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Grade No. 2-DS15 ULSD 0.0015% 15 2006
Grade No. 2-DS500 CARB/EPA Diesel 0.05% 500
Grade No. 2-DS5000 EPA Offroad 0.50% 5000[S500 2007
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<NOx HC>

1 (2003 )

NOXx

2 (2005
NOx HC

2007

3 (2011 )
NOx NMHC

2007

2006 9

1-3-1

2006

EPA 2011 3
C3 IMO
2007 4 2

9.8 17.0 g/kW hr
7.5 11.0

g/kW hr

0.45 3.0 g/kW hr

EDI

(CASS)

Controlling Air Emissions

from Marine Vessels:Problems and Opportunities

DOT,The Maritime Administration MARAD
FRAMEWORK FOR

Administration DECISION
TECHNOLOGY SELECTION

United States Maritime
EMISSION CONTROL
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(SCR)

C3 2
1-3-1
Bl R (%) BAaz b CGERL)
EifihrdU Rl sl = )] 7B B FE "%
Wox | PW 80 ) GO 1 VOC Trannawy (1o, 000k |(25. 000k
PEFIORE] (Slide Valves) |-204 “ooy | 0% | 0% [~504 $10,920]  $36,400  $31,000
B &N o1 -30%] 0% | 0% | 0% | 0% [$134,108] $149,705] $215,725
o esn AN A BEE (EGR S36%] 0% | 0% | NA | NA [EGROBARE £R
T e R R HomE
o 6 F 788
Bk R (CND ~ | ~BO% | 0% | HA | N& |22 M ETEH =xpT
0% :‘\5
BEE -4 (HAD 70%| 0% | 0% | 0% | 0% |$578,500] $1,740,500] $4,055, 000[cTE.
ko EiEic EBHWA| KOIIE (TvATar)  [-304] 0% | 0% | 0% | 0% [$550,000~ 750,000
K OEE (f D=7 3 |-50% 0% | 0% | 0% | 0% |$169,665] $338,223]  $646, 166
B ROIEE ot 1 (SCR) 0% 0% | 0% | 0% | 0% [$473,656]  $985, 144 $2,263, 950 A,
o ~§9
MRRO LR R 0% |-25.08| ~ | 0% | 0% | $747,600| $2,410,800| $6,048,000
94%
o AMECS -05%| -99% [-99%| WA |-504 == F BT
it ScdRlia: TS NA | WA | WA | NA | WA |[D X b 3FH
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
-390 -
e . 420 | -0~ . MOk 88
] PAT g P A % 2% | o5y 1?0% 0% | 0% (22 b id-Fed mE B
-390
PP 0w Vo |~ | o | ox | e
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University of California Santa Barbara, 2006
fakad Shore-side Control
<PM>
PM
2 (2005 2007 )
NOx HC 0.2 0.5 g/kW hr
3 (2011 )
NOx NMHC 0.075 0.03 g/kW hr
NOXx 2
EPA
3
(DPF)
C3 2
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CARB 2007
0.5 2010 0.1
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SOx
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EU

1-1
(PWC)
( 19Kw ) ( 19kW )
1-1-1
I-1-1
1995 19Kw
1996 0B/PWC
1999 19Kw *
2000 19Kw **
2002 19
2002
2003 ol S
* ** ***California Air Resources Board: CARB
EPA
1-1-1 /
1996 8 EPA oB / (PWCQC)
EPA
(HC) 1 HC
2 11-2-1




Loyr—3v

ZDith
20%

Aoy RIN—T 2 kZ

30% DINTODY
50%

EPA 1996 8
II-2-1 HC
1998 2006 HC 75
11-1-2 4.3kW
NOx+HC
HC
EPA 2020 50 2025
75
(40CFR91)
Il-1-2 OB/PWC HC+NOXx
HC+NO g/Kw hr
4 3Kw 4 _3Kw

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(1514557/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

EPA 2004 8



1-1-2

« )
1-1-3 ( 19Kw )
19kwW 1995 1999
2000 EPA
SI SI
19kwW 1997 2001 2007
[-1-3 HC+NOx Si
g/KW-hr
* HC NOx co
la I CC 225 1997 16.1 519
11 CC 225 1997 13.4 519
1-A CC<66 2001 50 610
1-B 66 CC 100 2001 40 610
I 100 CC 225]2007 8 b| 16.1 610
2 2001 18
2002 16.6
1 CC 0.225 2003 15 610
2004 13.6
2005 12.1
a
b: 8 1 2
* CcC
1-1-4 (19w )
EPA 2002 ( ) 19
2004 1 2007 2
lI-1-4 Sl
HC+NOX CO
4.0 g/kW-hr 4.1 g/kW-hr| 2004
4.0 g/kW-hr [4.1 g/kW-hr| 2007
EPA 2002 9
1-1-5
EPA 2002 2002

