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Shipboard characterization of a combined particle filter 
and NOx-reducing technology:  
Influence on particle number concentration, particle 
size distribution and gas emissions 



Emission regulation for ships 

 Sulphur: 

2015: 0.1% S, ECA 

2020: 0.5% S, global 

 NOx: 

2011: Tier II, new ships, global 

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

 Mitigation options: 

• Low sulphur fuel 

• SOx scrubbers 

• EGR, SCR 

• Alternative fuels (LNG)  

• Battery operation 

• DPF 

• … 
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Why reduce ship emissions? 

 Estimated that pollution from 
ships in Danish waters acount 
for ~10 % of the total air 
pollution related society costs1 

 

 PM/PN regulation from ships 
not yet introduced 

 

 Local inconviniences: 

 Many islands in DK – 
connected by ferries 

 Harbour fronts – urban 
movement 

 Passenger inconvinience / 
work place environment 

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



The ferry of interest 

Year built 1998 (operational 1999) 

Length 49.9 m 

Width 13.1 m  

Speed 13.1 knots 

Capacity 42 cars 

395 passengers 

Engine (x2) MaK M20C, 1020 kW 4-stroke diesel 

engine 

Operation Svendborg (Funen) – Ærøskøbing (Ærø) 



Project background 

 Project objective: 

1. DPF retrofit on main engine               
2010-2012 

2. DPF/SCR retrofit same engine            
2013-2016 

 



The filter 

• 8 SiC DPF elements 15” x 15” 
• Bypass possible 
• Dinex F-SCR elements with 

integrated SCR coating (phase II) 
• Daily active regeneration 

(electrical) + ash removal 



Measurement location 

Primary position 

Secondary position 

Valves 



Experimental setup 

Exhaust 

Rotating 
disc diluter 
150°C 

Catalytic 
Stripper 
350°C  

Scanning mobility 
particle sizer 
~14-675 nm 

FTIR /   
gas rack 
(NOx) 



Measurement equipment 



PSD as function of load 



Number and size 



Effectivity of NOx catalyst 

Effectivity of NOx catalyst 

Measurements 

speculative 



New Danish venture (2017-2020) 

 Increased focus on shipping emissions near 
cities and coastal areas 
 

 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) 
 

 Breakthrough for DPF/SCR solutions to be 
expected 
 

 Measurements in-stack + out-of-stack 



Conclusion 

 Increased Danish and global focus on shipping emissions, not least 
near cities and costal areas 
 

 It is possible to retrofit a ferry fueled with ~250-300 ppm sulphur 
marine diesel with an integrated DPF/SCR solution 
 

 Main challenges include: 

 Demand of low exhaust back pressure  

 Limited space in engine room – retrofit solutions may be placed in the 
smoke stack 

 Active/forced daily regeneration of DPF and ash removal is required in 
this case 
 

 On-board measured reductions: 

 PN reduction by >90% 

 NOx reduction of ~40% 
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