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HTE2TIE, HPEOEMEMRFEXEOIRIICET 72010, BIEARE®IZLD
HAR OB pR %2 5207 T, T i B vl S0 SR e O A 265 1 15526 ) &2 92 L C
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OFF ML 2 FEhE L. IWE L7 ROAEN 2K 5 7205 M & ®m &2 Elk LT
BYET,

AEFEIT, YTESHAARELS R L LFTEE LWLV bR s =2 —F—
7 kA — BRI TEME L7z TRENCR T 2 = 2 O Pk 2 #iii &
BT oA OMRELDELDELOTT,

IR ANLICH DT ZEH W20 hiEEn T,

2007 4 3 A
EEAN H A 0 H T % =



X C®HIZ
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ZFH 2 FE L TWD S Z ofls Tt < CEFRBREY (NOx), R1IL/KFEMHC), —
b RF(COVFEDOHHEENED L, BHBINAERI N TN D,

FU4—P Lz LTI, OB E REX SIS TLO1999 E D

2007 - F TIZHET A B BIMAR B ICmiE SN EES N TWHWE (Wb 55 2 RHEL
U%:@ﬁﬁi2%5&5H#%ﬁﬁm’%%éﬂfméMAme%%WE%VHE
BRAELUE) 2N, HIC NOx & BHRBAEW(SO)IZ OV T DO BRIESCHRIENEEZ ED TN DH DI
th\@%fﬁbwﬁﬁfkéﬁjﬂ/%ﬁ RO L D R RAE RO Uz oW
TiE, EBREEICES S TCHEELREL TS,

KEBRBERET(EPAIZ, ZoHElZzSbc#lD 720 KMoz Y2k
vIATHR L E N R &H%@%ﬁxﬂ%%gﬂb2m1$%?wﬂ6£mfét
D, BRAI %EBIJ%%Umﬁ“ZoT%%%%:ﬁoTu\é(bwb@é%30/(%%'“ HAIZE X, NOx &
PM O #Et 2 90 X—t MDA EEL DT, 7 V7T 2720342 Az
T ADHAFEON IR E 15ppm UL FOBREH(EBRERED 1 545 @D@@ﬁﬁz%&ﬁ
LELEbRTWD, B EHEMm M I Y REC RS LR B iThbh TV b a8,
MR CTIIBEOHEKE —BREBET LD T MEREAX—2ALKRERANMET
IC KRS B b I A RBIFE E W 22 < ORIFMBENER I LTV

F72. EPA 13, HEEEIZEAL WA REBKO = U U RELZ /N > 2 W
B EF 22 2F2 TRV, ZoXREREOHRAICE 2RV, FEEEE%EDLIE %2 [FHE
WEHBEAMONICX LTREL, [TH22 &L TWVD,

SO CKETITEBBEH ST A Y 7+ =T MBI ORK 2 ERL THBY
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ZHEISLTWS, ZOHRMEZZ2VT7T5-0, BEROMAE, KEF—F A4 A —F
—E, PRNANRNNT =L EBVITFTTCND, ZoETARE oMLY, #ERIT 2
A= 2V UNRNERTHTZHDON 4 A b —7 2P BYSOHY,
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1. FRHISHEA

1-1 HHFE O R R
T A —BILm VUL, RIS & o TR R BRI R 2 HE BN ) T D
ZORAHT 4 —Bm L DL b DY A AT 5 EIRSI 7 F A & LT, 1997 ARITHRIR
SNPGRS LS9 (MARPOL 550t E VI TRKIVGHBAIE] 9355, [FIZHKIE 2005 4 5
A 19 HICHBL, ZHucky, EHEmby (NOx) LS (SOx) OEHENHIRENS
oLy RPOMAT P UPNEEOEEG T DD Z T RITIUT R 6 R o T,

<NOx il >
FIZHKTIE, U 130k WEL EDOF 4 —EB = P iid, K 1-1-1 @ NOx HEHIFEE @A LT
AN ECANZY AN

Tier 1 NOx Standards
18
17 - mm NOx [g/kW-hr]
16 <130 17
— 02
= 15 | 130-2000 45 x rpm
;‘ =2000 9.8
= 14 -
313
o 12 -
Z 11
10 -
5 T T T T T T
V] 250 500 750 1000 1250 1500 1750 2000
Rated Engine Speed [rpm]
X 1-1-1 NOx HEHE#E
<SOx il >

TR T O C BRI 4.6% L0 T OB | F 7o Rr TR kA eI E VR (SECA)
(ZHEE ST, BREEREE L% LA T OB L2t uide ben 2 & Ligo T,
BED & ZAEE S TS SECA 1%, Vv M (2006 4 5 A2 bHIHIFEN) &k (2007 4
11 A BRI D2 5Th D,

LU, [RSROHIH 2 B2 b3 2 MEMED R S v, BIE, [ERESEFES IMO) TiL, 7
(b3 5 7= D OEAT I A E D BEIZ A E - TV 5, 2006 4E 11 BB S KEIERY —% o 72
N—THEETIE, ROENEESIN TN,



<NOx #iil| oo fiE L>

TV U NEMTT NOx &4 15%~20%8 S % 2 kil 2 2010 4225 i 5.,

BRI D o 2 O TRIZHD S/ 2 3WHiHlE & 0 & 23720154506 F i3 5 (K
R

NOx FHEFIZHOWTIE, BUTHRNER Y T RTOT P2 28I — BT ER RIS U T
HET 2 MEARE (Marine gas oil(FREE5) 0.2%LA T« AEAR R HIH), Marine diesel oil (Ffis
57 2.0%LLF : AFEJH) . Heavy fuel oil (Bi#Esy 4.5%LLF : CEH)) T &2 TERBIEEIZIS
CTHET DN 2 ODA TV a RN d Z ik s,

<SOx il RE L>
SBOBEITIX, ROFTT > arindnH 2 LiiRiksn-,

T a v A& O SECA OFRIIIEITER Y,

F7vary B —BEEHITER Y. SECA 1E, 1.0%(2010 4487E), 0.5%(2015 FAEE) D 2
B Ciibd 5,

A7 a v CL_TCONEE T, Distillate fuel(A Fil) & LA DR Z 1.0%(2010 448
). 0.5%(2015 FALE)D 2 B T3 2, 7272 U IREE RS RtER% D (R
20 U2,

F7 v a v C2 T OUEE T, Distillate fuel(A FiH) & Of Residual fuel(C B i) OfE F 252
D00 PREHM R 70 SUIHET A PEGHEE SR SHE T, 2 B ORI IRE
1.0%(2010 F48E). 0.5%(2015 FAEE) L~ L OHET A 2R T %,

ISR, EEERDEE S TEIN DU =% T N —T LU TOEANIREI O R TH Y |
LB ED X DRI o T TR RS 720,

LU, 2D X9 2 dimEicset L CUNOx Hifiliiklz & & 72 9 =2 ¥ U OFdfr EORTEDA, SOx
(ZBET 2 IREHRBI OFREIZ B L TR & A MBS S Q02 REHRBINCBI L T, R C il
S — A A TR 2 D0y, TBROTR LBk A SECA & UTEE LEIHBR(ET 200, &)
RS B— ATy T ENTN D, WEEFUTIER T A S OBMRN D TE D72 HIEm A Lo
ez 1572 SECA 720 FEMZFEHT A W) 47 v a s TlidZel . e LAEM AL —a v
Z R B D ISR 28> TR Y  Intertanko (& JAUE, BRI S, —AUSHRERREHC 3
HZEHELLETRL TWDOITITHBEN, £70 FERICT P A= — bRty ) B 2 &
WD T EATEANIREED 8 D T & A BRFH LT e, T AR EEE R T AR BRI O FE A 4
RN T2 Z LIRS 2R L TR D 072 VIRAR R & 2T 1Ikd i s,

Z 9 W T EHERA R BGHZ & 13RI, BORSENR A SR of & 2 BT 5,

30 U v MVLLUTFOHEREDMAAT > ¥ B LT, KE T 2006 4-~2009 FZ2NT TH
ORI, BN TIRIRFEMR ONEEKE (Inland Water) TIEEITAHMA12% LT HC., NOx, —
fefbidE (CO) DOBIHIBANED b TS,

Flo, FCKTIE, BREIORE S A &IT L ThE LOHIRZ RO THL FEHEFTHH L T A,
T, KET AU, ~NUA, 70X BV THN=TOf, T X Ou TV A JEo
VN I ETHBRTE BHHER A ATt LTI B OFHIARIT STV 5,



WL OOETIE, Bl & 13RI A — A THEH AHIERR 2 FEhi L T D Fl X, AT = —
T T, BREERGEICE) UTo s R S AL, SRR 23 e L Cnd, o, /AT =
—TClE, BREEEA~OXIRIZ L > THROMGHE X D72 EOTREEED LTS, SHIT, KB
BEET BEPA) © [7—28A « U —X (Blue Sky Series) | KA YD [T)—
=/ (Blue Angel) | @ X D ITHET ABIHNHEIL L 7o =0 VU 2 REE ST D 12O OHERE 7 1 75 4
EH RS TWD,

1-2 KEIGEF)DHEH X R
1-2-1 KR#FL&E

KEDRGIEGe T o EPA I2xF L CHER A 2 2RO D703 & - Tz, KETIE, 7
TIZ 1970 T REIHGLZ JH 2 72O DL [The Clean Act:CAA | 23\ S, Z D% 1990
HFIZE BITHB AT 272 O DB EENEASNZ, CAA X, KRRIGYWE & U CHAEFY)
& (Criteria Pollutant : CP)ZEH 5 & & HIZ,CP (Ixf L TERER LR ZSF 572 DHAEL LTl
A FEMENational Air Ambient Quality Standard : NAAQS)IZE S, KENDT T HE)
NAAQS Zii 729 X DI RKIGGSI R 2 FEhi T % Z & 2RO TN D,

CPIZiX, AV v kv (PM), CO, NOx, SOx X USIMNED HiL TV %, CO.NOx, SOx,
PMITEHZEAE v 7 DJFKH & 720 NOx & FRALKFEHCIEAY A2 AER L U FAE Y 712720
RPN 8 DRI 72 %

MO o 2 o OPEAT ZHI R FE SRR S HL I S DTG Y I AR D )R L L b, 2D
NAAQS ZEF3 572D ThH Y [EREEHEN NOx, SOx IZfRELNATWAD LR HC,
PM. CO %FHICET I & B EN TN D,

L2rL, HBHIEBRIZHBIOH N 72 > T = OIX BB HL 2 5 TemdiE i 2 17 C & 2 Hjlj% T,
ARRASE % B N LISN OB ENE~OBIHIITIZ & A Elpinotz, ZD%D EPA OFEIZL > T, H
B LIS OBENKRIC L DPER AT ADFENER AR PD L9 IZR > TE D TH %,

BIE, KENIMHE S VI Z8E L TR0 ad, RSKIFEZILRTD B B EN T B OB 2 F2ki
LTRTERY ., BRER B b 2 BRI D TV D,

1-2-2 WITRUFE SN-FRHEIM
WRT 4 —EBLr D3 F 11 T —BL s DO LB, RE<Hy

JTTROPEATHBI S TN D,

K111 MAT—ELIO DU DEHISEE

¥ H SE DY oYK E | BRI
/L (Small) < 37kW TR 72 L 19984F
P2 AMICL (Commercial 1) >37kW 5litters>D 19994F
7 2 FH A ERC2 (Commercial 2) >37kW | 5litters=D<30litters 19994
P62 AR AAC3 (Commercial 3) >37kW 30litters=<D 20034F
L7 L—3 3 (Recreational) >37kW 5litters>D 20034




1-2-2-1 /MEUIRAA (Small) DR

Hi) 8TkW (50 B /1) ARG/ NID 2 AZHW TR, A o 2 AT L7 Tl <
1998 FOIEH T ¥ VHRIOHRITHAAE I, B2 ECHEHESNL = V2 bRl
MEND, KETIEFEHT TV —Dx P HMERF 6,000 HlliE S Tung,

HARR 72 3, 3R T-1-2 1 D/ NVRSA(Small) ) /5B PR EEE | D X 5 1T IS UCL 1 K (Tierl),
2 P(Tier2)HHlZ B8 A S5, (40CFR - 89)

F1-1-2 /NESRAE (Small) OHEHEME
BEHIEYERAT : g/kW « hr

5348 ) o NOx+HC PM fﬁﬂ%ﬂﬁa\iﬁﬁ BAT H
2o T P TN £ 77 T

ST 8KW= tH /7 <19KkW 2: 2 2: 2 (o): 28 iiﬁiﬂ ggggi
19kW = H /7 <8kW g 2 ? g 8: 28 %;fﬁziﬂ ;ggii

1-2-2-2 EEERMAA C1(Commercial C1) & UEERMAA C2(Commercial C2)

ZOFEDT Y AE ) 500~8,000kW  (700~1 75 1,000 5 7)) ThD, = T Ofiks
Ui, & 78— B Hi, B TS OHEERRE X O BRI AV o s, KETIELCL 4
O D AR 5,000 FE, C2 /pEDT ¥V 2MERHKY 100 FbE X Cnva,

HARE)Z2 M T 1 R(Tier), 2 R(Tier2) i) & EXBEAI A S5 . (40CFR94)

(1) 1 &(TierD) A
1 AL, NOx HEHEAED L3 ED B tEE VI L R—EETH (72 L, BB —
HAEFERDH D).
1999 4R = o P U PR EHE CIR EEHHE L L CEA S8 BB = VI O%E2h25 B AMZiA -
722 &5, 2003 FEHHEIZ L 0 2004 4E 1 H 1 HSasfilb ST,



Tier 1 NOx Standards
18
17 mm NOx [g/k\W-hr]
16 <130 17
Ep 130-2000  45xmpm
;‘ =2000 9.8
= 14
213 -
o 12 1
Z 41
10 -
9 T T T T T T
0 250 500 750 1000 1250 1500 1750 2000
Rated Engine Speed [rpm]
X I-1-2 C1, C2 7¥EM 1 X[ NOx HEHE#E
(2)2 ¥k (Tier2) HiH

2 UL, 3£ 1-1-31C1, C2 43D 2 YHHIFEHENE |\~ 3 & 9 12, pE2EH C1(Commercial C1)
K OPEZEH C2(Commercial C2)D43¥a% HIZH ) & & (712472 » OPER R TIZME LT HEH A EZ
EWD, ZORATH ZED TS, 2O 2 WL, 2004 45705 2007 F£FE TIXHEESD 2 Eilke-
TWb, 20 2 WHHNE, 1999 FfnH—T Y ¥ U HEHAHEIC L 0 BA ST,

FAZEM CLIE. 3 CITHifl 2 FEhipE 2~ CTh 5, —FOREHEM C2 OB, 9T 2008 /£ 1 H
Ptk 7e b, V7 U xm—y a BB~ OSENEIX, 2006 5B STV 5,

& |-1-3 ClC2 EEOHHEAE (2 JHRHI)
PEHIEERAL (g/kW-hr)

KfE oz ofExsE (D) % Co NOx+HC PM AT H

D<0. 9litters 5.0 7.5 0. 40 20054F

e 0.9litters=D<I.2litters | 5.0 7.2 0. 30 20044F
PRI R AR AACT 1.2litters<D<2.5litters | 5.0 7.2 0.20 20044F
2.5litters=<D<5.0litters | 5.0 7.2 0.20 20074F
5.0litters<D<15litters 5.0 7.8 0.27 20074F
15litters<D<20litters 5.0 g 7 0. 50 20074F

i 77<3300kW 5.0 ) ] 20074F

PEEETIMMInC2 | 151itters=D<20litters 5.0 9.8 0.50 20074E
Hi 77 = 3300kW 5.0 ) ) 20074F
20litters=<D<25litters 5.0 9.8 0.50 20074F
25litters<D<30litters 5.0 11.0 0.50 20074F




1-2-2-3 EEFRfiafi C3(Commercial C3)

ZDOFEOTE AL T 2,600~7 ¥ T v~ (3,000~10 TR) ThDH, =P UOH
WELTL. a7 ly o — s X U7 — 7 b— ZRRE O KSR OHEHE RS
Anbois,

PEHEE X, C1. C2 20D 1 Ui & AR NOx BEHFEED LAED HT-MEE VI & [F—
HEHETH 5, 1999 A= o ¥ U PRHRE I AREIE L L CEA S8 MR VI O30
HANZE-722 &35, 2003 FFHEMEIZ LV 2004 421 A 1 Bobi@dilfb s i,

1-2-2-4 L% L—= 3 > FAffif(Recreational)
ZOSEOT YT .Cl HSHEEFCHEEO= Do Thd, o POk LTE I v b,
I N—P=EIIHN DD, KETIE, ZOFEOT 2%, Bl 1 T ERE STV 5,
HARR e i3, £ 1114 TV b—yva UHGEHOBEHERE ) IR T X H I ¥
C1(Commercial C1)53ED 2 Y & [k Td 223 Hif T H DS 2 4R 5 STV D, AREHENT, 2003
oL b—ya VHEIHBANSHZSA LTV S, (40CFR 94)

= I-1-4 LY L—2a AR EE (2 XiRH)
PEHEEMERAT (g/kW-hr)

AfEdHiz ok E (D) 5 Co NOx+HC PM AT H
0.5litters=D<0.9litters 5.0 7.5 0.40 20074F
. 0.9litters=D<1.2litters 5.0 7.2 0.30 20064F

426 R AnCl
LESIR A 1.2litters=D<2.5litters 5.0 7.2 0.20 20064F
2.5litters=D<5.0litters 5.0 7.2 0.20 20094F

1-2-3 3 RIRFI~DFEAT
1-2-3-1 3 RFRHI= &k 2 IERI L RRFERIE

AR &30 | 2004 4725 2009 HFF THIHT 4 — BT DUATHOWTIME, ) & Y
72 OHEREIZ S UTER 2 HHI3BaE STV 523 EPA 1L, #BEEHT 4+ —EBr= vk
& HIT, HITE LV 3 THi 2 2011 0BG L7z & LT RAIRICEET 2 B RBREERIRE
(2R84 % St s n(Advanced Notice of Proposed Rule Making: ANPRM) % 2004 46 H (2B #2485
#; L7-(Federal Register/Vol.69, No.124/Tue., June 29, 2004/Proposed Rules) ., EPA |%. 43%
ANPRM O A B Adiz EC 2005 4=HEE E T2 BRI 2124 1R L L 2006 4-HIEE E ClZ
BHHRZE T L2 E LTS (2007 4F 3 AR CTARENE)

FHEONE & LTI, pEEAMMIA C3(Commercial C3) & FiR< T _XTOFEOMAT L VA% L
T, 2007 %/2010 FOFmBERN =0 DU OSA L b T v ZENIHT 2 IER DTN HOREN
TIREORUEN TG SN D IEEBHT + —B oo ¥ Rk, RSERES) O 4 IRELH & [F14%
DOHEZFHT DL 0D bDOTHD, K [-1-5 [FHERHAT +—ELrT P (4 RHH]D OFEHE
) R LB BEINI 3 WHHNE, 2 TBHIZEA_E DD T LWH DT NOx & PM O
PEHEDS 90%LL LB STV s, ZHU FiisS) 15ppm(parts per million) D7 o —E/LERK}
Al U m s SR A B B i 2 VTR CTE 2 6 DO Th Y it b= 2 THeNL L T2 Bl
ERORT 4 — B D ATHEAL LD LWV D TH S,



RI1-1-5 FEEBRBATA—EILIODY A XFEE) OHHE®E

HEHEMERSG,  (g/kW-hr)

H 7 NMHC+NOx|  NMHC NOx PM AT H

H /<1, 85kW 5.6 - - 0.3 20084

1. 86kW = 71<5. 55kW 3.5 - - 0. 02:%kk%| 20134F
5. 55kW= H| /) <12. 95kW - 0.14 0.3 0.01 20124
12. 95kw = H} /7<55. 5kW - 0.14 0.3 0.01 201 14E
- 0.3 2.6%%x | 0.075 | 20114F

