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AMEET. R—F L — 20O L5 AARMMADOYR 22 FERFE T4 H1E
SO COHIBO-ODaxX "VEFELHE] OFER2LVELEDELDOTT,

SRR AR 2> D D COLHITE T R IZ DWW CILE R FER (IMO) 1B\ Cigam 23
ENTELETH, COHIBEDBED D2 W IZhEN LHEOREICE L TXELEER
DEFEICHY, o0 BEREORFEZITA5%OIHANE TR ORI H 72> Tk
SRS AA 2R CHIRATRE 72 COME L T O RBEMA L OBBEMNEEIZ/R > THEY £7,

B RO EIZESCEENIT O OO, ZDFH IOV TIT R AR ~f5 5 S
NIEREHICER - AOE O REHET L LR ET, 2T COZHIBT D854,
BUZERMICHIREZH VIR O TIER <, BAMHIBEZBRF L, 2R 25 B/
ZRHIERT R 2 TS 2 2 ENBETT, AL I D CODHIICIHE VT
b, EEEWEFEERE (IMO) CTHEmMPED LN TNDEZATT N, CODHIRE T %
BEZXDHDOTERL, EOXIREANFIERS Y, ZOHIBHERRZNIZE) 2 X b &
HMELES Z CilmaED D Z ENMEBREICE > T, REAEETHY, IMO TO
mm A ED D ) XA CREREELFOERDO DT,

Fo. 2R COHIMETREE X LM, BHESLARMEARD LD EZE M O
BB, MOREZEICH L TR A0S 2 FBH R2AMTBEEOHIRAESCE N2 "+ 2 &
b, COHIBTRICET 2 A FriEimz D DRl L L TRERZ LT,

ZTZTHMHTIE, WEDRTAOHIHELHBTL20ICE ST LIE&EMERT —>2oD
FBETHHRAEIEEHA (MAC : Marginal Abatement Cost) (2% H L. ZMiifEEIC
BiF5H COHIEELT-Y OEMORE - 21T, B2 ER RS LIt
ECHEE Lot &, HIEREELOZEOKRE HICHE L THERFTZITV., BE
BHEHONFEMEZARE LIZAIBOKRERESL 2 WITEERE LToEm LEELRET
LI EABRE LT, AEELHBLELL,

AREFE L, BEFEREN D MAC OFFEFIESCHA O CO-HIHEx R % 4 L TR
L., A%EE S DM~ OB E T 08 A K OGEM G ESE ORI R &2 B L. 5
BUARAR O R B MM - AT LI MAC 2 HET 27T Y R AEMBLELE, X
512, IMO IZ Xk 5 #453E [Second IMO Greenhouse Gas Study 2009] DERKICE ML .
AIZET 2HETHOLNEEEZH 574 T o # D CE Delft thicF » D& x 70 E N



AROBEFEELBME R E O BEFEZ O ONMFMAEKBELE L, ZhbORREZ I,
RS E s CE H ik (MAC 7 — 7 : Marginal Abatement Cost Cureve) % {ERK L. 4+
i E 2R OBAITRE 2R A L T, thoEHE L ORI EZITVE LT,
WAREIZIL, Sl EMEMMMOREICMED Lo RICBIT 5 MAC I —7 D4k -
MEt21To & &b, thomEE & O kE Lo KB CO.RBANK & D MAC 1—7
Obig, EIZ Lot E, HIEAMREELOCEOKR T A ML THBBREFEZITV., o
FEXLFEREOCABLAME L LEHIBBEEICOWTHFT 2 TiETT,

AMEZEDDICHEVELTL, BEEREO T ANLEZDODIH I NWEE
FLEZEICEHPLESEST, 2, IMO OBHFEREER#EZES (MEPC) 280V
T, W= ADEBEAL T A B RICET 2 @m I Mb> T HHMEDO -ATH Y,
[Second IMO Greenhouse Gas Study 2009 O EHEREZFDO - ANThHDHA T 4% CE
Delft = Jasper Faber ti L/ L HEEHAL T EBERZWELEEZELAEZ L CLMNLELSED
tLER L P ET,
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1 BRABHEIRE RSN iEE
1.1 REHHAUREREE

St DIRE IR AT AP HHIES KR OREHZH 720 . BRFPEHHIEE M (Marginal
Abatement Cost : MAC) IR Z LD TERWHED D TH 5, RIFAHEHHIJE
M EITIR BN R AT A 2B 1 BALHIE T 2 O Ic BB (Bl 213X CO:D5E 1
PR R ZBINAIZ COHMBE T FUHIBT 2 DICKHELREN) THY . WEHRT A
HIEOH SR DR E 72 R 2 RAEO —o>Th D, 4. BIERANL R HK NS IE
WOBAZH > TWSRMEZEZXDE, 2D OXEORFPEHEIEEHIX., 2E0
TRIR A AR E N 2 < 7o 72 2103 ElEE 3 2 dh R E 72 1 BE Bk o s A <
s, ZORENICHEERR R Thhs, 20X )72, JeiflEE s RAE O
R RIS R L7e © OB FRAEIEE Hii# (Marginal Abatement Cost Curve :
MAC 7 —7 LIES) ThHhdH, MACH—7I2X 0 IR=EHRETAIPHICH L TH D —
iE D CO:likg (RL/t-CO:2) Zifd & O AR R A AP HIBOS R (RFERL, HEH
BHGIE) 2RI 52 LIk VERSN I HPFHBIREDO ®EEN DN D

MAC 51— 7 O #A R REIC SO W TK 1-1 12T, & DRI L 2Pl Hix
e LCTRDEZIMDZEbH DM, ZIUEx RO EMIZ LV XK FEME (RrE o @ A,
®EFS LAIER, 22 E%E T RAJEHHIRE N OERIC L D) (6] I TREH
WEORBERFTONDL I LERT, 52 FTHRL, SEHAIBEM O EA R TRE S
BENRAEOZBIC LY RES LD D, HEH 1{EH THH 2,000 5 HOE = 1 fEl4E
B O TR OPEHAE I, REFEREZ SELBELZLEIXT 72 (Al
EBRMEG A ERD) THLIN 10FE LESGAITHICYAFTRERD,
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MAC #— 73 E OB AR T v v L, BABKRORAY V2 —L, B4
T A =25 Z<OERICE>TELI 2, —RUIZT Y =7 FOREFH
WAL 72D XKk 2BbsEd L, MAC »—7 3 EFHICBET 5, BED
R AYEHHNRIZBE 32 MAC I —7 OHFaE, TD XS R7 A—=20f & L Cidxf
RE AN O A Al KT, &R B, BIEIE0 EF | BEREREREE D
FRENZET oD, Zho EHORBICELSHEZITOHSG MAC I —7 X T HICR
B35, i, MRICK > TEMRL D D2HHANEICEAT 2ATEAZ A28 S E 561
MAC /1 — 73R F i+ 5,

1.2 EARAMGHEEAE

KA TORFPEHAN = 2 s ORARM 2B H FEE, l#x Ot REic X 58
B L= (REEEMEH ., MEICL v BLNAEE REENE) of) %
PEHHIRE TR D2 Z LI LV RO O D, T 2 TEANT D HM O K OV 5K F
BRHIIEBFE DS, BUEMERE T 20BN H D5, ZACk L ORELR Y
ZPEHEREIZOWTIEZ DO L 2 BB 21Th720v, BEMIZIETRO L 212179,

MAC, . = —(Z,-Nli%,,-,t) (1)
’ 2020 yr=n
2. X ER,,
ye=2008 yr=1
27T
MACte: : fFE-7 7 A te IZBWTE A I = HITF t o[RS HEH HEE H (MAC)
ye HEEE (Z 2 TUE 2008 FE 0 5 2020 4FE & AHE)
ERtct : BRFE « 7 7 A te IR W TE A I 72 85T t o HEH EIE &
yr Mt (B 2 20 FE &2 HHE)

NPVicit:  #HE - 7 T 2 te DM 1123 5 Hiv ¢ 12 K 2 Pk HlEE A o =ik E
7 fiffi AL

NPV IZIEBEB/EME (net present value) TH Y. FiDO X HIICEHT 5,

1 1 )
NPVtc,i,t = yc—2008 (Ci,yc _Bi,yc)+"'+ Yo+ X —2008 (Ci,yc+X _Bl’chrX) (2)
1+7) 1+r)

B;,=FC,xEC;,,-OPEX,, , (3)
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Ciy DBt IER T D MM 1 OXPRERE T (FE 3 R N RTE OMIEE
o A h)

Biy DB ISR S A 1 O 4R

ye D RIS

X D AR

FCy Dy A O BREH S

ECivt. D YO I =R — B HI R

OPEXity: vy HEOHEM t ICOEKT = 7 a X b GRFIZE = X Ei 086 HKFE
g H % LR 5720, ~A4 F ADOEEZED)

1.3 AFAEDOEKHIRE

APFETIZ, EFFELEE Y MAC OEARBEZE X H 2B L, RO THEICK T D
MAC OB Z1T95, MAC B HIZH 7= > Tk, FE%Z 2020 F &<, dRIE, Hilr
A5k SRIZ B L TR BIAE (2008 4E L 36<) 70D 2020 4F F TICRE S AL/ L L. i
it b oD ek SR (OEMIAT) ICB L CTUid 2020 SR IC B 2 B a R LT 5, (ThbbH,
2008 fEIF L COMEMFMITH T DL b7 0w bIRITHLR L LARWV,)

HEFHIZ Y 7= > TIXATREZR R W Second IMO Greenhouse Gas Study 2009 (LA F Tl
Second IMO GHG Study 2009 £ 721X IMO A ¥ 7 4 L3 ,) @ IPCCA1B v+ U A
TOHEFHZHEI U, F 728k HATECS KBTI > W TIE A ARBUF o MEPC 2 H 30

(60/4/36 : LL'F MEPC (&) ([ZH#HEHRT 5,



2 BESFITETIRAHLAIMIRN—TICETLIXHAE
FEONEEBEEDN . BIESFICE T D CO. Ml o B #F HH R
(Marginal Abatement Cost Curve:il@F s MAC 7 —7) OHHEZIT> TV H N, K&
TIXLLT 4 FEOCMAZFTICE W TS TR Y | MiES % 0 MAC h— 7 5 il
PREFTHZL Z LD, TRHEEBAKRL TV IR FEEZLE2—F 2, I
&7 D CERIZ DWW T FREICR T,
Second IMO GHG Study 2009 (IMO, 2009)
Prevention Of Air Pollution From Ships: Updated Marginal Abatement Cost
Curves for shipping[MEPC60/INF.19] (DNV, 2010)
Reduction Of GHG Emissions From Ships,Marginal abatement costs and
cost-effectiveness of energy-efficiency measures [MEPC61/INF.18] (IMarEST,2010)
Technical support for European action to reducing Greenhouse Gas Emissions

from international maritime transport (CE Delft, 2009)

2.1 Second IMO GHG Study 2009
Z Z Tlx. Second IMO GHG Study 2009 (2010 4F 3 H317) IcB#Esn T3
MAC 1 —7 OHEH FiEZEET 5,

211 MAC h—J&H B A%
MERNLGERA

W8 (social perspective) ZE:A L., #HARE N GHG HIIC EN7E T 0=
2 FRBENERT O TH D, BHSHTa A MIMENERT 2 GHG 4k 5
~OMBEEEZRBL T DEbITTIERVWE LTV,

2020 EHF OB E O AHENE (HIBART v v L) 2RI L THBY | HEilfoE ki
KT D EEMDOHIKIEITBRE L TR,

Flo, T AWEFRBRMROLZG L LTHEY, HIBART v v VIEARCHT
BHLZEIV S EWARELRD D,

(QBENTA—FDEEEH
a. finfif ¥k

IMO 2353 L T\ 5 2007 DO Mfin% (IMO fleet inventory) & 2020 4 d s fil
(IMO prediction A1B >+ U ) ZHWT, LA FD 4 DORE % {E\T 2008~2020
BE TOMMEAEHZ LTV D,

2007 FITITFEMMDO B AN L

2007~2020 £ £ TRk Z & O EFIIRIB I H D



- o Fa L 30 4
2007 FE DM SOV T, fihlin 1 25 1/30, 2 £728 1/30,
IZEL L TWD (BB 2 % — S RET D)
T o#HHRNT TRXoEBY THY . hohEmiriRE s LMichsZ &L
2%,
HEM OB =X FE D&M — (X—
MAC # — 7 HH ORI
L

R R S

1) 4E DA% — 1/30%2007 4 O 2R
. OFEEE YA X A2 EE L CH3MICHE LI ETHo
IZMACZ#HHLTWS, BEERMRMOSEIZITEOLEEBY TH D,

=2-1 MD7%E (53 1)

B 4R B Y4X
CrudeTanker 200,000+ dwt General cargo 10,000+ dwt
CrudeTanker 120 —199,999 dwt General cargo 5,000-9,999 dwt
CrudeTanker 80 -119,999 dwt General cargo —4,999 dwt
CrudeTanker 60 —79,999 dwt General cargo 10,000+ dwt, 100+ TEU
CrudeTanker 10 —59,999 dwt General cargo 5,000-9,999 dwt, 100+ TEU
CrudeTanker —9,999 dwt General cargo -4,999 dwt, 100+ TEU
ProductsTanker 60,000+ dwt Other dry bulk carrier Reefer
ProductsTanker 20 59,999 dwt Other dry bulk carrier Special
ProductsTanker 10 -19,999 dwt Unitized container vessel 8,000+ teu
ProductsTanker 5 -9,999 dwt Unitized container vessel |5 =7,999 teu
ProductsTanker -4,999 dwt Unitized container vessel [3 -4,999 teu
ChemicalTanker 20,000+ dwt Unitized container vessel |2 -2,999 teu
ChemicalTanker 10 19,999 dwt Unitized container vessel |1 —1,999 teu
ChemicalTanker 5 -9,999 dwt Unitized container vessel |-999 teu
ChemicalTanker —4,999 dwt Unitized vehicle carrier 4,000+ ceu
LPGTanker 50,000+ cbm Unitized vehicle carrier —3,999 ceu
LPGTanker —49,999 cbm Ro—Ro vessel 2,000+ Im
LNGTanker 200,000+ cbm Ro—Ro vessel —1,999 Im
LNGTanker —199,999 cbm Ferry Pax Only, 25kn+
Other tanker Other Ferry Pax Only, <25kn
Bulk carrier 200,000+ dwt Ferry RoPax, 25kn+
Bulk carrier 100 —199,999 dwt Ferry RoPax, <25kn
Bulk carrier 60 —99,999 dwt Cruise _ship 100,000+ gt
Bulk carrier 35 -59,999 dwt Cruise ship 60-99,999 ot
Bulk carrier 10 —34,999 dwt Cruise ship 10-59,999 gt
Bulk carrier —9,999 dwt Cruise ship 2-9,999 gt

Cruise ship -1,999 gt
(8 : Second IMO GHG Study 2009)

b. COHIEMB LR+

CO:HIJBR R Z &
M (EE= 2 ~) LEMRE IS

W2 COHIART vy ax NEEHT 5,
ST TEZTND,

c. IHIREARMEDEREKEFRDEZRA

W E =1 A b &t R/
RKuEH&[E) L, NPVZEHELTWD,
Flo. KM L 2 D6 R B ITRD XKD

R, 10~30 K0 1% 10 4Ef . 30 LA EiX 30 4EfTH 5,
S mOFM (EITREHEE) X, TEOLIITAALF T (2008) 25 %L LT

(lifetime of a measure)

quﬁ LTW3

(233 < SIS oy

= S N

o XRFA 10 FARIE X
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BE, NVFZICT =2 R Bl S TOROHRICONW TR, EMRICIVRE SN

TWa5,

x2-2 WEBOHIEKRT L vIL - BUREARE - xR Fa

(8 : Second IMO GHG Study 2009)

d. CO.#¥HE

CO:HEtHED X—2F 4 L LT, Second IMO GHG Study 2009 (25T 5 kT
WOIERr—2D1>TH25H IPCCAIB > 7 U A (S v & I o IR =850 F2 4 A gk
2% 2020 £ 12560Mt-CO. &) 28 H L T\ 5,

e. BAH &
fn B EE (Bunker fuel) Offiks % US500 KL/ b EREL TW5H,

f. &5l
HERIF R (social interest rate) & U TK[E & BERIN D 10 4§ B [EfE D = 5 4F 0
ERFIE D 23 83~5% ThH DI EMNHLRNIGIRITA%ITHREL TWVD,

g. CO. Hligxt &

COHIJRIHKE LT 26 MREXNRIZLTWD, MR/ EHINLAMMME LT, &
A, BRI 2 BBEAEL, 26 IR AEKKD 10 7V —T 2T Tnd, J—
THORRIIFERFICERm SN D Z LiERn,



#& 2-3 COAHlEx%k—%

(8 : Second IMO GHG Study 2009)

h. COHIBREREDERAA

BB R R 38 /T RE R MR 1T 2 TR RN E KT 5 LBET D08, ik o i
[CERARERSR . L Fr 7 ¢y FBAARASRIIKNL TS, (EXRZ]R) I 61T,
Lher 7y MIXREFEMBESNTEMBLYRVESIZOAREATLELTND,



Q)BERMITOBERA
CO- AR & L CROEMATEZIT 72 L & D MAC OFEHITLL F OB X HIZHI - T
W5,
PO MATIZ K D[Rl — B PN O i ok 5 D I8l 2 B i O & CTHTEE - 5 7o S E T
45 EBELTND,
—METCVOHEE R LT L, FROEEMMEEBR T2 2 LI ko T, #iATHE
EOZFRIZHATHELTND,
VEZREMREROHEMEIL, 1/ (1-BEE) THhEZR2ELTWVD,
W = 2 MRS R N ) G = X MREOEMATIC K D HTIEMRT 4y O M
ELTWV5,
g o Hi1X UNCTAD(2008) Review of Maritime Transport @ 2007 5 — # |2
KON, FEORMR (V—~rva vy Z7aiOoFRHIcoE) & EHEr L,
MIERE 0T 2 CTREL TWD,
ETOMBEDOEM A MI 1 H%S7ZY 6,000~8,000 KL/ EDMIZEE, 7272 L,
7 V=X, 7 = U —, RO-ROfit, HBYHEMRMIEHRE L TWH 7220,
10%BHRIZ L TR SN RIIU T LB THD, Lo X oIz, FHHEEE
ZAFELZBEL TWRVWO T, RTFBRHEIFBRLEBEZLOND,

T2-4 10%EFMITOEBEDIRMLEIFART O ¥IL

Bl RX R (FIL/t-CO2) BB ART vl
16 5 #£ 51 St Mt-CO. Hll B ZE %
80 135 98.7 7.9%

(8 : Second IMO GHG Study 2009)



212 MACH—JEHHKER
2020 FEITBITH MAC h—T%%EK 7 L—7 (10 v —7F) RBHUZEH L TW5,

2-1 MACH—TEH#HR
(HH# : Second IMO GHG Study 2009)



2.2 DNV 3@k

Det Norske Veristas (DNV) “Prevention Of Air Pollution From Ships: Updated
Marginal Abatement Cost Curves for shipping” [MEPC60/INF.19] (2010 4 1 A ¥
I7) IS TnWd MAC T — 7 OR M GIEEBET 5,

221 MACh—J&EH A
MERHGERA
—FIITBORAEIE, HHERNOXEOLZDIC MAC I —7 2K L TWV5, filx
DD BB L TAIIR O MAC  — 7 2 E#SR TRV ELTWD,
F 7. 2020 . 2030 FRFHOHIHAT ¥ L2 RBLL TV 5D,

(QDBFBINSGA—ADHRESEH
a. A

R LT AHMARIE, 2007 AERF AT RO 6 HETH D, EFERITIZ 100GT LL LD
AL 68 H AN, ZD I bV —E M - i ER< 59 MABEEL T 5,
KRN DN T, 2080 4F L TIZ 8 H~10 FEZTHINT 2 LT L THF 21T~
THBY, #HHEICEKRES TV AICLVEEZFZE TV D,
HEFHDOBEDON—2F 4 U ROMEDO ST, IMO 2 X F 4 #ICLTW5, ks
DEFEFRIZTIPCCAIBYF IV AR B2YFT U AEZBBL TS, (7 U —FOpkER
DREEFET OO TIEHFEM AR FLIR A 22 Wy AR RIER S — U Z 38 e RN 720 &

HiE,)
%x2-5 HEEOREIFTVA (Mt-C0.)
R—R53/(4> A1B oF1)# B2 oFx
2007 2020 2030 2020 2030
BEERAKHELE 1,046 1,443 1,962 1,283 1,574

({14 : PREVENTION OF AIR POLLUTION FROM SHIPS Updated Marginal Abatement
Cost Curves for shipping submitted by Norway[MEPC60/INF.19])

T/, HHHTETZLIFEOLHMBEIIB O TEHL CWAMME L2k oic, #
MR LW (O fRCER) 2L 0D, R4, 2007~2012 Fi225W\T
VTR O W RICR 2 e U 4%, 2012~2030 4EIC OV TIE 3% EHEL TV 5,

F72.ETAOPTT Y — PNOEESE (YOB) 77— 284 L TRREL TV D,
(%7272 L. DNV 78 IMO T¥ % L7 MEPC60/INF.19 TiZHGE S TW\7a,)



b. CO-HIEzsE L IR b
1 DOMIZEBNT, FHHRMBZOMBEEZRET D LREL T, MEXIRD

2, COHIEART vy axbzRl B LTS, REOBRICIZTRIZET 55
EEELTND

HEH EoME W, W EICH 2 B8, SFS R e HEEE) ) %)

2010, 2020, 2030 FIZFB1F 54 COHIE XK OHIR AT v > v v

2010, 2020, 2030 BT D% COHIWRROEAL L OEH = A b

CO . Bl E 3R D A

CO. HIl B %t 3R 0 3& FH 77 iy

c. IR EIR MR EAKRFMDERA

WA AN (GREF. BRES) CEMAo AN (MERR, FIBE, WAL 2HE L,
KRR DT I N7 EH FH 1y (operational lifetime) & %R DOMEEFH @M (expected
lifetime) ® 95 H D, KV EWHIH A EHHE LTa XA ME2RELTWD, 2Lk,
UA27 7Y —%55 (risk-free discounted rate) 5% CHIEMIEICHE ., Zh % EH
WM CEl-> TEMaARE LTS,

SR mEOFMIL, IMO AZ T 4 KOEMFOHBICLYFEEL WD,

BRlz, IR, BEBIs o e a2 hoxtkiL, “— &% B (General improvement)”
ELTHIEA SR D —2i2mzTnd, (=X—AT7 4 rok#EERT, BFBRHX Tk
1L 2010, 2020, 2030 [ZZNEH 5, 8, 10%)

d. CO.#iHE

RIS O COHEH BEDOHEZ OBICHWAR—2F 4 L LT, IPCC ® A1B
FTUA (k) &£ B2 YU A (Ko bskE) © 28EO TV A% AW
TWa,

e. MHE
BB IIBRBIE S LI FROLIICHEL TN D,
MDO 500 KL/ k>
HFO 350 K/ kv
LNG 450 K/ kv
(LNG ® 7, 2030 (2 350 KL/ b v Efhx @b 45 &k 9 &R iE)

f. 5| (annual risk-free rate)
AR D K 512, BB I B%ICREL TW5DH,



g. COHIExt &
COHIPxIHKE LTTFRICET D 25 (EEZHFBELTWDH, ROBEHOBEIZIX,
M. FrnAn. ERTMRMO SEEAMEEL TWD,

& 2-6 COHIBXER—FE (25 %K)

({18 : Prevention Of Air Pollution From Ships Updated Marginal
Abatement Cost Curves for shipping submitted by
Norway[MEPC60/INF.19])

(D)BEM T DEZH
WOEATAT IR, 7 U — NHOINC & 2 VR T R AR 1S & B W D o 00 i
EEELTODLRBMENTVDR, FMIIFHTHS.

(OMAC h—J8EHK
DNV 23 L CHR L TV A LU F O X & T, CATCH Z& i L, (CATCH, fe)
ERETOMBE. 2TOXMRIZONTTry NLTWAHED ETFHERIND, ERBITIEL,
A RNPOLHERESEHIAT Yy VTCRAET L HikE Lo TS, 7272 L, KX
RN TIEEHRICHOWTE RN 2,
BHRIZLU T LB TH D,
CATCH= (AC—AB) /AE
AE: xR FEHEANCLD T4 744 5 COZAMlIH&E[tCO:-eq]
AC: BXKRFIEDT A 7 X4 L8N EMH =2 X F[USD]
AB: xR FIEGEANICELD T4 7 X A4 2R F ML [USD]



HDHWIE, I EZEBBICAND E, RO X O D,

In principle, a detailed MAC curve for a reference year could now be plotied using the
CATCH'ms,vos and Ae” mgyom values directly. However, in this study the CATCH values are
averaged over all YOB;

z (AC;:.:J'OB - M;,r,}'ﬂk) ACT —~ AR

+ o Fod=2010
CATCH],, = — e 3)
L ! Z AEM.JIJ"OB e
¥OU=2010

where

CATCH ;.5 is the marginal cost of measure m, applied to ship segment s, averaged
over all YOB, for ships sailing in year » [USD/t COy-eq].

AC msvon is the lifetime cost of measure i, applied to ship segment 5, built in year
YOB, for ships sailing in reference yearr [USD).

AB nsvon is the lifetime benefit of measure m, applied to ship segment s, built in
year YOB, for ships sailing in reference year » [USD].

