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Ship engines are more aconomical

Specific fusl consumption in g/kWh
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2. 1. 1 MEIRIAD FOHEE (Improved fleet management)
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b 208, REBREEICE W T IR R D RN H 5, B b,
BUE, ANBSEHIZWC KV RES N D Z L0 @pITH Y | FriZ R AR (fof 1)
ZZ DHAEBFRNIND TH D,
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2. 3. 7 ABRIARREREOHIR

Ta OIS AL, COs A DRERIERELZh FAT X, 50 280N
HY ., WEKBRRALFGEIBD TEV, 72720, T M A —LiEEEDRED
L0 HERIBBRALIZ X AT A O&EBNIEIZED Lo2odh 5,

R & ORI 2 OB IFA Y BAFAET 5, UNEP ORREIC LR, mil=
VT I L =T 7 —1EWNH D DT R DR AR O W i T A i
D 10% % 5D D, ZOE TS DOBIEET A DR 23 @ WBRH & LT,
WE. R, IREBEOWE FEAOSmAMERRE FITmn I onTnd Z &Iz
Mz, HERE, EREAORBLEICLI2b0EEZ X LMD,

BUE, M2 & OWEET 2 ORIERFRITEEAN & < . IR OB g2
BHTHDHEEADND, BARRRIR L LTI, MR LMD APREIZ S L
T 72 BRI 2R ET DM 28T D 2 ENET oD, WD A DR
RO HFIL AR FIROM EL IO THDOTHY, D RIT, MESE
FICE > TRTFANLT S, BALLLTWHELEZOND,

L L2R 6, 295 W BRBIESEBRANCZ T AN SN D 72HIZiE, IMO
D L&D Rk R L EREE LB L TEERRIND ZERLETHY . T
A EHLE TR M0 D ATREE S B 5

F7o. T — X OHE (LSRN OMENECLIBNNH D, Thbb,
KIGHAAN, E=F U 7 L ELZFRICER L WEIZBWT, Sl 2%
AT HAREM L H AT TH D, LB ->T, ZOXIHIRELED T, IM0 D
X O iy 72 2 ERIFER A8 U C L0 afEN R EREEEZ R Lz 9 2 TR
BT D ENEE LY,
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3. Ship Efficiency Management Plan DE AZFIZEH3 5 IMO TOEHIKR

MO IZBWTRRA R 7T 77 4 ZAQED PN DWW TEEGRD AL LT DI,
MEPC57 (2008 4F 4 H) LI ToH 5, [FIMEPCST TlE, RIEEFE TIZELEAT D
E - M THD LN TWZa L AR T AT —TF (06) 12X -» THiIHE
LT D O GHG HEHEHINH O 72 O HEE - RHMOHEE IOV T, &
ML Ea—3SNni, TOREIC, AREREELE L TETF O bDIF TRO L
B THD,
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POSSIBLE MEASURES IDENTIFIED BY THE CORRESPONDENCE GROUP

(MEPC 57/4/5)
SHORT-TERM MEASURES NEXT STEPS STAKEHOLDERS®
Improvement of  specific fuel | Oslo  meeting/Best | Shipping
consumption (paragraph 5.2) practices (BP) Engine manufacturers
Shipbuilding
Energy  Efficiency Design and | Oslo to develop | Shipping
Management Plan/Using a Test Mode | separate Shipbuilding

for estimating CO,-index of new-build
ships (5.3)

guidelines/BP

Onshore power supply (5.4) Oslo/BP Shipping, [SO, port authorities,
IEC
Use of wind power (5.5) Oslo/BP Shipping
Shipbuilding
Voluntary/mandatory requirements to | Oslo to develop | Shipping
report CO; index values, information | report scheme as a
exchange/outreach and rating | separate standard or
performance of ships and operators | guideline + BP
(5.6) (see chapter 5)
Strict limitations on leakage rates of | DE and BLG to | Shipping
refrigerant gases (5.7) develop separate | Shipbuilding
mandatory Classification societies
guidelines on design | Suppliers
and operation Manufacturers
Vessel speed reductions (5.8) Oslo/BP Shipping
Shipbuilding
Shippers
Charterers
Engine manufacturers
Measures to mmprove traffic control, | Oslo/BP Shipping, Shippers
fleet management, cargo handling Port operators
operations and energy efficiency (5.9) Charterers
Consider Black Carbon and Nitrogen | Scientific and | Engine manufacturers

Oxides in evaluation of GHG emissions
from ships (5.10)

technical review

Hybrid mechanism: Charge-cap-and- | Oslo/BP Port authorities
trade/a global levy on all fuel for Shippers
shipping combined with a fund to buy Fuel suppliers
credits/ marine fuel charge (5.11)
Voluntary commitments  between | Oslo Ports
economic sectors and government Shipping
(5.12)
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LONG-TERM MEASURES NEXT STEPS STAKEHOLDERS

Technical measures for ship design | Correspondence Shipping

(Paragraph 6.2) Group (CG) and | Shipbuilding

2000 IMO GHG | Classification societies
Study Update

Use of alternative fuels (6.3) Oslo/BP Shipping, Shipbwlding
Fuel suppliers
Engine manufacturers

Charterers
A Mandatory CO, Design Index for| Oslo to develop text | Shipping, Shipbuilding
new ships (6.4) +BP Classification societies
(see chapter 4) Engine manufacturers
External verification scheme for CO, | Oslo/BP Classification societies
operational index (6.5) (see chapter 5)
Unitary CO, operational index limit | CG Classification societies

combined with penalty for non-| (see chapter 5)
compliance (6.6)

Emissions Trading Scheme (ETS) and/ | Oslo Shipping
or Clean Development Mechanisms
(CDM) (6.7)

Inclusion of mandatory CO; element in | CG Port authorities
port infrastructure charging (6.8) Charterers

INHED B WL ONOHFEIZOWTI, A S o GHG HIEIZ & - TH
IERSH D Z s, RHICEATREITHD & OB ER S NT-, LR
- T, MEPC57 CliX, WA MEPC IZBWTRA N ST 7T 4 AT 52 EE RIS
EERT A Z AR E L, T7hbb, BESNAHEERE - 7777 4 A
DUWT, i, ST, R, AR, IS, 2 OMBRE EEN) S O GHG
HIW O 7= DIl 72 2 FIFIZ K O BN 2T IR IO ESHBANDLDOERESR
REBEERT D & Lotz

