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Emission Prediction from Naval Ship Main Propulsive Diesel Engine under

Steady Navigation
Hyungmin Leet - Rangeun Park!
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Abstract: This study was focused on the estimations of air pollutants, such as PM(Particulate matters),
SOx(Sulfur Oxides), CO,(Carbon diOxides) and NOx(Nitrogen Oxides), from a diesel propulsion engine
installed on a naval vessel. Legislative and regulatory actions for exhaust emissions from ships are being
strengthened in international communities and national governments to protect human health and the
environment. In this context, various technologies have been developed from all of the nations of the world
to meet strict standards. These regulations are based on commercial ship applications and according to size,
but are not suitable for military naval vessels, which have much different engine operating conditions and
hull architectures. Additionally, there is no international emission control system for military ships.
Emission factors have been updated for commercial ship types from work at various research institutes;
however, it is difficult to develop emission factors for military vessels because of their characteristics. In
this paper, exhaust emissions from diesel engines installed on naval vessels under steady navigation
condition were estimated with emission inventory methodology applied to ocean going vessels using
fuel-based methods and fuel sulfur content analysis.
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Table 1: Profile of world fleet
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Ship Type Numt?er % of fleet NTnnber .of % of .Main Installed
of ships Main Engines Engines Power(MW)
Cargo Fleet
Container vessels 2,662 2 2,755 2 43,764
General Cargo 23,739 22 31,331 21 72,314
Tankers 9,098 8 10,258 49,386
Bulk/combined carriers 8,553 8 8,781 6 51,251
Non-Cargo Fleet
Passenger 8,370 8 15,646 10 19,523
Fishing vessels 23,371 22 24,009 16 18,474
Tugboats 9,348 9 16,000 11 16,116
Other(research, supply) 3,719 3 7,500 5 10,265
Registered fleet total 88,660 82 116,280 77 280,093
Military vessels 19,646 18 34,633 23 172,478
World fleet total 108,306 100 150,913 100 452,571
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Table 2: Emission factors for ocean going vessel
. Emission factors(g/kWh)
Engine type Fuel type Sulfur(%)
NOx PMio SOx CO, BSFC
RO 2.70 18.10 1.42 10.29 620.62 195
SSD MDO 1.00 17.00 0.45 3.62 588.79 185
(~130rpm) MGO 0.50 17.00 0.31 1.81 588.79 185
MGO 0.10 17.00 0.19 0.36 588.79 185
RO 2.70 14.00 1.43 11.24 677.91 213
MSD MDO 1.00 13.20 0.47 3.97 646.08 203
(130~ 1400rpm) MGO 0.50 13.20 0.31 1.98 646.08 203
MGO 0.10 13.20 0.19 0.40 646.08 203
Table 3: Emission factors calculating methods for ocean going vessel under steady condition
Emission factors(g/kWh) Equations
PMio 0.23 + BSFC x 7 x 0.02247(fuel sulfur fraction - 0.0024)
SOx(SOy) BSFC x 2 x 0.97753 x fuel sulfur fraction
CO, BSFC x 0.868 x 3.667
NOx 425g/kWh x P"'*/P(where, P is engine power in kW)
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Table 4: Specifications of the selected diesel engine
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Compression ratio 12:1 VO BTDC37°CA
Combustion type Direct injection Valve IvC ABDC61°CA
Supercharging Exhaust gas Timing EVO BBDC67°CA
Cooling Water EVC ATDC39°CA

BorexStroke 230mmx*230mm Compression ratio 12:1
Fuel Consumption rate 225g/kWh+5%

Injection pressure 300bar ~350bar
Output 3,525kW

Table 5: Duty cycle of the

selected diesel engine

Mode Ship Speed Fuel Injection Rate Engine speed Shaft speed Engine Power
(% of Rated) (% of Rated) (% of Rated) (% of Rated) (% of Rated)
1 0.226 0.208 0.404 0.404 0.208
2 0.358 0.256 0.404 0.404 0.256
3 0.477 0.317 0.462 0.460 0.317
4 0.641 0.405 0.629 0.627 0.405
5 0.847 0.653 0.840 0.837 0.653
6 1 1 1 1 1
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Table 6: Diesel engine duty cycle for navigation course between port 1 and port 2

Position Mode Ship Speed(% of Rated) Time Factor

Point A — Point B 4 0.641 0.154

Point B — Point E 5 0.847 0.798

Point E — Point F 4 0.641 0.048

Table 7: Properties of diesel fuel used in Korea naval vessels
Items Standards Results Test methods

Flash point(°C) 40~ 63.0 KSM ISO 2719:2003
Viscosity(40°C, mm?/s) 1.5~6.0 3.301 KSM ISO 3104:2008
Sulfur(%) ~1.0 0.028 KSM ISO 8754:2003

Cetane number 40~ 53.0 KSM ISO 4264:2003
Density@15°C(kg/m”) 815-855 843.6 KSM ISO 12185:2003
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Figure 1: Schematic diagram of navigation course
between port 1 and port 2

Table 8: Emission factors from the selected diesel
engine

Emission factors(g/kWh) Results
PMo 0.151
SOx(S0») 0.129

CO; 751.97

NOx 13.335
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Table 9: Emission estimation under steady navigation

Emissions(kg)

Position
PMi | SOx(SO») CO; NOx

A—B 1.6 1.4 8,201.7

B—E 13.8 11.8 68,993.8 | 1,223.4

E—F 0.5 0.4 2,469.1 43.7

Total 15.9 13.6 79,664.6 | 1,412.5
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