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Background 

The report form the HELCOM CG SECA (document 4-1) concludes, that remote monitoring of air emissions 
from ships should be used to detect violations and monitor compliance in the Baltic Sea. The report from 
the correspondence group briefly describes the experience with remote monitoring in a number of 
Contracting Parties. 

This document provides more information on a project with remote monitoring of SO2 emissions from ships 
in Danish waters. 

Action requested 

The Meeting is invited note the information. 
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Remote measurement SO2 emissions from ships in Danish waters 

 

Introduction 

In 2014, the Danish government granted 6.3 mil. DKK (Approx. 0.85 mil. €) for remote monitoring of the SO2 
emissions from ships in Danish waters in 2015 and 2016.  

A tender was launched in January 2015 and the project started in June 2015. The contractor is Chalmers 
University in cooperation with the Danish company Aircraft Aps. Measurements are performed from a fixed 
position (the Great Belt Bridge) and from the air, using a small airplane. 

The purpose of the remote measurement program is two-fold: 1) to gain information on the general level 
of compliance with the sulphur regulation and 2) to collect information, which can be used in connection 
with targeting sulphur inspections of the individual ships in the ports they are calling after having been 
measured.  

 

Project description 

The measurements from the Great Belt Bridge are performed using in situ trace gas monitoring equipment 
called “sniffer” instruments. The equipment measures concentrations of SO2, CO2, which enables the 
calculation of the equivalent fuel sulphur content (FSC) for the observed ship. NOx is also measured, 
because the SO2-analyser is sensitive to NOx. 

The airplane performs measurements both with sniffer equipment and with optical remote sensing 
methods. The optical instruments are applying the absorption of sunlight to characterize specific and is 
capable of performing measurements from a longer distance than the sniffer equipment. The optical 
instrument measure NO2 and SO2, but the detection of CO2 is currently not easily done. This makes further 
assumptions about ships engine load and operation mode necessary, to calculate back from remote sensing 
measurements to the sulphur content of the fuel oil in use. Optical measurements are therefore used to 
give an indication of gross non-compliance. This document will focus on the results of the sniffer 
measurements. 

Results of the remote measurements (calculated sulphur content of the fuel used by the ship) are 

combined with GPS data and identification data from the ship (AIS-data). Observations are transferred 
(close to real time) to a database, to which the Danish EPA has access. Sniffer observations above a 
certain threshold (see next page) are reported by e-mail to the Danish EPA. A manual check of the 
observations is, however, still necessary.  
 

  
 
 



MARITIME 16-2016, 4-6 
 

 

Page 3 of 6 
 

Results 

 

Observations from the Great Belt Bridge 

The sniffer on the Great Belt Bridge is operating continuously. The quality of the measurements will, 

however, depend on the wind direction. Since the instrument is placed on the easterly pylon, westerly wind 

directions will result in the best observations. The distance from the sniffer to the ship also affects the 

quality of the observations. The observations are divided in three quality categories: "High", "medium" and 

"low", depending on wind direction and the distance from the sniffer to the ship. When considering the 

compliance rate, only measurements of "high" and "medium" quality are taken into consideration.  

The observations are subject to some uncertainty and Chalmers recommends that only observations above 
a certain threshold are considered as reliable indications of non-compliance. During 2015, the SO2 system 
on the Great Belt Bridge was sensitive to organic particles, and a threshold of 0.30% to 0.40% sulphur was 
used. By the end of 2015, a system for removing organic particles was installed. In 2016, the threshold was 
reduced to 0.15-0.20% a manual evaluation was, however, still needed.  

Figure 3 shows measurements for CO2, SO2 and NOX for a ship with calculated fuel sulphur content of 
0.345%. For this observation, the SO2 signal is very clear and the observation would be considered a reliable 
indication of non-compliance.   
 

Figure 3: Example of clear indication of non-compliance observed from the Great Belt Bridge. 

 
 

Figure 4 shows the observation for a ship with calculated fuel sulphur content of 0.14%. In this case, the 
SO2-signal cannot be clearly distinguished from the background and the ship may very well be in 
compliance. 

 
Due to the changes of the equipment mentioned above, only measurements from 2016 will be considered 

in this document. In 2016 (from 1 January until end of August), almost 5,000 observations have been made. 

It should be noted, that several ships have been observed more than once. Out of the 5,000 observations, 

around 3,000 are of "high" or "medium" quality. All the "high" and "medium" quality observations are 

shown in Figure 4.  
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Figure 4: Example of observation from the Great Belt Bridge, low SO2 signal. 

 

Of the 3,000 observations, 50 observations (2 %) had a SFC above 0.20%. This indicates a high degree of 

compliance for the observed ships at the Great Belt Bridge. As can be seen from Figure 5, only few incidents 

of gross non-compliance (SFC above 0.50%) are observed. 

 

 

Observations from the aircraft 

According to the project description, the aircraft will perform 19 measurement campaigns (at least one 
each month) during the project. The aircraft is primarily flying over major shipping routes in Danish waters. 
In agreement with the Swedish Transport Agency, some observations have also been performed over 
Swedish waters. Figure 6 shows where observations have been made from the aircraft until now. 
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Figure 6: Observations from aircraft 
 

From June 2015 to July 2016, 1,400 observations have been made from the aircraft (both sniffer and optical 

measurements). Of these, 630 are sniffer observations of "high" or "medium" quality.  

It should be noted that when measuring from the aircraft, the optical measurements are used as targeting 

of the sniffer measurements. Further, most non-compliant ships are observed more than once in order to 

get more reliable observations. This may result in in a higher frequency of non-compliant ships from the 

aircraft sniffer, compared to the sniffer observations from the bridge.  

The 630 sniffer measurements represent approximately 400 individual ships. Of these, around 25 ships (6%) 

had a FSC above 0.20%. Also for the observations from the aircraft, few incidents of gross non-compliance 

are observed. Results from the aircraft sniffer are shown in Figure 7.  

 

Use of data 

2015 was regarded as a "pilot" period and only selected indications of non-compliance were reported by e-

mail to the authorities in the states of the next port of call. From the beginning of 2016, most reliable 

indications of non-compliance have been reported in THETIS-S and/or by e-mail. All observations indicating 

non-compliance have been evaluated manually before it was decided to report the observation in THETIS-S 

as an alert. In some cases, the observation was also be reported by e-mail. In a number of cases, reports of 

indications have been used to target sulphur inspections of ships in port. 

Conclusions: 
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 It is possible to perform remote measurements of SO2 emissions from ships from fixed and airborne 

platforms and to transfer results of the observations in close to real-time  

 Results from the first year with remote measurement of SO2-emissions from ships in Danish waters 

indicates a high level of compliance for the observed ships (≈ 95%) 

 Few incidents of gross non-compliance have been observed 

 Clear indications of non-compliance are reported in THETIS-S or by e-mail to the relevant authorities 

 In a number of cases, reports of indications have been used to target sulphur inspections of ships in 

port. 

 


