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ECA 2020-2030
SCEN1 SCEN2 - N
emission reductions
uptake cost uptake cost
fixed cost |(EUR/KW fixed cost |(EUR/KW
technology AE ME (EUR/KW) |h AE ME (EUR/KW) |h Nox Sox PM VOC EC c0o2
DWI retrofit 15.0% 15.0% 8.3169 0.0030 30.0% 30.0% 3.8229 0.0027 50% 0% 0% 0% -2% 2%
HAI retrofit 25.0% 25.0% 4.4357 0.0038 50.0% 50.0%) 2.0389 0.0038 50% 0% 0% 0% 0% 0%
water emulsion retrofit 25.0% 25.0% 1.1089 0.0005 50.0% 50.0%) 0.5097 0.0005 20% 0% 0% 0% 0% 0%
SCR new other 100.0%| 100.0% 0.0000 0.0000 100.0%| 100.0% 0.0000 0.0000 25% 0% 0% 0% 0% 0%
SCR new roro + pass 100.0%| 100.0% 0.0000 0.0000 100.0%| 100.0% 0.0000 0.0000 25% 0% 0% 0% 0% 0%
SCR retrofit 15.0% 15.0%) 7.3928 0.0046 30.0% 30.0% 3.3981 0.0046 85% 0% 0% 0% 0% 0%
SSE new 35.0% 35.0% 7.8549 0.0070 70.0% 70.0% 3.6105 0.0070 100% 100% 100% 100% 100% 100%
SSE retrofit 35.0% 35.0% 7.8549 0.0183 70.0% 70.0% 3.6105 0.0344 100% 100% 100% 100% 100% 100%
LNG new other, 50.0% 0.0%| 0.0000 0.0000 50.0% 0.0%| 0.0000 0.0000 25% 100% 70% 50% 0% 10%
LNG new roro+pass 80.0% 80.0% 0.0000 0.0000 80.0% 80.0%) 0.0000 0.0000 25% 100% 70% 50% 0% 10%
LNG retrofit other 15.0% 0.0%| 0.0000 0.0000 30.0% 0.0%| 0.0000 0.0000 85% 100% 70% 50% 0% 10%
LNG retrofit roro+pass 15.0% 15.0% 0.0000 0.0000 30.0% 30.0% 0.0000 0.0000 85% 100% 70% 50% 0% 10%
skysails 0.0% 80.0%| 18.1907 0.0020 0.0% 80.0% 7.7229 0.0020 20% 20% 20% 20% 20%| 20%
# )%& '&(
)*$' )
NON ECA 2016
SCEN1 SCEN2 o .
emission reductions
uptake cost uptake cost
fixed cost ||var cost fixed cost |var cost
technology AE ME (EUR/kw) [(EUR/KWhH |AE ME (EUR/KW) |(EUR/kWh |Nox Sox PM VOC EC CcO2
DWI retrofit 7.5%)| 7.5%| 11.0893] 0.0023] 15.0% 15.0%) 5.0972 0.0023 50% 0% 0% 0% -2%)| -2%|
HAI retrofit 12.5%)| 12.5% 5.9143| 0.0038 25.0% 25.0% 2.7185 0.0038 50% 0% 0% 0% 0% 0%
water emulsion retrofit 12.5%) 12.5%) 1.4786| 0.0005 25.0% 25.0% 0.6796 0.0005 20%) 0% 0% 0% 0% 0%
SCR new other 50.0%] 100.0% 0.0000 0.0046 50.0%) 100.0%) 0.0000 0.0046 85%) 0%) 0% 0% 0% 0%)
SCR new roro + pass 20.0%| 20.0% 0.0000 0.0000 20.0% 20.0% 0.0000 0.0000 85%) 0% 0% 0% 0% 0%
SCR retrofit 7.5%)| 7.5%| 9.8571 0.0046| 15.0% 15.0%) 4.5309 0.0046 85%) 0% 0% 0% 0% 0%