Z D%, [ 6 HIZA A 120\ T GHG HIEUCEI T 2 a6 23 Bl S 4,
N2 NT T 7T 4 ACEAT HEmbED N, RSGIZE, FHR/REL0. U

TD 2 ODWRBENTE R INT,

N

M

1 AD =X X—ZREH DT DODRA N T T 7T 4 AT 5k
wm =T g 7, HBEREE, REMRMER,. AT T U A
Rk~ 2 U A v FSGER O 72 &, s, ELXOWIEE D
GHG HII D 7= DI B L RIET Z LN TEX HHEICET D)

L B SR H O BAR RSB IAR O T > 7 7 L — R A A 7
Y AT B FHE KO AR S OWLE B 0 2 TSN T HE

R
vl
0o
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THEOWB IR MEL oA F L —3 g B EEIAICE T 5 i

7
ES

THUCBE L, ERRZREEE R TH D 1CS 13, AT T 7T ¢ A
DEEMEZREZ, ~FTVAL IV =L ELTRANT T I T 4 A W\ITTE
HLTOL DI OWTHEBIICERICSHE « Ry¥a XA Mg LTS Z &%
EES U

INDODERE T, FASE TR, Tr~v—72FEHERE LT ANEARS
ANET-, ERE 2 DOWREBERICOWVTIIRE L. IHoREZhR(ER O 7-
WDORANT T T 4 AT EHEIHA XV AREERT DL Lo T,

o, ARG TR OBBREEIZWIT 277 7 7 4 AONEIT. M oEN
ILE-2THEDH>TLLD L, @F T 7T 4 AT EITWAFRARER B D, XiT
ML= FAT7ORERICH D DO UIHET D 2 LEB B S LT,

Z DOtk R4 10 H @ MEPC58 23T ICS IX, BIMCO 28 & & $12., MfpRh=RE
& (Ship Efficiency Management Plan) % ISM (BRfif oD Ze 28T K O YL
il o7z OFEBEEH a2 —R) O—BE LTMViALZ EZBEL D, T
bbb, HRZ LI, ETRERRNT T/ T o RAEFFICE D E LD, E
fARPLZ Fidk L. ISM OB EOBRICHER 22T 2 L0 o bOTH D, AAFRY
BIRE 7+ —~ v MEITFTRO LBV Th D,

4 Maodel Ship Efficiency Management Plan

Name of vessel:

Capacity{ TELVDWT /Pass./TLM}:
Vessel tvpe:

CO, Operational Index (MEPC/Circ 471)
GRT:

Date of Energy Saving Energy Saving
Implementation Potential
Energy Saving Option o
cre s Lphio Insert: unit'time
. Insert: Relevarnt Insert: wnit' time
Management/Operational Measures ) o ¢ ‘
date/ Under

consideration

Weather Routeing

Remarks: Software available weather charis

Routeing (Vovage optimization)

Remarks: Optimized vovage planming — including consideration of current and
tide optimization
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Trim Optimization

Remarks: Fach draught has an assigned best trim/rim tables best praciice
subject to the ballast water management plan

Improved Usage of Engine cooling water

Remarks: (Generation of technical water or even drinking water), improvements

Pumps, Fans and electrical equipment

Remarks: Cooling ventilation systems not alwans under full load vpm control,
Installation of a speed power control unit for engine-room pumps and fans will
canserve electrical energy demand where pumps are not required to be operated
at their full-speed rating

Hull resistance management

Remarks: Performance monitoring for hull conditions and fouling

Propeller maintenance

Remarks: Cleaning polishing of propeller maintenance

Optimizing autepilot function

Remarks: Improved autopilot software for efficiency

Speed optimization

Remarks: Speed reduction may reduce emissions

Engine Performance Optimization Programme

Remarks: Good monitoring programme. fimctionality of parts' optimization of
cvlinder pressure

Energy Conservation Awareness training programine

Remarks: Onboard training jor energy efficient operation

VOCON

Remarks: Implementation of VOCON operational procedure on board to reduce
non-\ethane VOC emissions

Efficient usage of an incinerator

Remarks: Discharge ashore minimized application but consider how disposal
will occur ashore

ARZIZONWTIE, thoiRE L ORfRH H VD MEPCS8 Tldigim S AL T2,
LU S — 5T, 5% 5 GHG HIEGE 28 Em « BEFEfm o E 2 /-
Bra. AIEICOWTIEREHEE (hr~AvH72 0 O CO i &) DFBELE
EPAD RSN TR, mHOREE D DEEFMIZOW T HAT S 20 B A

SWEE L O S IMO Z2NE, ERICB VTR LD, B tED 53T
W bDEEBZLND,
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I SMO— FREDEE

VERZ >-MMERDZ N AMIR ITERLTWA I EA L, TELTHMD
N—FEICEB L. AR LECHREOFTEICLY UL TELRXDREKREIELH
2. AMEREVWS YT FENLDEENEROLEEIMHRMICERB SN, IMO (B
BEEME) 20T TAMZER (Human Element) ] ITDWWTORIINED SN TET =,
DR, MMOEMEERAHICET SERMREEZTEDSZ LITLY ., BiEEDRE
DEMEBAEHZEILIL. MHORESEMORILEZRS Z EARESIN, 19935108 1
MOZIZBEWWT I SMO—F (ABLE£EEI—F) L LTHERSNz, ShERIT,
1994F 5 AI1CIE TBEAGREEN] (SOLASEN) NRESHh, REM - 2D
—Z(2DUVT1998FE 7 A 1 BhbRIa— KABEHEIESIh TS, =, Ra— FOEH
[ZHizY. HRMITHE—DENF-ERZRLI-ODHA 54 UH, 199%5F11ADIM
OMEICEVLWTEHIREN TS,

