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A6: 1 Introduction 

The purpose of this appendix is to provide an assessment of the environmental effects of 
the impact of various policy options for controlling and reducing oxides of sulphur (SOx) (i.e. 
sulphur dioxide (SO2)) and oxides of nitrogen (NOx) emissions from ships. The 
environmental effects of principal concern are those of acid deposition (see Appendix 2). 
Reductions in the emissions of SO2 and NOx will contribute to the reduction in critical loads 
and levels at susceptible ecosystems.  Table A6.1 details the study policy options. 

Table A6.1: Policy Options for Controlling or Reducing NOx and SOx Emissions from 
Shipping 
    SSCCEENNAARRIIOO  11  SSCCEENNAARRIIOO  IIII  
  PPOOLLIICCYY  SS  ––  SSOOXX   NN  --  NNOOXX   

 Regulation   
A Control pollutant at 

point of sale 
Sulphur content of marine 
fuels sold in Europe 

Not applicable 

B Control pollutant in 
fuel consumed 

Sulphur content of marine 
fuels used in EU waters 

Not applicable 

C Control stack 
emissions 

Prescribed emission rate for S 
or SO2 in European waters 

Prescribed emission rate for N 
or NOx in European waters 

 Economic Incentive   
D Incentive based on 

fuel purchased 
Recognised bunker receipts 
and testing 

Not applicable 

E Incentive based on 
bunkers used on-
board 

Consumption records Not applicable 

F Incentive based on 
certified emission 
performance 

Exhaust performance 
certification/monitoring 

Exhaust performance 
certification/monitoring 

In particular, this appendix reviews the following policy options.  

 

• AI Regulate sulphur content of fuels sold in Europe (~1.5%, 1.0%, 0.5%) 
• BI Regulate sulphur content of fuels consumed in Europe (~1.5%, 1.0%, 0.5%) 
• CI Prescribe emissions rate for sulphur (S) or SO2 



BMT  EU Ship Emissions to Air 
 

Appendix 6-Environmental Assessment   A6.2 
 

• CII Prescribe emissions rate for nitrogen (N) or NOx in European waters. 
• DI Differentiate shipping dues based on the sulphur level of fuel purchased (~1.5%, 

1.0%, 0.5%) 
• EI Differentiate shipping dues based on the sulphur level of fuel consumed (~1.5%, 

1.0%, 0.5%) 
• FI Differentiate shipping dues based on exhaust performance certification/monitoring of 

SO2 levels 
• FII Differentiated shipping dues based on exhaust performance certification/monitoring 

of NOx levels. 

The policy options show that the greatest potential is for the reduction or control of SO2 

emissions, although the potential for NOx reduction exists, the numbers of options are less.  

To evaluate the environmental consequences of the emission control/reduction options 
necessitates an evaluation of: 

• The significance of those pollutants (e.g. NOx and SO2) contributing to acid deposition; 
• The distribution of emissions of total NOx and SO2 in relation to areas of critical loads; 
• The contribution and impact of ship emissions to total emissions and resultant 

deposition levels; 
• The effect of options on ship emission controls; and 
• Likely environmental consequence of the emission reduction on deposition patterns for 

NOx and SOx. 

A6: 2 NOx and SOx Generation and Transportation 

SOx and NOx are two of the principal components of acidification and flue gas exhaust 
emissions from the marine diesel engines are becoming a significant source of these 
emissions (Appendix 2).  

The formation of NOx occurs as a result of the oxidation of molecular N in the combustion of 
air or oxidation of organic N in the fuel during the combustion process. The oxidation of 
atmospheric N will be influenced by local conditions in the combustion chamber with 
increased production of nitric oxide (NO), the primary reaction product, favoured at high 
temperatures and optimal air-to-fuel ratios.  At a later stage in the combustion cycle and 
during flow through the exhaust system, 5-10% of the NO formed will convert largely to 
nitrogen dioxide (NO2). The oxidation of NO to NO2 continues after emission from the 
exhaust system in the presence of hydrocarbons, ozone (O3) and sunlight. The level of 
contribution of NOx to acid deposition is therefore dependent upon prevailing meteorology 
and atmospheric chemical conditions. 

SOx are produced directly from the S content of the fuel. S is oxidised in the combustion 
chamber to form SO2 and, to a lesser extent, sulphur trioxide (SO3). In general, S emissions 
from the combustion process will essentially be proportional to the S content of the fuel 
(Lloyds Register, 1995). The general S content of fuel used in European waters ranges from 
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2.5 to 3.5%. Policy options (Table A6.1) recommend a reduction in the S level to below 
1.5%. It has been demonstrated previously that a 1.5% limit will achieve a reduction in 
acidifying deposition at a far lower cost than further measures on land based sources (IMO, 
1997). 

