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ST, BenMAP 23\ Tid A Mortality (RKUGHIZEK T 25EEHDOE(L) 1%, 5L
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B, BEBICE D &, A EZ BE L - EROERARET, SkgNha ' yr R (B 203
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66° LR DRMANSE DT Z v 7 I—R P ET — 26| bBEE R T T v 7 1 —
R DN AERFEHEH &I G O DMtk 0w ER 2 HEE L,

HIFEAYIC A% & AL 667 LUttt CHEH S o 7T v 7 1 — R o BIRDK) 8 FlIE A
T ETHERT A AT REFIED Non Arctic area THEH S 41, 780 @ 2 E[73 NSR 00
TR E CHEH S TnWD Z b oTe, ZORER, FRASKER %2 & T N THEHTR
MEDT T w7 =R AR EIZ SO D FEE, AWV TET LT A AT Ptk
DEEL T Non Arctic area C 29%(ZZ7 25 DIZxF LT, Arctic area Tl 2%IZi\ X 72\,
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H L<IHRAAR 7 T 3—70 EOBIPRAERE #2555 L2356 & BB OERRENZ C =il
5ABEMIEGRT L RENREZLND, ZNET T v 7 h—Rr OPEHEHIEE I IC
WTC, ZOHIBENRZ SCIRRE L VHEE L, 77 v 7 1—R > ORI LI 2 2 Ak & i fif
FHan ek L L TEET 5 MAC (Marginal Abatement Cost) (2 & - THGEEE L 72 /&%, 7« —
BRI 7 4L H (DPF) LB A 7 T 8= XN T ORI L U & MAC 2MEL ., 722/ T
AT T NN—IKOPKLERZTHT, —ERH LKL bk T 24— v—7
FREHANZAZ T3—D MAC DM b/ S FHE &SR,

MDD 7 Z >y 7 J1— R PR B ORB R OMs A & LTk, £37ICE 7 7 A Dfinfia
ERRIZT 4 —BNKLT7 4V H (DPF) RWBRA 7 T 3—D335 % dls & Uizxt ik % BEAT
fia, g & BICRETHZENEE LWV EEX LIV, ERREIO C El2 D A BHl~DER
BUXT7 T v 7 —R UHEHEOHIBENRT E LT a X "7 4 —< U AREN,

i, N7V =75 RITIBNTANEEFREE Y 27 OREE ERT 256101, g
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ZOMDOHFEIZHOW TR, ACH O EZ SR 720,
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bt (Arctic Ocean)
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TA—EBLZ O UNBRET LRI A DB RN L T

PFENOBZ 7[R0 ER R ETRITLTRET L2 L,

JETE T ORLE A 2 B E T Dias T, A v 37 X —F a8
HALl=7 vy )VORESHBEN T HEEE,

KEL#E A (Federal Reference Method : FRM) % i7-7
PM,s & RIZED M RE 2 FF oA X H—,

Roll-on Roll-off (m—/L 4> « m—/L47) ik, HETH
L — T — & A LT D T O T E IR (s
T D PMUR AL,

2—=F TR, V=T R AET AU I REEIZE-
THENTIBRZEZTLRIE, a7 AFF T AV,
TUR—=0 I NT=—05 PEOKFEICEL WD, EikE
ED =6, BEKICEDIL TSN, XY T o LR
#% (NSR : Northern Sea Route) |&, iITHFOXMELHIZ LV AL
MRifE SRR (L L7 2 & THAT TRE 2 IR 2N R < 22 0 | R AR
RIZEB SNh->oH 5, 7ok, JbtsfE & ixdi 66° 33" LA
DM - Hilg 2 5,

AP IFTETHEERT ) =T RfE, AN— Lk
fHE COMMOTEE FEREA B E 2, AFEETIL IMO OEFH
ENFBINT THERE 25°~ R 45°0 o bkE 66°~80°%Br< |, 1t
f& 66°LIdbd =V 77| % Arctic area” & EFKT H (X 3.2-10
ZH)

ARFEFETIE, TR 25~ iR 45°h 2tk 66°~80°D = U
7] % “Non Arctic area” & 35 (X 3.2-10 &),
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ZDOMDREFEIZHOW TR, ALH O 2SR 720,

AIS

ARCTAS

BC

BrC

CAPEX

DPF

EC

IMO

IPCC

LAC

MEPC

Automatic Identification System, fifid B BhFAII2EE, SOLAS 80T, 2002 4
NHEHF L UL THICEASNIZ VAT ATH Y, FHAES 500 # ko
PL_E D E BT O & T 300 #& b o LA E D EFEMUEE O AR ISR E DS T
T HNTWD, AIS TiX, fRfER (BRRORRNFF = « (L& - $H3% - HE) &
Tl 22 FHEOA vyE—URHEIN, 2L EZHERICEET D & IR
DORFADEE LT AE ZAE - T 225E Th 5, AlS 55 & (RfuE & =]
R CTZET 2R AIS IZ X > T LR TIEZ(E TE R o T2 ihE DD
LIRS 2 2L TE D,

Arctic Research of the Composition of the Troposphere from Aircraft and Satellites
I%. NASA CKEMZEFHR) 232008 44 A L 6~7 AICT 7 A R OPA 5
PEEBIZ VN CFEME U 7o 2spk & 2 2 W 7o Ak o st B GR A CTdh 5,
Black Carbon, HBEDRE,

Brown Carbon, XD RHE,

Capital Expenditure, xf R4 O FIHIEAZE H,

Diesel Particulate Filter (HER 7 AEEIEE) . 74 —¥ Lo ¥ DHER AT A
HFIZEEN LR FIRME 2 LIS TRBESEL 7 1 V4,

Elemental Carbon, JT3E R,

International Maritime Organization, |E|FS/ESHEEE, a2 2 ORia & O
MR OR L% VR BT 2 EER ) A (RS 2 72 b o [E# oD A
BB,

Intergovernmental Panel on Climate Change, <UEZENIZBE 9 2 BUFR /SR /L,

Light Absorbing Carbons, 2 W3 5 Kt D & 2 R 3 DFEFR,

Marine Environment Protection Committee, VEIEBRIE(RERE S, IMO ZHERK



MMSI

NCAR

NOAA

NOx
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OM

OPEX

PM

PPR

SO,

UNFCCC

US-EPA

WHO

WRF

THEBERO—DT, WFREZNSRE LTS,

Maritime Mobile Service Identity (/f - EIZERHA] = — ) (%, DSC (Digital
Selective Calling : 7 ¥ Z /ViRIRIEH L) (05 25 E A $580 L 7 fibin - H BRI
WmE T L L TR SN DE T, 9 HTOEFN BRI, &PIO 3 HiiElE
R,

National Center for Atmospheric Research, KE KM ¥ —,

National Oceanic and Atmospheric Administration, > [E¥E#E R,

Nitrogen Oxides, ZEHREE (LY,

Organic Carbon, AHEMERFE,

Organic Material, A1&#),

Operating expense, X R OEHEH,

Particulate Matter, i IR¥E,

IMO {595 1E « st /hNE B4, Sub-Committee on Pollution Prevention and

Response,
Sulfur Dioxide, —F&{UHTH,

United Nations Framework Convention on Climate Change, XUEZE#IZEET 5

[SSERER SRS ON
US Environmental Protection Agency, K[EDEREE{ET,
World Health Organization, 5t ErAdEEERS,

Weather Research and Forecasting model, WRF €7 /L%, EHNRRKTHE
ZAUCERE T DR D72 OIZBF S vz, R D 3 kot X Y A 7 — V& e
THEMEET L THY, BHERIPET VO—DIMESIT LN TND, £
DOBAFIZITRERGIF7E Y % — (NCAR) /K [EEREE Tl > % — (NCEP) /
KEMEERZT T AT LFFERT (NOAA/FSL) M- CTH Y BIELTE
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TEE T —Z At 2T L (3DVAR) WWHIEEMAO Y 7 b7 = THEER L,
WRF (X, XA — Mo THa A — L WosZigOJRWERIZ S
IS TELET N TH D,

Weather Research and Forecasting-Chemistry, KRG 2 = Lb— 3 U ET L
D95 H, NCAR KT NOAA A3BA%E L7=% 3 YL EmkE7 OOk
DThHDH, ZOETME, [EET /L (WRF) LEEMICHEEGL TN A
TAVHETLVTHY  ZDID, RELFERORE  Kfe~D 7 4 — KRy
I Ialb— b DI ENARERET L TH-> T, [RUREBO/FEFIZB
THZOFRBEEDHFGFIN TN D,
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ERARING HHEEFL. KRPISHFEL TV, KREMBATHILTRIELLICEETLHLEE
HONTWD, FHEKEITEFELBEICIE, BAEOEKEMEBTEILICEY ., EROMAELTRET
%, COEKMBUNRIT. KEXDEKICLKIRHFNREELIFELSE L0 RERILDREICD
BINDEELREZELRHINTNS, §&. LBEBBEOKKREN LTI IBEMBOREREEL
5TV IN—HRDHBEMICDLENY, ZDREICIH>TEKOBEEENTVILBEIZE L TIE
BRI R BREBIEA I ETRBISN DA REENRE SN D,

AEXTRIEEEICSIZHRE MMLODTIvIN—R U HEREBAT 5D DOERAUETD
EELIT ABEICE TAMMOFHERVHHEDOETE . HUVITTNICEIKREZEFTMDT-
HDUIAL—2aVvEEMRTHILITKY. ML SHEINET IV Ih— RO NREO AN AR,
HARRICRIFTEEZFMET HLEEICHIBRMOTE. RNV ELINDFZE DA DL
TRELEZBDTH S,

TSV IN—RUIZDOVWTIEEBHEREACEVTHL TR EREN TETLSEDTIEL
{.PM LDREILZLALNED, HERIRINT 2MELLTCRBEINTHY . IFRYELLTAE
BRONABEZELOBEEHLIERIN TS, KERICEVTK SFEMEICEENLIHS
MD>%. EC. OM (Organic Material) . Ash D& EHEE LAC EALLTHHAUARUMN) RUEHIE DS
L—2avETIILOEEETI>EDEL,
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Ty =R x, RRFICHEH SN2 IREO—H CTh 5 L EIE SN T\ D, fill
. REFICHEH SN AR IRE IZ oW Tk, LUFIORT L 912, £< OFMAGESHY
BNTWD, i, 75 v 27 H—RATOWTIZERD TS ITHEE L TV,

ARFEECBITIDT T 7 =R DEBEICHOWTLUTICEET S,

F L1-DRL TR E T BE LTV b D e s G

ik TEF

PM, 5 RifE 2.5 um L FORLFIRWE R TEIRT, RRERETREOERE LTHWS
LD 2 EME, TRELD PM 72 E— IR LISMI KR DAL F RSP EEE I K -
THARRT D IRk & & i,

PM, KifE 10 pm L FORFIRWE R TEIET, RIRERETREOERE LTHWS
D Z ENRZ, PMys USMNT, TR O R 70 & B AAEREOKLF b & b,
PM WNIHERE ) G HE SN DRI FIRE D ER DO —2, FHIEIZ K > THEN R iR E
% 50 CRREICE THAIRICERIR S R T IRE O E &, TFED Soot LASMT
PET AR TIZ L » TAE L DHilsE & = OfMEKPAE £ D, £72. Soot IZ
BWTIE T 4 v Z THE SN2 EC OF R R OEFAD OM IZ20W T
WHIPIZERIC L > TREDPKE LIHE SN D EEZE 2 DILTVW 5, KIFEIZOW
TITHIEE ERE X202, BHEIHEO PM T2 T PMys & LTHRbNS Z 1%
VY,

ZA N | N DHEH SN DR IRWBE D ERD— 2, MRAEATOTHET AN
BWEETHELZIT ). I DICEBETRICE > THEKSIIFES RV, 6
Fat & = DT 722 S 13HE S v RIS O W CIEREE EHED 0,
A— b (Soot) LMEINDZ L BB D,

EC PM & 5 WE X A MIE EN DR ZLFRIMER TR L b D, FITHIER R
TR CHERIND, REOT T v 7 I—R U 2EWRTHHFEL L TEHSRL
L%a b5,

oM PM & 2 \MEHF A MCEEN DT Z AL PR TRy L7z b O, EITRERCTHE
MO REERBEC L > CTEUAaLam clkENn s,




#F 112 TR TEBY, 7707 I—AKRDERICHOWTIL, HEMRZERDOLEH D)X
BRI S+ e lEFEFE A TE TV D L IXF VATV, 121X IPCC (Intergovernmental
Panel on Climate Change: K {EZEENZ R4 2 BRI SR L) (12 & B4 4 REFT# 5 & (AR4) T
3. 77 v 7 =R AT TR ERBERE CRAPICEERIHSND 1 IR=T7 B Y L THD |
KIGHU 258 < WIS 2%, BUKME L BRI H 0 | FRx 22 (BB S OC) LiRG{IKEZ D
<% (MBIREA., NEKRA) | EHHASNTWD, ZO—J T, IPCCIZL D5 5 Wik E
FZBWTIE, [HFEL =7y Lo—fTH Y, JEFRRIRE, (LZROGHE K&K
BREMIC L > TERIN D, FFIZIX Soot LRIFETH D] L72oTHY ., AR4 DEZED LR
BHOZFEICESZE N TS OICK L THIEE EOERICEE SN TN D,

CLRTAP (Convention on Long- range Transboundary Air Pollution: Convention on Long- range.
Transboundary Air Pollution) 27— L — Vi EEDWIER TIE, 77 v 7 H—KR o
W T AR 2 RFEVED Particulate matter (PM) BT 5] MBS TEY ., &612
PM (ZDWTHE TR DFFBERL T 72> DR DT RE TH Y | Bk % 2 BRYE (A A0TIR)
RAVFEMAL A FFo, = 2Tk, FRCEBRR 22V IRY | PM IZZ22RE /153 10 pm BLF D %
D (PMyg) &4, TOFIUL, 25 um L FDO LD (PMys) bEEND] LRFIShTWD,

FREEEZEOWIEIEZEIZ A U T, CLRTAP OFKRIZ%F L C”Ad Hoc Expert Group on Black
Carbon” MEHI L2 LAR— MTlE, 79 v 7 h—R g B ORZESMBETAEL 5 REY
D1RETEINTHY, KB RINT D, kx RIGEME LIREEKEZHS D, £,
Elemental carbon & R TH 5] LFBAIN TV D,

ZOEIT, TT v I =R DERICONTUL, B EOPEHIEZ M SRIC LG4 Th o
THHR BN TE TV D LIFEVATZL ., MEEE & Z Ok E &L PM & DRFA
LRI, MUZBNTEH, 77 v 7 D—AR NIRRT 2WE L LTV DA
%, COEBRRRPHMEAICBVTHERBE L TV D,

%35 L 912, IMO IZ81T Hi#&im ClL BC ®EFE & LT LAC (Light Absorbing carbons) &
eBC D DIZEMSNTVD . £I T, AFEETIE, RFIRVEICEENLIHDD I B,
EC+OM (Organic material) + Ash D& FHE % LAC & 2272 L CHEH A > X0 b U ROk 2 =
L= a w7 AOEEEITO 2L L L, BT 12 22REhizv, 72k, LACIZE E
nNs77v5—Ry (BrC) THDH OM & Ash IZ2W T, EC & RO NFEHIREEIT O
ZEED RN RFHRICEWTE, 2B d LAC & LTER SN D EC LSO TDRSY
(ZOWTH, HEE D OHPEH S 7 EC L FEROEERIFE, TabbiRiFRAaL LTy
L—yar Bidho 2L e L, 2hid, BCOEEL L TUIRE DOFEd 72 b 2M o
Al & 72 %

Ry DO—H & L TR SN2 ELBEHICOW L, EBRA~OHEBENEENE X LD,
ZDY A7 FHIITEMRICATI bDET 5,

1 TPCC Fourth Assessment Report: Climate Change 2007
(http://www.ipcc.ch/publications_and_data/ar4/syr/en/contents.html)

2 The 1999 Gothenburg Protocol to Abate Acidification, Eutrophication and Ground-level Ozone
(http://www.unece.org/env/Irtap/multi_h1.htm])

3 Report of the Expert Group on Black Carbon (ECE/EB.AIR/2010/7:
http://www.unece.org/fileadmin/DAM/env/lrtap/ExecutiveBody/welcome.28.html)
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IPCC Fifth Assessment Report

OMFEL =7y vo—FETHY . HFERIWIRE,
(L ORTE R OB Z EVEIC L - TERBSI LD, RFITIE
Soot £ [RIFETH 5,

The 1999 Gothenburg Protocol to
Abate Acidification, Eutrophication

and Ground-level Ozone

WU T 5 R FE D Particulate matter (PM) . PM [, K
K[ DOFRIERLF N O DIGRE Th Y | xR
(A ZRLTHR) RALFAERL 2R, 2Tl FRIZRLR A
PRVR Y IXZERE RN 10 pum LT O (D (PMyg) %18
T, FOFITIFE 25 um U TFOLD (PMys) bEFEND

Report of the Expert Group on Black

Carbon

B O RSERRBETELCHDRFEED 1 R T a /L Th
D, HEiRRINT D, B RIERE EIREIKE S D,
% 7~. Elemental carbon & [FF%,




12 LEEBMEEZHRRELEETS VI H—RUODEEIZZRIHERERDINR
121 IMOIZHEITHTS5 v o h—RUIZxT BBRHEDER

2011 4 7 A IZBfEE S 7= [EESMEFHERS  (IMO; International Maritime Organization) 2 62 [A]
VEPEEREE R EE B2 (MEPC62; 62™ session of Marine Environment Protection Committee) T
X, EBREEN PN SND 7 T v 7 I — R U AU K E T REIC OWCIREZITV.
B OBBEIEIZOWTIHRETT & Z L BRaE SN, TOAEICLY . MEPC 1%, 6
IEIK - KR/ NRE S (BLG; Sub-Committee on Bulk Liquids and Gases) (ZXfLC, 77 v 7
J—7R > DEFE. FHAIF R OWIE G EZ SV CHRUGR IR & 5266 L. MEPC65 (2013 4)
ICBWTEORRERET DL HFERLTVD,

INZEZT, 2012 FFICBRfE S Au72 BLG16 KT 2013 AFICBRfiE S 4172 BLGL7 Tl 77 v
7 H—R e DEF - MEFE - BIEFECONTI L AR TR —F GRIEEHS)
b O & HICHER T O b OO R ICE S THEHEIL 2014 40 PPRI (3 1 BGYLE;
1k - %Fs/NE B4 - Sub-Committee on Pollution Prevention and Response) & TiER X7z,
ZIWE, BLG17 TiX, 77 v 7 =R OBERIER & LT [EFEENS D BC L1, &’
{EARFIREI O R TEEIRBEIC K VIR S v, B8 L Tl & 2 RAVIC R IG — %L — 2 R4
% PMAERIE | Th D &V > T BURIIZREFR (political definition) (ZHEFASFF TG H Tz,
5, HTREFRICHOW T, HIEHEE LTFSN £ (Filter Smoke Number) <A fRIE7R
EPREENTZHDOD, 77 v 7 =Ry EERET X LBEOREELZHINT HITITEDS
ol

S HIT, 2014 4F 2 TR S 472 PPRLICEW TR, £ 1.2-11TRT X HIC, a L ARy
FURATN—TTE LD BNTZ EC, eBC, rBC (2T Norway 22D LAC D 4 DD EHE
H—ODERICKEITDHZEZHIEELE LT WG IZBWCEmMNMTONTZN, HiNr 8
R D EFR I 72 eBC (defined as equivalent Black Carbon (eBC) derived from optical
absorption methods, that utilizes a suitable mass-specific absorption coefficient) &, KUEZEEY D5
BOBSBEFR ST LAC (defined as light absorbing carbonaceous compounds (LAC) ,
resulting from the incomplete combustion of fuel 0il.) D OO EFRIZENLINTZDHTH -
oo #rm PO TIE, LACIZOW T FSNENHEE LB L b0 E S TWH 2 L il
FICHATH e EHEIRED A ON D, EFRRENO DT T v 7 1 —R PR 2 By
EROREIIIZ DEEPESNTND ZLPHLNTH D,

A%, MEPC 67 & %\ M3 PPR2 IZHE W Tagam 25k S L5 08, R OB 2 a5
7o DI, KUEEB O BOBLRNDEFR SN LAC IZESSBEHANLEL R DITx L
T KR DML AN R D HLHIME DIRFS D 7 DI ITHANTHI 22 BRI B EFE S 4L72 eBC 258 4%
L, 2 LS EROIROMERDORERN RiEmICIX. B2 —bziIns0
T2 <, WMEROFEEN AR Z ZHICESES AT 570 8, MHF LR ARG
LZENREIIRD EER D,

ARERIIBONTL, REPZEOBRZEHRT LI L0, BEDERTHS LAC & BC
ELTEAT b D ET D,
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AE | A
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EC a method was selected that is specific to the carbon content | TOA
as elemental | of carbonaceous matter, about selecting a definition of
carbon Black Carbon
eBC defined as equivalent Black Carbon (eBC) derived from | FSN O
as equivalent | optical absorption methods, that utilizes a suitable | MAAP
Black Carbon | mass-specific absorption coefficient PAS
LII
rBC a method was selected that provides measurements | LII

derived from incandescence methods that mainly address
the thermal stability (retaining physical shape and
chemical identity under high temperatures) of the
carbonaceous matter and require light-absorbing
efficiency, i.e. some "blackness" of the analyzed particulate
matter,

LAC defined as light absorbing carbonaceous compounds (LAC) , | FSN O
resulting from the incomplete combustion of fuel oil
TOA Thermal-Optical Analysis (Reflectance or Transmittance)
FSN Filter Smoke Number
LI Laser Incandescence

MAAP Multi-Angle Absorption Photometry,

1.2.2

T39I h—RUICkHRIEESIZHY HETE

IMO IZBWTIX, AN S DT T v 7 1 —R PRI/ 5 B O MBI DWW TR
72X TRy, ZORMIED L HIZHHAINLIDOTHA 57 ?
7T v 7 A=A OB OB T D SHHRRE DO / VT = —1F IMO IZBWTE
OMEMEE FET D, TreOFEHEZ MM L T\ D (MEPC 60/4/24 }2 O MEPC62/4/3 X 1
1) o

1)

2)
3)

4)

5)

JEARE O FH IR ILE E 100 M THERES O EF=R (0.7 |C/1004E) O 2 5L ED
WX CTEH L,

FZRTBT 2 A0 TORKROFAE T 20 XIS TTHEA LR E - T 5,
JEAIHE D IK R LA % B MEMICH Y | 1979 LI, Z OBV RIT 11.7%/10 4F & 72 -
TWo, HITIE, 2007 FELRE, £ ORI RIZTBHICHEE > T D,

7V =27 2 RITET 2K INEIC R E > TR Y . 2L 0w RA23E
Hahd,

et 231 2 RIE B AR AR L ORFEZ S| SR Z 2 LoD RS LD,
KA EFICKRBEICEBIN TS A X URBEHEND Z & TlRBE(LE T IThES
RO ha S




Fz, BRICBWT, 2KICED AT T v 7 1—RU D 2% I3 b STy, £
DOPEHED 85%NALFERICEF L TWDH Z &2 HE L TWD (Green, E., Winebrake, J. and
Corbett, J. (2007)%) . A4, ALHRE OKEEBIED b 72 & T ALMBEMEE OBIRRIIE 25 7T v 7
ﬁ—ﬁywwm%m_o@ﬂékbfkb\%h_;é%@lmx [Tl VI P Y e A SN
WEIZ X D IREEREOHE M A/ L T 5,

B, BEBUE T, RO LBV 7T v I —AR OB A I 5 TH Y |
b LRAEWENS DT T v 7 I —AR L OPHHRNIL, £ OHI A B HERRIEIZH 256
[E SR Z B P SA) (UNFCCC: United Nations Framework Convention on Climate Change) (Z
BWTCagim SALDNERNE L 70D, FEBRIZ, UNFCCC IZH L TRFMIBIE 2170 [RBEZH)
(B89 5 BURFRE) 7S % /L (IPCC: Intergovernmental Panel on Climate Change) | (ZRBWCIX7 7 »
7 J—R  OHERRE(LZ S5 25 i L AR — FAMER S U TER Y . UNFCCCIZHWTH
FAGEEZBIZED DN 6 HAIIMA T, 77 v 7 h—Roia e ffxtgs LTEETD
DORFHREHIATON TN D, 7k, &HO ARS IZHB W\ TIL, 2ERIZH T 5 A THEHIE D
SDT T I J—R NS X DI TRE 713404 (+0.05 to +0.8)W m 2. L7/ A A~ ABRBEIC
K5 3R 111340.0 (0.2 to +0.2) Wm > L FEli STV D, AOHEHIEN S DT T v 7 51—
R OREIT 48+1.2Tg-yr' 20 5 LEBEHATIHMIZ 0.1£0.1Tg yr' LFHliShTHY ., HE
e 5-81E ioy%&énfwé

fth 7, ALHREE PR 35 1 D Bk R ~D BC OILHFIZ L D KFROZEIZ N T,
IPCC ® AR5 (28 TIid, AR4 LIRIZHERRLET U & 70T, £ ORI Z A ER O F 78
#1771 L L T+0.01 to +0.08 W m 2(I§ X 72 572 BC A > _U FUIC L Db D EFHHIN TN D)
EHELTWAD,

LU G, BURICBW TR, 2FRL~cB W CATHRE S &5 7T v 7
J1—R v A HERIREE(L 6 A ITEINT 2 2O TOERAERITE ML STV VR BT
boH, ZHUX, TT v I AR OREKITKT DS RE N OF L0, o CO, K& T
%6 HAZHI LTRSS COHINBE T T v 7 71— OARICERE L CTnd Z & LISMC
INETERTELLICT T v 7 =R DEBEDATHHEOB THR—TE W=,
BENORIEHEZEE LICK NI &, FEFNUCESSPEHBZHE LI Wb EEX
b,

4Green, E.H., Skerlos, S.J., and Winebrake, J.J., “Increasing electric vehicle policy efficiency and
effectiveness by reducing mainstream market bias,” Energy Policy, Volume 65, 2014, pp.562-566.



1.3 BEMBICE TAMMNA LD TS v I h— RO OREZEFTHER

Z 2 CIRG) ABMREIZ BT DN THEHPR IS T 2 a0 b O E 02 (i) dLiRE IC
x5 RHR) 72 [UEE B ~DOFEE (i) LBE CREIND 7 7 v 7 I —R v OAERBREE,
(iv) JLHGE TRESND T T v 7 I—R o D NMFREZE, LnoT- 4 oOBE LY, AL
MR ICBWCTT 7 v 7 I —R U ORERELZELR L, KFEEICBW M5 & 3 _XEIH
HZ¥ET 5,

1.3.1 BEICE T 5B ATHHRICH T S o DHHEDTEE

ZC, JEMREIC BT D ER ATHEHIFRICOWTEE L-V, 77 v 7 h—R O
k& U TaMAR EDBRBHREBETZ T T2 <, FMAK R S > TRIPICHHE SN D 7
T IR DEENRKENT kﬂH@C@MM&&T%%éﬂTWé 7o, AbtmE
IR W TSR 2 D0V BRI L 2 S < e D LT B RIS 1T 2 AR
DIEEEFRE L /NS R D720, W%#%@%mﬁﬁﬁ%%%’ﬁ%fﬁﬁi@%k%<
5. ZHUE, A& B EHEIRD O O EF 5 2 HE - ST 2 58I TEE T
%%@T&@\ﬂ%%@kﬁﬁﬁﬁwﬁbﬁf%®%¢ik%<%@éhfbi9 N
CO, DX IZEFHmOMEBRCWE L 20 7T v 7 H—R DL D IZJGi) e i 8
ERIETWEICOWTIE, RIUCHEHEY -0 0BEES (132 UKRICRRD = RRA v
Mt UCR CHEE &S 72 0 OFEEAY) 23, ¥ BRI & ERA S TR D W]
REMEN D D,

ZD—F T, RWOVLEM, FRIRR 253~ & PeHIR OB SENEN 2 T BRI
—ODOHWEIE L L TEBE T RELEX, BHRKKERZ Gl ERAP O O & |
ACHRE 2 AT 2 MR & OHEHIC DWW T, O OB X 53 THEBAITH Z & & LTz,

1.3.2 tBEIICHT BN ERIELB~NOZE

I OIZ CO, FEHERIRBE (LB T & 5 2ERIC K SSHIERIRBEL & RHIR) 70 R ZE B 0E W (S
DWTERT 5,

HIERIRBE L & 1%, HIERR I O KLKSOUHFE O KRN EMOIC LA 7288 TH 0 | b
MR 235 1F DOKIR - KT OFfEZ & 72 b3, HIBKIRB(LOZER & L Tid, ABRIRIRER)
RAADHIH, 20 TH ZRILRFRLA X ORERRENE SN TN D,

HBRIRBZ AL O ERNZ 1, IRERhF A A2/ 2T SLCPs (Short-Lived Climate pollutant) & L
TDT T v 7 =R OFBELREHMSNL TN D,

— XA . KRG G E O RN T OFm T8 H LN, IR R AT A O RIFH 133
FLETH DO, I KK EITIRED TR AT A LT [EHam) Tho e
WX 5, RKIBEMETH, BlxIX7 7 v 7 D—R o5 A %, EnE et
RIRIMRA KT DRINEEZ FE > T D, 2D X 9 7l R S8 ORI (L 2 (et 3 5



REIBGWE T MEHMEEEEWE (SLCPs) | &FHEI., FEGEE RSBV THIER S
Lo TV D EFMIRENE S A (LLGHG: Long-Lived Green House Gas) | (Z*}fid" 54 Fr
Lo TS, ZNET, RRUGH L KEEBINFEROSE TH ., Bl oM 70 EBUR
DI NT BRI & IR DN TETME M H D553, D SLCPs DHIBITIKREIG YT T
R REEBHOIMFNC b FERTFLET 5L WVWHIHBEIMZ TS Z &b,

L, B EB 0. vy = — TR ORI 825 D 5 iR OEI S 13 2%
BETHHEFELTNAZ LD, MMAPDEEHEND T T v 7 1 —KR U DEEBEO
RIEEICKRECBEE LTS LIFE IV, 207D, HEKRBEIZ 3 2 Afa kR o
7T AR DRI AREETIIRDR,

Zhucxt L, defE 66° DUAE (Vv MR E E A WEPH) ICIRETAUE, rEROEE
X R 10%ICE T EAT 2 RMER &V | RFTAIIC REZEB) 2 IE L T 5 ATREME XA E C
X720, DF Y ACHEE &k O ORI, () miabEEH SN T T v s I —R
MO N THEHED B OPEHIZ 5 2 FIE B HEIICE < 720 | (i) ZhUC X > TRAT
A 72 U BR A T DAL T b STV A RIREMER SV | £z, (i) 7T v 7 W—HK oD
EIZL > TEKENPEREE(IEL, TCE S TEKEOKFFEMET L TND Z & &R
S5,

PLEE D REZETITAREZ 55 & LTogE A v~ R U 28 L, Ak 66 Lidbo
ANTHEHIEN S DT T v 7 7 —R U HEH B 5 6 2[RI 2 MU T3 2 infan & O PEH %
B2 £ 0T 5 (6.1 F) .

EH1, KRR EFICRE SN D ILmTEO RSN 2 ER O 7 Z v 7
T3 =R v DRAG- % i 1 O A BT - Bl L 72 (6.2 F) .



1.3.3 H£RBRRFLEOEHE

TIv I HN—RATKDERREEL, 77 v 7 W—AR o OWEICERT 5 TEHERE
B LTIy =R RO TRIEELCER T 5 THR#ENEE] © 2 SIZKg s
b,

JRAOT 4 —BAEEN SRR END T T v 7 =R AR, WAL T T v 7 h—R
DHETLHZ LI Lo THRERBEEIND Z & LV, [IRMERWALHRE B\ CTHEA D
ARICHMIICKRE REPZRLEX 52 ENBRESND, £2, MERD LEDAMESE
R Z2 R T ZEBRB ERRI{L/KFE (Polycyclic aromatic hydrocarbons; PAHs) 23 & £i15, +
7z, TS (2011) TOMEMRICHRIND L) ICERBRT bEEND,

fih 7, RIS B D EER & 72 2 K220, AR (IC B W CHR SN D 7 T v 7 1 —
RUEFICEoTHERZISNDBDTERL, DT T v 7 =R DFELGOHEZERY
MU TRl 21T 5 2 L ITFELRETH D, o, [JBEEEITALmE LM 1T 5 4 RER
R L THRERPELZ 52TV, 222 IPCC OF 4 KeFMims EIcB 0 Th, LA
DARER MO A RERIZ LS U T 258 T 2 & OFiki /Téi(L’Cl/\fa?b‘

UEXY, KEEDO WD ICIRE LT T v 7 I—R o OBREEZHET
HZEThoHIo, TTHERNEE] 13MTEE & L TlRbhnwz & e L, FIEEE’JE”E“J
b o THABRREELITT 2, MITNAERORERIIAREEFED 6.3 EEL SR INT-V,

DL AT 4 —BNL o Do O ARICE SN D HEEWEICET 500 |, L2 2 EIrmE, 11
(2), 2011.



134 ANRREZEORE

7Ty =R ANTREEE) & RRIG GO RIREH, Wb D Co-benefit DA TH &
H&ENTW5, 2011 483 AITKE EPA 7343 L7 [Report to Congress on Black Carbon®] .
I ORI KRB YRR 7 —T v A= EEORE BN T, 7T v 7 I —
RN UREWIRFEZ G ORI IRWE DR & TOMERE~DOEREORK Th 5 & DOm0
INTND,

ko EB, 77y 7 =R OPEHE BN R BEE B & R KIE G o R RS
(Co-benefit) (& T D Z LIZEEWITZ2W, LINL72NRG, 77 v 7 B—R N2 XD NREEE
HEAMORLFRTIC K DRENG XL CRHMilid 5 Z S IZHEHTH Y | @HEIX PMys O
X9 BRI IRME 2 x5 L U CARBERZEOFMMZ1T 5, IMOIZBWTH, Fiillmd
LBV, TT v I IR B TRIFIRAGT (PM) RO EIRS MR F 57
HH0 LIS TS (BLG 15/INF. 8 Page2) ;

Controlling emissions of BC will result in health benefits and climate benefits, especially in
sensitive regions such as the Arctic. There is a general consensus that mitigation of BC will lead to
positive regional impacts by reducing BC deposition in snow- and ice-covered regions, and that

reducing primary PM (including BC) will benefit public health;

7T w7 I —R DI ERRAPEST AR BENE T S 2 LI EICREECH S, 7
7w 7 =R OYEHBSNTEE B, KRBT 28BS & L <22 D, KifIR
Y& (PM: Particulate Matter) OHEHIBLHIIZ, WEEETG YeBh 14559 (MARPOL 73/78 §:49) {18
VI D 2010 4 7 AI2FED LIZSGIEICBWTEEIZHbI TV S, FfHEETIE PM O AL
PERERSEE L FHEE & Lo T 523, [Al U PM IREE B39 5 NRRERER A Y 2 7 73,
LA CIXBENL - THESI TH 5 & ) BHRIIRILIZ MR S T e bRz 31T
% PM O NREFESCERAMN © R BEOHAAA TITORE D LB R D,

PEXY, REEOBOPIBIEMBICIRE LT T v 7 h—R o OBREEELRES
HZEThDHId, MMEREEMNNIERNRMITEE & L Cibhnwl 7T 5, &
PERY RN AE RIS DWW TR, 6.4 EASRI LW,

6 U.S EPA (2011) , Report to Congress on Black Carbon,
http://www.epa.gov/blackcarbon/2012report/fullreport.pdf

7 Economic Commission for Europe (2012) , Options for revising the 1999 Gothenburg Protocol to Abate
Acidification, Eutrofication and Ground-level Ozone, ECE/EB.AIR/2012/1



2 M o SN S X F OB EREDAZEA

FEEEEICSEHKE. AFEELEITHMBRT—MMIZERAIND ¢ EBRE 2 Xba—4
T4—H LR (EHHA 1 B KW L) I2D0 T, EEMTE R Soot-Blow MM IZHEN R &
[CEFENDFAERR. CNESHTL TR SHEHIN D F XD HEE R IBEL .

AKEEFBHE1IIOBWIUDY @70 @ BRI ARSI TFHHR) ECHEIIBFWIDDY
®50 (1 FHARAML RORO i) ZXIRICEML. MEEERED AHE4IB W I D 96 (5
BRI ARSI T ) TOEMRFABREEDLETI EOT—2EEEL],

PHRBDA AMRERICH =2 T REEEETIE. N\vIT7 VT T4 E%EEZ = MCl (RILF/X
WHRT—RA2 1945 —) ZRVTHEZEN 0.3 um ULTOF AMIDWTHIERT HL3ILT=,

FAMERBR OB ORER.

(1) A#BEIIBWIUDU 96 EBHE 195 kW IUPY 70 (EENFEEE 445~515 cSt, C
HBI3BWIUDD @50 (XENHEE 158 cSt D C EMMERSINTLV =,

(2) SEEEBOBHEIIFTWIUISUPT0ECHEIIFTWIUDY 50 ICDOVTEE
MITHRDOHARICEFEFNSEFT ANEMCI YU TSICKY S H - FRBRLTHHLIZHER. WIht
FENRL/NEN 25 um AYRLUTIZE T AHEEENEL. EEX—XTE LA D 94~95%
EEDF-, —H BEEEEHEOAMEIIBWIUSY 096 T 25 ym LFTOEEEI&1F
#9 36% THT=D. NV I TV T IANAEFERLTWVENILEEE T HESEEERED MCI
Yo TS5EFERLIEHAERERELT/BMIBVEEZ D,

() BEMITHFICHTSH EC/OC LUICDWT. SEEEXEBENBHBE 19 B WIVIU 70 RY
CHEIIBWIUDY P50 (CHELTIE. LVFhit 0C DEIEAEL > z, HIRICK>THE
HRBEEZ TRV RMERAEICLDAICEHINDHET . OM DOEEAKREVI LI,
BEET—EILRFEORELEELEVNZS, COIEF TR LITHEREN-HFOE
NELLEBTLHEVWIENOEEMFTONS, B 1 ETEERLIZLACIZCOMGEEZEHHTLE
[ZIEZEHELHD,

(4) UEDORERMS. MMFXMIDNTIE, FIZ 25 um U TFTOMFELTESRAFLERMYIKRSS
ETHEOLEWEEZ . T 8E 5 ETTOVIaL—YavNORETE. REAIOFEEELT
BERET—EILHAFLERFROAFNEEZEDLDLREL .