I SMa—FO#HE

LBy, 1 SMa—FlE, AMERICEDY 7 FEATOREXNKRERE - 11t
T5ILICKY., MHOELLEMEERLELSIETEHEDTH D,

BAMIZIEE, MMFAEEZFICHL., REEEVRXTL (SMS) DXRE - EiE. EELE
HLABDEME, REEMI =27 ILOERK - M~ Di AT+, BEBE~ADOERE - ¥
[SFHEE DML, Wil - RIEORTFHREDOELFZTHOES—A. MEICHL TIL.
MAIZETE2LREEEHEDEE. BELE~NOMEFOEHE [T TETo-S5 X, EE
(MBOEHFZFINTWVEE) BFICLKSPLEEEBIATLOEEREN. FEEBRMFICL 5%
E (PSC) #FHIZ&kY., TOEIHEHERLISETEHEDTH D,

Ba—FlE. MEDLREBEEBDAL LT ITNEXETHIELHMOEERGZENHT:
BRENEREEBAFOEILZH -t DTHY .. FHHLEFKE L THOHTHEDED
DTHDEEZLND,
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Bit4% 1 - SkySails ¥ R T LDPE"

SkySails £ SMM T H{#iL 7 — &

SkySails 2 27 L DOEE

> SkySails i3 2001 FFITFENL BUEN Y T A7 IR 25 E L TR Y |
HEITHT7 04 TH D,

> VAT AL, 3O0OFEEES, 70 H Towing Kite (ILOES) &
Towing Rope. Towing Kite J&5 « [GHEEE . B #i#itiEE (Control Pod,
Control System (ZTeHEENEY 7 1)) ORI D,

> VA7 A Towing Kite DREBN HIGIHE TR TIIEICH 2 bl
Control System THilfHl S5, EBEARE &K CUGIHRFIZ AR Z 24 2 &
LAMIEHENTH 5,

> Towing Kite |% Control Pod & —ADHIEIFIHE 2~V & EHEE O
0 —7TENNTEY /YT A /1D X 51T Control Pod 2~ k&
FiZgl oD Z 12Xk W Towing Kite DA &ZETFTD “8” OF %4
SERICEMICR L SERIBERZES N 255 L9122 >Tn 5,

> Towing Kite Z #2829 Z L 12 LY (Towing Kite B & O -3 FE 7
0~ 8 Okm/h), B NAKINIZIER S 41TV % Towing Kite 134577
A L. i) Towing Rope Z{n-> THAOHEET) & 72 5,

18 GHG B D 1> & LT ZEH L7ty 27 5 THh % SkySails ¥ A7 HIZHOW T,
W AT ADORFAEETH %5 SkySails tE K NG4S AT A% IR Chisd T HIE M O
PEilk L 7= #EE 2+ Beluga Shipping fh~DOif &£ (EfiH : 200849 A 25 A (K)).
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----------------------------- towing kite

. control system

launch and
recovery system

control pod force transmission point

SYSTEM COMPONENTS

» Control Pod (213 Towing Kite Z 5| o425 T L~V kUL kA 8T
T, FJGH - B X - JASEOE RN EH S TE D | Towing
Rope Z{n-> THOLNTZT —Z 3G D Control System (2165415,
B 53 7-7 —# 1% Control System (Z## S/ Y 7 R CTHEA S,
! Towing Rope %15 - T3 A Control Pod (215 % 5 41 Towing Kite
Earhn—nd5ZLIl0%5, TOXIRT=HZORVIYIZLY
ENERIC Towing Kite (351 2 AESHE DL Z ENAREE 2o T,

Control Pod ®'5-E
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> JEA &Sk U CEHEE A 50 FEEAN B 310 JE O B DFLPH T OMIA T FRET
&5, BITE, Beluga fhOMMAAICHEH L T2 Towing Kite 0 2 B i fd
X 160m2 TH Y, 51T 320m2 DL DIZIERTHTFETH D, 2B,
FHEOEEHZ L 5 ERERDOPUIEI 21X, ~A b 4 KIZHHEFE 3,000m?
DWLZ T 5 ffin & [R5 OHEE ) 215 5 72 121X Towing Kite DS
25 300~600m2 Db DEHEFT L L TAREL DI & ThH D,

direction of wind

<3

not possible

POSSIBLE COURSES

SkySails #- F.f#

@ SkySails > X 7L D[FE =2t 7 |
SkySails £ Chairman T& 5 Mr. Stepah Wrage (1972 4F/E) 728 15
FELLESRINO T AT T EZ RO TE b D, NT AV 7 L FREEDZE
KNFHERICESSERTHY (R EERIFR L TH LW S O TIERW,
SRR O REBIHEEREE & U CEAMET 272D 0N 21T - 7=,

@ SkySails > X 7 A DR AT
2001 025 2006 D 6 FERIHA BT 2 S L7z, BIEIX SRR O
EifETH 5,

@ WA ZTT 5 L TEIHINZR & B> 72 6 D
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KU AT MIFTH BB E TR TERE TIThN s, T ek
B9 5 LTI, #TH BT KON Z BE LT 2 OB KEETH - 72,
Fo. EREEED D ETRBL, RICEDICHEISE TS Y 7 ke
— FBAFIZE T & LT,
@ FEHTBIFED /= 8D DR FEE ]
VAT LAORRFITITRE T2 A — o T2 BRI S - - TR
RA VBT LN T TN DRGNS T A N— T R=
= DOHEND > 7=, NI D DX DEIG X 10%RETH 5,
@ SkySails > X 7 A DEE) I A HEL U RIERZ
Ea—74—F 3~ 8 THIMMNAIRETEAY | FERERBRIZ LV 5~ 6 23
ThdHZ ENbroT,
© WHDEEFIH LR T A E RS
WERDOHD LI~ A NP ENONRROMETH Y, ZOFREE, Mfao
LR ZMIR LoD, ETMPORESTA LOBRIZHMEIZR 5T, S
BT R L= 2 ~DEEEE, T,
(D SkySails > X 7 A ZE#HT S0 DFH = X}
VAT ADORE ZETHTOMEILSH 575, #l21X. Beluga ttDZ% H
A E B EMAICIIERERE 1 6 Om* OV AT A2HEH LT, 2
A% 500,000 —1 Th o7,
SkySails = X 7 A DFEHEFFEPE= X N
INBRERICV AT LAORE SETHTOMEILD S5, Beluga th0
% A EEERDICHEEH STV D 2T A THIE, R 65,000
L= b,
@ SkySails > X 74 DAL
VAT DTEE ORI KV ALY Lo TR Y RGBT K o T
AW R 72 5, e bIARR N E W S DO 1E Towing Kite (T S7)
THOVFERARMCL XD 1THE~2FEZ 1 BORBERLETHY | Z 0O
BRRBIT T E DA LT F U ABICEETNTND AT F L AT R
% N % T Towing Kite DFRESGEN A% OMELEE X TV 5,
B2 AT FEFETHERRER H11Z Towing Kite @ Textile DR E AR 21T 5