55. 5= 17 - 0. 14%% | 2. 6%k | 0.03%k | 20154

1 : NMHC 1%, FEA ¥ v rib/KkFE (Non Methane Hydro Carbon) %7~

1 2 (%) FEWELIAN O § DIk 5 HAEZ R LT 5, FEIREE O ZMEX . NMHC 0.14 PM 0.02
ThH D,

3 (¥**%) 88.8kW LA LDOFEWEIZ SV TIiE, NOx S 0.5 L7825,

T4 (o) it & LC 2008 4R 0 PM SEEEA B TAEMED 50% L 725,

1-2-3-2 3 KIFFINDWHEE

DX IR L 3 UHRFPEA D E & LT EPA I, RS AHEINAAQS) A5 T & TR
WHIBEES 2 < TFET 2 2 LD R DR LM E TH 5 Lk~ T 5,

T A U C OB AR T 474 Hilsid—E3AT NAAQS Z i@k T& TR 59, 11& 5,900
i NISFRERFER I COEEZ 72 < ShTnb, £72. PMICEI L Tid. 6,500 J7 A2 FEMER
BERCHUIBU R E LT 5, UG BURFI S, FEVEAREERCHIIB S BEE A 3R T & D K o x5 i &3 Uleid
T2 57200, 20 3 UHBIIlE, BEEERICRE REEIZH S bDEEZ DD,

REEAF U2 T UT, ISR ORI E DT —E L DU b0 NOx & PM OFEH &L, =
NH B OBTHbDEEZ LN, —F, EEAT YT, B UWBEHEEEORE A IZ X v HE
HEIRDT 2, 2 b 252808 GRAT S & 2030 £ TITBENED S OFRHEIZ 5D D
R QRSB H DOEISIZ NOx T27 73—t v, PM T45/8%—t 2 MIbi D,

ZDOEHIED = AT, PRI RE R RKIGIR E 1258, —H. 2o D=2
X BEEH DU SN b ONE | B EHZ Y OBBEEANE, S IE AT
RECHA D,

1-2-3-3 3 RFHIE e DRARE =

EPA I3, T 4 —EBAL = DAk 5 2 REIHNCOW T, midiEEH = O VR
BT 4 — BNz UL AR EA A LTofiE b o 0 . 3 Hfllc W Th I b
Dk EHx= P OFEELEANT H Z LICKRE M TRV E R Tn5, L L, EPA X, fiRArfEH
DFFRMEEIR S 5 HAORTEZ faH L T D,

(DPERIREE

F BRI 213, SRR R DFIRS B 5, D F U | & H—ELL EOIREE Tl & i b
JEDSNZRANZHEE 72U &0 5 Rty & 5 HERUREE 13, HNZRAT LIS @ & HERUREE DS B3
DR AR EIREIL T35, & 7R — T R MR AR R ) OTEHLC RS A 90D
FE AT, 2 Vo lem VU OPFRIREET, MO AR IR 4 Tlal 5 B2



OO HRIREZ S TDHAN=ALZHFET DMENH LS LIV,

(2) PEREEE ORI

USCG WEDT-LZAHANT LY . KEBGIEDOBLEN O HEREEE OREIREIL 100CLL T ET5 2
EEINTWD, 2D MAOHERE L WiE D R—%4T 572 0 PERE 2K TR LIz 0 e
ZAIKEIREG L, PFRURELZ FIF720 LTWD T, b7 L— g R — B IMIIRGEMR Tl K
WA T > TR Y | 2O HERIREZ DO S ON TR 5720, A HEEE L2 < 72 5,
ZOREEFIRT 5 K O BREGHER R RER S,

1-2-3-4 EFREZEDRIE

FRED &Y | E¥EH C3(Commercial C3)ZFR< 3™ TOMANIX, 2 WBIHIAFEE 4, £ L
T 3BTRS S TN D, M7, KEBNER IS SN D C3 = P TN TiE, RIZIC
M VI &[A—HUET 1 IHHIREH S TWD EZ2ATHD, LrL, FO C3 =P ih
LTh, 2003 Efif= P HEHAMEC LV . EPA X 2007 4F 4 H £ T2 2 IR0 S 2 £
THILEINTND,

C3 = AZX LT 2 WEIHIORAELZTH T 5124725 T, K= P 2k HA L (Water
Emulsification) <L & o 72 R OBRANME L 70508, =P A—H—Ti%, BRI
RN Z A Lo VU 2B L5, EPA Tl JeEEANCE LT < oRgifm R 24
LTCWAH, — i COERICIT, BREFT ORI DR, (KARIREOPED AR, fh:
1 (PM) OHEHEORMEROFE L H Y . b OEEEZ LT 5 BICHFRT 2 0ERH 5 L L
TWno,

Fo, KASNERRACIIINE D DR Db B EN D Z D EPA X, C3 =P 1Txtd 5 2
PHIHFEEDT T Y 72 o T, KEOUEICARET 24MNERA T LT b T E G at L
TV D, AMNERSCIE, EBIEENEH ST b o, EPA 1, IMO 2B 2Bahcs L <
ERREEE LV L T2 Lo T, BREL TN Z L ELTW5, AR L7233 Tz, SO
x (B L T, IMO 2T HEOMK Zibd 2 H#t &2 HH LT,

1-2-4 FREHRHI(SOxX X5 DEHEA

KEIT 2006 4, HHEEVICHWAZ LS B 57200, AEOPET 2Bk HEZ 5 & BIF 2 mE
® SOx PEHHHIXL (Sulphur Emission Control Area: SECA) ZiRET 5 AT HH LT,
BAEIITIE 2008 4520 & L CTWD03, RO RRBMETH D 5,

2006 £ 5 H1Z/ VL Mgy SECA & U THIfIE M & 720 | MEE VI ICKD &, RIXKETIE,
T > 2 OBREIORRHE A RN LE%LL T TRIFIUER LN E LTnD, LinL, O
IR T=DIE, AR DO DT 2% LA FICE EE - TS, Ik ROJFIK E LT, BMES (EU)
J OV IMO (2RI EIL = & 2581 112372 < | BHRIAMAAE LZ2NWZ E DR ST\ D, 207,
KETIE, SECA OB 5720, BEOHEKZLE B, s Ui i i
FdHTNL,

29 LI-BIHBR i, BREREE TS b B A 5.2 5 2 812705, B, BUE, EATHERER~
DOFFFE, M2 9 54AE/IT 2,500 7 hAZET D ERLITNASD, SECA 20T 52 Ltk -
CIAREIOTEELL 4,500 J7 R AZHEKRT 5 & TN 5D,



1-3 BT+ I=TF MDHEH R

KERERGER) & U COPel ZHH & 13RI, MBURFIREIZHEIZ1T 9 2 & ACKEOR#MTH
5, Z0HThH, AV ZAN=TINE, ZAVE TR R S AU 722 O FERRE THE 2 - 2 #EdE L C
o, ZAUL, FNDCKETR O KRIGEPIFAITH DL WO EERH D, ZO7H, FINETT
(2 CAA DSHIE ST BEED DMNANIEMEZ R D A OB 28k L T & 7o, Z OFERBILETIL,
TV oD O HOWNTRIIH Y 7 =T MKZEE (California Air
Resource Board: CARB) 23EVEIERL L, 2 A REINF O EPA 25BHET 2 THAT 5 &V 9 i
Xt TEHD>TND,

F1-1-6 2005 FEIZHFTHBH Y TAHIL=TF MOEEMMDBEHH X
(Bf7 . Fo/R)

e o> i KA ok + NOx SOx HC Co
PEH E M A 25.74 | 338.53 | 143.62 19. 98 44, 43
L7 L—3 a3y | 11.41 34. 42 0.48 116.33 | 653.11
(CARB)

I HC I3 AR L OPEH &

MAT 4 —EBrz DA L, B Y 7 4 =T MO THREHTHET AR FERE ST D DO
oY B AR T L S —F A GREN ) T A V=TINE, T LT T TV A TH D,
DI, ZHOWEE LT, CARB L, jgk LB AT T SMEFEARANZ 5 00 THE AHH]
Zof(b L72iF U7 BBk & 2> T g,

CARB Z 2007 1 HEX VY, BV 74 N=T KL OH Y 7+ V=715 24 MERLINZHATT
DROHEE (Auxiliary Engine) KO« —E/AFSEFEED SOx HEHKEHI (BRI 2 5
U7z, TR, Al & VRS FE I SR8 TR 3 0.5% (ZHilFR S AL 7= 78RR EE (Marine gas
fuel:IS08217 TEF S 7= DMX Xix DMAMRE /I IEE 1.5%LL F%) X% Marine diesel
0ilIS08217 TiEFE S 7= DMBHEE DI 2.0%LL P DOE A2 #FEHMT 5 b0 TH 5, £-,
2010 FTIFE BITEE LW 0.1% L FOEELZER T H LV ) b D TH D,

UL, MREEFITEZZ 9 LIZHHI~OREFATETEH T, 2O IROITHERE L, HA
HEFRA~REFF LT D,

—IROMEESA L, NBUFOIREEZHA L L) T r@E bbb, FlziX, ~v~—AT7 T4 4t
1$2006 /-5 H, g BLAROA—2 T REEIZTHH®T 5 37T EDOa TR LT, hiE
24 <A VLN K OURN T, X TORiEEES 0.2%LL FOBREHZ BV B2 5 78 A4 THHI L, it
WZHERT D 2k bl o Te,

CARB 1%, A=A ORI K D HEHT 2 ZHIIT 5 7212 [Goods Movement Emission Reduction
Plan| Z4#R L T\5, RIETIE, WEBICBTHE/IOERZHECT Z LICL - T, EAF O
TV OBRBRERD D LD DO TH D, FAIZEIT 2007 4£ 11 IIFERITHRESN L TETH
ol

a2 Y B RN 7 > 7 e —F X 2006 4= 6 H. [San Pedro Bay Prots Air Action Plan| %
BRLTWD, FRIZEDE, M9 5 Mz LIc, HEHIXIZT 20, 8kE, b7 v 7,
TiRER 5 D NO x & 45%LL b, R VE % 50%LL FHIT L TihvE, 612, SOxDEHe5



HIR B EE D IAEN TN D,
KETIE, BV 74 =T IMDRF 3 ~ A VI FHROBIH] Tmini-SECA | OEAZ R L T
WD, £, m B R b T E =T RN EME OB ZEA L X O LBETL TnD,
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2. DN

T4 =B DT, ARIREMERRICEN T D DD, NOx R° PM OHEH MR RO RRE A
Eleo TS, T OREE MRS HEREERIRE LT, LRI Vv BEROEEMNERE oo
TV, FT Tl B, 5 ¢ —BL - T 4 F2b— b - 74 07— (T & Hx
REAROBRREHED BTN D,

T 4= DU ofEE, INOx O & TPM O, e ) & S5 00 9E
WICHELVETH D, BlZIE, NOx Otttz b SIENE L, ZOREE PM o3 OfkHn
HWARLTLE S, Ml BEZEGEL T PM T T O AR ST & NOx MR T 52 Lick b,
— WA T 2% 2 SOPEZ BT 5121%, 2D OHiiAAE b 2 NERH D,

F72. SOx OHFRICEI L CTiE, = Vv BIROLR TIERHG TE 3, FsRE Oy ek
SOMREIOZETE . 74T A 035 0D SOx DIET &\ v 7= B A ETH 5,

Z T, =V OEINOR IR BT BRERCHRE RN S 5 O TRITT 5,

2-1 BARS (Naturally Aspirated : NA)

WiGas (F—ARTF v —) RELHEH LRV ARRKIC X DBEEE1T 2 1ERkDT 4 —ELZ Y
VERLTWD, 7L, REGET 5 2 ENTERY, 207, PM AR E—27 /30U —0
1) IS LB 7R 7B R DIRA te A T T2 DIZ R 120 O R & AT B o AT A (77— A
ke VAT L) DMEZIR D,

NA 1Lz 2 MAICFERIZLOORFHR TH D, UL, FFERO/NILT 4 —BLor Pr T
TIEAD2H Y WRHREZIR T2 boREL L2205 5,

2-2 A—iRFv¥— 2% (Turbocharging)

FEEANE AL & BMEENTRBY, =P NOZELRDORNARINESEL0NREE 2> T
WD, TV OYERE DD I SIS HEREVEFIH LT, B L7228 R a0 P 2k D AT,
iz kv, I (Power Density) ZHIMEE 5 Z L2705, =2 A MEBEhFIFIER 2@ < |
Bz, M= TIE VR 6 RAfEDES 4 KRS T 5D Z LR AEEIC e 5,

TTIL, T4 =Bz DU TR SN TELLREDOEWEINTIEH 223, ZhETHF—E U DOIR
FERETEDLTD, M=y P UAIRME LB LTV, L L, Rl CIXABEER T
TTIL, ¥—EVOIREZ K AOFITLHTETEY, 4% LA (TS WD) (12
EEPEROLND ERAOINLTWD, FIZIE, @AM ) v F— e~y R F—RF ¥y —Tx
(Integrated Cylinder-Head Turbocharger) 2Mi#ERE LTS T 5,

AT FE 72, OPET ABNRELA & MAA TR E 2 b, FlxIE, AR OV EGR
ERAL WD YU, =2 VAR ORI TIE NOx OBBRIZZHE 5 528, Fe kAT
(Ze—FR) B o THDHIRITIE, NOx MR LTCLEH, ZORFZ, LY RKREBOHKD
MBI /257280, X—RTF v —T T EMHTHZ LIk > THRAEEED, NOx O &z
HTEMTED,

NA =P TRIEICZe > TOTRIRAIECT 2 & T 225V B 21 B SE 5, —RAVICI,
EHEEOERTERHI L TEY ALV AT L ERoTWD, FRHC, T4 — Bl VU CRIEERD

11



=T (High Load) EFD NOx B CHIENH D, = VDY A X/ ML TE 578, 5y
Mz =2 A NEHREIZ D703 5,
Rl LT, AANOHEHIRINEL 725720, TANDI A MPNETeZ LI 5,

2-3 R—/\—F¥— % (Surpercharging)

R, = P NOZEROTN AN S ELONR BN TH D, =P DI T 7% 7 |k
DOHZEFFA LT, WEEOHRAZER 2TV Tk ALy, EEEORHIZER XY AT E VD
Tk, =R TF v —T T LEEETH D, 74—ﬁwi/y/TﬁI/V/%%#WLT5&H
IRFLZ, NOx OHRIZIEFITAZ TH .,

DOPET AR & DTN/, 4 A ba—7 « 2V U OHIPEE 2R ST D103EE
AT E S 25, TR MIEWR, =P o/ kD = 2 MRS EIFCE 5,

= VA~ OISHIFIER IR ST Y | REAR OB K > THEREEL OV EGR 23
AT, itz MBms Lo U ORFEAERATREIC 72 5,
T4 =BT D UMERED ) B D LTRIFFZ, NOx OHIBICIEF AR T 5.

2-4 3> L—J)LAX (Common Rail Injection)

T A BN D OBRBEORE AT O 121X, IRERDEREHIET 5 Z B8 hXLind, £
ZTHEIRS> T 200, (1) BREIOEH 2 —2 (2) EHET) (3) MEfF-72 L ogh={vT
bb, TOHTH, 2T V—AHFRIL, BFHOT 4 —BNAZ D VAT REIER AT A (—
R =7) %4679, (EROT —BLz o DU TIE, BERR 70 REkD ThijE) & TflgE) 217
) Py —rRy ZBHAL T,

L)L, ZOFETIIMERDRAR -7, £ TEHLIORaETL—V AT, Zh
X, Bl TDE) 2R 70, — oz A Yoy ¥ (EEREEE) ([Coises 1B
ZERM LTS, HLREE A7 (L—) ICTEEREIZER D Z LD ZOARTIN DN,
MUTE ST, BWVEST TR ZIESRT 2 Z N TE, REE ) U =MW LK KV IAD HT-
Dy BRERT Y NI R ATEWED, £ LT, BHIEOAL V=7 ZH, BENER O 4
AIT ' BN ERMIEHHET D Z ENTE, LV SEEREECIT ST 5 Z & T PM & KIE
TS HFATH D,

PREMEIN OFEIERD S AT MR TES Th LD & BEECHET A DHIBIZ & 272035,

F7-. KIEEE (Low Temperature Combustion: LTC) (ZHFHTE 5 Z EAVREIN TV,
TTIC DT 4 —E N P TERASNTWS, T 4 —ELm o P THER AT A L
LTRSS Z 12725,

ZDED, VI =T LIRS T R A WA=y MR TR, V= NERRH D

2. ZhbiE, 'L L—UIHAT Y EEER A REIZ 2 D,

2-5 ETVRFHRFES (Piezo-Injection)

PREPES O OBAPAT % =— KA ZHIET 280 Ch D, JIUTk v, XA I 7% X0 FEE
ZHIET 5 2 N TE D, TCIC, BEAT 4 — B D UHBHIESS LTS, REWER >
AT ML, TA =Bz DAL 5 TaT o Th s, ZOHMMIAEIEM A —T—IZX D
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ETAMRKREVR, B2« T Faxz—F—bp8TIER, T 7 7 A 13 2006 4, =— KL
HEBERESELZENTEDL (XA VI T o747 - ¥V A V=7 #— (Directacting
Piezo-Injector) | ZBiFE L. =— FAOISA E— R &l L~V 285BI m) B STz

BAIRO AT L=V R E DI L > T, 3R EDRF-OPHZMA RN 5 FRRED
AR NOx O EA 30%H N TE 5, BAMERHIIX, EESRE LTC) OEANZL->THT
R NOx Z KIEIZHIK CX 2, 5612, EGR EOPFHIZE 5T, W 2P FTH NOx O
BEBT D, BUTO/NT 4 —B LD~ EAT S 2 E T, 5g/kW-hr LU HC+NOx HEH]
EHERFCE D,

A MTIEBIE, 74 — BT DU OB E L TR & TH D, ffipm v~
ORI, AFEEHT Y T ORGSR EAEFE S LD 2 & CliR& S T35 2 L D3RR & 72 D,
KAAARNT OBANFIAERRETH 5,

2-6 HERH ABIEIR (Exhaust Gas Recirculation : EGR)

AR ST BED ARG 2 ONZERBT 080D Z & bHET ABRO BT ETH H, £ 2T,
FFREIZE R 2 Y TR SN0 EGR Th 5, EGR 1L, HEV A ZMHA L TRHOWRIZIED A
LHETHD, ZHUTKY, EE 21%05 13%ICREHEZHD LT-255 % v ) 2 —NICk
DiATe, ZORER, BRBERDIRE % FIF. NOx OAEREMZ HHAHAR L 2o TS, F£2, K
SUTHET 22k 0 AT 2 & T, WROBEREZ SO, PERE K< 5 Z L8 AREIZ D, 2D
FOGIEFEIZ X 5T, NOx OAREA @ 10~40%% U5 Z & 23 AlERIC 7 5,

BT, DD RSGEREIZT TRED M BT 5, FRC, RREERAT, otz 0fHT %
ZETORE BT HZ LN TE S, EGR L. NOx IO GFENFERED -6, Fikphie & ik sh
DT EMZN, UL, ATEEREEEAREE L OOFHEE LAY, EGR X AMGEZR 72O I L ORAFH
REV,

EGR v AT LTIk A 72 a A= FSLELZ 72 %, BRI, HET A0 PM ZBRET 572
DHOELEEEREfIE, PESOx Hiffi, WHEIV AT DENEEND, £i2, 2IREHIF D701,
TR EE DMV MRBF Al © BN B D,

BIEM)7e NOx BT L L CIIIERAZDITHY | R Lok AT A IKHIZBIT 5K 7 -
2 ZADOHRHIZ L > TREZ S HIZN ETE 2, [FRROMEREDSHIFRF C& pHdir e LT, B Y
—URBEL AT LB 5,