A msvoB is the annual emission reduction from measure /m in segment s, built in
year YOB, for ships sailing in reference year r [t COz-eq/year]

A s is the annual emission reduction from measure m in segment s, for ships

sailing in reference year r [t COp-cq/year]

2-2 MACH—TEHRK
(H 8 : Future Cost Scenarios For Reduction Of Ship CO. Emissions,DNV Eide f,2010)



2Z F TIZ, DNV RJIFRLTHREL TS MAC I — 7 OERFIRZBHE T 5,

KO IE RO IE 715D MEPC60/INF.19 L IXR 25 MO b R DAREMD B 5,

i=2010~2030FEDEEIZDT

T AR w5 AURR
— RO fafAZLIE N
(i-14) (i4F)

T AR
1t 5 D ARAAE
(%)

\IMORAT 12009% S8, 5 Ak (Mot - A X) LZ DHFMELZ TR (IMOR
AT 46815 A RH, 100GTELE ., H—E XM, BMERRGIET AV ERER
L£5%)

+2009~2029D 5458, MEEDIER., MHMELHI<ICHTE
“ETILOFTIY—FRORESE (YOB) T—2% R
FEREBHITOVTEI VLY TR ISAID T RIEERA. &
B /OML RN DERE

5 AR
EfmIoo4—IL
(i%F)

\IMORAT (2009%B 1. 5 AV MEDBMTOI4—ILE T, 20305 F
TEILELLETE

B ARRI
R—R5/CO24EHE
(i)

\IMORAT 120092518, HEHifr¥ &R A

CBERMAT ISR FED—DELTLMEB LGN (R—R[ZEEFHLY)
~I\VO TSR OFR ESHRELT, BRI —FFEHITH LT, 20105
FE MR T5%. 20204 T8%. 20304 T10% %48 E

EXMEFERICSHT SR, FAE.,
HHEHHE (5)

R—ZSAVHEE. £aRL, FlE.
BHEDORE (5F)

SEEFERELTIE, Hifiaoxt s, ER LOXE. RERE BHR. EEE
EDAEHE. 250K T avERE
HEEADNREHFEDRITHLUIE. BEDMMIH T 5EZSE
DEY A& HET—HRIE (generalization)
+2010~2030F D5FE T &I, BRI RFED IR - HFHAIFEZIR (AE
m,s) ZEERE (mIEREFE, slEET AH)
+2010~2030FE DSET &I, EXRRFEDHRE EAIARXNEERTE
BRARFEOTIHEARL . EREREEE
EBREFEDEET AV~ DBEICATRENE . BAR (%) EHE
BRI R DEREHT-YEAIRNMICATCHER TRY

CATCH=(AC—AB)./ AE

AE: &5 ERFERBAIZLDTM 794 LCO2E( AR E[tCO2-eq]

AC: BERHRFEDSAI94 LBA ERIRRUSD]

AB: BEREFEBAIZLDTA T34 LigF{EHRUSD]
SATIALEFEDIR L, BHEFERITEIZIE5%TEYERL
- BRFMEAR (X EH350USD/t, E%5H500USD/t, KEKH R450USD/tIZERTE . &
JHERHE2030F TREE . RAH RIL350USD/AFETE T T HEHRTE
KETHEDRENRADEED RILFTEIFBASH TIEAEL, RERICIET
—MEXRICKDFEMITIDEENRTLID, TNICLDMDAE~DFE

ZEESBFEZTVDM BTSN TLAEL,

Sl &£ TOMACH—T¥ERL

EDFLRILUTOR—SFIILaARMDEREDE
R, EE

i=2010~2030FDHHEL FA

- STl R R EFrE 2R TE (2010, 2030) L. MACH—TZ{ERL T B
R—RERDDFRFHAEARED ., ¥ -m, £F A bs. BEEYOBED
CATCHTH2 M. MACH—IEHKIRIZIEREK 2T AV MEIZRBEED
CATCHZ L= DZERALD

*MACH—T BRIZEMTE T AVRBEMTER T —F THIERATAETH S
M, ST, BT AV, £ —bTH—T %R

FEENICHIRE . HEEICCATCHZE BT, T—4% 7Ok

*CATCHAVER E{E (I X (£0,50USD/t) LA E DX EEEEL. HIREZETE

2-3 MACH—TJTEHFIE

(T Future
S & AERR)

Cost Scenarios For Reduction Of Ship CO: Emissions, DNV Eide ft1,2010J (2 %

14 —




222 MACHh—JEHHKEE
2020 - & 2030 FOZNENIZOWNWT, AIBvF U A& B2 T U A EE LT
DO MAC H—7EHHLTWD,
BHER»LE NI fERE LT TRART O TS,
BB TR R ERELLELT D (BUERR AT A—2ThHD)
PRV . FIBIE, BT v v b, MIBEIITHEERTH L Z LICHER
FTRE,
b DO LR AIC DWW THEZIT> T D72, [l x OMMHICIEAR
MAC 7 —7 XA CE RN LICHEHEBET X,

2-4 DNVAERLIZ&K B MAC Hh—T

({14 : Prevention Of Air Pollution From Ships Updated Marginal Abatement Cost Curves
for shipping submitted by Norway[MEPC60/INF.19])



2.3 IMarEST X #k (MEPC61/INF.18)

IMarEST (The Institute of Marine Engineering, Science & Technology : @ >
>) @ “Reduction Of GHG Emissions From Ships,Marginal abatement costs and
cost-effectiveness of energy-efficiency measures” [MEPC61/INF.18] (2010 4 7 H
HAT) IS TS MAC h— 7 OR N GiEZEET 5,

2.3.1 MACh—JHEWEH%
MERWGERA
ZHETOWETDO MAC I —7 Mt & £ 2. BURREZ TN A, MMEREHE .
HEE . T, MEENENOHEICHERSLOZ L EABICER L TWS E L, B0
BRICIZL FOREBEL TV D,
- T2 ONBE, TN A R
- IMO THMINTWDLIWNARIBFENFELZ BICET 250 TiEARW
-+ 2020 4E, 2030 FERE R OHIHA T > v ¥ L ERE
- O LLS O BB 0038 N AT REME 2 A2 47T D BEIRIZ DWW T b it

T7m—F L LTI, M. 7T A BN Z LI o BAEME 2 HEFE L. AR
FHY O P HIEE THRT 5 2 £ I2 XD MAC 2 H#5FL T\ 5,

(DBENFA—IDETESEH
a. iR

BFiEMEBEME, MOX A 7TLIC 14 FEIZHEL, SHICHA XBEEL T,
IMO 247 4 LR UL B3MBEITHIT TS, EBRBEDRM LEIMO 2 2 MMM
WL TREL BLRDT-0, MioFm%E 30 4 L{E L T, Lloyds Register/Fairplay
Sea-Web ship database # & & Il Z 6 DIZ/MHL TWVW5DH, 275 L. EDMlmDMh
RO B HIBCS R A @ 35 LIRE L TWD, Mo 23D Hamic kv 4.5 4, 9.5
o 145 %, 19564, 24.54F, 295 F 0 6 FEHICHHAL TV 5D,

vt Z & ORI EIT B 2 KB L 2020 FRIZIZT X DT L WA X S EIRET D
2. il Z & D 2020 FICB T DMMBOFIEIET, LWV OIZ ) BRRELS 2o
W5,

AR A1 2020 45, 2030 4FTARAL (FHRTE X U XOREHEE RIT IMO 2 %7
A DHBRMEEZFH) &L, BRELIEMBENZETLERELTWND, DED, N—XA
TAVOBRBLEITEEL TR0,



b. CO-HIEZRL IR+

M (A X M), FRTEIC T A NIEELENL 7 — R & @NL T — A THE
FFLTWD, RALHERE & S HEGT D 221X, EHANF — DiEW BXIROHIBAR T
VA NBRLOAA MEFOREEEEL KL TWD, il (A X, fvlwhl) Bo
U FNVOREIEEIT IMO 227 4 XVEIHL, kb —EELRHELTWND, X—
A7 A4 & LT, BAU (Business As Usual) DNEK I N D 72D EOHEHFAFIH S
N2 DNTE L T,

c. ARk
AL TORNHORHBLEL T, BFO0EMH XA MCMx, EBEXKa X K
(Opportunity cost) ZZE L TWVWDH I ERFEITFTOEND, BARRKIZIE &SRR %2 E
AT LHLEOOHEKAZFFELTWS, ZAETFTEROLSICREL, ZOHEIZHONT
XM % (Term Charter Rate) @ 75%ICAHY T 28N HEBALE LT ELENT
W% (7272 L Wind Engine PIAMIARALHERT TIZHB R B EITAE LT 22 0),

K2-1 HRKEBATHLHDIEKRHE

Xt 3 it BERBHUEMHEE) | BXBHR(SAHEE)
Wind Engine 2 7
Towing Kite 0 2
Solar Power 0 2
Main Engine Tuning 0 2
Common Rail Upgrade 0 2
Air Lubrication 0 2
Boss Cap Fin 0 2
Optimization Water 0 2

Flow

Speed Control Pumps 0 2
Hull Coatings 0 2

(H # : Reduction Of GHG Emissions From Ships,Marginal abatement
costs and cost-effectiveness of energy-efficiency measures

Submitted by the Institute of Marine Engineering, Science and
Technology (IMarEST) [MEPC61/INF.18])

F72, IMarEST OFfE TITH LW Bhrshicl g —=v70—7 (8
) 25 2 5, O 5 AEITH A FIC L D a2 2 FEIE RS EFH 10%HA .
TNLBRITERIREBE L TR0, FRAGRZZBE L T L EIF A TEAR (=
A NEIECER) 1. 2RI, AR O W TIE 10%, B, i, KBTI
15% & L T35,

LHE T A TANAE I — DB HORBE S S LR Th b,



d AIHABREIR MR EAKRFGDOEZRA

MHROEARAA &, FIRTEGI 2TV, MIEMMOK S /-FHm (remaining
lifetime) & %R OMHBIM (service years) @9 H D, X0 EWHIMZ 5 LI &
LTRDFEL TV D,

e. N—RXZA4AF)F
NR=2F7 A4 F VA0 COHHiEIL. IMO Z¥ T A OF/ETFHZEZ L LIZLTE
0. HifromE EIXBE L2 U A4 (frozen technology baseline) # £ H L T\ 5,

f. MP&E

PROBFE OHEFHIZE L ik, KEx= XX —1F#H/E (EIA) ORI o 7RI % L
T HFO flif% & crude oil ®fHEARfR ZZE L. & 512 MARPOL AnnexVI regulation
WZES SOx HfloA "7 FEFEELTWD, BRI RO LBy,

®2-8 MBEHDHRE (FL/FY)

2020 £ 2030 £
1 3 #E 5T 500 700
oh i # &1 700 900
= I HEET 900 1100

(W : Reduction Of GHG Emissions From Ships,Marginal abatement
costs and cost-effectiveness of energy-efficiency measures
Submitted by the Institute of Marine Engineering, Science
and Technology (IMarEST) [MEPC61/INF.18])

g. B2

FSIRITEE ST CHEFITONLMEFEEHEAR = X~ (Weighted Average Cost of
Capital : WACC) & LTHEEINATWSD, ZHAIFKEBEORMFIEDY TERShY
A7 7 U —FGlH (3% EE) [N, EEBEEREOKRKDD & —2 (Y A7 0
EZE) B AREGPEFNGE T v (Capital Asset Pricing Model : CAPM) % v CTHERE
L. EBIZBEDEE/ABLEBET LI L TRELMED A NEZME LY T 5H 0
Thod, THIT10%RE L AL LN TS, S OICHEIBIFE 4%, 18% DIEE I b
Fhi LT\ 52,

2 A%IFHREARL L TIRADEZHFICAML TR Y 18%IFHICH Y MY — Y A7 O @ik L IE T ol F 3 I
LWwEEbhnsd,



h. CO. &l 5 ¥t 3R
CO: M R IT, 77— 7 BAFN A RER LTI 5 22 XRICHOWTHRF L, A

ORFIFHAEPEERE R D L DIC 15 Z v —TFIChbiFbnTnd, ExEOHE, =%
ME, BEFORZ T 1 REOF#R, HFMFE A F a2 —FTHELTWVD, £,
HEM O ERATREZR XK, L w7 oy PAATREZRRIR 2 X B L. h RIS R
EFHEATDLEMELTND, MWDK FmAFFToFmIVENGEL., REZ
Thhd EMEL TS,

Operational Speed Reduction (10%)

Operational Speed Reduction (20%)

Weather Routing

Autopilot upgrade/adjustment

Propeller polishing at regular intervals

Propeller polishing when required (include monitoring)

Hull cleaning

Hull coating 1

Hull coating 2

Air lubrication

Propeller rudder upgrade

Propeller boss cap fin

Propeller upgrade

Common Rail

Main Engine Tuning

Waste Heat Recovery

Wind engine

Wind kite

Solar Power

Speed control pumps and fans

Energy saving lighting

Optimization water flow hull openings

GV ERMITOEAS
CO: MR & L CIEMITA T o7& 20 MAC OBIMIZLL T & 2 HiZHl» T
W5,
—HR T OB = XX, HOEMATIC K 2 ER OB E B E L CHAT R E
DRICHHTDHELTND,



72770, wREFHENID 26% E V0o TR, =V UhE PR TF L, BREMN
HmEEELTWAD,

x2-9 EFE,. IO UHAN, BHEEROBRK

At AT D Rk YU WA 2 =R
(R o xt 3 2 Hek)
100% 75% 100%
90% 55% 73%
80% 38% 52%
70% 26% 35%

(H 8 : Reduction Of GHG Emissions From Ships ,Marginal abatement costs and
cost-effectiveness of energy-efficiency measures Submitted by the Institute of
Marine Engineering, Science and Technology (IMarEST) [MEPC61/INF.18])

BOERMATIC L 2@ E B OB D 2o & E CMitE & BE, MEORRE XM~ DM
RO fER L (days at sea) ICHEIETHE L TWD,

(OMAC h—TEH X
bRtk S&E, MMoCEREMRFEI L L H12, (ZAF—=—_"FXT7 v ) & CO:HIHK

RT v VTRETHZEICED MACEZHEIBILTWD, BRI TOEY,

K;+S,; —aj><F><P+ZOj

MAC =
aijFxF
Z Z T,
Kj: HifijogAR=a x k
Sj: el j oEE 2 X B

Oj: HHiflrj oBaHEK
aj: BT ) OREHEE HIEER

F: R NIV SR (EE ¢4
P: Sl

CF: B D CO.HEH JE L

W2, %K Hull Coating 1 # & o 7= & X, R (A X, fesl) o MAC %%
B7r—% %7,



& 2-10 MFER NAC KET—%

(8 : Reduction Of GHG Emissions From Ships,Marginal abatement costs and
cost-effectiveness of energy-efficiency measures Submitted by the Institute of
Marine Engineering, Science and Technology (IMarEST) [MEPC61/INF.18])



232 MACH—JHEHER
MR, X L1 MAC & COLHIART Y L& ey FLERESR., MAC 71—

TIETHDO LS IZoTV D,
B R ZMRT 2BO-EBEFHRE LT IFLEAETOND,
RELE . BB RITHERERELLLELT D, (BUKRARTA-ZTHD,)
O —F —RHAEN IO REZHEA L TRETL2ZEEFHEEL TR,

BOEMATIC Z AHIEART > v LT R E 0,

E2-5 MACH—T By IMarEST

({18t : Reduction Of GHG Emissions From Ships,Marginal
abatement costs and cost-effectiveness of energy-efficiency
measures Submitted by the Institute of Marine
Engineering, Science and Technology (IMarEST)

[MEPC61/INF.18])



2.3.3 [EESHN

IMarEST C@EkTi%, kit X 97 MAC #HE

AN Z N EbLTEAINLTWRWEBIZS

KzZFTno,

x2-11 BEHR

WZhlX%ix . MAC A~ A T ADE%
WTHRFH L, kD XD 72

B MCH—TXB [EESF

EZHE BME B (K45
Rt ER) - AT S0 O R R| - HAWH O SR,
%éﬁéiﬂ& DT KE e G RVWEO R,
TOMR MIEES | - EAE O PR,
BRY A
FIEMER| YEEINOBEALZY T MELCWHEFEZOL BT 0 7 OTEHE,
D80 BREHELOME] - B rEELMMICKBRTE 20,
TBAT s MEFEEIRMMEETET A0 BN LD,
FEJE (% 2 3B N8O,
Hull cleaning # B85 FOPFH THIR (Z VU 7 3 v
=7),
EEMER]| WM —ELU ETRERE| - BEHMIF O Itk
B E Al TZRWIR Y |- e %73>mb\ﬂ%ﬁﬂ;ﬁ EMEFEXREDTD
& (Al YN 23 PR e DEENH DN, AT ARIMEANCET 2 HMN
BaBRE R D,
%< OMAIEZEEMB AN N D 720, 185
Bt o R A uE LIz <V,
(H# : Reduction Of GHG Emissions From Ships,Marginal abatement costs and

cost-effectiveness of energy-efficiency measures Submitted by the Institute of
Marine Engineering, Science and Technology IMarEST)[MEPC61/INF.18] & v {E5k)

2.4 CE Delft Xk

Technical support for European action to reducing Greenhouse Gas Emissions

from international maritime transport (2009 4 12 A ¥17) £, BKMNEE S
CE Delft # % 5H!Z Fearnley Consultants X° Marintek 2 O ¥ & 5L 5 (2 )

k0,

Z. NAY DR
Norton Rose Z Mz 7=2F — LI X VIER SN TH 5,

DRt

BEBORMFZ7E B Oeko-Institut L EEOEB 2 VT 0 7 HEE

MAC # —7 O R ML =BT 5,

2.41 MACH—JEH A
MEXRWLEEZA
R A Tlk, MEiESE

& UNFCCC o @Ejla & fBL5F > TV D B TH 23,
BEHIEIC AT T EEREE LR L WEE, BINER RIS

2k % GHG HH &K

InicEE I TWS

A 72 B A 2o, IMO
Z v RS T HEH
BWTEBRESZ1TO TE

2011 R E TI

Thd, TIT, ALXMTIEZEINEZE R ~OHEMEDO AT MAC I —7 DHH %

ate, WHENTICR

J % GHG HkH & EHEIC M

BRSNS B X EEIToTWVDH EL




TW5bH, ATETIEL 2030 Fi2BIFD5 MAC I —7 #HHE L TWb,

QDB EBNTA—IDHBREEH
a. fin Rk

IMO 73 FER L TW 5 2007 F O fifind (IMO fleet inventory) & 2020 4, 2050 4
DOt Z v, fhofE & A X2 E LT 53 I/ L7z T 2008~2030 4
FTOMMEBALHES L T D,

b. COHIE®E LR F
COHIEHRE T L, COMBIBART vy rltax b2HHLTEBY, o3& MiE
ANEH (FHEREa A ) CLEAERICOTTEZ TV D,

c. IHIREIRMRDEANEKRFMDERA

HARE a2 X N2 xtikFEFEm (lifetime of a measure) ([ZE-S< XM /HE (R
RrER) L, NPVEZFHELTWD,

Fo, KHHIM E R D3R FGFmIL IMO ERERICREL TWD, DFED | kR FGFMm
10 A=A (X A1 . 10~30 HF AR 1L 10 4. 30 FLL T 30 Ml & LT\ 5,

d. CO ¥ E
IMO2009GHGStudy O fFZE FHlZ 6 Ll L TWb, X— 27 A L frozen
technology baseline # £t L T\ 5,

e. BAE &
A BREE (Bunker fuel) % 700 KA/ RV EERELTCWAD, £/, 350 K/ bt
1,050 KL/ b CTRERE ST 2 FE L TWb,

f. E5|3xk
R RIT 9% EHTEL, 4%, 14% TREE G ZFEEL TW\WDH, ZOREHFIEZOD
THEOHBIZREE I LTV,

ol
X

g. CO: Hll & »xt 5.

CO MR E LT 29 *RAERRIZL TS, MRPEHI DM E LT, &
A, Fredn o 2 BB A MEL, 294K A 12 70 —F T TWD, ZJ—7HO
SRIZFARICER SN D Z T LT,

EARMIZIE, Second IMO GHG Study 2009 THtY EiF 57z 25 xf5K 12, [Wind



Engine] [Solar Energy) [20%DBIHEMAIT] O 3 XK EZMZ b D TH D,

h. COHIBKEREDERZA
FEARBYNT R SR 23 J8 0 AT RE 7R MR fR I IX B TR RS 325 S HET 208, HiEh o i
WCFERMARZRSR . L Fr 7 0y FARRASRIIKN LTS, (E£EZR) S 61T,
LheZ gy MIREMPEZESNIEMBLYVRVEGICOZEAT DL LELTVD,
(IMO & [F—)

242 MACH—JEH#KER
WNFE RISE T 212 MAC & COBIBART Yy V&2 7Ty M LR E5 2% 9%,
BREVE 700 U/ bbb x, MACH—7IX PO LS TW05b,

2-6  European CE Delft [Z2Xk B MAC H—T

(H # : Technical support for action to reducing Greenhouse Gas Emissions from
international maritime transport, CE Delft)



2.5 IMO, DNV, IMarEST, CE Delft ® MAC A—J & H A ED LB

ATETIE TIZ 4 BT LD MAC 7 — 7 E M TIEOMBE 2 b ~7=23 . AHiTld 4 #0
DB AT D,

F9. MAC I —7RHOBROEREZS 24T L 0 k9% L. IMO kT DNV
DRI HSHBA D O BOR - HHFEO R OB MAC I —7 2R THEWNI b
DTH %A, IMarEST Tid, finfinekat#. #EE . M, MEFOoEERREICHIT
MAMEndZ L ERBEICBWT, HEFREOBANLD MAC I —72H ML TW5, &
7= CE Delft ZKKMZEH S DBURES TR L EANH T E W INMES T TH L2, Tl
EZRBHFFBIET 9%E VI EL LN EVWIERMEEIENH AT MAC 1 —7 %2 &
HLTnd,

LIRS SCRR O %A Eh 5y & b9~ %
<IMO>
“The curve adopts a social perspective. In other words, it answers the question of
what it would cost the world economy to reduce emissions. It does not represent

the expenditures that ship operators would have to make to do this.”

<DNV>
“This analysis is primarily designed to support decisions regarding policy and
regulations. Hence, a ship owner should read the results with care and not expect the

results to be directly transferable to own ships or fleet.”

<IMarEST>

“The outcome of this report does not favour a particular market-based approach,
or specific energy efficiency standards. The methodologies and analysis are
structured to support the development and implementation of any regulatory
and/or corporate policies that may be adopted. As well we expect that the results
may be used by ship designers, builders, owners and operators as a tool in their

decision making to employ one or more technologies or operational measures.”

<CE Delft>
“This report provides the European Commission with technical assistance in the

preparation of a policy to reduce CO: emissions from maritime transport.”

BIXBRICIR T D, HREE, N—2AT A ORE, ARFEFELZERT L LKA
FDOLEBY THD,



4/ ¢ 4+ SN 98T ~g poamboax usym Jurystjod te[pdoig
¢4+ SN F¥PT~9'T yudwysnlpe jorrdoyny

#/¢ L SN 9'T~8 0 Surnor Ieyjeapm

A/ ¢+

$ - SN 9'6% ~€¢ Sunse[qoIpAy [[NY IojeMIdPU[)
¢ -+ SN 68~9g Jurysniq [[nHg
$ 4+ SnNev~

¢ Sutysnuaq aef[edoad jo Aouenbeuy pesvorouy

SN #89°€~919=+ Y c {{H " § - SN0¥0‘CLI~1S96°03 ¢ 4 SN 9°T~8 0 SUIINOI I9YJBIM N
=J ¥ VY& (%03 % 0T ) L) Wy H ¥t NS H/10y 000°8~0009 LYWHROE | = Q53+
CAA) W RIS R ) S 2 o o E BEES AW
WL KR Lan AR CRWROEK | ooy A WE CRNREROEN | RURKOTR B HE WS LN
Y E 2y N 2« ooy - HWEM CRIW R OEK HHY
L00% LI ‘dy GT0G % (» 19mod 1e[0g ‘DUISUY PUIM | H P DX NC 2 H BV O YW HET N HPEINCAF BV EOYUFFELT |[FoWrtEL
ormm_mmm\,)‘m}% 9 % ,@N_, m @) Aw.ﬂmm% woﬁ\;mwv rm_m_mmm\wmmﬂ@
HOIX 7 (SWITISJI] SUTUTBWISI) Ui e 2/ 1Y R ¥ (0 Hf 35 Bl By 9 by
RN WG ¢ (dWTBJI] Pajoadxa) dydx Bl 06 =19 132 08 WX
CAFEOREE | AP O KT (dWsI] Teuorjersado) Bildy OT =M oy 0§ ~0T U 2
sEIGIE "QRAUGNDNIEZ I 2 LM E | W& HE LU M o HflE R W =ty 0T WX
D—FAY — L G PRV D XU 2) S O ST Bl 16 X [ BUHE XLl - | (0 i) GH e 2)
(2 4L FHD %8T "%¥) %O0T  skIE)% - %S skI|G[E - (W2 WL FIFD %IT) %Y skIGIE - TG E
(4
(AT E Ty "TYMUW W) | B RN/ 088 212 E = 0€03) (B3 14

A /1] 00TT "006 “00L #H{k¥ o= 0€03
AN /1] 006 "00L "00S H k¥ 0y 0608

AN /a0 SN0SY FONT " A /0
SN0SE * OAH "~ /4 009 ' OLIW

LHPY /1] 008°T 24/ 000°T)
A 110 009 (1onyg 1oy uNng) F k¥

( I [ ) 54 %)
L E

4= AT9A0091 18O 9)SBA\ ‘UOTI}RILIN] ITY ‘QUISUD
puIpy ‘93t purpy ‘Temod Ie[og > 1 7 M X Iy GHF AL K
ST R B2 2 wmzﬂ WIXOML— 4%

%«%Mm;oog
189y 91SBM ‘oursus pe[[oa3uod
AI[BOTUOI}O9[H ‘103BISULS PUIM ‘OTY

‘spourd XB[0S D 7 7 3 X 4 LY,

& uorjeOLIqNT
Ity ‘93ry SUIMOT, D 1 7 MK I GH ;3G K
TR U R D) ﬁzﬁ MIXOML— 4 3%

(I [ 0 B 25

LD L — 0y ST R TT Hx 9o DL~y 0T ZHX G EdLAES
(—[E 7 OND)#E €9 +m< ¥ &g X B B e +m/mx ¥ & g X Bl
B VT B 69 > Ryl v a—+4 BT | Bl BN
(AT U RGN " 2 @R R

121 21§ % Apnig OINI) Pul[eseq £3o[ouyds) usazoly 0224 "k a£4dIV KL L2dIV| Arex—yv
=7 0805 "4y 05035 @7 0608 "4y 060G 47 0603 HEETERK

SoInseow AoUSIIIJJo-A310US JO SSOUAIIV9]]0-1S0D (Jdurddiys 103 seaIn)) 3s0)

pue $1500 juswajeqe [eutsaey ‘QAIHS | ruswereqy [eurdaey pojepd sdiyg
INOYd SNOISSINA DHD 40 NOILONAHY , | WOLL Uonnod Iy jO uonusasid, (XRALL()
LSHIBINI (ANQ) SBISTISA 9SION 190 6003 Apn3s HHH O PU0des FHX

Y X LSHTCINT WX AN Y X OINI
(P THWEXET) ZE-HH WXL IWNOEHEYES ¢I-¢E

27



%8 '0~T1°0 Suruny aursus UIBI\

%G00 ~T1"0 A30T0UTD8) [TBI UOWUIO))

%€ ~T suty yztm deo ssoq 1o[[edorg

%G ¥ ~G (0 opeaddn xay[edorg

%9 ~g opeaddn qeppni pue io[[edoid pejeideju]
%ST~G uoneonIqny Iy

%G ~ 1 sdutuado [[NY MO[J I81BM UOT}BZIWIIA(Q
%S ~T1 I18urpeod [[nH

%G~G'0 [3uneod [y

%01 ~1 Surues(d [[nH

%8 ~GC'g poanbax ueym Jurystjod to[[edorJ
%€ ~G 0 ruswisnipe jorrdony

%% ~T1°0 SUIINOI IoYIBIA

%9¢€ (%0%) Ly MH

%61 (%O0T) LMo

HH >

% 0€°0 epeIsdn [IBI UOWWIO))

%G ~¥ uty deod ssoq xo[[odoag

%0G'g (°1zzou ‘po[duim)operddn to[odorg
%00°'¥ opei1ddn reppna/iajedoig

%G1 ~G uoneoLqny Iy

%00°¢ (Sprad ‘uoryezrwijdo

Mmorj)Suruado I93SNIY} 9SIOASURL],
%E'L~8'0 II8uneod [[nH

%6'¢~%'0 13urjeod [[nH

%0T ~T SUIISBIqOIPAY [[NY IoreMISpU[)
%0T~1 Surysnaq [[nH

%0¢ ¢ surysniq ro[edorg

%E~G0

Sutysnaq xo[[edoad jo Aouenbeaj peseerou]
%GL'T Juswisnlpesepeiddn jorrdoiny
%¥ ~T1°0 SUIINOI I8RO

s YL TH A

(9313 Surmoy, ‘uty deo ssoq ao[[adord ‘Surjeod [[nH)
TZNL TN IREONE 2N TG R
il vty "2 Z2LWH 2 Lo OFFEONIT X

¢ 4+ S 886~1T1 suej pue sdwund Jo [013u0d poadg

¢ -+ SN 6¢~G 6 Surysiy Suryeay mo/L310Ud MO

¢ L S 0gg’T outdus xe[og

¢ 4 SN 00%‘T~03L soULSUd PUIM

#/$ 4L SAVIG~Ve= ¥ =

BHE "¢ SNE8IE~9TG=+ ¥ =Yk ST FuImo],
$ -+ SN €6S°6~611°C £194000 181 9ISBM

¢} SN I¥L~7 8 Surun) sUISUS UTRIA

¢+ SN L¥G~8 g £30[0Uyd9) [TeX UOWWO))

$ -+ SN 297 ~6T surj yrm deod ssoq Ja1[odorg

¢ J SN $992~69 opraddn so[edoad

¢+ SN 068°9~¢L opeaddn xoppna pue to[[edoxd pajeagejuy
Aep/y GO~ OX FHW | =l

¢ SN O0V0'G~LEL=1 ¥ = Y & UOnedILIqN] 1Ty
2/ ¢4

SN L¥%~8 g ssuruado [[ny MO[J I03eMm uoIIRZIWIIA(
&/ $ 4 SN 09L~6'6 113ulreod [[nH

47/ $ - SN 9¥1~6'T [ 3uneod [[ny

$/¢ L SNeE~C%=4 ¥ =

HE ¢4 SN9%=4 ¥ Y "¢+ SN08y=
Yo YHI(RI QW 038 HE) 031y Suimo],
¢ 4 SN 9°18~89 1sBIq T[N }o0p-LI1(J

% n_u mD Nmm )\ww J93oW QO%@QES@QOU ~®5m

¢ 4 SN 3’ 1€~9¢ JI9jowt 1omod 338Yg
$E£SNS v lHE “(HHG) $+Sn

¢¥ | ¥ =i Suliojruow sdouewiaojred [[nH
(a2 MY0S0°3E) $ - SNIVT (i n
T MYGEL) ¢ -+ SN0g uly ded ssoq aopdorg
Lep/y g0

~EOX &Y | ¥ o l#E uoneduqny Iy
¢ 4+ SN0%L~Gg @8ureo) [[nH

¢+ SNO¥TI~g'¥ 18ureo) [[nH

Y8 ¢ LSHTBINI

X ANA

YE XX OINT

28



Z g2 A ony - TR TR R QX
CARBEINCAFF VRO ET

Ay
mOHET

By 06 =" Ya =y 08 WHH X

By OT =5 06 ~0T WX

WEEH N =N 0T WK X
B 2 [

( I fih G i )

(WEWLEFRD %YL “%F) %6 skIblE - TN E
(MG RO A2 /0] 060T S A2y /acd 098) | ([ o 448
2110y 004 (1o JIoxung) & k¥t T E
£ A310U0 JB[OG ‘OUISUDd PUIM ‘UOIIBILAQNT ATY ‘OILY SULMOT, D | 3 M X Iy LHFL IS %
AU R BE DR ERIE IO ML — g 3¢ | (H ) GH LX)
TH DL 14 BT ZHIX 68 L FE
"C @ BES Y Ww Lo X B
N PN BYT BN | BYCO -8
DVNCAHMIXOFIXHE “sx|blg AN our[eseq A80[0UY00Y USZOIJ | A~ fLl¥Y—v
° - = 0€0¢ EHEK
N2 A T O OWL R 110dsURI} SWILIBW [BUOIIBUISIUIL
B MYH “0@ROATEQ £ — £ DVIN WOJJ SUOISSTW SBE) 9SNOYUAIL) FUIonpat 03 uorjoe ueadoanry 10y jxoddns [eotuyos], | (¥L<1LLN)
= S 31ed 40 FWX
@ ONWI "RlL—1L DVIN & T 21 ¥1°d 4D VB XX 13T D
(%€~7 2 H ks “JY)
D %ET~0T 292y §) "Bl & 2w e > NS 20 2
Q¥ OHEY WO KA BN A Z#4