The fate of emitted SOx and NOx is determined by meteorological and chemical conditions 
in the atmosphere. Shortly after emission some of the emitted material will be deposited in 
the vicinity of the source (e.g. local deposition). The remainder will undergo long-range 
transport, dilution and dispersion, chemical transformation and dry and wet deposition to the 
surface. SOx and NOx can be oxidised into sulphuric acid (H2SO4) and nitric acid (NHO3) 
respectively, either in the atmosphere or after deposition.  Ammonium (NH3/NH4) may react 
with these acids to from ammonium sulphate and ammonium nitrate particles.  On average, 
S compounds are mostly deposited within 2 to 4 days after emissions, the greatest rate of 
deposition taking place with the largest emissions in the form of dry deposition (EEA, 1998).  
High rates of S deposition also occur in regions of high precipitation such as in coastal and 
mountainous areas (EEA, 1998). In contrast, NOx remain in the atmosphere for a longer 
duration, however, their transformation to NHO3 is relatively fast, and this NHO3 is rapidly 
removed through deposition (EEA, 1998). The deposition of oxidised N has a similar pattern 
to that of SOx, however relatively smaller amounts are deposited close to the emission 
source.  Instead, NOx tends to be transported over longer distances.  As well as contributing 
to acidification, NOx is a major precursor for O3 formation, thus contributing to the 
tropospheric O3 problem. NH3 tends to be rapidly removed from the atmosphere, unless it is 
combined with H2SO2 or NHO3 to ammonium sulphate and nitrate. There is less long-range 
transport of NH3 than of SOx and NOx, the transport of which may take place over distances 
of several thousand kilometres (EEA, 1998). These dispersion patterns are reflected in the 
overall export and import budgets of these pollutants for European countries. All countries 
are estimated to export a very large fraction of their emissions. For SOx over 75% of 
emissions are exported from most European countries and most countries export more than 
80% of their NOx. Reduced N is transported less far, but still all countries export more than 
40% of their emissions.  

A similar pattern of dispersion was also noted for ship emissions. Studies have showed 
(Tsyro and Berge, 1997) that the contribution of SOx and NOx emissions originating from the 
North Sea and the NE Atlantic Ocean contribute to more than 15% of total SOx deposition 
whilst the relative NOx contribution was 10 – 15%. Although the maximum contribution for 
NOx was less than that for SOx, the ship contributions of 5 – 10% were found over a 
considerably larger area.  The dispersion patterns for NOx reflected a longer residence time 
of NOx compared to SOx. This is because SO2 has an enhanced dry deposition velocity over 
sea (Barrett and Berge 1996) whilst NOx is rather slowly deposited in its primary phase and 
hence can be transported to greater distances (Iversen et. al., 1990). 
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A6: 3 European Emissions of SOx and NOx  

A6: 3.1 Spatial Distribution of Total NOx and SOx Emissions and their Contribution to 
Acidification 

The UNECE Convention on Long-Range Transboundary Air Pollution (CLRTAP), its 
subsequent plans and protocols, and the EU’s Acidification Strategy has formed the basis 
for the main efforts at reducing acidifying emissions in the EU. Most of these plans and 
strategies have been aimed at reductions in SOx due to its dominance in contributing to 
acidification. These biased efforts are reflected in the relative reduction of SOx emissions 
compared with NOx. Between 1980 and 1995, the total emissions of SO2 fell by 50%, 
whereas for NOx there was only a 15% decline between 1990 and 1995 (EEA, 1998).  Since 
acidification is caused by the deposition of both S and N, this change in the balance of 
these emissions will result in a shift in the contribution of each to acidification.  This is 
highlighted in the overall pattern of deposition of NOx and SO2 across Europe, where N 
levels often exceed those of S.    

Available data (EMEP/MSC-W 1997) shows that SOx emissions are predominantly from 
central Europe, parts of the UK, Spain, Italy and parts of the Balkan area.  Between 1985 
and 1995, the largest emitters of S included Germany, the UK, Poland, Spain, Italy and 
France (Barrett and Berge, 1996). A number of surrounding countries (Austria, Belgium, 
Denmark, Luxembourg, the Netherlands, Norway, Switzerland, Sweden, Belarus, Latvia and 
Lithuania) receive more than half of the S deposited within their boundaries from these 
countries (EMEP MSC-W, 1999). Some of the highest deposition levels occur along coastal 
zones and over the sea areas of the English Channel, the North Sea, the North East Atlantic 
Ocean and the Baltic Sea. Levels are mainly in the range of 500-1000 mgS/m2, but reach 
levels of up to 2500 mgS/m2 in areas of the English Channel and the southern North Sea 
(Figure A6:1).  While much of this can be explained from the transboundary nature of this 
pollutant and therefore the result of export from surrounding countries to these sea and 
coastal areas, ship emissions will also have a contributory effect (Section A6: 3.2). 