Evaporative Emissions

HC



2008

6,700, 6.7%

43,200, 43.4%

260, 0.3%

22,700, 22.8%

26,600, 26.7%

DRBLFICEDER

052 7hb0DRH O R—XD DR

O MEBHREORSE BIVCUBHRORR
EPA 2002 8
I-1-2 Sl
2008 11-1-5 EPA
80
[I-1-5 2002
1.1g/gallon/day [22.2 25.6 |25
0.08g/gallon/day 40 95
15g/m2/day 23 95
(15% ) 5.8g/m3/day 23 95
EPA 1996 8
1700 1200
55
EPA




1-2
1-2-1
CARB

1-2-2
CARB

**

***2007

1991
11-1-6

/

EPA CARB
2008 CARB EPA
-1-6 EPA CARB
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
SwWRI
/
EPA 2003 / 1 HC+NOx
16.0g/kW-hr 2007 5g/kW-hr
CARB 2007 On-Board Diagnostics: OBD-M 480
II-1-7 CARB /
9/kW-h
HC+NOx
2003-2008 16.0 -
2008 5.0 480
Maximum Rated Power 373kw 500

45
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HC CO
1
Electronic Fuel Injection EFI 2
2 4 High
Power Density Port-fuel 4 Stroke
2
1970 1980
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2-22
2
HC(UHC)
2
2 4
2 1
2
1
HC HC
HC
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HPDI
HC

ETech

2-34

10

40

HC

115

75 250
OptimiMax

40 250

Bombardia

2
3.3 300
High Pressure Direct Injection Fuel System:
TLDI TLDI
HC
2
2 E



25 250 4 4
4
9.9 300 4
300 4
2 225 4
VTEC
2 30 4

25 275 4 275



11-2-1 OB

OH
250 MPFI 274kg
VVA
300 HPDI 247kg
300
MPFI OH 614kg
OH
225 MPFI VTEC 277kg
VVA
3
115 |TLDI 178kg
OH
275 MPFI 288kg
250 - 229Kkg
Evirude 250 | ETEC 234kg
2-4
2-4-1 2
Direct Injection 2-Stroke, Stratified-charge
2
2
NOx HC CO
NOx

HCCI



NOXx

PFI

2-4-2 4
Direct Injection 4-Stroke Lean Burn
4
30 HC CO
2-4-3 4

Directed Injection 4-Stroke Stoichiometric

4

NOx UCH CO

2-4-4

Turbocharging

Power Density
\Y

20

Port Fuel Injection:PFI

14.7

4



Integrated Cylinder-Head Turbocharger

NOXx

NOXx

NOXx

2-4-5 Supercharging

Verado

2-4-6 Exhaust Gas Recirculation:EGR

EGR EGR
21 13
NOx
NOXx 10 40
EGR NOx

EGR

EGR PM

EGR

EGR



SOx

NOXx
2-4-7 Variable Valve Actuation:VVA
2
VVA
VVA
VVA
2-4-8 High Energy lginition Sysmtes
EGR
NOXx Burn Rate
EGR

2-4-9 Over-Expanded Cycle



VVA

VVA

HCCI Homogeneous Charge Compression Iginition

Caterpillar ACERT ACERT
50 NOx

2-4-10
Homogeneous Charge Compression Iginition HCCI

EGR
PPM

VVA EGR
10

2-4-11 Oxidation Catalyst
HC CO

UHC CO 95

CcO

NOXx

HC

HCCI

HCCI

NOXx

CO

UHC

CO



2-4-12 3-Way Catalyst
CO UHC NOx

3
CO2
NOx
HC CO NOx HC CO
Closed Loop
95

2007 ETX/CAT (Extreme Tuned Exhaust
with Catalyst) 5.7
ETX/CAT CARB

HC CO CO2 NOx

CoO 95

2007
350 5.7 V-8

2-4-13 NOXx Lean NOx Adsorber Catalyst: LNT
NOx

UHC
CO 3 80

)



2-4-14 New Sensors and Actuator

HCCI

100
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