HE, #RELTOWAHEITOMAE L LTiE, EGR 12X > T NOx OIEEAZ X5 —7. NOx OHl
U L > THIRT % PM LT 4 v E THRET DA TH D, PM OEINC Lo TRENES 725
2, ZHUCIEY —ARTF v — U Ol EE B TS T 5, £, EGR #FHT5I12H720 . PM
OEMZR DT 72D [2F 2 L VA REIEIILE | Pa=y M Y=y 7 2 AR EORE
SN SFI S D,

HHZEDH TS EGR Hifi e LT TNEEGR] 235, ZOHETIE, BT AZ T v 4 —
MIZ& &, EGR ORZF1 X B 5, Ziuc kb ZivE THIBEIZZe > Tz EGR BEEHNL O
BMEA AR TE 2,

a2 NI ZZL . SBRITIHT 4 —BA o DU THEKR LTV EEZ BTV,
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2-7 AIZ/ )L TERENEAT (Variable Valve Actuation:VVA)

TV OBEMRBIIL U T, SV TBRO X A I RNV T DY 7 MR EEEZ | HIER
ﬁjj ERLEMTH D, £, FIRFTIAY ‘Eﬁﬁﬂif@ﬁﬁkﬂfﬁ@%mKDTW‘%’@EﬁZ%%.O TWo,

OFRERL, B HIE EBR72 b O AR DT 2 FBENTAET D, T U OMRE, BRE,

f#ﬁ AHFEDOWTIUC H IR B D03, VVA OFEFEIC L > TEORNRITE 5,

BUES LN VA 385 Lo0dh 5, BEHEO L O R KEAEIND T ¥ ATITRIED
HifichHhd0, T4 =L DU TS E ST 5,

7L, BUET 4 —B L= D UmiFIicdh D D%, K= 2 k@ [Simple Vlave-Catch
Mechanism| Th 5, vV ¥ —% 4 5 BA [Cylinder-by-Cylinder Control | 73 Hi[EIAUIE
I A NI ENRD Z L7 D, 7272 L, VVA IE PIRA WG Sk (HCCD AMAEFE S 72 R U
BURTIEdH £ 0 BED 20,

2-8 Bt H—LT7HUF1I—4 (New Sensors and Actuators)

BUE, HHEINTOWAHEERE LTk, (1) vV v H k¥ — (2) LigfgEt— (3)
NOx Zo¥—, 2 ERnH 5, (1) 1ZSIWT YV o P ~DISH bR S TH A HEITT (ST
BH Y o DU H N ESIR) A AE T 2T TV — VR A D T D, (2)
I, PEXURH OREFRRE A BT 58—, ﬁf@ﬁ@%~ﬁ~ﬁ@ﬁbfwéo%%®@%
T — CHREIIFERE TR D08, IRHEITHICIE B B RIBEIOIRE ISR IE T B, B —Id, 225U
IREFDOIRG L B, ZORERE Y T AEA LTI 4 — R 735, TORE, fai/ek
BHIR A2 fRR CTE 5, F7o, OWBELEZE CTH D, Lo, BURTIEZA e A2 L
HCCI EDOHAN N ME L 70 578, EAIT TSR D, 2 A MIERHT +—EBr o P m
T CREIRFERFOAMIE DY 25 RALLTFIZ/R 5 HiABRTH D, M2 H 5 FLNIC DT  —E /L5y
BCHRASND LI DEALNTWD, #AT 1 —BA U DU mTIZiE, BiAkBSEE LT
2%,

NOx o h—i%, HEXUiEH O NOx REZEHT 2 —Th o, NS A —& —[FRkIC
HCCI OB MBEARRR & 72 HIED, M & U CIBIKBERENSLENC /2D, 2 A MIEKHT «
— BTV AT TRERFERFOAME D 50 R/VLLFIZ72 5 RiABTH 5,

29 FREMRSEMS N (Homogeneous Charge Compression Iginition : HCCI)

BN E L R ARIEF IS DIy U — il e LTHIfF ST 50728 HCCL Th b,
t L. EGR 72 E2FIH L TIRAREIDA G S TUOUE, NOx OFFREE S SICHIET 5 2 &8
TE, TORIIFUEPPM FEIZ2 D,

& 57 DR — TR 2R ERBIOIRG R & TRk T 2 5T, FRZ NOx OFEH&E
RS Z /D720 L IR Thy-> TN D, EBIEONR AL S TNAR, = D ORI D
BT D A R EHRETDDDREL /o> T05, 72, HC X CO OHER @ D kT
VAR TENZD, IO R VI EZ 2 HI TN D,

A ME, B, VVA, EGR E0OEIE AT 20LERS D720, mneBEz bbb, HBjE
FERTHELETIZAIZ O 10 FI0D & STV LD, HIIFER TOBEANIS H IR )
% &L BTS2 NOx BB MR 728051 % FE o,
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2-10 A—/\— - TH R/ T 4 v K - B4 4L (Over-Expanded Cycle)

ko Yy s 2 hu—7 (BEETRE) OXA I VT EEMITERIVEL T Z LIk TR
B a5 & B A HAN AT, B0 L RTRETH 2038, IERkD= L AT AR TR T &<
PALDIT— - A7 e LTEASNTWS, [AEEZFIAT L L, =P Uil En b2
REAWOTZ ENTE, JEMHTRAZEL 25 2 L IC Ko TIEELZ EiF 5 2 L3 T& 5,

:y9y®%$mEﬁm%LféiEﬁL¢5ﬁ ZHUL/ v F U ZIRFUCTHIR S LD, ZD
JEAEE CRBRICEE eDlL, Rk THD, TDH, /v X2 TV aRET 572 DM TR
<L. g ﬁﬁﬁﬁ%%z}’bc}: DESLIEDORA—/N— e ZJ AT 4y R AT oTND,
BRI, WRITRERL, M TRRIC A S T D LIES KRR ZBIW=E FIC LT, RO
%Ebfﬁmbﬁéﬁwio_ﬁéﬁﬁﬂﬁbMTwéﬂ\_nﬁwb@éFi?—-%%&wj
L7poTWD,

PRE LS BLE TR, PN O D FEE OZEN RSN D 0, EilEH IS DD
DLTLEI O, BloOFENZIHT20E R H 5, BHFIX VVA BLEZR 5728, VVA DA
N RELDUERD D, T4 =BT P AT T TIBRA SN TO AN, & 57588
HCCI (Homogeneous Charge Compression Iginition) = ¥ U HilfEl~DIGEH 7R EDMFZE ST
W5, EBRICERH L Cnaathe LTI, ¥+ ¥ 5 — (Caterpillar) ® ACERT 2865, H7ad
\Z ACERT |3, A& Z G5 Z &1L -> T, 50%D NOx HJEIZKREI LT 5

BT TINE E DR 1372 < . ERA~DA L7 P SIFERE A2, LarL, HCCI#l
FHANFERINCERD BiLD K O IZeiu, HHZEDLHTEA D,

2-11 1KRHLEUAEE (Low Temperature Diesel Combustion)

KRR CRRIESE S Z L2k » T, 795° NOx DR EEHIET 2 HiETHh 5, T TIlo, FHEE
A (Light Duty) 7« —B/MIBEHA ST D, K NOx #EHT (Low NOx Combustion) & %
DD BRBEEE DS NOx VA LI WE D IZT A7 0N T, LT ORI A 27 (R

s HAIUY) . TEHREE, WA A 27 EGR 7R EEHNT SR CH D, RIEHIC
i\ B (Wet) LUK (Dry) @ 2 EN”H 5,

HAIT T TIZm D UNTHAA TN TOD S, S OBENZHIT TS 672 AW ENMEIZ /2> T
< %,

—HOWRUL, BREERITKZTTEATSHZ L2k > T, NOx OEREZIZ 5LV HETH D,
ZAUE, ZERICHARTREEDIRE 2 TIF DN H 5, KoOFEAFEL LTE, EX2insH
720, AF— LK EREEEICEHBHEAT DN Db 5,

PREEZR AN A7 I (CASS) Tid, BEZHLH Z £72<, NOx % 50~60%H kT 5,
FIEAIT, Z—ARF v — SNTIRBEZE LI EE DK ZMEHE B 2 5D, BRBESEICIEAT DA
BT D, ORI THEENH R0, REIA MBRLZNENI AT v k3D,

KROFAE (=P a ) TERBES U o —~OWEHFNK RO TR G S5 2 & Ty
EIOWEZ 2RI D, THUTLD | IR E LT 5720, BEBRK 3%IELLEZD T L
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MNTEDEV) BFIIKROZ/LY 3 PREN 1% TNOXx DARKE 1%5| & TIFHZ ERTE D,
ZOHHRITIK 30% E T X RIF D2 LN TE D0, T EOREIZ/D & IREEEE % T
FTLE, MBI FOAEREMR LT LE 5, 22T, A0 0 (IEEE &2 ANICHET 2 2
& T ERETOMN S A I TR DU ORI L > CRETT S T2 0 bk ofFiEbH
Do

— . mRHENETFCLEY EVWIRBLH D, Tz, KOT~ILY 3 ATHEKITEZ 220,
Z DT, IMAEEIKR 2 7 B B UNIKOE LB DN SEE 2 D, £, WEEEA TSR L
EI 720 a X MRhnd, REEHINE LTiE, PuriNOx =<y Vb5, Ziud, 20%DK
(2% LT 80% DT 4 —E/REL 1%LL FOWRMAIZINZ 725 DT, NOx % 20%H I TX, fkL
T 50%DHREA ATEETH 5,

KOTZ~ NV g OEROFRIE, BHICIES) - 51200 B2 ohd 2 L, 20k, hFEx
AT DR EICRAT DN A EMZ D LN TE D, £, AT IEKOBENEHRKITEXHD
LA TH D,

W ETE HEDZ LIk o T, NOx ZHIET 2 H1EIZIEZ DIED, $’|’*JL7J‘<”,T§7L (Continuous
Water Injection : CWI) ., E#/KMES (Direct Water Injection : DWI), 25t —4 (Humid Air
Motor : HAM) 3% 5,

CWI Tid, KEWSKDOTIEFET 5 EZHRH, 22 &Y NOx 25K 30%. ki 4 ik
50%HIIRTE 5, DWI 1%, BREES U o F—NICHEEEK SR 5 HIETH 5, BRAR L 7 52FIH
L T 200~400 /X—/VDESJ TR EIRBIORNTIEAT 5, AT AT, BB S 27 LB
waék@ TV DINT e AT IR HEENMELLDMT R D, KOBREHZXT 5

A BREHT LT 40~T0% DEDKBUENZ /2%, ZOEED NOx DR Z 50~60%H
T%éoﬁm%@i25ﬁfbéoit\K@ﬁbbmeﬁm%v)/§—_EA?éXkJ—
LAy variibh b,

— 50 HAM 1%, /KZEZDEEFN LTREEOHC Lo R A REE R 5, =P ic k- Cife
KERLACSETHIAT 20, = DV AFEAT HKOEITREI OB L Z 3 5L 7025, ZOFIEN
NOx DRk %E T0~80% L5 Z ENTE D EVD, LnL, KEOKELREHNHT-0H, Hi-lc
A T—hHETHLERD D, ML > TUITTIT DR AR—ARRWGE L H 5, Y
[RI% 12~15 4 TH 5,

ZNHDHIETIE, HER ﬁ®ﬂﬁ#i#étw BAIRFH O ZEM L S TR 2 LN TE
%o MIRT 4 —BMIFIR LG, BEITETOREN 5130, T3 28T 572912 DPF

)Mg_&é_&%m%émfwéo31%%_i¢%@§f%éoﬁ%%m@%%?4—ﬁwi
VUL THERE L R ATTREME L B D, T4 — BTV s A= —DUNLF T (Wartsila) 1
A hva—7DOF 4 —EBNLxT V2RI CASS ZEATHTETH D,

ZIVE T LR TR LA (—58) OBIBEIRE Frill — BT I-2-1 1 d, [FFRIA 4
A ha—27 =V NEERE 500rpm Tt L 72, NOx HEHEE IMO JHEE & 08 LT-354.
Z DfE13g/kWh)H> b DHIBEIR 2R LT\ 5,
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g A VY

| |
" " FR& &S (Steam Injection)
ERGERoRgE (F=0)

‘ ‘ CASS
|
DWI

SCR
%I [ »

13 12 11 10 9 8 7 6 5 4 3 2 1 0
NOx #Etti&E (A7 - g/kWh)

I-2-1 : BIEEATD NOX HIRRHIR

2-12 NOx WEkfils¥ (Lean NOx Adsorber Catalyst: LNT)

NOx Wit 3, 18 OEHARFIC NOx 2 iEFEE O AR I ST, IRIZRIETTIC K
ST NOx b DA TH D, 7272 L, NOx WsE ot . BRBHEH R ORfE ST X fil
BEAMEE - D UBRIMEREAME N9~ 5 720, il A EHIC @i b L, g obrE - FA(BERE
HENSLEEL 725, HHHT 4 — B DU ~ORAIL, 40 L ZAMY 72 CTTHEREZHED TV
WIS, FEREVICERZ 2 58T e B E DIV TW D, BUED & Z A, HEKRIELE 72 FEREDFE
BAILTURUY,

2-13 FiRfimIEET A (Selective Catalytic Reduction : SCR)

RFEABE T E LTIRINT 52 L TRAETLHTE=T (NHy) %ffi->T NOx 2857 % HiE
Thd, BARNCIE, IRFEKEREPEREOFIER T 5 & B EAEC K-> T NHs 14D 5,
A, NOx ZEHRHAEHA D, ZOHRT, T4 Bz P v DX ITHERRED S
BREE T COHO UG ETLONRHR TH 5, 8FIrO NHs 23BIDOIEGE (A 7 NHs EFES) &
IR0, W IIHERE O TIICERIE LB U &> T kT 5,

PEXUE DOWIEI L 5T NOx HIEZW ARG b s Z ENREFHTH D, SH%OHFIZE - T
FIFHERRE ST D, A ME, LNT &R URREET, BEAMES = ol 2 L& & 722
S>TWD, Ak, REAFENFRRICRIUL, N TRL T EbEZX DL, ZDIFD JRFER
VT R T | RBIEIROVER VAT DEO A A ML EETHNEND D,

BOHT 4 — Bz Do ~ORRIE, 50 & ZARY T THEAZED TRV, R
e L8 e bEDLN TS, BUED & 2 A, PRI L 720 FEREDTRD HAL TR,
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2-14 3 94E T 1 JLF (Diesel Particulate Filter : DPF)

DPF 3k % 7 ¢ V& CHBRNCHIET 280 2567, LT I2REL, 7425
AT 550G (1) FEEA (2) BBEIFAE () EftlH4d, O 3FENFAET 2, (1) KU (2)
TliX, DPF CTT 4 &ftEL., 74 NZEmRICT 52 & THAT S, T35 OHBICIE S5 b
DD, MOPERH A, FHZT 4 —EB LT P TH NOx BRI ITZEN 22, £ 2T, filfiiz
fAG T (8) OBFENED HIL TV D,

(3) 1TiE, —fr=F#E (NO») %o 7Bt LAl =X 2 FENH 5, AliE Cid,
el (B4 [k > TER LT NO: 2> T, {GE{ETT T2 L ThBRrEL TV, Zihuc
0. TANFEEHEEL TN, ZHUSK LT, BUAit2 R A2 5ETIE, 7 402 iR
(ZREE A RN L, RO EEREZAIT 9, ZOHETIE, T ORI Z T, CO X HC DOHI
PRbBH D,

DPF ZFIH L7356, 37 OHRBEIERIT 95%2L B2, UL, —J7, WECHigE L=
MIERE KT D AMEME D B D720, Bt Y —E 2T 20BN H 5, £i-, BEHEEND
W DA B SE DO T, BREIORH MR (Bfrictr) AR b5 Z 212D,

Lol IBERHT 4 —EBL = U TIR BER OFIE DS RERME- S Tngd Z &
DI L 7o TEY | S LRDMENPVEL O TS, 2 X MYIZIE, —JofiflZ TR,
DPF i, BUEHCKT—ET 4 —E Lo Dot/ EB TV D,

BT 4 —EB o Do ~ORRIE, 408 Z AR 72T TER SITWRVDS, IR
272 BT E bbb TnD, BIUED L Z A, HoKkHBEE 72 0 FERUEDTRD HAL TR,

2-15 DPNR (Diesel Particulate and NOx Reduction System)

b= &2 BB L TUCE ) O A7 AT, EFo=aEr L—ARXEET +—E8/L
TV e N AT o =2 PSRRI, B = DR S D, NOx (50%
HilE) . HC. CO. 73 (80%HIE) DI~ TAHFRET LA T, NOx HljEEAlr & DPF OflZ54
HERIUTHD, BINT7 HETTTIZ ha FHEITZEASII TN D,

I A MNIZIEEVS, T 4 — BT Ul E o Cid. NOx Bl +DPF OfA A LIgk
DA T arinbd,

RORT 4 — BN Do AOERITA DL Z AR T2 TTHER S TO WA, FERIICLELC
ROEITE WD TS, BUED L Z A, KSR E 720 EAUEDTRD TR,

2-16 @K% (Sea Water Scrubbing)

HEAKODT LA VPR %A - C SOx OBEH &IN5 J715, Yo A 2K L IRAED = 212X -C,
b T & COs, RIS T BINVERLESND, HEH A BB TR NS PM 2BRE L%
CHEC R, WK E S A B B DB Ch B = &b EINCRT = 107 %,
RARDAY v ME, TEREOEWEZVREIZRIITEL 2 & Th D, BlZIE. 2.5%DiHR
JEDREN S 72358, 69~94%D SO ZHIETE 5, £72, PM OREHRELHERSNTEY .
ZOHIEENFIL 80% % T, NOx b 10~15%HITX %, BHAMIRIL 15 FThH 5, Aok
L AT A SRRSO D & IS T D, MRS X I, R A T
WORL MR L7\ 2 & TR B 2 TR T & 2,

VARG D—IB L LT SNTONR, HFEDv) v e 27— R Y a—g
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(Marine Exhaust Solutions) 723B#%& L7z 241 L >4 —(EcoSilincer) T 5, AL, Hik
ZRIH LT SO DPEHZE L < HRBT 2HAiT T, =0 P U HERDOIEZEIC & D 1HE#R O 0 IZHT
T2 LTI T, RRUTHH SN OPET A 2B L, AR RS Z LN TE D, o, BEE
REBH AW TED, =3t A Lo —id, rEMMnE 8BRS y FomFICENTLZ L
MWTED,

BATSIZIX 6 Do T2y, a3t A Lo —DHK T AEF T AT AL, (KRB 235
TeOIZEIEIC e D 3 A NEE T RAVBHEIKIT H 2 LN TE,| (EAEREHIEERT 2 X0 & SO
DEREFIGENITENZ EDFEH ST 5,

Tat A Lo =D AT AFREBRITARI Z DT Z E b RIS T ORIV ERERAE 2T T
ITETHDH, =V rOFRITSH L5603, =at A Lit—id SOz OFEH Z i 90% F THIK
THZENTED, TIU, WERED Am 4.5%DRE T2 Z &N TE F2, Hillanh T
WD ST 1% DB E WS K0 1 SO DFEHOHIEA KRE W AR LTS,

Tt A Lo —d, RO A K E R L, IRGT 2G> TERY . Zoiks
TR 2 &> T D, ZOH LWEAE, T A LK Bk 2 FEmN %< 720 | 154E DO
RS0 R CE B, FET AN DERE SITZEENENT A LHRRL - I3/KIEL S AT KA L,
for L CHEEW A AT 5%FHT e > TR Y . JEHKIIBRIRICZ 272 b DIZR 5,

TatA L —id, 77 100kW 225 10 7 kW O DT 5 2 LN TE, movv
AMEINCEDIIRETE D,

2-17 T4 —E LR OEFREL

fildit e & AR OPET AN L O B CEREROIE, HFHAT 2R O b OO &
BWoxELzETHD,

BBV AT T ¢ —BVRBI ORI X, FREBHO b DIZHA_RTHE R IBHIREA I
(2006 ) 7=25, ML 2007 LI 500ppm AR, & 512 2015 4FI21E 15ppm LA FIZHz H L
Do

