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Emission regulations for ships

▪ Sulphur:

2015: 0.1% (1000 ppm) S, SECA

2020: 0.5% (5000 ppm) S, global

▪ NOx:

2011: Tier II, new ships, global

2021: Tier III, new ships, NECA (~80% reduction)

▪ Mitigation options:

• Sulphur: Low sulphur fuel or SOx scrubbers

• NOx: EGR, SCR

• Alternative fuels (e.g. LNG) 

• Battery operation

• DPF
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Why reduce ship emissions?

▪ Pollution from ships in Danish waters
costs the society ~500 million EUR 
(15-20 % of the total air pollution 
costs1)

▪ 10.001 islands

▪ 70 of which are inhabited

▪ 67 ferry routes

▪ Several have more than one ferry

1 ”Air pollution impact on health in Denmark”, DCE 2014



Local inconveniences

• Harbor fronts – urban movement

• Passenger inconvenience

• Workplace environment



New Danish venture (2017-2020)

▪ 3 DPF and 2 SCR technologies from 3 different
manufacturers to be matured, demonstrated and 
validated

1. DPF

2. DPF+SCR (urea)

3. DPF+SCR (pure ammonia)

▪ Measurements in-stack + ambient

▪ PM / PN / black carbon regulation from ships not yet
introduced though…
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Ships of interest

Case 1
M/F Isefjord

Case 2
WMO

Case 3
M/S Pernille

Main 
engines

2 x Cummins 
QSK19-M
373 kW (MCR 
rating)

4x Scania D13

405 kW (MCR 
rating) 

2x Volvo Penta
TAMD 120 BCC
250 kW (MCR 
rating)

2011
IMO Tier II

2013
IMO Tier II

1981
No Tier rating

Auxiliary
engines

2 x Cummins 
6CT8.3-D(M)
122 kW (Prime 
rating)

2x Perkina
29 kW (Prime 
rating)

2x Volvo Penta
80 kW (Prime 
rating)

2012
IMO Tier II

2013
IMO Tier II

1981
No Tier rating
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Technologies / installations

▪ Case 1: M/F Isefjord, Hundested 
Rørvig

▪ MGO 50 ppm S fuel

▪ DPF solution from Exilator

▪ Case 2: World Marine Offshore

▪ MGO/MDO up to 1,000 ppm S fuel –
challenge (no standard catalyst
solution)

▪ DPF+SCR (urea) from Purefi

▪ Case 3: Sundbusserne M/S Pernille

▪ MGO 50 ppm S fuel

▪ DPF+SCR (pure ammonia) from 
Amminex



Experimental setup

Exhaust

Rotating
disc 
diluter
150°C

Catalytic
Stripper
350°C 

Scanning 
mobility particle
sizer
~10-420 nm

NOx, CO, 
CO2, THC

DustTrak
PM1, PM2.5PM filter

ISO 8178



Case 1: Activities on board…



PSD as function of load – 3 cases
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Measurements
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Mean PNC Case 1

Case 1 Case 2 Case 3

NOx 5-700 ppm 900-1400 ppm 1700-2200 ppm

PN 4-5x107 cm-3 4-8x106 cm-3 2-3x107 cm-3

Solution DPF DPF+SCR DPF+SCR



Case 1: PM as function of load
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▪ Good correlation between real-time measurements and traditional PM sampling



Conclusion

▪ Increased Danish and global focus on ship
emissions, not least near cities and coastal areas

▪ Emissions have been characterized for 3 
ships/ferries operating in Danish waters

▪ Presently, one installation is finalized with the two 
others in progress

▪ Significant noise reduction (~10 dB outside)

▪ High PM/PN reduction expected

▪ Good correlation between different PM 
measurement methods – to be further investigated
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Next steps in the project

▪ Finalize retrofit DPF/SCR solutions for 2nd and 3rd case

▪ Measure effectivity of all solutions

▪ Further comparisons between PM measurement equipment – focus on 
simple monitoring. Also with Pegasor equipment.

▪ Ambient measurements – focus on measuring the ”true” effect on 
passengers and crew. 
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▪ Candles are responsible 
for ~60% of the particle 
pollution in candle-using 
homes