72 lZ, Towing Kite ZE7J HE A B@H HEED 7 0~ 8 Okm/h 725
Rzl &ifmotk 5. 1 8 Okm/h 1T L= A 232
L7z,

SkySails > X 7 A DEAZ J- SHAHIER = X DUk 502
R MRS OYREHMIEARIC B L 2728, 1 0~ 2 0 % DORREHIIz
RINDEZEZTWD A MI1LE5~17 /v NOEMHFEOHHIE
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LTW5h,

@ Beluga Shipping DA ZF)H L /= SkySails 3 X 7 4 D FFFF R~
DIHIE L HE) D HE(E P 7 %)
WINTECC v x 7 & LTEUICEE SN 21T TV B,
ZiUE LIFE &W)H EUDHRERERE 2 77 L0—8E L TLE
SFLNTEY, HEEREZRE LTy, < ETEABEMICH
HZH0L L TEERRICH L TCEU LW S E2S 5, FP7H
RITE <OV, ZRHEKETEEFECTH D, B, #itsh-g
EHo k5L, WINTECC ¥ = 7 hO%EIT 4,115,882 = — 11 TH
v 955 EU OMiBE 1,212,685 21— Th D, £/=, 7 =7 FOH
MiE. 200641 H225 200946 H & ST 5,

Beluga Shipping #t® R.fZ

@2 Beluga Shipping #1010 PEH]

[AftDfE & SkySails fEOFENERFE CESFEICHKE L THBY ., &%
¢ SkySails VAT LD Z LIZOWTHFIEENGEE LTZ0ON, b %
HLDOZXEoNT, MFOHENES FX LAY v MThSNTND
ZEbART eVl NMIBIMTHI Lol REREREE S, Yt
E LTI, mIET 280k BRESH oML, #ESIHOHSNELEZS
J& L C, SkySails A7 ANEASZFIH LIZIEF RN 2T AT A
ThorZ b ATuY =y MBI+ 52L& L,

@9 SkySails > X 7 A DMEIZLE LR X Fb, K NEDEFELE
SkySails > 27 A &L T AR T EOHFITIX,. 3 HIE]O F L —
= a—RAESZHIE, N—=u T a— 2 KT T A (B
M. VAT AOBEEE, BRIESIE) LOEMFI O BRI, =2 I 1 —
vay) THRINLTWS, Z0a—ATELT Know-How LIAMZ
IR AT LOBMEITITEIR N, £ D% O O 2RI L 72 4ME
WATEEN R L—=0 T %y T DX D 72 LESITFITR D,

#) SkySails > X 7 ARIFEH TR 5 T DL Z1
SkySails ¥ A7 AlFa s Ea—ZHHINTRHE AT LA THLD
T, B OFMELUSNHIDF % Ffis S D MBI T,

@ SkySails > X 7 A RIE F DKL
BESEGERBRT CH Y | 2 b Z b FEFEEBRDO BNV AT AONRTHY,
SPits L2 IEOM) & L Cid, SkySails & A7 D BB IZRIE CTHMA
RIICIIE E TRE LCERIZ, BN TE R o7z, 2T DWW T,
Kite M IES AT L& BT L2 LICLORETE, 95—
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SO E LTk, Control Pod D)% Y 7 F U =7 OEEIZ LV L
SH 7z,

@@ SkySails =X 7 A DFNHIZ L S RE 1T F
B e BB DWW TIEBIES TR Th S, LorL, 1 0~15%DRE
HIC 7B EE 2D, 1 HYS7-0K 2.5 broBREHEIRTHY, =
FUTBLR OB E B EFE T2 & 1 H4720 2000 R/LOHIPEIZE LUy,
B LT, ZOVATLAOERAMEZZRE LT, 5%, KVAT L%
BH L% 2 EM S5 TETH D, FiEERICEH I TWD
Towing Kite OJEBHEEIL 160m?* TH D13, S% M S5 2 Ei2ix
600m*DHLDEHEH T HFEICL TS, ZHUTky 1 HH720E 10
b OBREHEIR & 220 BICHRE T 5 L 1 B 472058 6000 R/LoH|
WBUZEN D Z EDRRAEND,

@) FJIEH R (KA 7T X 2 X N EEF L T D SkySails > X 7 A D
RGN
BHDOMMI~DA =2 % b a X MK 500,000 21— TH Y | AT T
VAR N REHEGHREE BB T D L 34 FOEHEM & 72 0 EBRE
MHiIb s EE2 5,

SkySails > X 7 A |Z1 L 72 BWIAIEEE VO 1 IAGFE
Towing Kite H K23 18 / » b THEMET 5 DT, FEHHE N 16 / ~ R
TORA~OEHADFEEE B 2 5, 2T OMKE CREMEEL L Ty
DTHENRZ LIXE 2RV, BEENS 3~ A NVLUEOHE T, —ELL
FOREOMBETHNIARY 2T LIHETH L EZX D,

2. fRftsiniErHC X %R T —#
(1) SkySails ¥ A7 AT Xk DiE#ES 1l (standard conditions) T® #x
R#EH|T)
O 8~32 ~DFER[|J) % FERIZ THEZRHE
© 8 hrdFEFI L, FHEEIDIZIE 600~1000KW (ZFH 4
@ EHESFIHMLIILL T LR,

¥ &
JEEE 12.8m/s(25knots)
ELJE\[A) 130°
iR 5.1m/s(10knots)
JEE P % 2
PASEON A5 R 0.6