21 FREHAIOE®

NOx KO SOx - PM OHLHIZ3E Y IAE Tz, 2010 £ 7 HIZFAT LICiBFEGELE0 IR 540
(MARPOL 73/78) f/BEVIOWIEDRFTEFEIZ BT, 2006 4= 4 A (2B X7z IMO % 10
FEHE O A K - K&/ ZE B2 (BLG; Sub-Committee on Bulk Liquids and Gases) TI&
Correspondence Group A 23aX (& S 4L, fibfiHT 4 — B/ o0 b O PM HEHE% R0 -
FLRC - I EZ MR L DO AT 52 &8 TOR (FFEHFEH) O 1 DL Iz
(BLG10/WP.3) ,

PM KI5 A0 T2V T, 2006 4F 10 A IZBAfE S 4172 BLG-WGWP (BLG Working Group on Air
Pollution) (235 T, Lyyranen et al. (1999) % 5| L lboth the existing evidence and the physics of
combustion suggest that marine diesels produce particulates that are primarily in the fine (2.5 um or
less) range] LS K L TWVWAHA, IMO & L TOFEMARMITIZ/AR IS N TWARNEWVWZD
(BLG-WGWP 1/2/11) , ZOFERIZIE, 4 PM O K5E% 5D 5 D% SO, R H OWilEE TH 5
EOREABHIN DY . ZORREMES A R ®H D VIXTIRKLTIE PMys TH D &0 ) EBROGEH
WholzZ &, ZDEDWDDD—WHLF Th D DP ORISR DOV TITBEIREEE 72 PR}
FYEICZ W RESEEISND D, TSGR ORESMIERIT. RIREES~HH S D
GAE =B LRV RH D 2 b, EARERE L TE y 7 T vy a2 LI
X5,

ZOXORBRIY, AFEETIHEMMZER - RETHZLzANE L, ML= T
T & PIML RORO fiia Xt & L7cHk Ao 4 2 F 2 =M L7, FERNL, @EHATRL O
Soot-Blow D 2 D AR L—3 g URHIEB T DT A xR L UTEM Lz, s, A&
(TN T, JIS Z8808 (2 HS S JIEIC K » THItE S b IR E 2> CH Y . PM Ti
BRAEREFAPTHD Z LB SN, £, 1 EICEBWTE, PMIZEEN 5 AR
F& OM & LTIV H-7pd, ARENTIL IMPROVE IBIZBIT 5 ERICESE OC LT
%o T4 — BB D OHEH T X W T, RIER—EBZHND,

TSk LT, BEYEHET Ao PM BEIEIZITHER T A &2 225 C S0°CRRELL T £ THRA
L2 & THIFEDERZMR L., —EOEMEES A bR T 2MREOEMANEE LN E S
NTWD, LLRRns, IR — FTOEEOHAT TIIEEDOEE AR E | okt
EHBBOMAEUET CIEZOEANE LW b, BERSHIET L2 Z L3 Ly, =
DIz PEHREIIAREENII T 2 ERORE RITES FEREZ WS, 2.8 TR 2 BEF
DIHRIE BRRET D, 7. A FOKRESMITFERORMELVIEREL, Zhid PM (Ji#E
M9 %,



22 FRMEHRAIOBE

X 2.2-1 12, Fha L7=ERoMEXK 2R, RXRT L0, KHETIE 3 DOHIES
UTICRTHBOE & Ehii L7,

ER L ﬁﬁ)ﬂk@‘ﬂ@ PR O MIE
HIER 2 - WEMATROPET APICE TN D 2 A - Ol
7E% 3 1 Soot-Blow FHIZHEH S LD Wi 22X E £ D & A b Otk

H1TEF B USoot-BlowR
281+ 58 REH

MmN E
FHKTa/<qY)

PRH
L prs s s

SN

D EEOTSLUEREARO (R |
FHRALTH YT T %75 i

________________________________

22-1  FE U 72 SR oM 4

Soot-Blow & E, HFENDHEZERRLER R ETRIILCTHRETHZ L THY MIHOELE.
A3 ) ~AH (T4 —BLZ o Do bR ET LRI ADREZFH L TEAKIEZED
HEE) 1K AR EFIH LT Soot-Blow #1795, £ D7, Soot-Blow F¢A k5 & L 7= FHllIX
AT = ) <A FOTRIZEBNTIT 7,

EEMATREZ MG & LR, $E T Ao )~ A4 o Bt & T TITo 70, Rk 24 4%
X, T A= 2 ) ~ A PO T TITHET AREMELS . R HIREITHERAE T T D &4
ESH, HEHADOWE| ) ANZFEFVRELLDBENRH D EBX O AT )~ A
W EFECHEN L L7, EBRITIXZEOEBEIIMENZ LR 0hoT 2 D, R 25 RIS HEDT
Axa ) <A PR TEMm LT,



2.3 FHRIX R

GRS AAE. OFBIER ) 1 5 kW LLE, @C &Pt X, @2 A b v —27 D&M %
e e L. o2 2Tl TRIEBEMAR A8 E LR, £ 2.3-1 177 3 i
% RS FE G LTz,

AHIA9TTKkW =¥ ¢ 96 OB AL 1.9 T kW =2 27 ¢ 70 [ XENREFE 445~515 cSt,
CHEL 13 kW =22 ¢ 50 IXEKEE 158 ¢St D C EHHAMEH L T2,

B, AFRA49 T KW =P ¢ 96 1%, Rk 24 FFEDFEETEMLIZGDTHY , kW
ARDHEANFRUNZT v X = AZ v I T TR LI, B 19 T kW =P
d70 B CHEL 13 kW =2 ¢ 50 [TFR 25 FEEDOFETEmML, YT AFOF 2

RINZIIN Y I T o T T 4 NE @2 T MCL Y 7 2 L,

#* 231 P AHE

X EIRAA & (R & ORHIITE R

S iﬁfAt itk iﬁ%’*i itk 1 ijﬁ N 4

Mt = > T TR Mt = T TR It RORO fify

F&BE H ) 49,410 kW 18,504 kW 13,280 kW

o SULZER MAN-B&W MAN-B&W

9RTA 96C 7S70MC-C 8S50MC-C

AT 96 cm 70 cm 50 cm

RviEIE 7 24 kns 23 kns 21.5 kns

N N 53,822 GT 27,051 GT 10,185 GT

HWEERE N 63,096 DWT 34,558 DWT 6,890 DWT

FHHIIRE 0D FEA faf 28 55% 65% 70%

ERY 77 th};;f;/;; MCI %> 77 MCI %> 7'

o FH R B C EHih C Eil C Eil

P [g/em’) 0.9953 1.0088 0.9792

BKEEE [cSt] 445.1 513.9 158.0

K57 [% (mm) ] 0.20 0.14 0.04

JK53[% (mm) ] 0.041 0.08

fit 3857 [% (mm) ] 2.85 3.27 2.34

T AT 7T 2 [% (mm) | 11.23 4.25
LRI RFE57[% (mm) ] 86.1 86.9
JuEGHT KFES[% (mm) ] 8.0 13.1
A A R O O O
Soot-Blow O X O




24 FR DAL
2.4.1 * ﬂljélx FEE - AET'_?E?E(DF&')G) \*J.jj_uji

TR 24 FEEIL 8 B DT v A=t L A v I T T (NI T w77 4 VH7R L)
TR 25 L3 BERXOMCLA v X7 X — (NI T T 74 ZHN) IZL > T HET A
HIZE ENDHX A N ZREBNCEIR L7,

¥, YW AW R K O E] ) AT ERNC T Y SN LR LT,

242 HHARAHBER MEENDEERFR/BMRRLL(EC/OC LD BHA X
B L=V 7o, b=~ AT T AN - U T L7 B AEITESE RERK
GIUREE % oA LTz,
Y=~ AT TN VT VT Z o AEIE, KET IMPROVE (Interagency Monitoring of

Protected Visual Environments) <> STN (Speciation Trend Network) 72 & @D, EEE KKGE O R
BRI IR < W STV D B BEEV S R IEYE D O E D Th D,

L JEJFEE >

KENBESRE >

F T
l_..|. i [H] e,

01 120% He
2 =4UR He
O3 L Ha
g G H
kL] S R e 22000,
EC TIMI At Hew 22000
EAE BIHIA % He+ 22000

i) BRBEEE /A Web 1 b (http//www.env.go.jp/ )



2.4.3 Soot-Blow BfITHRERENF=F X b DR FEGMEINTAE

AHEL49 7 kW =P ¢ 96 IZOWTIE, PEH AHE K O Soot-Blow F ke #] 7%
TATH ST Z b, BRELHE L. BBRMITIC X > TREsm 2 i L,

BB ORI ST > T, FT 7 4 VFITHE SN A MIEELP 20 L 714,
EEEFHEMEL A CUREZEE— N CRERFORmIRE 217572,

WA, BEHEFENTIXfEYT Y 7 & (Media Cybernetics : Image-Pro Plus) % W\ T, &% 1
& LR FREDOWIE 21TV, KR O B 2 104k L7,

B RIS S 7o o T, BRSNS (RREFB) 2 oWl i EICHi A B 5 i
HORLF DA Z G L L, BE TR FOFENPHR TE RN 7o, BERT, =Y
B ORISR R B RN 2,



25 BEMITHICEITSHFTR FOAHHER
251 HAREDRE

FAAA - BRIRIC BT DHED ARER & & OFROEREURRE, W5 iR L OWL S A 1%,
£ 251 TEBY THD,

B, AR 49 HFKkW Y0 ¢96 ICOWTIET v X —k v A X v 7% 7T Zff
LCHA MO ORI ZITWD BRI 1.9 kW T ¥ ¢ 70 KONCAERL 1.3 5 kW = >
T $50 I oNTIER, MCLY 772 L TH A OB Ok 21T > 72,

F 2.5-1 FRIKICBT 2P0 APRIE & WG|

S AN PeW A B PRI | 1R A W5 | B
" No. (L-dry) (min) (L-dry/min) (m/sec)
At 4.9 17 kW 1 643 (32.9°C) 25 25.7 8.5
T 696 2 480 (32.8C) 25 19.2 6.4
1 189 (28.1°C) 10 18.9 6.3
2 199 (28.7°C) 10 19.9 6.6
B #:84 1.9 J7 kW -
TLUr 670 3 197 (29.3°C) 10 19.7 6.5
4 197 (29.7°C) 10 19.7 6.5
5 196 (29.8°C) 10 19.6 6.5
1 200 (34.0°C) 10 20.0 11.8
2 201 (33.4°C) 10 20.1 11.8
C #:#4 1.3 77 kW -
T U 650 3 200 (34.0°C) 10 20.0 11.8
4 200 (34.4°C) 10 20.0 11.8
5 200 (34.4°C) 10 20.0 11.8
PeWT A BRI EN I A A — 2 TRIE LT, Iy aWNIZTAR&EZRE LI AA—=ZIZEBT DY)

PET AR,
W B RS X B R L ) AV SR T E,




252 HEHNFTRNEE - RESTHER

BRORE - BRIRICR U DRIRBID X A FEEITFE 252 LFK 253DLEEBY THD,
F£ 253 1RT MCL Y > 7 Z 128 D50OBEIZOWTCIE, T X —t A% v ¥
77 L RIRRICHOE R OEY AR EICEIN D2, I L DMIEZT1T > TV7Zeu,

F 252 WEMATEHCBUT 2HET AT ORI S A VEE (T VX —B L AX Yy 7T T)

b £ Wi | FHEEIR | ok 78 | ¥ A hEE | WEITAE
PIESE I 5
No. No. (um) (mg) (m'-dry)

1 12.5 3.319

2 7.8 2.153

3 5.3 1.744

4 3.5 1.416

1 0.643

5 2.3 1.439

6 1.2 1.541

7 0.70 1.545

A 8 4.9 75 kW 8 0.48 1.913
TV 696 1 14.0 1.488
2 9.0 0.826

3 6.0 0.942

4 4.3 0.932

2 0.480

5 2.8 1.056

6 1.4 1.219

7 0.81 1.069

8 0.55 1.237

AP U= A YT T IR T, SRR RILERF O AR
BINbH-0, MERBICELRD,



# 253 WEMATRICE T 2P0 AR ORIZERNZ A FNEE (MCL o 7'7)
S BRI\ o <y g | F7 PEEL) REIT AR
No. (mg) (ni-dry)
10pm 7 v | 0.750
1 2.5um 7 v k 1.444 0.189
2.5um A REAR 35.122
10um % > k 0.743
5 | 25um > b 1.453 0.199
25um % v NELF 35.735
| 10pm 7 > 0.833
Bjj:%\‘/lzf;(ow 3 | 25pm > b 1.424 0.197
2.5um A RLAR 34.415
10um 7 ¥ I 0.825
4 | 25pm > b 1.370 0.197
25um 7 v NELF 33.231
10pum 77 > b 0.771
5 |[25um & v b 1.270 0.196
2.5um A RLAR 32.695
10um 77 ¥ I 0.436
1 2.5um A7 b 0.505 0.200
25um % v NELF 15.245
10pum 7 > b 0.356
2 [25um A v b 0.497 0.201
2.5um A RLAR 15.859
| 10pm 7 > 0.407
ij:%:/lifskow 3 | 2.5pm > b 0.494 0.200
2.5um A REAF 14.619
10pum 7 > b 0.433
4 | 25um v K 0431 0200
2.5um > RLAR 14.775
10um 7 ¥ I 0331
5 |25um % v b 0.473 0.200
2.5um A REAF 15.230




(1) AEBIA49 T kW = U2 ¢96 128154 A MRBIEEEIG LRE (T4 —k
AR 7T T
BRI T DRIERZ A PEEEISIIXK 25-1 0BV TH D, 2.5 um ZRIEEDOK
NGy & LTeE . 2.5 um LR OB/ FIZEEN—A TR 36% THH ., Ny 77T v
T4 NEEFHAL TN NI EE2EETDHE Q) TRT MCL Y77 AWk RE
RELRTEEIIRNEBZ D,

2.5-1 BEMATRCRBIT DHET A O X A N ORI EEE S
AHRA9 HFKkW TP ¢p96: T o A —B L AKX v IH T T)



(2) BfEI19BTKkW TP ¢70 & CHE13TKW TP $50I128BI1F 54 A FOKL
BEREE - RFEHT MCLY 7 7)

MCI %> 7T 2R L TH A MHELTRER, BHR 19 kW =P ¢ 70 KU C
FHEL 13 kW =P ¢ 50 1T DRIERZ A FEEFIGITENAENK 2,52 KUK
2531 T LB THDH, ZNHDOMHEIT, £ 252 & 253177, AL S EID
FHUEOEHETCOREGER LI D TH D,

WTNORIEIZBNTH RIEREN R /NS W 2.5um 7y NATIZE T A EERNK
&L, BRI 94~95%Th o7, £/, 10um By M & 25um Ay bAoA 37 B
TiX, TNZEN Y LT 2~3%RE Lo 7z,

UEDZ EMnb, iE 2 ME, ¥ 2 b—3 a VINTOZERNF EREEC AR
FES B ERT DRI, R 25 um LT ORI & L TRV S Z &L THEDbZRWEE 2
Lbivd,

>10um 2.5~ 10um
3.8%

X 2.5-2 BEMATEHCERIT DHET AF O X A N ORIZRR I EEE S
BHHELI19 HTKkW =P ¢70 : MCIL ¥ 7 )

B4 2.5-3 @EHATRICIS T DHET AP 2 2 ks ORI EEEIE
(CHHI3FTKkW TP ¢50 : MCI ¥ 7 )



253 EHRZI/AHREL (EC/OCLL) - BEASMER

£ 2.53 [TRTIEEMATREORERZ A NEEKOFR 2.5-4 ([T B0EMATREO KF R
FEOMRERL D, BHI 19 T kW TP 70 & CHE 13T KkW 2P0 ¢50 DZH
FHICHBT DRERRFE T 77 v a VHIEEEIGER 2.5-4 LXK 2551277, 2D OfE
X7 S S EIOSEETH Y | Other (X927 ) > 7 SRR Z A R ORREE)
5 EC & OC DEFERERLASIWHETHD,

B## 19 TkW =Y ¢70 TiX, 10um H > oA EE 2.5 um & v FELT Clk, Other
DENENEL 57T~59%E 72 -7, 728, 2.5~10 um >~ FCTlIF A NEEMN EC & OC O
AFFEELIZER U L2577 Other B 1w & L7z, ECIZx7 % OC OE &L, 10 pm
71y FPAEE 25~10 pm THI 1.9, 2.5 pm v FELFTRI2.8 L7220 WThodA 37
Z—EIZBWTEH OC DFEIEH EC & HA_TEL ol

CHII3ITKkW =2 P ¢ 50 TIEL 10 um A7 v R LLET Other DEIG B E < 57% & 720 |
25um A1y REATFE 25~10um 7 v h TIEZENEN 17%E 9% E 72> 7, EC X35 OC
OFEEIT 2.5 um > LR TR 4.7, 25~10 um >~ hT3.9, 10 um 7~ 2L ET27
LD WTRDA LT X —ERIZEBWTH OC DEIGN EC R TEL o7,

B, WEEEFEE L AR 49 T kW =P 96 I2BWTIE, ATV LAT 4 LH
LA NERHET LT X — 2 AZ 7T T ERNTEY . FRK(EEITY Z &
D TERNTZS, Improve-A L% W2 RBEBSHTITATO R -T2,

AU K > THET AREZ TR0 F 2 MERFEIZ X 5582603020 637 EC 12X
LT OC DHENRRENZ LT, BEIET  —EARTFLOREREELVZD, 2O
LI, T4 BICEBREN TR FOENRERRBATRNWZ LML bEMTOoND, F
1 ECTERLIZLACIZCOM 2 EZEHDH T LIZITHSUERH 5.

LB SETITI Y Ialb—ra YNORETIE, Z2MOFHE L L CHE#ET ¢ —
BRI & FRRIC R AR Z b O L RE LTz,



>10umAY b+ 2.5~10umAvk <2.5umAvk

2.5-4 SEEMATRICERIT DHEH A ORIFRR] EC/OC H
(B 1.9 7 kW =222 ¢ 70)

>10umAvk 2.5~ 10umAvEk <2.5umAvE

2.5-5 BEEMATRCERT D80 A ORIFRR] EC/OC H
(CHHL 13 kW T ¢70)



el T E gk O S DEIBIT QUL T Ex
LT ) 1 018dDO “DI+I0=D1 ‘0I4dDO-£DH+2DI+10d=Dd “0I4dDO+FDO+ED0+TI0+ID0=D0 * T
MED NEAYRBDELN T FEZ TN ER QBN L T ¢ YIFRE L HE T

00921 |00TT 00+01 IS ST |eps 0cLy 090¢€ €9 08zY 0vee 96 & ¢/ wiig
ek ALYIA < e e 0S¢~ =T
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2.6 Soot-Blow BfICHIE L4 X F R HTHER

Soot-Blow FFIZEHB W TIHEHIZHW LI ZER NP SN ABRICE D X A M EEUL.

A9 HF KW TP 96 & CHEEL 13 kW = U0 ¢ 50 IV THENM L 7=,

261 HHAREIRE

B - BRIRICBIT DHET A OBBREIZUTO B0 Th 5,

= 2.6-1 BWIRICET DHET AREUE
g iR | e ABREE | BREURERD | SR E
ER No. (L-dry) (sec) (L-dry/min)
A *j:;‘@ 4.9 73‘ kW 1 12 (316OC) 373 19.3
TV 696 2> | 9 (3L6C)| 280 19.3
C #H8L 1.3 75 kW ]
TLUL 650 1 40 (33.50C) 120.0 20.0

A tt

e ALRER NI A A — S THIE LIl 1y a3 A A —Z TOFHYET XL,



262 HEFEHIR FEESHTER
(1) AHBL49TT kW =P ¢96 DX A NEHGIRITIC X DRI Ah
AFEBL49 T kW T2 P ¢ 96 @ Soot-Blow FEIZIS1T D & A kN ORIRDAA 2R T 5
7o, BT 21T o 72,
BT IR, SIET 2 1B O1T o7, FERICIHIT 54 A N OFR I3«
262DEEBN THD, WTHOBREIZEBWNTYH 0.51~0.60 pm W5, 77 1 48
B DRI T L& Hd Tz,

# 2.6-2  Soot-Blow BFIZ BT 2 K+ O AR R £
(A B 4.9 5T kW =2 ¢ 96)

BRI IC X 2
SR T2 (um)

7 4/V% No.l 181 0.60
7 4% No.l 1% 2 0.56
7 4 V% No.2 %1 0.51
7 4 V% No.2 1HE 2 0.57

F o, ERIKRORKEE R OISR & Uizhi 1. I ONTERIT SR & L 72kl O%L
PRS0 & L RIS, SANEICHE SN2 Z A M, WTOBREIZE N T 0.4
~0.5 um ORI FOHBBEE N — 2 L2 | HRINCEENIEN L2002~ L TNWD, 72
B, AAECTEHEINZRRKOKFEIZ1.32um TH -7,

TR L AR 7 T AZRORIFThHh-oThH, BT —F LICERINTRFIT Lo
THRITEPDRESND, ZDD, ZOL D7 T 7 ARORLFORLF B I/ NEm L
TWAHAMREMD S 5,

EDIT, KO ET Ty L TRY, HEN— AT, RO 3 RICEA TS
D Z MG, Soot-Blow RFICHE S5 & A MME, Kifk 2.5 pm BL BRI & L THfEl
THZENARTHDLEEZDLND,



2.6-1 Soot-Blow FfIZ 31T 2 KL 1 DI K UKL 53 AT 1]
(AL 49 5 kW =T ¢ 96)

2) CHII13TKkW =T ¢50
C+H 13 7 kW =P ¢ 50 TORAERZ X PEEHIGIE, K 2621277 &80
Th D,
KB /NS 2.5 um By RELFICE T 2 HEEEN S < HIE S 7223, 2.5 pm LA
FEORLAR ) AVRAFE L T D ATREE N R E | T— X OEFEEITERW B2 5,

>10pum 2.5~ 10pum
8%

2.6-2  Soot-Blow (235 1T B fHEEKI T DRI B B EEI&
(CHEBL13 T kW =2 ¢ 50)



2.6.3 Soot-Blow BFICH T HHEMFORERF/ ARRRILEESFTHER
(1) A#BA9TKW TV ¢96

AFERLA9 T kW =2 T ¢ 96 IZ851) D Soot-Blow BEOD & Ak D 5 38 H £ D /3 Hfit
(=R 263D LB THD,

OC £V b EC DEIGNEL . 2IEDK 86% EC, 7 14%4 OC & 72 o7, BEROD
P AR Z 2 N (K 2.5-4, 2.5-5 2 ([T L T EC NEL RolzDidHETI A= o
I AP ORBINE LI2F A ME GEFEHATROKIE) 12T &80 OC lonsg
VS Soot-Blow (2 L » CHIBET 2 F T L7=Z &IckDdbDEEZD,

2.6-3  Soot-Blow FFiZ 3T 2 HifERI 1 EC/OC Lt
(A B 4.9 T kW =P ¢ 96)



) CH#13HKkW TP 650

MCI A > 37 2 =12k 5 CHHE 13 F kW =22 ¢ 50 I231) 5 Soot-Blow HED # A
N DORFBEBEOGHRERIL, K 2.6-4 17T LB THD,

WD A X7 Z—ERIZBWTEH OC OEIGHN 715~85% L i<, 2.5um 7> FELF
TILOC 23 83%.EC 23 17% & 72 0 (AR D A #H# 4.9 H kW =2 2 ¢ 96 & H~T OC/EC
R RES B> TND,

AFEBL49 T kW =V 96 & CHHL13 T kW =P ¢ 50 O EMEIXZNZE
SR E IR TH Y . ZH OO TIZA— F 7 0 —DOHERHET Ao ) <~ 4
Wil L7z & & ORI gET AREOEIZ L - TEE EICAHE LZZ A NOBLOES
WRERDHZENEELTNDL EEZ LD,

>10umAvh 2.5~10umAvhk <2.5umAYhk

2.6-4  Soot-Blow K235 1T DRI DRIEZR] EC/OC
(CH:HL 13 5 kW =2 ¢ 50)



2.7 £
271 BRECHEEOR

NE T EORERHERKR O 7 ) » ZREOEREHEE & LB 2% 2.7-1 (TR

T ZORITFTERY, WEa T EOBBIHERE YT TRROFERERHER L O
FHCIER & 22Tl T2 D,

#£ 271 vl EOBRENEER LY T U TEEOFEREREE R
A 5L 4.9 5 kW Bt 1.9 5 kW C 8 1.3 5 kW
=T 696 TV 670 T U650
HEu g o
SFC@E3 &— K 167.9 177.9 168.5
[g-Fuel/kWh]
lke-Fuel/h] 4552.121 2408.333 1538.654
FEBAH 77
W] 26,944 14,105 9,269
PR 2 2R
(e-FuelkWh 168.9 170.7 166.0
EREHEE B R OB X, o7 ) o IRt O S E 2=,

272 HHARREEH T VITRE

PEH AP O Z A MFERICIE TR, FEEGI AL E LA, A4 T kW =P ¢
96 TIIHEH A 19.2 m/sec (ZxF L CTH > 7V > V#HE 6.4 m/sec, B AL 1.9 5 kW =
T2 ¢ 70 TITHEN AE 9.6 m/sec (Zxt L TH > 7V > V#E 6.5 m/sec, C #:8 1.3 77 kW
T UV ¢S50 TIEEYET ZHEE 89 m/sec Ikt L TH 7Y o JHE 11.8 m/sec Th o7z,

CHUTERNCHEE LB D & o 7Y U VB ER T L OFEENRTICER LTV 5,




273 BEMTEO PM HHEHORHE

RTHE Tk _7= £ 512, HIERFOHIRNSHEAT AF O F A NREIIEE CTEX VR, 25
£ TIZEMMOBEMATRICIS T 2 PM OHEREZ | PEH T A & & B SRR R
SRETHEE 2721TRTLEBY ., 026~2.6 DHEIFHE 2Tz, Nv I T v T T4 NEE
fifi 2. 72 MC1 % > 77 Z W T2 FHRIRE L VX8 WO R RIS G R S vz,

72120, RO 28 IR EBY | BRES D 2.70%D %5 OFRL 1oy OPEHFRE N S L

N5 LA L7z PM BB KRR & 72> TH Y . HRHARBII SR ORE R TidZe <,
2.8 THAIT T 2 BEAF O SCHRE D HERE T D,

# 2.7-2 PM HEHAREGERE RS F

AfEL49 F kW | B#EL 1.9 5 kW | C#8 1.3 5 kW By 2.70%
TV $h96 TV ¢ 70 T ¢ 50 DOPEITBIT S
LAC BEHIFR%K
(F 2.8-1 )
PM HEH R %
0.26 2.55 1.13 0.335
[g/kWh]




2.8 LAC HFHRHEDERTE

BEIZ 72 K 91, Wi ICE £ 55D 5 6, ECHOM (organic Material) +Ash D&
#HZ LAC (Light-Absorbing Carbon) & Z7¢ L CHEH A > _X> MU R OEEY I = L —
varETNOEREEIT) L E LI, Ash RKOVEC IXEBEARE \WbhbWwdb T T v 7 h—KhY)
2. OM IXFRIERICIED htshifil 1 &2 >7 7 v h—Ry BrC) BN—aEEni=b DIy
T 5, £z, PO & U TiE, ECITEITRBIORRS . OM 1ZZ LIS —EBIE I 7>
DORBOVEENTNDEEZBNLS,

2.8-1 [T/ 7 —# 1L, Second IMO GHG Study 2009 (23T Germanischer Lloyd & ¥
RSN TS, FFICH LT =— M ZNOMEKREZZOTEBHT—% &L LT, &RbEB
TELHEELEE XD, 2L 21E. IMO @ GHG updating study @ drafttMEPC 67/INF.3)IZ 3\ T
t, X 2.8-1 1R L72BIFRAUE, X 2.8-2 (2R3 & O WS FEhE S 7o O HET 2 % i b
THREZHOC TN L thofERE L I<ARTLIZEBHEINTWD, 2B,
MEPC67 (Z#2H & #17= Third IMO GHG Study 2014 % draft it T ¥ . MEPC D 7&RE ﬁ%éﬁﬁ@
LOTHDL I ERETHHLEND DX 2.8-1 IR LRI EHESND LAC OfHEl
# 2.8-1 17T X 9120.335 g/kWh LERHR IS,

728, Abk 66° LIAbE L7234, ECA-S ViR E STV A AbHE M OV L M i/\lﬁl@ﬁ%
WA & 72 D720 A@xf%kfxéi{ﬁﬂa BUWTE 2.8-1 ITRT LD IS, EHHETH S
27%EREL TN D,

6.7 kg/ton—fuel

1.1 kg/ton—fuel

2.8-1 REFR OIS (%) (SR D ARETER S PM PEHAREL (2/kWh)
(Presentation by Germanischer Lloyd at IMO BLG-WGAP 2, Berlin, 2007)

#£ 2.8-1 2.8-1 lZBWTHEE D 2.70%I2 31T B BRi iy DR

Particle composition Emission Factor [g/kWh]
oM 0.189
EC 0.040
Sulfate 0.712
Water associated with Sulphate 0.653
Ash 0.105
LAC as defined (OM+EC+Ash) 0.335




il

il
il

Ay

il
I
I

2.8-2 BREMOREES (%) &, AIIETER SN PM HEHFRER (g/kWh) DO REEFR

Third IMO GHG Study 2014 — Final Report (MEPC 67/INF.3)
IMO GHG study 2009 (Figure 7.7, based on data from Germanischer Lloyd), & 34O I E #& 5
values of Jalkanen et al (2012) }% UX Starcrest (2013) & D bl & /Rd™ .

723, MEPC67 (Z#&H] 4172 Third IMO GHG Study 2014 3 draft it C& V) . MEPC DR
EFLAIOLDTHDL I EEETHVLENRD D,



SAEBEMBENRE L-MMEIBERV IS VI A—R U BHHET -2 DERA
&

FEEENDZEZETIE. AMSA2009 (Arctic Marine Shipping Assessment 2009) [Z&AILiBERFEED
MITT —RN—RELFRALTIBEMRENRELI-MMEHET —2Z/ERLI-, T, OD &
(Origin Destination) BAEEIZICESVVTHBREOHEELZEEL. BEINAMITIL—FLIZHEEH
EXEFRALEZIDOTHS. COMMBHET —2(E. EROADNRTINTVEIIL AEREH
2004 ETHAZE DT HFITDOVTILBETOT AN EFEINTVRNI L, HICEREMEDMR
BOMIBHEECEREEQOEMAZEESNTOVENWIELREDTHEEENEL SOITHHEE
EZHEETHRICL BERMMOBE-YDOFEHRFEEELAVTEY. ICE VZRDEFEELERE
LTWEWNREN DS, REE(THFH D exactEarth Ltd NMEMT BB E AIS T—4%F AL THRAE
BERVHHET 2ZRIFTILDELT,

FEMTOXRIEL 2012 F 11 AH5 2013 F£ 10 BFETEL. L& 66° LUILEMITUME LT, AIS
T—2IZIE BB MMSI EVST- R FF B ZEDFRMFROM ., SMOCEFR BE-BE) O=F
51 (SOG) . #1i& (COG) ZFNHMFBEMMAEENTLSH, THEAOEREICIECTEILT H8%
HEEZEHIT A0 BREICHREBERE A OMERNEDOFRHRNVELLLIEND,
IHSF DT —IN—RESBITHILICLY. NSO EFREFHTL TR EICH (T HMAMDE
BERU LACHHHET —2FEHETLHEDELT

B EIZH T EMMOEFHNERY LAC HIHET —HEEHT HITHz>TIL, L#& 66° LIILD
BEOIL, /LT —ORMBCERGEDFINZ N EHONLBEH LA EMIRE D T51-
. RBETIL, BEIE 25° ~FiF 45" ( mHD. dL#& 66~80" DiEEZE “Non Arctic area”&L. Th
PN DILig 66° LI DiEigiE “Arctic area” EEELT=,

EEE (MHEER) OEEICHI-->TIL. BMEEEESL EEDI RED-HDREFHELLTE
FAZN % 190 g/kWh &L iR ARITHEZ BT 85%& LTz, F1=. LACHEIEEDHEEIZDL\TIE.
EHE MRPHES) xHFHEBELTERL., BEHFREEIT OM, EC, Ash Z/NA 1= 0.335 g/kWh &L
1=




3.1 MMFEBERV IS VI H—RUBHET — % DERGEDHEE

WEAERE D SERY 24 FEEHFEITIB UV TIL, AMSA2009 (Arctic Marine Shipping Assessment 2009)
(2 L DA IR RE OMAT T — &2 N — A2 TEH U CALBEMiEE 2 x5 & L7 isibisEh &
T — X B L7z, OD % (Origin Destination) BIVEENEIZIESN\T, MEEOHEHELHE
L. ¥7FESNHHATV— b EICHEEE 2%/ LTz,

WEAEBE 3 CUERL L 72 TR Bh &7 — 2 X VBB LR RS SN TN D 2 & RFGAFED 2004
BThHI &, NTHZOWTTBETOT =2 D - ESN TRV & FICEE
JE AT OIS O HER A AFAE L AR DA EJE SN TVARN D &7 & REEEMED E WV,
SOOI VRENHBR B2 BET HBCH EFE MO B Y720 OFERENER &2 VTR Y |
ICEZ 7 A%BRE L TWRWeEOMELH L, LLEDOZ L0 b &7 — X DORilE 21T 7=,

eimiE (FEARICIFAE 667 LUL) (2310 DT OMnD A BINEE &7 — % KO g k&
LT Ty 7 i—R P& T — Z ZAERR D T2 DI, 17 & O exactBarth Ltd 2325 5 f&
BAIST—4#%IEH LT,

B 3.1-1 X, @2 AIS 77— % WSS ER T 7 v 7 I — R EPHET — 2 O
ERFIEZ R L2 D TH D, AIS 7 — XX, MO E, BAKERENEEND “F
ISR EARONLE (BB - £F) . 3 (SOG) . #H (COG) ZDEENIRIEEN /R Sz “8)
G NOMER SN, IAOIEBI B A2 HEE T 272 0121%, FaOEH & BhTE o 5 A
WEERD,

CORNTRTEBY, £, exactAlS T—¥ & “EROMEHR” & CEIOEE” S0, FF
HIESR” ICE&Eh 5 MMSE, IMO &£, Call Sign'"Z DA 5004 725, THSF 25 L
T, ERIOMEIC “WREKH DY | WEE T Lo lo, BEHEB REOEEICLE
WAEMINT %,

W “BRIER” 1. ATEEOMBIE#REZ MMSI TU 7 LCRML, BiERICEEND
(L8 GGREE IR OIEBEA HERICE T 2700 7Y » RF#REZ RO MAITH T (AIS
TR KD FEHT) LHEERS) (EEMATREOE ) 2 HHEBIAMREA R L R =R
SFC [g-Fuel/kWh] & B fif 3 & BB ERE 10 DR B &2 BT 2,

8 MMSI : ¥ @25 #A] = — 1 (Maritime Mobile Service Identity) . DSC J@{2 & A #4# L /-0 - #1 -
JICEHEE R & LR ENDE R, IHTOETH ORI, BYID 3HITEEEZ RT,

9 IMO #sfaF% 5% 5 (IMO Ship identification number) , #EHF _EDOZ 4, (FYEEL LR OWE EOFERITA O IR
FIRESE D720, [Hx OMZEDOROFBBOT-DIEANDOEESEZIBE LSO, MHOEBEREDL->TH, BE
MR D ETIOEFEFIIEDLRY

0 Fi OUF, 8T ORIITHY . Hx OERFICE D B TONHEIES, BEFTI CEELBEWKT S,

palls
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32 FRT—2 DM
3.2.1 exactAIS T—42 DEEHA
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H#) NSIDC (National Snow & Ice Data Center)

3.2-2  Arctic Ice coverage in September 2013 (left) and March 2014 (right) .
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Unigue MMSI Numbers by Month
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(3)  FRAAYEB) & Ot 45 A

2013 4 11 H~2014 4 10 HIB 0 2 4ufE 66° DAL OGS & (REHEE &)
DHABIKFESAR 2 4.1-7 L2 4.1-8 17 L, ZEHiBI& ORI 0 A SR 46 X %
4.1-9 12”7,

MR 5340 & R 7256 3.2-10 TRTAFZE TER T 5 Non Arctic area” & Arctic
area” & D CRERERNH DL ENPALNTH L, Thbb, TA AT R, AT
T EeT ¥R, RO Bjernoya %G SEERANIZ BV T, A A U T REOMAATESE)
ENBRI S TS, bf 667 LIALT Arctic waters SMZ BT HIEENRIZB L7 75%I2 &
5, 77, Arctic Area ([ZERWTIE, HKNFEEL TV LAFITBWLTL, IBFMIEICE
WTH IR ETEERNEBII ST, WoKBBOR LIGH 2 5 AENG, Wk ET D 12
AETIE, AA VT ETEENLa T IRREMEERTR—U U 7R R THRT ¥
TIZiET B ALHMUEE (North Eest Passage)°, 7' U —> 7 > REENL AT X A7+ — K
BEINDR—U o T\ = B AL FE MRS (North West Passage) DRI 23R TX 5, 20O
£, REBRERNHLBREBEEZ D L. MROMEM A BT HEICIE, Z>D
Wk 2 BRI AENT T2 Z ERMEIZ R D EEZHND,

fin 7. ALAR RSO N OBEE ~ OIS A R Em W EE R & L CHER TE 528, 2
F L U THEMMIZ L D6 O TIERVEHE THATT 2 72 OO ERR A Z < 2 2 &
ERBLTNDHDEERD,
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413 MAEENIE DR

(1) FEERATEINC KT 2 FERATEE & O g
THSF |2 R0k S AV 72 @MU 4 ARl - A O E Lol (DU, SESRATIE ) &%
41-4 TR L, M, SEIOFR AIS 7 — % OfENTIC K 2 X It e (LU, FEMiAT
HE) R L, iRT 5, £ TOMMBEEXIGE LR b RO BESMTE 7 % X
4.1-10 1T, TEEVEO I Z W B, B IR OSEIINATE ) 2K 4.1-11~K 4.1-14

[N

KIELOIFNT EMUTR DB KRE < BMITOWTIE 0~500 #& b > B OY 500~1,000 #&
N ORI OHATIES) b IR & W, BEFICHOW UL, iy E s CEffl S s 7 =
=R N— REMOEFRILZ KL TWDHEDEEZ LD,

IHIT, M 41-11~[1 4.1-14 IR L7 fiid /) & FRBE S OLRE 5 L ik
ZEREIZIE 0.76 205 0.8 DEIFA TN E > TRV . FFEDMI « IFE CROEMITEZTT> T

WD AR EANT R Do T,

£ 414 FRFER] - K b KBTI

(HAZ : kns)

%~ 4| 0-500 | 500- 1000- | 3000- | 6000~ | 10000~ | 30000- | 60000~ | oo 0
1000 3000 6000 | 10000 | 30000 | 60000 | 100000 | .

ftE GT GT GT GT GT GT GT GT

EYin 6.9 7.3 8.4 10.0 11.1 11.3 11.7 11.6 11.4

B J— 4.7 6.6 7.3 9.3 9.3 11.9 11.2 10.7 12.5

WAL 77 A 6.3 10.7 13.0 13.1 13.7 14.3 13.3 12.2

o T 14.5 10.7 12.7 13.8 16.6 18.2 20.1

Bhh 15.0 15.8 8.7 10.4 11.3 14.2 15.5 16.9 17.1

s 5.6 5.9 7.2 6.8 7.2 8.8

TEZERR 53 5.9 6.0 7.2 7.2 7.1 3.7 1.9

KA 7.2 8.5 9.5 10.3

Z DAt 8.2 5.6 11.9 1.8 5.5 6.0 1.7

E] 53 5.1 4.2 6.8 10.2

PfTE 5.6 6.5 7.5 7.2 10.0 11.5 12.2 13.4 13.9

exactEarth Ltd &t — # X 0 1ERk
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X 4.1-14 JfafisZa x4 & U= THSF (S8 A HiiEsE /&
R AIS OB T D b v X 45 Bl ik

(2)  ARRERIERTRE R K OUAT B C A 7o TG 8 B o iR dr

T R R S O TREREZ R 4.1-5 1237
REATEMUF ] S OCIE~HUATIEBEO B FHE, EEDZ N L0 il b RE <
RNTEYRR & o Tz,

1 &= 0 OFLEMIRE L, Bih. B, EEMR, KPR Bk & —ik
PRI < 7o o T D, ZHUE, AE OMREERED, dbig 66° DAL Wk ICE £ 5 0
IHRLC, BEOMMERIL, bk 66° LIBOUERAZNITT 2 2 L 2RMLTNDHD &
BExbhb,
fth 7, EYIWATHEEI ISR b REL Rote, TORE., FHNMITEE L &M
FClRbE< RO TWND,

S#Z L LT, MEEEICEE L7 AMSA2009 T S 7z 2004 BT D77 —#
N—Xﬂﬁﬁﬁ%®%@%%ﬁﬁ%%§4b6_$¢o$ﬁ%ﬁﬁ% I, ERRLE DT
WO S 10 5 <IN L T 5D, AMSA2009 CHEff Sh7zT — X2\ T,
EHUTE L T i%/7)/fﬁwwﬁéﬁewgﬁmﬂﬁ@ﬂ%ﬁﬂhé%@@\OD
I OMATEEREIC DWW TR E R EER T W E B2 biLb,

Z D72, EEMATIHEEOHEME T, 2004 412 LC 2012-2013 £ Clid, W o
W S b 66° LLAL DRI AEAES 2 L 2, RN TRV TEH Sh T\ i)
REMEZ R 5,



£ 41-5  finfEBIEHT R K O T REE

i HIE~ A HE~AAT R gy | CTPIEAURER | TRRUITREAE
Mour] [km/year] [hour/ship] [km/ship/year]

S 2,608,596 | 45427947 (23.5%)| 1,873 1,393 24,254
B H— 553,925 9,821,775  (5.1%) 532 1,041 18,462
Ak AT A 33,777 767,514 (0.4%) 51 662 15,049
a7 79,662 1,806,165  (0.9%) 254 314 7,111
R 496,130 | 12,213,666  (6.3%) 198 2,506 61,685
ik 5,860,258 | 64,324,894 (33.3%) | 1,631 3,593 39,439
TEZERMR 1,255,590 14,881,882 (7.7%) 572 2,195 26,017
oK AR 75,641 1,268,756 (0.7%) 31 2,440 40,928
Z DAl 87,035 538,109 (0.3%) 50 1,741 10,762
A 4,373,839 | 42,362,987 (21.9%) | 4,132 1,059 10,252
X 15,424,452 | 193,413,695 9,324 1,654 20,744

exactEarth Ltd #2757 — % X v {ER%

Jbi& 66° LIbZfifT L7oiafinze x4, dbi& 60° DAL TRt

# 4.1-6 AMSA2009' TE(iE S 4177 2004 FEITIB T AHITT —Z N— A D
FLAT BEBE 0D AR 51 BE B 7 SR

Ship Type Total sailed distance . No. .of ships | average Qistance

[km/year] | [ships/year] [km/ship/year]
_General Cargo | 1,304,198 (262%) | 651, 2003
Passenger | 786,053 (15.8%) a2t 1,908
_Bulk Carrier | 709.736  (14.2%) | 4290 1,654
Tamker | 596,479 (12.0%) B0 1387
_Government | 456,125 ____(9.2%)_ 83 2492
_Container | . 445887 (8.9%) 430 3,118
Fishing | - 432289 (8.7%) 2530 1,709
Unknown | 136,301 (2.7%). AT 1,567
TugBarge | 65,800 (13%) 2 1,567
osv. | 49136 (1.0%) ssl 847
Pleasure Craft 2451 (0.0%) | 2| 1,226

Total 4.984.455 ' 2,690 | :

11 AMSA2009 (Arctic Marine Shipping Assessment 2009) : 2004 £ % x4 & U CAbMiuE 2 [E 2 o E % 55

ELIEMATT —Z =R, T2l2L, BFTZICHONTUELTHANS 12 ADR L R>TnD,




(3) BEFOIEEY T — % & Dz

VT = —HARLTZ 2011 £ AIS 7 —ZIZHS L ALBEIZ I 1T Db 07
Ty =R UHEHEREMS LD . MM ORENE R B ICHE L CREEFRE CIER L
T H OGN E & kT 5 &K 4.1-15 [ZRT B &5, 4.1-16 1%, /v
U = —/3 MEPC IZBWTHER LA H OIBEICBIT 577 v 7 h—R P& R L
ZHDTHY . 4.1-15 13K 4.1-16 257 T w7 J1—R v OPEHFREL 0.18 kg/ton fuel
WEVWHR LD THD, NV z—RNARLET =X, 4.1-16 DLV IMO
TEFRT HAARNE (Arctic waters) CTOETH D Z LD, KRFECTHEE LIZE L kT
%728.60° DALE T OMARENEE & L IMO CTER T H4bhE (7272 LAtk 60° LIk
DHTH Y, i 66° LALZMIT LIZAAD Hxt8) 1281 ikl & &2 2
UK 4.1-17 £ 4.1-18 IR T

WG bR 60° Db Z %S (7272 L. OPRF FHE(CB W Ciddbii 66° LIAL 2T L
RO HEHEXSR) & LTERY, AFECHE Lo IbEIC BT a0l EhE (R
BHEEE) X, /L7 =—OHEED 1.2~19 FL o7, /L7 = —DORERSREIT
2011 £ CH Y exactAIS [ 2012 4F 11 H~20134F 10 AR HBTHLHZ L2 EET D L,
Arctic water WOBREREE &1L, 1 FEOBOZRLTWAHAEELH D, i, BEZFIC
BILOMEBEOERIIATFIIBITHERIZHE L TRELSR>TWVD, 24X, Norway
DR AIS BD—ODHE TIE SN TVADITH LT, exactAlS (FHRAE 6 SO & TiF
MLENTWDZ ENnD, WHEOHE AIS OFEHEICEZENR S H Z LICL > TAEUTZATRE
b dH s,

Mt O Norway
@ OPRF(Arctic waters(IMQ))
B OPRF(60-90N except Arctic waters(IMO))
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4.2 JLABEIZE T DM 5D LAC B E DT

421 LACHHE
ARHFEIETERT D Arctic area (257 W-45° ED266° N-80° N Z[R< 66° NLIL) & Non
Arctic area (257 W-45° E 77 66° N-80° N) OZNZEIIUITHWT, Mo s s
LAC OHEHRBERE HRERIIE 42-1 17T EBY TH D,
1 42[81°C 2,161 Mg/year ® LAC 2R S, 20D 5 5 82%D 1,770 Mg/year 1L A 5 > P
ET7 R OT A AT RAEFE® Non Arctic area 2> HHEH S41TE D | Arctic area )~ D
PEHH SN D LAC 1T 2R D 17%I2F8%4 9 5 391 Mglyear TH 5,

# 42-1 dtkg 66° LIALOfRMNNDH D LAC HEH & (2012 4F 11 H~2013 410 A)

(BANZ : Mglyear)

90°N -80°N 90°N -75°N 90°N -70°N 90°N -66°N
LAC EH & (about 1100 km  (about 1650 km  (about 2200 km  (about 2290 km
from north pole )  from north pole)  from north pole)  from north pole)
Arctic area 18 88 268 391
Non Arctic area - 90 815 1,770
&t 18 178 1,083 2,161




422 ABRITHI=-LAC HiHE D

42-1124bk8 66° LLALIC I T 2 #M7 5 D LAC (EC+OM+Ash) OHEHE % H BIINRT,

LAC OHEHEIL, KRPEAET 2 HZF L MFITEBI RN 2L 25720, 6 ANB%
<70tk 7 H P EH %< 113 ton/month (17%) & 720 . 8 Ai 106 ton/month (16%) 9 H
I% 107 ton/month (16%) EHEHENEZL o7z, 10 AN SHEHEIIR A D L, 12 A)
LBED 5 A F CTIIMAaEEIEN D72 <. 25~30 ton/month THERE L 7=,

6~8 AxHZ, 9~11 AZkFEL T 5L, £ L4280 ton (41%) & 238 ton (35%) & 72
0. FBED3~6 HiZ 85 ton (12%) . £ZFD 12 H~F42 HiX 83 ton (12%) &7e~-7,
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exactEarth Ltd &t — # 1 0 1Eak

42-1 AbFEIZ IS T D ERAaH D DRy B LAC HEH £ (ton/month)
(HWl - pisrnl, AbfE 66° LUE)



423 MFERITH = LAC BEHE DT

4.2-2124bk8 66° LLALIC IS T B HbfAD B D LAC (EC+OM+Ash) OHEH & 2 ARFER 2R
T

LAC ORI HEH £ 2,161 ton/year D 9 B EWR 23 i H 2% < 901 ton/year TERIKDHK) 42%
ZHE®, RWTH B —0 330 ton/year (F 15%) . AR 279 ton/year () 13%) . EHD
254 ton/year (%7 12%) DIETEL 72 o7z,
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424 MRERTHTI=-LAC HEHE DR

4.2-3 (2dbkg 60° LAABIC I 1T B AREERI D LAC (EC+OM+Ash) PEHi B % ALHRRE 2 E
(NTx—, a7 TV T RFTr~— B LTIV, TAUD, B
FH, TA AT R) LFNLAOEENNCRT, RROEHRY . b 60° LUETH
DW->TNDZ EITEESINT,

LAC F[A#aHEH & 2,874 ton/year (ALf# 60° LAJE) @5 6| £ 51%D 1,481 ton/year 23 JLAR
BinEE & THAZE) OO SHEH S35 D ORI 49% 7 1,393 ton/year
X F OMOREDO KN SHEH Sz, 2 v = — & a7 OREDORMa & OPEH Xt
DORREED D OPEH A R E S EEl-> TR Y (EEEEREDNCIX. T y~—2 T A AT
R23fe < . 1% 18 U 7= Non Arcticarea N HAHWIIERIIBIT 52207 L OBITENR SN
TEaRRBL TS,

Norway 690
Russia
Bahamas
Malta
Panama
I Denmarkl
Cyprus
I IceIandI
Liberia

Antigua & Barbuda
Marshall Islands
Netherlands
Bermuda

Italy
USA |

Hong Kong
Faeroe Islands
Finland

Canada

Greece
Madeira
Singapore

UK

Sweden
Barbados

Other

0 200 400 600 800
LAC Emission[Mg/year]
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425 HIBMHH THT- LAC i E DT

2013 4 11 A ~2014 4= 10 AIZE 1) Sk 66° LUALHER D LAC HEHE D H BIKPoA7 X
Z 42-4 LI 42-5 R L, TR OER O A FEEIKFESRH 2 X 4.2-6 1273, bk
HENER /NS 2D2 ALRBREL R D 7 ABLIOHEHIEOF IOV T,
H1Z Arctic area S T8 Non Arctic area D Z N ZE4L Tl bPEHTREN KR E <25 7Y v ROAL
BEZOMBERFICRLE, 2 AOKRKETIEZAZND 178 g/monthkm® & 904
g/month/km?®, 7 H O F KL TITZHZH28 219 g/month/km® & 1378 g/month/km® & 5 %24 1
D E Elp>TW 5D,

IHIZ, BREEHEDNRG/INEL< D 2 AR bRELS RS 7 AIZOWTIL, Arctic area
& Non Arctic area DEHNZAUCDONT, 7V v RBIEALE#[km & 72 D O LAC HEtHE b =
N7T bR 42-7~K 42-8 1R Lz, 26 ORITHEIC A 4720 1km®> 4729 O LAC
PeiEZ | fitiE 7V v FOFZRLTEY, 1 7Y v FOMmE (60 km X 60 km) Z3%& L 5
ZEiZkoThREETREND,
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TR EANNEELTZT T =R DOfEYI a2 —vay, FEBEY I —
TarOfEREANELE LIERBERE I 2L —Ya )y (REBFE Y I 2L—vay) 217
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BY (7=& 213 Flanner et al. (2007) %, Sodemann et al. (2011) ) . LIGE TORHIKE - &
DB L, LI T UITEHEN TWARVWOREIRTH D, £ 2T,
AREZIBONTL, EBEICBITS 7T v 7 I—R Ak D RHRE - K50 BRI E
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12 Flanner, M. G., C. S. Zender, J. T. Randerson, and P. J. Rasch (2007) , Present - day climate forcing and

response from black carbon in snow, J. Geophys. Res., 112, D11202, doi:10.1029/2006JD008003.