Emissions of N are greatest from the Netherlands, Germany and the southern UK. N 
emissions are however, becoming an increasingly important source of acidification.  The 
change in the overall N:S emission balance is evident from the fact that in large parts of 
France, Spain, Italy, Scandinavia, N emissions are now larger than S emissions (EMEP, 
1999).  The largest emitters of N include France, Germany, Italy, Netherlands, Poland, 
Romania, Spain, and the UK (EMEP, 1999). The highest levels of NOx deposition occur 
over the land areas, with deposition over the North Sea, the English Channel being in the 
500 mg/N/yr – 1000 mg/N/yr range, within the 100-250 mg/N/yr range for the Baltic and 
within the 25-250 mg/N/yr range for the Mediterranean (Figure A6.2).  
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Figure A6.1: Deposition of S (as SOx) in 1997 from the European Community 
(EMEP/MSC-W, 1999) 

Comparing both gases, there is a greater contribution from SOx to the total acidifying 
potential for these sea areas.  On a European scale, S contributes 37%; NOx 21% and 
reduced N (i.e. NH3/NH4

+) 41% of total potentially acidifying deposition. Combined N 
deposition (i.e. both NOx and reduced nitrogen) represents a greater contribution to acidity 
than oxidised sulphur on its own (EEA, 1998, and Barrett and Berge, 1996).  

Table A6.2 shows the relative contribution of ship emissions of NOx and SOx to total 
emission deposition levels. As may be seen, for all sea areas, the deposition contributed 
from ships to land is at a much smaller scale when compared to the deposition over land 
from all emission sources. The NE Atlantic contributes the least deposition – amounting to 
approximately 10% of total deposition levels.  The highest comparable deposition levels are 
those from the North Sea and the Baltic Sea, where SOx accounted for approximately 40% 
and 50% of the total deposition levels respectively.   
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Figure A6.2: Deposition of N (as NOx) in 1997 from the European Community 
(EMEP/MSC-W, 1999) 

Table A6.2: Comparison of Deposition Levels from Total SOx and NOx Emission 
Sources and Shipping (mg/m2) for 1997 (EMEP, 1999) 

SSEEAA  AARREEAA  TTOOTTAALL  EEMMIISSSSIIOONNSS
22  SSHHIIPP  EEMMIISSSSIIOONNSS

11  

  SSOOXX  ((FFIIGG..  AA66..11))  NNOOXX  ((FFIIGG..  AA66..22))  SSOOXX   NNOOXX   
North Sea (Fig. A6.3) >2500 2500 500 - 1000 100 - 250 
NE Atlantic (Fig. A6.4) >2500 500 - 1000 50 - 100 100 - 250 
Mediterranean Sea (Fig. A6.6) >2500 500 - 1000 100 - 250 50 - 100 
Baltic Sea (Fig. A6.5) 500 - 1000 500 - 1000 250 - 500 100 - 250 

1. Approximate maximum depositional level on land from shipping emissions adjacent to the sea area of 

interest 

2. Approximate maximum depositional level on land from total emission sources adjacent to the sea area of 

interest 

Table A6.3 presents an overview of the contribution of NOx and SOx and, where available, 
NH3/NH4 for the Netherlands, Sweden, Finland and the UK to acid deposition. 
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Table A6.3: Contribution of SOx, NOx and NH3/NH4 to Acid Deposition 

CCOOUUNNTTRRYY  SSOOXX  NNOOXX  NNHH33//NNHH44  
Netherlands (National) (Al and Keizer, 1992) 28% 24% 46% 
Sweden (Coastal forest) (Staaf and Bertills 1992) 45% 26% 26% 
Finland (Nilsson and Cowling, 1992) 33% 18% 18% 
UK (Nilsson and Cowling, 1992) 40% 13% 40% 

Comparing the national estimates for the UK, Sweden and Finland (Table A6.3), shows that 
SOx remains the dominant acidifying compound in relation to NOx. For all countries, 
however, combined N levels, (i.e. both NOx and NH3/NH4), represent higher levels than SOx, 
reflecting the situation on a European scale. This highlights the fact that with legislation 
aimed at the reduction of S, the shift is now towards an increased contribution of N in 
acidification.  