CCEYNC TN 2 gk OREEQ LSHTENI £
HZFEO OWI "RIDNE MU LEFOWOX WS
D 22 H) O F3E e uty deo ssoq aaf[odoad ‘Suryeod
MH "2 LT 2 A0 A 22 L NE Q2 OINT 3%

%I ~3 0 suey pue sdund Jo [013U00 poedg
%8 0~T1°0 SUrYSI] Sureay Mo[/A3I0Us MO
%E ¢ ~T1'0 dUI3ua 1e[0g

%V 3T ~9'¢ souIdud puIp

%8G ~T1'g SOy SUIMO],

%8 ~9 AI9A0001 JBOY 91SBM

%0T ~G 15BIq [0y Yoop-L1Q
9%CG G aﬁ@gmwmﬁwg Ioamoq

%G~ 0 1910w uorpdwnsuod [ong

%G ~G 0 1930w 1omod 3JeyYg

%G ~G'( Sutiojruowr souewrofred [[nH
%Gg g Surrojruow sduewojrad so[[edorg
%09°0 suej pue sdwnd [01)u00 poadg
%G¥ "0 Su13y31[ 1BaY-MO[/A3I89US-MOr]
%G¥ (0 SutuN) SUISUS UTR\

Y8 ¢ LSHTBINI

X ANA YE XX OINT




MAC W —7 OREFER O LRI, A& (Bl BeE, BAEICHRIAND
HIJo SR O Ff$E) N 2 - OICHMREIZTTE R0, REICTRT LB, A
[ UL DRBmoHr—7 R #nn ko, BRAEIEHNANLESLELMHICEL
THMN, AMIEAMICE D En sl Tn D,

IMO. CE Delft & IMarEST T, HI5[R, BEHLZZMIED Z LICKDEED
Wra®iiLcky, Bl R2EIsEDE MAC I —7BNELICY 7 b (BIFIRB K
L b EICBE), B EEEILSEDE MAC T —7 R ETICY 7 b (B
K& /en L TIcBHE) 75,

IMO ® MAC # — 7357 —7c7 oy hLTWA T, OIS E3 Y
R ZIT< 0,

728, IMO TiZ DNV, IMarEST & bl UL TR & T 25N D720 <, SR 7 %t
K (Solar panel, Wind engine %) % flAAAL THHZITo TW Wi, FALHER

A COHEHHIEN 300 B b EBA7 &2 ATHBRMNEMICEL B0 %

NN KHI &R & 72> TWWb, —J5 T DNV (A1B, 2020 4), IMarEST Ti% 500 5
TR E@RTee ZATHMBMARIICSED LB > THRRABE S > TWD, £,
PR HIEE Iz oW T IMO HALHERF DA & KT 200 KL/t-COFEETH D —
7. IMarEST D354 1,000 R/L/t-CO. (FI5I= 4% 7 —R) %2 % X 5 25k~
2y b3 TW5D,
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3 ZTDhX#EKIZH#SH MAC BEiH
ARETIE, HEDAAOHMICERZE W MAC BHSCERICO W T o2 A 5,
KGLe LTHY BT L TOXHTH 5,
Pathways to a Low-Carbon Economy (McKinsey & Company, 2009)
& FEAfi£ 7 v DNE21 o2 (RITE, 2003). RITE #{ €7 /1 OB
(RITE, 2009) KO MEHEIICET % = 2 M2 6 0447 (RITE, 2010)
IEA Energy Technology Perspectives 2010 (IEA, 2010)
Building a Supply-SideMarginal Abatement Cost Curve (MACC) for the UK
Transport Sector (Climate Change Committee, 2008)

3.1 wy¥ >+ —"“Pathways to a Low-Carbon Economy”
311 ®Z

ARIXHRIZ.FEL 2 vT ¢ v 7B McKinsey & Company (2 L % Pathways to a
Low-Carbon Economy3» | FEEFEMURT & X TIRE EH 2 2 ELNITMZ 572012
2030 FEDRF R THRIREZLEZLVELDELOTHD, AXWMOMwHE LT, M
2,000 {E~3,500 = — 1 (2030 F D1t GDP © 1%fE) OFLEIZ LV 2030 4F 0
BENRT AP EZ 1990 bk 35% M & T 5 2 &R KkD &L TWVD,

AKCHkIE 10 B2 22— (B, A WA, BAL M, 88, b2, Eig, &Y.
BEFEY) . MM, B RO 21K (T 7V, hFHE, FE, 7T A, KA Y,
AR AZVT, BA, AXva, a7y, 77U H, EE, kKE, PR, %
Ok, oMt EU27 »~ [H. £ OMEMN OECD IEE, = OMEK, Zofttr
7V A, o7 T REEE EE. oM KEE OECD MY E) 2817 % 200 2Lk
® GHG HkH BT 2 5 812, MAC OB AT 72 b D ThH D, 5 & S 2D Hi
%, 60 F/L/t-COLLF CTHIFEM ATRER I TH V. Th 52 2010 4 L 0 HE AR
SNLHGEEEBELTWS,

RERT R WML, 2005 4F & FEYEAE L L, 2010 45, 2015 4, 2020 4, 2025 4, 2030
EICBTOHIEART vy L2 FHILTWD,

3.1.2 Fik
MEFEIADEE A%

HIJ = 2 b (2005 4F 2 —nm 8H) 12, R LV RO, £ TOMHIRFOME T L
LTHESND,

3 http!//www.mckinsey.com/clientservice/sustainability/pathways low carbon economy.asp &V 7 7 & XA " #g,




Hilg = 2 b= (COHIHNFEMEN2BEDEa A N—BAUIZHEIT D CO:HI= A )
(BAU (2817 % COHEH &E—CO . HIT 2 FEhi S 2586 O CO-HEH &)

COHI N EmMSNLHEDET A b
=&~ (BEOMMAFERICB T L, 84 %0 — OFERERFHL L THE)
+EMA = A (AR, MR
—CO: Mz EMT D5 LICLVHELNLNGE (B2 R E)
B, ReXmHhe FERICE VAT M0, BEREFOREETIZE LR
W, Eol Bt X ME BBROa X B LOHEMRICLLFRO TR PRI HES
<o

(2)BAU > FIADETE
BAU v U A%, FRRoKEob Lk Esh5,

2005 725 2030 272 T GHG B &1 556% M L. 2005 4E D 46Gt-CO-
25 2030 0 T0Gt-CO. & 72 %, &7 Z —RIZiX, 2005 4725 2030 1
TR — MG FEREEM . &Mk - BEBMO LD 28GR, £ 2~3%
EH UL M7, BRI AR OB &2 H D 2 FA 1. 2005 40 30% 25 2030
FD 22% 2T 5, HIRBIIZIE, 2005 FERFAIZEB W THRERD 40% ., & EE
N 56% ., EFSEE D 4% % (5O T2, 2030 FITIXEERE D 32% ., & EEM
63% . [EBESEGN 5% & 72D,
Ak (60 Fav/xbov) . GDP IR (FR) BEIXORAREIIE (FTXR) I
DWW T, IEA @ World Energy Outlook 2007 22X, REIN D,
CO:HEH &/GDP 1%, FH 1.2%%ET 5,

& 3-1 CGDPEmEL AOEMEDFR

GDP #Epn 3 AO#EmE
2005-2015 4 [2015-2030 4E [2005-2015 £F | 2015-2030 £
Jbk 2.6 2.2 1.0 0.7
78 X 2.3 1.8 0.1 0.0
R R 4.7 2.9 —0.2 —0.3
AF¥ OECD mEsE 2.2 1.6 0.1 —0.2
hExK 3.8 2.8 1.2 0.9
TOMTOTHRER EEH 6.9 4.8 1.1 0.8
72)h 4.5 3.6 2.2 1.9
& 7.7 4.9 0.6 0.3
AR 7.2 5.8 1.4 1.0
i 4.9 3.4 2.0 1.5

(H it : McKinsey & Company (2009) Pathways to a Low-Carbon Economy)



Q)ETFEDATIR
BREH/NT A= L LT, B5=R%, EMEEFEORBIA LR EHFIRTHD 4%
WCRET D, BERIWNAELIL, & 0EHAFEE (funcational life) =T L T\ 5,

3.1.3 #R

60 K/L/t-COLLTF TEHME T RE 2 A DA BT IC LV 2030 4 £ TIZ BAU [t
38Gt-CO DHIE A A HE T H 5 (1990 1t 11%HIJk, GHG HEH EIC#HE 3 2% &, 2030
£ BAU HEH &M, 70Gt-CO. ThH D DIZH L HIE > T U A TiX 32Gt-CO: & 72 %),
HMEEITHOLIC L DHE B IZMEE L2V, 38Gt-CO. D HIIH % H 4 5 7%
HEFCTHESNTZ MAC 7— 71X FT&ROBY Th o, xRMHNIC K 2NRIT
14Gt-CO 13 = 1%, 12Gt-CO» 23 = 1 L ¥ — ISl O K R F AL x5 . 12Gt-CO»
MR - BEMRIZEDLOTHD, BHRMITITE 2R, BESRENXTT 4
TaAARTHLOIZ L, 2 A FOEWKREIELAHERELREZ 4 Ly CCS F3 &
TR NTHhDIEHEHINATWVD

ARSCHRIZ L AU1E 100 RV/t-CO- LA T T3 Hi AT RE 72 £ IT 12 D W TUIX R E IS 2302 D R i

EERET N, N HEO DL L FIZ5Gt-CODHEIJE N EBMPICAEETH D, AT,
MHEREITEOEANECZEAICIX, B 4Gt-CO20>%IJ1@m‘>HI LibELTW5D,
(ERDN #J'Jﬁm%‘/“/ﬂ?ﬂ/@’*ﬂ BWTIL, FrICHRMA, BRI BFTRLEIRN IOV T,
ARHEFEMEDFFIZ R E W,

BB MAC A —7 ETHESNTWAHIBIZET 2 2 2 ME, 2030 42T 1,500 f& =
—aThsd, NI, EEOHIKICIX, kxR b7 varax b (HEMAL
7T OREGEE) BN DH T EnD, TR EMET S & 2030 4 TR 2,000 {F~3,500
go—n kb (2030 D GDP O 1% ),



3-1 2030 FIZHITHNMCH—T
(8 : McKinsey & Company (2009) Pathways to a Low-Carbon Economy)

S B P O B Y A

EEREBPTIC R DRk & LT, ONBEEBE O RE ENFEERL RS VT IV A (&
BEREN 98%) . QEIMEEGY T VA (NA TV REORTZ 74 A7) v RHE
2N 38%., BRHEBHE 2%). KUNA T Y v R/EV EEKSFT U A (A 49% & O 9%) O
3OoDYF U AEMNTND, BREHMY TV ATO MAC 1%, BAEOZEH LN
RAT 4T AR THDLOIHA, N FEO MAC (Z1ZIFEw, ~"( 7V v FHE
REREHHEIES RoTWD, RBET—F Ly 7 MITEIEILOOE S E LT E
SFHNTEY, 2030 FOMRITRATDH 0.2~0.4Gt-CO: (5~10%7A H B> & 8%
W, NZ, fEH, HEHEA~BIT) ELTWS, FT v Zimkd oMk~ iEic
ESRaPARRE A A AN

314 BEORYKWVWCEELUNZEFNRELIZ-MACEEDIESE)

BAU 128\ T, MBESKRTIX, 2005 4 1.1Gt-CO. DO EAY, 4R/ 2% 8L,
2030 12 1.8Gt-CO: £ 2 ENHE SN TV D, MHEEICS WV TIX, e EDFE
I MEIL 3% EBESIND,



MEEICB T 5 2030 E £ TOHIEAT v v i, BAU e 24%HIB (4£ M
0.43Gt-CO:HIAHY) TH Y, EEXREINFEL LT, TRRO2OM/ETFT LA TWVD
RBBREE 2 & o HIECEAN - iR o s#b, EIECIC L 2 &kET A . W@k
AT LEFEOKNFELEOSE, =Y ki, BEERIILEOEKICR T DB

T A — BRSNS AR O RIR R O,

AT O ERUCE - A REA b O MTAT

— 5. ANA AL L7- semi-submerged ships iZ. HIEAT > v %
IWVEIED RN E STz,

BEOZR A —ENE AL O TWDH7e®H, 2015 FOHIEA K 2 2 M I
—5 22— /t-CO: (2 A M TIEARLSIWNEE LR D) ThHO, BEHEE D EFIZfEN, —7
22— /t-CO. £ TIZ2 D, 2010 4E25 2030 4F % CIC L EAEEHITZ. B X< 1,600
Bax—uTHH ., 2030 FIZRIT HERMKEHIT 100 fFr—1 LD, RBHMZAEI
WX 2030 FFORRAE = 2 ML 18 = —rm/t-CO. L H STV D,

3.2 RITEHHARETFTIL
YT . WV A HIER BB pE SR BT JE MRS I K B RITE R EF A 10510 5 MAC
Az >V T M 54,

3.21 ®Z

RITE R €T 1L, =3 A F—EZH CO.PktH &% i i35 DNE21+ €7 L%t
LT IR AX— 1 CO Pt R OFE CO BRI ADPHEZEELLELOTH
%, COHEHEIZ W TIH S 54 Hili, FE COIR=ZE B R A AT DV TIT L 18 Hidik

X LTW5,

DNE21+ &7 /L3t A2k 4 54 HilkiZHFIL, ZAENICONT 8D —R= X%
A= (RRH A, A, ARk, SA A~ A, K- WE KBSE, B, BEFH)
EEEBLEFLOTHD, TXAX—FEIZONWTILFEE, Eilm, RAESLMIICET L
fkxzL b, =x/LF— T~ 7 e RFFESCAODLOREE L RKEEOHE
Ki@ﬁmém5oﬂﬁﬁ%%%ﬁz%OEiTT%D\
2005,2010,2015,2020,2025,2030,2040,2050 4F 0 8 Wi 8 % I b A E R A & LTV 5D,

t BEEENT THAFEME T /L DNE21 O %)
(http://www.rite.or.jp/English/lab/syslab/research/new-earth/download-page/downloadable-data/dne21-manu

al.pdf) RITE t5 €5 L O E
(http://www.rite.or.jp/Japanese/labo/sysken/about-global-warming/download-data/RITEWorldModel_200903

26.pdf) K& O RITE €7 A fi#it (http://www.meti.go.jp/committee/materials2/downloadfiles/g100913bj08.pdf)



3.2.2 Fi%
BRI OB R H &

KA OEMB I, ORI L ORME ~ HEEIER. ORBEITHT 5 —F
B LCHI L - AT T 0 2%, ROQEMBEBEDOAHLE LTS, b
BHMICH AN TREEAH THETXENE < ERBEE2S . (REE] /(&
WEIER] + [EE - A 2752 28]) O#45 DL 2 @50 TR 72 B 1. A RHR L
RARHIKIE A~ A F R LD UMEORRA R END E LTS,

(2)BAU > FUFDETE
DNE21+E7 /v ® BAU v F U A%, FrRROFMFEOL LICHEEIND,

EREALHERE L SN2V —RITB W TIE, RO COHEH &% 2020 £ (2 H
A 2 5, 2030 I 3ELULEERDABLTH S,
ANBZALRIZOWTIZE#HO PRIZ IS L TW5S, GDP Z{LRI25W T 2020
FETIIMBOHE (HAR1.3%., KE 1.9%. EU1.9%, T[E 8.2%%) = H\,
2050 £ £ TIX IPCC SRES B2 v F U A THWOHLN TV A HEICHEK SN TN D,
PEEHMD S b X —ZHEEE (B, A b N0 7430 AEF)
ZOWTIXAEER, ERBMIC OV CITABERETEE, RAEHM O~z
T, ENZEN 2060 FFE TCOBELIT- T,

RVEE DR

DNE21+E TV OREFEM/NT A —=Z 2 o0 Tk, BETEH TITE TEARR L E
(ROD) 1% 10-20%., ¥ TEERFELE TIL 510 FENEE THDHEORBMDO FIZ, F
EOEICHRELTWD, HERUIVERD FTIRIZ ERD 2/3 LB &, £ ERHTHMIC
Tl EREREN O 2EBEOMRERE AR T TWD,

®3-2 HEBREHDT—R

& R FE
LR TR
EEBF 10 6.7
ZTOMIRIILF—ERHRERFY 7 4.7
XM 10 6.7
1 ) &0 P9 5 3.3
B.REEEREEE 10
R4 &P 3 | 2

(H# ;. RITE,” RITE {5 &5 L DL 5E”)

¥, FECOHRENRT ADET NV TIE, FIGIHEZ 20%ICHEL TWD,



3.23 #E

RITE t RETZ NV OFERD 5> b RFAEE T IZHONT, = LF -l CO. L%
AU TIIHBPARELSELRLD2OPFHEATH D, BIEIZON TSR TR % K
L7z MAC 1 —7 %< b0oD, BHIFZIFEFRETHY ., JEA T a v n3bian
ZEERREBLTND,

FRAHIRE ABICX ST 5 & Tid kb s,

& 3-3 DNE2I+ ETICE DK MACHITOBER (MEEZE I E)

MAC
(FJL/t-COy)

o

BRHHEIRART vl
(Mt-CO./%)

<50

FEX  BRKEH AL e TS = AR T T R A
TR X —dRif A REOE K, W AEEREDOHE
&

A BEIEMAIH F g%

EHE N A AR S

FE CO. GHG o ik

3,500

50 — 100

BEE AU AMLFHMAE TOE T X5
T RVK —nHh . W AE A FE ORI

RAE : B ERFEOM MRS

N EoRA A BB O R N

2,000

100 - 200

FEY . KM TOE = %

TR N F T AREB O R
BAE - & S S B A o F) H R %
TEE N A 7Yy RELO A #L R E AL

1,000

200<

PEYE - BB - AL b - AINLERPIS COR
R ORI LIC L 5% = 5%

=R AR O8RS

R - 46T 40 56 A 00 B 72 2 L (8 5

ST BB RO WA B B UCH A AR O — f ©
o

2,500

(it : RITE,” RITE & 7 VgL,

3.24 BEOIRYKZL
DNE21+ &7 /@ PIc L i@ NP, RAEsFEME, N2 /h
BMEZ7y 7, RMET v 7IZK5) OXEZELTHWDEIICEbLD, MEIZON
TIERFICRBE S ATV, RBMEHRMALE—F ALY 7 PFICET 2RI LN

RN,

PEHHI AR 7 > v i3 7 2 7 Bl



3.3 IEA Energy Technology Perspectives 2010 (ETP)°®
331 #=E

EEE= v X —#E (IEA ® Energy Technology Perspectives (ETP) (%, EH#1
AR - WENRT APEHAIE (= F— R CO P& D 2050 4 F TOHK
BEEK) ZHRABEHCTERT D700 FIEICOWTHRF LEEREA ETFXKNoET v
ThHY, MAC OBEMBFTHI OB TIEZR W, Loy UHEHIEIR B RS & fe/ N2 CrERk
TLHEWI XM RETIEDICHHANRBEEHOBRFT T TR, K& TOMIT
ICABRTHDHIO I ZITRT,

ETP (3R o= x v F —fEE COHHBEDFRIOZDYWD I DA T U
FIZOWNWTHMLEbDTHD, TRV F—HEIZEHT 2RI ON—ZT A DO
KHEFHIX IEA @ IEA World Energy Outlook 2009 (233 W THEY . Tkt L THE
HEIE TV 4 (Blue MAP + U o 1 2050 4% TICBLRIE T= 0L ¥ —EJE CO-
P E ORI WA BIET) OREICHZ > T 15 #Hilk, 1,000 HiFoEAICET 5
ETP E7 Vv Z#MAGLE TS,

RITE (2 Lhif, IEA & RITE €7 A O RICHONT” MiFicB Tz zh 2
DOEBRDBOONDLDE O bHDL b DD, &KL LTH S &E I ELE - 20 i
RPEFM L TV DS,

332 FERUKEE

ETP (281 5 MAC #5t FIEEOBMEIH L STV a0y, BI5RIZo>WVW Tk
W7y =7 ME 3%RE, RM7a Y7 M 10~16%fRE L T5 2 L n% 0 E
LTW%, Blue MAP >/ U A TIL, BEr Y =7 FTiE8~14% (£ < 1% 10%)
DEGIFREZHNTED | EEFEHP T 10%R” HnbH5n TV D,

5 21T VWEA. Blue MAP ¥ U A OEK O = O ICBIMIC LT 2050 4
ETORKEMIT 46 K FVITET LR, TSIV b INE = 2 ERFIT 112
KR ERERHENLTHD, I TEx i —H o3 EH] CHREINDEROMHE
81% 2050 4 E T2 66 K KL (112 kK kv —46 Kk Kv) L7 s, 72720 ZidE 5l
REBZRLR2WVWEAEOEFTTHY, FI5IEEL 3%ETDHL 32NV, 10%ETDHLZE
DEFIT 8K FVICE THER T S, THIIERPEBEELVRICELDIEEDTH D,
BETPICEBNTIEIN D OHEFHE 2050 FTRUI LN TEY | it TARM R MHEE %
W/NFE L TV B RREMEDS B B,

ETP TR 22 X EE DL < BWHEEHMIZHE T 525 DO TH Y | Blue MAP >V

5 http://www.iea.org/techno/etp/index.asp (A CiL A £l
6 RITE DNE21+¢& IEA ETP2008 - U 4 d kb

http://www.rite.or.jp/Japanese/labo/sysken/about-global-warming/download-data/Comparison_ScenarioDNE2
1+-ETP2008.pdf
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(8t : TEA, Energy Technology Perspectives 2010, CO-EH&E X7 Z 7 HH#)

PLEX D, EEM o HENRICIZTETE—2 L7 b EE TE 20D, B 722 %h
RYWEN R PERVEFE#H L TWD, Blue MAP+Shift & F U FiZ_R—2 5 4 > &t
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2050 FEE TICHBEIE BAMEBMT AN T RV X—RN 50%KET 570, P &Eix
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34 RESKEZEHZAESR(CCC) HEEHMIMIZEHITS MAC B
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FEEEEHMICB D MAC I —T7 ORI TolbDTh b, MEIT, [ELAHZE
BalcksrtnEtoobt HHEoa et (AEA, E4Tech, Metroeconomica,
Ricardo, IEEP, CE Delft) 2L TW5,

MR LIRS TWD O, EREMO S 6, H, N HGV (Heavy Goods Vehicle,
HEESYEN) O 3FHBEOHERBMDALTH D,

BUEXM RN, KEORFE ST = v b (2008-2012 45, 2013-2017 4+, 2018-2022
FIZOWTHREROHH EIRZ R LT D) RDEDLHNTWND 2022 FETH 5,
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FHEICBT28AEEE - TICHELTVWIRTHD, ETLTIH, R—RAT A4 ¥
FU ATz, 32D F U A (Current Ambition Scenario,Extended Ambition
Scenario,Stertch Ambition Scenario) #HEL TEY ., ThEFhnDO v+ U FIT Lo
T, HifoE A RN R 5, L LT, Current Amiton Scenario (28] 5 H D iE
ANy ORE 2 T RIZRT,

"Building a Supply-SideMarginal Abatement Cost Curve (MACC) for the UK Transport Sector (Climate
Change Committee, 2008)



3-2 Current Amiton Scenario IZB T AEDEARMDETE

(tH# . CCC (2008) ”"Building a Supply-Side Marginal Abatement Cost Curve (MACC) for
the UK Transport Sector”)
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YD,

343 #R
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2k, EEAE =D MAC I —T7PRHRESND, 2 TiL, Extended ambition
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D, EBOBREBLOBMY B NOENCLD LD THD, HEEOH VY B, Y
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3-3 Social MAC #— 7 (Extended ambition scenario, central fossiul fuel price)

(Hi# : CCC (2008) ”Building a Supply-SideMarginal Abatement Cost Curve (MACC) for
the UK Transport Sector”)

3-4 Private MAC h — 7 (Extended ambition scenario, central fossiul fuel price)

(HH# . CCC (2008) ”Building a Supply-SideMarginal Abatement Cost Curve (MACC) for
the UK Transport Sector”)
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4.1 2020 EOMMOIKRDOHE
4.1.1 2007 FDOME-IVFRANMBEEDEH

£3.2007FOMFE 7 T ARIMEEEZ RN T 5, Z2HIXIMO X ¥ 7 1 @ table A1.8
IZRLHE STV D 2007 FOfFE - 7 7 ZAREE () 1I2 1 EH 720 F# b % (GT/
JEff) A2 U, 2007 FRFRTOMME - 7 7 ABIRER (GT) #H B L, ZORE
OWEZ L TICRT, IMO A& 5 ¢ table 7.8 OHfEFt L IXHE THREE N R D,

4.1.2 2020 FDOME-VFRANMEEDEH

IMO 24 F 4 OF — & |ZHS< 2020 FEOMFE « 7 7 ABIMEREIZ. Lok o i
R L7 2007 FARIEE S IMO A ¥ 7 4 125 < 2007 4 (FEHE) & 2020 4 (TH)
IPCCAIB > 7 U A) OffE - 7 7 ABIOEEIZH L CTHMT 5 & H8E L7,

= 4-1 2007 FRU 2020 FDfmAEE (GT)

2007 EMREE 2007 EMEE 2020 EMMEE

(IMO R3T 1 table7.8: 5 %) (REAE) (RAE)

Ocean-going shipping 536,731,017 510,313,531 707,661,923
Coastwise shipping 80,986,919 123,058,443 162,128,441
Container 126,217,091 118,987,854 259,529,361
Total 743,935,027 752,359,828 1,129,319,725
ZDith 7,388,577 12,074,027

(Fofizay b, 73 a7 7Ty F T+ —L0%)

4.1.3 2008 M5 2020 EFETHEENEME

IEEOMB P ITEMIC Lo Th b END2, WA > 7 7ITHIK S v, BEfF
MIEEO —EHETHEMT L L) Lo Tk (EWOBEH L REROHEM N2 —2)
FIAEEBZ OND, MG, MMOMR - WRILAFEE E COMERICEKFET L5
2HNDH, LML, MESNTODLHRH - AT —FIIARMEELREY, Zh bz
FHHE L, 2020 £ E TOBEMBIC OV T, 2007 215 2020 FF CTHIEENS T &
FTOWMT D E L, DO - WREOREFEEOMEED 3% (IE & M=K
CEMBEOESOREMN BB ERND) EBET DL LITLD, 2008 4-~2020 F
FTCOMFEOEMELTHH LI,

BRE. T —EOMEE 7 T 22OV T 2020 FEITHIE BN KIEICHED TS L HE
e T s, ERRoFETEH SR EERER YA T ADOBERD Z 1 H 5
N, ZTOHAEFEr EEWL, o, MERICOVTIIMERICHHIT S & L,

FERLELCEH SN #EREEZ L FIZRT,

9 2020 £ O P EEIL IMO 2 ¥ F g2k S TR 53, £ phase 1 report (MEPC58/INF.6) 2tk = h
TW2%, hase 1report & IMO 2% 7 ¢ @ 2020 F FMFH RIZFM—TH Y, 1> T 2020 FOMFE - 7 T AJIEHK
THNZBI L T hase 1 report & IMO A ¥ T 4 DETRNBEDEE XD,



= 4-2 2007 ERU 2020 FOfMfEE (10006T) RU#HEE (1005 2T A)L)

MEEE 200(GTz2007.tc)

MEE 202(GT2020,tc)

X E 200(TWa2007,tc)

X E 202(TWa2020,tc)