13 Sodemann, H. et al., (2011) , Episodes of cross-polar transport in the Arctic troposphere during July 2008

as seen from models, satellite, and aircraft observations, Atmos. Chem. Phys., 11, 3631-3651,
doi:10.5194/acp-11-3631-2011 2011.
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Mstrn DB IX, 1995 FIZEF I 4L, 2007 FITIIREENMEIE I L7z MstrnX 28U U —
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DL, BT KEENORESFICLDBEN VA U —BELICEHE D,
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APEHER b 66° LI OMAHOPEHEIIZL Lirnb D L35, £ —AD LAC 4
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(2005) ) 12 W TEEHER IS A S LTV % Deepak and Gerbers (1983) 2 & T8 World
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79 LDICREL TV D,

18 Sharma, S. et al: Variations and sources of the equivalent black carbon in the high Arctic revealed by
long-term observations at Alert and Barrow: 1989-2003, J. Geophys. Res.-Atmos., 111 (D14) , 1-15, D14208,
doi:10.1029/2005JD006581, 2006.

19 McNaughton, C. S. et al: Absorbing aerosol in the troposphere of the Western Arctic during the 2008
ARCTAS/ARCPAC airborne field campaigns, Atmos. Chem. Phys., 11,
7561-7582,d01:10.5194/acp-11-7561-2011, 2011.

20 Bond, T. C., and R. W. Bergstrom (2006) , Light absorption by carbonaceous particles: An investigative
review, Aerosol Sci. Technol., 40, 27-67, doi:10.1080/02786820500421521.Brandt, R. E., and S. G. Warren
(1993) , Solar - heating rates and temperature

21 Jacobson, M. Z. (2004) , Climate response of fossil fuel and biofuel soot, accounting for soot’s feedback to
snow and sea ice albedo and emissivity, J. Geophys. Res., 109, D21201, doi:10.1029/2004JD004945.

22 Takemura, T., T. Nozawa, S. Emori, T. Y. Nakajima, and T. Nakajima, 2005: Simulation of climate
response to aerosol direct and indirect effects with aerosol transport-radiation model. Journal of
Geophysical Research, 110, D02202, doi:10.1029/2004JD005029.

23 A. Deepak and H. E. Gerbers, eds., “Report of the experts'meeting on aerosols and their climatic effects,”
WCP-55 ~World Climate Research Program, Geneva, 1983.

24 World Meteorological Organization, “A preliminary cloudless standard atmosphere for radiation
computation,” WCP-112~World Climate Research Program, CAS, Radiation Commission of TAMAP,
Boulder, Colo., 1986.
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X 53-4 12, KyIalb—va @07 A7) RREE (60 km) ([ZZ8H# L7
GFED /A A~ ZRBERIR 7 Z » 7 J1— R OFERPEH &0 K FEm oMKz w7,

RBCS: % & (Go/y)

(Gahvn

5.3-4 FFELGEIG (60km HT) (2351 /A A~ ARBERIRT 7 » 7 I —R
DEMPEH = (Gglyr)

van der Werf, G. R. et al: Global fire emissions and the contribution of deforestation, savanna, forest, agricultural, and peat
fires (1997-2009), Atmos. Chem. Phys., 10, 11707-11735, doi:10.5194/acp-10-11707-2010, 2010.



(3) Abk& 66> LAEE O IR & O E

AKyIalb—ra UEO S S, 660 LHALIZIIT DMEEIR 7 7 v 7 1 — R PEHTR
T—HE, AEEFEICBOTERLET =2 2H0TWD (KREfdEE 4 2) , fthis,
66° LAFE DHMIAT — Z 122\ Tik. ARCTAS D7 T v 7 71 —R B IR T — %
ZRIHTHZ &L Lz, ARCTAS OF-5< 66° LI OHEH &I 2008 F-X— 2 667 LL
JEDHEH BT 2013 £ 5 2014 FEOEHT O T — X TR 2 TREEN H 5 Z LIITBE S
iz, 72720, AEIOMOEF 1% 66" LILOATFHMEL TH Y, 66° LAEEIZ DUV T
T LMOEERGFME LTROE D ZENFRTHL EEZ D,

M 535 10, AV ab—2a VEBOFEF LS v RIEEE (60 km) (225 L 7=
ARCTAS IR 7 7 » 7 71— A v OF P B 0K FEm oA KA 667 LIE)Z R L,
X 5.3-6 12, AEEEIER L7t 66° LI T DRI T T » 7 h— R AR PEH
BEETRT,

MRfRERBCHER(Ganvr)

535 Lk 66" ARIC U SAMIEIN EC O/FERPEE (Gglyear)



Gg-LAC/year/grid
0.5

0.2

0.1

0.05

0.02

0.01

0.005

0.002

.0.001

5.3-6 JbiE 667 LUBIZI51T D ARAAEIR LAC O BEH F&(Gg/year)



535 HEETIJO—ELFAELOBRMEOESR

ol

B 537 12, AFEEYVI2Lb—2arOFET7n—%2rd, AEEVI2L—va O
FEIT7m— & L TIE, ®&OIC WRF-Chem (Z X A{bFf ks S 2 b—va v a2F L, =0
% . WRF-Chem O /1fERZ ATMEEL L THFIH L, Rstar-Mstrn (2 X A KREH T T = L—
VarxFEmTLLE L,

WRF-Chem Tt SN KGR EOFRIT, KEHESET /L Rstar-Mstrn D ASIfE & L
THEH &5, 2 2 C, Rstar-Mstmn Tid, AT —% L LT, 5% (KRR, &E) | #iZ (K
SR KD E) (RE (RIE, =7 0 Y VD) ITRDERPMEL D, KV 2 b—
Ta BT, "R - IBITRDERE KER. =T YRy (T Ty I h—R
Wil ., AREIKFR) DOIREDIFEHRIZ OV TIL, WRF-Chem D H 745 R (1 RefdfbgE) 2 AT
T2 LU THER LT, FKRBER RS KUBRRDIRE (ZBbRHFE, A2, —B{Z
EBR, TRUHA A BR) ITONWTIL, AElO WRF-Chem ¥ X = L—3 3 U ClX
o Tz, Rstar-Mstrn DE T /UEZFH LT\ 5, 723 WRF-Chem O /)5
T 1RERRO b DEZ 52 TNDZ b, RRBH Y I 2 b—3a b 1 RIS E
LTWa,

AAEEOFEB L FEIE Y I 2 L— a3 U EROKRES > R 2 b — 3 TR 2 Tt
S, BB TOT Z v 7 —R o 2 ELeREKTT v Y VL) Hl Y s B C 320
AT 2008 D 1 R L BXE LTc, D72, WRF-Chem IZ X 53X = L—3 3 VEITH]
ff1% 2008 4E 2 & e 2007 4 12 725 2009 4F 1 HE TE L, ETADLEICEEST 2720
(2. 1 4 A TR o Wl B 2 b AR RIS AR T CARGHRL Z i L T\ 4,

7R, ARFEPEFN U EREIIE 532187 BV THDH, 1 4 HuyORIMEEFHEIC
HLUZRERNT 25 2GRS TH D | 1 5 OARGHRICE U7 RERITAY 4.5 RefE (512 3681) T
HoT,

ARy alb—ra ryOFBEICONTIE, MEREEFEICS O CRMESZ: EoKRg, it
ZERSBLINC > TR D KA H EC R, Hi | EC BUAIREE B3 L OVEATAFZEIC BT D Ak
EEREDFR L OB TRFAZIT>TEY, WFRLLRBICHOWTTIWEBERE L
TH Y, ECIRE LHmHl N W Tl 8T 52 L 2MRA LTS, 20D, K
FEREIIHBMEOBREHEREITIT > TR,

# 532 (HHAFEHOLEE

A RBGHERE S AT & KRB FIEH b
A SGIICE X
CPU Intel Xeon E5-2670 8core 2.6GHz
(ON) SUSE Linux Enterprise Serverl 1SP1 + SGI Performance Suite
e Intel Fortran/C/C++




) FEIRIE8 0 FHEE

- EROHS- VRS LOITR]
FRp TR THERY O LA -

—OLU¥EQAEA—ATIA LE€S [H

,.
oo o
[~
R

M 35— L RO I N O ) T 3 -
TR CETHOGHEN ISP BB BT

—L il

1T s | |

e BN E O3
TS T IRRAE O LAl -

WEPE4
—ATEAENEY D C o IEEE
& — LR T (O L 3 Bk BT -

BEFEENQAETO
2 eh Y O HE " Y O%—LELWCE-

ﬁu_ﬂﬂ.wt

AT B e TR R

-

24— LSS -EYDOVWON-
B EFEHC Y T L3 b B 2

(S} Q) J iS5
HFPE—L 01 NZOWNL I XL BT+

HAUTZOWEEC Y L]
b 2R C Y S L3Ik Y s -

niéin._au“ - (Ansauau) i____._ (M= OEIE¥ES) J¥iKH- Bk
suadsoumy jo sapsuen | o) wastc fesuas-apmuag) paydnoo ppow Himsesan. | pue [pEeasay] IMEag)

B i5—LCTNAIHdADN-
UnSH-FEISYH ALY WS- TUM é&*ﬂﬁ%

BEIE X OURES Y L3
h B TR A Y o o - RS-

(B%) ¥k Nk



54 UIal— a3 UiER BN

5.41

MHDTFEEZEET A-HDT I aL—a VR EBN

(1) & F/8 ECRESAIX

B 5.4-1~[X] 5.4-3 |[ZBiHL(Case )IZFBIT D T EC IRESMEARL, X 54-4~[¥
54-6 LK 5.4-7~[X 5.4-9 2, ZTNENBLN Casel & Case2(66°LAALD 2ffif72 L), Bl
Casel & Case3(66°LLdE™D 9 H Non Arctic area DRfifi7e LYDZESr &7~ T, 3725 Casel
& Case2 D74 TlE 66°LAL D AR L 5 & 5723, Casel & Case2 D745y Tl 66°LLL
D 9 B Arctic area (2T AARAC L A2 EFED, fhiHSNB Z &b,

F9°. B Casel IZBWTHELOKRRT DT T v 7 I —RBEO S WHUEL, I —
1y NSRRI IER, KRB IO T T ICEP LTERY . K 533 [RTHELED
N 2R EHEIR D O OHEESRIC—B T 5, 2F 0., — &I E SN
Ty 7 h—Rn, REMEBI - 58T 52 83@mThH I ERNbnd, i, KF
FEWLRE . RPEVENEE . & 2 W IIWITEE OB W O W I & E/e > 72 EC
TREE OB VR RHRE S v Ty,

I, PR ARIR 7 Z » 27 J1 — R ARE A [X(Casel & Case2 D7E4Y) (X 5.4-4~[X
5.4-6) &, MREIR T T v 7 B —AR U ORI (X 4.2-4 B LUK 4.2-5) &g
T5, TmexiE, K 42-4 D1 AIZBWTHEHE TIEA T v U e 7 BB IR FEIC
BWTOHEWHEHRENFHRE SN TWDH DI LT, 5.4-4 O 1 HOREESA TIE
AH VT ETREN LN CTEAEBICFET 2 Ay Y~ L5 UL O Non
Arctc area J&30 E T 1.0-5.0 ng/m’ OEEEFEIL ML > TR Y . £-AERDO—e LI
OWTHRIBEFEANOAN S TWDEZ Enbnd, K25 AD 8 AIZiTE W HEH TR
FE U T EANT 5 Z L ISRV, 1.0-5.0 ng/m® OO RN D, OFED . H
P RA~OBIRIEE ST T  mEiEERA~OZ b TRENDER ool 212 L,
3FTK 3.2-2 THIT L72 2013 4F 9 A DUEKDIEN Y L35 L KRE BV IIAS
NN, EFEOMMID OEIRE EC 1XEICHERT H 5 WIS LT
HTENRTHERIND,

Wiz, ALFREIC BT 5 EC EEEHIPIE, Casel (235 T 50— 70 ng/m’ (2%} L T Casel—
Case2 (28 T 5—10ng/m® & 72V Arctic area & Non Arctic area %}t T2k A FHEH
FIZK LT V10 BREOTFENH LD Z EPNBEIND, ZOfEIX, 6.1 THRETT 28 &E
NR— 2 THEE SN DA EC BHHE(7.4%)E KE LB L7R,

%I, X 5.4-7~[X 549277 L7 Casel & Case3 L DENSTHDLE, AB VT E
TR RO B R S OREITFRCRIEE O B2 T I AEOEL E
TRATEY ., RS DOREIL Arctic area IZF TRATWDHZ ENbnb, %
T4 57~ Case2 & Case3 D 7 HITBITHES %, 5.4-10 1278 L7z, Arctic area
MDY DA TRIEGS, #iRiEO ECIRE~ORKRETEEIZ, 1 AL THEbIZ, BT
WS 1— X ¢ BAHTICBI SN D, 72720, ZOMEEIX, Casel (2T 50—
70 ng/m’ 1K L TIRKRT 5 ng/m’ FEE TH D IRE L~V T /10 LT OHETH 5 &7
T& 5, ZOfEIE, 6.1 THFIT 5 Arctic area 7>5 OHEHEAR— 2 THEE S 5 fpfaks
EC BHR(1.7%) & it L TRoR0RE W,

L, ARlOY I 2 b— g UTHEHTRE, FER T L HI2 60km A v T2 TiTH
NTEY, WHRCHEBRN/REDA v 2 L V/INSWAr— L COREREITHRE T2
WZ LI ETOIMNERD D,



Case1 (Jan)

(ng/m?3)

Case1 (Feb)

(ng/m3)

= 2000

_l 1000
500

- —

=2000

300 300
" __ 200
| 100 i
o L 70 4 - 70
ab —+M s0 . +—+ Mso
Case1 (Mar) (ng/m?) Case1 (Apr) (ng/m?)
~ ~2000 ] ~2000

-
o
~ = 1000 1000
'l 500 ] lsoo
§ ] 300
5 200 i 200
100 Y 100
.70 -i] 70
—+ M50 + 1 WSO
Case1 (May) (ng/m?) Case1 (Jun) (ng/m?)
~ ~2000 1a ~2000
i -FI
1000 1 l1ooo
_l 500 ] 500
- 300 A 300
" 200 h 200
100 41 100
70 - ! 70
—+ M50 + 50

5.4-1

— 100 —

B Casel (28T 5 T8 EC IE AR (HFE¥)1~6 A




Case1 (Jul) (ng/m?) Case1 (Aug) (ng/m®)
: ~2000 1a = 2000
l 1000 ] I 1000
lsoo : l 500
300 ] 300
200 i 200
T= 100 1= 100
d. 70 . 70
Lad 50 i 50
Case1 (Sep) (ng/m?) Case1 (Oct) (ng/m?)
—;-— 2000 _'-_ii' ~ 2000
7 I 1000 I 1000
] : lsoo ] l 500
300 : 300
200 15 200
1 100 15 100
1% 1M ) 70
Jod 1 M50 - 50
Case1 (Nov) (ng/m?) Case1 (Dec) (ng/m?)
~2000 "__ = 2000
1000 ] I 1000
: lsoo : l 500
300 ] 300
200 ] 200
100 i 100
70 - - 70
T——1 M50 — 50

5.4-2 Bl Casel (TFI) D8 FE EC IREE /A (HF44) 7~12 A

— 101 —




Case1 (Spring) (ng/m?) Case1 (Summer) (ng/m?)
-2000 [ ~ 2000
_rl
1000 1000
I lsoo | l 500
. 300 : 300
_ 200 ] 200
i ' 100 - 100
_] 70 -1, 70
1 —1 M50 4 50
Case1 (Autumn) (ng/m?) Case1 (Winter) (ng/m3)
4 2000 T 2000
-I -rI
1000
] l 500 |
] ' 1300 i 300
200 : 200
] 100 -
S ! 70 4 -
1 I P 0
Case1 (Year) (ng/m3)
':" ~2000
] | 1000
| lsoo
I 300
15 200
44 100
j 70
+ 50

5.4-3 BiP Casel \ZH81T Dhx FE@ EC IREE M (FFH4MHE & 4F ) (HE)

— 102 —




Case1-2 (Jan)

(ng/m3)

Case1-2 (Feb)

(ng/m3)

0.005
l0.001

Case1-2 (Jun)

(ng/m?3)

5.4-4 TP Casel & B Case2 Dfx FJE EC 0 EE AKX (A ) 1~6 A

— 103 —




0.05 0.05

0.01 0.01

0.005 0.005

0.001 0.001

(ng/m?) (ng/m?)

Case1-2 (Oct)

l0.005
0.001

5.4-5 BiPl Casel &BLPL Case2 D FE EC 0B E SRR (H ) 7~12 A

— 104 —




Case1-2 (Spring) (ng/m?)

Case1-2 (Summer) (ng/m?)

E = 5.0

E = 5.0

0.1 0.1
0.05 0.05
0.01 0.01
0.005 0.005
l 0.001 l 0.001
Case1-2 (Autumn) (ng/m?) Case1-2 (Winter) (ng/m?)

5.4-6

Bt Casel & B Case2 D T EC ZIRE AR (FFEHHE & FEH(E)

— 106 —




Case1-3 (Jan) (ng/m?)

E =5.0

0.5 0.5

0.1 0.1

0.05 0.05

0.01 0.01

0.005 0.005

0.001 lo.oo1
(ng/m?) Case1-3 (Apr) (ng/m?)

E = 5.0

5.4-7 FP Casel & EL Case3 D FJE@ EC 4 EESH K (A ) 1~6 A

— 106 —



0.05

0.01

0.005

0.001

0.05

0.01

l 0.005
0.001

(ng/m?)

Case1-3 (Oct)

(ng/m?)

= 5.0

0.05
0.01

0.005

l 0.001

Eﬁ' ~5.0

0.05

0.01

0.005

0.001

(ng/m?3)

Case1-3 (Dec)

(ng/m?3)

5.4-8 HiP Casel & HL Case3 D FJE EC 20 E S (H ) 7~12 A

— 107 —




Case1-3 (Spring) (ng/m?)

Case1-3 (Summer) (ng/m®)

E = 5.0

0.1 0.1
0.05 0.05
0.01 i 0.01
0.005 0.005
lo.oo1 l 0.001
Case1-3 (Autumn) (ng/m3) Case1-3 (Winter) (:l)glm3)

E = 5.0

0.1
0.05

0.01

0.005

l 0.001

(ng/m3)

5.4-9

— 108 —

Bt Casel & B Case3 D FE EC ZIRE DA (FFEHHE & FEH(E)




Casel1-3 (Jan)  (ng/m’® Casel-3 (Feb)  (ngim® |

e

1+ q— - 0001 | &\Jg— --0.001

ol n

1 L ] —  _0.005
S;.J I -0.005 I

] all -0.01 ] | M.0.01

A
i)

4 _ -0.05 i ! -0.05
. _ i i
" "L 04 iy o [P
z :
o | | | |-o.5
T t = -0.5 4ox F. b=
- 1.0
4% /‘ = -1.0 4 = — "
- M 5.0 T -+ -5.0
3 3
Case1-3 (Jul) ("9™) Case1-3 (Aug)  (Mo/m*
1T h’-}tg_ “.0.001 | .
_ n _ =
- I-o.oos "
=x f -0.01 =
= [ -0.05 )
g 0.1 )
g || i
4+ - 0.5 +z
1~ = 1.0 1~ s ER
% N
4 T Mg T T M5

5.4-10 Hii Case2 & Bl Case3 Ok @ EC ZEHBEESMAXA, 2, 7BIOS8 A)

— 109 —



(2) &AHE EC f&ENAmX

B4 5.4-11~[% 5.4-13 [ZBLPL Casel 281 D74 EC B Mz L, M 5.4-14~[¥
54-16 L [X 5.4-17~[4 54-19 12, ZNENHLPL Casel & Case2(66°LAILDO2ARMAZR L),
B Casel & Case3(66°u3||:0) 9 Non Arctic area D7 LYDZES %271, 7725,
Casel & Case2 D725 TlX 66°LIALD EMAIZ L 5 %7 5-73, Casel & Case2 D724y Tl 66°
PALD 5 5 Arctic area IZB T DMMIEIC L 2 &5, iS5 Z &2k s, Q)TiHES
LD B SEHI N BT 5 E 37 A—FO—DONZ ZCTRTRME EC RETHY
KGN S 1 F CRIET D E TICIER « WIN SN D RITABEICKHIET LB TE
[

R EC B CAMMAIL, () THRE L7z FEO ECIRE L FITE DL 720,

— 110 —



Case1 (Jan) Casel (Feb)  (ng/m?)
| — a1 ] ] ] ] ]
- 3%10°
—r -
o 2x10° l 2x10°
e 1x10° 1x10°
7%x105 7%x10°
[ _
5x10° 1% 5x10°
3x10° __j 3x10°
2x10° 18 2x10°
l! 1x105 | + 1%10°
Case1 (Mar) (ng/m?) Case1 (Apr) (ng/m?)
| _3)(106 i 1 1 1 | -3’(106
- -
2x10° . 2x10°
] 1x10° 7 1x10°
7x10° ] 7x10°
5x10° ? 5x10°
3x10° 3x10°
-+
g 2x10° b 2x10°
[ 1x10° _ﬁ Pmp——— 1x10°
(ng/m?) Case1 (Jun) (ng/m?)
— . ] ] ] ] 6
_ 33100 —3x10
- _' 6
l l 2%10° I l 2x10
. 1x10°
1x10° =
] 5
7x40° l 7x10
] 5
: 5%10°5 | | 5x10
5
¢ %105 i 3x10
5
" 2x10° | - J 2x10
a 4 5
ﬁ 1x10° + T T 1 110

5.4-11 Bl Casel IZ81F 554 EC #ES A (H ) 1~6 A

— 111 —




o el

Case1 (Jul) (ng/m?) Case1 (Aug) (ng/m?)
1 | 1 ] -3,‘1 06 _ 1 1 1 ] I §x1 06

Y

m 2x10°
x10°
7%10°
5x10°
x10°

x10°

-

x10°

]
+ I |

Lo a0\

Case1 (Sep) (ng/m?) Case1 (Oct) (ng/m?)
[] 1 | | -3X1 06 _ 1 1 1 -3X1 06

|

2x10° -

1x10°
7x10°
5x10°
3x10°

2x10°

i:l.-:

1x10°

Sy

Case1 (Nov) (ng/m?)
[] | 1 ] -3x1 06 _

5

2x10° 7]

1x10°

7%10°

S

5x10°
3x10°

2x10°

1
N

1x10° A

5.4-12  BIPL Casel (28T 5 54E EC MBS (H ) 7~12 A

— 112 —




Case1 (Spring)  (ng/m?) Case1 (Summer) (ng/m?)
[] 1 | | .3"1 05 i 1 1 1 | [ 3”106

i —

N x10° N x10°
e I:"“’s ] ixms
] l 7%x10° ] 7%x105
] 5%10° x10°

x105 x10°

x10° x10°

-

-G

x10°

T T 1 x10°

Casel (Autumn) (ng/m?) Case1 (Winter) (ngim?)

. 1 L 1 | _3x%10° . 1 1 1 | _3%x10°
FI F-

- ‘ 2x10° | ‘ 2x10°

] l1x1o5 _f’i l1x1o5

] 7%10° | 7%10°
- W

5%10° i 5x10°

i 3x10° i 3x10°

15 2x10° i 2x10°
-

BN mpmpmp— 1x10° HLN | P p——— 1x10°

Case1 (Year) (ng/m?)
1 I 1 | _3%10°

2x10°
l1x105

7%10°

5x10°

3x10°

2x10°

1x10°

5.4-13 B Casel \ZRIT HKAE EC MEDO DRI (T & 4 FH))

— 113 —




Case1-2 (Jan)  (ng/m?) Case1-2 (Feb) (ng/m?)

=2x10%

l1x104
5%x10°

2x10°

1x103

5%102
2%102
1x102
Case1-2 (Mar)  (ng/m?) Case1-2 (Apr) (ng/im?)

=2x10*

l1x104
5%x10°

2x103

1x103

5%10?
2x102
1x102
Case1-2 (May) (ng/im?) Case1-2 (Jun) (ng/im?)

=2x10*
IZMO4
x103

2x10°

1x103

x102

%102

%103

5.4-14 BiPL Casel & BiPl Case2 ORI EC #&EES D3 mX (A ¥H) 1~6 A

— 114 —



Case1-2 (Jul)  (ng/m?)
=2x104

(ng/m?)
~2x10*

Case1-2 (Aug)

1%10% 1%x104

5x10° x103

2x103 2x10°
1x10° 1%x10°
5x102 %103

%102 x102

x102 x102

Case1-2 (Sep) (ng/im?) Case1-2 (Oct) (ngim?)
“2x104 “2x10%

1%10% 1%x104

5x10° x103

2x103 2x10°
1x10° 1%x10°
5x102 %103

%102 x102

x102 x102

Case1-2 (Nov) (ng/m?) Case1-2 (Dec) (ng/im?)
“2x10* “2x10*

x104 1%x10*
. 5x103
2x10°
1%x103
%102

%103

%102

5.4-15 Bl Casel & Bt Case2 DAL EC Mo &7 O ARX (H¥#) 7~12 A

— 116 —



Case1-2 (Spring) (nglmz)

Case1-2 (Summer) (ngim?)

= 2x104
1x104
5x103
2x10°
1x10°
5%10?
2x10?
1x102

= 2x104
1x10*
5x103

2x10°

1x103
5%10?
2x10?

1x102

Case1-2 (Autumn) (ng/m?)

Case1-2 (Winter) (ng/m?)

= 2x104
1x10%
5x103
2x10°
1x103
. 5x102
2x10?
| & R ™S 1x10% |

Case1-2 (Year)

(ng/m?)

= 2x104
1x10*
5x10°
2x10°
1x103
5x102

2x102

5.4-16

B Casel & B Case2 DRAE EC fa &

=2x10°

1x10*

5x10°

2x10°
1x10°
5x102

2x102

| w0 TR ¥ ™ 1x102 |

SO (T & AETHY)

— 116 —




Case1-3 (Jan)

(ng/m?)

Case1-3 (Feb) (ng/m?)

Case1-3 (Mar)

5%102
2x102

1%10?2

=2x10% =2x104
1x10% 1x104
l5x103 l5x103
2x103 2x10°3
1x103 1x%103

x102
x102

1x10?

(ng/m?)

Case1-3 (May)

=2x10*

l1x104
5%x10°

2x103

1x103

5%102
2x102

1x10?

Case1-3 (Apr)  (ng/m?)
A —2x10°

l1’<104
5%x103

2x10°

1x10°
5x%10?

x102

1x10?

(ng/m?)

=2x10*

l:ﬂo4
x103

2x10°

1x103

x102

%102

%103

Case1-3 (Jun)  (ng/m?)
g7 —2x10°

l1"104
'5%x103

2x10°

1x%103
x102
x102

1%x102

5.4-17 BiPL Casel & BiPl Case3 ORAE EC #&EES D3 mX (A1) 1~6 A

— 117 —



Case1-3 (Aug)

(ng/m?)

=2x10* =2x10°
I1x1o4 1x10*
5x103 x103
2x103 2x103

Case1-3 (Jul)  (ng/m?)
1x10° 1x10°

5x102 x102
2x102 x102
x102 x102

Casel-3 (Sep) (ng/m) Casel-3 (Oct)  (ng/m?)
=2x104 =2x10*

1x10%
I5x103
2x103

1x103

5x102
x102
x102

1x10*

x103

2x10°

1%x103
%102
%102
%102

Case1-3 (Nov) (ng/m?) Case1-3 (Dec) (ng/m?)
=2x10° =2x10°

1%104 1x104
Ijﬂo3 I5x1o3
x103 4 r 2"103

1x103 1%x103
%102 5%10?2
%102 %102
x102 %102

¥ 5.4-18 HiPL Casel & HL Case3 DAL EC #EAED DA (A F4) 7~12 A

— 118 —



Case1-3 (Spring) (ng/m?) Case1-3 (Summer) (ng/m?)

=2x10% =2x%10%

1x104 1x10%

5%103 5%x10°

2x10° 2x10°

1x103 1%x103

5x1032
x102
x102

Case1-3 (Autumn) (ng/im?) Case1-3 (Winter) (ng/m?)

5%102

x102

x102

=2x10* =2x10%

1x10*
I5x1 03
2x103

1x103

1x104

5%x10°
2x10°
1x103
5%102 5x103
%102 %102
L % TR B M|1x102 |

Case1-3 (Year) (ng/m?)
~2x10*

L R Y A SEx10% |

1x104

x103

x103

1x10°

%103

%103

x10?

5.4-19 Bi¥ Casel & BLiL Case3 DAL EC M BEFE D OOARIX (FH) & A1)
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(3) &t EC BB/ &SN

4 5.4-20~[% 5.4-22 2B Casel (2351 5L EC fe 4 LAC PEH&E TER L7ZfED
AiER LT, X 5.4-23~[X] 5.4-25 LK 5.4-26~[X] 5.4-28 |2, ZTNZENELP Casel &
Case2(66°LLAL D2 fnfif 7z L), Bt Casel & Case3(66°U&H:0) 9 % Non Arctic area DA
R LYDESERT, TR H, Casel & Case2 DS TlE 66°LILO EMRMAIC X 5 F 5
73, Casel & Case2 D743 TlL 66°LLILD 9 5 Arctic area (Z331T A HRAAIZ L D %525, fil
s Z &t b, JbEECHREMEHEIRX, &7V v FIZBW TRIBENITFEL T
W5 EC 37 Uy BRI SN2 b D0, D7) v 6B Lz b O k4
LH—OOEIZRVEDL EEX T, Thbb, ERREWVZE, 77U v RNOHEHIE
BLTCWDEENRREL, DEWVIEEMOZY » RIZBHRLTLE I 0, HDVIXILE
LTI L 2R L TNDEERD,

Casel [ZHBWT, —IZIE LOMEIMEHEEFH 2 EO T, REOZICHEL TREL
MEXEE L TH 1 LV REN, DFEY M ETIHRMAZRPEHROREL Y bho 7Y ¥
R b fiidviate EC OEENPRKRE W LR35, i, BN, -7 U7 7 EEENE
FRHIRI BN TIE, HEO 1 LV/ASWELZ S OMEIEALA > TR Y | &3
oI ~EG ST 200, ALZ7 Y v RNEZEO THREL TW DAl E~ L Tnd, —
iz, M RiERE Rk LT R HE N S < R UHIERERE & KRGS CThniLiz
PHILEREN BN ESbTn5,

Casel & Case2 OD% (X 5.4-23~[X] 5.4-25)L Casel & Case3 Z47(IX 5.4-26~[X
5428) %t L7256, HEIE 5.0nghg L FTH O, RERERITIA O,
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Case1 (Jan) (ng/ng) Case1 (Feb) (ng/ng)

_ 1x10° _ 1x10°
1x10* 1x10*
1x10° 1x10°
1x10? 1x10?
1x10" 1x10°
1 1
1x10" 1x10"
1%10%2 1%102

Case1 (Mar) (ng/ng) Case1 (Apr) (ng/ng)

. 1x10° . 1%10°
1x104 1x104
1x10° 1x10°
1x10? 1x10?
1x10" 1x10"
1 1
1x10" 1x10"
1x102 1%102

Case1 (May) (ng/ng) Case1 (Jun) (ng/ng)
_ 1%10° _ 1x10°
1x104 1x104
I 1x10° I 1x10°
1x10? 1x102
1x10" 1x10"
1 1
1x10" 1x10"
1x102 1%102

5.4-20 B Casel |281F 5 EC KA E/HEH &AM (A ¥) 1~6 H
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Case1 (Jul) (ng/ng) Case1 (Aug) (ng/ng)

_1%10° _1x10°
1x10* 1x10*

I 1x10° I 1x10°
1x10? 1x10?
1x10" 1x10°
1 1
1x10" 1x10"
1%102 1%102

Case1 (Sep) (ng/ng) Case1 (Oct) (ng/ng)

- 1%x10° - 1%10°
1x10* 1x10*
1x10° 1x10°
1x10? 1%10?
1x10" 1x10"
1 1
1x10" 1x10"
1%102 1%102

Case1 (Nov) (ng/ng) Case1 (Dec) (ng/ng)

- 1x10° ~ 1%10°
1x10* 1x10*
1x10° 1x10°
1x10? 1x10?
1x10" 1x10"
1 1
1x10" 1x10"
1%102 1%10?2

5.4-21

B Casel (2815 EC KA E/HEHES /AKX (H ) 7~12 A
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Case1 (Spring) (ng/ng) Casel1 (Summer) (ng/ng)
_1x10* | 41— _1x10*
3
1100 | 4 1x103
1x102 _ﬁs- 1x102
1x10" ] 1x10"
1 _i 1
1x10° | | 1x10-"
1x102 _Mi 1x1072
1x10-3 _;j 1x103
Case1 (Autumn) (ng/ng) Case1 (Winter)  (ng/ng)
_ 1x10? —1x10°
1x103 1x103
I 1x102 I 1x102
1x10" 1x10"
1 1
1x10-" 1x10
1x1072 1x102
1x10-3 1x10°3
Case1 (Year) (ng/ng)
_ 1x10°
1x103
I 1x102
1x10’
1
1x10-"
1x102
1x10-3

5.4-22 HiH Casel I231) 5 EC KAt

TN
s

AR RSN (R O (E)
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Case1-2 (Jan) (ng/ng)

Case1-2 (Feb) (ng/ng)

0.5
0.1

0.05

l 0.01

0.5
0.1

0.05

l 0.01

Case1-2 (Mar) (ng/ng)

Case1-2 (Apr) (ng/ng)

¥ * ¥ ¥

y, I10 / P I10

5.0 5.0

1.0 1.0

0.5 0.5

0.1 . 0.1

0.05 0.05

l0-01 lo.o1
Case1-2 (May) (ng/ng) Case1-2 (Jun) (ng/ng)

E = 50

0.05

0.01

&ﬁ' = 50

0.5

0.1

l 0.05
0.01

5.4-23 I Casel & MW Case2 DFESFITEIT 5 EC KL
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Case1-2 (Jul) (ng/ng)

Case1-2 (Aug) (ng/ng)

&ﬁ' =50

0.1

l 0.05
0.01

Eﬁ' =50

0.1

l 0.05
0.01

Case1-2 (Sep) (ng/ng)

Case1-2 (Oct) (ng/ng)

0.1

0.05

l 0.01

0.5
0.1

0.05

l 0.01

Case1-2 (Nov) (ng/ng)

Case1-2 (Dec) (ng/ng)

&ﬁ' =50

0.1
0.05

0.01

Eﬁ' =50

0.1

l 0.05
0.01

5.4-24 EM Casel & B Case2 DZESIZEIT 5 EC KAk
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Case1-2 (Spring)  (ng/ng)

Case1-2 (Summer) (ng/ng)

Case1-2 (Autumn)

5.0
1.0 1.0
0.5 0.5
0.1 0.1
0.05 0.05
0.01 Io.o1

(ng/ng) (ng/ng)

l 0.05
0.01

Case1-2 (Year) (ng/ng)

~ 50

l 0.05
0.01

5.4-25 BiPL Casel &L Case2 DZE47IZEH T 5 EC KAk E/HEH &0 1M
(Z ) e O E)

— 126 —




Case1-3 (Jan)  (ng/ng) Case1-3 (Feb) (ng/ng)

0.1
0.05

l0.01

Case1-3 (Mar) (ng/ng) Case1-3 (Apr) (ng/ng)

5.0
1.0 1.0
0.5 0.5
0.1 0.1
0.05 0.05
lo.o1 lo.o1
Case1-3 (May) (nging) Case1-3 (Jun)  (ng/ng)

5.4-26 B Casel & Bt Case3 DZE/FIZEIT H EC KA E/HEH &SR X (A %) 1~6 A
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Case1-3 (Jul)  (ng/ng) Case1-3 (Aug) (ng/ng)

&ﬁ' =50 E =50

5.0
1.0 1.0
0.5 0.5
0.1 0.1

0.05 0.05

Io.o1 lo.o1

Case1-3 (Sep) (ng/ng) Case1-3 (Oct) (ng/ng)

&ﬁ' = 50 E - 50

5.0
1.0 1.0
0.5 0.5
0.1 0.1
0.05 0.05
l 0.01 l 0.01
Case1-3 (Nov) (ng/ng) Case1-3 (Dec) (ng/ng)

Eﬁ' = 50

E j 50 gr

5.0 5.0
1.0 1.0
0.5 0.5
0.1 0.1

l 0.05 l 0.05
0.01 0.01

5.4-27 B Casel & B Case3 DZ/FITE T H EC Kbk &/ &0 A X (A F¥)7~12 A
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Case1-3 (Spring)  (ng/ng)

Case1-3 (Summer) (ng/ng)

1.0 1.0
0.5 0.5
0.1 0.1
0.05 0.05
l 0.01 l 0.01
Case1-3 (Autumn) (ng/ng) Case1-3 (Winter) (ng/ng)
Eﬁ' = 50 5 E = 50
2
y I 10 L . I 10
5.0 5.0
1.0 1.0
0.5 0.5
0.1 0.1
[
l 0.05 l 0.05
0.01 0.01
Case1-3 (Year) (ng/ng)
&ﬁ' = 50
10
5.0
1.0
0.5
0.1

l 0.05
0.01

5.4-28

B Casel & B Case3 DFESFITEIT A EC KHER B/HEH 245 1K

(F V2 S OHE 4 {E)
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(4) R )53 A

AREITIE, HEHEIRZE E & Arctic area 2 OY Non Arctic area O [ifj J5 DA% & Tk
ELZYIalb—3 3 (Casel) b B EEFEORIIBELZS I 2 b— 3 (Case2
L Cased)ZATWV ZDESNL/OLNTZT T v 7 h—R U PRE & asaE 1) % T,
MRRAEEIR 7 7 > 7 1 — R ORI BN 2 . KK BSOS i ) & g5 2 & T
Tolee TZC, 7Ty 7 h—RrOidElh&eix. 77 v 7 h—R U BRAPITHF
ETDHAEHFELRVWERZHIT 2T, 7T v 7 h—R U REOELNF i
P RAEHD L ITHBRERICB T DG OZEEE L TERIIL, 77 v 7 I—
R AR DREMBDIFEEZTTIHIE CH L, LTI, 77 v 7 W—R U REDRE -
FESEIE & RS O H R ) O E & D THT o 7o fifiEIi 7 7 > 7 1 —A v
12 & D RUEFBOFMRE R AR,

[ 5.4-29~[% 5.4-31 [ZBLPL Casel (Z351F 5 EC OKAERED bR L 72 BU i 71 %
AL, K 5432~ 54-34 LK 5.4-35~[X 5.4-37 12, THEHBLIL Casel & Case2(66°
PUIAE D2 fia7e L), Bl Casel & Case3(66°LIED 9 6 Non Arctic area DARAZR L)D 7
ERT, T h, Casel & Case2 D724y Tld 66°LIALDORMMAIC K 5 %7525, Casel
& Case2 DFES Tl 66°LAdED 9 B Arctic area |81 2 MAIC LD &5 H S5 =
L%,

Casel CiE. ALMREZ 51T 2 4 FEI R 71X, B3 X Z 0.32-0.48 W/m® O#iFAIZ H
V. ZIUXIPCC @ ARS T/RENTZEERIZBIT D ANTHHENS DT Z v 7 1—R iz
X 5 1bt 5 1113+0.4 (+0.05 to +0.8)W m > 1Tkt L TR E s8Ry, & 2 A0, Zfi
ZALIFFEF ISR E <, ZHIFE(D)H D WITQR) TR TE 72 EC Oft TIERECRIE R B
DI LY REV, ZOZ i, b s T 2 R mOFHEIC L > TR T
Bo DFEV . WEEITHEKIZHE U TREEMEW =0, HKOERICE > TR LU EC 2
FEAFAE L T T b s D2V NS <EHR D 2 &2 b,

WIZ, Casel & Case2 D74y, FFHIE TIFIF4ETOMHIK T 0.16-0.20 X 107 W/m* D
FIZH Y AL T 2 80T 51X, 2O IEREK 2% REICEESTWD,
BOEENRKEINEEZLND T BIZBWTHALmNE L2228 283K 2% R
BEDHEEZ LD, Casel & Case2 DFE47 & Casel & Case3 DESTIXZ V—rF 0 K E
ZETHIHE DEPRCRCKRE SFHEINIBRAH L 00, LiEEE s L TRE En
TR.eNR -T2,
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Case1 (Jan) (W/m?) Case1 (Feb) (W/m2)
= 2.00 ™ ~ 2.00
r
0.96 0.96
: I 0.30 I 0.80
0.64 0.64
[ . 0.48 " . 0.48
-,___t 0.32 0.32
-j 0.16 0.16
T | I A N 0 . T ®o
Case1 (Mar) ey Case1 (Apr) (Wim?)
- - 2.00 " - 2.00
r
0.96 0.96
: Io.so ; 0.80
0.64 0.64
[y 048 - . 048
0.32 | 0.32
0.16 ] 0.16
T .0 = —+ Mo
Case1 (May) Lie) Case1 (Jun) (Wim?)
. - 2.00
r
0.96
0.80
0.64
0.48
\_J 0.32
L 0.16 —! 0.16
T Mo = —

5.4-29
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2
Case1 (Jul) (Wim?) Case1 (Aug) (Wim?)
=2.00 T - 2.00
4"
0.96 l 0.96
l .80 ] _
0 = 4 = 080
0.64 0.64
i R
0.48 '_ 0.48
0.32 ] 1
0.16 -J 0.16
-
0 . T 0
2
(W/m?) Case1 (Oct) (W/m?)
~ 2.00 . - 2.00
i
0.96 l 0.96
l 0.80 ] 0.80
0.64 0.64
0.48 0.48
0.32 0.32
e
0.16 _J 0.16
n |
o . T 0
2
Case1 (Nov) (W/m?) Case1 (Dec) (W/m?)
+- 2.00 +— Ll _ 2.00
i
0.96 l 0.96
lo.so ] 0.80
0.64 0.64
0.48 0.48
0.32 0.32
0.16 ] 0.16
L L | 0 + i i 1 1 0

5.4-30

B Casel (Z331F 2 Fi ol /)0 4h X (A E#)) 7~12 A
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Case1 (Spring) (W/m?) Case1 (Summer) (W/m?)
= 2.00 T =2.00
A
0.96 0.96
0.80 ] 5? 0.80
0.64 d 0.64
0.48 ] 0.48
0.32 0.32
=1 .._‘_4 =
A 0.16 _J 0.16
A +—+ Mo ik —+ Mo
Case1 (Autumn) (W/m?) Case1 (Winter) (W/m?)
T =2.00 T =2.00
i
0.96 0.96
0.80 ] 0.80
0.64 | 0.64
0.48 ] 0.48
0.32 1 0.32
0.16 _] 0.16
— 0 1a 0
Case1 (Year) (W/m?2)
-2.00
0.96
0.80
0.64
0.48
0.32
=
.! 0.16
- ;‘. -I_I__ 0

5.4-31 B Casel (Z351F 2 i o 710X (ZEEiB], 4 F5))
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.16x103
.12x103
.08x103

.04x10°3

5.4-32

Case1-2 (Jan) (W/m?) (W/m?)
~ 2.00x10° -2.00x10°
.80x10°3 .80x1073
t.48x1 03 I.48x1 03
0.32x10°3 0.32x10°
.16x10 .16x10°
.12x103 12x10°
.08x10°3 .08x10°3
.04x10 .04x10°
(W/m?) (W/m?)
=2.00x1073 2 “2.00x10°3
0.80x103 .80x10
l0.48x1 03 t.48x1 03
0.32x103 0.32x103
0.16x103 16x10°
0.12x1073 12x103
0.08x10°3 .08x10°3
.04x10 .04x10
(W/m?2) Case1-2 (Jun) (W/m?2)
2.00x10° | ¢ 2.00x10°
.80x10°3 .80x10°3
‘.43)(1 03 t.48x1 03
0.32x103 0.32x10°
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.16x103
12x103
.08x103

.04x103

P Casel & B Case2 DS sl 117204l (A ) 1~6 A



Case1-2 (Jul) (W/im?) Case1-2 (Aug) (W/m?)
=2.00x103 =2.00x103
.80x103 .80x102
I 48x103 t 48x103
0.32x103 0.32x103
0.16x107 0.16x10°
.12x103 12x103
.08x103 .08x103
.04x10°3 .04x103

(W/m?) (W/m?)
“2.00x103 ~2.00x103
.80x103 0.80x10°3
t.48x1 03 Io.48x1 03
) : { 0.32x103 0.32x10°3
0.16x103 0.16x103
" 12x103 0.12x10°3
o [.08x1 0? 0.08x10°
.04x103 .04x103

(W/m2) (W/m?)
@ 2.00x1 03 =2.00x103
.80x103 .80x103

I.48x1 03

0.32x103 0.32x103
0.16x103 0.16x103
12x103 12x10°3
.08x103 .08x103
.04x103 .04x103

5.4-33
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Case1-2 (Spring) (Wim?) | Case1-2 (Summer) (W/m?)
T ~2.00x107 & ~2.00x107
0.80x10° %_.1 0.80x10°
l 0.48x107 l 0.48x107
0.32x10° 0.32x107
0.16x107 0.16x107
0.12x107 0.12x107
0.08x10° 0.08x107
s ¥ 0.04x104 | 0.04x107
(W/m2) (W/m2)
=2.00x107 = 2.00x10°}
l 0.80x107 l 0.80x107
0.48x107 0.48x10°
0.32x107 0.32x107}
0.16x107 0.16x107
0.12x107 0.12x107
0.08x107 0.08x107
0.04x107 0.04x107}
(W/m?)
B - 2.00x107
S 0.80x10°
[ l 0.48x10°
0.32x107
0.16x10°
0.12x107
0.08x107
0.04x107

5.4-34 B Casel & BT Case2 Dbt 1172505 0 AAlX (ZEipl, 4FH))
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(W/m?)