A6: 3.2 Spatial Distribution of NOx and SOx emissions from Ship Emissions 

Studies, (Appendix 2, Figures 1 and 3) show a decrease in concentration of emissions with 
distance from the shipping. A large proportion of emissions from shipping is deposited at 
sea, particularly the greater the distance the vessel is from the coast. Indeed approximately 
20% of the total S emitted in the North Sea is retained in the area (Appendix 2). Appendix 2 
(Figure 3) illustrates the rate of pollutant deposition from a ship. The figure shows that the 
majority of the pollutant is deposited near the source; deposition is reduced by a factor of 
100 less than 10 km from the source and by 1000 at about 30 km from the source 
(Swinden, 1995). The greatest probable effect therefore of ship emissions on terrestrial 
ecosystems will be from those vessels operating within territorial waters (12 nautical miles). 
According to Swinden’s (1995) observations the percentage reduction in deposition will be 
almost 100% at 12 nautical miles. Lowles and Ap Simon (1996) have found that a significant 
proportion of S deposition in coastal areas, between 75 - 80% (77 - 80% quoted by Lowles 
1998) was due to emissions that occurred within territorial waters and consequently a much 
smaller proportion was due to ships outside this limit.  According to Tsyro and Berge (1998) 
90% of total SOx and NOx emissions from the North Sea originate from a 50 nautical mile 
zone from the coast, with the English Channel being responsible for >40% of total 
international shipping emissions. 

Emissions of SOx and NOx are not evenly distributed. The highest emissions are found in 
the regions of heavy shipping in the southern North Sea, the English Channel, the western 
Biscay and the Strait of Gibraltar. Table A6.4 shows the mass emissions for shipping in 
European waters from the EMEP, compared with those estimates from the Comprehensive 
Ocean-Atmosphere Data Set (COADS, Appendix 1).   The EMEP data for the Baltic Sea, 
the NE Atlantic and the North Sea is derived from Lloyd’s Register data. The data estimates 
for the Mediterranean Sea are regionally incomplete.  The differences in the estimations 
may be due in part to the differences in the definition of the different sea areas, and in the 
case of the Mediterranean Sea, an underestimation of the EMEP emissions due to data 
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deficiencies. Table 6.4 also shows the estimated projected SO2 and NOx emissions for 2001 
(see Appendix 7).   

Table A6.4: Approximate Ship Emission Levels for European Waters (kt/yr) 1997 
(EMEP/MSC-W, 1999, and COADS) 

SSEEAA  AARREEAA  
SSOO22  

((EEMMEEPP))  

SSOO22  

((CCOOAADDSS))  

AAPPPPEENNDDIIXX  11  

SSOO22  

22000011  

NNOOXX  

((EEMMEEPP))  

NNOOXX  

((CCOOAADDSS))  

AAPPPPEENNDDIIXX  11  

NNOOXX  

22000011  

Remaining North East Atlantic 
(EMEP) 

900   1300   

NE Atlantic (App. 1)  320 374  379 440 

Mediterranean Sea (Partial – EMEP.) 12   13   

Mediterranean Sea (App. 1)  391 448  463 528 

Baltic Sea 225 273 254 350 323 334 

North Sea (EMEP) 450   650   

NW European Waters (App. 1) 
North Sea, Irish Sea and approaches 

 742 854  878 1006 

Total 1577 1726 1930 2313 2044 2308 

N.B. Subsequent to the preparation of this study Lloyds Register1 has reported emission 
estimates for the Mediterranean and Black Sea that are considerably higher than previous 
estimates. They are 1.2 megatonnes and 1.7 megatonnes, respectively for SO2 and NOx. 

Studies (EMEP, 1999, and COADS) of ship emissions show that for both SOx and NOx, the 
areas of highest concentration of emissions and subsequent depositions per unit area are 
for the North Sea and the English Channel area. SOx emissions for the area have been 
estimated at 450 kt/yr and for NOx they were estimated at 650 kt/yr (EMEP, 1999). The 
confinement of high emissions to these sea areas reflects the fact that both the English 
Channel and the southern North Sea are one of the most heavily trafficked shipping areas in 
the world. Emissions from shipping within this region will also have transboundary 
implications, contributing a certain percentage of acidifying depositions to other countries, 
principally the UK, France, Belgium, Germany and the Scandinavian countries. The 
deposition levels for NOx and SOx from North Sea shipping emissions is given in (Figure 
A6.3). 

                                                 
1 Lloyds register Study Report for European Commission D-G Environment: Marine Exhaust Emissions 
Quantification Study – Mediterranean Sea, FINAL REPORT 99/EE/7044, K.A. Lavender, Feb 2000 
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Figure A6.3: Deposition of N (as NOx) and S (as SOx) in 1997 from the North Sea 
(EMEP, 1999) 
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It is to be expected, therefore, that in the busier ports of Europe (e.g. Rotterdam, Le Harve 
and Amsterdam), emissions from shipping may be relatively higher and may contribute 
significantly to local air quality and acidification (Appendix 2). This has been highlighted in a 
number of studies (Lloyd's Register, 1995; Concawe, 1994; Lowles and Ap Simon, 1996). 
Concawe (1994) found that for the English Channel and southern North Sea, in-port 
emissions contributed to approximately 75% of deposition from ships around Rotterdam and 
Antwerp. The same study found that while the S deposition from ship emissions was less 
than 10% of the total critical load, in small areas where the soil was most sensitive to acid 
deposition, the calculated deposition from ships exceeded 25% of the critical load. The 
study revealed that where land based emissions produced significant exceedances in areas 
of more sensitive soils in SE England, when ship emissions were added, the degree of 
exceedance was increased (Appendix 2).   