Crude oil tanker 200=< 76,908 73,795 7,013,341 6,729,400
Crude oil tanker 120-199 28,491 34,302 2,479,626 2,985,386
Crude oil tanker 80-119 37,056 48,212 2,875,945 3,741,821
Crude oil tanker 60-79 7,110 4,740 473,384 315,589
Crude oil tanker 10-79 5,951 3,644 372,161 227,854
Crude oil tanker <10 238 284 10,384 12,388
Products tanker 60=< 9,261 25,025 691,307 1,867,926
IProducts tanker 20-59 11,063 14,800 608,160 813,547
IProducts tanker 10-19 1,877 1,176 89,555 56,146
IProducts tanker 5-9 1,987 3,616 79,552 144,764
IProducts tanker <5 4,181 4,751 148,851 169,154
Chemical tanker 20=< 25,166 45,100 1,850,187 3,315,682
Chemical tanker 10-19 5,464 8,440 479,099 739,978
Chemical tanker 5-9 2,986 7,246 245,694 596,247
Chemical tanker <5 2,208 1,251 119,693 67,819
ILPG tanker 50=< 6,042 8,056 332,759 443,679
ILPG tanker <50 4,558 6,144 84,522 113,921
ILNG tanker 200=< 543 13,992 22,689 584,251
LNG tanker >200 21,733 40,192 907,560 1,678,416
Other tanker 816 1,062
Bulk carrier 200=< 13,628 33,325 1,297,224 3,172,204
Bulk carrier 100-199 57,363 101,597 5,325,597 9,432,361
Bulk carrier 60-99 59,866 80,086 5,781,720 7,734,436
Bulk carrier 35-59 51,439 66,534 4,181,092 5,408,054
Bulk carrier 10-34 32,084 33,573 2,651,294 2,774,345
Bulk carrier <10 2,175 2,608 76,414 91,629
General cargo 10=< 7,671 7,899 584,028 601,359
General cargo 5-9 7,188 10,763 558,246 835,907
General cargo <5 11,677 13,131 846,865 952,281
General cargo 10=<* 19,160 15,985 1,177,291 982,197
General cargo 5-9,* 5,765 19,143 265,280 880,857
General cargo <5,* 4,048 4,699 179,714 208,618
Othre dry reefer 6,193 5,518 486,904 433,852
Other dry special 2,782 3,367
Container 8kTEU+ 11,810 101,083 822,258 1,923,246
Container 5kTEU+ 29,311 49,906 1,765,365 4,275,825
Container 3kTEU+ 32,220 52,794 2,005,250 2,002,430
Container 2kTEU+ 19,585 22,610 987,297 1,724,440
Container 1IkTEU+ 18,328 95,167 644,848 445,321
Container <1kTEU 7,733 7,970 199,588 275,288
[Vehicle 4kCEU+ 20,517 32,682 291,568 838,073
IVehicle <4kCEU 6,929 6,970 76,346 143,630
[Ro-Ro 2000+1m 4,991 7,637 71,431 124,820
[Ro-Ro <2000+Im 5,396 5,667 86,774 16,760
[Ferry Pax 25kn 297 393 7,013,341 6,729,400
[Ferry Pax <25kn 826 1,038 2,479,626 2,985,386
[Ferry RoPax 25kn 2,145 4,096 2,875,945 3,741,821
[Ferry RoPax <25kn 14,849 14,311 473,384 315,589
Cruise 100k=< 2,857 4,762
Cruise 60-99 5,488 7,397
Cruise 10-59 3,843 4,197
Cruise 2-9 359 257
Cruise <2 134 291
[Yacht 589 1,064
Offshore Crew 149 280
Offshore Platform 1,953 3,248
Offshore Tug 498 653
Offshore Anchor 1,839 3,625
Offshore Support 724 1,120
Offshore Pipe 1,638 2,084
Service Research 1,469 1,802
Service Tug 3,465 5,069
Service Dredge 2,642 3,013
Service SAR 519 761
Service Workboats 1,663 2,186
Service other 1,106 1,443
Misc Fishing 4,022 4,208
Misc Trawler 5,835 5,777
Misc Other fishing 1,673 1,573
Misc Other 7,668 10,405
Ocean-going 510,314 707,662 39,633,366 54,711,155
Coastwise 123,058 162,128 3,188,894 4,524,198
Container 118,988 259,529 6,424,607 10,646,550
Total 752,360 1,129,320 49,246,867 69,881,902
Other 7,389 12,074




& 4-3 2008 FEN D 2020 FETHOBFEDEME (1000G6T)

2008 | 2009 [ 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 Total
Crude oil tanker 200=<| 2,068 2,061] 2,053 2,046| 2,039 2,032| 2,025| 2,017 2,010[ 2,003 1,996 1,989 1,982] 26,320
Crude oil tanker 120-199 | 1,302| 1,315 1,329 1,342| 1,355 1,369 1,382 1,396] 1,409 1,422| 1,436| 1,449 1,463 17,969
Crude oil tanker 80-119] 1,970] 1,996] 2,021] 2,047 2,073] 2,099 2,124 2,150] 2,176 2,202] 2,227] 2,253 2,279 27,616
Crude oil tanker 60-79 31 26| 20| 15 9| 4] 0) 0 0| 0] 0) 0 0| 104
Crude oil tanker 10-79 1 0] 0) 0 0| 0] 0) 0 0| 0] 0 0 0 1
Crude oil tanker <10 11 11 11 11 11 11 11 11 12, 12 12 12 12, 147
Products tanker 60=< 1,490| 1,527 1,563| 1,600/ 1,636| 1,672 1,709 1,745| 1,781| 1,818| 1,854| 1,891| 1,927 22,213
Products tanker 20-59 619 628 637 645 654 662 671 680 688 697 706 714 723 8,724
Products tanker 10-19 2 1 0 0 0 0 0 0 0 0 0 0 0 3
Products tanker 5-9 185 189 192 196 200 204 207 211 215 219 222 226 230 2,697
Products tanker <5 169 171 172 173 175 176 177 178 180 181 182 184 185 2,303
Chemical tanker 20=< | 2,288| 2,334| 2,380| 2,426| 2,472| 2,518 2,564| 2,610/ 2,656| 2,702 2,748| 2,794| 2,840| 33,336
Chemical tanker 10-19 393 400/ 407 413 420 427 434] 441 448 455 461 468 475 5,642
Chemical tanker 5-9 417 4217 437 447 457 466 476 486 496 506 516 525 535 6,192
Chemical tanker <5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ILPG tanker 50=< 336 341 345 350 355 359 364 369 373 378 383 387 392 4,733
ILPG tanker <50 259 262 266 270 273 2717 281 284 288 292 295 299 303 3,649
ILNG tanker 200=< 1,051| 1,082 1,113| 1,144| 1,175] 1,206/ 1,237 1,268 1,299 1,330 1,361| 1,392 1,423| 16,081
ILNG tanker >200 2,072 2,115] 2,157 2,200] 2,242 2,285] 2,328 2,370] 2,413 2,455] 2,498 2,541| 2,583| 30,258
Other tanker 43 44 45 45| 46 46 47 47 48 48 49 50 50 608
Bulk carrier 200=< 1,924| 1,969 2,015| 2,060 2,106| 2,151| 2,197 2,242| 2,288| 2,333| 2,379| 2,424| 2,469 28,558
Bulk carrier 100-199 5,124] 5,226| 5,328 5,430| 5,532| 5,634] 5,736| 5,838 5,940| 6,042| 6,144| 6,246| 6,348 74,568
Bulk carrier 60-99 3,351| 3,398| 3,445 3,491] 3,538| 3,585| 3,631] 3,678] 3,725 3,771] 3,818] 3,865 3,911] 47,207
Bulk carrier 35-59 2,704 2,739 2,774 2,809 2,844 2,878 2,913 2,948 2,983] 3,018] 3,053 3,088 3,122 37,873
Bulk carrier 10-34 1,077 1,080 1,084 1,087 1,091 1,094| 1,098 1,101 1,105] 1,108 1,111| 1,115 1,118 14,270
Bulk carrier <10 99 100 101 102, 103 104 105 106 107 108 109 110 111 1,359
General cargo 10=< 248 248| 249 249 250 250 251 251 252 252 253 253|254 3,260
General cargo 5-9 491 499 507 515 524 532 540 548 5567 565 573 581 590 7,022
General cargo <5 462 465 469 472 476  479] 482 486 489 492 496 499 502, 6,269
General cargo 10=<,* 331 323 316 309 301 294 287 279 272 265 257 250 243 3,726
General cargo 5-9,* 1,202| 1,233] 1,264| 1,295] 1,326 1,356] 1,387 1,418 1,449 1,480 1,511] 1,542 1,572] 18,034
General cargo <5,* 172 173] 175 176 178 179 181 182, 184 185 187 188 190 2,347
Othre dry reefer 134 132 131 129 128| 126 125 123 121 120 118 117 115 1,619
Other dry special 129 130 131 133 134 135 137 138 139 141 142 143 145 1,776
Container 8kTEU+ 7,221| 7,427 7,633 7,840| 8,046| 8,252 8,458| 8,664| 8,870| 9,076 9,282| 9,488| 9,694| 109,948
Container 5kTEU+ 2,464| 2,511 2,559 2,606| 2,654 2,701] 2,749 2,796 2,844| 2,891 2,939 2,986| 3,034| 35,733
Container 3kTEU+ 2,549 2,597 2,644 2,692 2,739 2,787 2,834 2,882 2,929 2,977 3,024] 3,071] 3,119] 36,843
Container 2kTEU+ 820, 827 834| 841 848| 855 862 869 876 883 890 897 904| 11,207
Container 1kTEU+ 1,076] 1,092 1,107 1,123 1,139 1,155/ 1,171] 1,186/ 1,202| 1,218 1,234 1,249 1,265] 15,217
Container <1kTEU 250 251 251 252 252, 253  254| 254 255 255 256|256 2517 3,296
Vehicle 4kCEU+ 1,5651| 1,579 1,607| 1,636 1,664| 1,692 1,720[ 1,748| 1,776 1,804| 1,832 1,860[ 1,888 22,357
IVehicle <4kCEU 211 211 211 211 211 212 212 212 212 212 212 212 212 2,751
[IRo-Ro 2000+1m 346 352 357 363 369 375 381 387 393 399 404| 410, 416 4,952
IRo-Ro <2000+1m 175 175 176 176 177 177 177 178 178 179 179 179 180 2,306
Ferry Pax 25kn 16 17 17 17 17 17 18 18 18 18 19 19 19 229
Ferry Pax <25kn 41 42 42 43 43 44 44 44 45 45 46 46 47 572
Ferry RoPax 25kn 214 219 223| 228 232 237 241 246| 250 255 259  264| 268 3,139
Ferry RoPax <25kn 404 403 402 400 399 398 397 395 394 393 392 390 389 5,156
Cruise 100k=< 232 237 241 245 250 254 259 263 267 272 276 281 285 3,362
Cruise 60-99 311 316 320 325 329 334 338| 342 347 351 356 360 364 4,393
Cruise 10-59 143 143 144 145 146 147 147 148 149 150 151 152 152 1,917
Cruise 2-9 3 3 2 2 2 2 2 1 1 1 1 0 0 20
Cruise <2 16 16 17 17 18 18 18 19 19 19 20| 20| 20 237
\Yacht 54 55| 56 58 59 60 61 62, 63 64 65| 66 67 791
Offshore Crew 15 15 15 15 16 16 16 17 17 17 18 18 18 212
Offshore Platform 158 161 164 167 170 173 176 179 182 185 188 191 194 2,290
Offshore Tug 27 27 28 28| 28 29 29 29 30 30 30 31 31 378
Offshore Anchor 193 197 201 205 209 213 217 221 226 230 234 238 242 2,825
Offshore Support 52 53 54 55 56 57 58 59 60| 60| 61 62, 63 750
Offshore Pipe 83 84 85 87 88| 89 90| 91 92 93 94 95 96| 1,165
Service Research 70, 70| 71 72| 73 74 74 75| 76 77| 77 78] 79 966
Service Tug 227 231 235 238|242 246 250 253 257 261 264 268 272 3,244
Service Dredge 108 109 109 110 111 112 113 114 115 115 116 117 118 1,467
Service SAR 34 35 35 36 36 37 38 38 39 39 40 40 41 489
Service Workboats 90 91 92 94 95 96 97 99 100 101 102 103 105 1,265
Service other 59 60| 61 61 62 63 64 65 65 66| 67| 68 68 829
Misc Fishing 135 135 136 136 137 137 138 138 138] 139 139 140 140 1,789
Misc Trawler 171 170 170 170 170 170 170 170 169 169 169 169 169 2,207
IMisc Other fishing 43 42 42 42 42 41 41 41 41 40 40 40 40 535
IMisc Other 441 447, 453 459 466 472 478 485 491 497 504 510 516 6,220
Ocean-going 30,490[30,950[31,411[31,874/32,336]32,798[33,263]33,730]34,198[34,666(35,134]35,602[36,070] 432,522
Coastwise 6,705] 6,797] 6,889 6,982 7,074] 7,166 7,259] 7,351] 7,443 7,536] 7,628 7,721 7,813 94,363
Container 14,381|14,705(15,029|15,354(15,678|16,002(16,326|16,651({16,975|17,299(17,624|17,948(18,272| 212,244
Total 51,575|52,451|53,330(54,209|55,088(55,967|56,848(57,732|58,617/59,501(60,386|61,270[62,155] 739,129
Other 582, 593 604 615 625 636] 647 658 669 679 690 701 712 8,410
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4.2 BABMA MEPC 12 X £ (60/4/36: L' F MEPC X&) LD %ttt
IMO A% 7 4 OfFE - 7 7 ABF — X2 MEPC XED 7 7 2% WA L, AiFE X
705 (D LEMMIL 53 ), BBEIZ 16 DETH LD, MIBEEZHEICY TIED
LHIV— V& RO X 5 I/ERK LT,
IMO A% 5 4 D7 7 A FROKKIE>MEPC XED 7 7 2 FROKKE-MEPC
NEXGDO TR KRMED 7 7 212474 (Bulk carrier <200,000dwt (&£ Dry cargo
carrier>175,000dwt (243 %H)
IMO AX% T 4 D7 F7ADL VN MEPC XEXSGD 7 7 A FREKMEEETe—
MEPC X EX 73D TREKRIMED 7 7 A58
IMO 2AXZFT 4 D7 FZADL YN 2 20O MEPC XEXGDY 7 A BT 55—
MEPC XEX3 DI bEBET D M RBEZ W T XI5 HE
IMO AZF 4 AXF 4DV FADL < MEPC XERX SO FIRE/ME->MEPC
LEXGOTREKIMED 7 Z 212578 (IMO TO Crude oil tanker <9.999dwt (X
Tanker>45,000dwt (243 %4)
27 ITEU=Tdwt #e 5
S1—7 =Y — : 1CEU=1.5dwt #% ([ L)

INHDORERIZOWVWTLLTIZRT,



% 4-4

IMORXRE2 T4 &ENMPCREDRERSDEE

IMO RET 4K %

MEPC iR E K %

MEPC L E D X 4y

Bulk carrier 100-199

Bulk carrier 60-99

Bulk carrier 35-59

Bulk carrier 10-34

Bulk carrier <10

General cargo 10=<

General cargo 5-9

General cargo <5

General cargo 10=<,*

General cargo 5-9,*

General cargo <5,*

Othre dry reefer

Other dry special

Container SKTEU+ 12
Container 5kTEU+ 11
Container 3kKTEU+ 10
Container 2kTEU+ 10
Container 1kTEU+ 10
Container <1kTEU 10
Vehicle 4kCEU+ 13
\Vehicle <4kCEU 13
IRo-Ro 2000+1m 13
IRo-Ro <2000+Im 13
Ferry Pax 25kn 13
Ferry Pax <25kn 13
Ferry RoPax 25kn 13
Ferry RoPax <25kn 13
Cruise 100k=< 14
Cruise 60-99 14
Cruise 10-59 14
Cruise 2-9 13
Cruise <2 13

IMO A F 4+ D7 T A TFRO i KfE>MEPC L&
D7 T AFROEKKME-MEPC XERX SO FIRE

KIED 7 T A4

IMORZT 4 DY T ADL ¥ HN MEPC 3T X 4y
DU T A TR KMEEZETL—>MEPC XEXGDOT

(R RAE D 7 5 A5

IMORZF 4 DV TFTADL IR 2-D0D MEPC X
EBEX DY T A/ T H—>MEPC XEXSD S b

BEHETDINAHBEZ T T RITHHE

IMO ZZF 4 AZF 4DV T ADL < MEPC
LEX SO FRE/NME—>MEPC LERX SO TR

(£38)
Crude oil tanker 200=< 9 MEPC IRERX _
Crude oil tanker 120-199 8 ) ik I5A(FR)
Crude oil tanker 80-119 8 1 Dry cargo carrier 20000
Crude oil tanker 60-79 7 2 52000
Crude oil tanker 10-79 7 3 77000
Crude oil tanker <10 7 4 175000
Products tanker 60=< 6 Gas tanker(Excluding
Products tanker 20-59 5 5 bi hip) 9000
Products tanker 10-19 5 steam turbine ship
6 45000

Products tanker 5-9 5
Products tanker <5 5 ! Tanker 45000
Chemical tanker 20=< 6 8 84000
Chemical tanker 10-19 5 9 300000
Chemical tanker 5-9 5 10 Container 12000
Chemical tanker <5 5 11 39000
LPG tanker 50=< 6 12 91000
LPG tanker <50 5 13 Ro-ro cargo ship 7000
LNG tanker 200=< 6 (Vehicle carrier)
ILNG tanker >200 6 14 18000
Other tanker 5 15 General cargo ship 9000
Bulk carrier 200=< 3 16 13000

4

3

3

1

1

15

16

15

15

16

15

1

1

KWED 7 7 A4
25y - ITEU=7dwt #25
#—7 = Y — : 1CER=1.5dwt # 5




43 R—ASAVHHEOEH

NR—=2A T A P&, BlH 2008 F~2020 FICEE S NIZMME - 7 7 2 (te) T8
WTHEMEAR TbN NI EZ2E LS A O 2020 12861 28 &%, S FE -
7T AP 2007 FE BT HMEEHT-V O COHEHEIC, 2020 FF DO Y% MME - 7 T &
D 2007 FIZBITOIMERZR LI EICEIVERT D, I, "R—=2F7 4L LT
X 2020 4EICEDL T, FHEMMOZ I AT —BRAM ENA LN AN EZHELT
WD,

BAERMIZITFiROLEBY,

2020 CEp074c

xGT,. . (4)

BE ME.2020,tc =
e=2008 GT2007 4c

Z Z T,
BEME, 2020,tc : fiRFE « 7 T A te Bl O EREE I 2020 FON— R T A PEHE
GT2007.tc : IFE - 27 T Z te D 2020 FEDOMIEE (& b > %)
CEz2007,¢c : IRFE « 7 Z A te Bl D 2007 4D CO.HEHi & (IMO A % 7 ¢ Table A1.25
DORFE « 7 T 25 2007 FREHITEE & (E O ) XEREH R 210X Table 7.4
O i % BN & fE)
GTicye : yeFFICHE SN MR - 7 7 A OMIEE

PLEORE MR Z K 4-5 1277,

0 FE - 7 T A O PREO R FEE R X 44/12 (MEPC58 INF.6)



K45 R—RS54 VHHE (2008~2020 FIZEESNI-MMIZE S 2020 FHHE)
RUOZDREHER

2007 HFH &

2007 P H & (L

2020 4 HE H &

2020 4 fk &

2020 4k H &

2020 4k H &

(F8%) s Ee) CHrsimmn . | (GF#mm. =) (MM, 3| (SKn. 2%
B LA & Te) ) LSk de)

Crude oil tanker 200=< 33,384 37,183 11,425 12,725 32,032 35,678
Crude oil tanker 18,028 20,617 11.370 13,002 21,705 24,822
120-199 i
Crude oil tanker 80-119 24,550 32,538 18,296 24,250 31,941 42,334
Crude oil tanker 60-79 4,592 6,719 67 98 3,062 4,479
Crude oil tanker 10-79 4,674 6,422 1 1 2,861 3,932
Crude oil tanker <10 378 639 233 395 450 763
Products tanker 60=< 4,716 7,523 11,310 18,042 12,742 20,326
Products tanker 20-59 6,361 11,893 5,016 9,378 8,509 15,909
Products tanker 10-19 1,745 3,172 3 [ 1,094 1,989
Products tanker 5-9 2,534 4,287 3,439 5,818 4,611 7,801
Products tanker <5 7,059 12,377 3,889 6,819 8,022 14,065
Chemical tanker 20=< 26,601 29,716 35,238 39,364 47,672 53,254
Chemical tanker 10-19 8,599 9,845 8,879 10,166 13,281 15,206
Chemical tanker 5-9 5,937 6,845 12,310 14,195 14,407 16,612
Chemical tanker <5 3,701 4,920 0 0 2,097 2,788
LPG tanker 50=< 5,170 5,681 4,050 4,450 6,893 7,674
LPG tanker <50 5,398 6,797 4,320 5,441 7,275 9,161
LNG tanker 200=< 334 379 9,890 11,215 8,605 9,758
LNG tanker >200 21,688 23,612 30,196 32,874 40,110 43,667
Bulk carrier 200=< 1,091 1,380 813 1,029 1,420 1,796
Bulk carrier 100-199 5,619 6,055 11,774 12,690 13,740 14,808
Bulk carrier 60-99 27,868 30,079 36,227 39,100 49,359 53,273
Bulk carrier 35-59 41,307 45,146 32,5672 35,599 55,258 60,394
Bulk carrier 10-34 40,713 45,048 29,976 33,168 52,660 58,268
Bulk carrier <10 35,224 39,815 15,667 17,708 36,859 41,663
General cargo 10=< 3,045 4,128 1,903 2,580 3,651 4,949
General cargo 5-9 12,029 13,202 5,113 5,611 12,386 13,594
General cargo <5 14,813 16,316 14,471 15,939 22,181 24,431
General cargo 10=<,* 18,622 21,825 9,998 11,717 20,940 24,541
General cargo 5-9,* 21,888 24,587 4,256 4,781 18,261 20,513
General cargo <5,* 7,194 8,607 22 504 26,925 23,887 28,580
Othre dry reefer 4,907 6,580 2,845 3,815 5,696 7,638
Container SkTEU+ 16,501 19,009 4,314 4,969 14,703 16,938
Container 5kTEU+ 2,912 3,341 1,859 2,133 3,526 4,045
Container 3kTEU+ 16,931 19,066 157,625 177,501 144,916 163,189
Container 2kTEU+ 48,545 54,530 59,182 66,478 82,655 92,844
Container 1kTEU+ 55,550 61,776 63,520 70,639 91,021 101,221
Container <1kTEU 32,226 36,682 18,440 20,990 37,202 42,346
Vehicle 4kCEU+ 33,693 38,549 27,973 32,005 46,263 52,932
Vehicle <4kCEU 10,754 13,491 4,583 5,749 11,084 13,904
Ro-Ro 2000+1m 16,329 17,744 17,794 19,336 26,012 28,266
Ro-Ro <2000+Im 7,671 8,368 3,046 3,322 7,717 8,418
Ferry Pax only 25kn 5,993 6,733 5,946 6,680 9,051 10,169
Ferry Pax only <25kn 7,903 9,673 3,377 4,134 8,153 9,979
Ferry RoPax 25kn 7,901 8,116 6,094 6,261 10,454 10,739
Ferry RoPax <25kn 7,982 8,597 5,525 5,951 10,026 10,799
Cruise 100+GT 9,979 10,574 14,602 15,473 19,055 20,192
Cruise 60-99 43,898 50,219 15,242 17,437 42,306 48,398
Cruise 10-59 3,555 3,704 4,182 4,358 5,924 6,173
Cruise 2-9 7,000 7,935 5,603 6,351 9,434 10,694
Cruise 0-2 5,046 6,005 2,518 2,996 5,512 6,559
Service (Research) 738 963 41 53 529 690
Service (Tug) 342 467 605 826 742 1,013
Service (Dredging) 1,840 2,481 2,472 3,332 3,326 4,485
Service (SAR) 1,374 1,552 1,954 2,208 2,575 2,910
Service (Workboats) 3,860 5,874 4,525 6,887 6,419 9,769
Service (Other 895 1,406 679 1,067 1,174 1,846
Misc (Fishing) 5,847 8,360 8,983 12,844 11,527 16,482
Misc (Trawlers) 1,218 1,652 1,263 1,713 1,886 2,557
Misc (Other fishing) 388 1,591 632 1,132 1,130 2,025
Misc (Other) 2,963 4,177 1,948 2,747 3,635 5,124
Ocean-going 375,084 432,078 308,110 353,566 511,810 588,294
Coastwise 280,543 349,677 201,073 243,825 357,841 440,231
Container 197,699 224,093 331,324 373,362 413,141 466,436
Total O,C, Container 853,326 1,005,847 840,507 970,752 1,310,831 1,535,035
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44 MEPC XEDOERMIFTIADEEI

AR O K 9 (AT A CTIE B AL L7 MEPC/60/4/36 (LLF. MEPC X&) %%
L, XEOHM YTV A ZEHAFEFBICHE L, HAFIX MEPC XEIZH D
expected year the improvement reaches the maximum & U 72, ASFHA 134k H HI R
TV ORI E V) BRAEWVEROZ LD EART 100% (ANHREICHES
IO TIEAIND) L, FEHLIFICEAINTZEMITZNDFICEE
SN bRk EASILD & L, 7072 VIRBEEEBE & E50HEEIEFH TEon
T2, ZEREEOBEANBIE STV DE (2020) (SHEI RIS DWW TIRERR R
FEASNRWE LT,

MEPC XEDOHMK—EIZHOWTLELTIZRT, &k MEPC XFEIZIZHNF U 4o
ENR 2 — N h—LZzoft (275, RORO%) O 2fEDOHLTH D,

F4-6 BAREDORTUIOYIL (Boh—, NILOX¥ )T

Year 2008 (2009 [2010 [2011 |2012 |2013 |2014 |2015 [2016 |2017 {2018 [2019 [2020
Low friction coating 5% 5% 5% 5% 5% 5% 5% 5% 0%
Stern duct-friction 2% (2% (2% [2% [2% [2% [2%  |2%
reduction

CRP 8% 8% [8% 8% 8% 8% 8% 8%
Stern duct-propulsion 4% 4% (4% 4% 4% [4% 4% 4%
Post-swirl system 4% 4% (4% 4% 4% [4% 4% 4%
Opt. superstructure 30% |30%
Air lubrication 10%

K41 BARKORT UYL (3avTF+, BHEREM. RoRo, 7z —%F)

Year 2008 [2009 [2010 [2011 [2012 (2013 [2014 |2015 |2016 [2017 [2018 [2019 [2020
Low friction coating 5% 5% 5% 5% 5% 6% |5% 5% |[0%
Opt. stern shape 10% [10% |10% |10% |10% [10% [10% [10% [10% [10% [10% |10%
Opt. superstructure 30% |30%
CRP 8% 18% (8% [8% [8% (8% 8% |8%
Air lubrication 10%

IIT. INLOEMIEFEO T X AXF—MBEICE L CHEEEDL, Mg T EE
ERIFSRVWERESNRD, £, 2006 OB ERICH M ICh a2 o &
MEIND, b, =X —HEEHIEE X%OHM A &= LX—HEHIEE Y%
O BAEUHT 22 LI2XH%H T 1— (1-X%) X (1-Y%) TRIND EWET
% (R OB LE & 22 KM T B L B2 5), BlH, 246 OHMEAIC
X% 2020 EOAFEIERIZ., FlAIEZ oA —, ST XY ) TETIE 2019 FI2iE
47.7%, 2> 7)., HEVEB %M, RoRo. 7= U —%TIX47.8% LB S5, Ly
L, 20Ok 5 2R TEHHE LEZBEA . MEPC CEICIRE SN T 5 %k EEDI il iR
(2013~2017 4£ % TIZ 10%., 2018~2022 4 % TIZ 156%~25%) % LR >TL % 7,

DD AREETITINLOEIFOEANIC L 2 GFHHEHEIBER % MEPC X#ED
B TH D 2015 FI2 10%. 2020 EiZ 25% (X o h—, N7 %y U 7%) £20%



15% (=27, HEVHEEHEM, RoRo, 7=V —%) L0EAEZE 5%, MEPC
XETHEIN TV DA OPEHBIBRICHEREZE LD, ZOEREEZLLTICRT,
EEPEH IR ik, MEPC SCEICE#HK S 722 TOPHEIRRIZH 45%% F LT
L, fotLa vy, BEHEEM, RoRo. 7 = U —%(Z% L T 2019 N HEA X
N5 EMHEEIND Optimal superstructure 1% 30% D HEHEITENF ESN TRV,
INEGEDDLE (45%EVEINWTYH) TR ALF—HEDEOLEFEIL 15%% K& < LM

By TOEDINBIZONWTIIHEREZ 6% L BUT-,

K48 BEARMEDORTUOIOYIL (Boh—, NILIXTYUTE)  BER

Year 2008 |2009 {2010 {2011 [2012 [2013 [2014 |2015 [2016 [2017 [2018 |2019 (2020
Low friction coating 2.3% [2.3% [2.3% |2.3% |2.3% [2.3% [2.3% [2.3% [0.0%
Stern duct-friction 0.9% [0.9% [0.9% [0.9% [0.9% [0.9% [0.9% [0.9%
reduction

CRP 3.6% [3.6% [3.6% [3.6% [|3.6% [|3.6% [|3.6% |3.6%
Stern duct-propulsion 1.8% [1.8% [1.8% [1.8% |1.8% |1.8% |1.8% [1.8%
Post-swirl system 1.8% [1.8% [1.8% [1.8% [1.8% [1.8% [1.8% |1.8%
Opt. superstructure 13.6%[13.6%
Air lubrication 4.5%
a &t 2.3% [10.0%]10.0%[10.0%[10.0%10.0%[10.0%|22.2%|24.0%

K49 BAREKORT v (AT, BBEHEM. RoRo, 71 —%) : BIERR

Year 2008 [2009 (2010 |2011 {2012 (2013 [2014 |2015 [2016 |2017 |2018 [2019 (2020
Low friction coating 2.2% [2.2% [2.2% 12.2% |2.2% [2.2% [2.2% [2.2% [0.0%
Opt. stern shape 4.5% |4.5% [4.5% [4.5% [4.5% [4.5% [4.5% |4.5% [4.5% [4.5% [4.5% |4.5%
Opt. superstructure 6.0% [6.0%
CRP 3.6% |3.6% [3.6% [3.6% |3.6% |3.6% [3.6% [3.6%
Air lubrication 4.5%
&it 4.5% |4.5% |4.5% [6.6% [10.0%[10.0%]10.0%(10.0%{10.0%[10.0%|15.4%(17.3%




4.5 ERIEMICESHEHAIBEDHE

EROR—=2 T 4 UHEHE A EIT, 2008 E~2020 EICHIE S MO 2020
FEICBIT DB EZHG T2, 22T oFfiEmmoHEICET2 0T
BHDHTD, PHEIEREIXEERO KT 2 EHET D, & DHFICEE S NI mE -
7 7 A te lxT 2 BB A t OPFHANEOAFHES LT, FTiOXIITKRD D,

2020 t,tc,yc

ERyg 102000 = 20 [BEwE 2000, yee X ¥ {1 = H(l ER,)}] (5)
ye=2008 Z E

t,te,yc

Z Z T,

ERME,tc,t,2020 : 2020 DO MFE - 7 7 A te (Zxb3 2 MBI t 0 EBITE R T D HE

HH 1 P

BEME,2020,yc,tc : ye FAZEE SN MAAOIFE « 7 T A te B 2020 4FE D FERIZ

KT HX—2T7 4 P& (EREBR)
Re: ye I E SN OMFE « 7 7 X te [T ARTREZR H A t O Hk HHHIBE
(MEPC &)

ye : HiE A

Yt,te,ye : ye FFICHEE SN OMTE « 7 7 R te ITE AR BEREIN t DRI

AR o X912, ERRORXOFEE LT, lx 0P HIE A ERICMSTH D =
EEBEL TS, Bl 2 TP EIR B2 2 f%E (Ta, Tb) H V., TN ETHDOR—2R
TA KT HHEHEIEERZ 5% L 10%E 5 L, WENEST 556 OHIRIX
At 5L 1— (1-0.05) X (1-0.1) =14.5% & 725, ft> CTHff Ta & Tb A[EEEIZ
HASINTWDIRE TIE Ta OFIIEEIT Th NEAIN TS0 L, Th O HIEE
X Ta DEAINTWDHLIRWADTLH, IHER—RXT 14 02k T 5 Ta b Th DZNEN
DOPEH BRI 5%, 10% & 1T 6T ZNEN 4.8% KT 9.7% L 70D (HEF 14.5%),



K410 R ED 2020 FFTHOHHAIBE (kt-C0.)