—AADZ < 1E, FHE UK L THIREH (Intermediate Fuel Oil : IFO) ZfEH LT
WD, ZHUTHRE O, EREEW, K E DR & e ) mOEIE TEA TN D, 20728,
TV OBRBERRICHEE S D T ADNKEIGYDO TR E 220 | FEFICRIBEIC 2> T D, —J7, 4l
BT LClE, A SRR ZEH L b 2 8 b b, BUE, EHINTWDET «—EB/VRE
EHEGAEOMRAE [-2-1 1T, 4%, BEEEPIR SN D Z LIZ & o> THET A &OHIE
HATRBIC AR D,

KPR 57 — Bz DU R 1-2-1 O F 447) Tl IFO 233 /7#6B912, DMB
&I D ARSI R S5, 36 1-2-1 (3B E DO AT« —8 ek (13
7). =1 o STEEA SN TOBAAAERIRE (41TE25 717H) bRl 15, *

! http:/Amww.arb.ca.gov/regact/marine2005/isor.pdf
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K1 BRIV UBHEBESEE

PR BT IY — 4 i 85 & A & it o 7 B 5 AR B
O AR = %) | GeARfE : PPM)
Grade No. 2-DS15 R ULSD 0.0015% 15K [E A F & T20064E0 & i
Grade No. 2-DS500| 7Z&8 [CARB/EPA Diesel 0. 05% 500 | BRAESE H
Grade No. 2-DS5000] &% EPA Offroad 0. 50% 5000]S5001Z 20074 I H) W £ 2.
LS MGO 7R MGO 0. 10% 1000 [FR N T20084E 7> & i
LS MGO et MGO 0.20% 2000 |FRJN D A T
DMX 7R MGO 1. 00% 10000 | i R <4 i
DMA et MGO 1. 50% 15000 |t 5 Tl H
DMB_and DMC e MDO 2. 00% 20000 |t 5 ¢ o
IFO 7% | IFO/Buker Fuel 1. 50% 15000 {;g b - ALHET2007H 0B
IF0 75 | IFO/Buker Fuel 4. 50% 45000t L T20074E 0> & £
IFO 7% | [FO/Buker Fuel 5. 00% 50000 ?g&’g?’jg%iihfwé
- (=)

H# : University of Calfornia Sannta Barbara

2-18 A ABHEIT T (Biofuel)

THETHIABRELE LT L CE 72T 4 — B/ UIMOMREIREL 2RI 2 2 & T, 0 A& D
L. SOIIHMEABRBI~DIEFEZIRD L 5 L WO BE N H 5, BIK, BREIEDLIUL, =V
DOIEEH LT D Z LT 5D,

BUEEH STV D D0, Ao AREFCh D, KETEH S TOD A ARENE, A AT
—Brlxzy ) —NThDH, AT 4 —BUIENIET V%Y K« ZAT UMD D, FiRE L
TIE BEHFOT 4 —BL o DU KIBICERT 5 2 L 22 HHEEIC L FTRETH 2,

NAFT 4 —BNEFERLIEGIE LT, o7 T v AaiEkK EAZ@BRWTA D7 —AR3H 5,
YR 2001 -8 A, o7 7 v ABENORFT = U —igfitt [Blue & Gold Fleet] @ 400
N ik~ = U — [0ski] T 100% KTz UTHAT 2877 2 &5 L7z, Oski
13 100% KT CEML S I HREM T =V — & L TUIRROMTH 5,

T A NDOFER, T 4 — BRI T 5~15%RENEE B R LTz, Ziud, A AREO 7
2 —MELS |, ZU PV OEME T LI Z EEERL TV, PMIFRED L72d DD, NOx 7%HE
ITRIZEER LTIz W)H, FEHC T LizEv o,

2-19 KAHR - TP > (Natuaral Gas)

BRI AH, T U TRIRTANERBATT 5 2 & THURE(LDER, PET A Z KIBIZE 5 = &
MTED, IHIT, RARTAD A NPT 4 — B/t CE HRRICZMTHH Z & bk
L7 TS, FRLICT 4 —B/WINZ AT GA1T, RRIGEWE OPEHED ENTETHEL 72 50
DFEFFERZR L TN D,
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K122 T4—EIVRERRHADESHEYELE

REMMT « — )L (iIMARPOLVI) KRAR _(iTYPICAL) IR E
I O UBREBIRE 40008 /1000 k W 40008 /1000 k W
“E{emE (C02) (830x4000x1000) = 3320 k>~ (642x4000x1000) = 2568 > | (-22. 6%)
—E{bRE (CO) (15. 5x4000x1000)= 62 k > (4x4000x1000)= 16 k> (=74. 0%
EREEALY (NOX) (9. 8x4000x1000)= 39.2 k> (1x4000x1000)= 4 k> (=89. 7%)
Bibk3R (HO) (1x4000x1000)= 4 k> (0. 5x4000x1000)= 2 k> | (=50.0%)
PERehiF (PM) (0. 15x4000x1000) = k> (0. 05x4000x1000)= 0.2 > | (=66. 6%)

1£:2,000kW 27 7 A D Eidifin TR (4,000 FFE) @ 1000kW 47=0 OF ¢ —E /L& LNG
(RIRATA) OPEHEE I LT-56
Hil . > 7 « 7o R« =2y U

51T, WL OEEOHEHEN B a, BADOTRTH DB U, T 4 — /D 97%KIC
ol

PE AR E L CRRD ZIHHF CTE B, TDO—FHT, T4 —B/UlIhbERTSZ LT, K
Fh AT AOMBEIE O KRS B AN T2 > TL D, L, HiElEIs V—rbph, =y
> OWER D DT, A— =R — R E L 72D, ZOREER, AT T A3 X MAEIKI S,
TV DTATNELIRDDTY =V RREVEEZBND,

BTE, 74—/l E KRR ADOM FEFIHT HIREET Y i b, Bz, HAMRHZ IS
DY B DEWRHTT 4 — B A @ O T TITRRT AZFIHT 25 Lo 7o fiin
ST ERALTWS,

2-20 INEENIZ K BHEH REIE

1R DR FES I ZAEDT2DITT ¢ —BNIFEEMA S 2, ZHbHET A2 AT REO 1
DLIRoTND, ZD7D, MPMEEPITIREN O DEN MG EZ T HZ LItk T, =¥
Y DOIEEFRI AP R, HET A ZHET 2 & W9 BRATE, —BilE LT, AR 5, [FfEDS 100%
H&ET 2 KEaTF - = LEE S (TIS) 1L, Jtlcn v 7 e —F B R & Ol
FICTHRE LIS, eV AOHIEFE & L CHfL= o7 e Eiaak ) & O3S ) 25
TE DM A L, AR OO ERBEEZEH L2 AR Z2FY BiF 52 & TREL T
26

F7. MBS B LIRS 2 MO D72 DT a 7T ARt LTS, 72E 2IE, mY P
JLABETIE, AMP(Alternative Maritime Power)sififi z%&(i U 7= EMia i 2 i3 212720 |
s 81 5 RAVORiBI& & LT D,

2-21 StEeEFEHEARAE S X T L (AMECS)

AAOBES A D2 ¥ v 7 E ST D, 151A L TO DA BPEH S 7= 4 21X, AMECS Offid
BErlo CTEEOYET AT fr—/L « VAT A~EEIND, ZOHETE, iz Ly
THATE 72, = A MBIV Y,
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3. SROKIM

31 TA—ELIVDUEMDSH

RO LB FEEMACLEOFEEMN C2o VDA% OPEN AT 1 RHLH
(Bt 35 VI B 8) s B BLE S 2 IEHNCBATH CLEPA IC KhuiE, 2011 FITIE5 3 IR
Hl s LionWE LTnd, —F AEERE SO REMEER C3 = v %, . IMO
IR DHHEACOMREFHERE 2B E 2208 5 .2007 £ 4 HIZIEE 2 WK O LR
EhgL-wnwE L TW5,

<NOx ) T HC>
HHEME L., Rk O KETEET 5,

%1 OHHI (2003 4F)
NOx B EZ IS U 9.8~17.0 g/kW-hr

2 RHLEI(2005 xS 2007 4E £ TITERE A)
NOx+HC TUVVDOREIITNT 7.5~11.0 g/kW-hr

O3 WHLEI(2011 FE B & T IE)
NOx+NMHC = Y roRkRxII2mt 0.45~3.0 g/kW-hr

BITE, 3 2 HHI £ TIX, ErHEEE (EDD) % OREBERHEiE, =Y 0N
HMOKRETHIGLTETCWS, TORT ULFTIE. a® b= afliolaT 4 —F
NV YN e BVET Y JA—AENLZELTEY KFo o
L 2007 ErOHBESTHEY A% IORIZTEMBEFFENL TS, £/, UL
F L AREILBHRBED 1 D Th 2RI AT L(CASS)ZEATETH D,
T, v T4 —BAHE 20069 HICaT L —ABEH DD UEERRLTWD,

FI31DEED, W ONOHEMIZOWT T ADOHIB R EEAa R NN E L
DT D,

[FZ2 1%, 2006 FFIC A Y 7 4 V=T R¥EH U X R—RITKROBRBEIIREMEZN, Mia

ZEDREIGGDOEER PNHIM FiEEZM%E L7z LA — b [Controlling Air Emissions
from Marine Vessels:Problems and Opportunities] S TH 5, [FIF L, K IEHiH
HEWE/F (DOT, The Maritime Administration: MARAD) @ United States Maritime
Administration DECISION FRAMEWORK FOR EMISSION CONTROL
TECHNOLOGY SELECTION] o7 —% #HH L T\ 5,

COFEOYPET AHIBRRIZ. ARIAWMOENL TR NEDER—Z | LZHIHETH

D VBUME, B 2WHH ZEE T2 OICHRMA LN = P RUBE D 5 5 R E
W BRI O W RN EARTH D, Lo, EPARREL TV L 3 kB O
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V\j@f“&;%ﬁ& LI VN BRAKOUARFIC X D BB TIiEkhis © & 37 SR ik gt

#ou HN(SCR)VZFFEE I 5 2570,

Ll PEEH C3 = Y iz oW TR &M O BEEDEH 2 WHLH 0 KU~ D& T
bHZENL, TV NHBRAKOMEIBIZ L DBLB THIGAIREE B LNLDHD ., 2
bR DT, BEEOOLIEBRH= DU NbOHNOEANTE RN izd, £
e HLWEINBEBE R BRE L 2 D,

£1-31 HAARAREMOMRLIX T

Bl R (%) Aoz b EEL)
AR R R iH&
WOx | BW |80 ) COTYOC o onnewy |(1o, 000kW) (25, 000Kk

AT I #IHFIY

BEEFEEL (Slide Valves)  |-20% gg; 0% | 0% bsod $10,920|  $36.400|  $91,000
5 Bh 2l 305 0% | 0% | 0% | 0% |§134,106] $148,705 $216,7%5
s B ) 2 BEE (EGR) 35404 | 0% | NA | A [FCRORBEEEE
S 1= =Y 5
Ffolx-
"z 6T 7
Aok Eis (oW ~~ | ~~G0% | 0% | N& | N& |22 b e =
5o hT
30% =2
BRE— 4 (I 704 0% | 0% | 0% | 0% | $578,500] $1,740,500] $4,055, 000|E

doEigic L dHE | AROHIE (e g -30%| 0% 0% | 0% | 0% [$550,000~750,000
K OER (e iog) |-B0K| OX 0% | 0% | 0% |$169,665) $338,223) $686, 166
R AR R R T 5 7. (SCR) -90%] 0% 0% | 0% | 0% | $423,656] $930,144| $2,263, 880(BY R

ro e 69
R Mok kv 0% |-25.0%| ~ | 0% | 0% | $747,600| $2,410,300| $6,048,000
944
o HECS -95%| -99% [-899%| N4 [-50%[=2 = R FEH
WL .
ikt o e A MA | WA | WA [ NA [ NA [2 b EFE
mEAES(2.7%—1.5% 0% | -13y [-44%] 0% [ oy $0] $0] $0
mESEE(2.TH—0.55 0% | -20% [-31% o% [ o% 30] 30 30
-q0 .
. . . +8e | -90~ NO w2 3
P HAFTF - ~ | 0% | 0% |2 hi3TEH
BRI 20% | 954 Lon% m+ s
G- |30
P i -50% sy | 0% | 0% [3RAE. EFSTERPE
100%

Hi 8. : University of California Santa Barbara, 2006 &
*Ih 77 /1 (Shore-side Control) : #EITAE VA H D st 23 %6 B R A€ 245 1k L. ¥ 5 Ha
b ENERET IO,

<PM>
[FERIC PM B L ClT ERk o BHE CEET 5,

2 BLEI(2005 £ B 2007 4EF TITIEKRE A)
NOx+HC TUVUDOREETNT 0.2~0.5 g/kW-hr

O3 WHLEI(2011 FE D & T IE)
NOx+NMHC = YroRXxIiI2ml 0.075~0.03  g/kW-hr

NOx D& LRI, BfE, & 2 WHHIAEET27-OICHEH L. =
YRR O DL BREER BB SIE O RN ERTH L, L L, EPADBREL
TWDH 3SEBHORNETHDL L. bIFP v PN E T TE 3 5l >
4 V2 (DPRORBNRLEL D,

L2l FEENC3 =iz o TR O BIEDE 2 RBH O EHE~DEE T
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HHZENL, TV UNSKBTRIGAREEEZONDIN. I KM P, E
BMOBLHIEBRHZ Do NbOHINOEHANTE WD, F o7 < H LWEME
ML L7705,

<SOx>

CARBIE. 2007 H Y 7 4 V=T KK T MO T 4 —B L ¥ U ITH IR E
0.5% D AR M AABREL O 2 B A1 .2010 AEN BT FIC 0.1% £ TH FiF 5 &b~
W5,

F7z, IMO TiE., T X COWFIEK THRIEEZ 1.0% (2010 FHEE)., X 512 0.5%(2015
FRE)ETE FTTF 2L 2HBICVWVNTRBPED LN TVD,

SOx xf 3K D 7= 8 O BB 0 52 e 1% AR A 35 1 B o> 28 B M F R B o A8 3 mii 4 & 72
D, LinL, BllAKES 2ttt RICES L) Rt b eI TEBY ., 2 0HA K
BFERIT M IIREE kR TE Y | %@ﬁ7/a/kbffﬁm%@ﬁ%®%%%%
B LD H 5,

<HEEWNHPET A 5H R >

ETEEISEWHEIEAN T, RRIGEORENRRE W, 207D, BY 7 =T
DR AT BN AETIE, EEYE & EESENTELZ O, EREETA O 5 E R
s L, EBEXOOBBHEM/BE L WD, £, BMEEEBE Y AFHE S AT
LA(AMEC)IC LY | B#IRHFOHT AZEIN L TWEHEELH H, KEIGY O 2T
AW XK CIX. o L) B EBEAICR D EEb D,

3-2 BA~NDEE

TR, MHAT =B T T DK EYE T A H M o #him & F it s T
Do DI BRI OWTHI L, &&ZIC, 2 OB OB EIH T 5 HEIC
DNTHELE LI,

KEBGIA, PEICHG X DEBIL, REL DT HERD 3583 bHDH, —HHEEN
REE T, KE~—F vy NIRBTH oY ud, KEETAHEEZ 2 VT — LT
nNx7eornwz tThsd, ZOFr—ATiH, KEYRORERIELZ T 20X RD
720N

WIZ, REA TP C3 P50 T EPARRRTWS LI, AT S
SAEf 2 & D CTHERBMIC 2 WRHIOREZBEHLEZVWEDERMRDD, T
IMO DO EFREEIC 2 kRHIHZ KIS T LS LT 2EERNHL L ThHD, ko IMO
BT AKERZICR LT, MAE LSS ERE RS SND L, EHELELE Y
émm\Hﬁf—ﬁ—%%%ﬁ%ﬁU?~L&Thf@%ﬁ<ﬁ5

3OBEMN, KERENEREEEICKM SN Do THAICH KEENEIZ XD XKE
AR AR U CREEREA~DOE A 2 ZRT 5 Al 6E é#%é EThHDH, TDEHM
BlELTH I —OBERETEM L2y —A0H 0, KEMGHOREN K~ L
WESR(H Y 7 4 =T M CTIEFRICEE LV B2 a2 25255 2 LK
EMmE CORMICEAO D ARELEETE R, ZOHEICIE, T NVAZ o F—
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RERDM, Z P A=A =D& T X, FEITIT LY LUV KERS ~O
RIS RERSSINDZ EITRAD,

KENHMA~OT 4 —BA = DUHBELT L RELS 2L, KELEOEBEN
EURANRGHDLEEFRO NS, HRE2Y — R T 5 KEERERSHTH OO TH
BREEICRKM T 52 LT+ micBE2zbNnD, LER->T, HARA—=I—b KEEED
g arE x>0, EMMWAREBEIC - T, 5% OFEWNEE T 0 7T LxEd T L
VEND D,

EPA i3, AMEREMMA C3 = Vo 2R ick LT, 3 RELHI 28 A7
LZLICHEZRETWS, 2L, 3 RBMIEE I A= v TREIZER L Tw
D20, BMEx VU ERKETAOA TR VI LTV D I ENnD,
IO RERA =D —IZITEMHIISE DN H 2 L ORI TH A 5,

fit 7. C3 = ¥ DWW T b BRI DAL SR EFE TRV 3 IRHLHI & 2 A0,
2 WHH OB A L TR BRI LTIV, vk, FMEMRIZRT 2 EE
HHAHAIMN, KEA—IT =T P2 N ODOREIZI VT —ZEDHZ0OD
BEWHRT vy VR0 EICERT D00 E Liv/an,

WO FETHERL, T ABHNIEI o P OERRFICOEER LR, hE27 V7T
—TEDLIDENT, VA= o TESITAEZIEY 2T A Sy
—LThHDH, FEHAMEKIT, =P A—I—L L TOERICHNLBETHY . A
KO A =T =P HREZY — FLTW 72oicid, 104FL EEE RIEZX -h &
IR 72 1 TORMBAY 2RISR BHE L T2 D,
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n. AvyrIooy

1. REHIEE

AT U v  DIEBE 2R PET AR OMSEAE, AEET, KIEDIRB O#H 2 F2hE L
TWAH, EUIZEBWTHBHIAER SN T\ D, 2 2Tl KEOHEFBURF & MNEIFIZ X 2 HHHIC
DN TIRRD,

1-1 KEGER)ZF I+ B HEH R3FH
B U L g, MR OVK b — b5t (PWOF= 2 o P Ipasiie. s
/IR (T 19Kw LR AR RRER(H ) 19kW BIC/ T TRl ST g, “hET
DOHHNOHIERHE L, KI-1-1DEBY THD,

xI-1-1 MAAVYI TP UDELRS

A O L 72 B

1995  |fAda /NS ERE (19Kwlh ) Mg PEREEHE (7= —X'1)

1996 AR EEFS L OME A H AT (OB/PWC) [a) i) HES ¥

1999  [ffn /R EERE (19KwlA ) [l PEEE (7 = — X2) %

2000 |Ap AR A /N EE RS (19KwlA F) Mg HEROEHE (7 = — X2) %k

2002 |np R EM (19X U > UL AT HER IR

2002 |78 HE SR T HE AU TE

2003 | VU 7 3 =T MNBUF*xIZ K DSTIAT > ¥ v a1 PEEJR I D FHAT

* N0 ROVA** N ROVEE L ***California Air Resources Board: CARB
HE : EPA U AR— b X 0 1Eak

1-1-1 fipdMKEA— kXA

1996 4 8 A, EPA [3fnsME (OB) /K EA— bAA (PWOMT VY U o ATk 2 i %
AUz, HHIEARO EPA OfEICE D&, BV U 2R Lo 23, EERH~T
VU DI TIRALKFZEHC) DO EEHANTD 1 S TH Y, HC OFHPEHETIL, X HEELE
Tl BRSSO AR TER 2 (D3R T~ T2, (M 11-2-1 )
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30%