Shipping emissions in the remaining NE Atlantic for SOx and NOx are 900 kt/yr and 1300 
kt/yr respectively. Emissions from shipping within this area will also have transboundary 
implications, contributing a certain percentage of acidifying depositions to other countries 
(e.g. UK, Ireland, France, Spain and Portugal). The deposition levels for NOx and SOx from 
NE Atlantic Ocean shipping emissions is given in (Figure A6.4). 

Shipping emissions in the Baltic Sea for SOx and NOx are 225 kt/yr and 350 kt/yr 
respectively. Emissions from shipping within this area will contribute a certain percentage of 
acidifying depositions to other countries (e.g. eastern European countries, the Baltic States 
and Scandinavia, etc.). The deposition levels for NOx and SOx from Baltic Sea shipping 
emissions is given in (Figure A6.5). 

The shipping emissions used by EMEP for the Mediterranean Sea are very low (compare 
figures in Table A6.4. The emissions considered from shipping within this area are limited 
with the focus of attention on the Strait of Gibraltar. A certain percentage of acidifying 
depositions will occur in southern Spain and Portugal. The deposition levels for NOx and 
SOx from Mediterranean Sea shipping emissions is given in (Figure A6.6). More significant 
deposition would be predicted using the results of this study and very much more so if the 
Lloyds Register (Table A6.4) figures are used. Additionally, of course, these larger emission 
estimates suggest a significant impact on air quality, including a contribution to ground level 
ozone formation. 

Figures 6.3 to 6.6 show that the principal areas of deposition from shipping are in northern 
Europe. The highest emissions and subsequent depositions occur over the North Sea and 
the Baltic Sea areas, which include some of the most heavily trafficked shipping areas in the 
world. Maximum deposition levels for SOx and NOx within these areas are 1000 and 250 
mg/m2 respectively, which can reach up to 50% of the total depositions from all emission 
sources.   
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 Figure A6.4: Deposition of N (as NOx) and S (as SOx) in 1997 from the NE Atlantic 
Ocean (EMEP, 1999) 
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Figure A6.5: Deposition of N (as NOx) and S (as SOx) in 1997 from the Baltic Sea 
(EMEP, 1999) 
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Figure A6.6: Deposition of N (as NOx) and S (as SOx) in 1997 from the Mediterranean 
Sea (EMEP, 1999) 
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The extent of the export of NOx and SOx from European sea areas is highlighted in Table 
A6.5. For all of the sea areas a significant proportion of the emissions are retained in the 
emitting area. Sea areas are also an exporter of emissions to other sea areas. The results 
show that for the North Sea and Baltic Sea areas a larger proportion of the receivers of the 
emissions are north European countries. For the NE Atlantic Ocean a significant proportion 
of emissions are retained within the sea. The sea area of limited information is that of the 
Mediterranean. 

Table A6.5: Percentage Export Levels of NOx and SOx from European Waters (%) 
(EMEP, 1999) 

  NNOORRTTHH  SSEEAA  MMEEDDIITTEERRRRAANNEEAANN  

SSEEAA  
NNEE  AATTLLAANNTTIICC  

OOCCEEAANN  
BBAALLTTIICC  

SSEEAA  

  SSOOXX   NNOOXX   SSOOXX   NNOOXX   SSOOXX   NNOOXX   SSOOXX   NNOOXX   
North Sea 43.0 21.0   3.8 5.5 8.2 7.4 
Mediterranean Sea   25.0 33.3     
NE Atlantic Ocean 16.3 25.3   78.0 64.8  10.3 
Baltic Sea 3.0      36.5 16.7 
Finland       5.0 6.3 
Poland       5.3 6.3 
Sweden       8.9 9.8 
Russian 
Federation 

      9.6 16.7 

UK 6.8 6.4   2.4 3.6   
France 6.9 7.5   3.7 6.3   
Germany 6.1 8.2       
Spain     3.8 5.5   
Norway  3.7       
Portugal  3.7   1.8    
Other 17.9 24.0 75.0 67.3 6.5 14.2 26.6 26.4 

A6: 3.3 Critical loads 

The concept of critical loads is widely accepted for measuring acidification within an 
ecosystem and may be simply defined as the levels of deposition above which long-term 
harmful effects on an ecosystem can be expected (Appendix 2). Critical loads are calculated 
for S, acidifying N and eutrophying N and vary with the recipient (different ecosystems or 
parts of ecosystems), (e.g. surface water is the most sensitive recipient in Norway, and 
forests are the most sensitive in central Europe) (Odin, 1997).  Since acidification is caused 
by deposition of both S and N, the amount of S deposition that an ecosystem can tolerate 
will also depend on the level of the N deposition and vice versa.  If the level of N is known, 
conditional critical loads for S may be derived, which may vary from year to year if N 
deposition varies.  Similarly, the conditional critical loads for N are derived when the S 
deposition is known (EEA, 1998). A reduction in S deposition therefore, will result in an 
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increase in the amount of N that an ecosystem can tolerate, thus the conditional critical load 
of that ecosystem for N will increase – i.e. the maximum level at which it can tolerate N 
without long-term harmful effects. 