Low Stern CRP Stern Post-swirl [Opt. IAir Opt. stern| Total w/o

friction  [duct-frictio duct-prop [system superstrucllubrication [shape speed

coating n reduction ulsion ture reduction
Crude oil tanker 200=< -152 -60 -240 -120 -120 -215 -36 0 -943
Crude oil tanker 120-199 -154 -62 -247 -123 -123 -230 -38 0 -978
Crude oil tanker 80-119 -249 -100 -399 -200 -200 -375 -63 0 -1.585
Crude oil tanker 60-79 0 0 0 0 0 0 0 0 0
Crude oil tanker 10-79 0 0 0 0 0 0 0 0 0
Crude oil tanker <10 -3 -1 -5 -3 -3 -5 -1 0 -20
Products tanker 60=< -156 -63 -252 -126 -126 -243 -41 0 -1.007
Products tanker 20-59 -68 -27 -110 -55 -55 -103 -17 0 -436
Products tanker 10-19 0 0 0 0 0 0 0 0 0
Products tanker 5-9 -47 -19 -76 -38 -38 -73 -12 0 -303
Products tanker <5 -53 -21 -84 -42 -42 -78 -13 0 -332
Chemical tanker 20=< -484 -195 -780 -390 -390 -744 -124 0 3.107
Chemical tanker 10-19 -122 -49 -195 -98 -98 -186 -31 0 -778
Chemical tanker 5-9 -170 -69 -274 -137 -137 -264 -44 0 1.094
Chemical tanker <5 0 0 0 0 0 0 0 0 0
ILPG tanker 50=< -55 -22 -88 -44 -44 -83 -14 0 -352
LPG tanker <50 -59 -24 -94 -47 -47 -89 -15 0 -375
ILNG tanker 200=< -137 -56 -222 -111 -111 -216 -36 0 -891
ILNG tanker >200 -415 -167 -669 -334 -334 -639 -107 0 -2.665
Other tanker -11 -4 -18 -9 -9 -17 -3 0 -70
Bulk carrier 200=< -162 -66 -262 -131 -131 -252 -42 0 -1.047
Bulk carrier 100-199 -498 -200 -801 -401 -401 -765 -128 0 3.193
Bulk carrier 60-99 -444 -178 712 -356 -356 -671 -112 0 -2.828
Bulk carrier 35-59 -408 -163 -654 -327 -327 -614 -102 0 -2.596
Bulk carrier 10-34 211 -84 -334 -167 -167 -306 -51 0 1.321
Bulk carrier <10 -26 -10 -41 -21 -21 -39 -6 0 -164
General cargo 10=< -69 -27 -109 -54 -54 -99 -16 0 -430
General cargo 5-9 -198 -80 318 -159 -159 -302 -50 0 1.266
General cargo <5 -135 -54 -215 -108 -108 -200 -33 0 -853
General cargo 10=<,* -55 -21 -84 -42 -42 -70 -11 0 -327
General cargo 5-9,* -311 -126 -503 -251 -251 -486 -81 0 2.010
General cargo <5,* -39 -15 -62 -31 -31 -57 -10 0 -244
Othre dry reefer -57 -22 -89 -44 -44 -77 -13 0 -346
Other dry special -25 -10 -40 -20 -20 -38 -6 0 -160
Container 8kTEU+ -2.183 0 -3.550 0 0 -1.547 -584 -6.424 -14.287
Container 5kTEU+ 811 0 1.311 0 0 -561 -211 -2.405 5.299
Container 3kTEU+ -870 0 -1.405 0 0 -601 -226 -2.580 5.682
Container 2kTEU+ -249 0 -400 0 0 -167 -62 -746 1.624
Container 1kTEU+ -381 0 -614 0 0 -260 -98 1.135 2,488
Container <1kTEU -61 0 -98 0 0 -40 -15 -185 -399
\Vehicle 4kCEU+ -244 0 -393 0 0 -168 -63 -723 1.590
[Vehicle <4kCEU -41 0 -65 0 0 -26 -10 -123 -265
IRo-Ro 2000+1m -81 0 -131 0 0 -56 -21 -241 -531
[Ro-Ro <2000+1m -45 0 -72 0 0 -30 -11 -136 -294
Ferry Pax only 25kn -83 0 -133 0 0 -56 -21 -247 -541
Ferry Pax only <25kn -75 0 -121 0 0 -51 -19 -224 -489
Ferry RoPax 25kn -201 0 -324 0 0 -139 -52 -594 -1.310
Ferry RoPax <25kn -203 0 -321 0 0 -130 -48 -614 1.316
Cruise 100+GT -57 0 -93 0 0 -40 -15 -170 -374
Cruise 60-99 -76 0 -123 0 0 -52 -20 -227 -498
Cruise 10-59 -34 0 -54 0 0 -22 -8 -102 -221
Cruise 2-9 0 0 -1 0 0 0 0 -2 -3
Cruise 0-2 -8 0 -13 0 0 -6 -2 -25 -54
Service (Research) -34 0 -55 0 0 -24 -9 -100 -222
Service (Tug) -27 0 -43 0 0 -19 -7 -79 -175
Service (Dredging) 62 0 -100 0 0 -43 -16 -184 -405
Service (SAR) -9 (0] -15 0 0 -6 -2 -28 -60
Service (Workboats) -123 0 -200 0 0 -86 -32 -365 -807
Service (Other -17 0 -28 0 0 -12 -4 -51 -113
Misc (Fishing) -9 0 -14 0 0 -6 -2 -26 -56
Misc (Trawlers) -26 0 -42 0 0 -18 -7 -79 -172
Misc (Other fishing) -395 0 -636 0 0 -271 -102 -1.173 2.577
Misc (Other) -27 0 -44 0 0 -18 -7 -82 -178
Ocean-going shipping -4.206 -1.540 -6.748 -3.079 -3.079 -6.065 -1.063 -1.087 -26.868
Coastwise shipping -2.736 -455 -4.390 -910 -910 -2.800 -691 -4,786 -17.678
Container -4.556 0 -7.377 0 0 -3.176 -1.195 13.475 -29.779
Total -11.498 -1.995 -18.515 -3.989 -3.989 12.041 -2.950 19.347 -74.325
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HIS . ERsg,  te 13 2007 FOREM O COHEH & &l LT, BANAI R ¢ & BOd
ITEORGHEVIANTEHHEIEZR~T, 2220 ROAITERET 2 EHO
PEHHENEZ 2 L5I< &, ZROEMNEZEAN LG AICB T 5Bl ITICER 3 2 4
A RS (A O PE BRI 2 &) Ko bivd, Tha Y¥%MmfE- 7 7 20 2007
FEoFHREFIREDR T AP E (A1 D CEwME2007,t) THEI D &, @BEE ye [2BIT
5®5FMOMAE DY (tye) ZEALZMANCHK T 2 BOEMATIC X 5 PeH EIRER
EEMTHIENTED, ZHIZHOWTLTICRT,
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BEIX T krickxEInsd,

ERgp 0. ye = ERRsp 1c ye X BE v 2020 4 (10)

ZZ T,
ERsRte,ye 1 ye FEAITHEE SN MMOMTE « 7 7 X te B OBOEMAT IZEE K 92 Pk H
il 9

FERICOWTH 411 12787, 2008 4E 5 5 2020 4F F TITE A A HE 722 BT 0 & 3R D A
TOPEHHEI &I 74,325kt-CO.TH D . 2008 415 2020 4 F TITHE S5 A
CBWTHEMET N TR AW ERE LRG0 HE (EH., fikzs sk
970,752kt-CO:2) (T L T 7.7% D HHHIE & 72 2, 2T 5% DBIEMAT MDD & |
TS HIEMA I EIE AT 144,639kt-CO. (FriEMokPEHED 14.9%) L 121F
EHT 2, BEAFMML &0 5 &AM AIEE 184,961kt-CO: & 72 v | 2020 FDO 4
it B O HEH & 1,535,085kt-CO-D 12.4% & 72 5,



xR 411 YBEMITERELEBAEDIR LT —HEEDRLERVEMHINE & DX

B (kt=C0.)
BT RS AR AT BIEMAT FiEM A Et BAEE & extEAE
it (FriEm) (BE&EMm)
A B C D=A+B E=B+C F=A+B+C

Crude oil tanker 200=< -943 -971 -1,917 -1,914 -2,887 -3,830
Crude oil tanker 120-199 -978 -949 -950 -1,927 -1,899 -2,877
Crude oil tanker 80-119 -1,585 1,411 -1,168 2,997 2,579 4,164
Crude oil tanker 60-79 0 -5 -244 -6 -250 -250
Crude oil tanker 10-79 0 0 -242 0 -242 -242
Crude oil tanker <10 -20 -17 -17 -37 -34 -54
Products tanker 60=< -1,007 -839 -119 -1,846 -957 -1,964
Products tanker 20-59 -436 -339 -266 -775 -605 -1,040
Products tanker 10-19 0 0 -83 0 -83 -83
Products tanker 5-9 -303 -245 -94 -548 -339 -642
Products tanker <5 -332 -273 -324 -605 -597 -929
Chemical tanker 20=< -3,107 -2,983 -1,160 -6,090 -4,143 -7,250
Chemical tanker 10-19 -778 -744 -407 -1,522 -1,151 -1,929
Chemical tanker 5-9 -1,094 -1,027 -193 -2,121 -1,220 -2,314
Chemical tanker <5 0 0 -187 0 -187 -187
LPG tanker 50=< -352 -345 -266 -696 -611 -963
LPG tanker <50 -375 -356 -268 -731 -624 -999
LNG tanker 200=< -891 -828 119 -1,718 -709 -1,599
LNG tanker >200 -2,665 -2,578 -932 -5,244 -3,510 -6,176
Other tanker -70 -67 -55 -137 -122 -192
Bulk carrier 200=< -1,047 -1,009 -185 -2,055 -1,194 -2,241
Bulk carrier 100-199 -3,193 -3,105 -1,238 -6,298 -4,344 -7,637
Bulk carrier 60-99 -9 828 2,782 2,129 5,610 4,911 7,740
Bulk carrier 35-59 -2,5696 -2,549 -2,120 -5,145 -4,669 -7,265
Bulk carrier 10-34 -1,321 -1,323 -1,964 -2,643 -3,286 -4,607
Bulk carrier <10 -164 -152 -154 -316 -306 -470
General cargo 10=< -430 -438 -683 -867 -1,120 -1,550
General cargo 5-9 -1,266 -1,230 -721 -2,496 -1,951 -3,217
General cargo <5 -853 -847 -1,018 -1,700 -1,865 -2,718
General cargo 10=<,* -327 -365 -1,306 -692 -1,671 -1,997
General cargo 5-9,* -2,010 -1,883 -128 -3,893 -2,011 -4,021
General cargo <5,* -244 -228 -253 -472 -481 -725
Othre dry reefer -346 -363 -955 -709 -1,317 -1,663
Other dry special -160 -156 -154 -316 -311 -471
Container 8kTEU+ -14,287 -13,285 1,183 -27,572 -12,101 -26,388
Container 5kTEU+ -5,299 4,994 2,186 10,292 -7,179 12,478
Container 3kTEU+ 5,682 -5,383 -2 570 11,064 -7,953 -13,635
Container 2kTEU+ -1,624 -1,547 -1,735 -3,172 -3,283 -4,907
Container 1kTEU+ -2,488 -2,334 -1,685 -4,822 -4,019 -6,507
Container <1kTEU -399 -378 -591 -777 -969 -1,368
Vehicle 4kCEU+ -1,590 -1,517 -772 -3,107 -2,289 -3,879
Vehicle <4kCEU -265 -260 -439 -525 -699 -964
Ro-Ro 2000+1m -531 -505 -291 -1,035 -795 -1,326
Ro-Ro <2000+1m -294 -281 -438 -575 -719 -1,013
Ferry Pax only 25kn -541 -535 -421 -1,076 -956 -1,497
Ferry Pax only <25kn -489 -475 -426 -965 -901 -1,390
Ferry RoPax 25kn -1,310 -1,267 -425 -2,577 -1,692 -3,003
Ferry RoPax <25kn -1,316 -1,277 -2,496 -2,593 -3,773 -5,089
Cruise 100+GT -374 -365 -167 -739 -532 -906
Cruise 60-99 -498 -473 -357 -971 -830 -1,328
Cruise 10-59 -221 -208 -273 -429 -482 =702
Cruise 2-9 -3 -3 -43 -6 -46 -49
Cruise 0-2 -54 -48 -12 -102 -60 -114
Service (Research) -172 -152 -146 -324 -297 -470
Service (Tug) -2,577 2,462 -1,526 -5,038 -3,987 -6,564
Service (Dredging) -178 -153 -179 -330 -332 -510
Service (SAR) -163 -148 -91 -311 -239 -402
Service (Workboats) 91 79 -64 -170 -143 -234
Service (Other -187 =177 -144 -363 -321 -508
Misc (Fishing) -434 -276 -430 -710 -706 -1,140
Misc (Trawlers) =770 -600 -1,093 -1,370 -1,693 -2,463
Misc (Other fishing) -144 -134 -287 -278 -421 -565
Misc (Other) 625 592 -439 -1,217 -1,031 -1,656
Ocean-going shipping -26,868 -25,845 -18,760 -52,713 -44,606 -71,474
Coastwise shipping -17,678 -16,548 -13,978 -34,226 -30,526 -48,204
Container -29,779 -27,920 -7,583 -57,699 -35,504 -65,283
Total -74,325 -70,314 -40,322 -144,639 -110,636 -184,961




FREOMME LK 4-2 127779, —MBEAIIZ, HINIX R LD BEMITODERKRESHE
HEans, $EMECRZ L a T MBAEEROPEHEIBED 45%% 5D T\ 5,

70
o | [ ]
o 50
?
< 40 |
|
= 30 r
= m B
ﬁZO
[
0
[FiRaTh— FOMmAEVA— NIILIFe) 7 —BEY a7 D
B B EAT (BEER)
O JBERAAT (BEfR)
O BT xt 3R

4-2 MEHOHHHEIREY > T
fE B R O HEH IR 4 EEDI HIE CTHilEEE T MEPCXEDE & LA &R
4-12 127" T, HATAO I X D PR EIRE S 2 500 B &7 5 . & D52 38 TROE D

BIRIIH 10% A LT D,

x 4-12 HHBIBERZMELGWGEE (kt-C02)

itk E PR MLAT T AT At WE A F %R A5
it (B 1 ) (BEAT )
Ocean-going shipping -56,079 -22,997 -18,760 -79,077 -41,758 -97,837
Coastwise shipping -39,523 -14,418 -13,978 -53,941 -28,396 -67,919
Container -70,377 -23,962 -7,583 -94,339 -31,545 -101,923
Total -165,980 -61,377 -40,322 -227,357 -101,699 -267,679

T, BEEE 10%E LA %R 4-13 123, BOETIT O BE H HIRh 3 1 B il
X RICH % L TR L TWAH 72D, SRR R O BITEOE R IR L2y, JoE
FUAT OB RITHIER 5%DF A LT 194 B L HH SN D, ZHIFBEERDO LA
L0 HEGRMICE NN DR (1.95 %) LEASPBNLTWD (Fifgo = 3L X —1HE
MBS DI ONREPRETFT /NS L IeoTWVD)



= 4-13

BAEREZE 10%E L=HE (kt-C02)

Btk E PR MLAT T AT At WE A F %R A5
it (B 1 ) (BEAT )
Ocean-going shipping -26,868 -50,109 -36,380 -76,978 -86,489 -113,358
Coastwise shipping -17,678 -32,031 -27,027 -49,709 -59,058 -76,736
Container -29,779 -54,169 -14,714 -83,948 -68,883 -98,661
Total -74,325 -136,309 -78,121 -210,634 -214,430 -288,755
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#* 4-16  Hifrmeg s — & (USD/£)

Low friction|Stern CRP Stern Post-swirl Opt. Air Opt. stern BOEMATH
coating duct-friction duct-propuls |system superstructu |lubrication shape HER
reduction ion re (5%)

Crude oil tanker 697,375 200,000| 4,000,000 200,000 200,000| 32,000,000 2,163,205 0| 7,105,263
200=<
Crude oil tanker 120-199 450,045 155,186| 3,103,729 155,186 155,186| 24,829,832| 1,464,615 0 | 4,585,281
Crude oil tanker 356,575 132,808| 2,656,152 132,808 132,808| 21,249,215| 1,159,040 0 | 3,947,368
80-119
Crude oil tanker 279,480 99,165 1,983,309 99,165 99,165( 15,866,471 1,031,065 0 | 2,847,462
60-79
Crude oil tanker 202,105 69,792 1,395,841 69,792 69,792( 11,166,725 626,906 0 | 2,059,134
10-79
Crude oil tanker <10 39,325 14,993 299,858 14,993 14,993| 2,398,865 121,983 0 400,664
Products tanker 60=< 312,830 100,956| 2,019,110 100,956 100,956| 16,152,883 970,368 0 [ 3,187,271
Products tanker 201,950 69,377 1,387,536 69,377 69,377( 11,100,286 626,428 0 | 2,057,565
20-59
Products tanker 109,770 43,790 875,800 43,790 43,790 7,006,397 340,494 0| 1,118,386
10-19
Products tanker 5-9 63,370 24,607 492,149 24,607 24,607 3,937,190 196,571 0 645,658
Products tanker <5 24,985 8,354 167,085 8,354 8,354| 1,336,683 77,489 0 254,520
Chemical tanker 205,570 78,217 1,564,333 78,217 78,217 12,514,667 637,654 0 | 2,094,438
20=<
Chemical tanker 107,000 44,794 895,875 44,794 44,794 7,167,004 331,895 0 | 1,090,143
10-19
Chemical tanker 5-9 67,145 28,493 569,858 28,493 28,493| 4,558,867 208,275 0 684,099
Chemical tanker <5 29,150 7,927 158,548 7,927 7,927| 1,268,383 90,421 0 296,996
LPG tanker 50=< 299,350 109,374| 2,187,475 109,374 109,374] 17,499,802 1,575,000 0 | 3,049,980
LPG tanker <50 68,895 19,272 385,442 19,272 19,272 3,083,537 362,469 0 701,919
LNG tanker 200=< 636,790 266,786| 5,335,729 266,786 266,786| 42,685,835 4,200,000 0 | 6,487,960
LNG tanker >200 487,285 278,902| 5,578,035 278,902 278,902 44,624,282 2,625,000 0 | 4,964,763
Other Tanker 38,635 9,136 182,730 9,136 9,136 1,461,837 208,109 0 393,604
Bulk carrier 200=< 568,265 340,961| 5,114,413 340,961 340,961 34,096,089 3,740,490 0 [ 5,000,000
Bulk carrier 100-199 460,790 293,792| 4,406,881 293,792 293,792( 29,379,207 1,494,090 0 | 2,894,737
Bulk carrier 60-99 279,810 200,000| 3,000,000 200,000 200,000| 20,000,000 921,750 0 [ 1,757,780
Bulk carrier 35-59 220,055 161,933 2,428,989 161,933 161,933 16,193,263 724,913 0 [ 1,382,411
Bulk carrier 10-34 148,840 127,647 1,914,712 127,647 127,647( 12,764,750 490,317 0 935,037
Bulk carrier <10 37,510 24,846 372,696 24,846 24,846| 2,484,638 123,567 0 235,642
General cargo 10=< 121,925 131,351| 1,970,258 131,351 131,351] 13,135,055 401,646 0 765,941
General cargo 5-9 67,650 71,955| 1,079,326 71,955 71,955| 17,195,506 222,855 0 424,985
General cargo <5 25,060 13,363 200,449 13,363 13,363 1,336,325 82,547 0 157,417
General cargo 10=<* 150,710 134,543| 2,018,149 134,543 134,543] 13,454,324 496,477 0 946,784
General cargo 5-9,* 73,195 53,262 798,935 53,262 53,262 5,326,235 241,118 0 459,813
General cargo <5,* 47,005 29,850 447,754 29,850 29,850 2,985,026 154,839 0 295,278
Othre dry reefer 70,445 103,429| 1,551,432 103,429 103,429( 10,342,881 232,059 0 442,537
Other dry special 127,710 98,749 1,481,235 98,749 98,749 9,874,903 420,707 0 802,289
Container 8kTEU+ 519,440 5,000,000 47,000,000 2,061,375 500,000 | 7,327,344
Container 5kTEU+ 410,420 4,029,522 37,877,507 1,674,435 395,060 | 5,789,474
Container 3kTEU+ 306,295 2,677,346 25,167,056 1,408,075 294,831 | 4,320,653
Container 2kTEU+ 229,350 1,694,391 15,927,276| 1,269,060 220,766 | 3,235,253
Container 1kTEU+ 155,785 1,065,359 10,014,379 861,987 149,951 | 2,197,489
Container <1kTEU 87,900 374,515 3,620,438 486,382 84,611 | 1,239,948
Vehicle 4kCEU+ 333,770 1,373,832 12,914,023 1,846,863 321,280 | 4,708,263
Vehicle <4kCEU 180,855 765,189 7,192,779| 1,000,701 174,082 | 2,551,117
Ro-Ro 2000+1m 209,990 1,069,426 10,052,608]| 1,161,936 202,130 | 2,962,157
Ro-Ro <2000+Im 56,145 197,674 1,858,138 310,661 54,043 791,978
Ferry Pax only 25kn 10,855 256,155 2,407,853 60,075 10,451 153,151
Ferry Pax only <25kn 12,910 126,661 1,190,613 71,457 12,431 182,167
Ferry RoPax 25kn 127,140 1,855,199 17,438,866 703,491 122,379 | 1,793,432
Ferry RoPax <25kn 67,835 496,021 4,662,600 375,362 65,298 956,921
Cruise 100+GT 583,130 4,736,229 44,520,556| 3,226,638 561,306 | 8,225,767
Cruise 60-99 445,685 3,529,308 33,175,498| 2,466,115 429,006 | 6,286,942
Cruise 10-59 230,370 1,417,753 13,326,877 1,274,721 221,750 | 3,249,684
Cruise 2-9 69,055 399,609 3,756,327 382,118 66,473 974,145
Cruise 0-2 18,345 71,019 667,580 101,525 17,661 258,820
Service (research) 9,708 37,298 350,598 185,507 24,037 472,918
Service (Tug) 1,627 42,526 399,745 57,204 7,412 145,831
Service (Dredging) 3,694 10,460 98,325 224,931 29,145 573,423
Service (SAR) 560 13,475 126,667 86,554 11,215 220,655
Service (Workboats) 9,550 5,449 51,224 179,274 23,229 457,029
Service (Other) 4,538 98,135 922,473 163,674 21,208 417,259
Misc (Fishing) 1,070 7,884 74,114 61,468 7,965 156,703
Misc (Trawlers) 717 101,357 952,758 94,959 12,304 242,082
Misc (Other fishing) 12,296 105,645 993,065 158,498 20,537 404,064
Misc (Other) 12,127 228,259 2,145,638 679,220 88,009 | 1,731,555




() Z D th

R EHE RS 138 = xR ae B2 5 ECEETHD, KRRAETIE IMO A& T ¢ &
DNV SCrk[EAC . MAREHER 500 R/ B W, £, BEMFT7r—2 & L
T.MARPOL &) DS IEIZFES < SOx Bl bz D 72 8 2020 47> b BREHEAS 25 1,000
RV ATEHE Licr — A B HBE Lo, B AU OBRE (T A, EX) 1T 2020
FILBWTHMIMICEDAFEER/NENWEBEINDT-HIZEE L TV,

4.7.2 BEFHEINSA=A
BEFENRT A =2 L LTEHBIREOHAEFELENRET ONDN, 262250 TIE
LT Xo212E x5,

(MEI5&E

G RICONVTIE, HEBAROBRBDITEICIT 4~5% B b TV DH EBESND,
AR O CHERD 9 B, IMO 2 & 5 4 & IMarEST SCikiZ 4%, DNV SCHkiE 5% % W T
W%, L»ML RITE X IEA ETP 05T IZB W TR LA TV D REEEOHE LMD
RoéE, IvmnERZHWLI~E L EDbNS, BIRORFIEZ LR L L, REMEE
DRENHIFEISFRE 10%RE LB ORZY L Ebh b, TR CEAENICH
WO D KEORFHEIEZ AW TNEESEA 2 M (WACC) ZHII L7ZHE DR
FATH W 7272 U A RO AT R & 72 5 EEFE D LE&FIT TR IR0,
5% VOB THLEETES, BE IEHONENELDIHEKE 20 ET-o 24, B
I4E D NPV IZHEIS[ % 10% Tix 9.4 M., 5% TIX 13.1EMERE TIN5,

(QFEEH

NPV % GH5E 3 2 4E5IC >0 Cid, BT R B VIE S RE BRI 238720 MAC
PEDICEHEND, XL —F —IZERT DM EOHEAN S /D & & B IX
B~10ERELMESNE N, METHY AL —F—Th b HEEITMAZ @ 20
~30EREIBI ST D, Mo THSIR LR, FRICOVWTHLEBOr — A2 5§
TRETHDLIN, BOERTEERINEE 2 D0 ITESIRLE WD, EEIX MK
WEIBIREBEWEER] OFr—X L THEWEIBIREEWELR] OFr—RA 2R ETXET
H5H, BIBEIIHEER, BHEIIRMAEEOB AN OHRERINEZEZ 2548128 LT
AR



48 MAC OEH
PLRicESE, X9 L T MACEZEHT 5,

Befirfe:, Al - 7 7 2, BEFEREBICI AN EFEBEORELIERT D,
ZThb s L. NPV 2R 5,

PFE CIREZR AT A AR EZREE L, G545,

EREY MACZHEIT 2

Bla LA FIoRT, flxIE, 2 77 A2k L T#EE =2 2 b 30,000 USD, i
MEEHEAS 2 500USD,/ F > & LT BEOE = XEN 22 FITL T 5,000USD(=
10 b)) D T 2012 4£~2014 FITEA SN EIRET D, £o. £ OHIN
DE T X ERIT 2014 F0 X MICE A SN D HITOEEE 1T, 4,00008D (=8 b
V) IR T T 2L SBITRET D, B, BREFETEAFEORIFELES, 21T
OB R A AP HEIEZE = 2 BT HF] LT 20124 K N 2013128 A I
TR 1 hUREE=H0 3t-CO. & EBL L T 30t-CO-2, 2014 #FITHE A S U7z fh AT
24t-CO: L R s b, ZOBEOEMAERIITRLROLIITR D,

x4-17 NPVEHT—42A~—X (Hif 20 &£, Bz 1000 FL)

A HEH ‘
& B Bt RAESE

(t-CO.) | 2008 |... 2011|2012 | 2013 | 2014 | 2015 | 2016 | 2017 |...| 2031 | 2032 | 2033
mFE - 772 A
(2012 45 7 i) 30 0 ...| -30 5 5 5 5 5 5 .| 5 0 0
[ (2013 4E &) 30 -30 5 5 5 5 5 ..l 5 5 0
[ (2014 4 &3 24 -30 4 4 4 4 L4 4 4
o ak 0 0] -30 | -25 -20 14 14 14 14 | .| 14 9 4

BA OIEWHREME NPV OFH X, ERo T55H] MaEzdRic, T k)
. BEWIE Y 20 E DA T

NPV = — 1 (=30) 4 —— (= 25)+ ——x( (14) 4ot — e (4) (11)

) (o) ey Ty (L)

Eb, T2 TridEBIRTHD, B REMNBHIMIZIE L T, NPVIIKRDOFED X
IR E S LB 514,

U 22 CREREOHM I E R ET 2B TITOR S 72D, NPV % 2008 R R THRFTXE TR E T
5% b H 25 (CE Delft ® Dr. Jasper Faber), 7272 L 2D X 5129 5 & E CIXBEMAE & 1372 5 22 v Al gk A3
HD, THIKODVWTIEEABRBRNT I2LEND D, EEHWEFR T NPV 2HET I FEEZEATLIE. AECTO
FIEICHANT NPV (KO MAC) OIEEAIIEDLLRWA, 05NN RELEHEND, TOEAWIE 1.4 %
R (RIS 5%). 2 fFRE (H81£ 10%) tHEIND,



x4-18 NPVOZEE (LEKLYEH. EAL 1000 Fi)

r (GE151=) 5% 10% 15%
]
20 4 66.7 18.7 -0.8
10 4 14.5 -2.1 -9.5
FA418ITBWTNPVAREDOEZTRA L WS Z I3 LRHMAAKR Il s b L

WIHZ LT, AT AT aAMDORETHD, F-HMZ 20K P10 F LBV
&0 CO.DHEHHEIEIZZENZE I,

ER =(30+30+24)x20=1,680 (20 £F) (12)