SSE new 17.5%) 17.5%| 10.4732] 0.0070 35.0% 35.0% 4.8140| 0.0070] 100%)| 100%]| 100%] 100%| 100%)| 100%
SSE retrofit 17.5%) 17.5%| 10.4732] 0.0127] 35.0% 35.0% 4.8140| 0.0183] 100%] 100%]| 100%] 100%| 100%)| 100%
LNG new other 50.0% 0.0%| 0.0000 0.0000 50.0% 0.0%)| 0.0000 0.0000 85%]| 100% 70%] 50% 0% 10%)
LNG new roro+pass 80.0% 80.0% 0.0000 0.0000] 80.0% 80.0% 0.0000 0.0000 85%]| 100% 70%] 50% 0% 10%
LNG retrofit other 7.5%)| 0.0%| 0.0000 0.0000 15.0% 0.0%)| 0.0000 0.0000 85%]| 100% 70%] 50% 0% 10%)
LNG retrofit roro+pass 7.5%)| 7.5%| 0.0000; 0.0000] 15.0% 15.0%) 0.0000 0.0000 85%]| 100% 70%] 50% 0% 10%
skysails 0.0%)| 80.0%| 24.2542 0.0020 0.0%| 80.0%| 10.2973 0.0020 20%) 20%| 20%] 20% 20%) 20%|
# +%& '&(
)*)* )*+*
NON ECA 2020-2030
SCEN1 SCEN2 - N
emission reductions
uptake cost uptake cost
var cost var cost
fixed cost |(EUR/KW fixed cost |(EUR/KW
technology AE ME (EUR/KW) |h AE ME (EUR/KW) |h Nox Sox PM VOC EC C02
DWI retrofit 15.0% 15.0%) 8.3169 0.0028 30.0% 30.0% 3.8229 0.0027 50% 0% 0% 0% -2% 2%
HAI retrofit 25.0% 25.0% 4.4357 0.0038 50.0% 50.0% 2.0389 0.0038 50% 0% 0% 0% 0% 0%
water emulsion retrofit 25.0% 25.0% 1.1089 0.0005 50.0% 50.0% 0.5097 0.0005 20% 0% 0% 0% 0% 0%
SCR new other 100.0%| 100.0% 0.0000 0.0046 100.0%| 100.0% 0.0000 0.0046 85% 0% 0% 0% 0% 0%
SCR new roro + pass 100.0%| 100.0% 0.0000 0.0000 100.0%| 100.0% 0.0000 0.0000 85% 0% 0% 0% 0% 0%
SCR retrofit 15.0% 15.0%) 7.3928 0.0046 30.0% 30.0%) 3.3981 0.0046 85% 0% 0% 0% 0% 0%
SSE new 35.0% 35.0% 7.8549 0.0070 70.0% 70.0%) 3.6105 0.0070 100% 100% 100% 100% 100% 100%
SSE retrofit 35.0% 35.0% 7.8549 0.0183 70.0% 70.0%) 3.6105 0.0344 100% 100% 100% 100% 100% 100%
LNG new other 50.0% 0.0%| 0.0000 0.0000 50.0% 0.0%| 0.0000 0.0000 85% 100% 70% 50% 0% 10%
LNG new roro+pass 80.0% 80.0% 0.0000 0.0000 80.0% 80.0% 0.0000 0.0000 85% 100% 70% 50% 0% 10%
LNG retrofit other 15.0% 0.0%| 0.0000 0.0000 30.0% 0.0%| 0.0000 0.0000 85% 100% 70% 50% 0% 10%
LNG retrofit roro+pass 15.0% 15.0% 0.0000 0.0000 30.0% 30.0% 0.0000 0.0000 85% 100% 70% 50% 0% 10%
skysails 0.0% 80.0%| 18.1907 0.0020 0.0% 80.0% 7.7229 0.0020 20% 20% 20% 20% 20%| 20%
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SECA 2020-2030
SCEN1 SCEN2 - .
emission reductions
uptake cost uptake cost
fixed cost |(EUR/KW fixed cost [(EURKW