Lo)T—ay
Aoy

ZDith
20%

RIN—T 2 kZ

DINBITODY

50%

HJE : EPA VAR— b (1996 4, 8 H)

X -2-1 FEEATL O URIIZHT- HC D=

[FIHANIE, 1998 FHTAAE ¥ 2006 4FF THEREL L < 72 0 Refa9iZid HC HRHH &2 75% % TR
SELH LN DTH S, % 11-1-2 12, KENZBT 2P0 A HAEA R4, HAEEIT, 77 4.3kW LA

FOGEHNNRRENZE, NOx+HC HEHEAED R 5T 5,

FHHNL G Do Th D, 2D, &R0 HC JRHEDIRBEIL IH= Y rnb
P VU ~ONRBRRIUARATT 573, EPA TIE, 2020 4 F TITHHREARTD 50%I2 2025 4%
TIZ 5% E T CTE 5 L THIL TV 5,

FRRIZHI 2 FERS D 72D, A — I — OGP EDN AR EZ T U L e n ) Z &k -
TWD, TR FiHIR 28 Ll — o3 gL 7 ) 7 — L —H o dH WSR2 U 7 —L
2 THVEEA =T — DT X TCORGOPEPHENR 7 UV T —F UL LN E WS FIETH S,

(40CFR91)
& 1I-1-2  OB/PWC BEHHRHIRS (HC+NOX)
£ 5 VAR HC+NO x HEHH A (HAAZ @ g/Kw - hr)
4. 3KwlL T 4. 3Kwll |

1998 278.00 | (0.917X(151+557/P 0.9) +2. 44)
1999 253.00 | (0.833X(151+557/P"0.9)+2. 89)
2000 228.00 | (0.750X(151+557/P 0. 9)+3. 33)
2001 204.00 | (0.667X(151+557/P 0.9) +3.78)
2003 155.00 | (0.500X(151+557/P"0.9) +4. 67)
2004 130.00 | (0.417X(151+557/P"0.9)+5.11)
2005 105. 00 | (0.333X(151+557/P"0.9)+5. 56)
2006~ 81.00 | (0.250X(151+557/P"0.9)+6.00)

¥ : P: Power Rating of Engine G| &EiT—> ¥ DE )% HIZFHH)

HE : EPA V/R— bk (2004 4, 8 A)
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1-1-2 FarR/MamRs M
M PR - RPN a3 2 ORI A L 720,
MIE, B ORI ZRT T D ERid),

ZE L. HET AR OB LN Y 7 =T

1-1-3 AAF/NREFETH(H 1 19Kw LLTF)

MO/ VR EERE (77 19kW LA F) 13, =R = LRI 7 =) — T, 1995, 1999,
2000 4= & BERERICHIRI 28 A LT, Zhve i, BN EPA 1%, s ERfBI = e BIERT 5
SI =2 VU B 258 1T T, Zaud, #EH ST =2 P Ui ORI HEIL L T b, £,
19kW LA F D=2 P AZKE LT 1997 ORI H S izd b, 2001 4-~2007 FH2HNTF TH
TR BIRIPNEA STV D,

F 1I-1-3 HC+NOx 2B 2 IEERA/NE SI T O U DA%
PEHFEUMERAT. (g/kW-hr)

7 —R 75 %2 | iR E * | =T AER]| HC+NOx Co
7 = — X 1a I CC< 225 1997 16. 1 519
1T CC=225 1997 13.4 519
I-A CC<66 2001 50 610
I-B 66=CC<100 2001 40 610
I 100=CC<225 [200748 Hb| 16.1 610
7 — R2 2001 18
2002 16.6
11 CC=0. 225 2003 15 610
2004 13.6
2005 12.1

arBr Rl (B EEBE L7

b¥#EITH (b L, Fe i 8 A 1 BRI S AL, 7 =—X 2 DIEHEITHE D

*HA I F A— L (CC)

1-1-4 fAAREFER(H 7 19kW #B)

EPA [T 2002 £, JREZIEN 2B (21D & & ©IZ AR
B2 U7, 2004 S5 1 YRGB I S 4L, 2007 £R1255 2 YR AN M S iz,

JEFERE () 19k Wik)

F-1-4 KESITUOUDHHEIEIR

HC+NOx Co N IR
W1 WHHE 4.0 g/kW-hr [4.1 g/kW-hr| 2004
%2 WwHE [ 4.0 g/kW-hr |4.1 g/kW-hr| 2007

1-1-5 PREZRFH R IRH
EPA X 2002 £, \Wbhpd 12002 F—/L] EMHINDH V) o P ORREIZRFE T A

(Evaporative Emissions)

it . EPA &k (200249 A)
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\ZX9 %

(T DR A EA LT, BRI A LT, TV U A EORTEMER

BIDMREF AT D BAFE L, RIS T 2 HC 25 L T\ D, MEZNATY VD720



2DV T 4 —BVBEHERMEICZ L, Bl 2 0ER 200 Th S,

FHHIE, B — R 2SR, SUEECHE I OA I BR 72 <. 2008 EDOHIHPE AL KIE
THERLToAR— R T_RTxigeE 72 b,

BRI AL, (1) = VU PBEEHIC R ¥ 7 L Z —EDT > U RN DIREFD R
T5 (2) KREFICED2ATOARESE 3) BEHEARFDZIE (4) ¥ 7 KOFR—ZINH DR
M (FT72AF v 78 R Ko TRET D, ZORTHRICIREIC L RN RBZ,

6,700, 6.7% 260, 0.3%

22,700, 22.8%

26,600, 26.7%
43,200, 43.4%

DREBELFICEDEE DEVIHLDERTE O R—XD DR
O REHERRRDERE BIVOUBRBROER

BAL (b))
HE : EPA V/R— b (2002 4, 8 )

HI-1-2 SITUoUIzEIT2EEESDER

2008 FEM LA — NIk DREIZRRE N A HHEMEIIR II-1-5 DB TH5H, EPA L. HH
AR— TR LT 80% DIRBIZRIE H ADHIFISER TX % & LT\ 5,

FzI-1-5 2002 FRERFEH X DEAEE

FEFE A D FEFE FEYEE GO EA ERELE
SR EFIC X AHEHE O D D% 1. 1g/gallon/day [22.2~25.6°C |25% H 8
RELZ 76 DR 0.08g/gallon/day 40°C 95 % i I
R—AD DiEH 15g/m2/day 23°C 95 % Hl I
A=A DR U%A X ) —/V &) 5.8g/m3/day 23°C 95 % Hll I

(it EPA UAR— K (1996 4, 8 H)

BUE, KEZIZBLZ 1700 tOR— kA =D —2H0, ZDHH 1200 8TV Y v
ERIAL TS &S, E7o BBV Y 7 A= —MERICIE S 2 & o 7 i3k K% 55 T,
ZDHIHLDIFENENRHEDOZNT T AF v 78l 7eo5TND, R—MA—T—KRZ 7 A—T)
— & BFRMEENZ D EPA 1T, FiRBIRIC LR TORM T r 7T K ERHE L,
FMEZEOHHIRIRZE L T 5,

29



1-2 AU TAILZT MDA R
1-2-1 sk EA— boso

CARB I, fi¥M&= 2 Azkf LT, EPA XV LWVEEER I TS, &b & CARB O
HPEAIE 1991 4RITAAE D . 2008 4 TICFERFEN SN2 TETH L. CARB & EPA OIEHEHED
Heige a3 11-1-6 (2T,

#1I-1-6 EPA R CARB DS HHE /7 R EL#E L 8%
BAfI (g/kW-hr)

EPA (HC+NOx) [ CARB (HC+NOx)
1998 151 -
1999 138 -
2000 125 -
2001 113 47
2002 99 47
2003 86 47
2004 72 36
2005 60 36
2006 47 36
2007 47 36
2008 47 16

HiJE : SwRI

1-2-2 FaRIE/Mams

CARB I3 EPA (258 A U T, 2003 £ ARPBARNAMERH D 7 = — X1 25 A 4T . HC+NOx
DR E% 16.0g/kW-hr & 5L IT T D, £z, 2007 FI2iX 5g/lkW-hr £ THIZ TiF 5
TETHD, CARBIIE HIZ, 2007 FFE0 i ETOME (On-Board Diagnostics: OBD-M) & 480
I3 L SIHAGERZ BT 2 2 L KL TV D,

= I-11-7 CARB DMIEE/MRI EHE T R B4
A7 (g/kW-h)

T IV HC+NOx | AAfi 7 A BRI
2003-2008 16. 0 —

2008 LA % 5.0 480
*T VO] (Maximum Rated Power) 73 373kW (500 f§77) LA R 23kt &
72BN
FILHEII L, N TIRGE S-m o 0 OB & JE S,
%2007 FEDTT MIE LTI 7 E U MNOBRAFET L V0D 45%PEMEEIZE L TV D4
ERH D,
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2. FiTDBN

2-1 ST O O UBE

M= DU ¥ERIT, RIICREEABOSVVREI A L. 2 A hn—r (2 %47
W) TV UNE, AR M= (4P A IV T ~DOBITER S TND, T, 2 A
ha—7 D AR ELS D RERREN O HAET DH HC K CO DENRZ W &
Fz UL, BETAHEI LS, FRCkHE TS ETIK BROER TH D, 2o LT
FOAH D DU R AR P RE LT, (D) gFRE () okEnw= o D0 Tl
B AR EHE S E (Electronic Fuel Injection : EFI) ##:H (2) #ExED/NS W=
YT ERE Xy T L — (R BMEH. BB oD, Fo, RO VU0,
TV HEERN T HEER 2 2 hr— RN EER— MREL 4 A hr—2 (High
Power Density Port-fuel 4 Stroke) ZEDOH i bt T,

ZOLDITkEA I D UHEIRREA STV DA, FRFIZ, BRDBRD DTV %
RaA N EDHNPANLHFICE R SEDEDICITEERBERICR>TE WD, BEMIC
s 2 A bhr—r YD X5, MV EFIMBICHE I HIL B 5
M. FOMDE L O, EFICEL>TIHFEFITH LD TH D, Ziudk, bro L, H
U6 L 1970~1980 ERITHET ABIHNEDSEA S 41, 2 < OEMMTRBY LI & [FH
CIRMTH D, BEIFHZERTIE, ZT0% 1990 FRICAY . I —Eogfntxgsr o b
ERDD, AP THEEO F L R TRIS NS,

222 A MO—HU T DY

MH= Y OFRTHIMEIL, BERTFICDIEY 2 A e —7 2Pl TED
LT\, RFICOELZHBICE ST, EEY VOB N LIEFITELRY, =7 /T —
IZHEND L Do Tz, Lol Ak HC(UHC) OHER ZHilH 42 Z & I L < |
BT ORI Ko TH IR BEIROFRB N ED SN TWD, ZTOHTH, BEEFRITIER
RS LCIHEREZED TWD, TR LT, 2 A hr—r P
IE, BIEBEAEINDIDENR ST HNTHD, Lo, 5% ABHIN X 52k
ENDHZEICEST, 2 A=V b 4 A N —7 ~OBITHET &0 ) AlRerE
tHd b,

TOLEH, 2 A e —0 2D ThK, BAONOHBRAELTUL, (V) 277007
—ANTOFA I « BRIBEOTUED (2) 7T 7 5 —ANDA—R—F ¥ —OHLED,
RERBEZ LD,

(1) 22\ T, BIfEO= P Tk, M E RO FITES L TWDR, 2T
BEOREWHC ZREES AT LNIZEVIATRE & 72> T\ D, FERAIC O HC A REE
VAT LAEHRITHL, ABIE L THERSNTLE I DI THDH, o T, ZDiRAEEL
FTZELITE- T, IR E 72D HC 2T 2 ENEE L 25T 5, S HIT, fliEEf %
WMATDHZEICL-T, IR L HC Z2BETDHZ EXMEIZ/R->TL b,

—J5. (2) IZOoWTIE, 777 —ANTIERLINEN DL DA—"—F ¥ — T 7T &
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ST, 7907 7—ANOHC 26T ENIHDOTH S,

LLTFICEE, A= —FBANRHLTWE2A M —7 0 D0 23T Thb,

(1) v=n

Y NIBUE, 2B (RIS NIE. 8.3 U » by 800 /7)) #f5E LT\ 5, [Fif:
D2ARa—7 TV L, mEEME Y A7 A (High Pressure Direct Injection Fuel System:
HPDI) #EALTW5, =2V Uid, HOLDHEITRE L THAREZFHT D729,
HC KO OPEE 23 0w AR < 72 5, O ROFHEIT, EEOKGRREZHREGT D “~
SR RS L o TR EEZ T ZENTE . 2 VOB E EF 5 2 8125,
S, ZOWEIL LYy —AR— FERTEEL RS TW EBZHND,

(2) BE

HPEIX, 40~115 KB /17 7 AP 2 A ha—r oDy ailE L Tns, [tz oot
[FRRICEMER S 2T A28 L CW5 2, ITLDI] OFTHLN TS, TLDI (225K
VTR o TR AR 5 5T, BB EIER IS I A MRICTHZ LickoTH Y
YHE—HNTERELLTARY,, MRS RSO L 2 L1285, 22k, HC Kk
Ok +OHEH Z BT & 2, F/0, BREELZMITMA 5 Z L2k » T, ZEREBREORS
AR L, BREE R ST D,

3) ¥v—Fa—

~—F 2 U=, T5~250 {7 T AD 2 A bu—r 2V B E L TWDLR, 7T
4 I v 7 A (OptimiMax) | ODAFRBOIT LTS, Zivh HERKRKIZZES AR v 7 &4
AT, FEROENELN D,

(4) TEVIL—F

TELIL— KX, 40~250 517 T AD 2 A bu—r 2oV EREELTWA R, [ET v
27 (ETech) | OAFENROITFTHRTWDS, At P, RNy F 2T 5R0 01
YL AR EMEND BRI o TR AT AERFIHT S, ZoFEE, Rt
SttAR LT 07 (Bombardia) #h23EGE T HMMEIK EA— A o DB RS
NTW5D,

2-34RbO—H9 Ty

WE 10 FEMICHZY AT P UVERTIE, 4 A ha—r 20 DURFBICBEASD
L2l TE T, FETIRHEBFEAEDA—T—N4 A a—r7 D EEAL TN,
INFEFT.A4AIE =T TVUE, WERD 2 A b —F 2 PN R T VU EE
T DB AMIEFITNE L, BT R=YRZN D, FERICEIEIZRD &0 ) RAAHR
bolz, LinL, M= P UERZ, BREEROEIRAZICHT 2 &Ik TZNHD
REEZLBLOOHDH, SHIT, HEHET L DU LG TX AT, H-cflE+ 2 08
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W b, aARNEHHTE S, 22T, UTICHEAOMAEH 4 A hn—r
VU EAT S,

(1) ¥</\

Y~ NFEAE, 25~250E /17 T AD 4 A ba—r 2P URRELTWD, [[fD 4
far—7 2o PuF, TTICHEBHEERTHLEA SN TV D REmOFENZH\WTnWb, o
BTN, 4 NIV TEREESE, T a7 b « =3~y K« h A BHER— NER 2T A
ERD D,

(2) RXF

ARRTBE, 9.9~300E 117 FAD 4 A b —r 2 D0 ERELTWS, B, it
D300 FHDOT L, PEREN 4V v ML ERIMETR K E RS> TS, [tz Y
YhY e BEICHBIEATD Y U AR LTV,

(3) hv4

RUAITHAE. 2~225 517 92D 4 A a—r 00 RFZLTWS, R OKRHA
TUVUIE, TRTHBEAT UL oELZHEIC LTS, RISk, EEa R %8
X FFCW5, BT Er. HETHERL-A8EAT Uil [VIEC) &g T
VUATHEALE, ZHUE, ST EA I L) T MRET LV OREKICS YT
0B DMMA T B, FLIEE, FBTHAMIREE REFIAT 2 2 LiIc ko> T, kR
AU LB OE FICKD LTS, £, AHIEER TN THFRAOBE L v —0
REICRT, Zhud, A% ER ML RERSo T ERBATN D,

(4) BHE
HEEITHRE, 2~30 B 7 T AL HEHY/INED 4 A b —7 2o P02 RFEL TS, (6
L E R ORENE R > 2T A EEH LTV 5,

(5) ¥v—Fa—

~—F 2 U —THIE, 25~275 [/ FAD A4 A hu—r o P ERFLTVWS, 275
WA= oid, A== F ¥ =V —%2FHLTEY, IMEERTIEIVORATH D &
FRFZ, 5%O ML RiZed L RHNTWSD, FfEZ 01F), fittFEskic B g FEH =
U BEAL TS,
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x®I-2-1 Z#HODELOBIVOU—E

A—T—% | A7 E | EE A |EAEN EE
VA= %
OHA A,
42 ka—27 | 250 MPFI  [# & - 274kg
7T xzA
P —VVA
GG
2 A ha—727 | 300 HPDI  |#I> AT | 247kg
A
. 300 F a7
A XX 4 A v —7 MPFI Ol A 614kg
T
OH A,
AN 4 A hma—27 | 225 MPFI  |VTEC 277kg
VVAS A
AR
w2
A4 F €,
SELRE b
H P& 2A b —7 115 |TLDI EMg|=2 VU —> | 178kg
7 A
B — Nl

il
?:}.7/1/
OH A,
A <— k
4 A kma—2 | 275 MPFI |7 T 7 288kg

<

v —F 2 —

2Aha—7 250 229kg

o2 hu—2% | 250 |ETECE M |H AT 9234k
a3 &

B
iy
|

\
|/

T )— R
(Evirude)

2-4 V) T U
2-4-1 B2 X bO—Y . BEFv— UG

(Direct Injection 2-Stroke, Stratified-charge)

FHEANF I, B 2 A ha—r P, SAF TN - AP =0 v a  RORETF ¥
— (BK) 12k V= (FEgEE) FRAELHMAEDEL LD TH D, U — BRI,
HWHEEIVZ OV URNIZEYVIADIRERZE T5 2 LIk > T BEEOHRILEK D HAT
D, TA—EBLZ P UTIHFHHAINTWDN, TnEHT V) = DAL O
Thbn, HER 2 X bo—71F, T CIZHBICHEBEI-TW5, BEEAKEZ, =0/ v
XU EHO L, BREIOEMREZ &S L7720, BRE DM EIc-27223%, NOx, HC, CO DHl
WU D2 b DD, AT TER O, FRERAVIZIE. NOx OHER DR K
WHA TP (HCCI) ~DOISHBRIAENTWD,
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U—RBEICRNT, BIZEAX A LTLEY &, BRICHENRTD, Z2D72H, A
K77 7D IZHGRA IS WERNER T 2 k2 THERA] &S, FEHFERIT,
AV BPODEFEEMOENDOTTIETRKT T 7 HICES 28 Th D,

W29 SAEMITAD LB EZEZ NN, REENLEZDL, 4 Abn—T Vv
(IR0, Ho THR, e ARSI S TR, BARANIC 4 A br—r 2
T NOBATHIEIE LTS, WbWwd HMBEORICH T RERIN L E 2 %,

2-4-2 BEE4RX bA—9 - )= 05

(Direct Injection 4-Stroke Lean Burn)

R, BRI 4 A b — 0 o DU ATF T s A V7 Vg VR EDED
ZET, VU —HNOBREHEGOREBEZUR TS, T TICHLHBHEPEEL D 2 A b
— 7 TV DRBHEME Y AT AEFIHTE 20N M CTH L, BELT YV YDl
—UBRBEIX, TRETF v —URBE L LRI TR, BEIIMERO T VTR T 20~
30%m 9%, HC, CO OHIEIZIERH S DD, NOx OHEHIE, 1M T LY
HEZLRHOTLEI EWVWIRED DD, £, U AHIBEIL, RIS 25 =o)X
IZHARD LD, a2 MIZIZRER DR — MBI 2 FE T 5 (Port Fuel Injection:PFI)
B D AN ANTEETER, T2 A hr—2 2P THHHEl-TWSDT, 4 X b
H—J TV THERTHERLN TS, LU, BIEORI TS E Y =— A0 <,
IR LB ) SEMIPFIA VU RN AMETII TR AZ SO D E AL TN S,