ER=(30+30+24)x10=840 (10 %) (13)

(BT t-CO>)

DEHICHEEESND GREMNRAT AP HNERE @ FITE Y 5l hhgn), fRE

LTMACIE RO EEBD,

&4-19 MACHZEE (k~JL/t-C02)

r (H15] %) 5% 10% 15%
il
20 4F -66.7/1.68=-39.7 -18.7/1.68=-11.1 0.8/1.68=0.5
10 4 - 14.5/0.84=-17.2 2.1/0.84=2.5 9.5/0.84=11.4
49 #E

EREOHEFHZ LD MAC R ORRICHOWTLLTIZRT,

491 BEHS—R
ARHAEIZFES < MAC HHIC

D2Oo2MET D,
r—A A W 20 45,
r— A B WIf# 10 4,

ML, BETH\HF AT A—FDOr—2L LTFR

r=5%
r=10%

AR L72CRRIC b H 5 £ 512, 5% WO RIGIHRITY A7 7Y —L— MZiL< | -

Tz —FOALEARE LTRLZLZMEL TS, T L THREEIZBES
fEEORMMEEDOFERITEY, > T NPV KOHEHHIREZE L3528 2



LAEML, ZF— X Ao HAEER,. 7y — XA BIXEEXORERINFERZEEL T
RETRETHD, UEOXHIYBRBEICESEERL 27— ADORELEITo T2,

492 MACOHOEH#ER
H Bl MAC (USD/t-CO:) L OHEHHEIRA T > > v /b (Mt-CO:) ZLLFD &

DThs,
(MW7r—RXA
F 4-20 MACOEH (7r—RX A
Low Stern CRP Stern Post-swir |Opt. Air Opt. |p%iF&E
friction |duct-frictio duct-propulsio |l system |superstructure|lubrication |stern |ffi{T
coating |n reduction n shape
NPV 13,821 1,829 4,181 4,508 4,082 -22,305 3,278| 27,139 60,620
Eﬁfﬂgﬂj 11.5 2.0 18.5 4.0 4.0 12.0 3.0 19.3 111.9
Hll i3 =
BETHEH
o 230.0 39.9 370.3 79.8 79.8 239.6 59.0| 386.9| 2,238.8
lél“/mi
MAC -60.1 -45.8 -11.3 -56.5 -51.2 93.1 -55.61 -70.1 -27.1
(WAL NPV : 100 J5 USD, #HEHHI & : Mt-CO.. MAC : USD/t-CO-)
200 r
150
100 |- <
N 2
3 2 5
| ) 2
x 50 r 3 g
o o c
2 2 & g
T 0 c & o ‘ 0
g | 2 |73 b 2
. | g [gE = 3
50 s | o EgEs el
=} O —_0 5"
T =] 2583
% 7 33
-100 - °
0 20 40 60 80 100 120 140 160 180 200
[Mt-C02]
K4-4 NMACOEH (7/—RXA)

— 7

2_



(2)7—X B

# 4-21 NMACOEH (7—RXB)
Low Stern CRP |Stern Post-swirl|Opt. Air Opt. 5% i 2R
friction |duct-friction duct-propulsion |system superstructure|lubrication |stern fmiT
coating |reduction shape
NPV 4,042 323[-5,705 1,226 936 -17,177 614| 9,701| -27,466
?Fﬁﬁﬁtﬂ 11.5 2.0] 185 4.0 4.0 12.0 3.0 19.3] 111.9
Hil 7 =
EEtHEY
[y 115.0 19.9| 185.2 39.9 39.9 119.8 29.5 193.5( 1,119.4
Hil i3 =
MAC -35.2 -16.2| 30.8 -30.7 -23.5 143.4 -20.8 -50.1 24.5
(HLA71X NPV : 100 5 USD, HEHIHI & : Mt-CO:, MAC : USD/t-CO-)
200 r
150 o
2
B
100 - » a
S ; 2
(@) <2 S
£ 50 F 9 2 ’
B & 'U-'~Ih et
%) & 3 of H
2 : e»ty % 9
- MU & % i
e | o |9%ge
5 [§ zess
-50 o =8 233
3 @
3
-100 -
0 20 40 60 80 100 120 140 160 180 200
[Mt-CO02]
K45 MACHOEH (7/—XB)

PLEDOKICARD X211, ¥ —AALTZP—ABETIITMAC N KELS B7ed, ¥—RA
A T Optimal superstructure Z < 2 TOHEIFIZODWVT MAC B~ A T A LR X
ANy —2Z2 B TIRBHEMITE S0 O0DEMO NPVIZ ST 2L, #toT

FRABE IR = A h23E U 5, I K TIEH 140USD/t-CO: 272 5,

WRKENE VD BECROSHEEMFTE2HDOTH S,

493 BREDF

FEROIIICEH L MAC IZX LT, WS 90D

ROEBY THD,
HEH R O IE 21T D 722w

Ji%

JoN

ZHIFFIGIRDE

FE AT 24T - 7o, BARBYIZI



AT E 5
- B L ATy —~ 2w b
- BESEIC L AR T

INBIZOWTELFIZRT, BT A—X37r— A2 AITH

MEEHBENREDHIEZITHAEL
B HATOHEH B R OMIE #1743 . MEPC60/4/36 @ JF #IZF0# S 7= 5B D %
FLLAEBBICOWTLULFIZRT,

£4-22 MACOEE (F—RA: HHHABEOWMEZTHAELY)

L7,

Low Stern CRP |Stern Post-swirl [Opt. Air Opt. 5% 8 3R
friction |duct-friction duct-propulsion [system superstructure |lubrication |stern |fi{T
coating [reduction shape
NPV
31,895 4,729(31,236 10,309 9,884 4,040 8,923| 59,760| 48,843
o M ik 24.3 4.1 38.7 8.3 8.3 34.9 5.8/ 41.3| 103.0
BB =
B &t B i 486.6 82.9| 773.4 165.9
o e . . . . 165.9 697.6 116.4| 825.6(2,060.0
Hil 7 =
L -65.5 -57.0| -40.4 -62.2 -59.6 -5.8 -76.7| -72.4| -23.7
MAC (& -60.1 -45.8| -11.3 -56.5 -51.2 93.1 -55.6| -70.1| -27.1
Riy—2R
%)
(HAZIE NPV : 100 5 USD, #EHEl#E A : Mt-CO., MAC : USD/t-CO:)
150 R
—— B AR E D
EZFTHLL
100 —-n H
[ BERTr—AX
50 b
~ .
8 0 ] [ T ol - - . L T | -l L L
; A v A =
5 E E E: iE_ _____ L]l CEP ______ | SHRERAT Opt. superstructure
~ el
S -50 } [ E_ﬂ_i Stern duct-Triction
D N reduction
— - Post—swirl system
Stern duct—propulsion
-100 Low friction coating
Opt. stern shape
Air lubrication
-150
-200 -

4-6

50

100

150
[Mt-C02]

74 —

200

250

MACHOEH (BFHBEIBEDOMHMEZTHLE N T—R)

300




(2)mffi £ 5

MARPOL 8223 < SOx Bl FRILIZ X 0 2020 45 5 il FA LR o B 35 73 2
DELRD A%FREND 0.6%FE TKRIEIC TN D, ZOELEL LM EF352
EMNEBEZDBND, LR — A2 AURRREHE#S 2 500 v/ k& L CTEHRE) T3 LT,
A AABREHmAS 2 2019 45 F TiX 500 KL/ by 2020 2251 1,000 Kv/ k&35
LIk ZoRBERE L,

®4-23 MMCOHOEH (7F7—XA: miiLR)

Low Stern CRP |Stern Post-swirl [Opt. Air Opt. |EEM
friction |duct-friction duct-propulsion|system superstructure |lubrication|stern |{T
coating |reduction shape
NPV 24,777 3,817|22,175 8,484 8,059 -9,039 8,523|44,610({149,078
FRBEH A 11.5 2.0/ 18.5 4.0 4.0 12.0 3.0/ 19.3| 111.9
BE
EEHEHA 230.0 39.9| 370.3 79.8 79.8 239.6 59.0| 386.9|2,238.8
8
MAC -107.7 -95.7 -59.9 -106.3 -101.0 37.7 -144.4|-115.3 -66.6
MAC(EX -60.1 -45.8) -11.3 -56.5 -51.2 93.1 -55.6| -70.1 -27.1
T—2 &
%)
(HAZIX NPV : 100 7 USD, #EHIHIJEE : Mt-CO., MAC : USD/t-CO:)
150
100 —_
| 1
50 Opt.!l;uperstl’ucture
S
O 0 f_ i 5 = — - S S
L T T | -
S 3
@ -50 | il e
= M= ! gy CRP
Stern duct—friction BUERAT
-100 reduction
Post—swirl system /Hﬂﬂﬁ s E'i—
L Stern duct—propulsion
=150 | Low friction coating
Opt. stern shape
Airlubricaton ERTR
_200 s Ir lubrication
0 20 40 60 80 100 120 140 160 180 200
[Mt-CO02]

4-7 MACOREH CHfi LF7—2X)



G EMEFHICLDERER L
R By DA PN HETe B BE T MERES M L3 2 W REMEDS B D, HIRCR AV ARE & b
L CTHE 3% T oM ELEEEOREZ UL TIZRT 5,

# 4-24 MAC OBH (F— 2 A Hili¥gic L AEREm L)

Low Stern CRP Stern Post-swirl|Opt. Air Opt. [BER
friction |duct-friction duct-propulsion [system superstructure [lubrication|stern |{T
coating |reduction shape
NPV 14,341 1,914 4,968 4,678 4,253 -22,312 3,259(28,593| 60,314
FRBEH A 11.9 2.1 19.2 4.1 4.1 12.0 2.9| 20.4| 111.7
BE
AEtHEHAEI] 238.0 41.3| 383.0 82.5 82.5 239.5 58.8| 408.92,234.0
ik
MAC -60.6 -47.4 -16.2 -57.0 -52.2 93.3 -55.1| -69.5 -26.8
MAC(EX -60.1 -45.8 -11.3 -56.5 -51.2 93.1 -55.6| -70.1 -27.1
-2 %
%)
(HAZIZ NPV : 100 5 USD, #EHHIP & : Mt-CO., MAC : USD/t-CO:)
150
— BT EHICKD
100 - Hgem b Opt. superstructure
w2 T
50 - | .
!
~ ' |
O 0 ] R N ] L u T L I L U
(@) 1 Hi = -
I t i ||7
g 5 | 5 ISt duct—fricti Bk 7 CRP
S E r E il ern duct—friction SHEMAT
»w -90 F i - reduction
=, I Post—swirl system
Air lubrication
-100 | _S_tern duct-propulsion
Low friction coating
Opt. stern shape
-150
-200 -
0 20 40 60 80 100 120 140 160 180 200

[Mt-C02]

X4-8 MACHOEH (ZRMEHICKDIMUEREM LT —R)

FREY ESRRREOBER ETIEIMACIZITEACEEL RIT SN L ARE
Enbd, BT —~ AN EIZLY MAC METF T 55K E, N7 p—<2 R
DA ET 512653 MAC S EFT 25K H 55, B 21X CRP X% FE D [a) £ A
T MAC DRELSIKRTT LD LT, BN RICHEEL L THhENRREIND
JBOEMTAT TIiE MAC A3 ICHEII L TW 5,

15 723 Second IMO Greenhouse Gas Study 2009 TiE 2007 42> 5 2020 412231 T O HAF Y% 3 7] b = 13 & A7 HE
FC 4%, KA HEFF T 0% TH Y . ®mAL & ARAL D EITHEEK 0.3%ICH YT 5,




WDEENRICLLHMEEET
FERIC, BANBEDRZLIZL L, MiBNMETTD2ILR8BZ20N05, HEOM
IR THREZ %106 B &, TROLIITRD,

x4-25 MACOEH (F—XA: EENRICLDHEHRET)

Low Stern CRP |Stern Post-swirl|Opt. Air Opt. |FEEM
friction |duct-friction duct-propulsion|system superstructure |lubrication|stern |7
coating |reduction shape
NPV 14,456 2,062 9,828 4,741 4,432 -20,541 3,278|27,650| 60,620
FRBEH A 11.5 2.0 18.5 4.0 4.0 12.0 3.0 19.3] 111.9
BE
EEHEHA 230.0 39.9| 370.3 79.8 79.8 239.6 59.0| 386.9|2,238.8
o
MAC -62.9 -51.7| -26.5 -59.4 -55.5 85.7 -55.6( -71.5 -27.1
MAC(E X7 -60.1 -45.8| -11.3 -56.5 -51.2 93.1 -55.6| -70.1 -27.1
—R &%)
(HAZ1Z NPV : 100 /7 USD, #kHiAI & : Mt-CO:., MAC : USD/t-CO:)
150
— EEMRIZELD
100 F ffRIET Opt. superstructure
- EERH—R
50
S
o 0 L — L il f_‘____
S S duct—fricti :
B | tern uct.rlctlon FET CRP
» —50 F . reduction
=) L. = Post—swirl system
Air lubrication
~100 - Stern duct—propulsion
Low friction coating
Opt. stern shape
-150
-200 -
0 20 40 60 80 100 120 140 160 180 200

[Mt-C02]

4-9 MACOEH (EEMRICKDMKET)

MR T2 2 FEROKTFE2E L TNPV EZH EIE 5720 MACIISKET %83,
10% R EDOZTH HBMBEM TH 2, RBBOEMATIZEINEAZ DT, =X
T 2020 FNDLOHEATH LD, BT A AR, BAHBNAE S hHoOR
BEOEENKEZ D CRPICOWVWTHEN KX VA, 2L 2020 4 L W H X1 0H R
BTH D,

16 TMarEST SC#k € 0 ZE &M W & P EIR O FHEM OB RICE SRR LEFHFEMOMEDE THE (learning
rate) 1L 5 FM T 10%~156%& SN TWVW5D,



4.9.4 MRIBEHEYFEED

MR (X h— N H—, a7 Z2oM) BT D & 5%EIEMAITO%HA X
UTFTDES12725, ifEM T MACIZKRETRWESIZARZ S, LML —X B TIX
21— 0O MAC BRRELSEELZZ T, ZORKE LT, ¥ —OMlinift kv
BLEHEIN TV D AREERD S,

& 4-26 MRFEAIMAC DEH (S%EHEMIT)

NPV FHBELHRE | §HEEE MAC MAC
(100 AKRJL) (Mt-CO-) (Mt-CO-) (USD/t-CO2) | (USD/t-CO2)
r—Xx A A/B A A B
Tanker 5,292 22.9 457.3 -11.6 51.8
Bulker 21,033 29.4 588.8 -35.7 11.2
Container 27,254 36.7 733.7 -37.1 5.4
Other 7,041 22.9 458.9 -15.3 45.1
&t 60,620 111.9 2,238.8 -27.1 24.5
50 r
40
30
20
N 10 -
(@]
_'I_, O | |
3 Other Tanker
S -10 |
; Bulk
20 | Container ulker
_30 L
_40 [
_50 L
0 20 40 60 80 100 120
[Mt-C02]

4-10 MFERI MACHEH (7 —R A 5% BEMIT)



Tanker

Other

[USD/t-C02]
w
o

20
Bulker
10
Container
0
0 20 40 60 80 100 120
[Mt-CO02]

4-11  MFERI MAC DEH (7 —X B, 5% BEMIT)

WFE - 7 T ARNCEH T2 EE 4-27 OL 51D, - 7 A2 LT RE A
ZIXTALNZWN, ZOL_LOMSIc D e, [Hx OFE s 7 T ADT —XITK
L EASNDAREENRD D,
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Low Stern CRP Stern Post-swirl Opt. |Air Opt. stern| Total w/o

friction |duct-fricti duct-prop [system superstru [lubricatio |[shape speed

coating |on ulsion ture n reduction

reduction

Crude oil tanker 200=< -53.7 -55.5 -9.7 -61.2 -58.3 50.8 -25.9 -5.8
Crude oil tanker
120-199 55.9 55.0 8.1 60.8 57.9 53.7 29.5 15.5]
Crude oil tanker 80-119 -54.9 -53.1 1.2 -59.9 -56.5 71.3 -28.0 2.8
Crude oil tanker 60-79 -61.7 -61.2 8.9 -69.9 -65.6 10.1
Crude oil tanker 10-79 2.9
Crude oil tanker <10 -51.4 -49.6 20.1 -58.4 -54.0 107.7 -25.1 23.9
[Products tanker 60=< -48.9 -50.2 15.0] -58.4 -54.3 97.5 -21.8 32.6
IProducts tanker 20-59 -46.8 -47.5 29.1 -57.1 -52.3 124.3 -18.3 55.3
Products tanker 10-19 30.3
[Products tanker 5-9 -51.7 -49.5 20.1 -58.2 -53.9 107.7 -25.7 22.8
Products tanker <5 -48.0 -49.0 23.2 -58.1 -53.6 113.5 -19.7 45.5
Chemical tanker 20=< -57.4 -55.1 -9.4 -60.8 -58.0 51.1 -33.8 -22.1
Chemical tanker 10-19 -58.3 -54.9 -8.1 -60.7 -57.8 53.8 -35.4 -26.5
Chemical tanker 5-9 -58.6 -55.0 -7.7 -61.0 -58.0| 54.9 -35.7 -24.5
Chemical tanker <5 19.5]
ILPG tanker 50=< -57.2 -55.4] -10.4 -61.0 -58.2 49.3] -21.1 -22.6
ILPG tanker <50 -51.1 -54.0 -2.2 -60.5 -57.3 65.3] -7.2 11.4
ILNG tanker 200=< -61.8 -58.2 -9.1 -64.3 -61.3 55.9 -19.5 -24.3
ILNG tanker >200 -65.5 -58.7 -11.5 -64.6 -61.7 51.5 -35.4 -45.6
Other tanker -47.2 -53.7 -1.8 -60.2 -56.9 65.6 3.3 29.6
Bulk carrier 200=< -50.6 -38.8 37.6 -52.6 -45.7, 107.5 9.8 -2.3
Bulk carrier 100-199 -51.8 -38.7 37.8 -52.6 -45.7, 107.8| -19.5 -29.0
Bulk carrier 60-99 -53.6 -38.4 39.1 -52.5 -45.5 109.9 -23.0 -35.7
Bulk carrier 35-59 -53.9 -38.1 40.4] -52.4 -45.2 111.9 -23.9 -36.6
Bulk carrier 10-34 -56.0 -37.6 42.8 -52.2 -44.9 115.6 -28.0 -44.2
Bulk carrier <10 -48.3 -31.9 65.0 -49.5 -40.7 151.0 -16.5 -15.6
General cargo 10=< -59.2 -38.4 39.7 -52.6 -45.5 110.7 -34.2 -54.7
General cargo 5-9 -59.2 -38.4 40.1 -52.7 -45.6) 111.8 -33.8| -50.7
General cargo <5 -46.8 -36.7 47.1 -51.9 -44.3 122.7, -13.6 -14.8
General cargo 10=<* -57.1 -38.1 42.4] -52.7 -45.4 114.6 -29.8 -49.1
General cargo 5-9,* -52.5 -35.9 49.3 -51.4 -43.6] 126.4 -24.3 -26.8
General cargo <5,* -47.7 -32.2) 63.6] -49.7] -41.0 148.7] -15.3] -13.9
Othre dry reefer -62.3 -37.4 45.3 -52.4 -44.9 119.7 -39.5 -64.2,
Other dry special -54.4 -37.3 44.6 -52.2, -44.7 118.8 -25.4 -37.5
Container 8kKTEU+ -63.9 -33.1 108.8 -42.9 -63.5 -38.7
Container 5kTEU+ -64.2 -33.3 107.7 -42.9 -82.3 -44.3
Container 3kTEU+ -63.6 -33.7 106.0 -40.1 -70.0 -40.5
Container 2kTEU+ -62.4 -33.0 109.9 -33.8 -87.7 -33.9
Container 1kTEU+ -61.7 -32.8 110.7, -31.7 -67.3 -27.8
Container <1kTEU -55.5 -29.6] 127.0 -16.1 -104.3 15.3
[Vehicle 4kCEU+ -56.8 -34.4] 102.3 -16.9 -61.9 3.5
IVehicle <4kCEU -57.4 -34.4 102.9 -18.2 -102.8 -0.7
IRo-Ro 2000+1m -59.0 -33.3 107.7, -25.1 -65.0 -10.6
[Ro-Ro <2000+Im -53.2 -30.6 123.3 -9.0 -71.1 33.2
Ferry Pax only 25kn -68.3 -36.5| 94.3 -50.0 -70.2 -71.1
Ferry Pax only <25kn -65.0 -35.0 101.7 -40.3 -72.5 -49.4
Ferry RoPax 25kn -66.8 -35.5 99.1 -46.0 -68.0 -58.1
Ferry RoPax <25kn -62.9 -33.2 111.6 -33.6 -70.2 -34.9
Cruise 100+GT -63.3 -35.6 96.9 -37.1 -91.9 -41.0
Cruise 60-99 -62.6 -32.9 110.6] -35.6 -68.1 -36.5
Cruise 10-59 -60.2 -31.3 119.0, -28.6 -77.8 -19.9
Cruise 2-9 -61.8 -30.0 136.2 -24.0 -565.7 -8.6
Cruise 0-2 -52.2 -26.0 145.3] -8.2 -58.3 41.0
Misc (Trawlers) -65.3 -55.8] -3.6 -11.2 -60.4 33.9
Misc (Other fishing) -68.8 -50.3] 23.7 -37.2 -64.5 -39.4
Misc (Other) -68.0 -63.4 -40.8 2.9 -163.2 78.1
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Summary

Greenhouse gas emissions from maritime transport account for approximately
3% of global emissions and are projected to increase rapidly over the next
decades. One of the ways to reduce these emissions is to improve the fuel
efficiency of ships. Many measures can be implemented to do so, ranging from
weather routing to installing solar cells.

Marginal abatement cost curves (MACC) present measures to reduce GHG
emissions in order of their cost-effectiveness. Over the last years, several
MACCs have been published that appear to project different abatement
potentials. One thing the MACCs have in common is that they project a large
cost-effective potential: several measures can be implemented at a net profit.

This report has analysed the different MACCs and finds that their differences
can be explained to a large extent by the fact that they use different emission
baselines and a slightly different set of measures. Other factors that
contribute to the differences are small differences in the costs and potentials
of specific measures, and differences in the projected fleet structure.

The differences in the cost-effectiveness of the most profitable options are
caused predominantly by different assumptions about future fuel prices.
Different assumptions on discount rates have a smaller impact.

This report presents a literature survey and reports on interviews that aim to
analyse the reasons for the existence of a cost-effective abatement potential.
There are three main reasons why not all cost-effective measures are taken:

1. Technological barriers. Not all the technologies that appear in the MACCs
are considered to yield fuel savings by the ship owners and operators
interviewed. Moreover, some technologies are perceived to be associated
with a high risk of failure.

2. Institutional barriers. Two institutional barriers are of particular
importance. The first is the fact that currently, neither charter rates nor
second hand prices of ships reflect its fuel efficiency. This means that ship
owners who invest in fuel efficiency improving measures cannot, in general,
recoup their investment, unless they operate their own ships or have long
term agreements with charterers. The second is that many yards do not
have the capacity to offer changes to existing designs, or are only willing
to do so against substantial costs. Many yards seem to have focussed on
bringing newbuilding costs down, with little regard to lifecycle costs.

3. Financial barriers. The main financial barrier appears to be associated with
the risk of certain technologies.

In the future, some of the institutional barriers may be lowered as EEDI and
other measures of efficiency and broader environmental performance become
standardised. These could potentially have the effect that more of the
investments can be recouped by higher charter rates or second hand prices for
better ships.
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1.1

Introduction

Greenhouse gas emissions from maritime transport account for approximately
3% of global emissions and are projected to increase rapidly over the next
decades (IMO, 2009). In order to reduce impact shipping has on climate,
several policies have been proposed. Within the International Maritime
Organization (IMO), operational, technical and market based instruments are
being discussed.

In the evaluation of these proposals, cost-effectiveness and the impact on the
shipping sector are important criteria. One way in which these can be assessed
is through the use of Marginal Abatement Cost Curves (MACCs). These curves
indicate how the marginal cost-effectiveness depends on the amount of
emissions being reduced, relative to a baseline. Insofar as these curves
identify specific technologies, they give an indication of the technologies that
can be used to reach a certain emissions target in the most cost-effective
manner.

Over the past years, four MACCs of the shipping sector have been published:

—  IMO (2009), 2" IMO GHG Study 2009, London.

— DNV (2010), Pathways to low carbon shipping/Eide et al. (2011), Future
cost scenarios for reduction of ship CO, emissions.

— IMO (2010a), Marginal Abatement Costs and Cost Effectiveness of Energy-
Efficiency Measures, MEPC 61/INF. 18. And

— CEetal. (2009), Technical support for European action to reducing
Greenhouse Gas Emissions from international maritime transport.

In addition, the Ocean Policy Research Foundation (OPRF) is developing a
MACC for shipping, which is mainly based on the analysis by the Japanese
administration for EEDI. In this work, the OPRF envisages to compare its MACC
to other MACCs that have been recently published. Such a comparison is not
straightforward, however, as MACCs are a function of many variables,
including fuel prices and discount rates. This report aims to provide a
comparative analysis of the published MACCs.

Most MACCs of shipping indicate that there is a considerable potential to
improve the efficiency of ships cost-effectively and that this potential will
grow in the coming decades. From a conventional economic point of view, this
can only be the case if there are barriers to the implementation of these
measures that are larger than the potential profits. This report aims to
identify these barriers and estimate their relevance.

Objective

The objective of this report is twofold:

1. Provide a comparative analysis of the various marginal abatement cost
curves for shipping that have been published over the last years.

2. ldentify barriers to the implementation of cost-effective measures to
reduce GHG emissions and/or improve the fuel efficiency of ships.



1.2

Outline

Chapter 2 provides a comparative analysis of the published MACCs based on a
comparison of the underlying assumptions and on an interview with the author
of one of the reports. Chapter 2.5 analyses the barriers to the implementation
of cost-effective measures to improve the fuel efficiency of ships. It is based
on a literature review and on interviews with stakeholders. Chapter 4
concludes.



2.1

Figure 1

Comparison of MACCs

Overview of published MACCs

To our knowledge, four Marginal CO, Abatement Cost Curves of the maritime
shipping sector have been published in recent years:

— MO (2009), 2" IMO GHG Study 2009, London (Figure 1).

— DNV (2010), Pathways to low carbon shipping (Figure 2)/Eide et al. (2011),
Future cost scenarios for reduction of ship CO, emissions.

— IMO (2010a), Marginal Abatement Costs and Cost Effectiveness of Energy-
Efficiency Measures, MEPC 61/INF. 18 (Figure 3). And

— CEetal. (2009), Technical support for European action to reducing
Greenhouse Gas Emissions from international maritime transport
(Figure 4).

In addition, MACCs have been published in a Norwegian submission to MEPC,
IMO (2010b) (Updated Marginal Abatement Cost Curves for shipping) and in
Annex 10 to the Full report of the work undertaken by the Expert Group on
Feasibility Study and Impact Assessment of possible Market-based Measures
(MEPC 61/INF.2). Both of these were made using the same DNV database as
Eide et al. (referenced above) and are therefore not included in the analysis.

Indicative marginal CO, abatement costs for 2020

Source: IMO, 2009.



Cost per ton COzaverted ($/ton)

Figure 2  Average Marginal CO; Reduction Cost Per Option - World Shipping Fleet In 2030
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Figure 3  Aggregated MACC in 2030 with $900 per ton fuel price and 10% discount rate for all ship types
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Figure 4

2.2

Marginal CO, Abatement Costs for the Maritime Transport Sector in 2030 relative to frozen-
technology scenario, Range of Estimates, US$ 700/tonne fuel, 9% Interest Rate
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Previous analysis has shown that MACCs are sensitive to numerous assumptions.
The most important assumptions are (IMO, 2010a):

— The projected price of fuel.

— The projected fleet.

— The projected fleet renewal rate.

— The abatement measures included in the MACC.

— The discount rate.

— The efficiency of the current fleet.

— The uptake of technologies in the current fleet.

— The future uptake of technologies.

For each of the MACCs studied, we have retrieved the assumptions. We have
also assess the extent to which differences in assumptions can explain the
differences in the MACCs.

Descriptive comparison

To our knowledge, the MACC published in IMO (2009) has been the first MACC
for shipping. It has been derived in a collaborative effort of MARINTEK, CE
Delft and DNV. The other three MACCs are based on this one.

The main differences between the MACC presented in IMO (2009) and the
other MACCs are, first, the year of consideration, namly 2020 and not 2030,
and, second, the resolution. Whereas the former is presented for fleet average
cost-effectiveness values of a limited number of technologies, the latter three
include a larger number of technologies and calculate cost-effectiveness for a
large number of ship type and size categories. In the following we will
compare the three MACCs for 2030, i.e. the MACCS published by Eide et al.
(2011), IMO (2010a) and CE et al. (2009).



