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1 Introduction 

This technical note has been prepared upon request from the Danish EPA to 
provide clarification regarding a number of issues raised by the European 
Commission in response to a proposal for revision of certain parts of chapter 10 of 
IMO Resolution MEPC.184(59) put forward by the Danish EPA. 

A central part of the Commission's comments to the Danish proposal relate to a 
study on possible marine environmental impacts of exhaust gas scrubbers on ships 
carried out by COWI and published in 2012, and therefore COWI was selected to 
elaborate on the aspects presented in the following. 

The note only addresses technical/scientific aspects of the issues raised whereas 
possible economical consequences are not covered. 

 

DANISH ENVIRONMENTAL PROTECTION AGENCY 

Assessment of possible impacts 
of scrubber water discharges on 
the marine environment  
- supplementary note 
TECHNICAL NOTE 



  
2/5 Assessment of possible impacts of scrubber water discharges on the marine environment - supplementary note 

C:\Documents and Settings\jestu\Lokale indstillinger\Temporary Internet Files\OLKCD\Note on scrubber water discharges_final_11 01 2013 (2).docx 

2 CO2 emissions due to scrubber water discharges 

The EU Commission raises the point of net emissions of CO2 as a result of 
discharging sulphuric acid with scrubber water. It is mentioned that yearly 
emissions of 20,000 - 30,000 tons of sulphuric acid from exhaust gas scrubbers into 
the North Sea and the Baltic Sea will cause a net emission of CO2 of 18,000 - 
27,000 tons due to the change in the equilibrium between bicarbonate and CO2 in 
sea water. 

However, the conversion of bunker oil into low sulphur oil (as the alternative to 
implementing exhaust gas scrubbers) will also result in CO2 emissions and as CO2 
is a global rather than a local environmental issue, the emissions from land-based 
sources carrying out this conversion are also relevant to consider in this context. 

20,000 - 30,000 tons of sulphuric acid correspond to approx. 6,500 - 9,800 tons of 
sulphur, which in turn corresponds to 185,000 - 280,000 tons fuel oil with a 
sulphur content of 3.5 %.  

The scrubber assessment report by COWI1 quotes a paper by the scrubber vendor 
Hamworthy Krystallon (2007)2, which states the incremental CO2 emissions from 
refining heavy fuel oil (HFO) to a 0.4 % S diesel oil (DO) to be 10 kg CO2/GJ 
(energy content of fuel). As the energy content of HFO is approx. 41 GJ/ton, this 
incremental CO2 emission from the conversion to DO can be re-calculated to be 
approx. 0.4 t CO2/ton fuel. For the above total amount of fuel (185,000 - 280,000 
tons) this gives a total CO2 emission from the refining process of 74,000 - 112,000 
tons or considerably more than the CO2 emitted due to the discharge of un-
neutralized scrubber water.  

However, the operation of the scrubber also requires energy (roughly 2 % of the 
total energy consumption of the main engine (Alfa Laval, DK, pers. comm.)) and, 
further, the combustion of DO is associated with a lower CO2 emission than the 
combustion of HFO (approx. 4 kg CO2/GJ less according to Hamworthy 
Krystallon, 2007). The sum of these two factors are estimated to amount to about 
half of the incremental refinery emissions, i.e. the net CO2 emissions due to 
refining reduce to about 37,000 - 56,000 tons.. 

The overall result of the above considerations is that using DO as fuel on ships 
instead of HFO + sea water scrubbing results in CO2 emissions (of the scenario 
considered here) of approx. 37,000 - 56,000 tons against the 18,000 - 27,000 tons 
released due to sulphuric acid discharges from sea water scrubbers, i.e. a difference 
of 19,000 - 29,000 tons CO2 in the favour of sea water scrubbers (not considering 
possible derived impact due to economical considerations, e.g. sailing at reduced 
speed due to higher cost of low sulphur fuel). 

                                                      
 
 
1 Kjølholt, J. et al. (2012). Assessment of possible impacts of scrubber water discharges on 
the marine environment. Environmental Project No. 1431, 2012. Danish Environmental 
Protection Agency.  92 pp. 
 
2 Hamworthy Krystallon (2007). Sea Water Scrubbing - Does it Contribute to increased 
Global CO2 Emissions. www.hamworthy.com  
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3 Mixing with sea water to secure pH 6.5 in discharge 

The response letter by the EU Commission also touches upon the possibility of 
diluting the scrubber washwater with additional sea water prior to discharging with 
the aim to secure a pH at the discharge point of 6.5 or more. 

A vendor of exhaust gas cleaning systems for ships, Alfa Laval, Denmark (who 
produced and installed the scrubber on board Ficaria Seaways), has provided the 
following estimates of the necessary dilution with sea water of different alkalinities 
to obtain a discharge point pH of 6.5 starting at pH 3.0 before dilution. Further, the 
associated energy consumption is calculated. 