2-4-3 A MM FICLDEEA4R FA—Y

(Directed Injection 4-Stroke Stoichiometric)

FIFEAIE, B 4 A b — 0 2o DU ATF T s A V=7 v a VRS DED
EWVD) BUTIERTE L2 FE —#E7205, TA A %) LRI 5 BERZER . (14.7) OIREET
PR TV ) HRESE L2 LIk o TARRS IS E, JETAZHIBT 2 &) {t
A THDH, BEIEHEELEN2 A ha—7 P OBREHENE S AT L Z R TE 500
R

NOx . UCH, CO OHEHIFE TR O, =l NEFH T 200/ ETHL H 5.
Tl U= BREE N OEEGR 2SR LIRBED 2 YV AT AT U VU BB TE 571280, I KK
JE R MR O TR E 2 L S22 ENARETH D,

3 AR LA, 2 A MIEER 2 A he—7 20 DU LIIERLT, BEOH
BT DY) a—varE o TnD, ZIVHRENRD U — U BREERIFER, 24 T2
RNEEBEZLNTWD,

2-4-4 3—FRFx—T >4 (Turbocharging)

FHAIL NEfsEs] & BRI TR, o PV NOERDOTRNZHIMSE L0 HH &
o TnD, =V DY RENOHEENIPRBEAFM LT, B LI ERE v
2BV ATy, ZHic kv, H/1BE (Power Density) ZHMEE25Z L2785, 2 A M
WD RILIEF @< FlzE, =P E VA6 K@ S ES 4 KIS T2 2 &R AEEIS
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%,

TTIZ, BHEHEST  —EL T P TR SN TELLREORWEHINTIIH 528, 2 E
THE—EVORENETE 520, ATy D3R mE EEZ LN TV, Ll &
HETIHEBEST — B VO — B OIREEZRS RO ENTEDL LIRS T
ETCWDHTeD, A= VU DRE~OISHBHIRFTE 5, #IIE, e Y o F—
v K+ Z—4RF v — % (Integrated Cylinder-Head Turbocharger) MR & L THIfFS
nTnod,

[FHATIEE 72, o AHIBEF~DOFH & B 2 b n, FlZIE, AEREEA Y EGR
EHEA LT L=V A3, =0 P A ORWIREIL T NOx OHIIBICI R & %53, R
AR (7 —FR) Do THWAHKRILTIE, NOx KL TLE S, 207, mKAMR
FRC LD REDORKPMENZ 2D, Z9 LB T —RFr— 0 72T 22LICX
S>THRRELZ =D, NOx OHEHAIMZ 52 &N TE D,

2-4-5 R—/\—F v—> 24 (Supercharging)

FEIRE, = P NOEKORNEEMEELORBENTHDL, = DI T T
¥ 7 bONEFH LT, BBEORKAZERET LV UICkY AT, BEEORKAZEREZXLY
ALV JATIEY ATy —T U7~ ThoDH, =P ORBERNEZ B LS
L AT, T AZEFIRSMA D ZENTELONRETH D,

FTTIE, v —FaV— vV HRREL WLV [U2F K (Verado) | O EFE
MWHDHN, TAMIURFEF =R T v —V U TIZFE LW, o T, ¥—ARF ¥ —Y U 7 FERIC
TV EV B 6 RFENDES 4R 4T DI ERARRICZR D,

L OPET AN & OF R/, 4 A b —r = Py OMNBEZRRT HITITIE
WICHE RN E 2 5,

A= Y ~OISNIIEF IS S TR Y | AN OB AIZ L > THEREER O EGR
DRI TE, 2 LB L Ligno o2 OpERENTREIC 72 5,

2-4-6 FSHABEEE (Exhaust Gas Recirculation:EGR)

AR SITHEN ARy 2 WVNCHIR T 208 W) b EERMETCH D, £ 2T, [
R R Z Y TCHRBEENTZON EGR Th b, EGRIL, HETAZHMA L THRRRIZED
AL HETHD, ZHICED, BHO 21%0 0 13%ICBEGHEZEO LI2E5E2 ) v
X —WIZED ATy, ZOREF, BRBER DIREZ T, NOx DA AZ I X DA & 72> T
Do Flo, WRICHET A Z R VAT Z LT, WMROBEELED, REREZKS T2 2L
NAREIC 72 D, T ORIEBRRIZ L - T, NOx OAREZ @ 10~40%D 425 Z & 2N
272 %,

BT, TN B RIGEE ST TRENH BT 5, R, ROEERT, tho iz o
MT52LToERE ETAHZENTE S, EGR (X, NOx HIIEOFIENFEREOZD, #iEk
BEL BB SND 2 ENRZ W, L, AidREEI3AE & O FH 2 EE L2y, EGR X FIREZR 72
D E DRI R X\,

EGR VA7 Alidkkx 7 ariR—3 v BRI D, B2, JET A0 D PM % FrE
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+ % 1 DELIEEERORIE. P SOx HiilF . BHIL AT MEREGEND, £, DEE DT
BT DITIE, BRI DMK VRELZ 5 WER S 5,

BERO 7 NOx HIBEENTF & L CHIERICHEDTH Y, B Lk s 27 4 E#IZB1T
R T - m ZOBIBIC L - T, BB% SHICH ETx 5, FBEONEPII/FTE HHEMFL L
TiE, EERMO Y —RBEL 2T L0835 5,

2-4-7 ®[Z/N)L JEREIH AT (Variable Valve Actuation:VVA)

TV OBENRREIZIG T, 2SNV THBDOX A I TRV T DN T N EREEEZ
WERH N 2558 Ch D, £z, RRFZEWEERE CRPER IR E @O TRE DU ES
Bo>TWb, ZOHIL, B 1-Hl & e b O E it bz 2 ENMIET 5, =
VU DOMERE, BRE . YT AHEOWT AU BRI B 505, VVA OFEFHIZ K-> TEORRIL
Wiph, BITED L VENT VVARKY Lo 5, ABHEO L) R KEAEINL =V U
WSRO T, T4 —BLm o VAN TS EEb TS, T TIZ4 A ba—7
WOHFTIETTICEE L2OHY, AU v v A AR IHT DB LTS, BENE
ERTIEEIDHICEER VVAZEHAL TS

2-4-8 BIRILF—mAKIRT L (High Energy Iginition Sysmtes)

RO KT T 7 O KREIEHAM ORI TH D, FimlcA YV U Lxffiolo k77
TOMHAN ML RERoTWD, o, MRV X—A U F T T 4 T HKV AT Ab AR
IZE R L2225,

T RV X — kR, BAEREECTE EGR & W o FRBERRIC b i d 5, £ OfE R,
NOx OHEHNIEF /NS K 2D ONFERTH D, i (Burn Rate) 2R T 5 2 &0
KA GRKREFIOTH) 25T LItk > T, FRMCBREZ N LD, £,
CrDTA RV U TIREELESE S, ZOHNX. T DU o LT iéF%
K= A N THHIN, BEIFHINDEEY — R 5ES EGR 0= X M3k B35, FEHR
BN TH DR, JFHT AEHINOGE I A RRNIATHDEONRBRTH S,

2-4-9 F—/N\— - TP RNV T 4y K- %42l (Over-Expanded Cycle)

%%@iyyy-x%nw7(ﬁﬁﬁ@)@&4?V7%F%ﬁ&i@§<#é:kﬁ;
S TRBENFEZ B & RIF 2823, BBEIZ LR TH LM, kD= ¥ T~ T
ES %L<%b5‘7”‘%47”&bf%léﬂfwé [ zfAT oL, =
VI IAEN A EREEZRO T I ENTE, EMITRZES 2D Z LI K> TRIEDIEE
EFBZEmTED,

TV ONRITEMEE BT AR E M BT AR, Zhux S v xR TTRFUCTHIRS L5,
Z DJEMEHTHEBRICEZE 2 OX, iR Thob, 207D, / vx 2 7 ZEET 572 )JEHE
ITRITES L, W %fﬁzé‘:%hi WELS LEORA—N— e =7 205 4y R e A1
Lo TWD, BUERITIR, WMKITEEZ., EMITRICAS THL LIEL KWK LW E
iKLT\&ﬁ@*%%ﬁbfﬁ%b?%&wio_ﬁéﬁﬁﬁﬁbhfwéﬁ\:hﬁw
PpDH [IT7—HF A7) EloTND,

PRE LV O BLE TR, PIER O EERFCH DREDORN AN D0, miERFICI T 50

37



KPP L TCLED 72D, MOEREZIRT20ER’NH 5, BHE X VVA RULBEITRDT2D,
VWADIZX M2 GG 20 ERH L, BIIELADOT 4 —BLTz o VAT TR s T
WAHMN, 5758 E<° HCCI (Homogeneous Charge Compression Iginition) = v
VSIS ERFIE SN TN D, EREICEAL WL e LTIE, ¥y & T —

(Caterpillar) ® ACERT 7% %, H727%12 ACERT 1%, R IEA A DLEDL Z LIc k- T,
50% D NOx HIJSUZHEI L T 5,

BT Z T EDE T2V ER~DA X7 P EIFERE L2, LA L HCCI
S FERIICERD I D K 5 I, HEEHEDLHTEA D,

2-4-10 FEERIEMRRX

(Homogeneous Charge Compression Iginition : HCCI)

PRBENENE < BET ARIERIT D07 U — U HifiT & LTHiff S v T 5 O HCCI T
5, bL. EGR 2 EZHH L TRABENAE I THIUX, NOx O EZ S HITHI
BT D LNTE, ZOBITRIZEPPM BEIZ/R D,

& O COIRITH IR 222K &R OIRE R % M sk 5 50T R NOx OFEH
BRI D IR ERFTE T2 T D, METORRBIIES N TN, =P
DIRBEINDIAET D ) A XA EIRETLPRREL > TnD, £72, HC X CO DHER
DIEHE DRI VAR TN, BB EMEOHFHNMNELEZ 5TV D,

A ME, B, VVA, EGREDHMEZ AT 20ERH D720, mneEZEZx b, A
BHEERTHLELETICMI O 10FIE11D LI TnDH e A= YU ERTOEA
ILE BRI D E R BN TS,

2-4-11 B cfims® (Oxidation Catalyst)
A 2od, HC ° CO DOFREICHEDOITND DR WD DL & M T 5 b

DT, ZNDHDOYEN ARy FEFHRZE CHRILL CHRET DI EWVWI HFIETH DL, @FIT) —
BREEIZFIH SN TV D, ZORZERISITRETIL, A&7 U AL nWo Tz He R T & fil
BECRIAT 2, BEREFICRAETAWEICL > T P ORBENREZZET FIF 5 &9 R
WdHHHMR, UHC X CO % 95%LL AR TE 5, 295 Lz, = Yo X 5 IZHERM
o T-BRETITON DR TITAENE BN TS, HEFEER T, itz v Bk
[ROTHICERET 2 HEEZI->THEY, iz Yt s ThRAFRNIRETH D, H
B EROFENZISHT A L0 2 & T, a2 MIFRIZEE L D770, A% UHC = CO
(233 2 BRI S VU, MARAICER S S D 2SR VRIS S & BTV 5,
RO, MEEAERT 2 - DIIIFER ITEIROBRE N UNEIZ R D L VI R Th D,
HEHEOLGGIIRBER 2V, A= Y v O%A ., EROfEL K & RIS L TERERT 51
BENRS D, iz, BIEE=FDBRUCTHEZFEOLIICTHEVI LR HHLEIT/R > TL
Do

Fio, Ka—X MH— NiE, MBEERIE, CO #3252 & MBEEZERML 15,
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2-4-12 =sufht¥ (3-Way Catalyst)

YV 2= OPEH AR @ CO, UHC, NOx #iEJt « B{bIC L » THb 3 i Ch
%o PERE OB A o T E AR E T 508, 3 MEOWEZRFHZSMT 5 Z L
O ZOAMMB T b, MiEizix, Aele Eafiv, K, CO2, BERITE LIRS
Do BRI IET  BbA T 2720121, BB BEERZRIEORE (X FAF) THHZ &
MBS LD, ZOTOPTATOMBIRELZBRFEL P —RETHITHEL, 20
TE A TCITRBIE S 72 & 2 lE L 7t uid7e 720,

= IR CIIRBE I TAR S 172 NOx 1TE Tt S 4, 2 OFRIZH AT D3R TARITERIRBER
57 CHDH HC X CO b3 5, ZDi=® NOx & HC X° CO Ml &7 DfF7E L Tl DO
EDBTON DA TH D, PERIEBMHIEBEFE SRR T A —F ——REE S PR~
DB OXHITERERE L NL—T95 2 Ls THHEAIL—7 (Closed Loop) filfHl] &
HWVNE T7 40— Ry 7] & X TV D,

PET AHIBEHIRITFIER IZEm <. ENENOWEZ 95%LL EHITRT 5, LasL., E kbl
R, WEIZ K> THREREO = P U RN ESH D, Fo, BHOETHERECAEEIT K - THbE
MERE S D & Bl - BaRPEEIIR T 5, BEOTENZ W, U — R T

IFEEMATE R, BEEERTT TICEMEINTEY, A=Y ~EEE
MBI TE 5720, REIITIIAZE RIS L TRIAEA TV S,

MR — 1 —KRFA v F~—-= U 1%,2007 1T ETX/CAT((Extreme Tuned Exhaust
with Catalyst)Z & A L, fthifbizfeA U CkittRom oo 28 A Lie, Binx, [Ffo 5.7
U v hV ETX/CAT 1%, CARB BRET H AV U P v OPERRAT T F77J- AL — .
A== L b TRPER] ICEK LR E o T D,

T = oo 2 FH L7 b DT, ¥ 79I v 72" T7 P vLate—FT 4 U LTa—7 4
L TW5S, 7 Iy 7 BIKIT, RifEL R KRIZIAS T 57201280 BREEITEL LT
5, £, HC E CONNTVULERIGELT, K& COZEHEIND, EHIZ, NOx N
—T A ULNERIE L TERBHT AR OBRICEBLINOHHMEATH D, H&WT@%%VC%E),%
F. K= M — FPEEL T2 CO H K 95%HITE 58 Th D, S HIT, filifo
FrfetE 2 E B W BEBIMZ b TV D

EEIITbN R Tl LRV P & D CINES i il O PERE I 132

MWEEDENR SN oT2h, BB TRE fi%‘%‘iﬂjfw‘é VI, AR 2007 455 R
7295 350, 5.7V v hAdD V-8 P tdER LT

2-4-13 NOx I & s (Lean NOx Adsorber Catalyst: LNT)

[RIEAT 1L, 0T EHRIR I NOx & iR O CREEHIZIR L, S HIZEITTHZ LiIc k-
TERELTHLT D HFRT, V=R DRI TE D, U — BRI UHC
& CO DL ZEATS, TiD 3 DOMEDOHIEEIRIT L T80%RETHDH, Ll K
B OB (I K 0 A2 HE T « b LWBRMEREMK N3 2 72, fill & E HIr0 I &l
b U DR E - HA@GERERIED N MLIE L 705, 207D iR EORWERER DS LT
25,

BUEIE, B LAIEC = ol Z b R CTRIE 7208, KEAEICL > Ta A &5 TIF5 2
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EMAREL E 2z B D, EHHNICIZEEF SN TV DY, B LA = ettt 1x & o W55
=LA AN

2-4-14 JZEHB LY —ETF7 U Fa1IT—42 (New Sensors and Actuator)

VYRR BEY— AR T 2T T AR E D TR |
BET 4 —BLERICI~EFESOHWICEAINDL TETH D, B —iX, BEEFEZE—
F=Z L, ZORREVTNIZA LTI 4 — RNy I35, ZORR, Wk, 2R %
ElR 3 DA, ZHUC kD, UL, BUR T2 FERERE Ly HCCI 72 & O H i
MLELE 72 57 ERMUITEZRICR 5, BUTTIRELEHBHICHE > Th Ry, U &
A —210 100 AL TIZRD IAZTH D, Vo X =Ll —%&ET 52 & T,
RN DB ROE BB TE D720, 2 A MR DLERLNTND, &
AT 10 L D E RN TV S,

40



3. SROEM

3-1 AV oI UoEMiNSE

TV —h— NHZ D ATKT 5B 0BT, EEET-E D EEFE - TRYY,

Lo, BIF3-1TRd, KEICRT 218, FEERK,. CARB MiHE, CARB fisME. EPA M
SMEDPEN T ZAFEEOHERE TH 0D L 512, #AT « —BLr= DU OBifilE, 4% biEkIE
HEEOT 4 —EBNL= D EBEL TV D EEZ LD, £ LT, BEZ CARB X, 2007 45>
AP SMED HC+NOx 2E:%E% 5g/kW-hr LL T & LTWA Z &S TOMOAHT Y
HIMIZ DN T, ZOFREENZ ZHENOYHOBIEE 25 bD B2 b, ZOHEHEDE
ABEHRIZENTRVA, 3% 5< EPA & CARB OEHPEARZEZE+ 5 & 4~8 DRI D
ERBITWS,

—U.S. Marine
1000 — CARB Marine
[ — CARB Inboards

—U.S. Off-Road
—U.S. HD On-Road

U.S. Marine Outboards
100 } \ — CARB HD On-Road
CARB Marine Outboards
U.S. On-Road CARB Marine \
Inboards

I A U.S. Off-Road
[ CARB
[ On-Road

1}

01 T T T i i
1985 1990 1995 2000 2005 2010 2015
Year

1-3-1 KEDHHAEEDH

NOx + HC (g/Kwh)
[EEN
o

I1-3-2 | ZHEH A FHEEI et U7 BEA A BT O BhH 27~ 7,

JERE, FEKS, HCHNOx £H#E)Y 10—-4—2—0.5g/kW-hr & 2% 4 528N, EFI/Timing—
EGR—HeavyEGR—LNT/Catalyst & 2558 L CWDIRIUIE, SO = ¥ > ORFZERIR D J71h)
PEAERE LTS,

E O HEZD HC+NOx #£4E 5g/kW-hr UL FIZHOWTE 2L, 7 2 U P —F BT (Southwest

Research Institute : SWRDIZ LAuUZE, CARB 7 2007 EICHRPIES >V U oo o 2 AZHIRIDN D)
HZEITL - T, ZoofilE A N EA SIS ETFRISIL TN D,
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F7-. SWRIIZ, ZHUC e b7, BENEEETE AN THDZOMoOFEM LA
IBEANEND ETFHIL TV A,

NOx + HC (g/Kwh)

Emissions Technology Application Projection for

Marine Pleasurecraft

—LJ.S. Marine
1000 7 — CARB Marine
—— CARB Inboards
DI-2-Stroke —1.S. Off-Road
100 -

n EFl 4-Stroke
E —U.S. HD On-Road
[ EFl4-Stroke-Lean

EFIDI- ‘\
2-Stroke-Lean 1. 3-way catalyst EFl 4-stroke

10 4 EFI, Timing._\ 4-Stroke<Lean ‘\ 2. Boosted EFI 4-Stroke-Lean
d 3. Boosted EFI 4-Stroke-EGR
y 3-way Catalyst 1
EFL Timing e .
EGR
EFI,EGR 4 Y
eav
Heavy-EGR b LNTISCR
1 EGR
Catalyst -
Catalyst
Required
LNT/ISCR Catalyst
0.1 Current Automotive 3-\Way Catalyst Engines
] T T T
2000 2005 2010 2015 2020
Year
i - SWRI