Figure A6.7: Percentage of EC Country Area Exceeding Critical Loads (EMEP, 1997) 

Figure A6.7 presents the percentage of country area within the EC in which there is an 
exceedance of critical loads over the period 1985 to 1995.  While the large year-to-year 
differences may be attributed to varying meteorological conditions (EEA, 1998), the overall 
decrease of exceedances from 1989 to 1994 mirror the changing pattern in emissions for 
both of these pollutants. The downward trend for exceedance of critical loads for S is linked 
to the decrease in S emissions.  Based on the contribution of both S and N to acidification, 
the reduction in exceedance of the conditional critical loads for S will result in higher 
conditional critical loads being set for N, as discussed above.  This in turn will affect the total 
area of exceedance for acidifying N (i.e. a subsequent reduction). The percentage of 
country area affected by eutrophying N over this period shows little variation, and this 
reflects the relative lack in change of emissions for total N. This highlights the increased 
importance of the overall role of N in contributing to exceedance of critical loads.  

Figures A6.8 and A6.9 present the spatial distribution of these exceedances which are on a 
5 percentile basis and are derived from the EMEP’s modelling programme (EEA, 1998). The 
critical load exceedances are expressed as acid equivalents per hectare per year (eqha-1yr-

1). The figures show that the majority of exceedances are close to the main emission areas, 
in central Europe and the east of the UK. Exceedances are also high in Scandinavia, where 
emissions were not as high, but where there is a small buffering capacity in the soil, and as 
a consequence critical loads are much smaller. For coastal areas around the southern North 
Sea and the English Channel, exceedances are also high, with S accounting for a greater 
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proportion of the areas exceeding critical loads (more than 2000 eqha-1yr-1). In the 
Mediterranean area, the buffering capacity of soils is much larger, so the critical loads are 
higher and there are far fewer exceedances. The areas of exceedance show a strong 
correlation with the NOx and SOx deposition maps for shipping emissions particularly in 
northern Europe. 
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Figure A6.9: Exceedance of the 5 percentile Conditional Critical Loads for Acidifying 
N (EEA, 1998)  
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A6: 4  Summary of Shipping Emissions Impact on Acidification and Critical 
Load Exceedance 

The preceding sections have highlighted that deposition of NOx and SOx over the North 
Sea, Baltic Sea, the Mediterranean Sea and the North East Atlantic Ocean from shipping 
emissions are particularly evident over the coastal zones of the countries surrounding these 
sea areas of northern Europe. The transboundary nature of these pollutants results in NOx 
from shipping emissions being transported greater distances than SOx, which means that 
the contribution to deposition levels over neighbouring countries may be greater for NOx.  In 
the Baltic Sea for example, deposition from shipping is at the highest levels in Norway, 
Sweden, Denmark, the Netherlands, Germany, Finland, Estonia, Latvia and Poland. Levels 
are mostly in the range of 25 - 100 mgS/m2.  As would be expected, N travels farther afield, 
influencing deposition in the eastern UK, where it contributes of 3-5 mgN/m2. This 
transboundary nature therefore can be a cause for concern as emissions from these sea 
areas can exceed those of their individual neighbouring countries. These emissions 
therefore, may contribute significantly to the exceedance of critical loads of these countries, 
either individually, or in combination with those from land based emissions, as highlighted in 
studies such as Concawe, (1994) and Lowles and Ap Simon (1996). 

The ratio of contribution of NOx to SOx shows that S is a more significant contributor to 
potential acidifying deposition and this, therefore, is a consideration in the necessity to 
reduce the S content of fuel. However, the reduction of NOx emissions is also important as it 
is often emitted in greater quantities than SO2 from ships, and the tendency for this gas to 
be transported and, therefore, contribute to acidification problems in other countries also 
highlights the importance of NOx reduction.  Furthermore, with increasing legislation for land 
based emissions being aimed at SO2, the relative contribution of N to the acidification 
problem has increased, and there are also implications for eutrophication and O3 depletion. 