2.2.1 Abatement potential
Table 1 shows a comparison of the main MACCs on both cost-effective and
maximum relative abatement potential.

Table 1 Comparison of cost-efficient and maximum relative abatement potential
Eide et al. IMO (2010a) CE et al. (2009)
(2011)
Fuel price in 2030 HFO, LNG: 350 USD/t 700 USD/t* 350 USD/t
MDO: 500 USD/t
Discount rate 8% ** 10% 9%
Cost-effective relative ~30% ~27% ~25%
abatement potential in 2030
Maximum relative ~56% ~34% ~37%
abatement potential in 2030

*  This is a scenario presented in the sensitivity analysis; in the main scenario a fuel price of
900 USD/t is used.

**  This is a scenario presented in the sensitivity analysis; in the main scenario a discount rate of
5% is used and the cost-efficient reduction potential is 11% higher.

In Table 1 the cost-effective and maximum relative abatement potentials
derived in the different studies are given for the most comparable scenario.

The cost-effective relative abatement potential in 2030 is assessed to be
slightly lower in IMO (2010a) and CE et al. (2009) compared to

Eide et al. (2011) and the maximum relative abatement potential in 2030 is
assessed to be significantly higher in Eide et al. (2011) than in IMO (2010a) and
in CE et al. (2009).

2.2.2 Framework for the comparative analysis
There are five main factors that determine a Marginal Abatement Cost Curve:
1. The methodology.
2. The scope of the study.
3. The data of the base year.
4. The disaggregation level.
5. Expectations/projections.

These elements are all taken into account in the comparative analysis of the
MACCs in Section 2.3. They are illustrated briefly below.

Methodology
There are four major methodological choices to be made when setting up a
Marginal Abatement Cost Curve. Choices have to be made regarding:

1. Whether a social or business perspective is taken.

2. Whether and how the abatement measures interact.

3. Whether a frozen technology emission baseline is chosen or a baseline that
takes an autonomous efficiency improvement into account. And

4. Which measures are included in the analysis.

A MACC can be set up from two different perspectives, a social or a business
perspective. This is mainly reflected in the level of the discount rate that is
used to determine the costs that are associated with an abatement measure.
The discount rate is higher when a private perspective is chosen, reflecting the
fact that companies pay higher interest rates than states. A lower discount
rate results in a higher cost-effective abatement potential. The sensitivity
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Figure 5

analysis carried out in CE et al. (2009) shows that there is indeed a change in
the cost-effective abatement potential but that this change can be relatively
small:

Sensitivity analysis w.r.t. discount rate
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Source: CE et al., 2009.

There are CO, abatement measures that are not likely to be adopted at the
same time or measures that even exclude each other. The abatement
potential is overestimated if it is assumed that those measures can be used at
large. But even when it is taken into account that not all measures are
relevant when determining the abatement potential, MACCs could differ
inasmuch as different adoption behaviour can be presumed: different criteria
can be used when modelling the choice of the abatement measure from a
group of measures that exclude each other. It can, for instance, be assumed
that the measure with most advantageous cost-effectiveness will be applied,
irrespective of its abatement potential. Alternatively, it could be assumed that
the measure with the highest profits or lowest costs is chosen.

The emission baseline can either be modelled as a frozen technology baseline
or as an emission baseline with an autonomous efficiency improvement.
Whereas absolute and relative abatement potential presented in the MACC are
higher when a frozen technology baseline is used, the emission level that,
irrespective of the costs, could be achieved should be the same under both
approaches. However, the costs for achieving a certain emission level will be
assessed different under these two approaches.

When the probability that an abatement measure will be applied to a ship
type/size category is rather low, one might choose not to take this abatement
potential into account at all or, alternatively, to take this relative low
abatement potential against relative high costs into account. This choice will
have an impact on the maximum but not on the cost-effective abatement
potential.
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Scope of Study

The course of a MACC is further determined by the:
Segment of the world fleet under consideration.

— Ship types considered.

— Ship sizes considered (threshold value). And

— The types of abatement measure that are taken into account (operational
and/or technological, established and/or innovative, design and/or
retrofit).

Data of base year

The data that is used/is available for the base year is of course crucial for the
run of the MACC too. Data is needed w.r.t.:

— The fleet (fuel consumption and (age) structure).

— Costs of abatement measures.

— Reduction potential of measures.

— Diffusion rate of abatement measures.

Disaggregation level

The MACC will have a different run, depending on the disaggregation level

with which is worked for setting up the curve. Data can be differentiated

w.r.t.:

— Ship type/size categories.

— Age structure.

— Differentiation of cost and reduction potential data w.r.t. the above
mentioned categories.

When abatement measures can only be applied to specific ship types and/or
size categories, the abatement potential is difficult to determine when
aggregated fleet data are used. The cost efficiency of a certain abatement
measures for the average fleet can also deviate strongly from the cost
efficiency for particular fleet segment.

Working with an age structure of a fleet allows, on the one hand, to predict
more precisely the number of new ships that enter the market, and allows on
the other hand to determine the number of relative old ships in the fleet. The
more new ships enter the fleet, the higher the autonomous efficiency
improvement. Relative old ships cannot be expected to invest in retrofit
measures that have a relative long payback time.

Expectations/projections

The expectations with respect to the following factors have an important
impact on the course of the MACC too:

— Future fuel price.

— Development of fleet structure.

— Learning effects w.r.t. abatement measures.

— Expected life time of measures.

— Level of autonomous efficiency improvement.

The level of the fuel price in the year under consideration has a strong impact
on the level of the cost-effective abatement potential. Figure 6 illustrates
clearly that the higher the fuel price, the higher the cost-effective abatement
potential.

— 102 —



Figure 6

2.3

Sensitivity of cost-efficient abatement potential w.r.t. future fuel price
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The expected development of the fleet is crucial for the baseline emissions.

Learning effects can have an impact on the future costs as well as on the
future reduction potential of an abatement measure. Assuming an increase of
the reduction potential over time definitely has an impact on the maximum
abatement potential and it can also have an impact on the cost efficient
abatement potential. A decrease of the abatement costs over time leads to an
improvement of the cost-effectiveness of the respective measure.

The expected life time also has an impact on the cost-effectiveness of a
measure. The longer a measure is expected to live, the better its cost-

effectiveness.

And finally the expected level of an autonomous efficiency improvement has
an impact on both, the abatement potential presented in the MACC and on the
assessment of the costs for achieving a certain emission level.

Comparative analysis

In the previous section, the elements that determine the run of a MACC have
been discussed. A comparison of the three studies with respect to these
elements shows that the studies differ mainly with respect to nine elements
(see Table 2 for an overview).

CE et al. (2009) and IMO (2010a) allocate the individual CO, abatement
measures to measure groups. The measures that are unlikely to be applied
together or that exclude each other are thereby allocated to the same
measure group. Setting up the MACC, one measure per group is then chosen
that is the most likely to be applied to this segment. Eide et al. (2011) take
into account that two measures exclude each other, i.e. fuel cells (used as
auxiliary engines) and gas fuelled engines.
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Main differences between the three studies

Eide et al. (2011) IMO (2010a) CE et al. (2009)
Modelling All measures can be Grouping Grouping
interaction btw. combined with each Combination reduces Combination reduces
measures other except for fuel reduction potential in reduction potential in
cells (used as auxiliary  absolute terms absolute terms
engines) and gas
fuelled engines.
Baseline Autonomous efficiency  Frozen technology Frozen technology
emissions improvement: baseline baseline
2010: 5%
2020: 8%
2030: 10%
Baseline ~1,500 Mt ~2,000 Mt Reduction potential in
emissions in 2030 rel. terms only
(~1,900 Mt)
Coverage of 25 measures 22 measures, 28 measures,
measure types 15 groups 12 groups

Cost and 2" GHG Study data 2" GHG Study data 2" GHG Study data
reduction revised and amended revised

potential data in

base year

Fleet (age) 2008 fleet composition 2007 age structure Evenly distributed in
structure from LRF; based on LRF data; 6 2007; max. life time

SAl ship building and
scrapping forecast for
the short-run forecast;
heuristic approach for
long-term forecast

age categories of 5 yrs
each; max. life time
of ships = 30 yrs; IMO
fleet data and
forecast used for total
ship numbers

of ships = 30 yrs; IMO
fleet data and
forecast used for total
ship numbers

Fuel price 2030 HFO: 350 USD/t 900 USD/t 700 USD/t
(sensitivity MDO: 500 USD/t (700 USD/t, (350 USD/t,
analysis) LNG: 350 USD/t 1,100 USD/t) 1,050 USD/t)
Discount rate 5% (8% ) 10% (4%, 18%) 9% (4%, 14%)
(sensitivity

analysis)

Learning effects

Learning effects
applied to several
measures in terms of
cost reductions and/or
reduction potential
increase; effect
differs per measure.

For five innovative
technologies, future
cost reductions (10-
15%) are anticipated
for first 5 year period.

IMO (2010a) and CE et al. (2009) work with a frozen technology baseline. More
precisely, the two studies work with the A1B scenario from the 2" Greenhouse
Gas Study and a sub scenario that is characterised by a medium demand level
and the lowest level of transport efficiency improvement and speed
reduction.! Baseline emissions in 2030 amount to 1,900 Mt in CE et al. (2009)
and to about 2,000 Mt in IMO (2010a). In contrast, Eide et al. (2011) work with
an autonomous efficiency improvement: “the improvement relative to the
average ship in the current fleet is estimated to 5% for ships built in 2010,

1

The lowest level is equal to zero in the 2020 forecast. In the 2050 forecast it is zero w.r.t.

speed reduction and -0.05 with respect to transport efficiency. For 2030 total ship number
have been interpolated.
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increasing to 8 and 10% in 2020 and 2030, respectively.” This autonomous
efficiency improvement is not assigned to specific abatement measures.

IMO (2010a) and CE et al. (2009) take almost the same individual abatement
measures into account: relative to the latter, IMO (2010a) has excluded five
individual measures joined two, thus reducing the total number of measures
included by five. Compared to CE et al. (2009) in IMO (2010a) the measures are
allocated to 15 instead of 12 measure groups - it has been assessed that more
measures can be combined. In Annex A, Section 0 a detailed overview is given
on these measure groups and the allocation of the individual measures to
these groups.

Eide et al. (2011) include a larger number of measures in the cost curve. The
following 12 measures are taken into account in Eide et al. (2011) but not in
the other two studies:

Fuel cells used as auxiliary engines.
Electronic engine control.

Frequency converters.

Gas fuelled engines.

Steam plant operation improvements.
Engine monitoring.

Contra-rotating propeller.

Wind power (fixed sails or wings).
Speed reduction due to improved of port efficiency.
10 Exhaust gas boilers on auxiliary engines.
11. Wind powered electric generator.

12. Cold ironing.

CDOO\IO')(ﬂ-b(JONI—‘

In contrast, the following 9 measures are covered in IMO (2010a) or
CE et al. (2009) but not in Eide et al. (2011):

20% speed reduction.

Wind engine (Flettner rotor).

Main engine tuning.

Common-rail technology.
Propeller-rudder upgrade.
Optimisation water flow hull openings.
Hull brushing.

Hull hydro-blasting.

Dry-dock full blast.

CRENoOTREWNE

In Annex A, Section A.1 an overview of the coverage of the abatement
measures is given for the three studies.

In all three studies, the cost and reduction potential data that underlies the
MACC that is published in the 2" IMO Greenhouse Gas Study is used. In IMO
(2010a) and in Eide et al. (2011) the data has been reviewed by experts and
changed slightly. In Eide et al. (2011) data for the extra measures covered has
been added.

The fleet (age) structure is determined differently in the three studies. In

CE et al. (2009) the annual total number of ships per ship segment is based on
the IMO data and IMO forecast. The assumption is made that in the base year
(2007) the ships are equally distributed w.r.t. their age per ship segment.
Assuming that the maximum life time of ships is 30 years and knowing the total
number of ships per year, the annual number of ships scrapped and added to
the fleet can be derived. In IMO (2010a) the annual total number of ships per
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Table 3

segment is also based on the IMO data and IMO forecast. However, the age
structure of the fleet in the base year is based on the LRF Sea-Web ship
database: six age categories of 5 yrs each are differentiated. Thus again the
maximum life time of a ship is taken to be 30 years. Knowing the total number
of ships per year, again the annual number of ships scrapped and new ships
can then be derived. In Eide et al. (2011), the fleet composition for 2008 is
taken from the LRF database. For the short-run forecast (3-5 yrs) of the fleet
structure ship building and scrapping forecasts as published by the Institute of
Shipping Analysis (SAl) are used. For the medium and long-term forecast a
heuristic approach is used, assuming in the medium-run a downturn of orders
as a consequence of the economic crises. In Table 3 annual scrap and growth
rates used in Eide et al. (2011) are given for 5-year averages:

Annual scrap and growth rates used in Eide et al. (2011) (5-year average)

Scrap rates Growth rates
(%) (%)
Year All ship Oil | Dry bulk | Container LNG Others | Total
types fleet
2009 4 12 8 10 29 3 9
2010-2014 3 4 6 4 6 2 4
2015-2019 3 0 0 0 3 1 0
2020-2024 3 1 4 4 3 2 3
2025-2029 8 1 4 3 2 3 8

The three studies also differ as to the expected fuel oil price in 2030. In Eide
et al. (2011) the fuel price is expected to be relatively low in 2030. The price
for HFO and LNG it is assumed to be 350 USD/ton and for MDO 500 USD/ton.
CE et al. (2009) expect an average fuel price of 700 USD/ton; a sensitivity
analysis is carried out for + 350 USD/ton. IMO (2010a) expect a relative high
average fuel price: 900 USD/ton; a sensitivity analysis is carried out for

+ 300 USD/ton.

As to the discount rate, different scenarios are presented in each of the three
studies. In Eide et al. (2011) the main analysis is carried out for a discount rate
of 5%. In sensitivity analysis results are also presented for a 8% rate. In IMO
(2010a) and CE et al. (2009) main results are derived for higher, similar
discount rates, i.e. 10 and 9% respectively; in a sensitivity analysis results are
also derived for 4% in both studies and for 18 and 14% respectively.

The three studies finally also differ with respect to whether and inasmuch
learning effects are taken into account. In CE et al. (2009) learning effects are
not taken into account. In IMO (2010a) learning effects are expected for five
innovative technologies: cost reductions of 10-15% are anticipated for the first
5 year period. In Eide et al. (2011) learning effects are applied to several
measures in terms of cost reduction and/or increase of reduction potential.
The learning effects differ per measure.
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2.3.1

Can the differences in assumptions explain the differences in the
MACCs?

In Table 1 the cost-effective and maximum relative abatement potential
derived in Eide et al. (2011), IMO (2010a) and CE et al. (2009) are presented
for the most comparable scenario. For these scenarios, the cost-effective
relative abatement potential in 2030 is assessed to be slightly lower in IMO
(2010a) and CE et al. (2009) compared to Eide et al. (2011) and the maximum
relative abatement potential in 2030 is assessed to be significantly higher in
Eide et al. (2011) than in IMO (2010a) and in CE et al. (2009).

When it is taken into account that, compared to CE et al. (2009), the expected
average fuel price in 2030 is relatively high in IMO (2010a) and is slightly
higher in Eide et al. (2011), the assessment the of cost-effective abatement
potential can be expected to be the lowest in IMO (2010a), and can be
expected to be similar in Eide et al. (2011) and CE et al. (2009), but the
difference can still be expected to be rather small.

The different expectations with respect to the fuel price however have no
impact on the assessment of the maximum relative abatement potential and
can therefore not explain the significant difference between Eide et al. (2011)
and the other two studies in this respect.

Taking into account that Eide et al. (2011) work with an emission baseline
where autonomous efficiency improvement is taken into account, one would
even expect that the maximum abatement potential is assessed to be lower.
And, if the autonomous efficiency improvement is based on cost-efficient
abatement measures, one would also expect the cost-effective abatement
potential to be lower. This however is not the case.

A large share of the difference in the maximum abatement potential can be
explained by the different abatement measures that are taken into account in
the studies. Eide et al. (2011) take 12 abatement measures into account that
are not considered in the other two studies. Visual inspection of the average
MACC graph shows that these abatement measures account for about 400 Mt
abatement potential. This extra abatement potential is also assessed to be
relative high, since for most of these measures it is assumed that they can be
combined. On the other hand, IMO (2010a) and CE et al. (2009) take

9 abatement measures into account that are not considered in Eide et al.
(2011). However not all of these 9 measures can be considered as adding to
the maximum abatement potential as derived in Eide et al.(2011), since most
of these measures would only constitute a substitute for and not complement
to measures accounted for in Eide et al. (2011). We estimate that these

9 measures account for 200 Mt extra abatement potential at most.

As to the overlapping abatement measures, which are considered in Eide et al.
(2011) as well as in IMO (2010a) and CE et al. (2009), cost and reduction
potential data for the base year does not seem to be an important source for
this difference, since only slight changes have been conducted to the data that
is underlying the MACC published in the 2"* IMO GHG. What seems to be much
more relevant are the different levels of learning effects that have been
assumed. In Eide et al. (2011) learning effects are applied in terms of an
increase of reduction potential to several measures, e.g. to waste heat
recovery, to exhaust gas boilers, energy efficient lighting and the air cavity
system. An increase of the abatement potential of the measures over time has
not been assumed in IMO (2010a) and in CE et al. (2009).

Figure 7 shows a quantitative comparison of the differences in the maximum
abatement potential. Starting from the maximum abatement potential as
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Figure 7

reported in Eide et al. (2011), we have adjusted it for the baseline. Since

CE et al. (2009) have a higher baseline, this results in an increase of the
maximum abatement potential from 850 Mt CO, in 2030 to 1,040 Mt CO,. If we
subtract the twelve measures that are included in Eide et al. (2011) but not in
CE et al. (2009), and add the measures that are included in CE et al. but not in
Eide et al., the remaining potential is approximately 760 Mt CO,. This is
approximately 10% more than the maximum abatement potential as reported
in CE et al. (2009). Hence, a major share of the difference can be attributed
to two factors: a different baseline and a difference in measures. The
remaining 10% difference can be attributed to differences in fleet composition
and fleet rollover and learning effects of certain technologies.

Quantitative comparison of the differences in the maximum abatement potential

Maximum abatement potential
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‘I Difference due to learning effects and fleet structure ‘

Figure 8 shows a quantitative comparison of the differences in the cost-
effective abatement potential. Here, some assumptions have to be made that
impact negatively on the quality of the comparison. We had to assume that
measures which are cost-effective for a fleet average, are also cost-effective
for each ship type and size category. While this is presumably not the case,
this was the only way in which we could account for the difference in
measures included in the two MACCs.

Starting from a cost-effective abatement potential of a little over 500 Mt CO,

in the left bar of Figure 8, we again adjusted for the difference in the baseline,
increasing the cost-effective potential to 560 Mt CO,. The cost-effective
potential of the measures that both MACCs have in common is shown to be
about 380 Mt CO, in the third bar from the left. This is approximately 20% less
than the cost-effective abatement potential as reported in CE et al. (2009) at
the comparable fuel price of USD 350 per tonne of fuel. This difference can be
attributed to the fact that some of the measures that are not cost-effective on
average are cost-effective on some ship types in Eide et al., differences in
fleet composition and fleet rollover and characteristics of certain technologies.
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Figure 8

2.4

Quantitative comparison of the differences in the cost-effective abatement potential
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Shape of the MACC

All MACCs for shipping have a similar shape: a rather shallow beginning with a
negative cost-effectiveness, bending upwards and ending almost vertically

(see Figure 1 through Figure 4). This section analyses the reasons for the shape,
compares it with other MACCs and draws some general conclusions.

The shape of a MAC curve is to a large extent determined by two factors:
1. The measures included in the curve. And
2. The way in which the curve is represented.

We will discuss both factors subsequently.

The measures included in the curve are an important determining factor of the
shape of a MACC. This is especially true for the almost vertical end of the
curve. As can be inferred from the DNV curve (Figure 2), which excludes the
least cost-effective measures, the end of the curve is dominated by measures
like wind generators and solar cells, which have very high costs and a small
abatement potential. Excluding these measures yields a significantly flatter
curve.

There are several ways in which a curve can be presented. One is to include
data on each measure applied to different ship types of different sizes. This
yields a curve like in CE et al. (2009) (Figure 4) and IMO (2010a) (Figure 3).
Another way is to aggregate the data by measure, in other words to present
the fleet average cost-effectiveness of specific measures. This yields a curve
like Figure 1 and Figure 2. By comparing these two sets, it becomes clear that
the latter method yields a much shallower curve. This is also demonstrated by
comparing Figure 2 with Figure 9, taken from the same publication, but using a
different method to represent the data.
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Figure 9
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The reason why an aggregated presentation yields a shallower curve is that
there can be a significant difference in the cost effectiveness of a specific
measure when applied to different ships. For example, calculations underlying
IMO (2010a) show that the cost-effectiveness of a 10% speed reduction varies
from USD -210 per tonne of CO, to USD 1,500 per tonne of CO,, depending on
the ship type and size category. The weighted average cost-effectiveness of
this measure is USD -60 per tonne of CO,. Thus, by aggregating measures
across ship types and size categories, the curve becomes shallower.

In summary, the steep end of a curve can be reduced by excluding just a few
costly measures and the curve can be made to appear less steep by
aggregating data.

The shape of the shipping MACC is not unique. Figure 10 and Figure 11 show

MAC curves for unrelated sectors, NO, emissions from coal-fired utility boilers
and CO, emissions from waste processing.
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Figure 10 NO, Abatement Cost Curves for Coal-Fired Utility Boilers

Source: IIASA, 2006.

Figure 11 Marginal Abatement Cost Curves for the Waste Sector

Source: Eunomia, 2008.

In many cases, the most costly options are new technologies or technologies
that are attractive to niche markets only. This means that technologies which
dominate the steep end of the curve are technologies that could be attractive
to develop further, e.g. by R&D or innovation support, rather than by market
based instruments. The cost-effectiveness of these options can be improved
and their potential increased by pushing the technological frontier further
(Kesicki, 2010).
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2.5

Conclusion

This chapter has comparatively analysed three marginal abatement cost curves.
The three curves are all based on the MACC as presented in the 2™ IMO GHG
Study, but have been changed afterwards. The methodology is very similar.
One study calculates the net present value of the measures if they are
implemented in the year for which the MACC is calculated, the other two use
annuitised costs. This does not result in significant differences, however.

The MACCs have different assumptions on fuel price and discount rates. These
affect the cost-effectiveness of measures and the cost-effective abatement
potential, but not the maximum abatement potential. They also have different
fleet rollover assumptions.

The MACCs have a different methodology on how measures interact. While two
MACCs exclude conflicting measures taken on the same ship (e.g. propeller
boss cap fins, nozzles and propeller winglets), the other allows these measures
to be taken on the same ship. This could potentially result in an
overestimation of the maximum potential.

The MACCs have different business as usual baselines. Two MACCs have a
frozen technology baseline with no autonomous efficiency improvements,
while the other allows for efficiency improvements over time, which are not
attributed to any of the measures in the MACC.

The main differences between the curves is their maximum abatement
potential. One MACC has a considerable larger maximum potential than the
other two. This can be attributed to a large extent to a difference in the
baseline and a larger number of measures that are included. The remaining
difference is about 10% and can be attributed to the other methodological
differences.
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3

3.1

Implementation of cost-effective
measures

Introduction

Several studies have shown that many cost-effective abatement measures are
not being implemented in the shipping sector (OECD, 2009; CE et al. 2009; IMO,
2010a; Eide et al., 2011). This is not unique to the shipping sector; there is a
large body of literature on what is often called the energy efficiency gap
(Jaffe and Stavins, 1994; Jaffe et al., 2001). Its existence may have several
causes. First, there may be market barriers, such as low priority for energy
issues and high demanded risk premiums; second there may be market failures
(OECD/IEA, 2007), such as split incentives and transaction costs. Third, cost-
effective measures may be an artifact of the way cost-effectiveness is
calculated, e.g. real costs components may be overlooked or underestimated
(see e.g. CE, 2009). Too high oil prices may have been assumed, for example,
or the internal discount rate in the MACC does not reflect the market rates for
investors.

Chicago school neoclassical economists would assume that the existence of
cost effective measures, which are not implemented, always indicates
calculation artifacts, i.e. that the costs of market barriers and failures ought
to be included in the calculation of cost effectiveness (see e.g. Nickell, 1978).
In their view the market barriers and market failures do not exist as they
define optimality in terms of revealed preferences. In this view firms are
profit maximising agents and if they decide not to invest in energy saving
technologies, they do so because the benefits do not outweigh the costs. This
view is debated, however: behavioural economics regards firms as satisficers
rather than profit maximisers. Thus, they can cope with energy inefficiencies
as long as they meet their expected profit margins. Others argue that the
particular division of property rights will influence the outcomes. If not firms,
but governments would be responsible for investment schemes, interest rates
would drop as governments can lend money at more favourable conditions on
the capital markets. Negative costs for energy saving measures then still
reflect a suboptimal outcome, implying that social welfare could be enhanced
if these measures were taken into account. The divergence between the social
optimal outcome and the private outcome are called market failures (or
market barriers).

This chapter adopts a practical approach to the energy efficiency gap in
shipping. It analyses the literature on barriers to the implementation of cost-
effective measures in Section 3.2, and reports on a series of interviews
conducted with stakeholders on general and technology-specific barriers in
Section 3.3.
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3.2

Literature review

Several studies have looked into the reasons why not all cost-effective
efficiency improvements are being implemented (CE, 2009; IMO, 2010a,
Devanney 2010). CE et al. (2009) have identified a number of reasons, the four
most important being:

1. The low priority given to improvements of fuel efficiency in the past. Over
the past decades, shipping companies have focused on reducing crew costs
rather than on reducing fuel costs. As a result, many shipping companies
and other stakeholders lacked the knowledge to evaluate efficiency
improving measures until recently. This was not irrational per se, as fuel
was relatively cheap, so improvements in labour intensity yielded higher
benefits than improvements in fuel efficiency. As fuel prices and fuel price
forecasts have risen since around 2005, shipping companies and yards have
paid more attention to fuel efficiency improvements.

2. The split incentive that occurs in much of the industry where fuel is paid
by the charterer but technical modifications to a ship are paid for by the
owner. Thus the owner is not always in a position to earn back his
investments in fuel saving technologies. Even in market segments where
the owner and the operator are the same, shipping companies are often
shielded from fuel price increases, e.g. through the application of bunker
adjustment factors.

3. Tthe transaction costs involved in gathering reliable information on fuel
saving technologies may be high, and even more so for technologies that
are not applied on a large scale.

4. There may be a time lag between a measure becoming cost-effective and
its implementation due to the fact that a measure may be only
implemented when a ship is in drydock.

Eide et al. (2010) only mention the split incentive as a barrier to the
implementation of cost-effective measures, although they also hint at a more
general ‘lack of responsiveness to economics’ in the shipping sector.

In addition to these reasons, Devanney (2010) provides anecdotal evidence of
yards’ resistance to change and owners resistance to change. In other words,
the low priority given to fuel efficiency improvements extends to yards and
may be linked to a general conservatism within the industry.

IMO (2010a) have classified the various barriers in three groups, adding
financial barrier that stem from company specific investment appraisal
methods:

1. Technological barriers
a Real or perceived risk of failure of a technology.
b Incompatibility of certain technologies with the ship and/or the routes
where it sails.

2. Institutional barriers

a Split incentive in which the ship owner has to make an investment in a
new technology while the charterer receives the benefit of lower fuel
consumption.

b  The split incentive combined with the fact that neither the charter
market nor the second hand market pay a premium for fuel efficient
ships.

¢ Bunker adjustment factors and other financial arrangements which
shield the ship operator from the costs of fuel and thus make
investments in energy saving less profitable.
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3.3

3.3.1

d Lack of information on new technologies and/or the costs associated
with finding out about new technologies.

3. Financial
a Investment appraisal methods in shipping companies which require very
short payback times for retrofit technologies.
b Investment appraisal methods that prescribe a low fuel price in order
to account for fuel price uncertainty.

Results from interviews

To understand the barriers regarding implementation of energy-efficient
technologies, ship owners and other maritime stakeholders were interviewed
regarding specific technological and operational measures.

Five different shipping companies were interviewed. Interview partners were
the R&D managers and in one case the director of projects and new-building.
The shipping companies have some different fleets:

Container ships and bulk carriers.

Container, Chemical, VLOC and PCTC ships and bulk carriers.

Cruise ships.

Heavy Lift and Multi-Purpose ships.

Bulk carriers, Multi-Purpose vessels and RoRo carriers.

abhowNPE-

Additionally, seven other maritime stakeholders were interviewed covering:
A shipyard, mainly for cruise liners.

A classification society.

An institute for maritime engineering.

An international shipping federation.

A maritime research institute.

An independent international shipping association.

A manufacturer of an innovative technology.

~NOoO Ok~ WN P

The shipping companies were asked which energy efficient measures are
already applied and which are planned for the future. Further, they were
enquired to give information regarding the expected energy saving potential
and the costs of certain technologies, but these answered by none.

The other maritime stakeholders were invited to share their knowledge about
the current status, i.e. if the different measures are already applied and their
judgement about the future potential.

Section 3.3.1 reports on the section of the interview regarding general barriers.
Technology specific barriers are discussed in Section 3.3.1.