X 11-3-2  HEH REEB O EIF

fldE DI K B HEAT AHNEC BRI 2 155 L Wbt TV a2, @) (B—2 8
U—) RAMELZE L TOLKEEIC, EROHENAHAGDOELONLEE LV, ABET U
Tl EWARIDDIN DRI DTN Te D, T 9 LTZBREE COHET ARAEZE 7 U 73 2B H 720,
Lol A= DTl EOWAROPDDIREETOHENE L, ZD72DZD L 5 72K TH
PN ARMER 7 ) TF BUENRSH D, LTod>C, M 2 5 LIzREL T b [RERIZNI & %
L, BEMEPHERIND LW Z LG SNRITIUT R B, 22T, =itz <.
A N FROMERIFEE DN IR I~ TL D, S HIZ, BKREWM ORI T CHERIRE A T 5
72012, EGR 72 EHROOENTLS D ERLNTNWD, 2, ZHOHNEEAT LT,
TEEZMEEFT 57-012F, = POt — AT 4 U ) ISMEZI2 D, LTZio T, KHIN
(VAR C AR O A DDA e > T ERLBITN D,
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BfE, NOx+HC OFUHIEYE (~5g/kW-hr) [T T 5 H LR L LT

(1) EFI4 & ko —27 + = 0fihi:
(HEAK B ONERA~ DS A FE)
(2) i#s EFT4 2 b o— 2 Fidpkie
(A N RORRE O L S A58
(3) iE%s EFI4 2 h2—2 +EGR
(A b ROGREDOHE L X H5558)

NHHENS, L, WTFNLIRENRH S Z b, B XEx BN E T/ > TL %, SWRI
I, HEEEE L TR BTV D 5g/kW-hr F TOHED AHEANH Z 9 4~8 4ETTE D ETHIL
T\W5,

3-2 BR~NDFE

P AR &V Z2UE, B <IE, BARO BEE A — D=2 CKEOPET AR 2 7 V) 7 & 272901
S HOHNIZGZ L D1, FBAETYH, MIMETIZ. BARX =T —03E0 25 RIEBAL CThH D72
DARETSG T =T ZMIEL TWD LDFIRHD | =P A= —IE > TRERkE LS EbD T
HEERMETH 5,

M ZREE L QWD BRA— D —IZABEA— D —TbH Y, HEFEE T 72/ U T %
JUZ LT, KEORE R S 7T-Hle D U B LT A,

F/o, BEE TS CRIE L CEX iz T 0EEM S 2 &Ik » T, KEAE~LEEX a2 b
FHIRCTE DL WO XY v bR D, FRROEREE D X H) = VU E2RFIL T 2 8T, dul
(TR T D U 2B AT E D — 7, BEIEI A — I —I2 L o TH I RTGERIEcE 2%
AR B D,

KEMS T TS H 5 HREZEIZ L - T, KEO#A G JIF T80T, K~
DUV TOIRNbL D EEZ BND, Te LA, BRERBIOMLIZ, ZO5EICHIT 5 R e
ORI Tl RO RETH D,
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4-1 % URL

(1)Clean Air Act (2 B3 % 5 A
http://www.nsc.org/EHC/mobile/acback.htm

QEPAMMT 4 —BA TV Vo P (BENCET 2 ®Y 1 b

http://www.epa.gov/otag/marine.htm

BVEPAMHT 4 —EBNL= Y YV vz DR EOHE
http://www.epa.gov/otaqg/regs/nonroad/marine/420f04031.pdf

(OEPA s 7 — B = > 85 3 IRBLHIE N D 72 8D 0 Je AT 18 S
http://www.epa.gov/fedrgstr/EPA-AIR/2004/June/Day-29/a11294.pdf

(5) BV 7 =7 M SOx xF KK il
http://www.arb.ca.gov/regact/marine2005/marine2005.htm

B)EPA AT Y V) = D (BE)ICET 2 1E#HRY A b

http://www.epa.gov/otag/marinesi.htm

(DEPA s v U v 2 2 B3 % 3
http://www.epa.gov/nonroad/marine/si/420f96012.htm

BNV 7 N=TIMOMMAT Y Vo D (BENCET D E®RT A b

http://www.arb.ca.gov/msprog/marine/marinectp/marinectp.htm

D7V 7 V=T NMIMEK A — b A B 2 Bl

http://www.arb.ca.gov/msprog/marine/marinectp/reg.pdf

A0 U 7 v =7 IN AR PIBE/ R PN S B 5 2 LA

http://www.arb.ca.gov/msprog/marine/marinectp/revreg.pdf

(11)Controlling Air Emissions from Marine Vessels: Problems and Opportuniteis
Anthony Fournier University of California Santa Barbara

http://www.westcoastdiesel.org/files/sector-marine/Fournier%20Marine%20Emissi

ons%20Problems%20and%200pportunities.pdf
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(12)United States maritime Administration DECISION FRAMEWORK FOR
EMISSION CONTROL TECHNOLOGY SELECTION

http://www.marad.dot.gov/nmrec/energy_technologies/images/Decision%20Framew

ork%20for%20Technology%20Selection.pdf

(13) P AR WA OB (T NV F T)

http!//www.wartsila.com/Wartsila/global/docs/en/ship power/media publication

s/marine news/2005 1/guide to controlling emissions.pdf

(14)CARB (2B 9 %5 SWRI @V 7R — k
http://www.swri.edu/3pubs/ttoday/Summer04/Craft.htm

(15) A=Y TR D Z oot (£ 2 K~—03FEHF])

http://www.boatingmag.com/article.asp?section_id=8&article_1d=858

4-2 HRIFEH
A Study on Environmental Load Reduction Technologies for Next Generation
Marine Engines| SwRI Project No0.03.12910
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Cost Projection

Diesel VVA systems are considered expensive and are comparative in cost and
technology to fuel systems. Diesel use of VVA is being considered as a production option
because it can be integrated into an engine braking system. This cost-sharing will not
occur for diesel marine applications, as there is no need for an engine brake.

Prospective for Marine Industry

The use VVA technology for marine pleasure-craft diesel applications is very
low. It is not expected to impact the market.
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3.4.8 Lean NO, Adsorber
Technology Description

The lean NOy adsorber (often termed Lean NOx Trap, or LNT) is an NOy, HC,
and CO aftertreatment device for lean-burn engines. It acts to simultaneously oxidize
exhaust gas hydrocarbons and CO, while also reducing NOy, forming products of carbon
dioxide, water and nitrogen. The LNT catalyst allows normal operation at lean engine
conditions, where NO; is adsorbed onto (or stored in) the catalyst while HC and CO are
slightly oxidized. When the NO, storage capacity is reached, the engine must be run for
a short time at slightly rich air-fuel ratios (or fuel must be injected into the exhaust) to
allow chemical reaction of the stored NO, with HC and CO. During this period, the
stored NO; is used to oxidize the CO and HC to products of Ny, H,0, and CO,. The short
regeneration periods typically last about 2 seconds and are repeated approximately every
60-90 seconds, depending primarily upon engine speed, load, and catalyst volume. Like
an oxidation catalyst, the LNT catalyst is composed of three major elements: the
substrate, the washcoat, and the catalytic coating. The substrate is often made from a
ceramic or, more recently, from a metal. The washcoat is typically a proprietary material.
The catalyst material itself is comprised of mixtures of platinum, palladium and rhodium.
LNT catalysts have been in production since the late-1990s for lean-burn SI-gasoline
engines, but have only just entered the diesel engine market. The LNT catalyst is not
considered a passive emissions control device and requires precise control systems.

Performance and/or Emissions Impact

LNT catalysts can provide CO and HC conversion efficiencies up to about 90%.
NOx conversion efficiency is can also be above 90%. Overall emissions reduction
efficiencies of LNT catalyst applications on engines is usually less than the maximum
possible, due to sub-optimal air-fuel ratio control during regeneration events, resulting in
HC slip and uncontrolled NOx release from the catalyst. LNT catalyst efficiency is
severely reduced by sulfur and requires regular high-temperature regeneration of the
catalyst to regain some catalyst efficiency. The durability of the catalysts is is still being
proven for diesel systems. Typical light-off temperatures for LNT catalysts are
approximately 200250 deg C. LNT catalyst effects on engine breathing result in slight
increases in pumping losses, usually resulting in slight fuel economy penalties. The
requirement to run the engine slightly rich during regeneration (or addition of fuel into
the exhaust) imposes a fuel economy penalty of 2-10% for most LNT engine
applications.

Cost Projection

The cost of an LNT catalyst is higher than that of a 3-way catalyst. Presumably,
this is because of the difference in production quantities, as both catalysts utilize similar
construction methods and materials. However, a more accurate cost approximation
would require a study for necessary precious metal loading, catalyst volume, and special
material needs possibly brought about by this new marine application.
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Prospective for Marine Industry

The prospective for diesel engine applications to the marine pleasure-craft
industry is low. Further, application of LNT technology to marine pleasure-craft diesel
engines is not probable in the next ten years. This technology is only just reaching the
diesel on-road industry and is considered a high-risk technology.
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3.4.9 Selective Catalytic Reduction
Technology Description

The Selective Catalytic Reduction system (SCR) is a NO, reduction device for
lean-burn engines. It acts to reduce NOy through chemical reaction with ammonia. The
ammonia is derived from thermal or catalytic hydrolysis of a liquid urea/water mixture
that is injected into the exhaust gas, upstream of the SCR catalyst. The SCR catalyst is
often combined with an oxidation catalyst to oxidize exhaust HC and CO. Unlike most
other catalysts for engine use, the SCR does not require precious metals. SCR catalysts
are only now entering the on-road diesel market in the U.S., but have been utilized
extensively for HD on-road diesel applications in Europe. The SCR catalyst is not
considered a passive emissions control device and requires precise urea injection an
control systems. :

Performance and/or Emissions Impact

SCR catalysts can provide NOy conversion efficiencies up to about 95%. Overall
emissions reduction efficiencies of SCR catalyst applications on engines is usually less
than the maximum possible, due to sub-optimal urea injection control, resulting in
reduced NOj efficiency when urea is under-injected and ammonia slip when urea is over-
injected. Unlike the LNT catalyst, the SCR catalyst efficiency is not severely reduced by
sulfur. The durability of SCR catalysts is still being proven for diesel systems, but good
experience has been gained in Europe. Typical light-off temperatures for SCR catalysts
are approximately 200-250°C. SCR catalyst effects on engine breathing result in slight
increases in pumping losses, usually resulting in slight fuel economy penalties. The
requirement to utilize urea as a reductant leads to an “effective” fuel economy penalty
(due to the cost of urea). However, the effective fuel economy penalty is usually
considered less than that for a comparable LNT.

Cost Projection

The cost of an SCR catalyst system is very similar to that of an LNT system.
Both are considered expensive aftertreatment options. Additionally, the SCR system
usually is coupled with an upstream oxidation catalyst and sometimes a downstream
oxidation catalyst to consume any ammonia that slips past the SCR catalyst.

Prospective for Marine Industry
The prospective for diesel engine applications to the marine pleasure-craft
industry is low. Further, application of SCR technology to marine pleasure-craft diesel

engines is not probable in the next ten years. This technology is only just reaching the
diesel on-road industry and is considered a high-risk technology.
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3.4.10 Particulate Matter Trap
Technology Description

The Particulate Matter Trap (PMT, PM Trap, Diesel Particulate Filter, DPF) is an
aftertreatment device for reduction of soot or particulate matter from diesel engines. It
acts to reduce soot through a trapping and oxidative combustion process. PM traps are
being introduced to the on-road diesel industry now. The PM Trap acts as a filter,
physically removing particulate matter from the exhaust stream. The particulate matter
that is trapped must ultimately be removed, otherwise the pressure drop across the filter
will become high and engine operation is degraded. Additionally, if the trapped
particulate reaches a loading condition and temperature that are sufficiently high,
uncontrolled combustion of the particulate matter can occur, causing severe damage to
the aftertreatment device. Therefore, the PM Trap must regularly, or continuously
regenerated. The regeneration amounts to controlled combustion or oxidation of the
particulate matter within the device. Many PM Traps today are catalytic and promote
soot oxidation. When the PM Trap reaches an equilibrium between soot loading rate and
soot oxidation rate, the process is termed “at the balance point”. The balance point varies
as a function of temperature, so control of the PM Trap regeneration is not easily
accomplished. Most PM Traps in production utilize a differential pressure sensor to
indicate excessive soot loading. Even in a continuously regenerating system, if the soot
loading becomes excessive, a forced- high temperature regeneration is usually initiated
and controlled by the engine control system.

Performance and/or Emissions Impact

PM Traps are now in production for U.S. HD on-road applications. The
particulate reduction efficiency of these units can exceed 99%. The back-pressure
imposed on the engine by the PM Trap degrades fuel economy slightly. Additionally,
forced regenerations require energy addition to the exhaust stream, either through
advanced in-cylinder injection control or through an exhaust mounted fuel injector and/or
burner. Frequent regenerations of the PM Trap can lead to increased fuel consumption.

Cost Projection

The cost of a PM Trap system is very similar to that of an LNT or SCR system.
All are considered expensive aftertreatment options. Additionally, the PM Trap system
may require an upstream burner or exhaust fuel injection system, adding more cost.
Prospective for Marine Industry

The prospective for diesel engine applications to the marine pleasure-craft
industry is low. Further, application of PM Trap technology to marine pleasure-craft

diesel engines is not probable in the next 5-10 years. This technology is only just
reaching the diesel on-road industry and is considered a high-risk technology.
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3.4.11 DPNR
Technology Description

The DPNR technology is being developed by Toyota, for lean-burn engine
applications. Effectively, the DPNR system can be called a 4-way catalyst, in that it
reduces emissions of NO,, HC, CO, and particulate matter. In operation, the system
utilizes many of the individual technologies discussed in previous sections of this report,
but combines them to create an efficient 4-way catalyst system.

Performance and/or Emissions Impact

The DPNR technology is reported to have emissions reduction efficiencies as
good as other lean-burn emissions control systems. The performance impact is expected
to be similar to LNT/PMT combinations from other manufacturers.
Cost Projection

The DPNR system would require licensing from Toyota and is expected to have a
cost similar to other competitive solutions. No further information is available for
DPNR.
Prospective for Marine Industry

The prospective for diesel engine applications to the marine pleasure-craft
industry is low. Further, application of DPNR technology to marine pleasure-craft diesel

engines is not probable in the next 5-10 years. This technology is only just reaching the
diesel engine industry and is still considered a high-risk technology.
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3.4.12 Homogeneous Charge Compression Ignition
Technology Description

Homogeneous Charge Compression Ignition (HCCI) is a method of operating a
combustion system that provides high efficiency with ultradow NO, emissions.
Fundamentally, HCCI is accomplished by premixing the air-fuel charge and then
compression igniting the mixture to force a combustion event. If the air-fuel mixture is
dilute (EGR or excess air), the NO, emissions can be controlled to single-digit ppm
concentrations. The technology has been pursued by R&D teams worldwide for the last
25+ years, with no successful implementations in production that demonstrate low NOx,
broad speed/load range, and good fuel economy. Key barriers to HCCI success have
been difficulty in controlling the ignition timing and excessive engine noise.
Additionally, high load operation using diesel fuel has not been successfully
demonstrated. Production will probably first occur in the onroad, automotive or diesel
markets, with limited application at light-oads only.

Performance and/or Emissions Impact

Engine-out NO, from an HCCI engine can be very low, possibly meeting almost
all foreseeable emissions standards of the future without need for NO, aftertreatment.
HC emissions are typically at levels consistent with modern, SI-engines (~ 1000-2000
ppm). Therefore, HCCI engines of the future are expected to require oxidation catalysts.
Particulate matter emission from HCCI engines has been demonstrated at very low levels.

Cost Projection

HCCI has been accomplished in laboratory situations, where technologies such as
direct injection, VVA, and fast controls have been necessary for successful demonstration
of HCCI benefits. Therefore, HCCI is assumed to require several engine technologies
that have been discussed independently but all increase engine cost. However, HCCI
may eliminate the need for NOy aftertreatment (and possibly PM aftertreatment), thus
reducing overall aftertreatment costs. Note that HCCI will probably require oxidation
catalysts due to high engine-out HC emissions. Additionally, fulldoad HCCI would
require a charge-air boost system, increasing cost again. Finally, some researchers argue
that production HCCI will only be successful if in-cylinder pressure measurement can be
used as a feedback control sensor.

Prospective for Marine Industry

The prospect for diesel-fuelled HCCI in the marine pleasure-craft industry is low.
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3.4.13 Low Temperature Diesel Combustion
Technology Description

Low temperature diesel combustion (LTC) describes a mode of combustion for
diesel engines in which very low levels of NO, and smoke are achieved. This
combustion process is based heavily upon achieving combustion at temperatures below
that in which soot formation occurs. It is believed that low-temperature combustion
limits the formation of precursor species (polycyclic aromatic hydrocarbons) that
normally lead to soot formation. Technologies necessary to achieve successful low
temperature combustion in a diesel engine include EGR, and advanced direct injection,
such as common-rail. Low temperature combustion is generally limited to light and
medium engine loads. At higher loads, in-cylinder temperatures exceed the soot
formation threshold and traditional diesel diffusion combustion occurs. »

Performance and/or Emissions Impact

Low Temperature Diesel Combustion (LTC) is being adopted widely in the
modern diesel industry. The primary reason for this is that modern on-road diesels are
now utilizing aftertreatment systems that require sufficient exhaust temperature to remain
active. Traditional diesel combustion occurs very lean and produces relatively low
exhaust gas temperatures. The light-off temperature for many aftertreatment systems
occurs at or above 250°C. Low Temperature Combustion, although providing low flame
temperatures in-cylinder, produces moderate HC and CO in the exhaust, providing a
convenient means of creating exotherms in oxidative elements of an aftertreatment
system. Hence, the HC and CO generated from the combustion event are used to
maintain the aftertreatment system at temperatures above its activity threshold.

Cost Projection

Low temperature combustion requires technologies such as EGR and advanced
fuel systems. These systems are becoming standard on most modern diesel engines, but
may require slight modifications to extend the LTC range. Therefore, the cost of
implementing LTC for a diesel engine is considered low.

Prospective for Marine Industry
The prospective for diesel engine application in the marine pleasure-craft industry

is low. However, the implementation of LTC for modern diesel engines is growing and
is expected to become a common strategy for diesel systems of the future.
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3.4.14 Overexpanded cycles
Technology Description

An over-expanded cycle utilizes a longer (effective) expansion stroke than
compression stroke. Although it is possible to achieve this requirement through complex
mechanical reciprocating systems, most often, over-expansion is accomplished through
use of late-intake-valve closure timing. Use of a late (or early) intake valve closure leads
to reductions in the trapped air that enters the engine. For example during the intake
stroke of the engine, air is drawn-in to the engine cylinder. Subsequently, the piston
begins to move upward, beginning the normal compression stroke. If the intake valve is
controlled to remain open during a significant portion of the compression stroke, minimal
compression of the cylinder charge will occur. Hence, the cylinder pressure near top-
dead-center will be reduced, as would occur for a traditional engine with a shorter
compression stroke. After combustion, the expansion and exhaust process occurs
normally. Because the compression stroke is effectively shorter than the expansion
stroke, a form of Miller-cycle is achieved. It is common to utilize a higher compression
ratio piston in the Millercycle engine, thus creating a large expansion ration than
traditional engines. Additionally, variable intake valve closure provides a means of
optimizing the effectiveness of the Miller—cycle across a larger speed/load range of the
engine.

Performance and/or Emissions Impact

The variable Miller-cycle technique is being used within the diesel market (on the
Caterpillar ACERT engine) and in the light duty automotive market (Toyota Prius
engine). Engine-out NO, emissions can be reduced slightly through this technique, while
fuel economy is also slightly improved. The production diesel application (Caterpillar
ACERT) achieved approximately 50% NOx reduction through combined use of variable
Millercycle and lean-burn.