@ REH R
10~35% (J&APIZ L D)
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(2)  ffa7r—%

g Beluga SkySails
AR % B W E EY)ERRAN
e 133m

FHEREH ) 3,840k W

TR TR 14knot

PREMIIAS (R 24720 ) (20084E5H1H) 370€

FE M EREH210 /4 & ARE) 3,150t
ERPREL 2 X R (210 H/AE S ARE) 1,165,500€

L& K
SkySails-System SKS C 320
FEUELSARAL T DI KT ) 16t

EEERIES 19%

PR HIT 221,445€

HHE = A 750,000€

doEHE 55,000€
ERHERE (Fr= 7 axh) 65,000€

R = 2 HIEh & 156,445€

DR 1 N3 1 4.84F

SMM2008 A A > kT v AR ST
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[ffE% 2 : Greenwave 7R T4 b (D /\— FETOXEH)

Greenwave 71 v 7 MI, FU YD LT RIZHAHAX UyiFEZI 2=
TA—PHELTWATYr Y7 N ThHY, BREHIHEE ZHII L, & Ofk Rk
HAHNE R LT D2 2B E LTS, HAKEN LA HHEOIEFZE N
HFEY, =a2—V—F 0 FDF—27 T FREOHITHED N TS, 2D
Ty M 4 OOSBHONFERIE L VY Lo TEY . L5 DRACS,
WASP, HYDRIS, PASS & REIENLTUWN 5,

1 DRACS Drag Reducing Aerodynamic Components for Shipping

DRACS 1%, ZER N FEFA LR ESIEI 2T 250 = & ThH 5,
FRREATAT I I IR AR R T O AR R IS ZE KRB A2 L. Z U A Tl
PREHBEE ICRE S BHboTL %, 2O, MED & D3I —F 22 KT
WRETDHNEREILD, ZNUCKHLT LD THSL, BREEEFEH Lz =2—
V=V ROA—7 T FRFETORIRRAR T, ko & ZICAa0ZE5K i hin
HETDHNEREILD, TNEEATRMINMOREREZREL, 2 Ea—X
THZ I ORER - R OBUELZINE LT L 2 A, REREENH LT,
BAFE X7 = R A, BINBERIR S TH Y | 3ETERESFED RN T
THERIAENTWD, FEREFETlIRE 20%OZEXERFIHI A ZR L, £ D
i RAE M 50 b 2 DOBRBHAIZ 2R L T D,

U oA X< HALTHT I—FEEIF—TORE (2008411 H 12 H~13 H) %
H &, JSCloBW BN,
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HE  Greenwave project webpage

2  WASP Wind Assisted Ship Propulsion

WASP (%, J&A ) & Zh W HERE T 2 D T2 D DI TH 5, BARMIIZIL, 1852
AT AB T « v T F AL TRAINT T AZ TR EZ LR LR~
U ThD, ZHUFRNEEICEN. LEERT ST U X =TSO0 TR, O
HENR DR F @&, EITH~OHE N BB IS5 b0 THDH, £
Za—U—T v ROA—7 T v RRFETRIFARBRON b, £ D% RHKMEC
OEFIRBR, HEOY T AN T Y Ly P RETIThE, ERERT
. RN TIC LB 2R HERE T D 13%12 Y 7= D HERE S 238 A4 S, 4Ef#] 900 K o
DORREHEEHIIC 72BN DFEREZE L TV D,
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HE# Greenwave project webpage

3 HYDRIS Hydrodynamic Drag Reduction Sail Assisted Shipping

HYDRIS 1%, ZEEDOY T AN T by« YL v b RFEEHFET, WCKE T
DI EZ M 2002 BN E LIZFSETH D, IMRIZO 02D 9 H—%F
AMOREZVDIL, IMEICK L THnBKO\EHTHY ., ThaWz b &n
TEIUR, R EOBREBIZHNNT 2 2 ENAMEE 720 . ZORERPEN A HIH
IZHORDDEEDTHDH, 5ETOE AT — 2L, KIS —FB KON
DN HETEREL, £ ZIZ@lOEZ S D, WIZKEMEORIZT v e
> E B TCOKOIERILZ BT 58 217> T\ 5,

4  PASS Performance Analysis Software System

T @ PASS [FiEMimE L7 1 7T LT, HEEISE LM E R v b THEERE L,
PASS 7'm1 77T MTHR 2 7255 (MRY o X ARk, RiE, AT T EERE. W
Ti72 &) AT HZ L2k, TREBBWEEENRRIND, TNEICIT,
ZE SR A RIS DB O R R A R T Y DT Y v H — AR R
MO . RO RENBAEDOHFEOIRIUIZE L TV D 0372 £ Greenwave 7' B Y =
7 N SNTREHBHINZHAEH L, /N7 +—~v 2 A& 5| &
THEEE > TS,
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WASP
o~ Use the wind to power the ship
m ™
DRACS

Improve the ship's aerodynamics et

PASS

Demanstrate
and monitor the benefits

1Y

HYDRIS

Improve the ship's hydrodynamics

Greenwave 7O x4 FMEER

HEL Greenwave project webpage
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(Maersk Line D7 LY 75— 3 &k

{2 MAERSK LINE

Our standpoint

"The environment is an important
element of our business. At Maersk
Line, we work towards developing
solutions that meet future standards
and exceed existing ones.

We are committed to the continuous
improvement of our environmental
performance while increasing the
transparency and understanding of our
CO, emissions.”

Eivind Kolding, CEO Maersk Line
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Our customers increasingly focus on environmental
impact

Public awareness is growing

End-consumers demand action and
transparency

Focus on minimising environmental
impact is a pre-requisite today

MAERSK LINE

Our customers increasingly focus on environmental
impact

“Suppliers are also obligated to continuously strive towards minimising the
environmental impact of their operations”

WAL~MART

“One of our biggest opportunities — for the future of our business and of the world
— is to become a more sustainable company”

TESCO plc

“We believe in sustainable growth - it is responsible, it is what our customers
want and it makes good business sense. If we take decisions that are
unsustainable, we may harm the world we all live in. Similarly, if we fail to
minimise our environmental impacts, we will be inefficient and increase our costs”
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The most energy efficient way of transporting goods

How to reduce CO, by shipping with Maersk Line

Maersk Line vs.