General barriers

We have asked twelve stakeholders whether there are barriers and which
barriers there are that prevent the implementation of energy saving measures
on ships. This section presents an aggregated summary of these interviews.
The reader should be aware that the conclusions drawn from the interviews
reflect the assessment of the majority of the stakeholders and not of every
stakeholder.

All the interviewees agreed that barriers exist that prevent the

implementation of energy saving measures on ships. Some of barriers affect
the market as a whole whereas others do affect small market participants only.
Most of the interviewees recognised the barriers stemming from the literature
review summarised in Section 3.2.
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Six major barriers to the implementation of energy saving measures can be
distinguished.

Low priority. First of all, many interviewees have indicated that, in general,
energy efficiency of ships has not been ranked high on the agenda. A number
of reasons are given for this, like low bunker fuel costs, a low environmental
awareness and, until a few years ago, charter rates that allowed for a
profitable operation of almost any ship. However, some interviewees perceive
that the market currently is changing and that the awareness with respect to
energy-efficiency is increasing.

Split incentives. In markets where ship owners do not operate their own ships,
split incentives constitute a barrier to the implementation of energy saving
measures too: the ship owner is the one to invest in the measure and the
charterer is the one to profit from the investment. The charterer is often not
allowed to make changes to the ships or has a short time horizon and is
therefore not interested in making improvements in technical efficiency.
Moreover, charterers, especially those chartering ships for a relatively short
period of time, sometimes lack the technical expertise to rate the energy
efficiency of the ships. Many interviewees have expressed the impression that
charterers care little about the fuel efficiency of a ship. Exceptions exist,
especially in long term charter markets where ship owners and charterers
enter into a long term relationship. Some shipping companies have indicated
that they require owners to inform them about the energy efficiency of a ship
before they take it on lease.

For ship owners, guaranteeing a certain efficiency can be risky, since they do
not always know in advance how a ship is operated. This makes them reluctant
to guarantee a specific efficiency improvement. To arrange the sharing of
costs and benefits between owners and charterers if there is a degree of
uncertainty is a solution that can be observed in the market but is not common
yet.

The interviewees disagreed about whether the EEDI and other indicators of
fuel efficiency would increase the transparency in the market and allow
owners of efficient ships to command higher charter rates. Some interviewees
thought that the metric would allow for gaming and that it would take a long
time for the market to get used to the metric. Others thought is could add
transparency if it proved to be a reliable metric.

Lack of independent data. The third major barrier to the implementation of
energy saving measures is the lack of trusted data on measures from an
independent, third party. This barrier has been mentioned by shipping
companies, research institutes and professional societies alike. This is
especially of importance since the market is characterised by risk aversion
with only some first movers that could provide such information. And first
movers are not always willing to share their information. Small ship owners
have no scope for carrying out their own tests.

Yards. The fourth major barrier is related to ship building. Ship yards offer
standard designs and especially smaller owners may have problems with
requiring changes to these designs. Some interviewees have the impression
that yards have minimised the building cost of a ship, rather than the total
costs of ownership. In a period of undersupply of ships changes are also not
likely to be called for. Ship yards may be reluctant to make changes because
of the warranties they give. Some ship owners indicated that established long
term relationships with yards was a way around this problem.
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3.3.2

Access to finance. The fifth major issue is, at least for small ship owners, the
funding of the investment in energy saving measures. Whereas big ship owners
are able to provide for internal funding or have relative easy access to credits,
external funding may pose a problem for smaller ship owners. Some smaller
shipping companies are able to overcome this problem by developing a ship in
close cooperation with a charterer, thus providing additional security to a
bank.

Route dependency of efficiency. The fact that the effectiveness of an energy
saving measure is route-depended constitutes the sixth major barrier.

A measure can be highly effective on the one route, whereas it may be
ineffective on the other. A measure that seems to be cost-effective for a
specific ship type, may therefore turn out to be actually cost-ineffective. In
the worst case, a ship may no longer be able to take certain routes when it
adopts a certain measure. This could for example be the case when overall
dimensions are adjusted.

Barriers for specific technologies

The technology-specific part of the questionnaire was sub-divided into
following sections:

Reduction of ship hull friction.

Engine related measures.

Other technical measures.

Alternative fuels and power supplies.

Operational measures.

abhownNPE

Outcome

10 out of 12 interview partners answered the questions regarding specific
technological and operational measures to improve the efficiency of the fleet.
One shipping company did not want to answer the questions, but claimed that
they apply nearly all of the proposed technologies and operational measures.
However, the data are not included in the analysis, but would change the
figures slightly. The results of the interviews are discussed in the next chapter
followed by a separate analysis of the four ship owners alone.

Results

Reduction of ship hull friction (Figure 12)

There is a strong perception that the optimisation of the hull design is
important to improve energy efficiency. For certain ships the hull design is
optimised continuously e.g. in towing tanks, whereas some say that it is
difficult sometimes to get shipyards to accept a new ship design. The latter
seems to be the highest barrier for a change in ship design.

The awareness and expectations for low friction hull coatings also seem to be
very high, however, the savings potential is difficult to prove. One ship owner
prefers to keep the conventional self-polishing antifouling to prevent
biofouling of the ship hull. Some regard the alternatives as too expensive.
Therefore the lack of proven savings potential and high costs pose barriers.

The reduction of structural roughness has less importance, as there is less

awareness and understanding by the ship owners regarding the impact of
macro-roughness on ships speed, but some research is going on.
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There is a very high barrier for the application of air lubrication. The interest
was very low by all ship owners that have been interviewed, due the
complexity, unsuitability for certain ship types and failure during high wave
action. There is also huge uncertainty regarding the efficiency. Finally, the
power consumption to produce compressed air has to be taken into account.
However, air lubrication is observed by the other maritime stakeholders.

Figure 12 Technical measures: Reduction of resistance and engine related measures already applied

Engine related Measures (Figure 13)

Most of the engine related measures especially turbo charger, common rail
technology and automatic engine tuning or electronic engine control were
regarded as state of the art by the ship owners. There was only one exception
where the shipping company only applies turbo chargers and common rail
technology and none of the other measures. Also variable turbine geometry,
Miller and Atkinson cycle are regarded as proven technologies to improve fuel
efficiency, but are also implemented for the reduction of NO, emissions.
Knowledge about the special engine related measures was very low outside the
ship owners community. Therefore many other stakeholders did not answer
the questions. For the directly engine related optimisations there seem to be
little barriers.

Other propeller related optimisations are regarded to have medium impact.
Ship owners apply flow improvement fins (boss fin caps) and propeller
polishing. A lot of research is going on in this area. There are surprisingly little
barriers, although the costs can be high and there is a risk of high maintenance.

The main barrier for the implementation of waste heat recovery and
advanced rudders was found to be the costs as they are considered to be
extremely expensive. “Waste heat recovery is fancy to have but very
expensive”, was one of the statements. The vast majority of ships do not have
enough power or heat to power the waste heat technologies. Therefore, it is
not applicable or suitable for all ship types. Some ship owners see a high
potential especially for cruise liners, others use the waste heat for fuel oil
heating only.
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Fuel oil treatment is regarded to have only limited impact on energy
efficiency. The saving potential could be 2%. Some additives work by
increasing lubrication some do not. The biggest barrier (authors knowledge) is
engine manufacturers warrantees, as the fuel and lube oil specifications are
quite strict. In case of an engine failure the warranty might expire. New
innovative technologies like electrolytic treatment of fuel oil to decrease
viscosity seem to be unknown in the maritime market. Therefore, the biggest
barriers are confidence and lack of knowledge.

The propeller is regarded as most important and improvements pose an
advantage, but advanced rudders are very expensive and there is also a risk
of introducing new failures. The propeller and the shaft are regarded as highly
sensitive and highly stressed parts. Therefore changes in these areas are
investigated carefully. A lot of research is going on in the area of advanced
rudders, especially for fast ships. The main barrier is the costs, risk of failure
and high maintenance.

Other technical measures

The optimisation of hotelling functions is well perceived by the maritime
industry especially for passenger ships. The energy saving potential for these
ship types is huge. The cruise liners use power optimisation programs for
ventilation, light, etc. There is a lower effect on all other ship types, but still
this energy saving option is implemented by shipyards and designers. It will
also be part of the SEEMP.

Electric propulsion is applied by cruise liners only, as it is very dependent on
the operational profile of the ships. For long fixed routes this does not seem to
be a solution nowadays. However, electric propulsion is a good measure to
optimise and control energy consumption. This can improve efficiency, but at
higher costs. The expected saving potential is 6-8%.

Minimising the weight of the ship and the use of lightweight materials
represents a huge saving potential for passenger ships, but not so much for
other ship types. Weight can only be reduced to a certain extent. In most ships
freight constitutes 70-80% of the water displacement. So only limited total
weight reductions can be achieved. Moreover, the lifetime of a ship and its
strength pose limits. In terms of light weight material one big barrier is the
lack of suitable materials and safety aspects. For example high tense steel
causes cracking.

AC/DC converters are increasingly used in special ships such as passenger
ships, special purpose vessels. They are useful on ships with a high base load
like cruise liners. Thyristor controlled rectifiers are used to convert AC to DC
power for high power requirements like azipods and electric propulsion, as the
energy consumption can be optimised. Savings are also good in terms of space
and energy loss through the cables and instruments. However, AC/DC
converters are not suitable for all ship types. As a result of the interviews it
was found that the general knowledge about AC and DC power is quite low and
consequently is regarded as the highest barrier. Only one ship owner applies
the thyristor technology.

Combustion of waste oil is not well perceived due to costs (“about 10 times
more expensive to burn sludge than land it””), and environmental concerns, as
the exhaust gas will contain many pollutants. Further, local regulations limit
the combustion of waste oil in certain areas. Only one ship owner has the
technical option installed on several ships. The barriers are therefore costs,
environmental concerns and legislation.
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CO, abatement technologies do not increase the fuel efficiency, but reduce
GHG emissions of ships. These are in a research and pilot stage at two ship
owners, others tend to observe. The main barrier here is the trust in the
technology and the conservative behaviour of the maritime scene.

Waste heat recovery of incinerators is not well known as not all ships have
waste incinerators. Incinerators waste heat recovery is only used on passenger
ships like cruise liners. The barriers therefore are lack waste incinerators, lack
of knowledge, but also technical problems which might outbalance the benefit.

Figure 13 Other technical measures already applied

Alternative fuels and power supplies

Cold ironing (shore power) does not save energy, but reduces local emissions.
Only one ship owner has installed shore power connections on several ships.
There are a number of barriers. The most important is the deficiency in
standardisation of power supply (variable frequency, voltage and connectors).
The second is that ship owners want to have power from renewable energy
sources, but this is not guaranteed by the energy suppliers. Others regard cold
ironing as counterproductive, as a highly effective power plant is already on
board.

LNG and CNG also do not save energy, but are very interesting as alternative
fuel in terms of price and emission limits for NO, and SO,. Yet the costs for
ship construction increase significantly, although this does not pose a barrier.
Barriers are the low availability of LNG and CNG, lack of infrastructure for
supply and the size of storage tanks (lack of space). Nowadays these fuels are
only attractive for gas carriers and for short sea shipping like ferries. Most of
the ship owners are watching the developments carefully.

From the three wind power options, the use of kites has the lowest
acceptance due to operational limitations, kite durability and replacement
costs and difficult handling. One ship owner is in a trial stage. All three
technologies are dependent on wind directions and therefore on the
operational profile of the ship. Additionally the kites, wings and sails are only
suitable for relatively slow ships (10-15 knots) and the flettner rotors could
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cause some stability problems. The interview partners however know that all
of the options are in a trial stage and one ship owner is investigating the
impact on ship design. In summary there is interest, but many limitations.

Fuel cells are regarded a promising technology but not mature enough at the
moment. There are a number of research projects going regarding their
implementation on ships. The application as auxiliary power is more than

5 years away and as main propulsion more than 30 years. None of the
interviewed ship owners apply fuel cells on their ships today, but it is known
that fuels cells are used for submarines and for small ferries. The barriers are
lack of maturity, but also cost. Fuel cells and hydrogen are very expensive
compared to other fuels.

Solar cells are only suitable for a niche market like cruise liners, car carriers
and ferries (ships with a large available top surfaces). Yet the power
generation per square meter is very low.

Biofuels do not save energy and do not seem to be an attractive measure in
shipping. There is limited supply of biofuels, no cost advantage and the
production is regarded to have very negative environmental impacts. The
interviewed cruise liner company stopped the use of biofuels due to costs and
bad public reputation.

Figure 14 Alternative fuels and power supplies already applied

Operational measures

General speed reduction is believed to have the highest impact on energy
efficiency. However, this issue is still very market driven and depends on
charter contracts (charter rate/day) and fuel prices. Further, the ship has a
specified design speed and needs to maintain its flexibility in terms of weather,
cargo, etc. Otherwise, speed reduction is regarded as a very strong tool,
probably the most promising.

Weather routing is applied by all ship owners and is well accepted. The saving

potential depends on ship routes. Savings can be made especially on North
Atlantic and Pacific routes. The indirect saving is the prediction of arrival time
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and therefore the possibility to run the ship at a constant lower speed instead
of driving at full load. There are no barriers at all.

Trim optimisation is well accepted in the maritime industry, nearly state of
the art. One ship owner started to improve training to raise awareness on the
benefits of correct trim in relation to fuel savings. On large containerships
savings up to 10% can be achieved. Further improvement would be the
combination with ballast water optimisation. There is software available on
the market to improve trim and ballast water. There does not seem to be any
barrier, instead a medium to high potential for power optimisation.

Voyage optimisation is well known and is applied by most shipping companies.
The saving potential is regarded as medium up to high. The barriers are the
contracts with charter parties and port mentality.

A lot of effort is put into the increase of awareness and regular training of
the crew. Awareness is increased by sending monthly environmental bulletins
to the crew, increase of competition and comparison of ships regarding fuel
efficiency, accidents and emissions. One stakeholder also reported about a
propulsion based payment or salary applied in cruise liner industry. Others say
that awareness in combination with training decides the most about energy
efficiency in shipping. Classification societies support this with a software tool.
Some ship owners have environmental officers, which provide on board

training for the crew. The saving potential is regarded as very high (up to 20%).
There are no barriers at all.

Autopilots optimise the steering of a ship under different weather and load
conditions. All interviewed ship owners make use of autopilots in their fleet.
One ship owner states that the autopilot is part of their SEEMP. The saving
potential is very high and there is room for improvements. There is no barrier
at all.

Monitoring of energy consumption is applied by two ship owners. The other
two can only record fuel consumption by the amount of fuel bunkered after a
voyage, but this is not the same. The monitoring of fuel consumption is
regarded to have a high potential, especially for crew awareness training. No
barrier was identified, but the authors view is that active energy monitoring
instrumentation is very expensive.

Optimised fleet management is applied by three of the ship owners, but there
is still space for improvement. The limited information given to this option
does not allow identifying any barriers.

Regular hull and propeller cleaning reduces the drag caused by biofouling and
is regarded to have a huge saving potential. However, the conventional self-
polishing antifouling coatings are not suitable for polishing, as the paint would
be polished causing a peak release of biocides into the environment. Only two
interviewed shipping companies have implemented the regular propeller and
hull cleaning. The other problem is the local release of invasive species, which
can cause the same problems like ballast water. This can be subject to local
legislation like in Australia and New Zealand. Here the limited application is
due to the type of coatings and possibly due to legislation.

Speed reduction due to port efficiency is sometimes applied by two ship
owners and is routinely applied in container shipping, but is generally also
dependant on the charter contracts. It is believed that there is a high saving
opportunity, but it requires a shift in port mentality (e.g. queues in ports).
There is also a potential for short sea shipping on fixed routes.
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Optimisation of ballast voyages is not applied on cruise liners, as they do not
have as much ballast water as other ships and should always carry passengers.
Another ship owner currently investigates this option. Otherwise optimisation
of ballast voyages is applied and it is well known that ballast water and ballast
voyages should be kept at a minimum. The only barrier could be commercial
aspects.

North East Passage is a special case of voyage optimisation, but is limited to
some months in summer due to ice coverage. Ships sailing the Northern Route
require the highest ice class, are guided by ice breakers and require approval
from the Russian Authorities. Consequently there are a number of barriers:
weather conditions, ships’ ice class, costs for ice breakers and time for the
Russian approval.

Steam plant operational improvement is regarded as state of the art, but
limited to ships that have boilers. Steam plants use the waste heat from the
flue gas. Only two of the ship owners apply steam plant optimisation, however
some believe that there is a good potential to save energy. The barrier is the
principal use of steam plants. Steam as propulsion became very rare.

Speed reduction due to an increase of the fleet size is not applied by any of
the interviewed ship owners. The other stakeholders could report that this
applied to a limited extent. There a general agreement that this measure
offers a huge opportunity to save energy and to increase the effective use of
the fleet. The main barrier is that the fuel is still too cheap compared to the
cost of a new ship, which is reflected by a careful cost-benefit calculation.
There is also the opportunity to increase the size of single ships to reduce the
costs per ton of cargo, which more common practise.
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Figure 15 Operational measures already applied

Analysis of ship owners questionnaires (Figure 16)

Four out of five ship owners answered the detailed questions. One shipping
company only reported that most of the technological and operational
measures are applied in their fleet. However, this information is not reflected
by the graphs as no detailed information was given

The most important energy reducing measures are the operational
optimisations (Figure 15), which should be reflected in the MACCs to a large
extent. The largest impact on MACCs is expected by the general speed
reduction and by increasing the environmental awareness of the crew,
followed by the frequent training of the crew. All interviewed shipping
companies use weather routing, trim and voyage optimisation and make use of
autopilots. However the savings potential is unknown. So far no ship owner
increased its fleet size to reduce speed.

The second important energy measure improvements are engine and propeller
related. Most of the engine related measures are state of the art and are
implemented. This should be echoed by the MACCs. Most ship owners also try
to improve the water flow around the propeller rather than investing in
expensive advanced rudders. The reason might be costs and safety aspects.

Reduction of resistance is important as all ship owners optimised their hull
design to reduce resistance, whereas reduction of friction by coatings and
structural roughness was applied by two ship owners only. The reason is the
uncertainty in savings potential and cost-benefit. Air lubrication was not
applied at all due to technical constraints and complexity. The latter
technology should appear in the MACCs in the higher end.

Other important energy saving measures are optimisation of hotelling functions
and minimising weight. All other measures in this section have less importance
or sometimes are unknown and are applied in cruise liners only.

CO, abatement technologies are in a trial stage at one ship owner and are
currently planned by another shipping company.
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The least promising measures are in the section alternative fuels and power
sources. There is huge interest in LNG/CNG as future alternative fuel, but
there is a lack of infrastructure and ship construction becomes more expensive.
Wind propulsion is applied by one ship owner on a trial basis but the general
view is that this is not suitable for most ships. Fuel cells are not ready for the
maritime market, especially not as main propulsion. Solar cells deliver too
little energy at high costs. Biofuels were applied by one ship owner in the past,
but not anymore due to its bad reputation. The figures surely will change and
have an impact on MACCs when fuel prices increase.

Figure 16 Analysis of already applied technologies and measures by the different shipping companies
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3.4

Conclusion

The barriers for the application of the different energy efficiency measures
are largely suitability for the different ship types, costs, uncertainty regarding
the saving potential, technical problems and infrastructure for alternative
power supplies. The motivation to implement new technologies will be
increasing fuel costs. As the MACCs are very dependent on the development of
fuel prices, this will change the shape of the curve significantly.

The overall comparison of the different measures showed that the
optimisation of operational measures is most important. The reason might be a
comparable little effort for the implementation, little technological changes
of the ship structure and comparable low investment. Ship owners and other
maritime stakeholders both judged these measures as the highest energy
saving measure and therefore have a huge impact on the MACCs. In detail the
most accepted operational measures are speed reduction, increase of crew
awareness and crew training. Awareness is e.g. increased by fuel saving
competition between crews and ships.

Engine related measures are well perceived by the ship owners, whereas the
knowledge other maritime stakeholders was very low. Most engine related
improvements are regarded as state of the art and are also related to
reduction of NO, emissions. They should appear in the MACCs as already
applied technologies. Improvements in engine performance are largely
dependent on new developments at the engine manufacturers. Barriers for the
other technologies are the high costs for e.g. waste heat recovery and
advanced rudders. Changes to the propulsion system are not only costly but
also regarded as very sensitive in term of ships safety. Therefore there is a
strong reluctance for the implementation and should appear in the tail of the
MACCS. Fuel oil treatment has the lowest potential and is regarded as very
uncertain with little potential and is not implemented on a broad basis.

Reduction of ship hull friction is well accepted as energy saving measure,
especially the optimisation of the ship hull design. Optimisation of the ship
hull design is state of the art. The only barrier is the acceptance at the
shipyards, who do not like changes of designs. The extent of the fuel saving
potential is mainly unknown. The barriers for low friction hull coatings are
uncertainty of saving potential and high costs. Air lubrication was the least
accepted method for a number of technical and operational reasons. Energy
savings between 1-10% are possible, but air lubrication is simply not suitable
for most ship types and has very limited potential to be implemented.

Other technical measures are less accepted or simply unknown. On the top
range are optimisation of hotelling functions and minimisation of weight. The
remaining technological measures are mainly applied on cruise liners only and
not relevant for other ship types. Here the MACCs should differ significantly
for the different types of ships with high impact on cruise liners and less
impact for other ship types.

The lowest acceptance was for alternative fuels and alternative power sources.
Ship owners largely do not accept alternative power sources and other
maritime stakeholders see a limited or no impact at all. Shore power is applied
by one ship owner and largely fails due to standardisation of the power supply.
Fuel cells are not regarded as mature for shipping and are only applied in a
very small niche market. It will take many years until fuel cells can be
implemented in ships, especially as main propulsion. Even when the technical
problems are solved, the price of the technology and hydrogen has to be much
lower to support the implementation of fuel cells. Wind power is applied by
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one ship owner only in a ship trial. Kites have the lowest acceptance compared
to flettner rotors, sails and wings. Barriers are the handling, costs for the
replacement parts plus the fact that they are only useful on relatively slow
ships (<15 knots). However, if wind propulsion is applied, there will be a huge
impact on the MAC curve, as the saving potential can be very large. The
barriers for the use of LNG and CNG are lack of infrastructure for their global
supply, increase of shipbuilding costs and space requirements. All ship owners
are very interested in the use of LNG/CNG, but observe the developments only.
This alternative fuel again can only be applied in a niche market like gas
carriers and short sea shipping.
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4.1

4.2

Conclusion

This report has analysed and compared three marginal abatement cost curves.
It has found that, although the MACCs appear to be different, the differences
can be accounted for mainly by the measures that are included in the curves
and by the baseline.

The published MACCs do not account for barriers to the implementation of
certain measures but rather show the potential emission reductions that could
be achieved if all the measures would be implemented. The barriers were
studied in a separate part of this study.

The results from the analysis of the barriers has implications for the MACC and
give rise to policy recommendations.

Impact of barriers on MACC

The purpose of a MACC is to show the abatement potential and the associated
costs of various emissions target. It can be argued that MACCs should not take
barriers into account. However, if barriers are clearly linked to specific
technologies, one could merge them with the MACCs.

For several technologies, there appear to be significant technological barriers
to the implementation of measures. Some measures are not considered to be
effective, e.g. low friction hull coatings and air lubrication. Since both have a
considerable potential in the published MACCs, incorporation of this barrier in
the MACC would adjust the abatement potential downwards. Other measures
are considered to be risky or very costly, e.g. kites and waste heat recovery
systems. For some measures, ship owners indicated that fairly long drydocking
periods were needed to implement them. Incorporating these barriers in the
MACC would shift the curve upwards and reduce the cost-effective abatement
potential.

For some technologies, there are no barriers as they are widely applied by the
stakeholders contacted. This is the case for speed reduction, weather routing,
trim optimisation, turbochargers and a set of other measures. To the extent
that these measures have become state of the art, they should be excluded
from the MACC. This would reduce both the maximum and the cost-effective
abatement potential.

The MACCs studied here do not include optimised design of new build ships.
The reason is probably that the costs and the abatement potential are very
hard to quantify. However, many stakeholders we have interviewed indicated
that substantial savings can be made in this area.

Policy recommendations

It is clear from both the literature review and the interviews that important
barriers exist to the implementation of cost-effective technologies. Two
important barriers appear to be the lack of independent information and the
split incentive between owners and charterers. Both could potentially be
addressed by policy measures.
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Independent information can be provided by government-supported research
institutes, centers of excellence, and so on. Furthermore, information can be
gathered by encouraging pilot projects for the implementation of measures,
coupled with dissemination of the experiences gained.

The split incentive can to a degree be remedied by providing the market with
good metrics to evaluate the fuel-efficiency of ships. The EEDI could be one of
those metrics, although according to many stakeholders, it still has to prove
itself in practice. If it turns out to be a reliable metric, regulators could
consider extending the EEDI to existing ships in order to increase the
transparency in the market.
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Annex A

A.1

Table 4

Abatement measures

Coverage of studies with regard to the individual abatement
measures

The following table gives an overview of the different CO, abatement
measures that underly the MACCs in the different studies. Note thereby that
summing up the ticked boxes per column does not give the actual number of
measures considered in the studies. This is the case because both a measure
group with which is worked in a study is given (e.g. reduced auxiliary power
usage) but also single measures which could be subsumed to this group

(e.g. speed control of pumps and fans) with which in the other study is worked
are given.

CO, abatement measures underlying the MACCs of the different studies

Eide et al. IMO et al. CE et al.
(2011) (2010a) (2009)
- X X
- X X
Electronic engine control X - -
Frequency converters X - -
Gas fuelled engines X - -
Steam plant operation improvements X - -
Waste heat recovery X X X
Engine monitoring X - -
- X X
Propeller upgrade (nozzle, tip winglet) X X X
Propeller boss cap fins X X X
Improvement flow to/from propeller X X X
Contra-rotating propeller X - -
- - X
Propeller polishing X X
Air lubrication X X
Hull coating X X
- - X
- X
- X
- - X
- X X
Towing kite X X X
Wind power (fixed sails or wings) X = =
- X X
Speed reduction due to improvement of port X - -
efficiency
Speed reduction 10% (due to fleet increase) X
Reduced auxiliary power usage (low energy X
lighting etc.)
Speed control of pumps and fans X X X
Energy efficient light system X X
Exhaust gas boilers on auxiliary engines X - -
Solar panels X X X
Fuel cells used as auxiliary engines X - -
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A.2

Table 5

Eide et al. IMO et al. CE et al.
(2011) (2010a) (2009)
Wind-powered electric generator X - -
- - X
Cold ironing - -
Optimisation trim/draft (based on load X X X
condition)
Voyage optimisation using shaft power meter -
Voyage optimisation using fuel consumption -
meter
Voyage execution X - -

(const. speed and load; rudder position)

Weather routing

Autopilot upgrade/adjustment

Measure groups IMO (2010a) and CE et al. (2009)

In IMO (2010a) and in CE et al. (2009) the individual CO, abatement measures
are grouped. The measures that are not likely to be used together/that
exclude each other are thereby allocated to one group. As can be seen in the
following overview, in IMO (2010a) five individual measures are taken less into
account and two measures were joined, whereas three more measure groups
are differentiated. In Table 5 those measure groups that differ are listed first.

Comparison of measure groups in IMO (2010a) and CE et al. (2009)

IMO (2010a)

CE et al.

(2009)

Measure Group

Individual Measure

Measure Group

Individual Measure

Weather routing

Weather routing

Voyage and
operations options

Weather routing

Autopilot
upgrade/adjustment

Autopilot
upgrade/adjustment

Autopilot
upgrade/adjustment

Optimisation using
shaft power meter

Optimisation using
fuel consumption
meter

Reducing onboard
power demand (hotel
services)

Low energy lighting

Auxiliary systems

Low energy lighting

Speed control of
pumps and fans

Speed control of
pumps and fans

Speed control of
pumps and fans

Power management

Propeller
maintenance

Propeller polishing (at
regular intervals)

Propeller
maintenance

Propeller brushing (at
regular intervals)

Propeller polishing
(when needed;
including propeller
performance
monitoring)

Propeller brushing
(increased frequency)

Propeller performance
monitoring
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IMO (2010a) CE et al. (2009)
Hull coating Hull coating | Hull coating and Hull coating |
maintenance
Hull coating Il Hull coating Il
- Dry dock full blast
- Hull performance
monitoring
Hull cleaning Hull brushing Hull brushing

Underwater blast

Underwater blast

Speed reduction

10% speed reduction

Speed reduction

10% speed reduction

20% speed reduction

20% speed reduction

Optimisation hull
openings

Optimisation water
flow of hull openings

Retrofit hull
improvement

Transverse thruster
opening (flow
optimisation, grids)

Air lubrication

Air cavity system

Air lubrication

Air cavity system

Propulsion upgrade

Propeller-rudder
upgrade

Propeller/propulsion
upgrade

Propeller-rudder
upgrade

Propeller upgrade
(nozzle, tip winglets,
etc.)

Propeller upgrade
(nozzle, tip winglets,
etc.)

Propeller boss cap fins

Propeller boss cap fins

Main engine
adjustments

Common rail
technology

Main engine retrofit
measures

Common rail
technology

Main engine tuning

Main engine tuning

Waste heat recovery

Waste heat recovery

Waste heat recovery

Waste heat recovery

Wind power Towing kite Wind power Towing kite
Wind engines Wind engines
Solar power Solar power Solar power Solar power
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Annex B Questionnaire
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