The calculations are based on a 20 MW engine running on a HFO with 3 % sulphur 
and a temperature of the sea water of 20 °C. The scrubber water pressure is 6 bar 
while the dilution water pressure is only 1 bar. Pumping efficiency: 80 %. 

Power consumption (kWh) Alkalinity of 
sea water 
(mmol/L)* 

Scrubber 
water flow 
(m3/h) 

Dilution factor 
to pH 6.5 

Scrubbing  Dilution 

1.4  1360  9.6  278  445 

2.0  1120  6.7  229  256 

2.6    965  5.4  197  178 

* Corresponding approx. to Baltic Sea, Danish waters and the Atlantic Ocean, respectively. 

The calculations show that at alkalinities in Danish waters and in the North Sea, the 
power consumption associated with dilution will be of approx. the same size as the 
power required to operate a sea water scrubber. 

4 Possible near-field effects at busy shipping lanes 

The third main issue addressed by the EU Commission is the concern of possible 
environmental effects of acidic scrubber water discharge at or near shipping lanes 
with high traffic intensity. In the report by COWI (2012), it was shown that for a 
larger sea area with significant ship traffic (e.g. the Kattegat) the impact of such 
discharges on the alkalinity of seawater would be marginal. However, the report 
did not specifically consider the possible local depletion of the available buffering 
capacity near high intensity shipping lanes. 

Therefore, a dedicated modelling exercise has been carried out to clarify the issue. 
A summary of the main results is given in the following while a more thorough 
description of methodology, assumptions etc. is provided in a separate technical 
background report. 

The annual total releases of sulphur and corresponding sulphuric acid equivalents 
in heavily trafficked ship traffic lanes in different parts of the Baltic and North Sea 
ECA areas have been calculated as shown in Table 4-1. 
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Table 4-1 Estimated annual releases of sulphur/sulphuric acid from ship traffic 
to the marine environment in the studied sea areas. 

Area  Sulphur 
(kg/year) 

Sulphuric acid eq. 
(kg/year) 

Sulphuric acid eq.
(kmol/year) 

Kattegat  12,700,000  38,900,000  400,000 

Great Belt  6,930,000  21,200,000  218,000 

The Sound  5,880,000  18,000,000  185,000 

English Channel*)  14,000,000  42,000,000  440,000 

*) Based on estimates from (EMSA, 2010) 

Using the above data and applying assumptions regarding the different mixing 
processes in the model areas Kattegat, Great Belt, the Sound and the English 
Channel, the concentration of sulphur/sulphuric acid originating from discharge of 
acid washwater to the sea water has been estimated, see Table 4-2. 

Table 4-2 Estimated steady state concentrations of sulphur/sulphuric acid from 
ship traffic in the central part of the shipping lanes. 

Area  Sulphur 
(µg/L) 

Sulphuric acid eq. 
(µg/L) 

Sulphuric acid eq.
(µmol/L) 

Kattegat  3  9  0.09 

Great Belt  13 39 0.4 
The Sound  33 100 1 
English Channel  3 9 0.09 
 
 
The above results are based on the conservative assumptions that all ship larger 
than 2,000 DWT are using sea water scrubbers and that all ships are using fuel with 
high suphur concentration (3.5%). 

The values apply for steady-state situation. For the straits the values are given for 
the maximum concentration in the shipping route and close to the centre of the 
strait. 

At a concentration of 1,100 µmol sulphuric acid/L, the bicarbonate buffer capacity 
of sea water in Kattegat (approx. 2,200 µmol/L) would be completely depleted. In 
the worst case situation in Table 4-2 (for the Sound between Denmark and 
Sweden), the maximum concentration at steady state is calculated to be almost 
1100 times lower while in wider sea areas such as the Kattegat and the English 
Channel the concentration is about 10,000 times lower. 

The consequences of this on the pH level in sea water were calculated using the 
PHREEQC programme. Based on the simulation, it is assessed that the background 
pH level in sea water (pH = 8.22) will be reduced by less than 0.01 pH units due to 
scrubber water discharges in heavily trafficked shipping lanes (e.g. the Sound). 
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For illustration of the expected concentration distribution, the longitudinal 
concentration in the centre line of the shipping lane is shown for the Sound in 
Figure 4-1. 

 

Figure 4-1 The Sound: Longitudinal distribution of the Sulphur concentration in the 
centreline of the shipping route after 108 days of modelling. Please note the 
slight deviation towards the left which indicates the net outflow of the Baltic 
Sea from south to north, corresponding to right to left. 
 

For illustration of the expected concentration distribution, the tranverse 
concentration in the centre line of the shipping lane of the Sound is shown in 
Figure 4-2. 

 

Figure 4-2 Sound: Transverse distribution of the sulphur concentration in the middle of the 
Sound after 108 days of modelling. Please note the clock wise distribution 
around the shipping route. 

 