Maersk Line vs. other modes of transport shipping line average™
Air 560 100 93
Truck 47 801 /6
Rail diesel |l 21 0

. . 40
Rail electric 18

20 4
Maersk Line || 8

o} 100 200 300 400 500 600 Maersk Line  Shipping line

average**
CO, (g/ton/km) CO, (g/TEU/Km)

Maersk Line’s CO, emissions are by far lower than the container shipping
industry average: 76 as opposed to 93 grams/TEU/km

* As per CCWG
** Including Maersk Line

MAERSK LINE

Maersk Line significantly reduced CO, emissions

8% reduction in fuel consumption and CO, emissions in 5 years

Average air emissions from A.P. Moller - Maersk
owned container vessels 2002-2007

g CO2/TEUKm
® o g O O O
o N o 0 O

78 T T T T T T 1
2001 2002 2003 2004 2005 2006 2007 2008

Our goal is to reduce the CO, emissions from Maersk Line owned vessels
an additional 10% per TEU/km from 2007 to 2012
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The carbon footprint of shipping is less than other modes
of transport

Example: One pair of shoes

370 g
co,
e
~a—
Hong A o o
‘ P Rotterdam Store =P Home
ong
18,600 km 20 km

10 times the emissions
for 0.1%26 of the distance

Local production may not be the most environmentally friendly I

MAERSK LINE

Main initiatives to minimise environmental impact

Voyage Efficient System (VES)

(1% %*)
Waste Heat Recovery System (10%6%*) _
Electronically controlled engine (0,5%*) QUEST: Low energy riefer containers
Adjusting main engines to economical speed (1% (0.5%%*)

Trim tests for all classes of vessels

(1%™)

Ballast water optimisation

Antifouling paint and maintenance of hull and propeller
(1.5%*)

*CO, emission saving potential
Other environmental initiatives Click links for more details
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Economical speed — significantly reducing cost and

environmental impact
Regular speed Economical speed
12 vessels - Fuel consumption: 12,000 MT 13 vessels - Fuel consumption: 10,000 MT
37,000 MT 31,000 MT
CO, CO,
20.5 Knots 19 Knots
NN

NN
Barcelona «—— Hong Kong

«— Los Angeles

Barcelona «—— Hong Kong
16%b savings on CO,
Fuel consumption increases exponentially with speed I

1 MAERSK LINE

<«— Los Angeles

Carbon Footprint Calculator for our customers

= We can calculate CO, emissions for our
"
t .

customers
= For a given port-to-port ocean corridor

and inland haulage

= The carbon footprint enables our

customers to

= ldentify opportunities for optimisation o

in their supply chain =
jl

= Provide their end consumers with CO,
details for transportation of a specific

product

i
|
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Destination port

--% .
_______ P _ . ETA Thursday 17:00
-7 -7 hE'S
~ ° ~5 5 ~5 — Route
-_— - > s Advantageous
water current
Vessel D Vessel C Vessel B Vessel A - Disadvantageous

28 hours left 7 hours left water current

53 hours left

= Traditionally
= Vessel speed is only calculated on distance and time left
= Vessels need to constantly adjust their speed to water currents — and burn fuel

unnecessarily at high speed

= VES
= Calculates the optimal average speed based on data of vessels which already arrived

at the next port
= Potentially reduces fuel consumption and air emissions by around 1%
Go back to ——

1 MAERSK LINE

Waste Heat Recovery System (WHRS)

= WHRS captures heat from the exhaust

gas and uses it to
= Provide energy useful for propulsion as
well as onboard electricity

= Consume less fuel and generate less
emissions with the same power

= Fuel consumption is reduced by
approximately 10%

Go back to M
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Electronically controlled engine

= Traditional engines have camshafts and are
"mechanically* controlled

= New Maersk Line vessels control fuel
injection and exhaust valves electronically
= Online adjustment of running engine

= Reduction of emissions and fuel
consumption

Go back to M

1 MAERSK LINE

Adjusting main engines to economical speed

= Traditionally, vessels are De-rating example
optimised for high speed 203

202 1 J_‘
—4—Full rated

= Lower economical speed allows for 2017 | \
200 { —&— De-rated |

7

AN

iz

de-rating of the main engine ] Z/%éﬂ
= The maximum engine power is 123 \ \ '7//% )

i 196 N ///,V |
restricted %195 \ / % Z
= Significant lower fuel consumption E i:, 44 %
at medium power 121 %’f %
27

5 8
/
)4

NN

\\
T

§\

20 25 30 35 40 45 50 55 60 65 70 75 80 85

9% Engine Capacity Used

8
&

Go back to M
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Maintaining a constant cargo temperature
in reefers

Traditionally: By constant cooling,
resulting in large energy loss

With QUEST: By fluctuating cooling similar
to a refrigerator, managed by a
sophisticated temperature control software

QUEST

Ensures equal cargo temperature
consistency

Will be implemented in all 200,000 Maersk
Line reefer containers by end of 2008

Reduces CO, emissions by 325,000 tonnes
annually

P
Go back to W

MAERSK LINE

Hull and propeller polish

In order to reduce the draught we polish
the hull and propeller to keep it free
from barnacles, algae, and mollusks

Gain in speed: 0.2 — 0.5%
Savings on fuel consumption: up to 1%

Underwater polishing of a propeller can
be done in 4-6 hours

P
Go back to W
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Trim tests

The optimal trim of a vessel
depends on its speed and draught

Maersk Line carried out experiments
to identify the optimal trim at
different speeds and draughts

Go back to 5=_§—i-9=i="
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Energy
Efficiency

» TEEKAY-THE MARINE MIDSTREAM COMPANY®

www.teekay.com ‘-
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e
Vessel Performance — A Snapshot

@ Weasured / Observed

. Calculated

D

&
OBJECTIVES

Optimize fuel oil consumption
Reduce Green House Gas (GHG) emissions

Maintain speed/vessel availability

Improve customer satisfaction
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|
OVERVIEW OF VESSEL PERFORMANCE PROGRAM

An optimization program with focus on:

Engine Performance Optimization
Hull & propeller Optimization
Voyage Optimization

Performance Reporting & Review

D

.
Engine Performance Optimization

What is the goal?
Optimize performance of critical parameters within
engine maker’'s recommended range.

What are the benefits?
m Optimized fuel oil consumption leading to lower emissions
m Improved engine cleanliness

m Reduced operating costs

slwseon b3
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e
Examples of Optimisation

Effect on Specific Fuel Qil Cons. by monitoring a critical M/E parameter

SFOC vs Pmax

g Source: MAN B&W
— SFOC units in gms/bhp hr
10 bar increase in Pressure = 1.8% drop in Specific Fuel Consumption

Optimization for cleaner engines and reduced deposits
The ﬂeet Cy“nder O|| Fleet Average Cylinder Oil Consumption
consumption was optimised
to bring in line with engine
builders’ recommendations.