Cost Projection

The cost of implementation of the variable Miller follows the cost of application
of a VVA system. The light-duty automotive market has utilized cam phasers to control
an effective Millercycle. However, some concessions in fuel economy and emissions
reduction were made because of the simultaneous change in valve overlap that occurs
when a cam phaser is employed to vary intake valve closure. Caterpillar has utilized an
electro-hydraulic valve-latch mechanism to hold the intake valve open and control valve
closure to implement Milercycle. This solution represents a low-cost method of
achieving partial VVA for Miller-Cycle and control of effective compression ratio.

Prospective for Marine Industry

This strategy has a low prospective for use within a diesel marine pleasure-craft
application.
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3.4.15 New sensors and actuators
Technology Description

In-cylinder pressure measurement is a technology being pursued by several large
suppliers to the engines’ market. Most notable is the work being accomplished by
Siemens and Federal Mogul. They are pursuing development of a production-intent
cylinder pressure transducer for the diesel engine market. Their current design combines
the diesel engine glow-plug adapter with pressure-sensing technology. Real-time
measurement of cylinder pressure could enable improved emissions and performance for
SI-or diesel engines. It may be an enabler for future combustion systems such as HCCI.

Performance and/or Emissions Impact

In-cylinder pressure measurement allows feedback control of the combustion
event itself. The pressure created during combustion is the direct thermodynamic
quantity that provides work to the piston and ultimately to the engine crankshaft. The use
of in-cylinder pressure feedback for conventional engines may act to allow optimal
operation across all engine operating conditions, thus improving emissions (a few percent
compared to a well-calibrated modern engine) and acting as a diagnostic tool. However,
for some new combustion technologies (such as HCCI), the in-cylinder pressure sensor
may be an enabling technology. HCCI offers very high potential for ultra-low engine-out
NOy. HCCI has not been successful, primarily due to combustion control difficulties.
Many researchers argue that in-cylinder pressure measurement will be required to
successfully produce an HCCI engine.

Cost Projection

Current research-grade pressure transducers have costs in the range of U.S.
~$2000. Production targets for the diesel industry are in the range of U.S. ~ $50. Light-
duty automotive would require substantial cost reduction below this, especially if each
cylinder was instrumented. The most probable introduction of this technology will be for
the diesel industry.

Prospective for Marine Industry
The short term prospective for in-cylinder pressure transducers is low. Longer-
term, if success is achieved in other high volume markets such as on-road diesel,

application would expand, especially if costs can be made acceptable. Durability of these
sensors (as with any in-cylinder sensor) is questionable.
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40 SUMMARY

4.1 Introduction

The marine pleasure-craft industry has entered a period of rapid change.
Emissions regulations are expected to continue to be made more strict, following
historical engines’ industry trends. As the emissions regulations become more
aggressive, so must the technologies and strategies that are employed by the
manufacturers to meet the new requirements. In some circumstances, existing
technology from other markets may provide a direct solution. However, the difference in
marine engine use, compared to other engine applications, often requires that the
implementation strategy be modified.

This chapter reviews the major findings of the current marine study and presents a
prospective on future emissions targets and technologies that might be employed to meet
those targets. As each technology-solution is discussed, it is ranked, compared to other
possible solutions, so that informed decisions may be made in the future.

4.2 Future Emissions Prospective

Emissions goals for the future are difficult to project. This task is even more
difficult when emissions goals for various geographic regions are included in the
projection. However, it is evident from historical records of emissions regulations that
certain trends exist. For example, the California Air Resources Board often adopts and
sets emissions regulations that lead the U.S. (and often the rest of the world).
Historically, the U.S. EPA emissions regulations follow the trends established by CARB,
but lagging in adoption and implementation by a number of years. Additionally, success
in regulations and reduction of emissions within part of the engines’ industry often leads
to regulation and implementation within other parts of the industry. With this in mind,
emissions regulations for several engines’ areas are compared in Figure 4.1, where data is
included for U.S. marine outboards, CARB marine outboards, CARB marine inboards,
U.S. off-road engines, and U.S. onroad engines. The marine outboard data represents
higher-power-level engines. The choice of comparative data was made based upon
engine types that were subject to emissions tests that regulated brake-specific emissions
levels. To maintain consistency in presentation, for cases where the NO4 and HC are
regulated separately, the sum of the two contributors was plotted. It should be noted that
each of the different engine applications presented (especially marine vs. offroad vs. on-
road) is certified based upon different emissions tests. However, the emissions test
cycles for all of the engines shown in Figure 4.1 contains load points across the entire
operating range of the engine. This is in contrast to light-duty automotive emissions
tests, where the emissions levels are only regulated over a limited portion of the light-to
mid-load operating range (representing the most common area of operation).
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FIGURE 4.1. Emissions Standards for Various Engines’ Industries

Comparison of the historical emissions regulations (Figure 4.1 and Chapter 2 of
this report) reveals trends in regulations. For example, successful implementation of
emissions regulations within the high-volume automotive industry in the 1980s led to
initiation of emissions regulations in the Heavy-Duty (HD) on-road engine market in
1987-88. Here, CARB set initial standards (1987) that were followed quickly by the U.S.
EPA (1988). By 1990, the U.S. and CARB standards for HD-onroad had become
coincident. The introduction of emissions regulations to new market areas follows a
strategy in which the highest mobile-source contributors to the total emissions inventory
are regulated, one after another. Initially, the most significant emissions contributors
were the segments of the engine market that represented the highest engine volumes.
Therefore, the successful introduction of emissions regulations in the onroad industry
pre-empted regulation of the off-road industry. Only more recently have the lower
volume engine markets, such as the marine industry, been regulated.

It should also be recognized that after implementation of a first-level of emissions
standards, it is common for further regulations to be implemented. Figure 4.1 shows a
rough trend in schedule between regulation changes for a given industry. Generally, once
a new regulation is fully-implemented for an engine classification, a new regulation is not
scheduled for approximately 4 years. This trend is only an approximation, but can be
seen more clearly in Figure 4.2, where a variety of emissions regulations are shown on an
expanded scale.
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FIGURE 4.2. Emissions Standards for Various Engines’ Industries

Each new level of emissions regulations is often accompanied by application of
technology that is new to the affected engine class. Figure 4.2 shows various
technologies that were applied to meet historical emissions regulations for marine, off-
road, and on-road engines. Note that many of the applied technologies were “borrowed”
from engine classes that previously met more stringent emission regulations. For
example, use of EGR for onroad HD engines was introduced in 2002 in the U.S., and is
now being followed by the off-road industry in 2007, where the overall NO, +HC
requirements are similar. Additionally, projections are shown in Figure 4.2 for the
expected use of “heavy-EGR” for the off-road industry in 2012, again following the
introduction of this strategy to the on-road industry for 2007. Finally, decisions are being
made now for technologies to be used to meet 2010 on-road HD standards, where it is
fully-expected that NOy reduction catalyst will be required. The off-road industry will
face similar emissions requirements for the planned 2014 emissions regulation and
application of NOy reduction technology borrowed from the on-road industry is also fully
expected.

Some of the trends in emissions solutions and implementation between the on-
road and off-road industries can be extended to the future marine industry. However, the
marine industry of the future is expected to be primarily represented by gasoline engines,
where technologies from the automotive industry will be applied heavily. The marine
industry has already faced recent emissions regulation implementations that have resulted
in application of several new technologies to the industry. For example, the phase-in of
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outboard marine regulations in the U.S. between 2000 and 2006 has resulted in
introduction of multiple 2-stroke direct fuel injected engines. This technology has
significantly reduced the unburned hydrocarbons from these engines. In addition, the
engine-out NOy has been reduced further by application of stratified-charge and lean
operation at some operating conditions. During the same period, many manufacturers
increased the number of 4-stroke engines they marketed, with widespread application of
automotive technology such as sequential electronic port-fuel injection. The 4-stroke
engine provided good hydrocarbon and NOy control, especially at lean conditions.

The dilemma now facing the marine industry is, “What is the technology path to
meeting future emissions standards?” A review of Figure 4.2 indicates that the trend in
emissions levels is downward and that other industries have already faced more severe
emissions standards and have been successful meeting them. CARB has announced a
new 5 g/Kwh standard for NO, + HC for inboard engines, scheduled for implementation
in 2007. It is expected that outboard standards will follow the 5g/Kwh inboard standard
within a few years. Hence, the marine industry will very soon face a new emissions
standard that will be in the 5g/Kwh range, thus requiring new strategies and/or
technologies.

4.3 Emissions Technology Solutions for the Future Marine Industry

The expectation that marine industry emissions levels will soon reach the 5
g/Kwh level will drive selection and application of new emission control strategies and/or
technologies. There are a number of possible solutions to meeting the future emissions
goals. However, considerations such as system applicability to the marine engine,
complexity, cost, and durability all play a role. Table 4.1 presents a comparison of
various technology groupings. Each technology-group is assigned a number of scores,
ranging from one to ten, with one representing a poor ranking and ten being the best.
Scores were assigned for a variety of system requirements, including emissions, power,
weight, fuel economy, complexity, durability and cost. Finally, the total score for each
technology is presented. The technologies included for consideration were discussed in
Chapter 3 of this report.

The four, highest scoring technologies are listed below:
1. EFI 4-Stroke + 3-way Catalyst + Supercharger
2. EFI 4-Stroke + 3-way Catalyst + Turbocharger
3. DI 2-Stroke Stoich + 3-way Catalyst (catalyst/oil interactions not clear)

4. DI 4-Stroke + 3-way Catalyst + Supercharger
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It should be noted that the TOTALS from the scoring results in Table 4.1 do not
guarantee the ability of each technology to meet a specific emissions goal. To determine
the emissions ability, each technology should be assessed according to the emission score
alone. If emissions reduction capability is independently assessed, the following ordering
of technologies is achieved:

Emissions-Reduction Potential
1.) All 3-way catalyst options are very highly ranked
2.) LNT catalyst options are all highly ranked
3.) Lean-Burn and EGR rank neafly equal, but lower than catalysts

The durability of any catalyst application in the production marine industry is still
questionable. This statement is especially true for outboard engines and personal
watercraft. However, the emissions reduction potential of the catalyst easily balances the
durability issue in the overall scoring of technologies. Ultimately, it is assumed that the
engineering hurdles facing the industry, in regard to catalyst implementation, will be
surmountable. This statement does not include 3-way catalyst application to 2-stroke
engines, where crankcase oil delivery to the catalyst may be insurmountable without
significant changes to the 2-stroke engine system.

Figure 4.3 shows projections for potential emissions reduction plans for the future
marine industry. Also shown are technology groups that may be utilized to meet specific
emissions goals. It should be noted that for an emissions goal of 5 g/Kwh NO, + HC, it is
predicted that non-catalyst solutions will be successful. However, subsequent emissions
reductions will almost surely require catalyst application.

As shown previously in Table 4.1, application of a catalyst alone may provide a
means to meet future emissions regulations. However, to maintain peak-power,
emissions targets, and durability (especially catalyst) it may be necessary to utilize other
technologies to enable catalyst operation at full load. For example, today’s automobiles
do not utilize the 3-way catalyst at high load. The light-duty U.S. emissions test (U.S.
FTP 75) does not include any significant high load operating points. So, during high load
operation, the engine is run rich (phi = ~ 1.20) to provide knock tolerance and to reduce
exhaust gas temperature so that catalyst life is insured. For the marine industry, high load
is a common operating condition and is tested for emissions certification. Therefore, the
catalyst would have to be active and safe at this condition. The catalyst will require
stoichiometric or lean operation, depending upon catalyst type (3-way vs. LNT).
Therefore, alternative techniques are necessary to control fulldoad exhaust gas
temperature. Possibilities include high-load EGR or high load lean-burn. Both strategies
will require engine boosting if power density is to be maintained. Hence, it is expected
that longer-term marine engine applications will combine use of boost technology with
catalysts.
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FIGURE 4.3. Emissions Technology Application Projection for the Marine
Pleasure-craft Industry

The potential for multiple technologies to meet a =5 g/Kwh NOx +HC goal is
shown in Figure 4.3. Three solutions are mentioned:

1. EFI 4-Stroke 3-way Catalyst
2. Boosted EFI 4-Stroke Lean
3. Boosted EFI 4-Stroke EGR

Each of these options presents technical challenges. 3-way catalyst application
brings uncertainty for salt-water and high-temperature catalyst durability. Catalyst
manufacturers have indicated that modern catalyst substrates and coatings can
successfully undergo thermal shock due to liquid water intrusion to the catalyst.
However, concern is still high for the corrosive and chemical effects of salt water vapor
on the catalyst. To reduce water intrusion possibilities, many applications (outboard and
personal water craft) will have to mount the catalyst very close to the engine exhaust
ports, thus exposing the catalyst to high temperatures during high load operation.
Therefore, catalyst durability is reduced unless solutions to the temperature issues are
found. The boosted applications may be able to provide reduced exhaust gas
temperatures (through lean-burn or EGR) while also providing improved peak-power and
power density. However, the added cost and complexity of boosting must be considered.
Turbocharging offers an efficient method of extracting wasted exhaust energy and using
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it to provide boost to the engine. However, because the turbocharger utilizes exhaust
energy, it is always in direct communication with the exhaust gases and will operate at
elevated temperatures and is subject to water exposure from the exhaust. Of the two
boosting options, supercharging may present the most viable solution, as it does not come
in contact with the exhaust system and is relatively safe from water-intrusion effects.
Additionally, a supercharger operates at lower temperatures than the turbine-side of a
turbocharger. Hence, under-deck or under-cowling temperatures are more easily
controlled. Finally, supercharger efficiencies are now regularly above 60% across a large
range of flow rates. For superchargers with zero internal compression, a bypass may be
utilized to improve fuel efficiency for many conditions where full boost capacity is not
required.

4.4 Closure

This report was the result of a study of marine emissions regulations and
technologies that may be utilized to meet future marine engine emissions goals. The
subject engines include outboard engines, personal watercraft (PWC) engines and stern
drive/inboard engines. This document reports the findings of the study, including
prospectives on various technologies and their applicability to future marine engines.

The result of the emissions review task indicates that marine pleasure-craft
emissions levels could be reduced to levels near 5 g/Kwh within the next 4-8 years. This
emissions level would be expected to be implemented for pleasure-craft in the outboard,
inboard, and sterndrive markets. Following previous trends in the industry, smaller,
lower power output engines, including some personal watercraft, are expected to face
emissions levels slightly less severe than the higher power output engines.

The technologies identified that have the highest chance of success for meeting
future regulations include 4-stroke, EGR, lean-burn and boost. Catalyst technology is a
strong possibility for the future, but may not be required to meet a 5 g/Kwh NOy + HC
target.

121



APENDIX A -LIST OF REFERENCES

123



1. Purpose of Study

U.S. and Europe have been promoting Tier 2 emission control regulations for recreational marine engines.
Japan Boating Industry Association is also considering tightening its current emission control initiative for
recreational marine engines that are manufactured for Japanese market. In the future, emissions from
recreational boats as well as automobile and other sources are also expected to be controlled more stringent

in the US.

The marine engine manufacturers are urged to catch up the movement of environmental regulations. Japan
Boating Industry Association (JBIA) and Japanese Marine Equipment Association (JMEA) are seeking to
research new emission reduction technologies applicable to marine engines towards year 2020 and would

like to provide R&D guidance for the Japanese marine engine industry.

The subject of this study will include spark ignition type and compression ignition type marine engines for

pleasure crafts less than 24 meters.
SwRI, the contractor for this program, is expected to provide a Powerpoint presentation and report reviewing
technologies that may be of importance to the marine industry of the future. The content of the report and
presentation will be based upon the experience and opinion of SwRI, supported, where applicable, by
information from the open literature.
2. Area of Concern

How will environmental regulations proceed in the future?

How will spark ignition recreational marine engines with emission reduction technologies advance by the

year 20207

Subject engines: outboard engines, PWC engines and stern drive /inboard engines

Environmental factors and restriction levels: emissions, PM, CO, and fuel efficiency

The following technologies are already researched in the automobile industry and also small engine

industries.
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— for spark ignition type marine engines —
Catalyst

Direct injection 2 stroke

4 stroke DI lean burn

Closed loop control.

— for compression ignition type marine engines —
Common Rail System

EGR

HCCI

Diesel Particulate Filter

Catalytic Systems lsuch as Urea SCR (Selective catalytic reduction)
LNT

DPNR

Will these technologies be applicable to recreational marine engine?

Future trend of fuels for pleasure craft are also concerning area.
Alternative fuel, E10/E85.
Infrastructure for high quality diesel fuel in marine market. (Especially, sulfur will be harmful for some
catalytic technologies)

As analyzing the feasibility of technologies, marine engines’ cost and weight, availability of
components, and ability of factories are also important factors to be considered. Additionally,

following special technical conditions for marine use have to be taken into consideration.

Use in salt water (intake in salty atmosphere, Salty mist backflow by the exhaust pulsation, salt water
resistance of components, and etc.).

Wide temperature changes in cylinder and exhaust pipe by direct cooling

Very few transient modes during actual operation

High load and full throttle continuous for many hours

Compliance with the USCG safety requirements such as fire protection

If some technologies are applied to recreational marine engines, how much can we expect to reduce
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emissions, PM and CO, and improve fuel efficiency?

When can we expect to mass-production marine engines with the environmental load reduction

technologies?
3. Schedule
Order: November, 2006

Interim report using Power Point presentation: Mid December, 2006.

Final report including executive summary, entire text and data and completed Power Point material: End of

January, 2007
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Toyota's DPNR will lead to clean diesels

June 2002

by Raymond Bernard

The new diesel purification system currently under field tests with selected
Toyata Avensis customers in a number of European countries is aimed at
overcoming what the company refers to as the 'final obstacle' to clean diesels.

The Diesel Particulate-NOx Reduction system (DPNR) reduces particulates and
NOx simultaneously, brings emissions to well below Euro Step |V levels, and is
servicing-free.

The launch of DPNR is yet another chapter in Toyota's long history of
developing technology for cleaner diesel engines by using catalytic converters
and improved combustion technologies, such as direct fuel injection,
electronically controlled exhaust gas recirculation (EGR) and, most recently,
high pressure common rail fuel injection.

The widespread commercial introduction of DPNR, following successful field
trials, is likely from next year, and would eliminate one of the few remaining
possible objections to diesel as an environmentally clean fuel.

A fleet of 60 Toyota Avensis 2-litre D-4D models were offered to selected
customers in Germany, UK, Austria, Italy, Norway, Finland and Belgium. These
customers are involved in a wide range of commercial activity.

The world's first common rail diesel system, developed by Toyota subsidiary
company Denso, was introduced for truck application in 1995. In 1999, Toyota
and Denso introduced the system to passenger cars and, such is the pressure
for improved environmental control, the majority of diesel engines are forecast
to use common rail by 2004.

Now a second generation common rail system, capable of rail pressures of 180
MPa, is complementing the DPNR technology. A high response, large amount
flow, high resolution EGR system has been added to create low temperature
combustion, itself a factor in greatly reducing the base emission levels from
the engine.

The DPNR catalytic converter is mounted close to the exhaust manifold and a

simple oxidation catalytic converter is further downstream in the exhaust
system.
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The DPNR converter features a newly developed, highly porous ceramic filter
coated with a catalyst exclusively developed by Toyota for its NOx storage
reduction catalytic converter, initially designed for use with Toyota's lean-burn
(high-oxygen) gasoline engines.

In the DPNR purification process, during conventional lean-burn combustion,
particulate matter is first oxidised using active oxygen which has been created
when NOXx is temporarily stored inside the catalytic converter.

Then, when the engine momentarily switches to low-oxygen stoichiometric
(rich) combustion — through a 'rich spike' exhaust port injection - the stored
NOx is reduced producing more active oxygen. This additional oxygen is used
to further oxidise particulate matter inside the catalytic converter.

Unlike other particule filters, it is servicing-free, meaning that during the entire
vehicle's life is not scheduled a periodic replacement of any of DPNR's
components and it doesn't require the use of any fuel additive.

For maximum effect and to avoid catalyst deterioration, DPNR requires the use
of diesel fuel with less than 10ppm of sulphur, which is currently being
introduced across many countries in Europe.

©2002irishcar.com
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