

Valeur, Idha Toft. 2021. “Klaveness CEO Expects that the Next MEPC Meeting will Produce ... Nothing” , Ship-
pingWatch. September 28. https://shippingwatch.com/carriers/article13315451.ece (2021 £ 9 B 29 HiAA ).

9



a6

REHRBR B R EEDR R T E RIS

Valin, Hugo et al. 2015. The Land Use Change Impact of Biofuels Consumed in the EU. https://ec.europa.eu/ener-
oy/sites/ener/files/documents/Final Report GLOBIOM publication.pdf.

de Vries, Niels. 2019. Safe and Effective Application of Ammonia as a Marine Fuel. Delft University of Technology
and C-JOB. https://repository.tudelft.nl/islandora/object/uuid:be8cbela-28ec-4bd9-8ad0-648de04649b8?collec-
tion=education.

Wang, Shanshan et al. 2015. Atmospheric Ammonia and its Impacts on Regional Air Quality Over the Megacity of
Shanghai, China. Sci Rep 5, 15842. https://doi.org/10.1038/srep15842.

Wittels, Jack. 2021. Maersk Makes $1.4 Billion Green Bet on Methanol-Fueled Ships. Bloomberg. August 24.
https://www.bloomberg.com/news/articles/2021-08-24/maersk-makes-1-4-billion-green-bet-on-methanol-pow-
ered-ships (2021 £ 10 B 27 Bl ).

World Bank. 2021. Reduction of GHG Emissions from Ships. The Potential of Zero-carbon Bunker Fuels in Devel-
oping Countries and the Role of LNG in the Transition Toward Low- and Zero-carbon Shipping. MEPC/77/7/19.
September 17.

Wartsila. 2020. Industry Celebrates Five-year Anniversary of World’s First Methanol-powered Commercial Vessel.
Trade press release. https://www.wartsila.com/media/news/14-04-2020-industry-celebrates-five-year-anniversa-
ry-of-world-s-first-methanol-powered-commercial-vessel-2684363 (2022 4 3 B 22 Bifia)).

Wartsila. 2021. Wartsila Launches Major tTest Programme Towards Carbon-free Solutions with Hydrogen and
Ammonia. Trade press release. July 14. https://www.wartsila.com/media/news/14-07-2021-wartsila-launches-
maijor-test-programme-towards-carbon-free-solutions-with-hydrogen-and-ammonia-2948017 (2022 &£ 3 B 22
B ).

Yang, Rui. 2020. Research on the Application of New Energy Pure Battery Powered Ships in the Yangtze River
[PowerPoint]. Advancing Shipping Decarbonization in China Webinar. September 16.

Yeh, Sonia et al. 2011. Evaluation of Water Use for Bioenergy at Different Scales. Biofuels, Bioproducts and Biore-
fining, 5, 361-374. http://doi.org/10.1002/bbb.308.

Zhao, Kai. 2019. A Brief Review of China’s Methanol Vehicle Pilot and Policy. Methanol Institute. March 20. https://
www.methanol.org/wp-content/uploads/2019/03/A-Brief-Review-of-Chinas-Methanol-Vehicle-Pilot-and-Policy-
20-March-2019.pdf.

Zhou, Yuanrong, et al. 2020. The Potential of Liquid Biofuels in Reducing Ship Emissions. https://theicct.org/pub-
lication/the-potential-of-liquid-biofuels-in-reducing-ship-emissions/.

EYIREENIER . 2021, BORIE Toh /5 SRENHEEYIRBEB NI . 10 B 28 B . http://www.chinapower.com.cn/tan-
zhonghe/dongtai/2021-11-03/112778.html (2021 & 12 B 24 BiAi0) ).

E &0t . 2021, EERxTFEIR 2030 FaiiiEiTen A E=MEA . 10 B 24 H . http://www.gov.cn/zhengce/con-
tent/2021-10/26/content_5644984.htm (2021 &£ 12 B 24 HiAiA) ).







BRREAM

oht: PEHCREHEMRA=IRLE 38 SHERERIAE 1706
Hk4m: 100026

E3i%: +86 (10) 5927-0688

f£H: +86 (10) 5927-0699

NRDC

ysejdsun uo Jebpip) ssny Ag 010Ud

www.nrdc.cn

2022.09