Case1-3 (Jan) (W/im?)
- <2.00x10°3

0.80x10°3
0.48x10°
0.32x10°

0.16x103

Case1-3 (Feb)

Bl “2.00x10°3

- l0.80x1 03

0.48x10°
0.32x10°

0.16x10°3

0.32x103

.16x1073

.12x1073

.08x1073

-3

0.12x10°3 0.12x1073

0.08x10-3 K 0.08x10°3

.04x103 Yy .04x103

Case1-3 (Mar) (W/m?) Case1-3 (Apr) (W/m?)
! S “2.00x103 ~2.00x10

' I).80x10'3 0.80x10°

| 0.48x10° 0.48x10°

0.32x10°3
0.16x10°

0.12x10°3

0.08x10

-3

l0.80x1 03

0.48x10°

0.32x10°
0.16x103
0.12x103

0.08x10°3

.04x103

5.4-35 B Casel & BT Case3 Dbt /175y 0 AAlX (A F#)) 1~6 A

Case1-3 (May) (W/m?) Case1-3 (Jun) (W/m?)
: : ~2.00x1073 ~2.00x10°3

— 137 —

0.80x103
0.48x10°
0.32x10°3
0.16x10°

0.12x10°3

0.08x10°3

.04x103



Case1-3 (Jul)

(W/m2)

Case1-3 (Aug)

(W/m?)

=2.00x10°

t.80x1 03
.48x1073

0.32x10°3
0.16x10°

.12x103

.08x1073

=2.00x103

.80x10°3
t.48x1 03
0.32x103
0.16x103

.12x103

.08x10°3

.04x10°3 .04x10°3
(W/m?) Case1-3 (Oct) (W/m?)
“2.00x10 . ~2.00x10°
.80x10°3 I0.80x1 03
t.48x1 03

0.32x10°

0.16x10°3

0.48x10°
0.32x10°3

0.16x103

5.4-36

" 1.80x1 03
.48x103

.12x10-3 = 0.12x107
.08x10°3 rk E 0.08x10°*
.04x10°3 g Y ,04x103
(W/m?) Case1-3 (Dec) (Wim?)
~2.00x103 - =2.00x10

0.32x10°3
0.16x10°

.12x103

.08x1073

.04x103

.80x1073
.48x1073
0.32x103
0.16x103
.12x1073

.08x103

.04x1073

i Casel & BLPL Case3 D H ol ) 725 oAl (A ¥4)) 7~12 A
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Case1-3 (Spring) (W/m?) Case1-3 (Summer) (W/m?)

- 2 =2.00x1073 - =2.00x107

0.80x103 0.80x103

l 0.48x103 l 0.48x103

0.32x107 0.32x1079

0.16x107 0.16x107

0.12x10%3 0.12x10%3

0.08x103 0.08x103

0.04x103 0.04x1073
(W/m?) (W/m?)
=2.00x10-3 . X#  ~ 2.00x107
lo.soxm-3 ' ” ' l 0.80x10°]
0.48x10° : 0.48x107
0.32x1073 0.32x107
0.16x107? 0.16x10
0.12x107? 0.12x107
0.08x10°3 0.08x107
0.04x1073 0.04x107
2
B 7.00x10°
L. 0.80x10%3
: lo.4sx1o-3
0.32x10°?
0.16x107
0.12x10°3
0.08x10%3
0.04x107?

5.4-37 B Casel & BT Case3 Dbt sii] 117500 0 AAlX (ZEip. 4 FH))
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6 LBEIZETHMMDITF v I h—RUHHIZHT 5 RDLEEDIRET

LBEIZEITHMMHNEDTSvIDh—RUBBICH T2 RDBHESEIZDLNT, RMMOEMIE
RHIEHTDAAVCFETEEOTARASURHFE D Non Arctic area” EZFN LS D ILIBEFEE TH
3" Arctic area” |25 1T CTHaET. BIELT=,

(1)

(2)

(3)

4)

BEHEFSOHRAI oD EKOLEN

“Arctic area "IZEWLVTMAINSDHIEFTE X 2%FEETHY . XD BUEEEL THEBKTH L
FERELANIIEBELEEINST=OH. "Non Arctic area”’ TOXERMNBEINIRNELEZ LN
%, "Non Arctic area” [CHITAMMMODFHFT S 29%2EHY . KDL ERETEETER
Ly,

EBE T BTG TIZEEBNDEEZDH RN LDNEDLEM

“Non Arctic area” &“Arctic area” EHITRELANIILTOFERIHHEFTERLIZIREETH
Y. SR FI NI L TORELRELG, 121ZL. BHIMGEREENBRTETLVGELI LIS
TBEITILENHD,

EBETREINIERREEDHE AN OO RDOLEN

“Non Arctic area” &“Arctic area”’ EBITEBEMN LFIFL TR BTEITELTULSATEEMEIXE
WA, K EBICx 3 DEER AR EICDVWTIESRILLEIBAENVLETH D,
EBETREINIARREZEOHR AN LD RDMLEN

RO PM,; DARFEERUVEZOAOZENSHETL T, “Arctic area "[ZEWNTIEXIED
WEMEIL/NELY, "Non Arctic area” [TEWTIE, IARDBLEMIEHEMN, TIvIh—RUREREL
DERBPRES DD ICEIMBIEE LT DFHEKDIBEREBESEINETEEZLND,

— 140 —




6.1 HHEFEDHERN L DORHEKDLEMLDIRET
6.1.1 [ EHFHREN DD LAC HiHE & DL

# 6.1-1 1%, MEEEOHE (OPRF-H24) KOS HEEHFE (OPRF-H25) I ONC ARCTAS™
THEi S 472 LAC HEHH &4 . MEREICEE LR E R LD TH D, ok, P&
OFEREITIE 66° LdbE LT 5,

HERE XTG4 13 ARCTAS 73 2008 45, OPRF-H24 7% 2004 4=, OPRF-H25 3422013 =& L
TW%, [Second IMO GHG Study] T & 2 MefiIHDOBREHEE & D 2004 £ 5 2007 FE~D{H
OF+15%% M FE 25 & OPRF-H24 |X ARCTAS (2 L 28 ED, dbf 70° LABIZR 3.5
%, Ak 66° LIAETIZRI 2515 L D Z ERNbinoTz,

2004 25 2007 ORI +15%725 2013 4F £ THEGRE T2 H O LRET 5 &, 2004 42
5 2013 FEE TOMORIZ+52%E 720, 2013 FEiHB T HAbi& 70° LLIALOPEH &1L,
OPRF-H24 C#J 181 ton/year, ARCTAS THJ 59 ton/year (27225 & D & HEE X4, Jbf& 66° LA
JboPEH &1, OPRF-H24 THJ 283 ton/year, ARCTAS “THJ 128 ton/year & HEE X5,

L7z3 o T AFERE CHEE L2 B O RERS R OPRF-H25 1%, bk 70° BAETIE,
FEFEMIE 21T > T OPRF-H24 O#J 6 i, ARCTAS D) 18 £i%, b 66° LLdL T OPRF-H24
D) 8 fi5, ARCTAS DFJ 17 fFEREWFER LD, ZHULTNE TITHRTE 2L 51,
EHOEBEZHNCNDLZ L HDEN, 7T v I H—R % LAC EEFR LTI LIZLD,
PEHAR BT 3 BREERE LS RoTnDH 2 LIc kD, RIC, AL OPRF-H25 THEL
oAbk 66° LAbZxtg s L2Gh. o, AEETERT HILME (Arctic area, 3.2-9
ZH) O#i & L7256 O LAC O & & AIEROFIEI1TE 6.13 17T LB THY
ECICBIL CIEFE 6.14 17T LBV TH D,

HEAIC R 5A, bl 66° LUbodtiiED > 5, A DT ETHEST A AT K
£H31 @ Non Arctic area TERED LAC HEH & 2.161 Gg/year ® 9 H 1.770 Gglyear (82%) % 5
D, FED O NSR 8 F FRIMIEES D Arctic area [Z81F % LAC #EH%F 5FIA 1% 0391
Gglyear (18%) 2T 72\, ZOFER, FRMASKEHIAZ & e N THEHIED S O LAC BEHRR
B|IC O 5% 51%. Non Arctic area C 29%IZ# 3 5 DIZx LT, Arctic area Tld 2%I(Zi8 X
720N, AbkE 66 FELUAERIRTIX 7% RETH Y . £EKTD NOx X° SOx 72 E RKIGYW'E D
FHER (WTDH 10%RE) S L THRE S TREEL 72\,

# 6.1-5 0 HEAS - 0 OHEHIRE (kg/year/km?®) THR7ZH:A TlE. Arctic area D4
EIX0.010 THD AB T ETHERRT A AF 2 RfFT D Non Arctic area D4 -
130502 & 50 fEREEE L KR&EL 2D,

AIEICRIT 27 Y v RERKMEIX 155, %E1X 1129 THDH, BEOMIT. AAREOEE
N (12NM) OFEHJEFEY 72 0 JEHE 17 IIZIEDCECST 525, BEE O 244 L 0 i@ nicd
7200,

DED, ABUTVFTETHERRST A AT 2 MHEICE T 2 EEMBEIL &K TH HARE

26 K[E NASA 23 2008 FEDHFEFE L HZFD 2 3 — X\ iz o TARE O et it KR 2 w502 30 L 7= 4 R 5448
HEER, BLIAZNRANIT O 7202, {EFWEETALDEODANNEMEE LT, 7T v 7 h—Rr&Ete 10 i
FORM - =T v VR OHEHIRT — Z BMERR X iz,
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RANDZENERELTTHD ES R D, LSO AKGEUFEIZ I 1T 5 &R E 1T ik
KTHARERE RIBEOZAD 1/I0LLTFTH D,
PlbEDZ e, W3 2 xR O MEEM: 2 [F URE TR 2 2 L3t 7w

EEZD,
= 6.1-1  JbiBE B A EER £ TO LAC HEH & (Gglyear)
Accumulated area (distance from North Pole [km])
Emission Sources 90°N -80°N 90°N -75°N 90°N -70°N 90°N -66°N
(abt 1100 km) (abt 1650 km) (abt 2200 km) (abt 2290 km)
(@(@)5(}){02_1{24) 0 (0%) 0.009 (4.8%) 0.119 (64.0%) 0.186 (100%)
Ships (@(735(}){12_1{25) 0.018 (0.8%) 0.178 (8.2%) 1.083 (50.1%) 2.161 (100%)
@(g(l){()%TAS) 0.001 (1.2%) 0.008 (9.5%) 0.039 (46.4%) 0.084 (100%)

* FEIMVN O F W %ME X 90°N -66°N (B A vtz /L) O IRIZ %9 5 EA[%]

612 MDA E TO LAC B R (Gelyear) & ATEIROHIA
Accumulated area (distance from North Pole [km])
Emission Sources 90°N -80°N 90°N -75°N 90°N -70°N 90°N -66°N
(abt 1100 km) (abt 1650 km) (abt 2200 km) (abt 2290 km)
Ships 0.018 (0.8%)| 0.178 (4.8%)| 1.083 (50.1%) | 2.161 (100%)
@2013 (100%) (98.3%) (67.1%) (7.4%)
Anthropogenic 0 (0.0%) 0.003 (0.1%) 0.074  (1.9%) 3.952  (100%)
(ARCTAS) (0.0%) (1.7%) (4.6%) (13.5%)
Boreal forest fire 0 (0.0%) 0 (0.0%) 0.456  (2.0%) | 23.176 (100%)
(ARCTAS) (0.0%) (0.0%) (28.3%) (79.1%)
. 0.018 0.181 1.613 29.289
Total (Ship:ARCTAC) | /) (100%) (100%) (100%)

- FEILAN O F WO %ETE 90°N -66°N (e faiit /L) ORI %9 2 FIE (%)
< FEIMN DO IR % BT A G FHI KT D AR O EIE %)
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# 6.1-3 ALME D EFEER £ TO LAC HEHH & (Gglyear) & AMIFEIROEIS

(bt 66° LU & AFHETE

#£9 5AbimE )

Accumulated area (distance from North Pole [km])
Emission Sources 90°N -80°N 90°N -75°N 90°N -70°N 90°N -66°N
(abt 1100 km) (abt 1650 km) (abt 2200 km) (abt 2700 km)
Non arctic 0.000 (0.0%) | 0.090 (7.7%) | 0.815 (46.0%) 1.770  (100%)
. area - (96.500) (92.900) (29.100)
Ships Arcticarea | 0018 (4.6%) | 0.088 (225%) | 0.268 (68.5%) | 0391 (100%)
(100%) (100%) (36.5%) (1.7%)
< FEIMPN O O %ME I 90°N -66°N (B At /L) OMHAELIR | xﬁ“é“ﬂl [%]
* FEINN D IR A s D FRAR K SGE R 2 & T N THEHFRR R 2 AR O EI &%)

# 6.1-4 ALHE D EFEER £ TO EC HEHE (Gglyear) & AR DOEIE

(bf 66° Llb & REETERT 5 LMmEN)
Accumulated area (distance from North Pole [km])
Emission Sources 90°N -80°N 90°N -75°N 90°N -70°N 90°N -66°N
(abt 1100 km) (abt 1650 km) (abt 2200 km) (abt 2700 km)

Non arctic | 0.006  (2.8%) | 0.011  (52%) |  0.098 (46.2%) 0212 (100%)

Shins |2Tea (100%) (76.9%) (62.1%) (6.8%)
ps At 0002  (43%) | 0011 (23.4%) | 0032 68.1%) 0.047  (100%)

retic (100%) (100%) (69.2%) (4.3%)

- FEINN D F WO %ETE 90°N -66°N (e fadiit /L) DRk IRIZ % 2 FE (%)

< FEINN D IR W% X E-A FHI R 2 ARfa O EIE [ %]

F 6.1-5 LI & B AN BRI A RS Y 72 W © LAC HEHGRE (kg/year/km®) D ik

TAIFE LAC HEHi & HEH 58
(km?) (kg/year) (kg/year/km®)
LA Arctic area .
40,831,200 0.391 X 10 0.010
AT S »
Non Arctic area 6
X
ST 3,524,400 1.770 X 10 0.502
JbMRYE Arctic area PN D
. - 3,600 5,596 1.55
70y R KIE
Non Arctic area PN
. . ,600 40,628 11.2
7y REKE 3 ?
HAERRAE 12NM N (FE1E) 430,000 7,225,381 17
H AR E RS 1,320 322,495 244

— 143 —



6.1.2 HBHEFEL,LDHROBEMDKRET

ActsifE A2 AT 9 % LAC e EDO % 5 O8LE 6 RI-54E ., ALEIZI81T 5 BC XER O M
FEMEIITRO L O ICFHiE 5,

2012 4F 11 A 7205 2013 4510 H £ To, bl 66° LUALTHIAT L 72 = TOMRfia 5 D LAC
PR T — 2 % R AIS D—DTh 5 exactAlS DT — ¥ & VT E & iz, bk 66° LUL
@ LAC #aHEH &I 2,161 tonfyear L FHIliZ 4L D, AU, BEFOT —# | 7o & 2 IXMEEE
DARFEOREMICHE L THEBRERE VL, R AIS OMELRLHIT-Z L1280,
M B 2 IERE IR T & 7o/o 0 LRHIE T & 2, ZORER. ALiE 90-66° HIZIIT D A
5D LAC HEHEDOFHRMAIGER & 2 Eoe N TRAERZ & 72 LAC HEHREIZ T 5%
HERIT T%RETHY . RIRTOMORTGEWEOFER LB L THRE < THEL 72
VY,

RROFGI—RKEMIRTHL OO, BB T 25%DFENRH Y . BV OIEE)
EIZHE L TINOOMBEDOIEBIENRKEI W LT, ZOMKORETHL EEZLND,
FRIZEMRICOW T, FHMATRME, SEIMATIEE & IO L TRE< ko
THY ., PR ELREEOAME CRIFMMITL T D EENHL NIRRT,

HEIC R IEGE A T ET B R OT A A7 RfHE & E LSO T,
FEEHELHFHEL REER D, ZHUEL. £HE 4 Non Arctic area & Arctic area & L CHt
BT DI ENTE D, %E D Arctic area (25 1T 2 HEH F 5 EI & X2 O HEH 5 2,164 ton/year
D 24%Z3 X3, Non Arctic area 1% 76%% 18 %, {KIT Arctic area ® LAC 7217 2B [E L 7=
Bra . FRKSKER &2 ANTRERZ S LAC EHEICXT 2 F5RIT 2%FRE L HIE
IND, ZNEHLT, A PFETHEEROT A AT 2 RfFED Non Arctic area (235
T APEHEDFGRIZ29%RELREEIND,

EAE Y72 ) OHEHIREE (kg/km?/year) TRIZEE . AN IFETEBROIT A A5 R
3L Non Arctic arrea (2331 % 7'V RECKAEIE 11.29 (kg/km®/year) . Arctic area 02" U »
R KAEIE 1.56 (kg/km®/year) Tdb 5, BiE OfElX, BAREOEREN (12NM) O HEEY
72 0 P& 17 (kg/km®/year) (CIFIEILERT 5, DE 0 [ A PFETRER BT A AT v
N (230 2 mAEME X, R THAERE 12 v A VNOEIEDOFREL T Th 5
Litim CE D, [ZNLSOWRE] (T D HEEME IR TS AARE 12 v A /L OFHE)E
DUVIOLLTTH D,

%F OWFIR D K F-Z 1L polar code N Si7enZ Eve . FEICE 7 7 A DA AT
T& %, ZOkd, FREEIZITRICE RO THIOWEE) 5 O ICE 7 7 2 DO 1E
KBEMLTWDZ ERNEZ LD,

U EDFEENS ., RO MLBENELCHAE A DORFHI W T, MEFZRNCE X D 2 L
BThHHEERD,

2% Y | Non Arctic area DFRFIZ DOV TIX, 29%DFH 5 H 5 WIS EI EOE T ) 6
BT, MYOREL, FEREFLICEZXZ TSI EDEEZ NS, i, Arctic area
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DIHAE 515, 2% LIRE S5 2T L0 b/ &L FROFEBREOMOZEE
LCHRIKIZHEIT DR FEREICLELRVWE TFHRIND,

72720, fEEEZ 907 725 70°F TICIRE L728E 1. Non Arctic area, Arctic area O [
AT O 51X 60%E B2 D, Lieid> T, EHimfEs i b7 725 7000 1
DRI W TR, a2 R b RE RPN T 52 0 2 ALHHE TH D L 52 D,
ZoxoiT, pEkE L L OHHEOFERIEG X, BEHEFEREOLRICRE I EEIN
LI, BAEBNTIEY R 2 b— 3 URERZR I XD IREE R OB RRC 1 kg OHEH
DGR I 5- 2 D BB DRI DWW TIHRET 2 A 7 b CTHRAKEINTHINT§ 5 2 & A ATFEE
Thb, LLEDEED G Non Arctic area ® LAC %t 1% Arctic area ® LAC xR X 0 B4E X
NHREEFZZOND, ZOX 7%, MEBECIRO T 5816 72 £12 & o THUE L]
#1795 2 1%, BEIZ MARPOL 73/78 oIt J@ 3 VI 7 &2 38V TRERIVEIE D 3% 1E (P I8 &
VIIZEW TIPSR & L THEASRL TV

27 IMO GHG study updating @ draft |2 Z4LiE, 2012 BT 5257 0 PM HEHH&13 1,400 kt TH D, AR5
ZRIT 5 PM HEHE 18,000 kt @ 7.7%\2H7-5,
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6.2 LBEIZHT 2B ETIREBNDZEDH RN LD KRDLEE DR
6.2.1 ECRESIUVHFABRFAIIHT 2HEOHERN L DHRDBEM

JLME D EC DB TIEiER L OEREICKTT 2800 b 0 & 513, Flii e K eEEH)
Wi BIGA SN D AbEHE B2 R OV DOJEZIZ BN T e E LT 50—70 ng/m® DI H 5D
(2% LT Casel—Case2 123 T 5—10 ng/m® & 72 ¥ Arctic area & Non Arctic area % fff# T4
EONBHEHIEICK LT /10 BEOFERNH L Z LPBESN D, ZOMEIT, 6.1 THRFT
HHEH & — X THEE S U2 A/ EC EEE3(7.4%) & RE S (L LR, RIZ, “Arctic area”
TiE, &0 0—70 ng/m’ 1% LT, iR T 5ng/m’ FRETH VD JEEL~LT 1/10 L FOHFS
ThoEFMTED, 72720, 6.1 THFETT 5 Arctic area 7> b OHEH &~ — X THEE S L5
AR EC EHER(1.7%) & i L TR K E VY, 2k, “Arctic area” I3V Tl “Non Arctic
area “IZxt LT, [ EAGOHHEICHE L T, KV BREICH > THmLTEY, dbimiE~o
HWEPRENZ L, DOVEFEHRHHEOEZEBICEEINLTNDEEZ LD, ZDT
N

ACKREE 5 1) 2 4 R B R 11k, B3 K 0.32-0.48 W/m® OFEFAICH 0 | ALHHEIC
T 2RO 51X, ZOEMSIERK 2% REICE 5 T0D, bEENKENEE X HLND
7 AW ThALE RZ2IZ8 1T DM 13K 2% REICE ELEE 2 HiLD, Casel & Case2
D74y & Casel & Case3 DEHTIEZ UV —2r T v R EETHIFEOENOOREXSFHEIND
R H 5 OO, EERKE L TRERBVNIRONRNST,

INBEOELIE, WA SHEH &7z BC xRS ISR WO RE 2D, BE
BT DR IREII S L TBREOFH LB RESHZEL TNWDLZLFICLDEER
Lo,

Wﬁﬁﬁﬁi KEHFIZEBIT D EC KR ER LU OHBEIZ 31T 5 i3 O 80 72 ) b

WCRELEASND, ZO®, JbiRiECZ O /e & FoKIZE i 7= Hitsk o fik i 58
ﬁﬁ_owfi\Wﬁﬁﬁﬁﬁﬁgr@éﬁﬁm%ﬁblﬁ ENEETH L0, AEIOY
Ralb—varTRINLEAFTLIIENTE R o772, 2008 4 HKFDfEZ AT fE L
LTHOWTWS, Zokd, R0/l & 72 > TW D ATREMEN H 5 i >V T E S
720, ZDO7=, FFIZ “Non Arctic area” (238U C., #1310 O K S0 5@l ) 0 S8l 72 &
F= D DB R SN,

AEOV I ab—ya BT, ZERMEEITR 60km £ v 2 TIT->TEY, Zh
L0 WA N S WRFTH R PR TR TE TR W RIZOWTIIRE T D RERH D,

622 EREADRFEIZHT IZEOHERINLDMERDOBLEN

AR O EAKPICEEND T T v 7 I — R U RENER TX RVMETH 5 ATHEMED
RS n5 L o122 (HFAS (2010) ), IPCC % 4 WEHMH#EE (2007) KO 5 Wi
WEFEQIZENTH, BIRA T — LV OKIEIZHEL G2 5HRNE LT, BEFOT T v
7 I =R LD KERIE T OZENF BN S, Z ORISR F11X, 2EREFHE
TH0.1+0.1 (Wm?) LRSS TWS, Zhud “E(bRERIC & 5 U sEH 2y 1.66+0.17
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(Wm?) 12D & TH/NESW, UL, “EMELREN LI - @E TR icES T2 L
WXL, BKEEOT T v 7 =R ;éﬁ%¢ﬁ?i£_\5%@@ét#%@%
W< R TH Y | 72 ITFEFOAmE 7 K oAy RE L CRHETiUX, ERRos
BRAESEIMEICEER L T, KRV ELZRHSEEZOND (FADL (2010) ),

IPCC % 4 5 E (2007) OFEfiEHE 1L Hansen and Nazarenko (2004) & Hansen et al.
(2005) 12X B HDTH Y, 5 1% Warren and Wiscombe (1980) DFEZ I FET /L& HW
T, 77 v H—R e OFKERST R LD RMEREOFE % FHi L7=, Warren and
Wiscombe (1980) DFEEHRET N TlX, MEFOT T v 7 h—R 1%, BT (K
ﬁ%)&77/7ﬁ R R DIRIEIRAE &LT%%L X 5ICFN S DORAIREE & 45

A EUE L KRB EHR L RO SR 2 ESREIC L TITo 28T .7 7y 71—

LD RBLZROH->TWD, ZOMETDT T v 7 —R b+ a2, Shit
(7Mu%) ET T H—R R ORIEREE LTERI L, S HIZZORAREZIE L.
HAFHEIC K o> TREAEZE N T 5 FIEIIUBE O S K =RE 7 /LB T H 56
SN, BIZERE ECRE LT 7 v 7 h—R 20T, BEMicblz-oTikE LES
BHIZEEND T T v H—RUo2fE LT, KEFEOEIZEET D LW B2 I
CNUEDOESRIRET VO L > T D,

FEEE ORMRFHZ B W CTEEOESE KR T VOB 21T > 7 fE R, BHlO/FEMED
BLEINDEZD L Adkietal. (2011) DEF /MITIBNT RO BRI ZS o0t BB 5
FRME & OBBMEIFIFEF ISR, AT LHETLELT, @UTHD EBZ LI,

KEFEIZV I 2 b—ya A EonAbimiE 2 i T 26 0 LAC RENSE
KR E LTZ5E2, FET AT EOREDRKFEOZALLRHIFINS D, — &
DRGFMRLFEREDRELRE L TRE 2R T,

B 6.2-1 [TiTe N AFEAEN) S O EC PEtt i bEtH sz itibF &4, K 6.2-2 (213
ilt@‘@%ﬁfbﬁ@‘éﬁﬁ%?ﬁl?)@ LAC $EibEHE SN izt &% 7 A (AFEOMNREA)
ORERMEE L OR LTz, Z2d, #MELERIT WRF-CHEM o0 THY . [RG5S
F ORI HF R A AL LOHEHE)ZBE L2 b O THLH, T 2T, 7 HITAATES)
B 1 ETHRO®E S DO KOEER D 2B SN THWLIFEFHTHY ., ERmOILER
FORHAR~ORENRE N ERERSND,

WAL B2 DWW TR, FET VN TIRRMAELE IC K 2 KRRF ORLT OB E R
(wash out 35 & U rain 0ut)75§%FE’éZ}’L“Cb\Z>75§ ZORESNIZREEZ Y v REORMEL
%ikbfﬁbm#t IXETNDY —AEBET HUENRGHD 2 Lnb | KESH %

"o & i.;‘%ﬁ’f“(‘%/)?’:o )7, [FHED 7 HDOREK - BFEEIZI20mm BETHD Z &

. —iER & L CIRMIR O BRIZB W I EBEO TR IBH TH L B2 D,

¥ 6.2-1 TH 5 &ARMEE - & 21 AAED TlX, 1x107 ng/m2/month D HLMEILE BT %)
L C. bz )E50 Tl 1x10° ng/m2/month FEEE & 1/100 & 72> Tk W MELMEILE B O HEHE
/NS, FTo, AN D DFE %K 6.2-2 TH D L, Non-Arctic DA ([X]) & Non-Arctic &
Arctic L FE7ZBATH 2 U —2 T > R ET 1x10° ng/m2/month arctic, AWHGRME 0D & 1 ©
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12 5x10° ng/m*/month, Non Arctic & Tl —# T 5x10" ng/m*month (2 L TV A3, W
NHFED 1/10 225 1/100 REDFE L 72> T\ D,

ER ORI B D KA (5 0 10* ng/m*/month) (Z%f LT, LAC K FDEA : 1 um,
B 2 gom’ ERE LSS, TTO LAC AREIC 1 » ARMRE S, 2R A<
HEXFEDHLND EREL TS, LAC IZ K HWIROEIA1E 3.75X10° (m*m?) (2 L b7
W, ZHIEOE Y | EEEHIRICEIN T 5 7T v 7 =R S L o T 375X 10°% D EF A
BEIIESELND LT L2 ENARETH 5,

FEE /K Y E(SWE:Snow Water Equivalency) % 1-10 O#iH CREMNT S 72546, Lok
EERKEIZEL > TAELHERBANO BC concentration % 0.005-0.05 ppmw & E+§~ S5,
ZDEH BC T Aokietal. 2011) DEF /I TIE, 7 ROZE(LA AL T 0.98
MBIFEAVERTLARAVWEFHREIN TN D, ZOREORKKIROZ(| T, UK S5 2B
TRE SN TS SWE ZDHDDOZE(IC LD KHROEILFHFTH L LR T 5, >
F0. 7 A= A5 O OREREIT. HIEOEREPIBRMCES I SRELE
BIZ L > THLREY T AL LN L [AE TH D LT 5, ALHEHIENS D
PEHZZE L TH, U< 0.97 BEE TOMT & a4, R OTEE 2N BRI S5
RIEE G A, RE LU THHBRINICEL 52 DRI/ NENnEEZX D,

72 L, R A L CORMIR RS QRIS 2 & Te) 23 HE T 2 56 1213, % SN

WCHEREZT TRIEFAMES LELIBREEFTINTE T ML &I %W
f'—75\ MO RBIZBIT DA BOESEBE LRITITWNT RN LI i%%ﬁ“ézg
Wb, 1> T, SRITEHICEAIZ LD ITRIZEMNO S EHIZT T, FIEEENE
WEEZ HILD Non Arctic area ([T DEREIZIBW T, EEO KN ROLELILEEL T
=T HIENEEIIRDEER D,
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Present Casel (Jul)

Present Case2 (Jul)

1 (ma/m? (na/m?
L 5x107 5x107
:|_

I 1x107 I 1x107
i- 5%10° - 5x%10°
- 1x10° - 1x10°
- 5%x10° — 5x10°
B 1x10° B 1x10°
B 5x%10% I~ 5x104

1404 1404
Present Case3(Jul) Future Casel (Jul)
T (ma/m? (ma/m?
I 5%x107 " 5x107
J_

I 1x107 I 1%107
.i_ 5x10° | 5x10°
L 1x10° L 1x10°
— 5x10° — 5x10°
= 1%x10° - 1%x10°
B 5x10% [ 5x10%
ST e ST ax0e

Futere Case2 (Jul) Future Case3 (Jul)
T (na/m? (na/m?
L 5x107 7
J_

I 1%107 I 1%107
i__ 5%10° [ 5%10°
| 1x10° . 1x10°
- 5x%10° — 5%10°
= 1x10° = 1x10°
B 5x10% [ 5x10%
ST e ST ax00
X 6.2-1 HLMEILAE EO KA
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Present Case 1 —Present Case2 (Jul)

Present Case 1 —Present Case3 (Jul)

(na/m? (na/m?
X 5x104 5x104
1x10* ' 1%104
5x103 P 5%x103
- 1103 5 1%x10°
_'o F'o
N -1%x10° - -1%x103
I m sx10° W -5%10°
B -1x10° "B -1x10°
— T 5«40t T -T2 5«40t
Present Case 1 -Futere Casel (Jul) Present Casel-Futere Case2(Jul)
(na/m? (na/m?
& 5x104 5x104
l 1x10° ' 1x10%
5x103 : 5x10°
3 1x103 5 1x%103
 m 0 ' m 0
L ax10° T x108
: g -5%x10° W -5%10°
oy En "B -1x10°
— T _5x10¢ T ™ gxq0s |
Present Case 1 -Futere Case3 (Jul)
- ! : . ; (na/m?
5x10*
. 1x10*
5x10°
1x103
T 0
-1%x103
-5x103
-1x104
T 5404

6.2-2 HLMEUAEBOAKTSAE BBy —A 1 & D7)
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6.3 tBE CRSINIERERZEDHE AN DR KDOVLEMEDKEET
Vial—varlBCLERELZFHEL, UTOLBUMITEREZE LD,

(1)

2)

€)

4)

)

ERERWBEFMET DY RARA v b & U THIREE A BRIR LAl 21T > 72, M
T & TR0 | RO XD RERFBKERINT 28BN < BAD»DEBERE S
EFTCNWD, Fo, BEHETDL 7 T2 TBONAZRO T2 DKILNB RN T, HIK
REMEENDIARDRRICEHBERBE SN TN D, TOD, KRKIBEWE D2 X
DAL BRNET 2 Z ERMONTEY | Hix R E OBREEREAY &
LT ODIERFEFINHRE SN TN D,

TARN=T OFA Ny = — VIEFAETIE, RREEFHOHEHEN TN D LHEE S
N5 Caz % SRR THIRMEDOEEICL Y | & HIFRKIEOA B R T X 20 ki)
HEHEDLND LD USRS D%, RRGEWEOILEIC X 5 IO AR
BRI D BN ENBEEL L TV D,

KLARE 72T Tl < BHRILE CH AR AERRRN ORI E RN K E <A1k
THLZENHEINTEY, ZOEELAIEH LR AR R&OREDikim bEA T
W5, BERIC KD L, MIRHEEZE L - EROERAWRIL, SkgNha ' yr ' Kl (61
ZIX2—-4kgNha'yr) ICRETH20O0ZY TH Y, dbMigic b@EIZATHEE B2 5
N5, YU RIOX I RBEICE DI NV RILIZEBW L, At omErsE & L
T1-3kgNha'yr ' WHZERD, 2720, SEHEE LTS LAC ([ZI3EHIT £ <
BENTOWARWO, LACIEEIC KV BEERERILEEOMAAWEIET DL 2 L3k
|

7T 7 I — RN K DRI~ DB R R L R TR R A A F D s,
ZONBRIEEEN S THREEZIER] R FER LA FICky | YO ERIET
AR E 5| E L T AR R STV D, ISR O L O ICEETTE
IR CBAr CAEBR L TWD Z b, 20X ) 2 RiINttEo BC ki DRI
FEOREE LVEENICZTLWEELS L MIAEICHEATRET T v s h—R
WEROBMEE LTid, HPEOREKN LB THEZIRIZLY 10%REE DN
BRHEZ | & 2 BEEEY - Y 3-40 mg C/m* D BCHHERB—DODREE LR D,

A D LAC (L5 & & HABEOWEBRNLE 2 5 & A RATRICET 5 aTRetE K
|

MW7 7AIOrar XA « A=)V K7 v a@JERARMIE T, ERILED
D WIERRETEE I £ D IR O e RRE A MR O ELENE T TBY, $C
R (BB — R D7 V— XV v ) BROKRKIGERWEIZ L 2 HKIE~D
WENBEEL LoD EMEEINTND, ZOXIREFARHLZ N0, RFTH
TR BITREB IS T 272010 b, KA IEEAY L LT BC 2807 KAI5
BB OE BRI T HHBLS| EHE T4 —TI2NERDDL LB OND,
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6.4 ILBETEIINDIARBELZEDERL S DMROLESEDRET
6.4.1 FEFBRICED S HFRYEDRETEM

AREFEEICHE U BB LY, e AR EEND T T v 7 h—R o iE, #nazE
R[RAVFRN 2.5 um LLF OBUNRLT (PMas) & LTIHFEELTND Z LR EINT B2 E
iR DHEH S o 7 A S OPEHFEROMI M) . DAETIEL, Pk 25 FICA>THh
SHEICEWTRWHB CREIRED PMys & SN2 &, £lo, BRAAZP.LITHOR
[ElDOBRBEILUE (— H P 35 ng/m’) 28X DIEDEIE L2 2 L0 5, PMys iP5 B
DREEREED 2 RETn5,

REIGGAAR DR FEEL, AFXREAREORE 9 FIZB W TIRRADIHEYE (FHE) 12fk
LB EORMFIZHONT, ERE, ANOREFREZREL, ROAEREZRET 5 LTl
FFESNDZEMEE LW LERESN TS, ZHITHEV, 2009 4E 9 HIZARENTZ
PM s (ZxF3 D BREEIEUEIT | 2 D YIFIZ I T 2 e O F 22 M U B3 2 i EE 2 I &
AT ETHREINTCHDERS>TND, S HICEREAIX, PMys =ik ERHIIXT T 2B ER 7R
ITEMESEZ 2013 452 AIZED TV D, ZONEIE, 1 BOFEREN, ZhE CoRLE
D2 FI Y725 132 A— FLB7=0 70 pgm® 282 5 & FRISNSE1E, BEEICK
B RiF I eEnm< 2d & LT, BERMRZ £ HLEA TORBER OB LV ES),
ZIUCHBOBMKEYEZ D L O EEEFONT D) LWVoNETH D, EEICIE, 1 K
RSB 7Y Y B 0 BB (5~7 B) 1238V T 85 png/m® 2B 2 7541, FOHOAY
PIEAS 70 pg/m’ ZAB 2 5 ATREMEAS O &I L, BB IR S EEE A ITO 2k &
o TW5D,

PLEED  PMas BT U & T 2 KRRUGIE & MR BIITRWEB N & 5 2 L1
e < FDOEBMEITESENIZE L VAL SN T & 72, REIGYLITIR 5 028 Tl
KEIEYL DI - Z2RIIC R DREBEL UL . PO XD REFEEZEDENREL D
DINDHEND, FIZIE, RbBE/HRIEEFIEDO > TH D [/n—r3— | 6 HiAFzE™)
Tl KEHEO 6 #MICIHB W TEMESITRE S 25~T4 O H AR 8,111 A%, 1974
FELIED 14~16 /] (111,076 A - 4F) BHF L7- 28— MY 7oz, FaFZE T,
PM, s P HE AN B IR WER T (7 ¢ 2 = 2 ] Portage: 11.0 pg/m®) & b EWESH (A
0 Steubenville: 29.6 pg/m®) 1ZIF1F % PMys I & FET-REIT, I T 1.26 (+26%) | D>
Jifi AL T 1.37 (+36%) L AEREMTH o722 EnHEI N TN D,

28 Krewski et al. : Reanalysis of the Harvard Six Cities Study and the American Cancer Society Study of
Particulate Air Pollution and Mortality, A Special Report of the Institute’s Particle Epidemiology
Reanalysis Project, Health Effects Institute, Cambridge (2000)

WONTEFICBITHFED 15THY | HEOERICEE LU/-EM L BEL TOWRWERL —EHMBH L, 5
KRG L Ip DIRIFROFRAFRE RS 5 Z & T, BR EEFRFBEOBEZ TR LBENE, HRBRNAEL D
Wz, L ORBRLH NEEST L EOMBERNH L,
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RETGYEI SR DR 2L, TRYMREIC L DBMERE) & [EYRE L 8%
WA O 2 DIZHEEIND, PMys (123 L CERE SN TV D EREEEEMEI T, B EHE (35
ng/m’) LAEFEHE (15 pg/m’) OMAEDENRE SN TV H, ZIUTED K O R SRE

D ERER B L O#EZ BN E L2 2 EAEBTH D, BHIREICRIT 2EMHEIC
(3R 2 (AT 2 B -CEIIRAE L 72 & 03 IR R 1T 1 2 BRI 3 B 0 D A A ZE D 36
E7e ENRFT oD, THORBEEET = RaRA b EMETIL, e Clikk x4
IRy RRA N R RICBER BN TOND 2 L1c2 b, HlZE —"—F 6
HHATZE Tld, AR ORFE LR BIE T I A, B MR S B Yy R
RA v MMz iz,

PM,s O £ 9 7RI FIRWE L, ZHESELFME TR SN TWD, FlxIiX, D3 EE
HiERIC I % 2004~2008 4L D PM, s B O FHIEIL 22.6 pg/m’ TH Y . 2D H 5 BC
(234 5 eERRER S (EC) 1 11%. BiEEHE (SO5) 1% 25%. FEEEHL (NO3) 1% 13%
DY, AR FEEZH#E LD O A TR, THORSBEOHIBIINAL R D, ), &
FARFEICB N TIL, ZRORPIENT NS AEREFREEDORRIIZRVGED EDOZEZND
il 2 DRI L CTIE R L, FFIRMEOBEEREZ X5 & Lfk%ﬂnﬁﬁﬁ#@éhfh\
%, LIEMR-T, BC HDHVE LAC DHDORFEITHT D NERBEREY 2 7 53 TH =
EINTE R\,

6.42 BEFEOTEEFTMETIL

ROk Tl REUGYE OBREEFEER E DFRITIE, E?H%@ﬁlmz’)l%ﬁ%ﬁ@éi%ﬁﬁ
ZEIHLTWDR, O~ TR REEEOMAGDEIZ X ﬁ%ﬁii@%yﬂ
7 MR EDOREKRTE 20OV T HEENRFHEZIT> T\ 5, BRRIZIE, BRERE
@%ﬁﬁmﬁ%n%&%%%yﬂ7b@ﬁw(%tAﬁ%A&%ﬁ@ﬁ@):owfﬁi
HI 7L FEMTRE RV R D D, EA A GERAME IR L7250l M= X ) & EEUEER O

(BT X b (N A ) & OHFRIT T DL RER-CHHI O = 2 S 205 Et
INTND

B Z T KE T, ANREEFE KT T /LD BenMAP (Benefits Mapping and Analysis
Program) ZATE(Y —/L & U CRA%E L, MR E O E &G4 Fhi L T\ 5, FET /LTI,
AT D X 9 2B Oy B - INE BB S Tn b

AMortality = —[y, x (e P*2¢ — 1) x population ] E))!
AMortality C REUGHITE RS 2 5EE D2
Yo PN AT A IR
AC D KRG YL E D&
B DT RARA R OFAERE RRIGYRE & ORMRZ =T 1HRE

population : VEEE N\ 1

0 BRETAE: MUKW B I EER BRI MR 2 s E (2008)
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FERIZBT DRI A=EDH L, BITEFMIELIVELND DO THY | BenMAP Tl
PM,s 1Zxt L TREIREIZET 2EOA N EX 5TV 5,

N2 T A VFERT, X—=AT A &R D RIGGE DPREE L~V LT FE T
RTHY, BHFIEIETY RRA Y MBI 2R EERORFHENERAIND, ZD_—2
TA VHECRIIANEDCFERMICE > TENRHDLIBDEEILNLN, KRFETERHLTND
JLHsE K O O JELIIAEA TV D A R, BARESCKEICEET S A0 LI L T PMs
WXL TE D DITHEITTH D LI1TB 2T, DFE DI, LN 4 x5 & Lo xikiz
%% AMortality DZALEIE, AC L OMEBEAN D ORE SIKFETHZ L1255, 2D 9 H AC
ORI, R=R 71 BUR) 1T D PMys IRERHSITRVIEE . B 2 I XBRBEEEUELL
TOXEIBRGEITIFTEBEBITILEN LN D EE X DH, £ 2 CIREITTIL, PMys IRE &
O AASTN S, ACRRETEIC R D FEE R £ 5,

6.4.3 JLBEEEICH TS EEZETE
(1)  PMys IS & BREEELYE D LLig 2 FH N 72 3R

F 6.4-1 12, PMys (263 2 DA EOBREIAE, WO ECD (235 < BRETEEE, KIE
BREREE AL UE. WHO feEHEZE £ & 7=, WHO FREHIMMOBRBEREL Y bl Vb o &
o TS, T, FENED DEREAEIT, FE I L IERIPSERICIES T, 56
I o TN E-CREREZ BB L2 ) 2 CHENESFTREEEL L CHESN
72D THY, WHO 158 L ITEHRAWVWR R LR LD EEXHRETHD, HlOEFWH%E
TAUX, WHO DFfE$HEA TlEl > TWhiuX, RO Lo Th > TH, FRTITIHFAER

RE7R U A7 OHFFANICH D L E R D,

# 6.4-1 RFEAR PMys ITFR D ERBE AL UE
HA COkED L B ® L wHO®
PM,s | 35 pug/m’ (24h) | 35 pg/m’ (24h) | | 25 ug/m’ (24h)

15 ug/m’ (Iyr) | 12 pg/m’ (lyr) | 25 pg/m’ (1yr) | 10 pg/m’ (1yr)

(1) National Ambient Air Quality Standards (NAAQS)

(2) Directive 2008/50/EC of the European Parliament and of the Council
on Ambient Air Quality and Cleaner Air for Europe

(3) WHO (2006) , Air quality guidelines, Global update 2005.

