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Background:
Current and future needs for shipping emissions monitoring

SOx
2015: 0,1% FSC in three SECA regions
2020: 0,5% FSC globally and 0,1% in EU ports
2025: Mediterranean SECA

NOx
2021: Tier III Baltic & North Sea ECAs

Black Carbon
2022: Voluntary use of LFOs in the Arctic Region
202X: Periodic on-board monitoring of BC 
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Two instrumented ‘sniffer’ vans on board Stena Germanica
Gothenburg-Kiel, Sep 2021

Drone taking off from patrol vessel
Marseille,  Jul 2019

Fully instrumented patrol vessel
Marseille,  Jul 2021

sAIS data transmission on board RV Plymouth Quest
English Channel,  May 2022

Sampling passing by vessel plumes
Wedel, Sep 2020

Sniffing cruise ship port emissions
Port of Marseille,  2021
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IMO  NOx regulation

NOx technical code, MARPOL 
Annex VI:
• Limit value in g/kWh, dependent 

on max engine speed
• Weighted average of 4 points: 

25%, 50%, 75%, 100% load, heavily 
weighted towards high/max load

• Tier III load points < 150% limit 
value

• No monitoring requirements 
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Low engine loads ECA zones (NCP-Netherlands Continental Plat)

Engine load ECA zone

ISO E2, E3 engine load  
cycles are not 
representative for use 
in ECA areas and port 
areas
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Source: SCIPPER D5.5
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Gram NOx per gram CO2

Gram NOx per gram fuel

Gram NOx per kWh

Refer to SCIPPER reports

NOx emissions are based on exhaust concentrations, fuel carbon 
content and specific fuel consumption:

Plume sensing & onboard monitoring
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Campaigns with onboard sensor testing
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NOx (g/kWh) with TNO SEMS system on STENA Germanica  ≈ 4 months

NOx emissions with onboard montoring

Engine Power Vessel Speed
SCR off

SCR off

MeOH (SCR off)

MGO 
SCR on

17-10-2023

Source: SCIPPER Deliverable D1.6
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Plume measurements at Rotterdam (TNO), Belt bridge (Chalmers), Hamburg (BSH), and airborne 
measurements in Danish and French waters (Explicit).

Plume sensing Tier III North & Baltic sea
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Ship in order

66 remote measurements 
from 39 vessels:
• Only 1/3 was within 

expected Tier III level
• About 50% indicate 

factor two to five  
higher emission level.
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Green line: Tier III limit value
Red line:  Tier II limit values
(slow speed engines)

Source: SCIPPER Deliverable D 5.5 and 
SCIPPER press release 06.03.2023
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Plume measurements at Rotterdam, keel laying date 2021 onwards
No correlation with engine power or vessel speed.

NOx emissions Tier III vessels

17-10-2023



This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement Nr.814893 13

• Addition of 10% load point including NTE (150%) for whole load range down 

to 10% for E2, E3 and D2 test cycles

• Adapt weight factors E2, E3 to load profile of ECA zones

• Consider NTE in g/kg fuel, down to 0% load  (instead of g/kWh)

• Require a Continuous Emissions Monitoring System (CEMS) with sensors or 

analysers and access to this data by authorities

• Consider ship rather than engine Real Sailing Emissions requirement. 

Regulatory measures to reduce NOx emissions
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• Engine air control to increase exhaust temperature at low load 

• SCR catalyst tuned to more to low temperature and/or larger catalyst

• Switching to fuel with lower Fuel Sulphur Content:  max 10ppm instead 1000ppm

• Add EGR system for low load NOx reduction

• EGR instead of SCR for whole load range

• Different type of reagent:  e.g.  NH3 instead of urea. 

Technical measures to reduce NOx emissions at 
low load
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Thank you for your attention

Ruud Verbeek,  TNO
Ruud.verbeek@tno.nl
Phone:  +31 6129 66882
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