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Abstract — Domestic marine diesel engine makers reduce the NOx emission mostly by applying low NOx fuel
nozzle and injection timing retard. However, it is necessary to develop high efficient technology (EGR, DWI
and SCR, etc.) to reduce NOx emission in order to prepare for the further reinforcement of the NOx emission
limit. Also, in the near future, IMO will restrict additively THC, PM and CO with NOx. Therefore, domestic
engine makers have to prepare for it and the relevant government ministries should give a sufficient support to
these technology research and establish or amend the relevant law, which should include the excursion riverboat.
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Fig. 1. NOx emission reduction technol-
ogy.
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Fig. 2. Design method of low NOx fuel nozzle.

20
IMO Limit line —
15 — =1 —
=
S
=4
& 10
>
o
4
5
[J without tuning
O with tuning
0 . I IR S S
Type 1 Type 2 Type 3 Type 4
Engine Type

Fig. 3. NOx reduction by fuel injection retard.
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Fig. 4. NOx Emission by domestic marine diesel engine manufacturers.
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Engine rated speed (n) n < 130 rpm 130 € n < 2000 rpm n 2 2000 rpm
IMO 17.0 45.0 x %2 9.8
ABS (USA) ESV same as IMO
BV (France) CIEAN AIR same as IMO
DNV (Norway) CLEAN same as IMO
CLEAN, DESIGN 10.2 (60% of IMO) 27.0 x 12 (60% of IMO) 5.9 (60% of IMO)
LR (UK) Ep? same as IMO
N-Character 13.6 (80% of IMO) 36.0 x n*2(80% of IMO) 7.9 (80% of IMO)
S-Character -
RINA (Italy) CLEAN AIR same as IMO
GL (German) EPY same as IMO
NK (Japan) None same as IMO
KR (Korea)
EU Local present: same as IMO, future: more stringent
Sweden Local 2-12
The Rhine River Local 37kW<PW < 130kW Py 130 kW & n > 2800 rpm Py 2 130 kW & n <2800 rpm

9.2

9.2 45.0x 02

1) ES: Environmental safety, 2) EP: Environmental protection, 3) EP: Environmental passport, 4) Px: Engine rated power
% ABS(American Bureau of Shipping), BV(Bureau Veritas), DNV(Det Norske Veritas), LR(Lloyd’s Register), RINA(Registro Italiano
Navale), GL(Germanischer Lloyd), NK(Nippon Kaiji Kyokai), KR(Korean Register of Shipping), EU(European Union)

Table 2. Exhaust emission standards, U.S. EPA

Engine Size Category Model year” ~ THC+NOx g/kWh CO g/kWh PM g/kWh
AP <09, Py237 kW Category 1, Commercial 2005 7.5 5.0 0.40
Category 1, Recreational 2007 7.5 5.0 0.40
0.9 €A, < 1.2, all rated power levels Category 1, Commercial 2004 7.2 5.0 0.30
Category 1, Recreational 2006 7.2 5.0 0.30
1.2 <A, < 2.5, all rated power levels Category 1, Commercial 2004 7.2 5.0 0.20
Category |, Recreational 2006 7.2 5.0 0.20
2.5 €A, <5.0, all rated power levels Category I, Commercial 2007 7.2 5.0 0.20
Category I, Recreational 2009 7.2 5.0 0.20
5.0 €A, < 15.0, all rated power levels Category 2 2007 7.8 5.0 0.27
15.0 <A, <20.0, Py < 3300 kW Category 2 2007 8.7 5.0 0.50
15.0 <A< 20.0, Py 2 3300 kW Category 2 2007 9.8 5.0 0.50
20.0 £ A< 25.0, all rated power levels Category 2 2007 9.8 5.0 0.50
5.0 £ A, < 30.0, all rated power levels Category 2 2007 11.0 5.0 0.50
A, 2 30.0 all rated power levels Category 3 under discussion

[) The model years listed indicate the model years for which the specified standards start.

2) A.: Displacement per cylinder [L/cylinder].
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Table 3. Voluntary Emission Standards, U.S. EPA
Rated brake power THC+NOx PM
Power=37 kW and A<0.9 4.0 0.24 .

0.9<A<1.2 4.0 0.18 §

1.2€A<2.5 4.0 0.12 Kt

2.55A:<5.0 5.0 0.12 K

5.05A<15.0 5.0 0.16 :%
15<A<20 and power<3300 kW 5.2 0.30
15<A<20 and power23300 kW 5.9 0.30 é 4 DNV "CLEAN DESIGN'|
20=A<25 5.9 0.30 2
255A<30 6.6 0.30 o )
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