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Nationwide GHG Emissions

Yr. 1990~2010 : Drastic increase of GHG emissions in Energy sector (231.3%, 11.6 % every year)

Yr. 2010~2017 : 566.1 MtonCO, — 615.8 MtonCO, (1.1% every year)

NATIONWIDE GHG EMISSION IN KOREA, 2017
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2050 IMO decarbonization target

B Zero carbon fuels are required to meet the IMO’s 2050 decarbonization target
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# Decarbonization technologies

Alternative fuels are the most promising method to meet the target...
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# Global technology development

*  MAN-ES : 2Stroke engine

ME-GI: LNG

ME-LGIP: LPG ME-LGI(A)**: Ammonia

% Based on ME-LGIP

% Similar fuels properties

s 2024 market target

World's first full scale ammonia engine test - an important step towards
carbon free shipping

* MAN-ES, Wartsila, *+LGI(A): ammonia engine
x#% Methanol powered vessel
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¥ Domestic market

Eco-friendly ships Busan regulation free zone

Government (Ministry of Oceans and * LPG powered ship
Fisheries) announced to adopt eco- *  Electric, fuel cell ...
friendly ships.
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#ow flash point fuels and ammonia eos-

¢ Fuel supply system and injection equipment for low flash point fuels

0,

% Feasibility and applicability for 3 different fuels (LPG, methanol, and Ethanol)
« System reliability for 400 hours endurance tests in the IMW target engine (LPG fuel only)

() Main Diesel @ LFL fuel
+ Pilot Diesel

Fuel supply strat -
Hel supply stratedy An example of 3D design of the FIE



restengine | voaca |

Displacement (cc) 3,993
BoreXStroke (mm) 103 X 118

.+ Cylinder arrangement 14
»

Compression ratio 17
Valve no./CAM type 4 / OHC
Turbocharger WGT

Baseline diesel combustion
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? Low pressure fuel supply

« Low flash point fuel supply through in-take manifold

1. Ammonia

2. LPG

3. CNG

4. CNG + ammonia

 Ignition : diesel direct injection

« Main engine operation : 1600 rpm, 560 Nm (full load)
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?‘ Dual, triple fuel engine setup
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Ammonia diesel dual fuel combustion
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CNG-Ammonia—diesel combustion
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High pressure fuel supply
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# Ammonia+DME combustion
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#  Ammonia+DME combustion
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Engine speed : 1600 rpm
Load : 100%
Injection timing : -25 CAD ATDC
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?* Conclusion

In this study, ammonia, natural gas was investigated to mitigate GHG
emission from compression ignition engine and the results can be
summarized as follows:

1. By replacing some of the conventional diesel fuel into ammonia
and natural gas, CO2 emission could be reduced according to the
fuel mix ratio.

2. High rate of ammonia supply into the intake manifold showed
high unburned ammonia emissions and this should be considered
to be treated with suitable aftertreatment system.

3. For the better fuel consumption and emissions, even triple fuel
combustion can be considered as was proved in this study.

4. For high pressure fuel injection, LPG and ammonia were tested
upto 50% and 20% respectively, and all the case showed the same
power outputs with better emission results than low pressure
supply cases.

Thank you for listening!
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