JEARFE EDIC I D PM, s I 234 5124720 . 2 Z TiE. (i) BenMAP Tl PM, s
Ik L CRBIBEREO R AT E LTS Z & (i) BINTIZE S 255 L L
TEBRERENRES N TN & (i) SN 21T O 720 O m IR R4 E O
T NRETH -T2 Z L 80D, FFEHEE HRITE DORE L~V 23T 5,
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6.4-1 K OK[EBREE(£#/)5 (U.S. Environmental Protection Agency; U.S. EPA) *' KX
i) N B R ZEAM 1 (European Monitoring Evaluation Program; EMEP) **|2 X » THIE &
72 PMys SRR EE OFFH 2R L7z, FFEMEIL. EMEP KV AFCTE T —Z DR

THEILE 725 2007 FEFOHLDTHY . JLANZ, R 6.4-1 12317 5 WHOLKIE/B A/MKINT
DEHZRNLEREEEAECTX S LI D ER>TND,

Al b 667 LUAEDALBE 21T 2 MEM R Z RT Z LT TE RN NR, 7T A
TIN, TANT R, EEALE, A D PFETHE &V o o AUERE T JE T
PM2.5 2 Y WHO OFEEHMETH 5 10 pg/m® £ 0 b+ BN 2 & B3R T& 7=, Zh
iDECEﬁW%TiPMN®$¥W{1E1ﬁ<&ofwé’&ﬁ@ﬁﬁﬁé

BB, Felko L0 | D EE T Témm~m%&f@me$£%f@1w
1% 22.6 pg/m® THH ¥, ﬁ%&iﬂ@é%@@ ACABREE 2 0 HiEE 0 E PM, s IREE T
EWVRILIZH D Z LR D,

i

;
oy

i

i

X 6.4-1 KEBRBEMRER (U.S. EPA) K OWKINEARFEMFHE (EMEP) CHIE Sz
2007 FEIC BT D PM, s SRR B

(2) HEERAADFFEITES T
KA & D NREEREL, BCRICB W CTIEE OIS 2 251 X - TER
DFEIFE D D WDEZ S L DT OB L > CGEHli SN2 HANE N, 2 2 Tl
PM2.5 12 & 2 BHIRY 2 B 12 1 0 395 L2 MR 2R K OB BRERIEIRIC L W BT 2 &
DHEE SN D EEDONEEBERAMNDBMREE T D2 LI > TEDORERDT S,
FEFRE LCADEEND R D ZEPMIFFCEH00, T NVDE X FIZHESEHF
T 5

31 http://www.epa.gov/airquality/airdata/ad_rep_con.html
32 http://www.nilu.no/projects/ccc/emepdata.html
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(X 1) 1T % AMortality (RRUFGICER T 2EHOEAL) X, x5 LD
population (BFEAN ) BNEZWFERESFHE SN D, K 64-2 1%, NASA O SEDAC (the
Socioeconomic Data and Applications Center) Z723 B L TWAHFRD AOBEESD 9 b,
ALAREE D R OEEM T O OZRMY £ED-bDThD, vk, NAEET —ZIX
2000 FEDOHERHE & 2> T 5,

e R bk & LA 5 ek 2 b U 7235, RS AR ORI S L 7 D Hz%azg}\ HIZ
RERENDHDENRTERND, HIJIET/T L7c PMys IRE B HETE X125 :H:Fﬁl
J OV O JEDHSIZ 31T DR Y 2 713, BLRIZBWTOREIZEBIT 560 L0 AL
IS NWHDEBZ D ENTE D,

BRI MO E S H 5 WE, S 2b—ra b ESNnD EC BE~D
ThHEBEZ D E NMREEFEY 27 OKEE B E LT BC &2\ E LAC HEH &4 (X
BT AT NN EF R D,

728, BATO MARPOL 73/78 &K EE VI @ PM HHlIZ W\ Cik, BB O 7
DEIEE 5 7> TEY, ZHUT K- THiEHE & = OFREK OHEHERED & PM HEH &2
KIBIZAT 52 L &2ZORHEE LTS, AMRMEEEEICHT 2 U A7 KEZE Y &
T 554, BC LBl & Z OMBEKORBIC Y A7 KBICRTT @I NI b, &
FILRE R 2 OBIBUC X B HilstE & 7 O REAR ORI & 13225 2 & MBS S h
HREELEEZD,

33 http://sedac.ciesin.columbia.edu/data/collection/gpw-v3
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6.4-2  ALABEEE L OB E T 12 351 B 2000 4E00 A 1 EEAS A
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6.5 LBEIZEITEMMD TS v I h—RUBHHICHT 5 ROBEEDE LD

INETHHLTEZLOIIZ

BHEND,
{7 I 2 70
CHBSNDID

v 22 TITBS A E 720D,
BT AFENICHE L T/hE NG

. ODPEHEFEHIE, @QvIial—rvay, OFE-ERLKV®
NARMRERRE 52788 % 3 A & L C. Non Arctic area & (8 Arctic area |
WX PR DO MBEMEIT TRRIZE O
& OFFqllEh 2 BE L TR G
O E
WM IX Non Arctic area |

BT BHMAD S D LAC HEH

 RFRJELDE O R R E LI ADR & OB O

X e B DX
fEism T 5, Non Arctic area |23\

Arctic area |

TIIIAADOPEH EFS- N HRAIIC R TH 20%RE L IEFICRE RO —>TH Y | [FER D

MREBRTDHZEL—2DFEZHFELTHYES,

% D—7F T, Arctic area |23\ CITAAHIE BN & O KIE 2OV RICB W THIFF SN TR Y |
EFFEICOW TR AIS R EE2IERH LT, Jl&EiE =X —THMENH S,

# 6.5-1

Non Arctic area & Arctic area |

T TEREOMBEMEOE LD

Non Arctic area

Arctic area

A S OHEHF 513 29%FREH Y | %t

A S OHEHEFH1T 2%REH Y . H»

By
A

HH, BC WKL bIREH Ry D
B X A WRERE & F O RFEK DK
PEEIELIRETLEZLND,

" ROMEMTEETE R0, Oﬁ%@@@%%@bf%\éﬁﬁw&
e IEFRLVANVEBETHDL LRAEIND
72, Non Arctic area (23517 2 X5 D3ME
IhbEEZLND,
RELALTOFRERITELZOPHE | REL LV TOFESERIT EFLOEHE
R LATIE R, 5 LT R,
L ALtiE 2 31T 2 [ O B iR 12 G- | ARV 351 D AR [ o KU R 12 5
o A DM IT IR T 1%L, A DWNMAT T IR T 1% AL,
F o, R TRE] IR DL Arctic | E 7z, FEERE] J112 % D EE L Non
area & ZR TV 700, Arctic area & 22T 720,
BIRF R CIITEAE & O LT, BERA | BIRE R TIREE =2 HHIT L <. BRARA
- i EIZE L TV D ATEEE IRV, 7272 | RICE L TV D ATREtE IR, 7272
L., AR T AR AMEICOWT | L, ISR 2R AR EIZ DN T
T B DREE DI, T B E R DR
BILO PMys O RKFRERCADO | IO PMys O KZFHE K OEZD O
e NBOBEENSHEIW LT, *EROMLEMER | NOBEE S HWr L TR O LB

INEVY,
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\z
5

Atk ABBICRBIT D7 T v 7 =R AT o 0ROLEERZRFLERE L THTZD
X, BT 07 — & 2Bl PEEGAS R SIokt LOR L, Bz £f o 72 L Tl
IIENEHETH D,

O TT I H—IRUDERELMFOMA E OB

R 22 RN T D B2 BB LA, 77 v 7 I—RrOEFE LT
WFHFFEZFFO LAC E L CERTHZ ENEE LU,

SEAEEICBNTIE, LAC & LT, EC+OM+Ash & L, 7oF ONFAREE
HENET  — BRI ERSE Lz, Ziud, BE~OREL L OIL2M O %
WolebDTHLH, A%, EEILBBIE L ED THL 72D, iirbn7 7
7 =R BT DI FRIRHEIC BT D IE A ICINET 2 ERH D,

L, i EORIEESE LTHRESICHHAIN TWD LIEEX WK THY . £D
B4, SRR L7Z A MHIERE KON FSN (7 4 )VH —AE—7 F L=k R K%
HBIHNCHWA Z LB THDH EE X D,

FRIEIC LD PM25 & 7T v 7 —R OB

AREZ V2 PM2.5 Tl BUIRZ < ORREAIE & 2 OFTREIK R RO 7 BIFRE & %
SEENTVD, AMREREELZZEL T, PM2.5S OHEHRESZ TIFWGEEITIE,
BiAT MARPOL Fft)& 3 VI O 2 FIH L T, heletE 03I O < BREH O fic
FHNETFTTDZENETEREIND, ZHUCE > THIF SN DHIEIX, LAC H 50
X777 =R DIHZEXGIT LIt (72 & 21X DPF)72 EIZ &L - THIRF S v 5 HI
WELID BIEDEIMNICKREN, 5T, 77 v 7 W—KROXFROMLEVEDFH®IZIB
T, ANMBREFEEZ a7 v bE LTHRY BT 2 013@8 Tldlen,

7T 7 =R AR T D RO MENEZRETT S 70, £ R KU B
L CGRHli T & ThH D, ZOFE, HbdElh & ERuEORFROE{EZ T R
RA LV MELTHETARETH D,

RE. AREREEIZOWTIL, Arctic A ORAEEE Fl & U7 A RER IR
WZB T Ao EREAEERERIZHBE L TT 7 v 7 —Ro 72 81Tt LTHEss Th 5 Al
REMERDH D Z b, FHliT A2 RETY RRA UV MCEDDIRETH D,

Arctic I[ZBIT DN DT Z v 7 h—R &

715 % D exactEarth Ltd 3 &3 26782 AIS 7— & Z1EH L T, AWM R THRE
DEOAIEE & R O &7 — 2 Z2{Fk L 72,

et 31T 2 AR OTEE & KX O LAC $EH &7 — 2 2 %i 3 5 12 b 7= - TiL, dbi
66° LIALOWRD 5 6 FaiE 257~k 457 (70 ALiE 66~80° DA “Non Arctic
area” & L., ZNLA Ok 66° LAb DMl % “Arctic area” & EFE L7,

Ty 7 —AR P BEOMBEN A D L AU UTET RERIZER LT
BY . Ak 66°LEIZ I 1T 5 LAC TR 2 2,161 Mg/year D 2 B, £ 82%D 1,770
Mg/year WARFZE TEFRT S “Non Arctic area”’ N THAEL., XU T[T X HlD
“Arctic”N TIEHI 18%D 391 Mg/year Tdh - 7=,
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® Arctic (BT DHMMNEDT T v 7 —R P EOHHFE5EIE

Arctic area ® LAC % FRR K SGEF & 2N THRAERZ E D7 LAC g EICxHT 5 %
HRIF 2UBEELRESND, ZHIK LT, ABTVFETEBERRT A AT R
£+3T D Non Arctic area Té?iFngO}ﬁEf% X29%FRE L HESND,

P> T, LLEDFERERND, RROLEMELCHH A OBFHI W TIE, WE Z RIS
RO EVDHEYETHD &%"X_éo
Arctic [ZBIT AN DT T v 7 I —R o O R{HIKREEENC 5 2 5 8

EMRE D EC O TIERER L OKHEREICHT 26 0FHIT, ¥ Iab—
Ta COFER, RHH R RBEAEN D R S B SN D AL E2E Kk OV DEIIZ BT
4Kk L LT 50—70 ng/m® DEPFHIZ & % DIZ%F LT 5—10 ng/m’ & 72 ¥ Arctic area & Non
Arctic area Z & CaRED NAHEHFRICK LT I10RBEDOF SR H 5 Z LN EE I

%, WIZ, “Arctic area” TIEX, &fK® 0—70 ng/m3 (Zxf L C, &K T 5 ng/m3 FEE T
HYVREL~LTUIOUTOHFETHZ LFHETE 5,

tﬁl B DAL TRH T, BB LZ 0.32-0.48 Wim® OFEFHICH 0 | Lk
BT 52O FEIE, £ ORI ITRK 2 %&F_@iofwé B b R
k%b\k%z Hbid 7 HITBEW T H AR RZ22I2361F 2853 135K 2%FEE 1T %
HEEBEZDLILD,

7 ADO—r A5 OMMN S DT T v 7 —R U RERIT, IEOEREDRE SN
REFR ERFLEIC L > THHIREY 7 AL LEHEN L R%ETH D LM T 5,
ALHEHIE D O ZZE L ThH, R L 097 BE L TORT LS/,
AR T T 7 T3 — 7R KT D %R OB

OHEHEHEGEIE, @V 2 L— g N2k 5 RMRELEE)., RO @4 R
e LT, FHiT o RETH D,

EOF il 2 B U CRAERIZRHIETT 5 0%, EE D E o fa k<o B AR & o
HE OFEAEVER SICRBIND 2D, I 2 TIEBAA E 2008, B%IT Arctic area |Z
BT 25RO MEMEIT Non Arctic area (23517 2 ZAUTHER L T/hSW SR TE 5,
Non Arctic area (233N TIIAMMADOPEH T 523 FAVIZ R TH 29%FREE L IFR IC K& 72
HID—>TH Y, FVEROMREAELT L2 —2DBRXHE L THVED,

% D—7J5 T, Arctic area |23\ TIIAMTEEN & O KIE R ORI W THIfF S L
THEY, FEEHREICOWTIME AIS REEZEMA L THIERHREET=F—T2LEND
o

— 160 —



7 5 v h—RUHHREABE L ShHHE ORI LRE

AN SHEHEIN DTSV h— RO DEIFEEMELT. RBETIET—EIILHLFT4/)L2 (DPF)
HLFTEXRISN—LGEDRNBEEZEE LGS L. THEBAOERMREEL C ElMo AEH
[CERALTIB A Z R RELIZ. ZLT. B R DT SVIh—HRUHHEDHIRE REXEAE LY
HEL. TSVID—RUDEIBICHRERIAMNMMEFTEALLTEE TS MAC (Marginal
Abatement Cost) [Z&>TLLEET@L =,

BREOHER. T4—EILHFI1ILE OPREEXRITNA—IENT L ABER# LY MAC HYE
LN THERIZN—IKOHKLEZTHT . —EFRALIZBKEEZBICHKT 24 —TIL—
TARXERW=RI5/3—D MAC HEEE/NEETESNT=,

MDD TSV IA—RUBEHEDHIBR RORHMALELTIE, FF ICE 77 ADMMEXTRIC
TA—EILRFI1ILE (DPF) RBXRITN—DEFLZHLELI-XRERER. FEMEBIZEH
ETHIENEFLEEZA DN, FAKHEO C E@mM L A ERMADIERRIITSVIHh—RUHHE
DHEIBEMELTIEARMTA—T U RADEN,

s RSP —ERRICEVWTAREREZEIRVDEREZERT HEHRICE. REBERUVE
DIFHEKDIERIET Ty I A—HRARR MAC KY/NEETESNDHIEMN G, ECA-S DEBMEELE
BFORHBDOREAZFRRTEEIEALND,
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71 MMM SHE SN DT F v I h—AR U HEE ORRIE A A R B il

a2 HHEH S D PM OEIEEAN & LT, £ TRREMER RSN A U — L o/ &
IRBECER R AN BT 5D, LavL, NOx @ IMO (2381 e EUETH 5 Tierll K O Tierlll
KGO 7= OB EIC L D PM HIO HHEEIZ D2 oo TRV, F7z, BEFHBIICx LT
DEHRMTLHRETH D, DI, MHRPLE L SNHMAAOMI N ERER L ~L THE L X
L5 Tierll & 2 WECKERC SV MEALEIZ Z 8T 2 RIS 42272 Tierlll Iz iz L T4
KBz s, BEEERTOMSTEH LW EEXOND, M, T4 —BLRiT7 4 L%
(LLF TDPF) o, ) R A Y T /3— (LLT TWet Scrubber] &9, ) IZRESN D%
SLEREE B IBETFAR A~ O XIS b A S TH 0 | E /N TS~OXMIE b AR TH H &
E 25D, 78%. Wet Scrubber [IA SOx AN X3 A1 CTH 223, %35 &
IR IRWEDOBREICHLIER S D LS TN D, T2, A Bl ~OEHER (LLT [Fuel
Switch] £\ 9, ) IZL > T, PM ZHIET 2 & W2 B2 HIET + —E/LVABBHEICBWTHER
Tholeloh, KEREZNEZIZFTLHEGZ L,

LAC HEHEDOHIEEAT D 5 B, OREBREIR A% bl S E R S, 22 >@F Ok
HHTEE 50 ORI (ECA-S) MALMRREHI TRRE SN2 & &V ) oD
TIE, RBEER T 72 P = DU ARIRIZ1 © LAC HEH B2 RIEICHI T2 2 L 3AREETH Y
NOx & O SFC HIllE & DZ 3R D v D, HIZRFTE REREZ T Cle < | (REREI O A
HHET 2AE TIHEERENES LOZOEORIELREEEH LY, 20X 5 2T,
BT CHIB DA MHE T 207 4 —B KT 7 4 VX2 ((DPF), QAR T /8 —(Wet
Scrubber) &z @A E il ~DBREHIEH (Fuel Switch)D 3 S EHMTAIIC LA TH 5 LT 5,

A BEHUSA~OBREHR I, 72 & X ITHRERIRAT A (LNG) ~O#a# X ALiE T ORIk
(R O A3 FTHL ECA-S DR E LRI LRWGAICHEECH D 2 & | PREESCEIT XIS & 72
HHEBIDE D7 LW E LTTPRINEE LN e b, BRINLT,

LT, OF 4 —EI/WVKLIF 7 4 L% (DPF), @A 7 7 /3—(Wet Scrubber) & @A FEH~D
PREHEZ L (Fuel Switch)DF L E 2 55 3 SO HOWT, BEESCEkICISIT 5D EC 22 & D
IR, A EES L7z LAC 2k L THEETE DHIEEREB KO, 2o a2 MoonW TR
L7z, FEMIICOWTIE, BEER ARV,

711 T4—EILHFT 1 I)LZ (DPF)

DPF (2 X DRI E DOBREFEIZOWTIE, CEEREZR E bR 7.1-1 KUK 712 O X
ICELDOLND, ZhEx, LACHEHEDRERE LTR 713 DX HITEHE L, &6
W2, AL IZ B W TR b 2 < HEH STV A BETIR (10,000-30,000 %8 ko, SIS /)
19,950 kW, FHIH T 11,251 kW) ~O5 2 &FEIC, o X N EEfla X M &2F 7.1-4
DEIITE LD,
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# 7.1-1 DPFICLDT T v 7 H—RE71% PM AR ATRE R B9~ 2 FAA G R
(AR Bk MGO)
Study/Manufacturer Reduction potential (MGO)
PM OC/OM/SOF | Elemental carbon
Tsuda et al. (2013) 70% ~ 0% “Most”
Majewski (2001) 95-99.9% (EC)
Corbett et al. (2010b) 85% (BC)
Liu et al. (2008) 99.7% (EC)
Huss Filters (2014) 99.9% Not reported
Dinex (Danish EPA, 2013) 93% Not reported
Lauer (2012) 55% 30-60% 99% (EC)

% 712 DPFICL AT T v 7 h—R£7-1% PM B AT RE R (B4 2 A fk 5
(EEEAEHH HFO)

Study/Manufacturer Reduction potential (HFO)

PM OC/OM/SOF Elemental carbon
Tsuda et al. (2013) 50% ~ 0% “Most”
Mitsui O.S.K. (2012) 80%

# 7.1-3 DPF (2 X % LAC #EH EHI AT

PNEN=R

AEE.

Black EC OM Ash Total black | Emission Emission
carbon reduction reduction reduction carbon factor HFO | factor
definition potential potential potential reduction [g/kWh] MGO

potential [g/kWh]
LAC 85% 0% 85% 37% 0.335 0.211
EC 85% 85% 0.040 0.006

# 7.1-4 DPFIZ X% LACHiH&ED A (20 MW engine)

Diesel Particulate Filter

CAPEX (incl. Installation) [USD/kW] 121

OPEX [USD/kW/year] 21.9 (including filter replacement)

Fuel penalty 4%

Lifetime [years] Actual 6-8 years (but unlimited in
calculations due to replacement included in
OPEX)

Off-hire days 15
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7.1.2

B RS 5/3— (WET scrubber)

BAXA 7 TR L DRFIRWEDOBREICONTIE, AR ENDER 715 LD
WCEELDODBND, ZhE, LACHEHEDRERL LTE 71-6 DL OIZEIH LT, SHIC
MBI BV TR B2 < A STV D EEFEM (10,000-30,000 #2 k>, Efﬁ#a%z%’a%ﬁ
19,950 kW, FHHT 11,251 kW) ~OiH 2 &5AIC, = X R EEfla X M &2F 7.1-7
(A—=T 2 N—T) &R 118 (A —T o N—TL I a—AN—TDONAT Yy REXAT) D

LIlcFE LD,
k., BRA T T 83— 34k SOx HIFDO-DICBEAINS DT, ZHbDa A M
Ak SOx HITE E LAC B L3 T D5 _RELDTH LN, ZTDOEIEDFKEIC i%%ZXb

DOREREVDVETHLZ NG, ZZTIEETLACHIEO =D a2 N ThhH EREL

TWa,

7 TAEDOFEIC W TEHEAKEER PRI > T RWnTzsd . AT T 3= DKL
BT OWTIE NaOH OHBEEDAZZE L TNWHZ &I
B ECOREELEEREE) .

7a—X RN)L—7

IR W TIX
EHEWE OBRENNLIEIZ D &R

EO5—10{FREICHR EN A b EZDND,

TREEINZDY 7V v RO
B2 BC RR0F 1Ll
BWTIMO TAEINGE ., BEKMEE = A N 3E

# 715 BAXRT T 3—2 XD PMHIATEER (Lack & Corbett, 2012)
Measurement ECTOA ECTOA PMz PM1.5 PM1 PM0.05
Reduction 55% 70% 98% 74% 59% 45%
potential
Fuel type Low sulfur | 1.5% HFO HFO HFO HFO

diesel Sulfur
# 7.1-6 A7 T 3—|Z X5 LAC HEH EHIK A e &
Black EC oM Ash Total black | Emission Emission
carbon reduction reduction reduction carbon factor HFO | factor
definition potential potential potential reduction [g/kWh] MGO
potential [g/kWh]
LAC 50% 50% 50% 50% 0.335 0.168
EC 50% 50% 0.040 0.020

#£ 717 A7 T AN—=ZLD LACHHED 2 XA N (A —7 2 /b—7" 20 MW engine.)

Open loop scrubber

CAPEX (ex. Installation) [USD] 2,500,000
Installation [USD] 1,900,000
OPEX [USD/kW] 6.9

Fuel penalty 2%
Lifetime [years] 15
Off-hire days 20
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# 71-8 AT N—|ZLD LACHEHED X N (/17U » K 20 MW engine.)

Hybrid scrubber Open loop mode | Closed loop mode
CAPEX (ex. Installation) [USD] 3,100,000

Installation [USD] 2,300,000

OPEX [USD/kW] 6.9

Lifetime [years] 15

Fuel penalty* 2% 1%

NaOH consumption [m’/hour]* - 0.15

NaOH costs [USD/m’]* - 157

Off hire-days 20
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713 A EHADPRBELH (Fuel Switch)

C EHHAD A Bl A~OREHEIRIZ L DR FIRWE OREICHOW T, AR £ 5
£ TI19DLHICTELDLND, ThE, LACHEHEDREFR L LTHR 7.1-10 D L H ITH
HL7e, 61T, FEROBEHMEEICOWTITBR A 1 > 7 L ¥ DEOREA M Uik & LT
E L, Bk EF-# % IEA @ World Energy Outlook DO L L CHET S &,
71-1 XYz TFREEND,

£ 719 BBHEHIZ L 57T 7 B — AR U HIBFTREEIZEI T 5 A (Lack & Corbett, 2012)

# 7.1-10 A EhEEHLC X 5 LAC HEH EHIE FTRE &

Black EC oM Ash Total black | Emission Emission
carbon reduction reduction reduction carbon factor HFO | factor
definition potential potential potential reduction [g/kWh] MGO
potential [g/kWh]
LAC 76% 0% 100% 41% 0.335 0.199
EC 76% 76% 0.040 0.010
HFO (usd/mt), Central MGO (usd/mt), Central ®===* HFO (usd/mt), Low
""" MGO (usd/mt), Low == == HFO (usd/mt), High == == MGO (usd/mt), High
1,400
100 —MmM8M8M8 === T
1,000 e — ===~
v
§ 80— o =—-===—== e
S oo -===-
D 600 Tl e ccccce e st et e s e et et e ee e e e e ees e e eseeeeeseeeeesieesseeeeeseeeees
400
200
0

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

[X] 7.1-1 HFO (C Ei#) & X MDO (A HEil) OALMEIZ 1T 2 [k
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72 T3v U A—RUHHRIERD R MEEi

MAC (Marginal Abatement Cost; 1g ® LAC HIJHIZ 202272 =2 Ak Zfifin O F ik & U TRkl
T2 b0) AEOBFN LR ER 72-110, /o, BEMT & LTRIELT 3 SOREHF T
VA% 72217 T, MAC RHREICEBWTIX, MFiIck T 28 &MEL e LT, #5|E
IZOWTIX 4%ICREE L, H7o. BB O ST M (life-time) % 10 4E & L CRHH %
T2 TVD0Y, MPV DFFE EIZBEMMOEAM & L C254F & L CHE L TW b Ekifiof
ZhEATE ARSI XA OPEX & 6120 & LTHRE 72 LA =T v /ba X MI2SETEES N
%), ZORER, A =X L3 X MIEDICEHE SN D, MAC OFERBREEZX 7.2-1 12
N I

WP OBREHIFR BT 2055k T U BN T hH, 227 F3—0 MAC 2o A HE s
H ONDPF 2B L€, RS EHE SN D, Zhud, A7 73—0iEH 2 A b (OPEX) 23Mtthod
TOOHEMITHE LTSN EIZEK L TWD, 2 TH AT T = KOPKABEZ{TD
P —ERH LA E b ICEE T A —F =T HF R E AW A7 T 3—D MAC
PWNSLKEHR SN D, £7-, DPF & A EMSHIZIET 5 & MAC Vs EHRE LD,

PUboz &nb, BB W TR A RE LR 21T 5 HEIiE, A7 7 3—%F|H
L. —#B DPF CTHisET 5 Z L Ml Th 5 L &2 b,

* 72-1 MAC FHRIZB T D RFHSAE:

Element Assumption

Evaluation year (year of NPV calculation) 2014

Price year 2014

Currency usb

Discount rate 4%

First year of technology 2016

HFO specific fuel oil consumption [g/kWh] 190

Time period The residual lifetime of the vessels, but
maximum the service lifetime of the
technologies

% 722 MACEHIZBITA3 >OKRFKF TV A4

Sensitivity parameter Low Base line | High
condition

HFO price [USD/ton]* 561

MGO price [USD/ton]* 876

Ship residual lifetime [years] 5 10 20

Time operating in the Arctic | 4380 8760

[hours]**

Interest rate 4% 8%

*Rotterdam prices January 27" 2014

**Corresponding to 49,279,380 kWh for the specific example ship
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M Cost of reduction (USD/g), LAC

0.45

0.06 0.06 0.07 0.09

B I N .

Open loop Hybrid scrubber, Hybrid scrubber, Fuel switch Diesel Particulate
scrubber open loop mode closed loop mode Filter

72-1 7 F v 7 B—R AT O MAC (fitdhi % USD/g-LAC)

m Open loop scrubber

m Hybrid scrubber, open loop mode
m Hybrid scrubber, closed loop mode
® Fuel switch

= Diesel Particulate Filter

Central Ship residual Ship residual Intest rate 8% Reduced time in
lifetime 5 years  lifetime 15 years arctic

722 7T v 7 B —R ARSI D MAC (USD/g) DR fEAT,

LAC. Scenarios: reduced and extended residual lifetime of 5 and 15 years, respectively, high discount rate

of 8%, and reduced time in Arctic of 4,380 hours corresponding to six months.

m Open loop scrubber

m Hybrid scrubber, open loop mode
m Hybrid scrubber, closed loop mode
® Fuel switch

= Diesel Particulate Filter

Central Low fuel prices High fuel prices Low NaOH price High NaOH price

72-3 7T v 7 B —R ARSI D MAC (USD/g) DR fEAT,
LAC. Scenarios: refer to Figure 11 for low and high fuel prices, low and high NaOH costs of 52 and 262
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USD/m®

® Open loop scrubber

W Hybrid scrubber, open loop mode
® Hybrid scrubber, closed loop mode
® Fuel switch

= Diesel Particulate Filter

Central Low Scrubber High Scrubber Low DPF CAPEX High DPF CAPEX
EX CAPEX

72-4 T T w7 H—R HEEANT O MAC (USD/g) DI FRAT,

, LAC. Scenarios: low and high CAPEX incl. installation for open loop/hybrid scrubber of 3.7/5.1
and 5.1/6.0 mio. USD and low and high CAPEX for DPF of 1.7/3.1 mio. USD.

m Open loop scrubber

W Hybrid scrubber, open loop mode
m Hybrid scrubber, closed loop mode
® Fuel switch

m Diesel Particulate Filter

Central Low Scrubber OPEX High Scrubber OPEX  Low DPF OPEX High DPF OPEX

72-5 7T w7 B—R HEEANT O MAC (USD/g) IR FRAT,

LAC. Scenarios: high and low OPEX for scrubber of 3.9 and 10.8 USD/kW per year and high and
low OPEX for DPF of 15.3 and 28.5 USD/kW per year.
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73 T3y h—RUBHREDRHEH

RO = X FEHEITERFG 10 FOBEFREZXIR E L TTo T, Fridhosa, @I
LEFEDNEFM LV EL 2D 2 &0 5, DPF 2 WIHiE A 7 73— L REHEH & 0 MAC
FZEFEICREL 2D LAC KD 7012132 O L 9 7R % ALBREE & (HT 5 2 & THRRIC
FIFRIFEE OB RS HIH CE 5, L7d> T, BEFEM~OmHIc >N T %)xfr%mz%#
biuT=a 2 MABEEBIICEZ D2 b ARETH D, 7o, EC I X DB NLE R
DORFTROEEL, FEHENO LAC OB RREICREIN D, 7L 21E, FEREOMEG
RICEET DO LACILEREL LTUT @E 1 » AREOOREEELZZREITIUIIVWEEZ L
o, RHDSEIED & Zoﬁkﬂjixﬂ'% & LTI 7210 Ce < BEF~ O H 217 -
T2 DR E O KIEZ2 AN 5 Z LIXE 9 FThAe,

FERIZEBW T, *KAZ1T 5 %6 . Non Arctic area D5f & OEIKIZ 1T polar code 2% H 7z
W2 ErD, FEICE 7 7 ADMMPIHATTE 5, Z 072, FEBICITRICERICIB W
DUFE N5 DIEICE 7 7 ZADIAADOERAHEIM L TV D Z EMBE X LN D, KR O A
& LTIE, £TICE 7 7 ZADfifiaa x5 FRtlicm Lz L 9 IR 7 F 73— & DPF & Hl»
ELTxbR A B, FiEM e DICRET L2 ENEE LN EEZ LD, REHRHR T =2 2
NMENT OFEF B L2 X 912 LAC HEHE DRI E L TIEMAC BAREL T A hXT7 4 —
~ L ANEN,

findi, RNT 2 U =725 RIZE W T NRRFRRE Y 27 OB EHR T 25612013, il
K O OAFREK ORI MAC 13 LAC K MAC L0 /hS<EREESND Z M5, ECA-S D
BINEE R ERBEFORR oML EZFIHT 2 2 & B2 bl b,
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8FLED

AETIH.FIEETORNREEELTLS,

AN SHEHEIND TSV Ih— R DEHMEL T CNETOXEAE TIE PM BFTX DR ESD
MIZASHTEIN ST AFAEBETERL-ERFROER. KMOHEARPICTEEFNDIFT R
FDIFEALTE PM,s RBEDWRFTHIEEZOND, F=. L LHEINDE TSV Ih—RY
F. BBET—EILEEISHHINDIILDLEEL>T OM DEELNEL. R, oHtcndd
FYIH—HRUIZ OM B ETHILITKY . RBETE. b oI d TSV IA—HRo % EC
& OM W E—DREFEFHRUALFZHFUEERTLOELT, BE. AT HE T £AIIZEHEL
T=o

EBEICHITEMMOAEDTSVIA—RODAIHERICHTEFEIZOVNTIE, 5D
exaxtEarth ftRETHHE AIS T2 ERALTRENDEVWEBERUVHIEET —2%ERLT:
LTAH g 66° LB ETIIEMEZELTT AORMEBENRLZL. 2 ADEEENRLD
5.7 BOFEREBELG ST, Tz, ZHOVNEMTHS AIS V57X B #BEHL-MMOEENE L
SIS EED 5%UAT THY. L& 66° ~70° DFSHENILIE 66° LUILDFSHEDH 50%%
H, Lig 66~75° DEFEEIFILIZ 66° LULEIARD 92%&745 o1, dLi& 75° LU DMMEEIE(T
BEFRUMFIZESLTLD,

DRal—lavIti b oINS T SvIh—RODEEFMOER. KRERTEICH
(157590 h—HRUBEICKHT HMMNEDEE (T EARLLTIEL, “Non Arctic area” T 10% K4},
“Arctic area” TIXBIZDGEEHIENFRINT, £, BB LEICHITHRST AT AIZ DT
(X, MICEDZDEMA L. FEHTRR 1%ERE. RDEENBEINDS 7 AICBVLTHLHRK
2%RREICBFOCNV A EREORFEOELICOVTIK. EZ 1 v AN DIRBENFHEITE
LB EDREEOELDHEIL. BEDEKNEZICEITIERTYIMETIHEDBREL
DEFH(CLEBEL T/ MSWEERETE /=,

TIVIN—RUDHHERFRADVOFETEERICEFLTNAIEN S, BB R IEMMDE
FEHAKEL M OMMOBEEFSEISHKRELV Non Arctic area” TBEMIZITINELEEZOND
M. "Arctic area” (5%, MALEHE DO KIBLBUNFINTEY.AIS LEEFRALTSERLEI
EREMMEESEZXTT-ARA—T HAULENH D, £1-. "Non Arctic area”’ [CEWLNTAKBREZE(ICHT
BVRAVEEMRT HIHEIE.ECA-S DFRBELGE . MBERVZTOMBEKOBHHEREZBMHEL
EEOREALTERTEIEEEAON D MKRBLEFHRGERREF DABEICEVLTIL. B
EMOHFMGEE TR T IR BREDLIGIEENBEINTOVENIEAL, IKRELIEEEME
LI-REIE= 2L ENSEBEITLDHEEZOND,

EBEICETEMMNED TS5y h—R O HIEEfTE MAC (marginal abatement cost) &
LCEHiEIL =15 & . BEEMTH O TH, TA—EILHFT1LE OPF) RLBHXRIF/N—DAMN. C
EimHo A EH~NORPBERBRIVEIRIMKRIBIZ/NE BFITEX RIS \—1E, I KEEDS R
DERICES>TITHRIARIDKIBICEEMT HATREMEEH DY, SOx DEIBELBLIZTFVIA—RD
KIBLZHIFEANBAFTEREMNEEAOND, METEH N OCERORFNEADFZEEREHIRT 51
OIZIE., FEMZT TIE KA BEZMITI ARFEREED I N TOMRMERNRET HIENEF
LWWEZBND,
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8.1 MMMNLDT T v I h—HRUDHHERBROFH

i 2> B O PMPEHIZ SV TR BC LIS ORBAIE . O Z O REK b L < G EN TV D,
MEPC (Marine Environment Protection Committee : IMO ¥ FERE(RELZES) ITBIT5
B\ T, Ziub Z RS L 72 LAC (Light Absorbing Carbonaceous JEW N R 52L&
M) L LTBCEZERTDIEDHBHF SN TVWL AFETIEIT I v I =R DER
ELTLAC ¢ 2EXHaWMAT 2, 20K, BBI#ET + —E /B HE Tl LAC
ELTIIARETHEIND EC L LTERT DI ENLVN, AFENTIL 2 B
ECEREIN-T— X7 X% EE LT, EC (Elemental Carbon)LA%#MZ, OM (Organic
Material) +Ash (22T b Z 2 OFEHA S LAC & LTS Z & & LT,
BETF O SR 72 EIZHBWTHAD PM 8 5 W E A A N ORI IEH BT 78> T
Mol ARPFHEICI T 2EMFHN G, RO X A MIZDFEED PMys Al DI
WFThodeEEXDLND,

FFREIC L > TEHII SN PM BT 5 OM OFEIE (82%) 1T RKE WA, XA RE LT
Yo7V 7 LEBAETH, OM OEIERZ W (SRIORIE THRK 74%) .