loption AE ME (EUR/KW) [h AE ME (EUR/KW) |h Nox Sox PM vVoC EC Co2

2.7 t0 0.1 retrofit 0| 0| 0 0 0| 0 0 0| 0| 0.95 0.2 0| 0| 0
2.710 0.1 new 0| 0| 0 0 0| 0 0 (o) (o) 0.95 0.2 0| (o) 0
2.7 to 0.5 retrofit 0| 0| 0 0 0| 0 0 0| 0| 0.8 0.2 0| 0| 0
2.7 10 0.5 new 0| 0| 0 0 0| 0 0 0| 0| 0.8 0.2 0| 0| 0
LSF (2.7 t010 ppm) retrofit 0| 0| 0 0 0| 0 0 0| 0| 1 0.2 0| 0| 0
LSF (2.7t010ppm) new 0| 0| 0 0 0| 0 0 0| 0| 1 0.2 0| 0| 0
|kite 0| 0.% 18.2 0.002 0| 0.8 7.7 0.002 20%) 20% 20% 20%) 20%) 20%
LNG new other 0.5] 0| 0 0 0.5 0 0 0| 25%) 100% 70% 50% 0% 10%
LNG new roro+pass 0.8 O.Q 0 0 0.8] 0.8 0 0| 25%) 100% 70% 50%) 0% 10%
LNG retrofit other 0.15] 0| 0 0 0.3 0 0 0| 85%) 100% 70% 50%) 0% 10%
LNG retrofit roro+pass 0.15] 0.15] 0 0 0.3 0.3 0 0| 85% 100% 70% 50% 0% 10%
0.5 to 0.1 retrofit 0| 0| 0 0 0| 0 0 0| 0| 0.8 0 0| 0| 0
0.510 0.1 new 0| 0| 0 0 0| 0 0 0| 0| 0.8 0 0| 0| 0
0.5 to 10ppm retrofit 0| 0| 0 0 0| 0 0 0| 0| 1 0 0| 0| 0
0.5 to 10 ppm new 0| 0| 0 0 0| 0 0 0| 0| 1 0 0| 0| 0
0.1 to 10 ppm retrofit 1 1 0 0.0154 1 1 0 0.0314 0% 99% 0% 0% 0% 0%
0.1 to 10 ppm new 1 1 0 0.0041 1 1 0 0.0041 0% 99% 0% 0% 0% 0%
SSE new 0.35] 0.35] 7.9 0.0070 0.7 0.7 3.6 0.0070 100% 100% 100% 100% 100% 100%
SSE retrofit 0.35] 0.35] 7.9 0.0183 0.7 0.7 3.6 0.0344 100% 100% 100% 100% 100% 100%
MDO 1% to 0.1% new-+retrofit 0| 0| 0 0 0| 0 0 0| 0| 0.9 0 0| 0| 0
MDO 1% to 10ppm new+retrofit 0 0 0 0 0 0 0 0 0 0.999 0 0 0 0

#I1%& &(

)*)* )*+* ,
NON-SECA 2020-2030
SCEN1 SCEN2 - .
emission reductions
uptake cost uptake cost
var cost var cost
fixed cost |(EUR/KW fixed cost [(EURKW

loption AE ME (EUR/KW) |h AE ME (EUR/KW) [h Nox Sox PM vVoC EC Co2

2.7 to0 0.1 retrofit 0| 0| 0 0 0| 0 0 0| 0| 0.95 0.2 0| 0| 0
2.7 10 0.1 new 0| 0| 0 0 0| 0 0 0| 0| 0.95 0.2 0| 0| 0
2.7 to0 0.5 retrofit 0| 0| 0 0 0| 0 0 0| 0| 0.8 0.2 0| 0| 0
2.710 0.5 new 0| 0| 0 0 0| 0 0 0| 0| 0.8 0.2 0| 0| 0
LSF (2.7 to10 ppm) retrofit 0| 0| 0 0 0| 0 0 0| 0| 1 0.2 0| 0| 0
LSF (2.7t010ppm) new 0| 0| 0 0 0| 0 0 0| 0| 1 0.2 0| 0| 0
|kite 0.0%| 80.0%| 18.2 0.0020 0.0%| 80.0% 7.7 0.0020 20%) 20% 20% 20%) 20%) 20%
LNG new other 50.0%) 0.0%| 0 0 50.0% 0.0% 0 0| 25%) 100% 70% 50%) 0% 10%
LNG new roro+pass 80.0% 80.0%| 0 0 80.0%| 80.0% 0 0| 25%) 100% 70% 50%) 0% 10%
LNG retrofit other 15.0%| 0.0%| 0 0 30.0%| 0.0% 0 0| 85% 100% 70% 50% 0% 10%
LNG retrofit roro+pass 15.0% 15.0% 0 0 30.0%| 30.0% 0 0| 85% 100% 70% 50%) 0% 10%
0.5 to 0.1 retrofit 100.0%| 100.0% 0 0.0070 100.0%| 100.0% 0 0.0047| 0% 80% 0% 0% 0% 0%
0.510 0.1 new 100.0%]| 100.0% 0 0.0093 100.0%| 100.0% 0 0.0093 0% 80% 0% 0% 0% 0%
0.5 to 10ppm retrofit 100.0%]| 100.0% 0 0.0224 100.0%| 100.0% 0 0.0314] 0% 100% 0% 0% 0% 0%
0.5 to 10 ppm new 100.0%| 100.0% 0 0.0134 100.0%| 100.0% 0 0.0134 0% 100% 0% 0% 0% 0%
0.1 to 10 ppm retrofit 0 0 0 0 0 0 0 0 0 0.99 0 0 0 0
0.1 to 10 ppm new 0| 0| 0 0 0| 0 0 0| 0| 0.99 0 0| 0| 0
SSE new 35.0%| 35.0%| 7.9 0.0070 70.0%| 70.0% 3.6 0.0070 100% 100% 100% 100% 100% 100%
SSE retrofit 35.0% 35.0%) 7.9 0.0183 70.0% 70.0% 36 0.0344 100% 100% 100% 100% 100% 100%
MDO 1% to 0.1% new-+retrofit 0| 0| 0 0 0| 0 0 0| 0| 0.9 0 0| 0| 0
MDO 1% to 10ppm new+retrofit 0 0 0 0 0 0 0 0 0 0.999 0 0 0 0
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WP3.2 assumptions