A6: 5  Environmental Implications for Policy Options 

The emission reductions from the proposed policy options for emission reduction and/or 
control can be summarised: 

Option AI Regulate sulphur content of fuels sold in Europe (~1.5%, 1.0%, 0.5%) 

The principal benefit of this policy will be the reduction of SO2 emissions due to the net 
reduction in the S content of the fuel. NOx emissions will be unaffected. It is estimated that 
total projected SOx reductions due to a S content of 1.5%, 1.0% and 0.5% will be as much 
as 39% (ranging 35% - 39%) over European marine waters (Appendix 7). The reduction of 
emissions in territorial waters are therefore expected to have a marked environmental 
benefit with regard to acid deposition. Another advantage would be that most low S fuels 
would be burnt relatively close to land, where the resulting environmental impact would be 
greatest.  
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The principal variable for determining SOx emissions for the policy is the average S level for 
fuels consumed in European waters. Under the baseline scenario this factor is estimated at 
2.89%. The projected S in fuel levels of 1.5%, 1.0% and 0.5% are in reality likely to be 
between 1.77% and 1.9% (Appendix 7). Nevertheless, this would account for SOx emission 
reduction of up to 752 kt (39%).  

Assuming a S fuel content of 1.75% would ensure an average emission reduction of 39%. 
The greatest reductions would be seen for the North West European Waters, Mediterranean 
Sea and NE Atlantic (42%). The least reduction would be for the Baltic Sea (20%). 

Option BI Regulate sulphur content of fuels consumed in Europe (~1.5%, 1.0%, 
0.5%) 

The principal effect of this policy is the reduction of SO2 levels due to the net reduction in 
the S content of the fuel. NOx emissions will be unaffected (see AI above). Appendix 7 
presents a range of statistics. The geographical breakdown of consumption is 25% within 
ports, 40% within territorial waters, 25% in EEZ and 10% outside of EEZ. Compliance at 
1.5% S in fuel is expected to be 100% in port down to 90% for a S fuel content of 0.5%. 
75% compliance for a S content of 1.5% in territorial waters, 25% with EEZ and 10% outwith 
of the EEZ. The percentage reduction of SOx over European marine areas is therefore 
expected to be 29.9% (1.5% S in fuel) to 40.2% (0.5% S in fuel) (Appendix 7). The overall 
percentage reductions for S in fuel level at 1.5%, 1% and 0.5% are 30%, 36% and 40% 
respectively. Within ports for S in fuel levels at 1.5%, 1% and 0.5% the predicted reduction 
in emissions are 50%, 62% and 73% respectively. The percentage reductions for EEZ are 
37%, 45% and 51% respectively. 

Appendix 7 shows that the majority of bunker fuel is consumed within port areas and 
territorial waters. The environmental benefits of S reduction are likely to be significant in 
near shore areas where the mass of ship emissions is greatest.  

Studies have shown that within ports the impact of emissions from shipping can be 
significant (Appendix 2). The reduction of emissions in ports and territorial waters are 
therefore expected to have marked environmental and health benefit. Since compliance 
under the consumption option is held to be greater within the nearer shore areas, i.e. in 
ports and in territorial waters, the relative proportion of emissions reductions taking place 
within these areas is greater than under the sales option. This is highly significant given that 
the environmental damages associated with ship S emissions (see Appendix 2) appear to 
diminish rapidly as distance from shore increases 
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Option CI Prescribe emissions rate for S or SO2 in European waters. 

Appendix 7 shows that the emission levels for Option C1 are equivalent to Option B1.  

This option can achieve significant emissions reductions of SOx. It is therefore expected to 
have marked environmental and health benefit. However, Appendix 5 shows that some flue 
gas treatment systems may have indirect environmental impacts. For example a flue gas 
de-sulphurisation system using a wet scrubbing system will create an aqueous waste 
stream effluent containing sulphur. The continuous use of fresh water, which would cause 
greater load on water making capacity, would also resultant in a small increase in fuel 
consumption. Nevertheless, SOx flue gas cleaning systems have the potential to reduction 
emissions by up to 97.5% 

Option CII  Prescribe emissions rate for N or NOx in European waters. 

Appendix 7 shows that this option is likely to have a reduction of only 12% and the time 
scale to achieve this through new/major re-fitting of ships would take a long period of time. 

Option DI Differentiate shipping dues based on the S level of fuel purchased 
(~1.5%, 1.0%, 0.5%) 

The principal effect of this policy is the reduction of SO2 levels due to the net reduction in 
the S content of the fuel. NOx emissions will be unaffected. Option E1 demonstrates the 
importance of controlling the location of use of low S fuels. Therefore the financial analysis 
of the effect of environmental taxes on high S fuel at the point of sale was not attempted 
(Appendix 7). No further information is therefore provided. 