T AT, EBIEHTEE 2 AV BB T — B LB O PM & 2 M E LAC DOBLIR
ElE, RESERLIBETHD, EBEIC OM BESN T 4 V¥ EOEFEGBEIERT D
&L BAETIEIRNVLDODFRELR>TND Z ENHERINT,

Va2 b=y g UZBWTIELEC & OM 23Rl — OB B 28k UL ERIRE 2R3 6
DL UTRHli 24T 90 ZAUE, IREE B ) OFEM O5E 13 Z 2 OFE & 72 D,

8.2 ALtBEIZHITHAMMMA LD TS v I h—RY (LAC) OAIHHRIZHT 2F 5

7174 D exactEarth Ltd 3t 28782 AIS 77— 216 H L T, HHFRPICARTHRBED
O AREEE B R OMEH &7 — 2 2R L 72,

AERRIEIZ 31T DA OIEE & K O LAC HEHET — % 2%\ 5 10h7- > T, i
66" LIALDWR D 5 6. /v D = — ORI 7R & OTEE A2 & 7 b D ik
& ALRRIRIE 2 & Dol 2 o3 T D 7c 0 AFEFETIL, TR 25° ~Hfk45° | o, db
% 66~80° DFIK % “Non Arctic area” & L, £ LIS DAL#E 667 LUAL DV A “Arctic
area” L EHR LT,

WUTHMTE RN (REHEE &) 127 ADNROZ 2 ANRBD R T AOESRE L
molce 77 A ADIEBENKEI A HD, 2BV TH D7 7 A B OIFH &L
RSB IN S S BIED 5% LT Th > 72,

TR CIFBI B O S 2% & AL 707 LIRS LR 667 LIAL R OR) 50% % L, b
f8 75° LA CTIEEERD 92% & 72> T, Fiz, dbi 75° DHLIZEF R UFKFICIEE)
BPRERLTVD,
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83 ¥

Tal—YavIickbMr oINS TS v h—FRo O

RRE R FEIZBTD7 7y 70— R AREIS T DM b0 % 5134 L L TiE, “Non
Arctic area” C 10% W4k, “Arctic area” TIX B (207725 2 TSN,

JeAmRifE 2212361 2 B R TS OV TR, ARBIC KD Z OIS 13, E B TRKR 1%
TR b W EANRESID T AIZB W THIR R 2% REICE - T,

ft 7 FRE DK ROLALITON T, EFENZVHIBITE ZRIZ BV TREICHK 23
HRLTWDZERENS | B i CTILE DK OTE RICREREEL 52 T L ATREMEI
INEW, E2 B A OIREDBHF LTS E ORI ROZALOFIRIZ, @FHOF
KNEFIZB T DN T I AT 57eE O BRELOHFFAIZ L T/RSWEFEf T
7

84 T3y h—HRUBHREDHRHEH

LAC MBI SAAIZ L D & A o F BT EEMPITIEEI &L OHEHENEF L TE Y |

Jbig 66° LIALIZE 1T D LAC FRIFeHEH £ 2,161 Mg/year D 5 5 ) 82%D 1,770 Mg/year

MAFZETEFRT S “Non Arctic area” WTHAEL, XU THILH FZ D “Arctic”

Tl 18% D 391 Mg/year TH > 7=,

L7eo> T, ZODWHR T, MnOEE &N K E < oo FERIG A K E
v “Non Arctic area” (23317 2 HITBO 3R 47 Arctic area” (23517 2 HIBGRRICE E S D

RELEZD,

ERER K NN D Y X7 ZEE L TH Arctic area (Z351F D %R O VLB X

Non Arctic area (23315 2 ZAUTHEE L TS W EFERTE D,

Arctic area |23 TUIMRANEE) & O KIE R ORI W THIff S Tl 0 | FEEH)

BICOWTIFAIS R EZTEM L THEHE T=F —T DLEND D,

Non Arctic area |23\ T, ARMEFRRFEEICKT 5 U A7 2 @EET 5561L. ECA-S D

B ER & Bl & O O K OPEHERRZ B & U7 BEF O 216 13

LZELERABND,

A7 E R A R RER & b DAL I W T, BIEMSOHM R STk SR A

D KO RIGRITEIH I TV Ry, HICHIRBEAEEEDE LTERYE=4—7

ENREBRULBEIIRDEEBEZOND,

85 TI v h—RUAIBRTOELD

LAC O HIJ8 % MAC (marginal abatement cost; 1 g D LAC HIJBIZ 372 2 A N & fiin D #
SEE LCGHET 26 0) & LTI L728iE . BEfFiRCh-oTH CHEHIMAD AHE
/mm@;ﬁﬂﬁ& ZHEIL T, DPF KOMBERA 7 F—=IZHB N T, 2 X PAKRIRIZ/NS <72
L2 EWbinole, THUZRERBHERIZ W\ Tid, BiEEHE & O OfF K O AT
FTEDHHDOD LAC DHIEEN/NS NI SITER L TV D /IR 7 T /3=,
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SOx DA & & HIZ LAC D KIEZRHIBA IR CTE o720, AL IZI1T 5 LAC AR
WL L TAHEZITH D EFHETE D, 212 L, A7 T AA—HEKEED S % DiEmIC L -
T A7 T A—Dfa A MIKE BMT 5 RERD 5,

S G R B E O FEA~OEE L R E HIKT 57212, *RITFEMmZE T T
L, FER AT T 2B 2 8D 2 TOMMHE MR L THENEE LV EE
bbb,
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UUTICAREEICBNTSE L LI2ER L LTTRE 3 22T 5,

SEGE T RERY TV AT B IR EE K OV BEH ) E R

ZEER 2 B K 5AEER~ORE (EHEZEER)

2Z% ¥k 3 Shipping traffic in the Arctic - Technology review and cost scenarios Regarding
Black Carbon Reduction (3£30)






SEEM R FVFICETHEERVKRST EH AEGE

TRUCRT 32Dk U A2 WL I OIEE &3 705 LACHEHHEN 1 TR EZL< 2D 7
H &% LTl T EC IREE /A, RAE EC &/ A, LAC PR & TR Lo KA &R, M
il 715574, LAC HEHHE CHREL Lo EHl oz nEn a2 5HE Lz, FEBEICOWT, $€ Casel~3
J OVF3K Casel (2% % Case2 & Case3 DESZX 1~K 5187, 2B, ARICERE L-FEICBWT
IZ WRF-Chem v3.1.1 Z FARICTEH M L TV 523, FERFHRIC OV TlE WRF-Chem v3.4.1 Z VTV 5,

[} Casel]
FRFEZSRBA, AIS ClassB, %7213 6,000 GT LLF Ofififix 2 b7e L
FRFERBA LIS T, AIS ClassA @ 6,000 GT LA LA DWW T,
® Arctic area DIEFENE— BPHLO 3 %
® Non Arctic area DIEFENE — BHO 1.5 %
2020 DM A= FETE,

[}k Case2]
SIS RBH, AIS ClassB, £ 7213 6,000 GT LA F OffitiE & b7e L
WRERBA LIS G, AIS ClassA @ 6,000 GT LL_EDOFAIZ DV Ti,
®  Arctic area DiFEIE— BLLO 3 %
® Non Arctic area DIEEI & —  BIHOD 12
2020 FEDEIINZAEE H>> Non Arctic area O [EEEMLA T %R D& A % M 7E,

['Ff3k Case3]
AN ARBA, AIS ClassB, & 721% 6,000 GT LA F Oz DWW Tk, Bd 1/3 %
FNFERBALIZR T, AIS ClassA @ 6,000 GT LA LRI W T,
® Arctic area DiFEIE— B E[F T
® Non Arctic area D{FEIE — WO 12
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SEEH 2
BECLIBERERVERRADEE(CEHI SV Ial—vay
(ERERA~DEETTE)

1. XCBHIC

PR A R ke o BRI 2 2 AR IS D AR RE SR ~ D BT T, 2 BAERERICEB W TRRG
Quiokt4 o4t & U THEREFNZOWHIASEICER L, 26+ 2 BE D2
DOFREMEZARETT2 2L & LTS, AfTIE, BEICIA, RFFICHRE S 2 WEIC
kT DR, MEREY. KOBESBEOZEAZMEL., T o OHRKIEFE~
DEBOFREMEL R LTz, £, B TOFRBROENTND Z &5 MBS
U Tl M Y TOmREF 25 L Lz,

2. EBROHKEDORIIBLREEL LTOF A%

HAFHI I REIEROBEEM E LT, < OMEER D H Y | Nash I & Gries (1995a;
1996b)IZ & 0 | FriZAbfs D HAFE O KRKIEE ~DINERE OfRIE S L COIERIZEB
L72#Ei S £ & 5T 5, Nash I & Gries (1995a)l%. 15 ME (2% 2 HulsdE o gk
B LB DRTF L LT, LTO L) REEEZET T\ 5D,

B (EICTFEREE) & 1D WIEEEO G REEEY (7 2 "7 T

U7 (BEEE) &2 WA AR EEE) OO ML RBIEO ALY TH

HZ k&

EHMTHY, WELBUCEXLIAMTHL Z & (FESICEI Y KRIBREY

BOWELZRT D ENTERN)

(HARKER DKW ET D) [ (RuzBEOHHETHD) 7 F7 T8

MIRNTZD | BRI (MR © thallus) RETZT @Y AT AEZWRET D Z &
Z O BT, MBI TIE I S OHKEIME E T HAERBRBIA ML TND Z &b,
etk O HARFA~OIG Y E O BITERBRSFHTH D Z ENERH STV 5, HiK
T, Fx SRR RKIEEDEIINET D Z EBHE SN TEY | BEOBDCFER
DIET ., &5 WD EOMHEREOIINED 2 I 2 =7 4 LUV TOIRERMLIL TN D
D, BB RINEA T = A LB KON LN o TN D,

FERAEBRFHSE L ZNEBI SR I T EBZONOIRKIGIWEZ R 1ITHZE LT,
AEHBLZ IV v E R EE U TIE, AFORES—RE R TEICHKT 5 S0,°, RMRDOFEA
WO D@, £727 VI = U LKEHHRO HF R ERKRKIGEWE & L ik
SNTELN, AV EOFFH 2 ME, L0 REEEH R KB s ¢ IR &
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ol ETW5 (Nash I & Gries 1995a), A F % F THREBE~LVAF T 2L
(PAN) %1%, FHuAgIZ sk b sk oY L v bkl T84 U Tz,

F1 KRKBLEWE KT 2 O E /2 PSR (Nash 1 & Gries (19952) % £ VER)

AR INE JRA & S D RRTEGE
K ot Bz st D2 kis L %) HeJ® (Hg Ag, Cu%). SO,
B ROREE DR T HaJE, SO,

pINEND SN EPSEDRAS-Z - I
Ag,Hg > Co>Cu,Cd>Pb,Ni (JEH1)
Ag,Hg, Cu>Pb,Co>Ni (&EH#])

VA== @0 3e SO,
Hib (Zmm v R) &5V TE#EE SO,. BAMER, HF, ¥+ ¥ . Cu
(X7 a—3 R)

ZRFELOIRT (7 /77 SO,

T AT o MEIHD )

— 75T, ATk A M RRIG Y E 2 &R - (RFF T2 2 &6 RRBUEWE DL
EREEZHEMNTEH D OO - ZZRMICTHET 2720 OREE LTHETH D Z
EBEMIN TS, ZOEE, ER L2577 F7 FEORILN 72N & FFEIC X
STHRENE(L LN &, SHITREA LRV EEORBICEL Y . RKIGRDED
SREE LT, HARBEIIMOMEREY L0 bEMER DD Z LRI Tn5
(Nash III & Gries 1995b) . HiAHHA W e REULEMSEICI VT, THIEARIHICEB T 5
KEZLBYEYWEIECRFHKTHL | EWIHIREOKICESNTND, & LT
R CTOLEBOWICRERE L RBREBICHEZZTL LV IORELLKIEIH L LD
D, Bl U7z X ICHEE FAEMIC BT HDMOZ UL LR E 2B LT RN &
5. T D EERESOEEWE A WIS 5 2 L ide <. 2B I HIAEE N O B
IEREA R L7\ 2 & 075 Y 58 & BRI R S UL R - ERE S 7 2 &
5b, Y THDHLEEZHLND (Nash Il & Gries 1995b), K&H & O HMASH~DIEYH)
BOWERREL LTI OBMILE OGS 1 XK UM ERLBEEIC L DA IV MEENRE
2 BAL, HEPETEE OGS IR IR E DOILRERCE 2E, T ARMEOWINNE 2 Hivd,
Nash IIT & Gries (1995b)i%, Abfi - HEERIRIZ 31T D EEH A TRE L O AKEH D28
TLHRREICHOWT, HEMRICK T2 e, BEREZEICELEOTND (R2), 1
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(& e ZLO@RILHAE T, BEERAEREL O T - FiHIZ I 1 2 #rm o
FEA, HEHBIZRIT 22 L0 S LNIENZ L2VRINTND

F£2. BEREEICE L OARIE L OALE & 4 0 T3 - # s & OV H FE Hus 2 36 1 2 ik
HOTHEEGERE (ug g-dry weight ') (Nash IIT & Gries 1995b)

Flement  Indusirial sarban Soance RefriFmr Rural Referemeg
L A LT [l Ry
s B2E-11 40 Lunld amaliep Miwking &t &l , 1978 =221 Puckeie, 1073
Cr 4 Michoer and Richardson, 1581 h5-2 Michoed aned Rachagdson, 980
(=102 Puckett, 1978
Cu 15250 kel smeRing Tomamini ¢f al, 1976 n7-5 Pucketn ased Daavon, 19851
- &%) Cupross mock Altrop and Hansen, 1977 ne-14 Pakarines ¢ &, 1978
4.3=11.56 Puckelt, 1978
F 45 - Wy Aluminums umcher  Homedt, 973 19-TH Takels o al, 1974
1601 - i Femilizer factory  Takals et al, 1978
Fe ME0- 21410 e armedling Laakuvyaig and Olkkonca, |977 R~ Nl Pakarines <t al. 1918
1 SN Hicke] smeleing Toasssini el sl 1776 0 - T} Tomuassin ot o [376
Hig [LA0-0KT Chior-slisli plam  Lodesen and Laskuwana, 1979 G009-0 101  Pakarinen snd Hisinen, 1983
Hi LR Migkel umclting Tomaasini & al. 1976 =1 Swhoer and Rahasdsan, 19
LT-33 Puclere, 19TR
b i11-2H Hebstnio Laxkiowime < al, 1976 n4-%2 Puckedt. 978
5 1500-T900 Kauppi, 197 =520 omenssan £f 8, 1978
470 - 5N Sulfate Jeponitsom Takala ot al., 1983 [RIRER | Puckedr, 19TH
pradient
T 5= k5N Vamow mdwifnies  Michoer and Richardson, 1581 T-HE0 Puckeir, [9TR
¥ (B} e | lron smedung asd  Lasksovana and CHkkosgs, 1977 = 1 Michorr and Bshardson, 1951
lemiliter plasa
I S0=-5TH Wi pulp mull Laskiovirta and Olkkonen, 1979 01 T-97 Puckedl, 1978
] 0 = 5520 Ireen smclting and Laaksowins and Clikones, 1977 &-165 Pakarines <t &1, |97,
Temilizer plamts Puikedt and Drrion. Fes]

T=55 I"'|.|r.|r..¢1| 1aTs

France & Coquery (1996)1%. £EK L~ TOPOILEBDFM D=2, B+ & DAtk
WA R T D2 HAKHICHS T AP REZRIE L BERICE DI T XA VT ETICE
FOMKIERS A OF — 2 250, HEXZRPbILE & & BE L OBMREZH LT LT,
LIRT LD, I FHITB T A AT OPORE X, ED LR & & HICRERNIC
KT Lz, ABD YT ETICRIT S 27 hOPOEE L (BRE L~V THEEITRZR S
%) [RERICHEE D B & & $ 2K T L7, France & Coquery (1996)D#i7=727 — Z X,
[FIRREE DREE DBER L D RN LV TH T2, Bl Y U o O HEOK TR
HEITTHEOE NN L D AHEEZER L T D, TO LT, Y CHLNE, EHT
2ugg ' EWV O ED, FREE OILBIRIC IS D IARSEF OPOIRED Ny 7 ST T KL
NILTHD I EERBEL TS (HEFRIZET 2PhlIEDORIHIBIR T2 pge ' & Sh
TW3),
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0

Log [Pb)

i} 1 i i
40 50 & i i
Latitude N
1. HEHFZoMfHE (B kO=ar (AlA) ROAB oo Fe7oar () 12
Lo THIE SN 7-PbibBZEEDOKEE A (BEHIZ X 5. France & Coquery 1996) . 2 =) France &

Coquery (1996)IZ &L 5 7 F Xl O 7 — 4

Rigetetal. (2000) X, VU —>F v RO 4 HFTT, HHE, B, =7 ROMKE T O,

@Eﬁ%(%angmcmcmmA&mAL&w&)%ﬂib\%ﬁﬁ@:ﬁ®kﬁmﬁ
DML T L7z, FERDOITIC LY . mREOBEN L 2 6 ORI OV TG %
IToTefER, FeRPAIFEDL DR E@MWVHBENH - 725H 1 BN HEF X FlskE &%
LD —HT, CAZnE MBI - 725 2 plisr°. Hg L MBS & o 7288 3 plorid, L)
HDREROFEZRLTNWD EEX bV, £72, Cd, Znk UHgld, LV & HIAH
RATHTEN LI H D Z LD, ZRHDILRICONTIE, ABFAERBROKE
Bt DR B2 R CE D FREME A R LT, S HIT, HIAME THEL X ORI X
LEZONTD, a7 10 b HIKIEOIRIE L U TOEMMENRIE S Lz,

3. RXILE OHKRBE~DOREDWREH:

(1) AANT ==V KIFEEREDIZE T DR AR CadD 58

Jalkanen et al. (2000)i%, 7« > 7 > REBIZHT DT A h=T HHBIZBW T, AL
==V Z W KRB DB R O A > h TG0 6 O S5 RERIGRE
HECETOMEZT o7, R3IWCn T EFEIES OFT VANFEILAD 2 ODF A )V =—
IWIEEBHTND OPFHBEEZTR LIz, 25 DOFEEFTN D DSORCNODYEH BT A HA

IRKITFEEFDOZEIER CIMEN LUz H 508, Z A MHEHEIF20-50(512H BV |
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FER186F 1 ko LHERF S 4L, Canddix B < KI20% (36F = h) TV D, £7o,
T AL RTINS ORI FHEH &L, 80 F 1 b U FREE L HERF STV D, Cald BB
LEENTWDEN, 7 4 T RIEEXREO140 kmBf /=% 1 F TS c=7Ta Y
VR OCaDPEAEFREL (BF) NI eRI b TE< (8.8), RFLoR AR
N LINTH T,

# 3. A = — VR ENE VO 7~ Baltic 2 Estonian kK 15 EFTH 5 O EE K NSO M E T
FOFEMRKTHEHE (M /4, 19924) (Jalkanena et al. 2000)

2 POPRESAIL, T 3R LIZEERPEHTHERN, T EHRE OREFT I T
E< . BTICH2 > TR T DA Z27R LTz (K2 0 CaldBEH L UL A3 T
72, AUF EARSHE TRV E STV D), FePCd, SETHRIEOMEAAR S
Too BT OLERMTTHDL AT Y (b X A MEHENRZ N E S TW5, EF
BAMEEERIC L D & B bIBR SISO = 713, I OKI25% 2R IRWE TE D
Tz, o, BIRSNTRFIRWE DL T, SR CTAER SN Z L 2REd 5K
WaxLTnWieZ LhmEINTVD,

B HIEGCK T D MHENR TR & S5 EEMASEOIFE DAL, AA VY = — kT

BATRCA T Y 4 FHEICHIREOZE AN H 5 Z 2R LTV (X3), feics
AL TV DHIARHEIT, MR B IS L D XA M2z TP o2To A 4
ZEERIE T 2, ALRROEHEERT OERYE OB BRI E £ T 2 WAKEDO L T BEETH D |
WM ORISR T D IHER 2N Z & D Caz < FLohi T OREE R Z T -

' EERAROBEENAEEE T T, BEMECERE . EROTHEO SRR E I,
HiAFE T COREMRE (Enrichment Factor, EF) #HHT 5 Z LIk - T, {BYORE A
LI TE D AREMER R S LTV D
_ HiIAKE T D (X/ B PRIT T DO TFE ‘)
HiE A O X/ B RITLHEOFIEE)
T ITC, XITg LT L EOFER,
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DEEZLNTWD, &5, ERL7EL DI OHAEITISO,DEHEERIC LR
RN EE, K3ICR OGNS L9 7, BaegiEOZzE [k (lichen desert) 73

NS

E X7z & F8HE LT A (Jalkanena et al. 2000) ,

&y 20D N JEU
Gaull of Faalange a Gull of Finkand
o, o
r - |
| 7t
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x5 o e
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L = L o
o } At
ol TEAAS v M0 - &FS] g SEED - TOP Flriast Swinas) EL: L L ]
o . "
[ ] = . B = 1 [ .___ o
I8

3. ANV =—AKEFFEOa,rfoCa (£) ROAl (F) O&HFE (ugg ).
(Narva) OFEHMICH 2 2 >DOEHT (KI5kmM& O20km) 23 A4 A /L3 = — VIEEFTONLE 2~
T, BYTEREDORAT Y ¢ (Slantsy) bR FHEHENZWTEHRT, (Jalkanena et al. 2000)
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3. A A Ny = — )VIEBEFTHE O MATE (Hypogymnia physodes) D& 14534 (Jalkanena et al. 2000)
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(2) BRUEEORE

ARER~D NBRATRHE KO ERIRE OB RIT, BFRAF LTS L5 RAERRN
DRBREOYWEIEER O RLHELHELEZ L U ST D AHENR D Y | T OFRATRER LS
BEOMEL LT, AERSCENEHENRT D4 OBEREZXIGICE R AN & L KT
éhé:k&<%§f%é%kﬁ%i:mmmmw)ﬁ%mém HAHIZEA S D
REFERAFMELIRS SN TE 72, Bobbink et al. (1998)IXZEHE L& DA RER TR+
HEFHOF T, AKOFFIZFFEI L TND, ZIUTLD AT & (19 E THEEL
TWHIEKEAR 2 Aol ieot) b, Tr~—7 (T 4% 03 EfF) Zil-o
TAY = —7 U ECH M LIZEAHEIL, BEs AT 2HAHOEIRIZ, 5 - 10 kg N
ha! yr "B DEBILE CAERMEND 722 L A2FER L T\ 5, Bobbink et al.
(2010) 1%, I HICHEmAHED . SEROEA R AR OEMSEMEICET 2 ERLED
R AT ROV TR B ZTo TR0, ThICL D &, biig-Crmt AR T
I35 -15kgNha'yr 'i2dH v, £/, EEHEOBRMKTIZS—10kgNha ' yr '12H D EHEE
L7ze WTHIZBW TS, MAECRESE & bR & < | FrCREfRkIcE 8L 5
2D EEBRL TS, 201 ISR R FEEEBUR KI5 %54 (CLRTAP) @ FIZBH
SN REm&ICBET 5 Y —2 2 3 v (Workshop on the Review and Revision of
Empirical Critical Loads and Dose-response Relationships) Tix, =777 47 « #~< 1
—IZBWT, SHEARICRIT 2R AT BRSNS v, ALk oK E TIdk
RAMEIIS - 15kgNha'yr 12H D & LTV, Yo R TiE3-5kgNha yr i2dh
D, HABEOB DN Z 0 ED LGRS TS (Bobbink & Hettelingh 2011),

3k L7zBobbink et al. (2010) CTH L B = — I 7= FFHDO—>TH &H 553, Gordon et al.
(2001)i%, /T =—fHA T 7 — VL EICHRE LAk O b — 2 GRHUZAEF T
D8 DR EY ORETE) OB T 1 MIB W T, FETREOMSHECMAME 2 & Lol
YRR~ DB E IS 572012, BHE L U 2 OWRMFERZ 19914570 5 19984 £ TS4E
MICIE > CTHENE L7z, 10kgNha ' yr 'OZERFINIZ T TERE REE2 0, Ve (5
kg Pha ' yr'") AFEFHCAMSNZBREE T ik, A8 (M4, B 3FAOHIKEA
D) OWBE (%) MET L, 3K &L T60% b HBEOK TR RN
EERELTWS (K4), £72. 50kg N ha' yr ' OFIcBWTiE, UV roinof
BICRDL O HAEOWERNMET Lz, BRI K28 BB ROLCITHIK
B TICR S, oA 7 NV —7 IR SN o T 2T E NS LTV D, &5
BTk, f8RIFINICE Y, BRI, BROBD ., MtoERRBEED LR LKW
TR TCIEMEDIR T O X 5 72, EMSERIESCAEBISHEICEER b o7z, £z, U Ik
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DEFEHEOWBRITIZI 2MHICR o2 L bfEHINTWD, b ORERN G, b
WICBIT AR AMmEIXS - 15kgNha ' yr ' E b TWEHBHOT TH T HITH
D, UrORAEREWAERERICEWTIE, ERRMOEPENMAFIIIRE<HAND
ZEMD, 10kgNha' yr SRiIZH D EfERSUT T D (BERAWRITFR TE KK
AMELEZEINTEY ., AFZETIEI0kgNha ' yr "CTTIZIBENRH TV D 720),
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4. Vo RITb—RZBITDEZERNY VORI L AEE T NV—T7DOWER (%) OZE4.
B IR B ORAR - B, BEIRE : YE3E, KRG OmHE (B 3FER)  HifkHE, DREEH,
HEOWM : A FREARAROEM, 6 #ER

CLRTAPIZBIF DHFME=XV I3y hT—T THDH [ KRRIFERDOFRMRA~DEED
FEAMG K OB AR B 5 EBSEF#E (ICP Forests) | Tl dblIS oD 7 4 > 5 REETEK
INSIAFTDE AT 1 v  (Level I Plots) D 1155AKDRIAEEIZHAE L TV 52925 D Hi
T ZFHE L. £ D 9 H49% D 142fE 3 ERBIEDO AR & STz, 2004 — 20064
(210 [E TEfi L 7=ForestBIOTAY 2 ¥ = 7 kM B & LT 21 b OO /3 AiEl &
EMRNRRIC L 2 EFRILEEORBBREZH G Lz (K5 ICP Forests 2011), & DfE L,
MM L D ERILEEN38kgNha ' yr "2 25 & KEHAIE D EE H340% AT 12
720, 80%D Ty MR ZDOEEZBEATCNDZ EEEHMLTND,
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5. BRINDICP Forests® 7' 12 v MZBIFHAMAWIC L HERILEE & ERFREICHEG LIZK
B AEE D E|S  (ICP Forests 2011)

Giordani et al. (2014){%., kiR L7zForestBIOTAV' r Y =7 M ERUT—X &y b (Z
ZCII286fE & x15) #HWTC, AL 2 ERUNEOHERNAWELZHE L, Bk
L7 & 9o, MIAKFED ALY OFREE 7211 e HEEE D K 5 72 IERRY 70 BB FR R D
WEFEORBLZITL b, (E (RE. RE., SE, HiEpH, BKE), HHNHE
1 (R AT A B | Rt lr T A L 22 ) /0 A i 12 (Clark-Evans index) ) & OG5 #)'E (S-S0,
LEEDlogfE, MEFRILERDlogll) ORRERT L MASREOFMME FEoBEF S, ¥
SR KAMAKEOEIS) & OBENEEA LT, BRFRSITEZIT /R, K
R A DB S 2 T HEIC AV BA N NS ORER FIZ L > T b ST
<, MERILEE HRARICEEER) Dlogllic k- THHA S, #rio, BE -
EHOHERMRZ R L LI2GA 1T, KEHASEEOEI S OO T4% A S iz, X
61T, FRINFEIC L 2 EHR LB EDlogfl & KAMAHDOEIG ORREZ R L, ERILE
E7230.6 (F94kgNha'yr!) HIN9 5 &, FS0%E TR T LA, 22T, HRbIEEER
PR et 7 1y MBI 5 KHASEDOE|G & HEHE L LT, 95%IEHERR O LR
EDRENLEREZTAL (A, SHICTREDRENOLAEITHIT LM (b) LIE
JRIERR & DR ROXENE % | i AW R L EF% L (Pinho et al. 2012) , 0.38 (2.4 kg N ha™'
yr') CHEE LT, F72. T5%OHMT 1y MR W, ERUEEVERATELE
WLTEY, FRZAT X, RAYRORT v~v—7 TEHELWIZ EDIRINIZN, AT
TFET ROEROFHR T 7y hTIRIFE A LBERAWERB CH-- (K7),
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6. PRNFEIC £ 2 EFRILEEDloglE & KEHIAKIDE|E (Giordani et al. 2014) . HEFE S 4L/
RAME (CLO) 1%, 038 (F24kgNha'yr!) .
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7. REMAARD AT & O HEE SNTZBMN OB T 1 > MZBI1T 5 ERERARTEOBIE
£ (kgNha'yr") (Giordanietal. 2014). 7 4> T > KO 7 v v MIBITH#BiEEIL. 1kgNha'
yr R EIZI - 2kgNha tyr ',

ZEEER2—10



A A BE L2 EROBERARBOREIT, JUEFO R 5 F MK CERmINLTEH
D, ZOHEEIHRNWICED () HEEL LT KEOA LV AINKERT v hr
M TiE3-9kg Nha' yr' (Geiser et al. 2010) . HirfifEHTT O F A TI326 kg N ha ' yr!
i (Pinho et al. 2012) & 7372 ) HUBCHEE TIEIZ K> TH R D, £72. Geiser et al.
(2010)i2 &L % E HIATHE~DOERILEOKEIL, hEE XV BKFTONH BREICEKFT D
AR ROND 2 Lnb, HEMETIIRKELZZE LCERMAMELZREL TV 5D,
RAZINETHRBIN TV DO HKELZE L - ER O AN ED ERRE 2 5%
L7z, Geiseretal. 2010)IC L > T B2 —I L TWADILEIZOWTIERKE S ff TR
L7co AHliEECREN SO RS OO, Mg (Pinho etal. 2012) D7 —A%
BRibiE, i A2 ZE L - EROEAAREIZIOkgNha yr "Riflch s &2 N5,
FRIZ TR R ORI S 2B YE L L2813 K& E L < £V IR (4,510 mm)
&, BROBERARMEILS kg N ha! yr “Riiiilcd 5 (Fenn et al. 2008; Geiser et al.
2010), ERIN104 [E CTHEHi X 17-ForestBIOTA”' @ =~ | (ICP Forests 2009; Giordani et
al. 2014) TITRAIHARIE 26t & LTV DA, RO RAMEILFREICS kg Nha ' yr!
K T o7z,

Giordani et al. (2014)(2 & % & TEREMEROEIS | 1ITRKIFYREAERMENRAON
Motz b o TARBEO RKBHAEOEE ) 1IIRKJBERE OFERMBENLS
NTebOD, fBE - REELHHEENHY, ZNDICKDNATANRRBINTT2H, Y4
AT CIEHUC TR OFIE | 3FHIikt S & Sh7z, Geiser et al. (2010)X°Fenn et
al. (2008)DFHA I ITIN L~/ TH U | ForestBIOTAZ 1 ¥ = 7 b IFHIFFEEE > 5N
Vv MEREEE TEETRRRNI00 B2 g s LT Y | FHioxR &R o2 A T
—ANRELSRRD Z LD, FHEEEOREICHEL G TZAREELEZEAbND, —F
T, HEESHEZBEZOBRAMEIL, & biZ5kgNha ' yr 'RiicdH v . KRz, 40% (F
DEIE) ZEME & L7-Fenn et al. (2008) X% UNCP Forests (2009) Tik, FEAlixE 2 & &M
flE & KA E B> TWnDL DD, HESNTERORERIT, TAENIIKT
38kgNha'yr 'EIVMERE LN TS, ZNHOREENS, HIAKHEEZEE L -ERD
i S B B 45 kg Nha ' yr Al (12132 ~4kgNha'yr') ICRRETDHZ iYL
ZZ i, ForestBIOTAZ B Y =7 FTIX7 4 7 FEO/L ME#EE S & T
e, MBSO EAFRETH S 5, K4 ol (Y FT) OEIZZOT
Uit &> DVMEZ AT D LI 205, BED & 9 72D b ONRe Y v BT DHEIC
IERAEOIEMEEE & LTl —3kgNha ' yr FEENEL S LALRW,
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*z4.

INFTHREINTWAIMKELZEZE L -ERZ0OERANE

Huigk - REEH (B BAATER k&  FRAEEEYE - BRME 3CHR
AH) (kgNha'yr") (mm)
etk (> K7) 1-3 BEARCSIE Pardo etal. 2011
g DA, B
REDKT
Jetstek (> K7) 3-5 WERZEDIXT  Bobbink & Hettelingh 2011
et (Y K7 <10 BESHEAZE W Gordon et al. 2001
E—X) & BIFEA
Jetsss (2 A7) 1-3 AR D2 Pardo et al. 2011
et - 5-15 PABHEEDIKT  Bobbink etal. 2010
R (RN 5-10 LA [l -
AU N - 2.7 440 BREMEDOE]  Geiser etal. 2010
U b GR 5 1,860 & :30-41% EH
HHTEERAR) 9.2 4,510 Gl
BT A =T N 3.1 L110  [@E:40% Fenn et al. 2008
v s (R 26 BREMMEDOE]  Pinho etal. 2012
) & xR O
95%fEHE XD
T % B JE
RRM 1077 [ 2.4 REMAEEDOE]  Giordani et al. 2014
A xR O
95%(EHEIX[F D
T & B &
3.8 KREIMAHHDOE]  ICP Forests 2009
A 40%
LRI O ZE R BIX, AR VK< T kg N ha ' yr R & RS BT
DM, T DX A IV (Taymyr) F504b7 7 24 T, 10kgNha ' yr ' 282 2

HBHdHsdZ ENERINTWD (Gordon et al. 2001), FEEOEZDH A AR E A2 T

HE, TTICHBL WAL H D Z ENREBEIND, £,
X5 &, FHEAMT I 7-2004-20064F (2
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DEERARE 24kgNha'yr!) OMBIEBEIZI kgNha ' yr 'Kifid 5 id1 -2kgNha'
yr 'BE (K7%2258) THLHZZ D, EFRILEEL L UF3-4kgNha' yr 'F2ET
bHoleZ ENHERIND, ZORR TOERIEEIL, BZFRICH T 2 RO
REEESELERAWEEZD L) EBATBRETHLIN, Bk Lz & 5 Il ES
BEDOREIZL > TIBA WX Y XY OHEFHICH D L bEXOND, Sk, LRI
HEOPERIC I > CHAE RO EF LB BN —2kg Nha ' yr BEHEK LT TH .
RAfTE L MEFEICEERT D AREEREX bND,

(3) 7997 h—Rr (BC) L

BC OHIARFH~ DB EIC OV T, 2014 FEE, &< HEIERV, EYORIR
SO T 2GR O TW D, EF, T B o ST R A B 5E B & o
PUEIREII 2t % 208 U C, BC OEFm~DOILE T 1 AL L D BAREBREMED
T ORREMEE R S ORI, #IRIEOZL <IE BIRmEICEELTEFTLTND S
Loz, B U7z X9 ICHiFfRITEmR AT 5L 5227 F 7 @A L TELT,
XV BCUHEEFIIRH L TEZENRENEEBEIOND Z 00, ZNLOBARIEIZET S
AL, BC OMEE~DEENEELEZ D L TEEIRDLTHA I,

PM2.5 EDRUINBLFIZ X A EWSCBIAR ~DBE R EIC B3 5 EBRMF R ITIET IS
FR 54TV %, Hirano et al. (1995) 12X 5 &, 20UV T v A BN (BRR
—&4 KL) 2F % UNN—HNTRETD L HEXDEEREENBD L, 23 EICHE
DELNT-Z L2k TEHESER) ckbsboTho7z, —F, BC (0.03-0.20 um)
AR LT GAd, BoORmIBED EA U ARBORENER Lz, 2o TR EFRAR)
T, e Gkt THDH KL LV, BETHDS BC TRENSTLIEEEMLTND,
Eieo THEZR) & THEREROR] L b KFICKDORNEICED > TEY
AKEETHRLETDH BC OERZ NWINMKFE(LAEY (light absorbing carbonaceous
compounds, LAC) & L7236 EULHLHED I A T L LTINGLEZZETRETHD
Z LR IS, Hirano et al. (1995)1C £ 2 #E 1L, BC FOMUINKLT Dl ~0 2
2R LTZID TOEREF TH o728, BREBEEDPHENZ <. KL XU BC I, £
ZREEmAE YLD .0.7-4.0 XT*0.4-1.3 g Cm (700 — 4,000 & X400 — 1,300 mg C m2)
HILELTHY, bk, BEITCEEEROEFE TSNS LV ThoT,

—7J7C. Yamaguchi et al. (2012)i%, HEROREHLRBATHL T, AXTA, BT
Y ROAFO ARHE 126 L, BCUNLF 2 F v o N—NTREZITST20, 2R
HoOBZREIZHLED LT, BCIWEICKD2AEHEECHREDAERZ(LIZ 4 BfE2TTHR
Sienotz, ZORFOILERITERMEL7ZY 0.13 — 0.58 mg C m > (Yamaguchi et al.
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2012)T& v . bk L7 Hirano et al. (1995)0 BC L EEICHARD LM TH 7L<, ZD
B3 1,000 5L B OB E 0N H o 7=, £ Z T, Yamaguchi et al. (2012)DFFZE 7 L—7"C
(X, BRFBEAEFAICHEC LA RRERAY FE L, 4B T CBCILEICL DM
HAREENABEIET L, ZTOIEIIBFEIC L > TRR-TND Z EEHALMNIC LR
(FEZHS 2014), ZHUZ XD &, BC ILEEDOHEMNTHE S MG RORE O TR E X
ABAS>TFS>AXS>HIYDIAIZE LW ERALNE o7z, ABFEOMEE
BOEES 10%K T35 BC EEIF,. 32 -39 mg Cm>THV ((FEMEDL 2014),
Yamaguchi et al. (2012) D EHIZFTE LR THER INTZED, I HIZ—HidH D WIEZHZ W
ETbhoT,

B /MBLHI Tl Fukazawa et al. (2012)7%, JLMREIZHEAR S T2 T ~ > 2B FE OO 45 fp
RIZBWT, FBERTD 9 AIZmVE Gm) ROMEWEL (1.5m) 2 SEE L 723EmIZE
L TCWEBCH, N2, EEMEY-Y 23 K006 ugCem > (23 XX 6mgCm™>)
THY, BMUVHIFEBC 2 ERBLTWEZZ E2MEL TS, £0 ) BRIHESITK
THEF L TCHHEME T, 70 aRmV AT F I IREY v 7 A2 52 &L TS
N ez@ELTWD, 20X 5 ICHEICERICME LT\ D BC (FEm BC) O
X B OB R OMERWE T, ZN TN 0914 K 102-08ugCem > (9—14 X182 -8 mg
Cem?) THY, IV EVEIFEBCEEZ L ERML Tz, MUV SR HIRIE %
ERELT W &k, BEmRL TR OESRE % JE L 72 Takmatsu et al. (2000)H 54§ L T
W%, E72. Saseetal. (2012)I%, FrBEDOZ XK, ¥ A ORER R 5 BITE (RS
Shorea henryana, Hopea ferrea, and Dipterocarpus turbinatus , V% %= : Pterocarpus
macrocarpus, WEMMIFE : Acacia mangium) (ZB\WC, FEmR BC EAZHE L& Z A, #
ML > TRV FROEEEL LTE, AX, Fik, HEM, ERBREOIE T
<. ZENZEN 268, 100, 93 X1 108mgCm”> ThHho-Z LEMEL TS, £,
HRREHC BT, REELIRE, EmICHERT S BC B3NS & bIERT L0,
1THEYER\ LZETII IE—EDOHEIZD Z L b HEIN TV D (Sase et al. 2012),

FROF ¥ o N—ERKR OB ORERNOHE LN, Bl BC &L 2D ELE
SICELDT, Fr i N\—FEBRIZCKD¥ER BC &L TOREET, MEICE > TRER
725 T Y., Yamaguchi et al. (2012) TILH Rk « EHE OB IER K OIRFER 2 73— L TV
HZEND, 1mgCm 272720 &K 5 723EH BC OFRTIL, &6 T A EDRTE
(CRENHIRNZ EPHER S D MR EEM DEWNTH 2 A3 2 BC &3 L8l |
B10mg C m REEE T THERDE] LI EREEDKT (FFEHD 2014), X
HITHIR L TH 100 KA R/ % & THER ER2R) 12X 5KGHEKRDOHE K (Hirano et al.
1995) L\W9 Koz, BENRKRELS R0 LAV (F6), Hirano et al. (1995)73
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WRARTWD LI, HRIED /NS WEHEO KL K Tk, HAREL EiE XA
EhRITR Db DD, BCRFDO X ) RER EASFIIR STV, Zhd,
EHBCENBERDZLICI D ZOHBOENTNERD V) A[REMZ XL T\ 5,

#F5. BARICKIT2IERBC &EEEDRE

HEtEY ZEH BC & BCit&ED Uk
(mgCm?)™ W
F o N—FEER
e X = 7 U Cucumis sativus 400 - 1,300 R FH  Hirano et al. (1995)
[EIN 7F Fagus crenata 0.13 L Yamaguchi et al. (2012)
RWIZRE A XA Castanopsis sieboldii 0.69 L Al E
2™ 717~ Larix kaempferi 0.32 L [l -
A Cryptomeria japonica 0.58 =L @l =
AR 7 8.5 Mt & R FFEH5(2014)
mRE ¥V 3.2 HE 10%  [FE
7= 39.0 i A -
A 12.3 [k
B ]
[EIZN 71 Z Y ZZEFE 2, 3.0 m high 9-14 HH Fukazawa et al. (2012)
717~ ZZELFE 2, 1.5 m high 2-8 TN E=
AFX BHI Sm 26.8 HA Sase et al. (2012)
Shorea henryana”, & & 10-15 23.5 REA =
m
Hopea ferrea”™ 6.0 HH [l &
Dipterocarpus turbinatus” 0.4 T~ [k
Pterocarpus macrocarpus 9.3 ~HH Cil
Acacia mangium” 10.8 N [ E

Note. "' 7@ n 74 /L ACERHHMH SN BC GREICERY v 7 AAHE) ;7 77~V K
T : Larix gmelinii x L. kaempferi, > 5 A ORFRIC OV TIIABR D IZ LY 10-15 m OF & OFED HERE,
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#6. EHBCERLBEEINLHE

EHRBCE, mgCm*®  MHAEINLIPE e
<1.0 L
- 10 HEREHEEDERT (10%LL L) H 2205
#0100 < KR DR IR L5

—5 T, /MBI CHAE S QW AR BC &L, BESCHOBSIICL - TRERS
OO MERIERFELS 72V 10 — 30 mg C m > DHiPHIZ I - 7= (Fukazawa et al. 2012; Sase et al.
2012), ZAUIGFEHES (2014) AVURL7EZ THRESE] 2L D EHREHEOK T NAL
BOWLEL~NTHY, BT~ TIIHBEOARMEIITHATH 5 b DO, Fil ik TEIA
SN/ AFOZER BC ®lE, T TITHOEABOEE D 10%E T 5 BEZ 2 fFLU LB T
Wiz, ZZTCHIESNIZAFEL, EIN5m BEOHNSEBSNLDOTH DA,
Fukazawa et al. (2012)<° Takamatsu et al. (2000)23 54 L T\ 2 X 9 2@ WEL DT kL
FRYE ZERT L2EMNH D720, Bl TOER BC &I S HICE WAL
bbb,

ZID DFEROMLIA~DE M %2 & 2 726 . [ILZFFIZ 2 VWHIEIRIZ W T, K@\
BED ERANED LS REEZ LTI AATH D, — T, MABEITHMEE R
T & RSB AT 5 2 Lnh | BCRLTOILEIC L D AREIL, EAMICFET
E ORI L DB E L SE D REMEIT S 5, 70, AT O X O 1T EE
TRENICFRICHATTAER L TWD Z &G, 20O X5 2RINEDBCH.F D& HIf 72
WEDOKEL, LVEHEMICZTLEELH D, Ko T, A ~OBCK FILE D
WEEEZLGEDL. FEADL (2014) NG L723 40 mg Cm OBCHEEN—DD
HZLRDTHAD,

BHERICE AT DMK EE 2 25613, BEE~DOILEBLHFT T OLERD D,
Sase etal. (2012)I%, FBE CHFEHET) KO¥A (FarIFyr~E) 2BV TER
BCEIZM A, MAMCHNTIC L » THLET Z2BCEBHEE L, MWEIZB T 5 4R OBC
BN ZMET LTc, EOREE. BCh XTI E CHREICIEE L, —HIEmIC
1 L7EBCR FIIBEAKEIC L > TEGICITMEIN T, 20IF & A SIFEmICTREIZ AT
BIDHZELEEMOMNI LT, LL2Rns, RCTarIFy v RORBRMT, 1
Ty Ly il (REEFRENOHE SN DML EERE & RKIEEZ AW HEEHE)
W2 Lo THERF S N7=BCHZMEIL A B (Matsuda et al. 2012) & H#g3 5 &, MR CTEERIZ
WAETL2OITKT0%TH Y (FAHES 2014), 750 138 B mEICTEE 2 2 WRIR T3 I B
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B3 LTV D A[REMEDS R & 4U7-, Sase et al. (2012)1, EAHABHE O BEH A8 1 LR R HAE O

3B EITH Y, FREOHRTILET SO THNITH AR ICIEET HBCE (B A
BC#&E) I, K CTEHBCEDIO%NIEE & RFEYH > T 5, Granier et al. (2000)IX~7 7 #k
TN L7z K SCFEIFFRICEB VT, RS 5 HEH LU= R EfETES(SAI surface
(leaf + stem) area index)?S, Fx K6 m*m > LA ETHH-7-HDONEFIIFLSm mREE T
KT+ L28ELTEY AFEOSAINHESCHEOREREEZ ML CTNDELTWND,

THORERNG, EEREEBEEEOMRERE S ET D & KA L#E
(ZIEET D MRS 2V OBCIEEED S B, RIZHIED - T, £ D25%FREE 3
FEIZEET D EHESND, Fl2E, BALEEYS -0 oERE (Fif) 22X ITHEIET
b LR (LAD 2345 m’ m > CThiud, RERMEE L TEIIm m BESH Y |
BRI RR CIm* m R E L7225 2 L h, BAMH R EFEYS 72 OBCILE ®IL, il
HFEY 720 DIEEED25%D 5 EH, 523450 1RE (K8%) LHESND, #BK
23 — 40 mg C m  FRER ST 572 0icix, LHERE S 7~ Y 38 — 500 mg C m & DBC
WEBRNVLETHS D,

ERLOR R D A MASED & — AT A TREDOFETZH, FE LTV WFRARO ARIR
M D F REEICEE T 2 HMATHOHZE T, THIEE Y- OKRKRILERELDO LD
DHIRR~OILEREEZDND -0, BCILEEN3 —40meg C m EEHIE, BIEZD)
ROYBEEEBTRELNIHDLEEZADHTHA I,

4. ABIREFDITI T DHMERORKIBFLRIC L 5 EBREE DO W REM

VT 7 A A T MMHE RO RKIGERP R E RFEEIZ 2> T D, 77 AT
FAED 7 me ZA 7« A=)V 8T v ¥ a2 JENERRRO AN 77 = — {7 LA
YA FENLARE EPRER T AT o+ — BB N v U —E i A VT RS R
ZEP LD OHATH D WIIERT 2 —FH T EFICL K EL L RO & sk I
K VPR AT A DYEEDIG T Biv W LIeHET AR 2 2 B 7 PR 2 | &
#£ 29 (X 8 : Schirokauer et al. 2014),
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8. ruy A7 - A=V Ty V2BVERARNDAD 7V = — (Skagway) HEIZEH
THEIN—AYy THROBREZHIEE (L) RO VA ¥y —~_A BB EHITT S
IN—RyTh 6B EBME (F) (Alaska Department of Environmental Conservation and

National Park Service: Schirokauer et al. 2014)

KRRERZNICET HMMMEEIIFE R T T A D I2EB T 5 ENARSCHRRERXICE -
THERMETH D L ORH O EVARFB TIIRRET=4 I v 7 OBEEZE <
LTS, 20084 K UR2009FE-DSH N HIA EFTOBN L — X2, kikor v 24
7 e A=)V RT v v 2 ENBERAREOK O OFERS (K9) 1B\, {LaBRE
PRIBEH SR DY T A AR EER O RREET =4 U v 7 )3 4172 (Schirokauer et al.
2014),
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9. ABEMNERINT-FEET 7 2 W DOENAREEZ (Schirokauer et al. 2014)

RTURy v TH 7T —% A THIE 3072 — R K O IRIRBEAE A O -3 B
%7~ L7z (Schirokauer et al. 2014), % < OIFREWE D KKIREIL, A 70 = —HIBJE
WTEL . FRICEBZ R T AT L9 &2 & % Lower Deweyt 1 F Tl b & <. NO,
RONOxDIRE LWL T T AN D Ay 7 75 7 FHIBORE (NO, < 0.001; NOx
<0.015) XV H@ENITEWZ ERfERM STV S, Lower Deweyh 1 RPSMNE, U 7
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F/v=7 OHEHEE R UL -uildH -7, Lower Dewey V1 b Tid, NO,&XUNOxD

—IARES O EiEIL, FHE 120 ppb L TA100 ppb % B 2 HENBEI STV 5, SO,
BNy 7 7T KLUk (00026 —0.130 pgm ™) L D @ncm <, —EBELEE O
REfE L LC21 pgm A SN2, 2 THUS EPARLIETED TWZEETH D

FEMEEIE30 ppb (K80 ugm™) L0 HIEWZ LRI T 5,

RT7. BET T AHOBN— X NTBT B — R KO IRBREEA R O EH R RIEE
(Schirokauer et al. 2014)

F:GLBA : 7 LA >y —_AEILARE. SITK : > M HEMARE, KLGO: 7 a KA 7 « I—
VRT3 2 [EERARE. SKAGWAY : A7 77 = —EiE T

ERILAEEIT, I TLOKg N ha 'K, MR THE < OHE, 1.0kg N ha 'Kl
THY ., Geiseretal. 201012 LD AL TN - T AN TERE SN HATEZZE L
EFBILEOEMAARNE (27-92kgNha') X0 HEWVWL~THD Z EREHIN
TW5b, £z, AR Cilgam L CE72dbBIRICH T 2R AW &% S kg Nha 'R 2-4
kgNha'yr') K0 BV, L LAans, MAKET OERREIHINHRIC L 2EFRT
EaEARBRMEEND o7, £70 KA T 7D = — 8 D Lower Dewey 1k TIINOx
RELELIELS, MEROEZDOFENT CICEHEL L TWD Z R ER I,

MNFRIC & DL i3 Lower Dewey A b TIZ20084E & U009 (24114
FM0kg Sha ' DNk SN TN D, oA R Tik6kgSha 'K Th-7, LnL
BB, T D ORI L IR O RIS &iX, HAREF ORMBEIRE, SOt
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A & @V B 5 Z E R S N7z, £, KI0IRT K 91T, SORED B
IRV, SOJEZMEHAIREDOEI G N E LSBT 25 2 LRSS, ZRETEH L7ZSO,
DEFR L~V (Z VT 4 AN LL) OFENRE SN, SOEZ EHILHDOEIG D
BIE% . hardwood & FEIZHL 2 ILZER DA #452% L 55 £3.1 pgm ™, #HEEM OGS %
232% & 95 E335ugm ERDHT EMNDG, 3.1-335ugm > (1.1 —12.5 ppb) DHiPHT
SODEER VN ERETHZ ENEMYTHDL ERBINTZ, ZOGE., EiLot A &
®D 955, Lower Deweyt A F Cidx 3 CIIJAEBOEER L~V EBX TWD Z EPRES
no,

UEDXSC. BRT ZAIO I a A7 « A= KT v v 2 ENERARAMIET
X, TS (BB — R DI — Ry ) HEOKRZIERWEIC L D K
HEADOEENFEELLoO5H D 2 ERRENTNAD,

410. HZFEORZHDSOME & SOMEZ AT DOEIE

5. ¥r®

(1) HAHIIHEY & I13RR D | RO LD REBFSOKERINT HaaB 2172 <, K
MOEERESZ/TND, £, BHIETDZ T2 TN AZHOI_DD
RAILB 722D HIRIK EFHIN DR ENRKKUCE#HZEZZE SN TND, £OT
B RRIGGE OB X0 OB RN (LT 52 2 L3 bnTEREY,
Bx IE Y E OBRBRIEAY & L TE L OIFHEMIRRE I TV 5,

(2) =ZAN=TOFANY =—VEEFHITIE CaxZ < GLR - IRWEDILE
2LV E<HIEOERDHERE CTE R WHIKIE L 5 b s X 9 7 i
RSN 5%, KKILEICL WO N REERBEELL T 5D,
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(8) ZEHRIWHAE THHIBHITHEMLEEBELRNENT 52 LPMESNTEY., I
AIER L ERATMEOEROEA TS, BERICED L, HEALZEE L
EFROMRATRIT, SkgNha'yr 'K Bz 12 -4kgNha'yr') ([ZEET
LO0EHTHY, AR HERIIFREE B X 6D, Y RTD K ) ekt
IS KDY A VIRPBLIZB W T, WA OBERE & LTl -3kgNha ' yr'
WEHEERD,

(4) BCIZ XD HKIEA~OBEHEN LB L R T HONII VD, ONRIFEEN S |
TEESE) < (R EFADR) F2k0 ., HHOKE L TR HIREE 5]
SH T AN RSN TV D, fIERBITHEY O L O ICEESTRIICFEC
BT CHERLTWDZ NG, 20X 9 RARINEDOBCKHL T DR B 72 L% D
MR, LVEEMICZITIAREELS S, HAEICEH T XEBCILERDOH
e LTI BRAEORERARBREICI VT HERZIEIZ XV 10%FRE O YeA R
EEGIER T, EmEYLZY3 - 40mgCm *OBCHEENR—SODHEERD,

(5) BRT7TFAAD I a XA Y « =L Ry aBLERARMETIL, 25
L & D WITHREILE S £ D M (R o e S8R B 2L -oREfL R D (L5234 U
THY., TTITM (FICBE— R DI V— v 7)) HROKRKIELRY
BIZ R DHKIE~DRENRBEIEL L oo D,

HEE

AREVERT DI2H 720  HIASHFDHEFYZE T & % Dr. Paolo Giordani (¥ = / 7 7 K¥)
IZCRIE SR B E R EZ W2 We, 2. 7 7 2 OESLARICE T 2 b sk
DRKIFINC L 22T 2898 L A" — X, Dr. Mark Fenn (& 2R[EEHE HMNF)
OIERE W2z,

51/ SCHR

Bobbink, R., Hettelingh, J-P. 2011. Executive summary, Workshop on the Review and Revision
of Empirical Critical Loads and Dose-response Relationships. Noordwijkerhout, 23-25
June 2010.