Purvin & Gertz

EUR (14 EUR 1.25 pervin/lWP3.2
2016 | conversion) | EUR/kwh | $ conversion | EUR/kwh | fuel premium
2.7 250 0.0475 400 320 0.0608
0.5 288 0.05472 520 416 | 0.07904
0.1 490 0.0931 660 528 | 0.10032
10ppm 511.07 | 0.0971033 690 552 | 0.10488
fuelprem relative per kwh relative per kwh
2.71t00.5 15% 0.0072 30% 0.01824 2.53
0.5t00.1 70% 0.0384 27% 0.02128 0.55
2.7t00.1 96% 0.0456 65% 0.0395 0.87
0.1to 10 ppm 4% 0.0040 5% 0.00456 1.14
2020
0.5 441 0.08379 550 440 0.0836
0.1 490 0.0931 700 560 0.1064
10ppm 730 584 | 0.11096
fuelprem relative per kwh relative per kwh
0.5t00.1 11% 0.00931 27% 0.0228 2.45
0.1to 10 ppm 4% 0.0040 5% 0.00456 1.14
of - + -=-*)-) )- ,2)J1 E- */[*
Mo -)K/&.)- LK 29 -
D8 - -
- - )& )T ) ) &() -
) (& . 2 ) & - - * )
%) -/ =& " I )- D& )--** )- ) & &+ "
_x & I ) =& * + 7- M# 1C< *&
- &) 7)( I- &(0-% H&& ( ) - ) (
+ 7-
8&&+)(&)7 - &)- - ) +) = &> * 5
Fact sheets ARCADIS.xIs
" &) 7- ))2) &- - & . ) &+)) =& *




Emission Reduction Measure AEronym Applicable t&€gn be switched of  f?
ME AE
Direct water injection DWI X X |YES
Humid Air Motors HAM X X |NO
Combustion Air Saturation System NO
Water in fuel emulsion X X |NO
Exhaust Gas Recirculation EGR X X ]YES (bypass possible)
Basic Internal Engine Modifications - slide valves |IEM X X
Advanced IEM X X
Selective Catalytic Reduction SCR X X ]YES (bypass possible)
Sea Water Srubbers X X |YES (bypass possible)
Shore Side Electricity X |Can only be used during hotelling
Low Sulphur Fuel X X |YES, if equipped for dual-fuel mode
Alternative Fuels X X |YES, if equipped for dual-fuel mode
Energy Efficiency - Speed X Not relevant for hotelling
Energy Efficiency - Routing X Not relevant for hotelling
Energy Efficiency - Maintenance X X |NO
Energy Efficiency - Air Cavity X NO
Energy Efficiency - Propeller Technology X NO
Solar cells X X |YES
Skysails X YES: Can only be used in open sea
Techniques which are insufficiently mature to include in the Cost curves
Plasma Assisted Catalytic Reduction PACR X X ]YES (bypass possible)
Fuel cells X X |YES
Techniques of which not enough information could be found to include in the Cost curves

Lean NOXx storage catalyst

Additional info

Some general remarks

List of REFERENCES

UNCLEAR

Not confirmed through literature, but expected
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