SCOC units in gms/bhp hr

D

e
Hull & Propeller Optimization

What is the goal?

Minimize hull resistance and degradation of propeller
efficiency through timely maintenance.

What are the benefits?

Optimized fuel oil consumption
Optimized speed
Well-maintained hull and propeller surfaces

N =
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.
Examples of Optimization

Example of a vessel with silicone
coated propeller and rudder to improve
performance and avoid fouling

Model testing benefits
establishment of improved
guidelines on vessels draft and
trim condition for optimization of
fuel consumption and speed

8 | www.teekay.com

.
Examples of Alternatives

Propellers

Propeller Boss Cap Fin (PBCF)
Reduces stern vibrations, propeller noise and rudder erosion.
(Estimated 5% fuel savings or 2% increase in speed)

Stone Manganese high efficiency propeller
Modern blade profile with low drag properties (Est. 4% reduction)

olweon 3
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|
Voyage Optimization

What is the goal?
Optimise route planning through effective use of bridge
equipment, weather routing and trim optimization tool.
What are the benefits?

Reduced fuel oil consumption

Increased speed

Increased safety

D

.
Examples of Optimisation

Effect of vessel trim on performance

Based on our estimates there is a potential 1% fuel saving
in operating vessels in optimal ballast conditions. Additionally
potential for savings in laden conditions

[ == Max Draughts Tested = = = Min Draughts Tested]

— | i e e P
—— s — - e
—_—— — —_—
_) —1
n
0 I\
-50 o 50 100 150 200 250 300 350
11 | www.teekay.com "
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Trim Optimization Tool

R Draft difference of Daily fuel savings Option to try
Bunker Price 1 m in ballast various Speeds

o - s -\I|-f u =-|7-i| Sl s _se o oo | ix e

EX IR 15 I
I \ M OPTIMISATION TOOL: EVERE: ! KILIMANJARO / RAINIER I ]
Bumbcar Price (Ust /1) |50 I ey —
— REFERENCE SPEED /! Spoed 1 Speed 2
[ S serrD i nots ] z 155 18 Ty
Povenr TOC | Fue Power | 10C | Fus o Power | 1OC__| tust -
AW TS =1 AW T oo =1 A LEES
Condion
e % =1
[Trom gmes ) 30 || 10,390 a3 a118 e #1188 8088 T 42,008
[Frovi Dot (s 3 (] “”"f'
[ lan pramqmes (Y] /
e Conaion
8 Drom (mas ) 758 7
Tren gmas 208 | | 10,098 nz | nase .7 BE Tt 3 2,297
[Fovi Drait iz (=]
[An_Dran (mes 3

y OB ] B = v = 07 3 toimera - ey = » & EN . e o AN I
D

Trim Optimization Tool

Success Stories:

In Leyte Spint’s case, by optimizing their trim the vessel
reported an estimated savings of US $6,760 during a 10-
day passage. Leyte Spirtt was loaded at 9.7m (mudship
draft) and would have normally sailed with a 1.4m trim on
the stern. However, using the TOT it was found sailing
the vessel on an even keel would optimize consumption.
Ballast was used forward to maintain even keel throughout

the voyage. . . . . .
It 15 interesting that Captain George’s experience

regarding trimming vessels has been echoed by other
Masters in Teekav 5 ﬂeet since the rollout of the Trim
2 reuoush,r

reposted 1 our Nov: embe1 2005 Newsletter,
astellano of Gotland Spirit had already reported SAVINgGs
of US $4.515 using hus vessel-specific Trim Optimization
Fegl on a laden 15-day passage from the Suez Canal to
Tanjung Pelapa e found that trimming 558l lm
by the head m this condition was saving 1.2 MT/day on
fuel consumption. Thus. Captain Castellano’s findings on
Gotland Spirit reinforce Captain George’s practice.

Ty
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.
Examples of Optimisation

On-board Route Optimization Tool

Optimize routes for:

& Minimum en-route time
m Fixed ETA

m No-go zones

m\Weather avoidance
constraints

| Maximum fuel economy

e

.
Performance Reporting & Review
What is the goal?
Optimize commercial vessel operations through
Optimum service speed
Timing of maintenance activities

Reflecting market conditions and/or contract obligations

What are the benefits?
Cost savings and revenue gains

Early and accurate detection of degradation in
performance

Ty
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Performance Reporting & Review

Yessel Name: GOTLAND SPIRIT Hull Scrub: 15un/2005
Build Date: 01/Jun/1995 Prop Polish: 15/un/Z005
Drydock: 18/3un/200% Prop Coated:
GOTLAND SPIRIT - PROP Margin - 5 Years - 01/Jun/2007 e TniTe
B 1
w0
= = Negative trend indicates slowly
E F deteriorating prop and/or hull
E : = performance.
f
5
&

REPORT LEGEND

ENGINE HULL PROPELLER
Power Margin Continuing POSITIVE trend indicates perfomance drop & requires investigation
RPM Margin - Continuing POSITIVE frend indicates perfomance drop & requires investigation
Propeller Margin Continuing NEGATIVE frend indicates perfomance drop & requires investigation
SFOC Margin Continuing POSITIVE trend indicates perfomance drop & requires investigation
FOC Margin Continuing POSITIVE trend indicates perfomance drop & requires investigation

16 \ www.teekay.com '

Performance Reporting & Review

Vessel Name: SERAYA SPIRIT Hull Scrub: 23/0ct/2006

Build a o2 Prop Polis 23/0ct/2006
Drydock: 23/0ct/2005

Prop Coated:
SERAYA SPIRIT “SFO@ Mardin - 6§ Months - 24/Jan/2007

s 5 e — Baseline
30 mm L ‘-—\._./* o B Margin
L] . = g — Mecian 9
20 = = PR ) ] a
s & esolgeg
! =
g o =
5
§ o SFOC Margin smaller after dry- [—
g dock: i.e. Engine performance
E “er has been improved noticeably
during dry-dock
20
24/ Iul /2006 24/Aug/2006 27/Aug/2006 10,/Sep,/ 2006 16/Now,/ 2006 24/Dec/2006 15/Jan/2007 23/Jan/2007
3 12:00 pi 04:00 pm 12:00 pin 04:00 pn 12:00 g 0B100 o 04:00 pin
Date
3 Mot - T3May 007
; [t t———
- =Bl L
- | e Trislel
B Meamrrs Suta

Py —

T

A Load Diagram representing the
typical operating conditions under
loaded and ballast conditions.