Bobbink, R., Hicks, K., Galloway, J., Spranger, T., Alkemade, R., Ashmore, M., Bustamante, M.,
Cinderby, S., Davidson, E., Dentener, F., Emmett, B., Erisman, J.-W., Fenn, M., Gilliam, F.,
Nordin, A., Pardo, L., de Vries, W. 2010. Global assessment of nitrogen deposition effects
on terrestrial plant diversity: a synthesis. Ecological Applications 20, 30-59.

Bobbink, R., Hornung, M., Roelofs, J.G.M. 1998. The effects of air-borne nitrogen pollutants on

SEER2—22



species diversity in natural and semi-natural European vegetation. Journal of Ecology 86,
717-738.

Fenn, M.E., Jovan, S., Yuan, F., Geiser, L., Meixner, T., Gimeno, B.S. 2008. Empirical and
simulated critical loads for nitrogen deposition in California mixed conifer forests.
Environmental Pollution 155, 492-511.

Fukazawa, T., Murao, N., Sato, H., Takahashi, M., Akiyama, M., Yamaguchi, T., Noguchi, I.,
Takahashi, H., Kozuka, C., Sakai, R., Takagi, K., Fujinuma, Y., Saigusa, N. and Matsuda, K.
2012. Deposition of Aerosols on Leaves in a Cool-temperate Larch Forest in Northern
Hokkaido, Japan. Asian Journal of Atmospheric Environment 6: 281-287.

France, R., Coquery, M. 1996. Lead concentrations in lichens from the Canadian high arctic in
relation to the latitudinal pollution gradient. Water, Air and Soil Pollution 90, 469-474.
Geiser, L., Jovan, S., Glavich, D., Porter, M. 2010. Lichen based critical loads for atmospheric
nitrogen deposition in Western Oregon and Washington Forests, USA. Environmental

Pollution 158, 2412-2421.

Giordani, P., Calatayud, V., Stofer, S., Seidling, W., Granke, O., Fischer, R. 2014. Detecting the
nitrogen critical loads on European forests by means of epiphytic lichens. A signal-to-noise
evaluation. Forest Ecology and Management 311, 29—40

Gordon C., Wynn, J.M., Woodin, S.J. 2001. Impacts of increased nitrogen supply on high Arctic
heath: the importance of bryophytes and phosphorus availability. New Phytologist 149,
461-471.

Granier, A., Biron, P., Lemoine, D. 2000. Water balance, transpiration and canopy conductance
in two beech stands. Agricultural and Forest Meteorology 100, 291-308.

Hirano, T., Kiyota M., Aiga, I. 1995. Physical effects of dust on leaf physiology of cucumber
and kidney bean plants. Environmental Pollution 89, 255-261.

Jalkanena, L., Makinenb, A., Hasanenc, E., Juhanojad, J. 2000. The effect of large
anthropogenic particulate emissions on atmospheric aerosols, deposition and bioindicators
in the eastern Gulf of Finland region. The Science of the Total Environment 262, 123-136.

ICP Forests 2011. Nitrogen deposition affects lichen species diversity (Chapter 5), /n: The
Condition of Forests in Europe, 2011 Executive Report. Institute of World Forestry,
Hamburg, Germany, p. 17.

Matsuda, K., Sase, H., Murao, N., Fukazawa, T., Khoomsub, K., Chanonmuang, P., Visaratana,

T., Khummongkol, P. 2012. Dry and wet deposition of elemental carbon on a tropical forest

in Thailand. Atmospheric Environment 54, 282-287.

SEER2—23



Nash III, T.H., Gries, C. 1995a. The response of lichens to atmospheric deposition with an
emphasis on the Arctic. The Science of the Total Environment 160/161, 737-747.

Nash III, T.H., Gries, C. 1995b. The use of lichens in atmospheric deposition studies with an
emphasis on the Arctic. The Science of the Total Environment 160/161, 729-736.

Pardo, L.H., Fenn, M.E., Goodale, C.L., Geiser, L.H., Driscoll, C.T., Allen, E.B., Baron, J.S.,
Bobbink, R., Bowman, W.D., Clark, C.M., Emmett, B., Gilliam, F.S., Greaver, T.L., Hall,
S.J., Lilleskov, E.A., Liu, L.L., Lynch, J.A., Nadelhoffer, K.J., Perakis, S.S., Robin-Abbott,
M.J., Stoddard, J.L.., Weathers, K.C. and Dennis, R.L. 2011. Effects of Nitrogen Deposition
and Empirical Nitrogen Critical Loads for Ecoregions of the United States. Ecological
Applications, 21, 3049-3082. http.//dx.doi.org/10.1890/10-2341.1

Pinho, P., Theobald, M.R., Dias, T., Tang, Y.S., Cruz, C., Martins-Lougdo, M.A., Maguas, C.,
Sutton, M., Branquinho, C., 2012. Critical loads of nitrogen deposition and critical levels
of atmospheric ammonia for semi-natural Mediterranean evergreen woodlands.
Biogeosciences 9, 1205-1215.

Riget, F., Asmund, G., Aastrup, P. 2000. The use of lichen (Cetraria nivalis) and moss
(Rhacomitrium lanuginosum) as monitors for atmospheric deposition in Greenland. The
Science of the Total Environment 245, 137-148.

Sase, H., Matsuda, K., Visaratana, T., Garivait, H., Yamashita, N., Kietvuttinon, B., Hongthong,
B., Luangjame, J., Khummongkol, P., Shindo, J., Endo, T., Sato, K., Uchiyama, S.,
Miyazawa, M., Nakata, M. and Lenggoro, . W. 2012. Deposition process of sulfate and
elemental carbon in Japanese and Thai forests. Asian Journal of Atmospheric Environment
6, 246-258.

Schirokauer, D., L. Geiser, A. Bytnerowicz, M. Fenn, and K. Dillman. 2014. Monitoring air
quality in Southeast Alaska’s National Parks and Forests: Linking atmospheric pollutants
with ecological effects. Natural Resource Technical Report NPS/SEAN/NRTR—2014/839.
National Park Service, Fort Collins, Colorado.

Takamatsu, T., Takada, J., Matsushita, R., and Sase, H. 2000. Aerosol elements on tree leaves
-Antimony as a possible indicator of air pollution-. Global Environmental Research 4:
49-60.

Yamaguchi, M., Otani, Y., Takeda, K., Lenggoro, W., Ishida, A., Yazaki, K., Noguchi, K., Sase,
H., Murao, N., Nakaba, S., Yamane, K., Kuroda, K., Sano, Y., Funada, R., and Izuta, T.
2012. Effects of long-term exposure of black carbon particles on growth and gas exchange

rates of Fagus crenata, Castanopsis sieboldii, Larix kaempferi and Cryptomeria japonica

SEE 224



seedlings. Asian Journal of Atmospheric Environment 6, 259-267.

PO, A ESL, ARG —, PE S, AHE, RERE—, 205K, 1 Wuled
Lenggoro 2014. MBI AR T 27 T v 7 I — R R F O BB T % EBRAbF
g8, =7 1 Y LIFSE 29 (S1), 148-159.

YEFF, FEiEne, FREAN, BFOR, WREBER, EKE, @B, &ARRKH,
(O & &, Pojanie Khummongkol 2014. 7 U7 OHEMIZISIT H =7 1 V)L ORI
WA, =7 v Y LeE9E 29 (S1), 160-167.

B BRT T AT CRIER S AU A

SEER2—25






SEEMS

LT

my
-
>

SEERB—1



DRAFT FINAL

LITEHAUZ May 2014

SHIPPING TRAFFIC IN THE ARCTIC - TECHNOLOGY REVIEW AND COST SCENARIOS REGARDIN(
BLACK CARBON REDUCTION

ABBREVIATIONS 3
EXECUTIVE SUMMARY 4

1. INTRODUCTION 5
1.1. BLACK CARBON FROM SHIPPING 5

2. CURRENT AND PROJECTED ARCTIC SHIPPING 7

3. REVIEW OF TECHNOLOGICAL ABATEMENT OPTIONS 11
3.1. DATA AVAILABILITY 11
3.2. DIESEL PARTICULATE FILTER 11

3.2.1. Black carbon reduction Potential 13
3.2.2. Costs used for MAC estimation 14

3.3. WET SCRUBBER 15
3.3.1. Black carbon reduction Potential 16

3.3.2. Costs used for MAC estimation 17

3.4, FUEL SWITCH FROM HFO TO MGO 19
3.4.1. Black carbon reduction Potential 20
3.4.2. Costs used for MAC estimation 21

4. EXAMPLE SHIP 23
4.1. OFF-HIRE RATE23

5. MARGINAL ABATEMENT COSTS 25
5.1. METHODOLOGY 25
5.1.1. CAPEX and installation costs 25
5.1.2. OPEX 26

5.1.3. Fuel costs 26
5.1.4. NaOH cost 26
5.1.5. Emissions 27

5.2. BASE PARAMETERS 27
5.3. SENSITITVITY TOWARDS BASE PARAMETERS, BLACK CARBON DEFINITION
AND “NO DISCHARGE” - SCENARIO 27
5.3.1. Black carbon definition and emission factor 28
5.4, COMPARISON OF THE MAC OF THE TECHNOLOGIES29
5.5. SENSITITVITY ANALYSES (LAC) 29
5.6. COST RELATED TO BLACK CARBON DEFINITION 31
5.7. SENSITIVITY ANALYSES (EC) 32

REFERENCES 34

APPENDIX 1 MAC AND NPV CALCULATIONS BY INCENTIVE 38
APPENDIX 2 BASE PARAMETERS 40

APPENDIX 3 PARAMETERS VARIED IN SENSITIVITY ANALYSIS 42

SEERB—2



DRAFT FINAL

L]

LITEHAUZ

May 2014

SHIPPING TRAFFIC IN THE ARCTIC - TECHNOLOGY REVIEW AND COST SCENARIOS REGARDIN(

BLACK CARBON REDUCTION

Abbreviations

Automatic identification

AlS
system

BAU Business as usual

BC Black carbon

CAPEX Capital expenditure

CO, Carbon dioxide

DNV Det Norske Veritas

DPF Diesel particulate filters

EC Elemental carbon

EPA Environmental protection
agency

GT Gross tonnage

HFO Heavy fuel oil

IMO Intern?tm.nal Maritime
Organization

LAC Light absorbing carbonaceous
compounds
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LNG Liquefied natural gas
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MAC Marginal abatement costs

MARPOL Regulations for the prevention
Annex VI of air pollution from ships

MDO

MGO

MEPC

NaOH

NGO
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NSR

NWP

ocC

oM
OPEX

OPRF

PM

SFOC
SOF
SOy
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Marine distillate oil

Marine gas oil

Marine Environment
Protection Committee

Sodium hydroxide

Non-governmental
organization

Nitrogen oxide
Northern Sea Route

North West Passage
Organic carbon

Organic matter
Operating expense

Ocean Policy Research
Foundation

Particulate matter

Specific fuel oil consumption
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Sulphur oxide

Total base number
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Executive summary

In a recent study black carbon (BC) is estimated to be the second biggest contributor to global and
local climate change (Bond et al., 2013), but shipping currently contributes only a few percentages
of total anthropogenic emissions of BC. However, emissions from shipping may contribute a
greater part of the total BC emissions moving towards northern latitudes, and is reported to be
responsible for up to 70 % of Arctic warming (Lenton, 2012). The decrease in Arctic sea ice extent
opens up for increased Arctic shipping, and hence the BC emissions are expected to increase from
Arctic shipping. This study looks into the reduction potentials and cost effectiveness of three
different BC abatement technologies: diesel particulate filters (DPF), scrubbers and fuel switch
from heavy fuel oil to marine gas oil. The scrubber technology is assessed in three versions (open,
closed and hybrid). As an example ship a specific cargo carrier, which is operating full time in the
Arctic and which has an installed engine power of approximately 20 MW, is used to estimate the

marginal abatement costs (MAC) of reducing BC emissions by retrofitting the three technologies.

In this study BC is defined as light absorbing carbonaceous material (LAC) defined as the sum of
organic matter (OM), elemental carbon (EC) and ash. A universally accepted definition of black
carbon is not yet in place in IMO, and this study also looks into the effects on costs and emission

reductions when defining black carbon more narrowly as EC.

DPF has shown to work efficiently at on-road diesel engines, but there is not much experience
with the use of DPFs on vessels, and in particular only sparse data with the high sulfur fuel (HFO)
most commonly used in shipping. Although the technology is not yet available, this study assumes
that DPF in the future will work in combination with HFO based on recent research and
development. DPF is expected to reduce LAC by 37 % and EC by 85 % the difference caused by OM

on a gaseous form at the exhaust gas temperatures and hence not captured by the filter.

The scrubber cools the exhaust gas temperature, and cohesion of small-size aerosols and
liquidation of some OC can be expected. For this reason the scrubber is assumed to capture both
LAC and EC by 50 %. In the baseline scenario this reduction rate is used and the exhaust gas
cleaning is with open loop scrubber or hybrid scrubber on open loop mode. The scenario where a
“no discharge area” is implemented in the Arctic and the hybrid scrubber must be operated on
closed loop mode is also examined. The fuel switch from heavy fuel oil (HFO) to marine gas oil
(MGO) may, besides a reduction of SO, emissions, also induce a co-beneficial reduction of BC
emissions. The reduction potentials used in this report are based on results from a study
conducted by Germanischer Lloyd as included in the IMO Second Green House Gas Study (Buhaug
et al., 2009). They found 76 % reduction of EC and no reduction of OM when the sulfur content
decreases. The ash content is reduced 100 % when a fuel with only 0.1 % sulfur is burned, which
results in 41 % reduction of LAC.

The fuel switch has the highest marginal abatement cost in all scenarios regardless of the
definition of black carbon (0.45 USD/g). The large price difference between HFO and MGO fuel is
the reason for the particularly high marginal abatement cost for the fuel switch. The marginal
abatements cost for the DPF (0.09 USD/g) is generally higher than for the three types of scrubbers
using LAC-definition (0.06-0.07 USD/g), but the marginal abatement cost of the DPF is the lowest
of all technologies in all scenarios using the EC definition. This is due to the DPF having the highest
abatement factors with respect to EC, whereas it has the lowest abatement factors with respect
to LAC.
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1. Introduction

During the past 100 years the temperature in the Arctic has
increased almost twice as fast as the global rate. The warming
has induced a longer melt season and a decrease of 7.4 % in
Arctic sea ice extent per decade during summer since 1978 (IPCC,
2007). A minimum extent of Arctic sea ice was observed in 2012
(Perovich et al., 2012), and the Arctic Ocean is by midcentury
projected to be largely ice-free during summer (Smith and
Stevenson, 2013). According to Lenton (2012) up to 70 % of
Arctic warming is caused by black carbon.

Black carbon (BC)'is emitted from incomplete combustion of hydrocarbon-based fuels and it is
the most effective particulate matter at absorbing solar radiation (U.S. EPA, 2012). BC may impact
the climate directly through absorption of incoming solar radiation and outgoing radiation, and
indirectly through cloud-interactions. Furthermore, deposition of BC on snow and ice results in a
positive snow/ice albedo effect, where the darker surface results in a decrease in albedo, which
leads to further warming (Bond et al., 2013; Arctic Council, 2011) and an increase in the melting
rate of ice and snow. BC is a so-called short-lived climate forcer that in comparison to CO,, has a
short lifetime of days to weeks. It is therefore a regional forcer with its highest atmospheric
concentrations near the emission sources and during the seasons of emission (U.S. EPA, 2012). BC
reduction strategies will result in climate responses within a short timescale compared to
reduction of CO, emissions, and thus mitigation of Arctic melting may be achieved by focusing on
BC reductions (Corbett et al., 2010a; AMAP, 2011). The BC emissions occurring in the Arctic have
larger effects on the climate per unit emission, because these emissions are more effectively

deposited on snow and ice, than BC emitted outside the Arctic (AMAP, 2011).

1.1. Black carbon from shipping

BC from shipping constitute only a few percent of total anthropogenic emissions of BC globally,
but shipping’s emissions occur further north, thus potentially having greater impact on the climate
in the Arctic. The decrease in Arctic sea ice extent has already opened for increased transarctic
shipping and will further open up for Arctic shipping, hence future BC emissions are expected to

increase from Arctic shipping (Corbett et al., 2010a).

The Arctic is sensitive to BC, but currently, no regulations exist on BC emissions from ships. The
Polar Code, which is still under development after MEPC 66, does not touch on air pollution from
Arctic shipping nor establishes emission control areas and measures on BC reduction as several
international NGOs recommends (IMO, 2014; ASOC, 2011).

This study investigates the reduction potentials and cost effectiveness of three different BC
technologies if applied in shipping in an Arctic context. It addresses the issue through three

activities reported here:

Y In this study the term black carbon is abbreviated BC, but this should not be confused with the
abbreviation of the term equivalent black carbon (BC,), which is the specific definition of black

carbon based on optical measurement methods (Andreae & Gelenscér, 2006).
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1. Establish the base traffic data of shipping in the Arctic and provide a simple projection for
future traffic data,

2. Review three key technological abatement options: Filter, wet scrubber and low sulfur
fuel switch, and

3. Calculation of Marginal Abatement Cost (MAC) based on retrofitting

As an artificial starting point it is assumed that a BC regulation enters in to force in 2016 with no
additional obligation regarding air pollutants or GHGs. As mentioned, the three technologies
comprise diesel particulate filter (DPF), wet scrubber, and fuel switch from heavy fuel oil (HFO) to
marine gas oil (MGO). As a baseline it is assumed that vessels in the Arctic are sailing on HFO in
2016 and the global SOx requirement with a maximum sulfur limit of 0.5 % does not enter into
force until 2020 or 2025. Finally, the MACs of the technological options are calculated for
retrofitting a single example ship and a number of sensitivity analyses are included. Using
retrofitting as baseline may be considered a worst case since including abatement technology in

newbuildings is significantly cheaper.
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Figure 1 The Arctic as defined by the IMO
in the Polar Code (DNV, 2013). In this
study the Arctic is defined as waters

north of 66 degrees.
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2. Current and projected Arctic shipping

The decline in Arctic sea ice extent may open up for new
opportunities for Arctic shipping. The North West Passage (NWP)
and the Northern Sea Route (NSR) are becoming more economic
attractive as the accessibility improves due to the shorter travel
distance between the Pacific and the Atlantic Ocean compared
to the traditional routes (DNV, 2010). This chapter looks into
current Arctic shipping and the projected traffic volume in 2020.

Arctic shipping through the Northern Sea Route (NSR) or the North West Passage (NWP) may
reduce distances by up to 50 % and 25 % respectively, and concurrently reduce the fuel
consumption, CO, emissions and travel time, when diverting from traditional routes between the
Atlantic and the Pacific Ocean (Corbett et al., 2010a). Corbett et al. (2010a) assume that 1 % of
total seaborne trade will be diverted to the Arctic between 2010-2020, and between 2020-2030
this number will grow to 2 %. While the NSR is already attracting increased transarctic traffic,
according to DNV (2010) significant commercial traffic through the NWP is not considered
plausible for many years ahead due to the difficult ice conditions in certain choke points, which
render the route unreliable with regards to transit time compared to the NSR. In a study by DNV
(2010) the Asia-Europe trade volume is in general assumed to grow by 40 % from 2006 to 2030
and by 100 % from 2006-2050.

A number of definitions of the “Arctic” are available: the Arctic Circle at 66 degrees 33 minutes N
could designate the southern border, the IMO in the Polar Code (Figure 1) uses 60 degrees N while
omitting a section (DNV, 2013). Here, we include the traffic north of 66 degrees N and in parallel
with the Polar Code omit a section. This definition is chosen since the traffic volumes along the
Norwegian coast, around Iceland, and north of 60 N in the North Sea and the Baltic Sea are so
dense and therefore would dominate the data by far. Since the ice cover in this area is also almost
non-existing the area may be considered functionally excluded from BC impact in the Arctic

(Figure 2).

N Y
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Figure 2 Arctic Ice coverage in September
2013 (left) and March 2014 (right).

Table 1 AIS data of number of vessels
operating north of 66°N between
November 2012 and October 2013. No
vessels larger than 100,000 GT were
recorded.
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AIS data obtained from ExactEarth on the numbers of vessels sailing within this defined Arctic area
between November 2012 and October 2013 (north of 66°N) has been provided by Ocean Policy
Research Foundation (OPRF) (Table 1). The distribution of the vessel sizes and types are illustrated
in Figure 3. The most dominating vessel types are cargo ships and fishing boats. For each type and
size category [GT] the maximum engine sizes, time spent in the Arctic and energy use during the
period monitored for ice class 1 vessels were identified. These findings were used to decide on a

specific “worst case” example ship (Chapter 4).

GT/ Type 500- 1000- | 3000- | 6000- | 10000- | 30000- | 60000-

0-500 Total

1000 3000 6000 10000 | 30000 | 60000 | 100000

Cargo 15 85 355 175 104 60 3 797
Oil Tanker | 4 9 59 46 57 77 252
LPG/LNG 6 1 7 14
Container | 1 1 12 19 25 21 3 82
Passenger | 4 1 11 12 5 15 2 50
Fishing 31 123 268 149 44 31 646
Working | 10 20 69 35 20 13 167
Ice-

1 2 1 19 7 30
breaker
Other 1 1 3 5
Unknown 1 1 1 3
Total 66 238 765 438 252 251 33 3 2046
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Figure 3 Number of vessels in the Arctic
by ship type and size 2012- 2013.

Table 2 Annual growth rates by vessel

type for in Arctic shipping from 2004 to

2020 (Corbett et al., 2010a).

SHIPPING TRAFFIC IN THE ARCTIC - TECHNOLOGY REVIEW AND COST SCENARIOS REGARDIN(
BLACK CARBON REDUCTION

900

800 -

700 i 100000GT-
¥ 60000-100000GT
¥ 30000-60000GT
5 10000-30000GT

¥ 6000-10000GT

600

500

400
H 3000-6000GT

300
¥ 1000-3000GT

H 500-1000GT

200

Number of unique vessels

100 H 0-500GT

The Arctic sailing season, which is defined as 25% open water and 75 % sea-ice cover was in 2013
70 days (DNV, 2013). In 2030 the Arctic sailing season is by DNV (2013) estimated to be 100 days
and in 2050 120 days. These parameters and the projected bunker prices are in the study by DNV
(2010) used to evaluate the economic attractiveness of diverting the traditional routes through
the Arctic. This amounts in a total of 480 transits in the summer of 2030 and 850 transits in the
summer of 2050. Today, the Arctic traffic is dominated by Arctic destination activity rather than
transits (DNV, 2013).

Arctic shipping traffic is assumed to increase within a variety of activities, including cargo
transportation, tourism, and resource extraction. Based on Buhaug et al. (2009), Corbett et al.
(2010a) have defined a business as usual (BAU) scenario and a high growth scenario for in-Arctic
traffic for different vessel types (Table 2). These growth rates have been used in this study to
estimate the future shipping volume in 2020 from the AIS data provided by OPRF (Table 3). When
the vessel categories in Corbett et al (2010a) and the AIS data did not match, a regional annual
growth rate for CO, emissions of 1.96 % in the BAU scenario and 3.18 % in the high growth
scenario was used to extrapolate number of ships in the Arctic by 2020. The growth rate applied

for each vessel category in the AlS data is provided in Table 4.

Vessel Type BAU Growth | High Growth
Container ships 2.98 % 4.77 %
General cargo ships 0.29% 1.13%

Bulk ships 143 % 227 %
Passenger vessels 0.68 % 1.53%
Tanker 4.46 % 531%
Government vessels -0.08 % 0.77 %

Tug and barge -0.08 % 0.77 %
Offshore Service vessels 2.19% 3.04 %

CO, emissions 1.96 % 3.1%
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Table 3 No of vessels by ship type in 2013
and in 2020 for a business as usual scenario

(BAU) and a high growth scenario.

Table 4 Growth rates applied for the two

scenarios and the different vessel types.
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Vessel Type Total no. of vessels by| No. of vessels 2020| No. of vessels 2020
typein 2013 (BAU) (High growth)

Cargo 797 813 862

Oil Tanker 252 342 362

LPG/LNG 14 16 17

Container 82 101 114

Passenger 50 52 56

Fishing 646 740 804

Working 167 191 208

Icebreaker 30 34 37

Other 5 6 6

Unknown 3 3 4

Vessel Type BAU growth rate High growth rate

Cargo 0.29 % 1.13%

Oil Tanker 4.46 % 531%

LPG/LNG* 1.96 % 3.18%

Container 2.98 % 4.77 %

Passenger 0.68 % 1.53%

Fishing* 1.96 % 3.18%

Working* 1.96 % 3.18%

Icebreaker* 1.96 % 3.18%

Other* 1.96 % 3.18%

Unknown* 1.96 % 3.18%

* No vessel specific growth rate available, hence the average

CO, growth rate has been used
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3. Review of technological abatement
options

Three technologies are investigated with regards to their black
carbon reduction potential, comprising diesel particulate filter
(DPF), wet scrubbers, and fuel switch from heavy fuel oil (HFO)
to marine gas oil (MGO). The availability of black carbon mass
emission data from ship engines and relative measurements of
black carbon mass before and after treatment of fuels or
exhaust is limited. The black carbon reductions are thus
estimated directly, when possible, or by proxies, such as
particulate matter (PM) and fuel consumption reduction.

3.1. Data availability

The data availability of BC mass emission data from ship engines is limited in comparison to on-
road diesel engines, where significant exhaust treatment regulations have been mandated, e.g.
the European emission standards. Measurement campaigns have not been prioritized for ships,
due to the lack of regulation and the uncertainty among existing observations demonstrate that
there is a lack of data. In this study, measurements of BC emissions from ships are used to
evaluate the abatement technologies whenever available, but alternative proxies are in some

cases also considered.

3.2. Diesel Particulate Filter

The diesel particulate filter (DPF) is originally developed as a technology used to reduce emissions
of particles in exhaust gas from diesel engines within the on-road vehicle sector (Stuer-Lauridsen
etal.,, 2012). A number of different designs and types of DPFs exist, e.g. ceramic and metal filters,
but also foam has been used as an alternative filter material. The DPF is placed in the exhaust gas
system, and as particles are trapped in the filter the backpressure changes, which negatively
affects the engine operation (Majewski, 2001). To remove the collected material in the filter, and
lower the backpressure, regeneration of the filter is necessary. The regeneration moreover

extends the time between necessary cleaning of the filters.

The regeneration process differs between manufacturers, but overall the process is either active
or passive (Emissions retrofit group, 2012). By active regeneration a heat source, either electric or
diesel-fired is actively started while the engine is not running (Emissions retrofit group, 2012).
Tsuda et al. (2013) found that the optimum temperature for complete regeneration of the filter is
around 650°C. At this temperature the carbonaceous PM could be completely removed after five
minutes. Higher temperatures may result in shorter regeneration time, but also increased costs.
By passive regeneration the filter is coated with a precious metal acting as a catalyst whereby the
soot can be oxidized by using the exhaust heat, i.e. without any external heat source. The engine
transfer heats to the exhaust gas and upon heated the precious metal acts as an oxidation catalyst.
If the engine does not reach the necessary temperature, the filter will regularly clog and it will
have to be removed and regenerated by a cleaning machine, which heats up the filter (Emissions
retrofit group, 2012). Catalyzed DPFs are not applicable for maritime use, since the catalyst is
deactivated by the use of high sulfur fuel, which maritime diesel engines normally run on (Tsuda
et al., 2013; Corbett et al., 2010b).
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The use of diesel particulate filters (DPF) has been very effective in reducing PM emissions from
on road traffic. The DPF is most often silicium carbide or cordiorite based wall flow filters, which
can remove up to 90 % of the particulate emissions from vehicles (Danish EPA, 2013). To apply this
technology on vessels is evident but the technology transfer is not straightforward. Several
parameters give rise to certain challenges, including the higher sulfur content in bunker fuel,
limited space conditions, maintenance and regeneration of the filter, and higher sensitivity
towards backpressure in marine engines (Danish EPA, 2013; pers. comm., DINEX, May 2014). Due
to lack of regulation in the shipping industry there exist no standard DPF solutions for vessels and
there is no commercial mass production, as opposed to the DPFs used within the on-road vehicle
sector (Ingenigren, 2013). In Europe air emissions from on-road traffic is regulated by the
“Euronorm” emission standards, which were introduced in 1992. For diesel engines the required
emission reductions haven partly been achieved through the development of DPFs (nextgreencar,
2014). However, when it comes to oceangoing vessels or in general vessels using higher sulfur-

grade fuels, little information is available on implementation of DPFs.

MAN Diesel & Turbo (2012) investigated the PM reduction from a DPF on an auxiliary engine
operating on MGO. In their preliminary market study two commercially available marine DPF
systems were identified, i.e. ETB and HUG, which produce filters for yachts and inland waterway
vessels. HUG is certified by Lloyd’s Register and Germanischer Lloyd and was therefore chosen for
the project by MAN Diesel & Turbo (HUG, undated.; MAN Diesel & Turbo, 2012). The results from
this study indicated an EC reduction of 99 % but a total PM-reduction of 55% due to little capture

of sulfate and organic carbon being on gaseous phase, due to the high exhaust gas temperature.

In Denmark in 2012 the filter manufacturer Dinex installed and tested a DPF filter on the ferry M/F
Zrgskgbing in cooperation with Danish Technological Institute and the Danish Ministry of the
Environment. It was expected that the filter would reduce the amount of particles by up to 99 %,
but in reality the reduction was 93 %. This difference was caused by leaks in the by-pass system. It
should be mentioned though, that the reduction of organic matter was not measured in this study
(Danish EPA, 2013). Several challenges arose during the project, including space limitations, too
low exhaust gas temperature for automatic filter regeneration, and too high backpressure.
Furthermore, the installation was done during night, because the ferry could not be taken out of
operation in the daytime (Danish EPA, 2013; Ingenigren, 2013). These challenges caused high

installation costs, which presumably can be avoided or lowered once more experience is gained.

The DPF installed on the ferry M/F Zrgskgbing consisted of eight “15x15 inches” filter units, which
were retrofitted to one of the main engines with an installed power of 1,000 kW. The 15x15
inches filter unit is the largest that Dinex produces and is usually used on trucks. The price for one
unit is app. 7,000 USD. On a truck the usual lifetime of these filters are 6-8 years (pers. comm.
Jacob Svensson, Dinex, April 2014). The total investment cost is by LITEHAUZ estimated to be
56,000 USD based on the price per filter unit. This results in a price of 56 USD/kW. The total
investment cost and installation costs were app. 185,000 USD (Ingenigren, 2013), corresponding
to 185 USD/kW installed power. The installation included consulting from Technological Institute
of Denmark and several unexpected challenges as mentioned earlier (Danish EPA, 2013). It is
expected that the installation costs will decrease with increasing engine size and also with time as
manufacturers become more experienced in retrofitting DPFs to commercial use on vessels. The
example vessel in the present study has an installed engine power of 20 MW and therefore the
installation unit costs are assumed to be somewhat lower than for the ferry M/F £rgskgbing. The

investment costs of 56 USD/kW will be used in the calculations but the installation costs are
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assumed to be half of the costs in the study conducted on the ferry M/F Argskgbing
corresponding to 121 USD/kW for equipment and installation.

The general expression by the market actors is that the current DPFs cannot be used in
combination with fuel having a sulfur content exceeding 500-1000 ppm (0.05-0.1%), i.e. the use of
DPF enforces a swift to the much more expensive MGO (Corbett et al., 2010b). The problem with
high sulfur content is the bigger production of ash, which can clock the filter (DINEX, pers. comm.
April 2014). Furthermore, in a catalytic filter the high sulfur content will poison a catalytic coating
almost instantly, which would cause deactivation of the filters or catalysts (pers. comm. Lisa
Barber, Regional Sales Manager, DCL International Inc.). However, Mitsui 0.S.K. (2012) and Tsuda
et al. (2013) have developed DPFs, which have been successfully used in combination with heavier
sulfur grades of fuel oil. The filter developed by Mitsui O.S.K. was initially tested beginning in
November 2011, which was scheduled for about one year. However, the verification of the filters
performance has been suspended, because part of the filter had to be improved. The test will be
resumed in the first quarter of 2014 and it is still too early to say anything about costs (Mitsui

0.S.K., personal comm., April 2014).

The company CRR (Create - Recycle — Reduce) is a sales and distribution company with a new kind
of filter solution for the maritime industry, which also tested to work in combination with HFO.
The filter is developed by the German engineering company Ecovac GmbH, which has designed
and manufactured industrial filter systems for land-based use for several years. This land-based
system is now being adapted for maritime use in combination with HFO. The filter is a cartridge
technology, with a large surface area, which results in low backpressure (300 - 700 PA) and
reduces fuel penalties. CRR claims a PMgs reduction of >99 % concurrently with a SOx filtration of
90-98 %. The filter has not been installed on any vessels yet, and there are still great uncertainty
related to costs. However, the equipment costs are estimated to be around 300 USD/kW,
including a heat exchanger and installation (pers. comm., Martin Fischer, CRR, 2014). Based on the
identified manufacturers and research and development of filters working with heavy fuel oil, the
MAC of black carbon reduction by use of DPF is in this study is estimated assuming successfully

operation in combination with heavy fuel oil.

3.2.1. Black carbon reduction Potential

As earlier mentioned DPFs have shown to be very effective in reducing PM from on-road engines.
PM from vehicle diesel engines consist mainly of non-volatile compounds, i.e. ash and elemental
carbon (Lauer, 2012). These compounds are caught by the DPF. However, PM from large vessels
engines consist mainly of volatile compounds, such as OM, sulfates and water. These compounds
will be on gaseous phase at the high exhaust gas temperatures of around 350°C and will therefore
not be caught by the filter. Hence, the reduction potential of DPFs depends on engine type and
size thus DPFs may reduce PM better in cars than on merchant vessels. The high reduction rate
seen on road is therefore not directly transferable to marine application (Lauer, 2012; Tsuda et al.,
2013).

Only few studies analyzing PM and BC reduction by diesel particulate filters installed on maritime
diesel engines running on HFO have been identified (Table 5; Table 6). Mitsui O.S.K. (2012)
reported a PM reduction of 80 % in a DPF demonstration using C Heavy Fuel Oil (1% S max). Tsuda
et al. (2013) have demonstrated that approximately 50 % of the PM and most of the soot is caught
in the filter using heavy fuel oil (2.66% S) in a laboratory study. The study by Tsuda et al., 2013 is
the only one identified, which demonstrates the function of DPF in combination with HFO and also

examines the black carbon reduction. This study moreover looks into the reduction of the soluble

SEERB—13



DRAFT FINAL

LITEHAUZ May 2014

Table 5 Black carbon or PM reduction
potential reported in different studies
based on MGO

Table 6 Black carbon or PM reduction
potential reported in different studies
based on HFO

Figure 4 Soot and SOF emissions without
DPF and with DPF at three different loads

Table 7 Relative reduction potential of
LAC (EC+OM+ash) and EC. Emission
factors without and after particulate filter
when black carbon is defined as LAC or EC

respectively.
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organic fraction (SOF) and sulfate when using a DPF (Figure 4). Tsuda et al. (2013) conclude that
most soot is captured in the DPF but the SOF concentration remains constant. The SOF is not
captured in the DPF because it is on gaseous phase due to the high exhaust gas temperature
(Tsuda et al., 2013). The same picture is seen in a study conducted by Lauer (2012), who tested a
filter on a ship engine running on MGO. He found a very high EC reductions of 99 %, but only a
total PM reduction of 55% due to lower removal of organic carbon (OC). Based on the findings by
Tsuda et al. (2013) a 85 % reduction of EC and ash is used in this study, while no reduction is
expected for OM (Table 7). This amounts in a total relative reduction of 37 % when defining black

carbon as LAC whereas the reduction is 85 % if only looking at EC.

Study/ Reduction potential (MGO)

Manufacturer PM 0OC/OM/SOF Elemental carbon
Tsuda et al. (2013) 70 % ~0% “Most”

Majewski (2001) 95-99.9 % (EC)
Corbett et al. (2010b) 85% (BC)

Liu et al. (2008) 99.7 % (EC)

Huss Filters (2014) 99.9 % Not reported

Dinex (Danish EPA, 2013) 93 % Not reported

Lauer (2012) 55 % 30-60 % 99 % (EC)

Study/ Reduction potential (HFO)

Manufacturer PM 0C/OM/SOF Elemental carbon
Tsuda et al. (2013) 50% ~0% “Most”

Mitsui 0.S.K. (2012) 80 %

Black EC oM Ash Total black| Emission factor| Emission
carbon | reduction | reduction | reduction carbon without filter| factor after
definiti | potential | potential | potential reduction [g/kWh] filter

on potential [g/kWh]
LAC 85% 0% 85% 37 % 0.335 0.211

EC 85% 85 % 0.040 0.006

3.2.2. Costs used for MAC estimation

The costs used for the estimation of MAC for black carbon reduction by DPF are given in Table 8.
The CAPEX has been estimated to be 121 USD/kW, as previously explained in 3.2. Due to the little
experience with filters installed on vessels operating on marine fuels, in particular HFO, it is hard

to estimate the operation and maintenance cost (OPEX) of DPFs (DINEX, pers. comm., April 2014).
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Table 8 Costs per installed engine power,
lifetime, and energy consumption
(expressed as the fuel penalty) of a diesel

particulate filter.
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According to Corbett et al. (2010b) the OPEX is approximately 19.6 USD/kW/year in 2008 prices,
which is in this study converted into 2014 price level, corresponding to 21.9 USD/kW/year. This
OPEX is given for a 20 year period and includes both regeneration and replacement of filters
(Corbett et al., 2010b). The actual lifetime of the filters installed by DINEX is approximately 6-8
years, but no OPEX for a filter installed and operated on a commercial vessel is available from
market players. In this study it is decided to use the 21.9 USD/kW/year as OPEX and thus including
the replacement costs for the lifetime of the vessel. Corbett et al. (2010b) estimated a much lower
CAPEX (21.8 USD/kW) of filters than what has been found in our market surveys in this study. A
sensitivity analysis of 30 % higher or lower CAPEX and OPEX is conducted.

The added fuel consumption when using a DPF is estimated to be approximately 4 % (Corbett et
al., 2010b). The particles collected in the filter would ultimately cause exhaust gas pressure drop
in the filter. This negatively affects the engine operation and the filter thus has to be regenerated
to restore its soot collecting capacity (Majewski, 2001). A drawback of DPF is the significant
amount of space required, which can add further costs. The filter is assumed to take up 2-3 times
the size of the engine, which may be problematic on vessels with large engines (Boer, 2011).
However, in this study no size limitation is assumed. Lastly, it should be kept in mind, that
significant costs would be added to the use of DPF if the filter cannot work successfully in
combination with HFO and MGO has to be used instead. This study assumes that the technological
advancement allows for the use of at least a low grade sulfur HFO, such as 1% sulfur which can be
produced at comparable costs to the current 2.7% sulfur HFO, and the filter forced MGO scenario
is not further considered in this report. Off-hire days for installation are assumed to be around 15
(CRR; DINEX, pers. comm, April 2014).

Diesel Particulate Filter

CAPEX (incl. Installation) [USD/kW] 121

OPEX [USD/kW/year] 21.9 (including filter replacement)

Fuel penalty 4%

Lifetime [years] Actual 6-8 years (but unlimited in calculations

due to replacement included in OPEX)

Off-hire days 15

3.3. Wet scrubber

A scrubber is a treatment technology that cleans the exhaust gas and is installed after the engine
or boiler. The scrubber allows a vessel to continue sailing on HFO and still comply with the IMO
sulfur regulations by washing out SOx of the exhaust gas. Two main types of scrubbers exist: wet

scrubbers and dry scrubbers.

