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Emission factors based estimation of exhaust emissions with biodiesel blended fuel
from naval vessel propulsive diesel engine
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Abstract: National investment was performed in the research and development of renewable energy because of
climate change by air pollution, exhaustion of energy sources, energy security, and so on. Biodiesel fuel of
the renewable energy is highlighted as friendly environment energy, it is possible to operate in regular diesel
engines when it is blended with invariable ratios without making any changes. Emission factors have been es-
timated for commercial ship from various research institutes; however, it is difficult to develop emission fac-
tors for military vessels. In this work, biodiesel blended fuel emission factors for sulfur dioxide and carbon
dioxide were quantitatively estimated from propulsive diesel engine installed on naval vessel using fuel prop-
erty analysis. In addition, exhaust emissions were quantitatively calculated on the basis of fuel consumption
rate with biodiesel content by percentage.

Keywords: Energy security, Renewable energy, Biodiesel, Sulfur dioxide, Carbon dioxide
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Table 1: Ship profiles including engine types

Ship Type (l)\]l(u;r;]l?gg Engine type
Bulk carrier 12,930 SSD and MSD
Container 4,318 SSD and MSD
Cruise 499 MSD
General cargo 18,475 SSD and MSD
Ro-Ro cargo 1,711 SSD and MSD
Tanker 12,528 SSD and MSD
Naval 19,646 SSD, MSD, GIT
% SSD: Slow speed diesel, G/T: Gas turbine
MSD: Medium speed diesel
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Table 2: Emission factors for ocean going vessel

Emission factors
(9/kWh)

SO, CO, SFC
RO 2.7 10.29 | 620.62 | 195

Engine | Fuel | Sulfur
type | type | (%)

MDO 1.0 3.62 | 588.79 | 185

SSD
MGO 0.5 181 | 588.79 | 185
MGO 0.1 0.36 | 588.79 | 185
RO 2.7 11.24 | 67791 | 213
MDO 1.0 3.97 | 646.08 | 203
MSD

MGO 0.5 1.98 | 646.08 | 203

MGO | 0.1 0.40 | 646.08 | 203

Table 3: Emission factors calculating methods

Emission
factors Equations
(9/kWh)

SFCx2x0.97753xfuel sulfur fraction
% SFC = Specific fuel consumption
2 = Ratio of molecular weights
SO, of SO, and S
097753 = Assuming that 97.753%
of the fuel sulfur was
converted to SO,

SFCx0.868x 3.667
% SFC = Specific fuel consumption
0.868 = Assuming a fuel carbon
content of 86.8%
3.667 = Ratio of molecular weights
of CO; and C

CO;
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Table 4: Specifications of the selected diesel engine

Compression ratio 12:1
BorexStroke 230mmx230mm
Displacement/cylinder 9.56¢

Fuel injection type Direct injection

Supercharging Exhaust gas

Cooling Water

Injection pressure 300bar ~350bar

Output 3,525kW
VO BTDC37°CA
Valve IvVC ABDC61°CA
timing EVO BBDC67°CA
EVC ATDC39°CA

Specific fuel consumption 225g/kWh
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Table 5: Operation mode of selected diesel engine

Mode Ship Speed | Engine speed | Engine Power

(% of rated) | (% of rated) | (% of rated)
1 21.0 42.4 23.9
2 36.7 42.4 29.6
3 46.2 46.1 34.9
4 62.2 61.9 425
5 81.7 81.6 63.6
6 100 100 100

Table 6: Properties of MGO and Biodiesel blended fuel

Items MGO BD10 BD20
Density(kg/m?) 845.9 849.4 852.9
Viscosity(40°C) 3.773 3.785 3.806

Sulfur(wt%) 0.0411 0.0368 0.0326
Flash point(°C) 77 80 81
LHV(M/kg) 42.6 421 415
Carbon(wt%) 81.70 79.97 78.25
% LHV: Lower heating value
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Table 7: Estimated SFC and emission factors

Emission factors
Fuel type (g?ka%h) (g/kWh)
SO, CO;
MGO 225 0.1808 674.086
BD10 228 0.1640 668.609
BD20 231 0.1472 662.837
A&z 02 §3)sl= A1 ocean going vessel)
o] A% A%HYEZ(MCR: maximum continuos
rating)2] °F 80% B ol AT LA
o, gaFel Muke] wjr|7k~ wjE&EFS ofg9t

o) =3t

T ATH[14]-[19]

= ATl AEFHE AT TheE R Y
7)ok e W7 Ee AAZTh
E=PxLFxEF @)

where, E = Emissions(g/h)

P = Maximum continuous rating power(kW)

LF = Load factor(percent of vessels's total power)
EF = Emission factor(g/kWh)
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Table 8: Estimated emissions under steady navigation

k!

Emissions
Fuel type
SO,(kg/h) COy(ton/h)
MGO 1.045 3.897
BD10 0.948 3.865
BD20 0.851 3.832
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