=n

s

G
SRy

17 | www.teekay.com '
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3. 3 INTERTANKO (INTERTANKO #BEDRX F TSV T4 REDT I Z4 )

Best Practice on Tanker Emissions and Energy Efficiency

The following recommended Best Practice on Tanker Emissions and Energy
Efficiency is based on experience gained from members of INTERTANKO’s ISTEC and
Environmental Committee. This experience reflects actual on board implementation of
the efficiency measures on existing tankers. It should be recognised that the information
is from a broad spectrum of tanker types and sizes and as such due consideration to the
applicability and effectiveness of each recommended measure will have to be given
dependant on a company’s particular fleet characteristics. Furthermore, the variation in
operational parameters and fleet characteristics will yield varying savings in energy
expenditure.

It is suggested that each measure can be implemented directly by the operating
company. However, the importance of charterer involvement as well as other external
parties can not be underestimated when implementing, measuring and monitoring a
tanker’s efficiency over time.

Detailed definitions of each of the measures suggested in this Best Practice are
provided in INTERTANKO’s Guide for a Tanker Efficiency and Emission
Management Plan. The Management Plan relates directly to the six measures and
provides detailed guidance to tanker operators on how the measures may be
implemented based on current experience gained.

1. Programme for Measuring and Monitoring Ship Efficiency

2. Voyage Optimization Programme
i.  Speed selection optimization
ii. Optimised route planning

iii.  Trim Optimization

3. Propulsion Resistance Management Programme
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i Hull Resistance

i.  Propeller Resistance

4. Machinery Optimisation Programme
i.  Main Engine monitoring and optimisation

ii.  Optimisation of lubrication as well as other machinery and equipment

5. Cargo Handling Optimization

i.  Cargo vapours control procedure on all crude tankers

i. Cargo temperature control optimization

6. Energy Conservation Awareness Plan

i.  On board and on shore training and familiarisation of company’s efficiency
programme

Accommodation-specific energy conservation programme
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3. 4 FNfREHS= (ECSA) (ECSA Position Paper & U #k#%:)

Technical and Operational Options

These options have a direct impact on the emissions per unit of transport work.

> Increased efficiency of the power plant - Over the last decades there has been
continuous development in producing more efficient engines. There are several
existing options not fully utilized due to their high cost and/or complexity as well as

novel ideas not fully explored.

> Optimisation of hull and propeller design - Also in these areas, extensive R&D has
resulted in ever more efficient hull and propeller systems. It is therefore believed that

the remaining potential is diminishing, but there remains room for improvement.

> Energy optimal fleet operation - Significant reductions in fuel consumption, and thus
CO2 emissions, in relation to the transport work produced can in theory be achieved
by maximising the utilization of the cargo carrying capacity on all voyages and by
improving logistics. However, there has always been a focus by shipping companies
on this aspect in order to obtain maximum exploitation of the tonnage, and the scope

for further improvement is therefore probably limited.

> While reduction of ship speeds will reduce the CO2 emissions per unit of transport
work, the feasibility of the option will largely depend on the type of shipping involved;
for the bulk sector, for example, the option has considerable potential which should
be explored further, while for the container trades in particular it presents significant
difficulties. In the latter regard, it would require the consent of major customers as
they would in general have to wait longer to receive their goods; there would also be a
requirement to hold larger inventories in some cases. Shippers seek to maintain
supply continuity and time of delivery is often an essential competitive parameter. In
relation to ferries, travelling time for passengers and goods is a key issue in the
extensive competition with other transport modes; in addition, they should be
considered as a bridge between areas forming essential and reliable infrastructure. It

should also be noted that reducing ship speed will reduce the transport capacity, and
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in order to maintain the same transport capacity more crews will have to be recruited
— which is already problematic today - and more ships may have to be built which will
require additional use of energy in the production process and thus more CO2
emissions. Further analysis will therefore be needed on the pros and cons of this

option.

> Better waste heat utilization — The exhaust gas and cooling water from ships
contains substantial energy and by better utilizing this energy the overall thermal
efficiency of the engine system can be improved, in many cases by 5-10%, thus

reducing the overall fuel consumption.

> Alternative fuels and means of energy - There are several possibilities for replacement

by energy sources which reduce the dependence on fossil fuel:

* Bio fuel seems doubtful because of the limited capacity and ethical problems, butis an
environmentally sound solution when looked at from the point of view of an individual
ship. Bio fuel in the form of bio diesel works well in ship engines and reduces the
emission of CO2 considerably. If bio diesel is used 100% then the CO2 emissions
would no doubt be reduced significantly. Bio diesel can be blended with the normal
fuel and, for example, 5% bio diesel in the fuel can result in a CO2 reduction of about
4%. An additional positive factor is that bio diesel does not contain sulphur. A clear
disadvantage is the very high price as well as the risk that it will not be available in

usable amounts due to the likely high demand by land transport, notably cars.

* Nuclear power, whilst having a proven track in military vessels, requires a large critical
mass and involves significant political problems as well as complex legal issues e.g.
the relation to the International Atomic Energy Agency. Crew competency is also
likely to be a significant barrier to the commercial application of nuclear power, with
the controversial issue of disposal of nuclear waste being a further complicating

factor.
* Gas (LNG) will in the short term be able to reduce the CO2 emission, for example, of

auxiliary engines, and also of the main engine for shorter distances. While this type of

fuel takes up a lot of space on board and is less relevant for ocean going ships, it
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could be of benefit to short sea shipping, e.g. ferries. There are large reserves of gas,

making it one of the fuels for the future.

* Fuel cells are a possibility in the long term but currently they are not energy efficient.

» Wind and Solar energy could become a supplementary source on selected routes but

are not considered realistic options for the foreseeable future.
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