In wet scrubbers the exhaust gas is passed through a liquid media in order to dissolve the water-
soluble SOx gases. Wet scrubbers can be divided into three types: open loop scrubbers using sea
water, closed loop scrubbers using fresh water and caustic soda to control the alkalinity, and
finally hybrid scrubbers, which can run on both closed loop mode and open loop mode (ABS,
2013). The scrubber is using a water spray or cascading system in order to maximize the surface
area of liquid in contact with the exhaust gas. The chemical reactions taking place result in acidic
SOx based compounds such as sulfuric acid. For this reason the liquid must be of a certain
alkalinity in order to neutralize the acidic compounds (ABS, 2013; Lloyd’s Register, 2012). An open
loop scrubber using seawater as liquid media can be used when sailing in waters where the

alkalinity is sufficiently high. The main advantage of a seawater scrubber is that no chemicals are
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consumed onboard the ship and the water can be discharged back into the sea (NaKIM, 2012).
When sailing in low alkaline waters, e.g. the Baltic, estuaries, and rivers, a closed loop scrubber
using freshwater and caustic soda can be used to control the alkalinity of the scrubbing liquid. In a
closed loop scrubber little or no water is discharged overboard and this type is therefore suitable
for zero emission control areas. Hybrid scrubbers, which consist both of a closed loop and an open
loop system utilize the advantages of both systems and increase the flexibility of the vessel
(Lloyd’s Register, 2012; ABS, 2013). The footprint of a scrubber varies a little from system to
system. The footprint of a scrubber fitted to a 5 MW motor is around 3 m x 5 m and the footprint
of a scrubber fitted to a 25 MW engine is on the size of a scrubber installed on a 25 MW engine is
around 6 m x 10 m (ABS, 2013). According to Alfa Laval (2013) their scrubbers only have footprints
of 25 m x 2.5 m up to 47 MW engines. The height of the scrubbers varies in general
approximately between 6 m and 12 m up to 25 MW depending on the type of system, however,

one system being a couple of meters higher has been identified (ABS, 2013).

Although dry scrubbers may be technically feasible in ships it has not been possible to identify
stakeholders with installation experience or cost knowledge regarding dry scrubbers for
application in the merchant fleet. For this reason, the study will focus on wet scrubbers only. A
brief description is provided: In a dry scrubber no water is used but instead the exhaust gas is led
through a chamber filled with calcium hydroxide granulate, which reacts with the sulfur oxides to
form calcium sulfate. The exhaust gas is not cooled as in the wet scrubber, and therefore a dry
scrubber may be used in combination with a SCR unit, which reduces the NOx emissions and in
general require temperatures above 350°C. At some point the granulate loses its ability to react
and therefore it must be replaced. Both the fresh and the used calcium hydroxide granulate is
stored outside the absorption chamber requiring additional storage space. The level of sulfur
absorption can be regulated for example by adjusting the surface area of the granulate or by
changing how the gas passes around inside the absorber. However, the dry scrubber is slow to
regulate, unlike wet scrubbers, which are quickly adjusted to changes in operating conditions. The
calcium sulfate, which may be recycled in industry, is deposited at port, but no other substances
are disposed of overboard (Walter & Wagner, 2012). According to ABS (2013) the PM reduction in
a dry scrubber is 60 %. Since the process is dry, it is assumed that both hydrofile and hydrophobic

particles are collected.

3.3.1. Black carbon reduction Potential

Wet scrubbers have shown to be fairly efficient at removing particulate matter (PM) based on
different particle diameter cutoffs (Table 9). Winther (2013) has in a literature review found that
black carbon comprise 0.3-17% of PM from HFO and 17-40% of PM from MDO. The smaller the

sulfur content of the fuel is, the more the black carbon constitutes of the PM emissions.

Lack & Corbett (2012) and Corbett et al. (2010b) have reviewed the efficacy of seawater scrubbers
to remove BC and PM from exhaust gas. Several studies evaluate PM reduction potential from
scrubbers, while only few studies have specifically measured the reduction potential of black
carbon. PM reductions in scrubbers are occasionally used as proxy for BC removal potential.
Despite the potential to remove total particle mass, the effectiveness of scrubbing for removal of
black carbon is more uncertain due to the small size of these particles and their physical
properties. Right upon emission black carbon particles are hydrophobic and have a typical
diameter of around 100 nm (Quinn et al., 2011), which is one order of magnitude smaller than
PM; and two orders of magnitude smaller than PMy,. Very small particles, like BC, are reported to
be less controlled than larger ones (Corbett et al., 2010), as also indicated by the PM reduction

potentials given in Table 9 (Lack & Corbett, 2012). As indicated in the table, the reduction
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Table 9 Wet scrubber reduction potential
of different PM size fractions (Lack &
Corbett, 2012)

Table 10 Relative reduction potential of
LAC (EC+OM+Ash) and EC. Emission
factor without and after scrubber when
black carbon is defined as LAC or EC

respectively.
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potential decreases with decreasing particle size. Measurements conducted on the DFDS roro-

K

vessel “Ficaria Seaways” have shown that even though the number of particles with a diameter of
more than 200 nm is low the total PM mass is still dominated by particles in this size range (NaKIM,
2012). Estimating the black carbon reduction potential only on the PM mass reduction may
therefore not be reliable. As BC ages it coagulates and reacts with other compounds, hence
growing in size and becoming more hydrophilic. The wet scrubbing efficiency removal of BC thus
depends on the mixing state of the particles (Lack & Corbett, 2012). As indicated in Table 9, the

reduction potential decreases with decreasing particle size.

Measurement ECron ECron PM, PM; s PM, PMy.05

Reduction 55 % 70 % 98 % 74 % 59 % 45 %

potential

Fuel type Low sulfur diesel | 1.5 %| HFO HFO HFO HFO
sulfur

The EC measurements indicate that the scrubbing efficiency increases, when the sulfur content in
the fuel is higher. This may be explained by the formation of black carbon internally mixed with
hydrophilic particulate sulfates. Based on the PM measurements and the common BC diameter a
scrubbing efficiency of around 45-50% is likely, according to Lack & Corbett (2012). A reduction
potential of 50 % will be applied in this study, and it is assumed, that EC, OM and LAC is reduced
equally efficient (Table 10).

Black EC oM Ash Total black| Emission Emission
carbon reduction | reduction | reduction carbon factor factor after
definition potential potential potential reduction without scrubber
potential scrubber [g/kwh]
[g/kWh]
LAC 50% 50% 50% 50 % 0.335 0.168
EC 50% 50 % 0.040 0.020

3.3.2. Costs used for MAC estimation

In this study the focus will be on open loop scrubbers and hybrid scrubbers, since there is
currently no regulation promoting the use of closed loop scrubbers in Arctic waters. The hybrid
scrubber has the advantage of greater flexibility to also operate in less alkaline waters, and if a
ban on open loop scrubbers is implemented the hybrid scrubber can still be used on closed loop
mode. According to Wartsila the open loop scrubber and the hybrid scrubber are the most sold
types (Ahlbach, Pers. comm., 5" of March 2014).

The investment costs of open loop scrubbers and hybrid scrubbers as a function of installed power
are shown in Figure 5 and Figure 6. The curves are drawn by the authors of this report, based on
investment estimates provided by Alfa Laval (pers. comm., April 2014) and Wartsila (Pers. comm.,
April 2014) for scrubbers installed on ships with four different engine sizes of 5 MW, 10 MW, 15
MW and 20 MW, respectively. The dashed lines show upper and lower bounds whereas the full-
drawn line shows the average investment cost curve. The investment costs increase

approximately linearly with increasing power installed.

Yearly maintenance cost can according to Corbett et al., 2010 be expected to be approximately 0.7
USD/MWh, ranging between 0.4 and 1.1 USD/MWh in 2008 prices. These estimates are
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scrubber as a function of installed
power. Dashed lines show upper and
lower bounds, while full-drawn line

shows average.

Figure 6 Investment cost of hybrid
scrubber as a function of installed
power. Dashed lines show upper and
lower bounds, while full-drawn line

shows average.

May 2014

SHIPPING TRAFFIC IN THE ARCTIC - TECHNOLOGY REVIEW AND COST SCENARIOS REGARDIN(
BLACK CARBON REDUCTION

converted to USD/kW in 2014 prices resulting in approximately 6.9 USD/kW ranging between 3.9
and 10.8 USD/kW. The installation costs are around 75 % of the investment costs both for the
open loop scrubber and the hybrid scrubber (Alfa Laval, pers. comm., April 2014). The fuel penalty,
which is caused by pumps and engine back pressure, is approximately 2 % when running on open
loop mode and around 1 % when running on closed loop mode (Lloyd’s register, 2012). A larger
pump is needed when using seawater than fresh water hence leading to larger fuel penalty when
operating on open loop than closed loop mode (Stuer-Lauridsen et al., 2012). The hybrid scrubber
can change between open loop mode and closed loop mode. As baseline no discharge regulation
exists in the Arctic, hence the open loop scrubber can be used and the hybrid scrubber may
operate all the time at open loop mode. In the change scenario where a “no discharge” regulation
is implemented in the Arctic, the open loop scrubber does not meet the requirements and the
hybrid scrubber has to operate on closed loop mode, which includes consumption of caustic soda
(NaOH) and a different fuel penalty (ABS, 2013). The consumption of caustic soda is estimated
from Figure 7 (Wartsila, 2011) to be approximately 150 I/hour, and the price range was 50 — 250
USD/m® in 2011 (Wirtsila, 2011). This range has been converted to 2014 price level (52-262
USD/m’) and the average of 157 USD/m3 has been used in the central estimate. Off-hire days for
installation are assumed to be around 20 days (Hauschildt Marine, 2014). The costs and energy
use for the open loop and the hybrid scrubber are summarized in Table 11 and Table 12,

respectively.
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Figure 7 NaOH consumption [I/hour] as a

function of operating power and sulfur

content in fuel (Wartsila, 2011).

Table 11 Costs, lifetime, and energy Open loop scrubber
consumption (expressed as the fuel CAPEX (ex. Installation) [USD] 2,500,000
penalty) of an open loop scrubber for a Installation [USD] 1,900,000
20 MW engine. OPEX [USD/kW] 6.9
Fuel penalty 2%
Lifetime [years] 15
Off-hire days 20

Table 12 Costs, lifetime, and energy Hybrid scrubber Open loop mode Closed loop mode
consumption (expressed as the fuel CAPEX (ex. Installation) [USD] | 3,100,000
penalty) of a hybrid scrubber for a 20 Installation [USD] 2,300,000
MW engine. OPEX [USD/kW] 6.9
Lifetime [years] 15
Fuel penalty* 2% 1%
NaOH consumption [ms/hour]* - 0.15
NaOH costs [USD/m’*]* - 157
Off hire-days 20

* Fuel penalty is 1% when the scrubber is operating at closed loop mode using NaOH
and 2 % when operating at open loop mode where no NaOH is used (Lloyd’s Register,
2012).

3.4. Fuel Switch from HFO to MGO

According to MARPOL Annex VI, the maximum sulfur limit in bunker fuel should be reduced
globally from 3.5 % to 0.5 % by 2020 or 2025. The average sulfur content in the heavy fuel oil
(HFO) used for marine diesel engines today is 2.7 % (MAN Diesel & Turbo, 2010). HFO is a residual
oil, with high contents of sulfur, ash, and metals, e.g. vanadium and nickel. These components
cause slower and less complete combustion and hence increase black carbon emissions (ABS,
1984).

There are two main challenges when switching to distillate fuels: the fuel viscosity and the main
engine cylinder lubrication. The viscosity of distillate fuels is lower than for residual fuels, which
may challenge the pump in different ways. For this reason installation of a cooler or chiller unit

may be necessary to be able to maintain the required viscosity (MAN Diesel & Turbo, 2010). In the
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Table 13 Studies identified by Lack &
Corbett (2012), which assess black carbon
reduction potential when changing from

HFO to a cleaner fuel.
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future vessels will probably not experience problems running without a chiller, since pumps and
engines will be designed to run on lower viscosity fuels. High sulfur content can cause corrosive
sulfuric acid. Lubricating cylinder oils of a certain alkalinity can neutralize the sulfur content of the
fuel. The alkalinity is expressed as the total base number (TBN). Over treating for sulfur can be
damaging, and therefore it is important to lower the TBN when operating on low sulfur fuel (ABS,
1984). On newer engines, it is recommended to install a lubricator, which automatically regulate
the dosage (MAN Diesel & Turbo, 2010).

3.4.1. Black carbon reduction Potential

The fuel switch may, beside a reduction of SOx emissions, also induce a co-beneficial reduction of
black carbon emissions, but to what extent is not yet fully clarified. The Second IMO Green House
Gas Study (Buhaug et al., 2009) focus on a 2007-study on elemental carbon, and the more recent
literature also report studies employing a number of different measurement methods and
different definitions of black carbon. As already mentioned the definition of black carbon play an

important role when assessing the emission factor and reduction potential.

Recently, Lack and Corbett (2012) have reviewed several studies, which assess the possible black
carbon reduction when changing from HFO to a more clean fuel (Table 13). Figure 8 shows the
ratio between the BC emission factor of cleaner fuel and HFO. When the ratio is <1 the BC
emission factor decreases when changing from HFO to a cleaner fuel and when the ratio is >1 the
BC emission factor increases. As seen on the figure most of the studies indicate that the BC
emission factor decreases when switching from HFO to a cleaner fuel. However, some results
show the opposite trend, which may be explained by the high level of heavy metals in HFO as it
has been suggested that heavy metals catalyze the combustion of BC and hence reduce BC
emissions (Lack & Corbett, 2012). Despite the role of heavy metals, the overall balance of the
information suggests a decrease in black carbon emissions when changing from HFO to a cleaner
fuel (Lack and Corbett, 2012). Lack and Corbett (2012) propose an average decrease of 45 % at
100 % load. This average decrease is based on studies assessing fuel switch from HFO (sulfur

contents from 0.83 % - 3.15 %) to MDO, MGO, LFO or biodiesel with sulfur contents < 0.1 %.
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Figure 8 Ratios between the black carbon
emission factors of cleaner fuel and HFO
as a function of load. The numbers in the
left corner corresponds to the studies in
Table 13.

Figure 9 Emissions of organic material
(OM), elemental carbon (EC), sulfate
(SO4), water associated with sulfate
and ash when combusting fuel with
different sulfur contents (Buhaug et al.,
2009)

Table 14 Relative reduction potential of
LAC (EC+OM+ash) and EC. Emission
factors when using HFO and after
switching to MGO when black carbon is

defined as LAC or EC respectively.
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As a basis for the estimates included here, it is decided to use results from the study by
Germanischer Lloyd as included in the Second IMO Green House Gas Study (Buhaug et al., 2009).
These results show a 76 % reduction of EC and no reduction of OM when the sulfur content
decreases. The ash content, is reduced 100 % when a fuel with only 0.1 % S is burned (Figure 9).

The reduction potentials of LAC and EC are summarized in Table 14.

Black EC oM Ash Total black| Emission Emission

carbon reduction reduction reduction carbon factor HFO| factor

definition potential potential potential reduction [g/kwh] MGO
potential [g/kwh]

LAC 76 % 0% 100% 41 % 0.335 0.199

EC 76 % 76 % 0.040 0.010

3.4.2. Costs used for MAC estimation

The costs, which the estimation of MAC is based on, are given in Table 15. It should be kept in
mind that the energy content of HFO is 40.0 MJ/kg and for MGO 42.7 MJ/kg (Dr.-Ing. Wild, 2005).
A specific fuel oil consumption of 180 g/kWh should be used for MGO, while 190 g/kWh should be
applied for HFO (Hans Otto Holmegaard Kristensen, pers. comm, April 1% 2014).
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Table 15 Costs and fuel penalty when
changing from HFO to MGO
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Fuel switch

HFO cost [USD/mt]* 578
MGO [USD/mt]* 587
HFO SFOC [g/kWh] 190
MDO SFOC [g/kWh] 180
Fuel penalty [USD]** ]
MGO chiller CAPEX (incl. inst.) [USD/kW]*** 13
MGO chiller fuel penalty [%] *** 03

MGO Chiller Lifetime [years]***

Same as vessel

Off-hire days

10

*Rotterdam prices April 24th 2014

**Fuel penalty expressed as the increased fuel costs when changing from HFO to MGO taking the

different specific fuel oil consumptions into account and thus different annual fuel consumptions.

*** From Stuer-Lauridsen et al. (2012)
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Table 16 Data of specific example ship
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4. Example ship

In this study a specific example ship from the fleet operating in
the Arctic is used to estimate the base parameters related to
reducing BC emissions by retrofitting scrubbers, diesel
particulate filters or switching fuel from heavy fuel oil (HFO) to
marine gas oil (MGO).

Different baseline parameters are described in the following, which will be used in the estimation
of MAC and the sensitivity analyses. Two other important factors, which may influence the cost
effectiveness of the technologies, are the definition of black carbon and whether discharge from
the open loop scrubber is allowed. OPRF has developed for a baseline scenario that black carbon
is defined as light absorbing carbonaceous compounds (LAC) and also it is assumed that the use of
open loop scrubbers is allowed in the Arctic. However, the impact on the MAC will be estimated
for the scenario where black carbon is defined as elemental carbon (EC) and a scenario where
open loop scrubbers are not allowed in the Arctic. These scenarios are further described in this

chapter.

Finally, it should be mentioned that the global SOx cap of 0.5 %, which will be implemented in
2020 or 2025, will enforce a fuel switch or use of proper technology, such as scrubber. However,
the impacts of the implementation of the global sulfur cap on the MAC of black carbon abatement

technologies are not part of this study scope.

The chosen example ship is representative of a ship type and size that spend most of its time in
Arctic, has a high consumption of energy and could be operating in international traffic. The
chosen cargo carrier (Table 16; Figure 10) spent 8,378 hours in the Arctic during 2013 and the
energy consumption was 94,253,206 kWh. As a baseline the time spent in the Arctic is in this
study set to 8,760 hours (a full year) and the energy consumption of the ship is proportionally

adjusted to correspond to a full year operation in the Arctic.

MMSI / IMO 273310730 / 9330836

Ship type Cargo

Year built 2006

Ship size range [GT] 10,000-30,000

Installed engine power [kW] 19,950

Nominal speed [kn] 12.5

Energy consumption/year [kWh] 97,542,702 (adjusted from 94,253,206 kWh)
Operating time in the Arctic [hours] 8,760 (adjusted from 8,378)

Average power [kW] 11,251

Average load* 56%

* The average load also include the time the ship is at port.

4.1. Off-hire rate

The off-hire rate, which is used to calculate the loss from having the vessel off the market during

the time it takes to install a given technology on the example vessel is 18,000 USD/ day. This figure
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is based on the off-hire rates in the IMO report by Stuer-Lauridsen et al. (2012) for a bulk carrier of

15 MW, which is assumed to be approximately the same as for the example ship in this study.
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5. Marginal Abatement Costs

The marginal abatement costs expressed as the NPV cost per
gram of reduced black carbon have been calculated for each
technology for the specific example ship. The costs have been
calculated for the diesel particulate filter, fuel switch and
scrubber, including open loop scrubber and hybrid scrubber on
open loop mode and closed loop mode. Sensitivity analyses have
been conducted on several parameters influencing the marginal
abatement costs. Furthermore two kinds of black carbon
definitions have been used, namely light absorbing
carbonaceous compounds (LAC) and elemental carbon (EC).

5.1. Methodology

Based on specifications of an example ship the marginal abatement cost for each of the
abatement technologies has been calculated (Appendix 1). The technologies comprise DPF, fuel
switch and scrubbers, including open loop scrubber, and hybrid scrubber on open loop mode and
closed loop mode. In this context, the marginal abatement cost reflects the cost per gram of
reduced emissions of black carbon. The additional costs associated with each technology include
CAPEX, installation of technologies and off-hire, OPEX, fuel costs, and NaOH for close loop
scrubber mode. All prices are stated in 2014-level. In case of input data in other price levels, the

net price index from Statistics Denmark have been used to translate prices into 2014-level.

The technologies are installed in 2016. The additional cost associated with each type of
technology has been calculated in each year of the residual lifetime of the example ship.
Equivalently, the reduction in emissions of black carbon has been calculated in each year of the
residual lifetime of the ship for each technology. It takes up to 20 days to install the technologies.
The specific installation period for each technology can be found in table 2, Appendix 2. The ship
does not operate during the installation period, and therefore we adjust the fuel and NaOH
consumption and the OPEX in the installation year according to the installation period for each
specific technology. We calculate the present value of the costs and reduced emissions to take
into account, that cost and emissions encountered today weigh heavier than costs and emissions
encountered in the future. The marginal abatement cost for each technology is given as the ratio
of the present values of costs and reduced emissions. We use 2014 as the evaluation year for the

calculation of the present values.

5.1.1. CAPEX and installation costs

The CAPEX (Capital expenditure) covers the purchase of each technology. The cost and duration of
the installation varies depending on the technology. We include a daily off-hire rate in the total
cost for each day the ship is not operating. Appendix 2 (Table 1) shows CAPEX incl. installation cost

used in the central scenario.

The lifetime of the diesel particulate filter (DPF) is likely to be lower than the ship residual lifetime.
However, the data on OPEX regarding the diesel particulate filter (DPF) includes cost of reinstalling
the filters. Therefore we only include CAPEX and installation cost in the initial year. Appendix 2

(Table 2) shows the lifetime for each technology.
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Figure 11 High and low fuel price

developments until 2028.
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Installing on new ships is still a limited experience. For wet scrubbers, i.e. the technology with the
largest knowledge base, it is reported as a general rule that 75% of the total CAPEX costs in
retrofitting are installation costs. Reportedly, these costs may be lowered significantly in new

ships, but shipyards are reluctant to provide useful information on this matter.

5.1.2. OPEX

The OPEX (Operating expenditure) varies across technologies and depends on the average power
of the ship and the time operating in The Arctic Regions. Appendix 2 (Table 3) shows OPEX for
each technology used in the central scenario. The OPEX is adjusted in the year of installation

according to the installation period for each of the technologies.

5.1.3. Fuel costs
A fuel penalty is associated with each of the five technologies considered. In addition, the price
difference between MGO and HFO is potentially large, which will also affect the fuel cost, when

considering the fuel switch technology. The fuel penalties are stated in table 4.

Using data from the Port of Rotterdam from January 23, 2014 to April 23, 2014 (Bunkerworld,
2014), we have calculated an average 2014 price for the two types of fuel. We calculate the
price development for HFO (IFO380) and MGO from 2014 to 2028 based on the International
Energy Agency's forecasts for crude oil price from the World Energy Outlook (IEA, 2007). We
have used the expected price development for crude oil to forecast the price development
for HFO (IFO380) and MGO until 2028.

Table 6 shows fuel prices for 2014. We adjust the fuel consumption in the year of installation
according to the installation period for each of the technologies. We operate with a high and low
fuel price in the sensitivity analyses. In the scenario with low fuel prices, we assume that the fuel
prices remain constant. In the scenario with high fuel prices, we assume that the fuel prices

increase two times the rate used in the baseline scenario.

HFO (usd/mt), Central MGO (usd/mt), Central ===== HFO (usd/mt), Low

""" MGO (usd/mt), Low == == HFO (usd/mt), High == == MGO (usd/mt), High
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=

1,000  —
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5.1.4. NaOH cost

When operating with a hybrid scrubber in closed loop mode, ships consume NaOH. We use a
constant price for NaOH in the entire period of 157 USD/m’. In the sensitivity analyses, we
describe the impact of the price of NaOH by calculating the marginal abatement cost using a high
and low price of NaOH respectively. We adjust the consumption of NaOH in the year of

installation according to the installation period for each of the technologies.

SEE R —26



DRAFT FINAL

LITEHAUZ

May 2014

SHIPPING TRAFFIC IN THE ARCTIC - TECHNOLOGY REVIEW AND COST SCENARIOS REGARDIN(
BLACK CARBON REDUCTION

5.1.5. Emissions

We have calculated the marginal abatement cost of two definitions of black carbon, namely
light absorbing carbonaceous compounds (LAC) and elemental carbon (EC). The definition of
black carbon has a great impact on the cost of reduction. In Appendix 2,

Table 7:  EC abatement factors (g/kWh) and table 8 contain the abatement factors for EC and
LAC. We adjust the emissions in the year of installation according to the installation period for

each of the technologies.

5.2. Base parameters

The marginal abatement costs (MAC) of reducing black carbon will be calculated for the different
technologies retrofitted on the example ship and a number of base parameters obtained are
presented here. The lifespan of a vessel is approximately 30 years (Mikelis, 2010) and the average
age of the global fleet was 20 years in 2013 (UNCTAD, 2013). Assuming that these numbers are
also valid for the fleet operating in the Arctic, the residual lifetime of the vessels are set to 10
years as baseline. The MAC will be calculated based on black carbon emissions, abatement
potentials of the technologies, costs of the technologies and the parameters given in Table 17. As
baseline a discount rate of 5% has been used. We base this choice on a survey of international
research. All studies included in the survey use a discount rate between 2.5% and 8%, and most
use a discount rate between 4.5% and 6% (HEATCO, 2005).

Table 17 Parameters used

in the

calculation of marginal abatement
costs (MAC)

Table 18 Parameters that will affect the
black carbon emission and the cost
effectiveness of the abatement

technologies

Element Assumption

Evaluation year (year of NPV calculation) 2014

Price year 2014

Currency usD

Discount rate 5%

First year of technology 2016

Time period The residual lifetime of the vessels

5.3. Sensititvity towards base parameters, black carbon
definition and “no discharge” - scenario

Several parameters included in the calculations of the MAC may have profound influence on the

cost effectiveness of the abatement technologies, e.g. the melting of the Arctic sea ice will affect

the accessibility and hence the traffic volume in the Arctic.

The fuel prices may be affected by supply and demand, political unrest, and the development of
green technologies, while environmental legislation in the Arctic will affect the use of certain

technologies. For this reason the sensitivity towards fuel prices, discount rate, time operating in

the Arcticc and the residual lifetime of the ship is analyzed (Table 18).
Sensitivity parameter Low Base line High
condition
HFO price [USD/t]* See Figure 11 578 See Figure 11
MGO price [USD/t]* See Figure 11 887 See Figure 11
Ship residual lifetime [years] 5 10 15
Time operating in the Arctic| 4380 ** 8760 -
[hours]
Discount rate - 5% 8%
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Table 19 Two scenarios on scrubbers

Table 20 Emission factors of organic
matter (OM), elemental carbon (EC), ash
and LAC (OM+EC + ash) from a laboratory
two stroke engine running on HFO (2.7 %
S)

Table 21 Emission factors of organic
matter (OM), elemental carbon (EC), ash
and LAC (OM+EC + ash) from a laboratory
two stroke engine running on HFO (2.7 %
S)
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*Rotterdam prices April 24th 2014, **Corresponding to 6 months operation

As baseline scenario in this study it is allowed to use open loop scrubber in the Arctic, but the
MAC under the change scenario where a “no discharge area” is implemented and only closed loop
mode can be used is also estimated. This change scenario will only affect the MAC of the scrubber
(Table 19).

Scenario Open Scenario Closed

Open loop scrubber is allowed Only closed loop scrubber mode

5.3.1. Black carbon definition and emission factor

As mentioned earlier, the definition of black carbon is another very important factor. Black carbon
can be defined in a various ways (see e.g. BLG17/INF.7), as elemental carbon (EC), operationally or
functionally, and one is as the light absorbing carbonaceous compounds (LAC). LAC includes both
black carbon and brown carbon, which is the part of organic carbon with light absorbing capacities
(Andreae & Gelenscér, 2006). In this study LAC is defined as the sum of elemental carbon (EC),
organic matter (OM) and ash for which OPRF have provided the base emission factors used in this
study (Table 20).

Particle Emission factor [g/kWh]
Organic matter (OM) 0.189
Elemental Carbon (EC) 0.040
Ash 0.105
LAC (OM+EC+Ash) 0.335

Germanischer Lloyd in 2007 conducted a study and found the BC emissions in kg/ton of fuel from
a laboratory two-stroke engine as referenced in table 7.20 in Buhaug et al. (2009). These
emissions have been converted to g/kWh by using a specific fuel consumption (SFOC) of 190
g/kWh (Table 21). The total LAC emission presented by Buhaug et al. (2009) is approximately 28 %
lower than the emissions in table 9 due to lower emissions of OM and ash, and the emission factor

of EC is approximately 62 % higher (Figure 12).

Particle Emission factor [kg/ton fuel] Emission  factor  [g/kWh],
(Buhaug et al., 2009) modified from
(Buhaug et al., 2009)

Organic matter (OM) 0.670 0.127
Elemental Carbon (EC) 0.340 0.065
Ash 0.250 0.048
LAC (OM+EC+Ash) 1.260 0.239
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Figure 12 LAC emissions used in this
study (OPRF) and LAC emissions as
modified from results from Buhaug et al.
(2009)

Table 22 Baseline definition and

alternative definition of black carbon

Figure 13 Marginal abatement costs of
scrubbers, including open loop scrubber
and hybrid scrubber on open and closed
loop mode, fuel switch and diesel
particulate filter (USD/g), with black

carbon defined as LAC.
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Black carbon can also be defined only as elemental carbon (EC). EC is the carbon that is oxidized
above a specific temperature level only when oxygen is available (Andreae & Gelenscér, 2006;
Birch & Cary, 1996). The scenario where black carbon is defined only as EC is analyzed and the
MACs for the different technologies based on this definition are estimated (Table 22). The
emission factor used in this scenario is 0.040 g/kWh. Lastly, it should be mentioned that also the
load may have an effect on black carbon emissions and reduction potentials, but this will not be

further discussed in this study.

Base line definition of black carbon Alternative definition of black carbon

LAC (EC + OM + Ash) Only EC

5.4. Comparison of the MAC of the technologies

The marginal abatement costs for each technology when using central estimates of input
parameters are given in Figure 13 with black carbon defined as LAC. The open loop scrubber has
the lowest MAC of 0.06 USD/g. The hybrid scrubber operating on closed loop mode is a little more
expensive than the open loop scrubbers due to the NaOH consumption. The DPF is only a little
more expensive than the scrubbers (0.09 USD/g), whereas the fuel switch has the highest MAC by
far. The large price difference between HFO and MGO fuel is the reason for the particularly high
marginal abatement cost for the fuel switch. It should be noted that the DPF is assumed to work in
combination with HFO. If this is not the case and MGO must be used, the DPF will obviously have a

much higher MAC.

B Cost of reduction (USD/g), LAC

0.45

0.06 0.06 0.07 0.09

B N N

Open loop Hybrid scrubber, Hybrid scrubber, Fuel switch Diesel Particulate
scrubber open loop mode closed loop mode Filter

5.5. Sensititvity analyses (LAC)
Sensitivity analyses have been conducted on several parameters, which is illustrated in Appendix 3.

Figure 14, Figure 15, Figure 16, and Figure 17 show the marginal abatement costs, when we define
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Figure 14 Cost of reduction (USD/g), LAC.
Scenarios: reduced and extended residual
lifetime of 5 and 15 years, respectively,
high discount rate of 8 %, and reduced
time in Arctic of 4,380 hours

corresponding to six months.
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black carbon as LAC. In each chart, the central scenario is compared to a number of alternative

scenarios where some parameters are changed.

In Figure 14 the central scenario is compared to scenarios with reduced and increased ship
residual lifetime, a higher discount rate and reduced time in the Arctic. The marginal abatement
costs for the three types of scrubbers and the DPF all increase, when the ship residual lifetime is
lower, since the CAPEX and installation costs constitute a substantial part of the cost associated
with these technologies. Conversely, the marginal abatement cost of the fuel switch decrease in
this scenario because the price difference between HFO and MGO increase over time. The
scenario with increased ship residual lifetime shows the exact opposite results with decreased

marginal abatement costs for scrubbers and DPF and an increase for fuel switch.

In the scenario with a higher discount rate, the marginal abatement costs increase slightly for all
technologies since a relatively large share of the cost is in the initial year, whereas the emissions
are evenly spread over the ship residual lifetime with the smallest emission in the initial year. The
results for the scenario, where we reduce the operating in The Arctic Regions, resemble the
results for the lower residual lifetime with higher marginal abatement cost for the scrubbers and
the DPF.

mOpen loop scrubber

W Hybrid scrubber, open loop mode
m Hybrid scrubber, closed loop mode
= Fuel switch

m Diesel Particulate Filter

Central Ship residual Ship residual Intest rate 8% Reduced time in
lifetime 5 years lifetime 15 years arctic

In Figure 15 the central scenario to a scenario is with low and high fuel prices and low and high
NaOH prices. In the scenario with high fuel prices the price difference between HFO and MGO fuel
increase more over time than in the central scenario. This is reflected in increased marginal
abatement cost for the fuel switch. In the low fuel prices scenario, the fuel prices are kept
constant over time. This lowers the marginal abatement cost for the fuel switch technology. The
changes in the price of NaOH only influence the hybrid scrubber in closed loop mode. In the
scenario with a low NaOH price, the marginal abatement cost for the hybrid scrubber in closed
loop mode is lower than the hybrid scrubber in open loop mode, due to a lower fuel penalty. The
open loop scrubber has the lowest marginal abatement cost of the three types of scrubbers in all
scenarios. Correspondingly, the hybrid scrubber in closed loop mode is the type of scrubber with

the highest marginal abatement cost, except in the scenario with a low NaOH.
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Figure 15 Cost of reduction (USD/g), LAC.
Scenarios: refer to Figure 11 for low and
high fuel prices, low and high NaOH costs
of 52 and 262 USD/m’.

Figure 16 Cost of reduction (USD/g), LAC.
Scenarios: low and high CAPEX incl.
installation  for open  loop/hybrid
scrubber of 3.7/5.1 and 5.1/6.0 mio. USD
and low and high CAPEX for DPF of
1.7/3.1 mio. USD.

Figure 17 Cost of reduction (USD/g), LAC.
Scenarios: high and low OPEX for
scrubber of 3.9 and 10.8 USD/kW per
year and high and low OPEX for DPF of
15.3 and 28.5 USD/kW per year.
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m Open loop scrubber

m Hybrid scrubber, open loop mode
m Hybrid scrubber, closed loop mode
o Fuel switch

= Diesel Particulate Filter

Central Low fuel prices High fuel prices Low NaOH price High NaOH price

In Figure 16 the central scenario to a scenario is compared with low and high CAPEX for the three
types of scrubbers and low and high CAPEX for the DPF. The changes in CAPEX for the various
technologies naturally raise and lower the marginal abatement cost for the relevant technologies,
but it does not change the ranking of the technologies with respect to the marginal abatement

cost.

= Open loop scrubber

m Hybrid scrubber, open loop mode
® Hybrid scrubber, closed loop mode
= Fuel switch

u Diesel Particulate Filter

Central Low Scrubber High Scrubber Low DPF CAPEX High DPF CAPEX
CAPEX CAPEX

In Figure 17 the central scenario to a scenario is compared with low and high OPEX for the three
types of scrubbers and low and high OPEX for the DPF. The changes in OPEX change the marginal

abatement cost very little.

m Open loop scrubber

W Hybrid scrubber, open loop mode
m Hybrid scrubber, closed loop mode
® Fuel switch

= Diesel Particulate Filter

Central Low Scrubber OPEX High Scrubber OPEX  Low DPF OPEX High DPF OPEX

5.6. Cost related to black carbon definition
Figure 18 shows the MAC of the different technologies when black carbon is defined as EC. When

this figure is compared to the MAC in Figure 11, it is clear that the definition of black carbon has a
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Figure 18 Marginal abatement costs of
scrubbers, including open loop scrubber
and hybrid scrubber on open and closed
loop mode, fuel switch and diesel
particulate filter (USD/g), with black

carbon defined as EC.

Figure 19 Cost of reduction (USD/g), EC.
Scenarios: reduced and extended residual
lifetime of 5 and 15 years, respectively,
high discount rate of 8 %, and reduced
time in Arctic of 4,380 hours

corresponding to six months.
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great impact on the cost of reduction. The technology with the lowest MAC is the open loop
scrubber when using LAC-definition, whereas the DPF is the technology with the lowest MAC

when using the EC-definition.

The LAC-definition is broader than the EC definition, and thus the reduction in emissions is larger
for all technologies. The cost of the technologies is the same regardless of the definition of black
carbon. Therefore, the marginal abatement cost, which is the present value of the cost divided by
the reduction in emissions, is lower for all technologies when using the LAC definition compared
to the EC definition. In addition, the fuel switch and diesel particulate filter reduce the emissions
the most per kWh, when using the EC-definition, whereas the two technologies reduce the

emissions the least per kWh when using the LAC-definition.

B Cost of reduction (USD/g), EC
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0.46 053 0.57
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Open loop Hybrid scrubber, Hybrid scrubber, Fuel switch Diesel Particulate
scrubber open loop mode closed loop mode Filter

The marginal abatements cost for the DPF is higher than for the three types of scrubbers when the
LAC-definition of black carbon is used. When the EC-definition is used, the marginal abatement
cost of the DPF is the lowest of all the technologies. This is due to the DPF having the highest
abatement factors with respect to EC, whereas it has the lowest abatement factors with respect
to LAC (Appendix 2). The relative reduction by DPF when black carbon is defined as EC is higher
compared to the LAC-definition. The fuel switch has the highest marginal abatement cost

regardless of the definition of black carbon.

5.7. Sensitivity analyses (EC)
The following provides the charts showing sensitivity analyses conducted when black carbon is
defined as EC.

® QOpen loop scrubber

® Hybrid scrubber, open loop mode
® Hybrid scrubber, closed loop mode
¥ Fuel switch

¥ Diesel Particulate Filter

Discount rate 8%  Reduced time in

Central Ship residual
lifetime 5 years  lifetime 15 years arctic

Ship residual
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Figure 20 Cost of reduction (USD/g), EC.
Scenarios: refer to figure 11 for low and
high fuel prices, low and high NaOH costs
of 52 and 262 USD/m’.

®QOpen loop scrubber

® Hybrid scrubber, open loop mode
= Hybrid scrubber, closed loop mode
™ Fuel switch

M Diesel Particulate Filter

Central Low fuel prices High fuel prices Low NaOH price High NaOH price

Figure 21 Cost of reduction (USD/g), EC.
Scenarios: low and high CAPEX incl.
installation for open loop/hybrid scrubber of
3.7/5.1 and 5.1/6.0 mio. USD and low and
high CAPEX for DPF of 1.7/3.1 mio. USD.

®QOpen loop scrubber

® Hybrid scrubber, open loop mode
® Hybrid scrubber, closed loop mode
™ Fuel switch

™ Diesel Particulate Filter

Central Low Scrubber High Scrubber Low DPF CAPEX High DPF CAPEX
CAPEX CAPEX

Figure 22 Cost of reduction (USD/g), EC.
Scenarios: high and low OPEX for
scrubber of 3.9 and 10.8 USD/kW per
year and high and low OPEX for DPF of
15.3 and 28.5 USD/kW per year.

® Open loop scrubber

W Hybrid scrubber, open loop mode
® Hybrid scrubber, closed loop mode
H Fuel switch

™ Diesel Particulate Filter

Central Low Scrubber High Scrubber Low DPF OPEX High DPF OPEX
OPEX OPEX
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Appendix 1 MAC and NPV calculations by
Incentive

We consider five technologies for reducing black carbon emissions. We calculate the marginal
abatement cost for each technology by dividing the net present value (NPV) of the total cost
associated with the technology by the reduction in black carbon emissions. When calculating the
reduction in black carbon emissions, we take into account that reductions obtained today weigh
heavier than reductions obtained in the future. This is the standard approach applied in this field
of work. This analysis focuses on the costs of reducing emissions and not the impact of reducing

emissions. This is the reason for only considering the reductions in the year they occur.

The evaluation year of net present value (NPV) is 2014. The equation below shows the formula
for calculating the net present value. In the central scenario, we use a discount rate of 5%. We
calculate the marginal abatement cost as the ratio of the present value of the total cost and

present value of the reduced emissions.

Formula for calculating NPV:

value(2015) value(2016) value(2017)

NPV(2014) = value(2014
( ) = value( )+ (1 +discount rate) (1 + discount rate)?> = (1 + discount rate)3

The NPV approach basically takes into account that it is worth more to have USD100 in the hand
today (in 2014), than to receive USD 100 in one year (in 2015). The NPV calculation tells that it is
worth USD95 in 2014 to get USD100 in 2015 if the discount rate is 5% because NPV(2014)=Value
(2015)/(1+discount rate). It is worth USD95 in 2014 to get USD100 in 2015 because you can “put
the money in the bank” and get 5% return on the investment, which leaves you with USD100 in
2015.
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Appendix 2 Base parameters

Table 1: CAPEX incl. installation cost (USD) for example ship excluding off-hire rate in 2014

prices

Technology Cost in central scenario
Open loop scrubber 4,400,000

Hybrid scrubber, open loop mode 5,500,000

Hybrid scrubber, closed loop mode 5,500,000

Fuel switch 266,715

Diesel Particulate Filter 2,413,950

Table 2: Technology lifetimes (years)

Technology Lifetime Off-hire days for installation
Open loop scrubber 15 20
Hybrid scrubber, open loop 15 20
mode
Hybrid scrubber, closed loop 15 20
mode
Fuel switch Same lifetime as ship 10
Diesel Particulate Filter Actual 6-8 years (but 15
unlimited in calculations due
to inclusion in OPEX)

Table 3: OPEX (USD /kW per year) rate in 2014 prices

Technology Cost in central scenario
Open loop scrubber 6.9

Hybrid scrubber, open loop mode 6.9

Hybrid scrubber, closed loop mode 6.9

Fuel switch 0.0

Diesel Particulate Filter 21.9

Table 4: Fuel penalties against specific fuel consumption

Technology Fuel penalty
Open loop scrubber 2.00%
Hybrid scrubber, open loop mode 2.00%
Hybrid scrubber, closed loop mode 1.00%

Fuel switch 0.30%
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Diesel Particulate Filter

4.00%

Table 5: NaOH consumption (m3/hour)

Technology NaOH consumption
Open loop scrubber 0

Hybrid scrubber, open loop mode 0

Hybrid scrubber, closed loop mode 0.15

Fuel switch 0

Diesel Particulate Filter 0

Table 6: Prices for fuel and NaOH rate in 2014 prices

Price Rotterdam 24 April

HFO (USD/mt) 578
MGO (USD/mt) 887
NaOH (USD/m3) 157

Table 7: EC abatement factors (g/kWh)

Technology Abatement factor
Open loop scrubber 0.020
Hybrid scrubber, open loop mode 0.020
Hybrid scrubber, closed loop mode 0.020
Fuel switch 0.030
Diesel Particulate Filter 0.034

Table 8: LAC abatement factors (g/kWh)

Technology Abatement factor
Open loop scrubber 0.167
Hybrid scrubber, open loop mode 0.167
Hybrid scrubber, closed loop mode 0.167
Fuel switch 0.136
Diesel Particulate Filter 0.124
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Appendix 3 Parameters varied in sensitivity
analysis

In this appendix the parameters, which were changed in the sensitivity analyses are shown. The

prices are converted to 2014 level.

Sensitivity Low Base line High Price Original data

parameter parameters year from
reference

Ship residual 5 10 15

lifetime [years]

Time operating | 4380 8760 -

in the Arctic

[hours]

Discount rate - 5% 8%

HFO price Refer to 578 Refer to 2014 Bunkerworld,

[USD/mt] figure 11 figure 11 2014

MGO price Refer to 877 Refer to 2014 Bunkerworld,

[USD/mt] figure 11 figure 11 2014

NaOH price 52 157 262 2014 Wartsila,

[USD/m’] 2011

CAPEX + inst. 3,700,000 | 4,400,000 5,100,000 2014 Wartsila and

Open loop Alfa Laval

Scrubber (2014)

[usD]*

CAPEX + inst. 5,100,000 | 5,500,000 6,000,000 2014 | Wirtsila and

Hybrid Scrubber Alfa Laval

[uSD]* (2014)

OPEX Scrubber 0.4 6.9 11 2014 Corbett et

[USD/kW/year] al., 2010

* %

CAPEX DPF + 84.7 121.0 157.3 2014 Danish EPA,

inst. 2013, DINEX,

[USD/KW]*** 2014

OPEX DPF 15.3 21.9 28.5 2014 Corbett et

[USD/kW/year] al., 2010

* April, 2014, personal comm. with manufacturers.
** The original data is given in USD/MWh
*** The price is estimated by LITEHAUZ based on Danish EPA, 2013 and pers. comm. with DINEX.

The low and the high CAPEX for the scrubber is the low and high estimates provided by Wartsila
and Alfa Laval, while the low and high OPEX for the scrubber is based on (Corbett et al., 2010).
High uncertainty is related to the costs of DPF both regarding CAPEX and OPEX, and therefore

estimates 30 % higher and lower have been used in the sensitivity analyses.
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