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Measure % emissions reduction (-) / increase (+) per vessel
SO, N Oy PM VOC
Basic internal engine modifications (IEM) for 0% -20% 0% 0%
2-stroke slow speed only
Advanced internal engine modifications 0% -30% 0% 0%
Direct water injection 0% -50% 0% 0%
Humid air motors 0% -70% 0% 0%
Exhaust gas recircul ation® -93% -35% >-63%° +3
Selective catalytic reduction (2.7% residual oil) 0% -90% 0% 0%
Sea water scrubbing -75% 0% 25%" +
Fuel switching 2.7->1.5% Sresidual oil fuel -44% + -18% +
Fuel switching 2.7->0.5% Sresidua oil fuel -81% + —-20%’ +
Low Smarinediesel 0.5->0.1% S -80% + + +




2 % 5%
S
Baseline ITASA
SO, Sulphur content as in the EU Marine Fuel Directive (OJ L 191/59,
2005): 1.5% S in residual oil for all ships in SECA (North Sea and
Baltic Sea); 1.5% S fuel all passenger ships in other sea regions
surrounding the European Union; 0.1% S fuel at berth in ports
NO, MARPOL NO, standards for ships built since 2000
Ambition level 1 - all ships
SO, As in the baseline
NO, Slide valve retrofit on all slow-speed engines pre-2000
Internal engine modifications for all new engines post-2010
Ambition level 2 - all ships
SO, 0.5% S in residual oil or scrubbing equivalent (2g SO,/kWh) in SECA,
and for passenger vessels everywhere.
Cargo vessels as in the baseline
NO Slide valve retrofit on all slow-speed engines pre-2000

Humid air motors for all new engines post-2010
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Ambition level 3 - all ships

Passenger and cargo ships:
SECA - 1.0% S in residual oil from 2010, 0.5% or scrubbing from 2015.
Other sea regions - as in the baseline but 0.5% or scrubbing from 2020.

Pre-2010 vessels: 15% reduction above baseline level through available
retrofit measures.
Post-2010 vessels: 50% reduction above baseline level.

Ambition level 4 - all ships
As ambition level 3.

Pre-2010 vessels: 15% reduction above baseline level through available
retrofit measures.
Post-2010 vessels: Selective catalytic reduction (SCR) technology.

Max. Reductions - all ships

Measures with highest reduction efficiency.
Measures with highest reduction efficiency.
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2020
Indicator 2000 BL AL 1 AL 2 AL 3 AL 4 MTFR
Loss of life expectancy, months 8.0 5.2 -0.5% -3.1% -6.5% -6.9% -9.0%
Deaths - ozone 1073 cases/year 20.3 19.0 -0.7% -1.9% -2.3% -2.8% -5.0%
Acidification 10"3 km2 259.1 117.2 -3.4% -141%  -185% -19.8%  -27.7%
Eutrophication 103 km2 1020.0 876.9 -1.2% -4.0% -5.0% -6.0% -11.9%
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Marginal cost, /t SO2
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= Measures proposed in the Themaric Strategy for land based sources
= Available measures for international shipping
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Billion /yr on top of the NEC baseline

Reference (TSAP
targets for national
scenarios, no Euro-

VI)

Level 1 all ships Level 2 all ships Level 3 all ships

O Costs for land-based sources M Costs for ships

Level 4 all ships
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