Option EI Differentiate shipping dues based on the sulphur level of fuel 
consumed  (~1.5%, 1.0%, 0.5%) 

The principal effect of this policy is the reduction of SO2 levels due to the net reduction in 
the S content of the fuel. NOx emissions will be unaffected. Appendix 7 shows that the 
greatest percentage SO2 emission reductions are within ports and existing territorial waters 
with the percentage reductions increasing with a high level of differentiation (47% to 66%). 
For a low differentiation the percentage reduction varies between 39 to 48%. SO2 emission 
reductions are less to all European waters with high levels of differentiation ranging 30 to 
42% and decreasing to 25 - 31% for low levels of differentiation.  

Option FI Differentiated shipping dues based on exhaust performance 
certification/monitoring of SO2 levels. 

Appendix 7 shows that the emission reductions are similar to those given for Option C1. 
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Option FII Differentiated shipping dues based on exhaust performance 
certification/monitoring of NOx levels. 

Appendix 7 shows high differentiation dues will result in NOx reductions in European waters 
of up to 65%. Low differentiation dues will have a lower S reduction level of 20%. 

Table A6.6 summarises the benefits of SOx and NOx reduction and control from shipping 
emissions. 
 
Table A6.6: Environmental Benefits from the Policy Options 

RREEGGIIOONN  PPOORRTTSS  AANNDD  TTHHEEIIRR  

EENNVVIIRROONNSS  
TTEERRRRIITTOORRIIAALL  WW AATTEERRSS  OOUUTTSSIIDDEE  

TTEERRRRIITTOORRIIAALL  WW AATTEERRSS  
North Sea                                                                                                           
Baltic Sea                                                                                                           
Mediterranean                                                                                                       
N East Atlantic                                                                                                       
                                             Very Significant benefit from SOx and NOx ship emission reductions 

    Significant benefit from SOx and NOx ship emission reductions 

    Partial benefit from SOx and NOx ship emission reductions 

    Unknown or little benefit from SOx and NOx ship emission reductions 

The two principal sea areas presently of concern are the North and Baltic Seas. Available 
data (Table A6.5) shows that a large percentage of emissions from the NE Atlantic Ocean 
are retained in the area. Little information is presently available for the Mediterranean Sea 
except for the Strait of Gibraltar. 

Predictions show that the deposition from ship emissions in the North Sea and Baltic Sea 
result in elevated deposition levels on terrestrial ecosystems. A significant proportion of ship 
emissions (see Appendix 2) occur in ports and territorial waters. Therefore the proposed 
reductions, from the policy options, in shipping emissions for SOx of up to ~ 40% and for 
NOx of 20 - 65% are likely to significantly reduce critical loads at sensitive ecosystems. 
Greater projected emission reductions forecast for S for Option E1 will further diminish 
environmental impacts. 

On a European scale, S is a significant contributor to acid deposition when compared with 
N. However, for individual countries N emissions now exceed those of S and on a European 
scale the problem of eutrophying N now exceeds that of S acidification, except in 
Scandinavia, where acidification from S remains a problem due to the sensitivity of the soils.   

Deposition levels for NOx and SOx reflect emission patterns, but are particularly noticeable 
for both pollutants along the coastline and over sea-areas (particularly for the North Sea and 
the Baltic Sea). This reflects the transboundary nature of these compounds but also the 
contribution of shipping. Depositions over sea-areas show a greater figure for SOX than 
NOx. The effects of SO2 emissions are likely to be more localised than for NOx. The impacts 
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of NOx deposition are shown to be larger in scale due to the residual time of NOx in 
transportation from the source emission. 

The contribution of ship emissions to total deposition levels is often significant (40 - 50% for 
the North Sea and the Baltic Sea). Therefore proposed reductions in SOx and NOx 

emissions from shipping are expected to have a discernable benefit for sensitive 
ecosystems. Whilst most policies deal with the reduction and control of SOx emissions it is 
important that NOx reduction and control is enacted so as to prevent a change in the 
balance of critical loads from SOx to NOx. 

Table A6.7 summarises environmental issues relating to specific policy options. 

Table A6.7 Summary of Environmental Issues Relating to Policy Options 

 

PPOOLLIICCYY  

OOPPTTIIOONN  
EENNVVIIRROONNMMEENNTTAALL  IISSSSUUEESS  

AI Up to approximately 39% reduction in S emissions. Compliance likely to be 
slightly less effective in near shore areas that for policy option B1.  

BI Up to 40% reduction in S emissions. Compliance of the policy is likely to be 
greater within the near shore areas. The relative proportion of emission 
reduction taking place in these areas is likely to be greater than for the sales 
option (A1).  

CI Effective control measures however there is a potential for indirect effects from 
gas cleaning effluent streams. 

CII Effective control measure of approximately 12% However, this would only be 
achieved over long period of time. 

DI - 
EI Up to 66% reduction in S emissions in territorial waters and ports. Less effective 

in all European waters.  
FI - 

FII Potential reductions of 20 to 65%. As the percentage reduction increases more 
ships are contributing and the geographical spread from the shoreline will 
increase. 
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