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Summary
and main results
A lowering of the sulphur content of marine heavy fuel oil from the current
average of about 2.7 per cent down to 0.5 per cent in all European sea areas,
would reduce total sulphur dioxide emissions from international shipping around
Europe by more than three quarters by 2010, as compared to the emission levels
of 2000.

Estimates of the cost of lowering the sulphur content of marine heavy fuel oil
vary significantly. As there appears to be no obvious explanation for the big
differences in cost estimates, three different figures have been applied for this
analysis. The lowest cost figure (580 euro/tonne reduction in sulphur dioxide) is
taken from the International Institute for Applied Systems Analysis (IIASA).
The medium figure (1,083 euro/tonne SO2) and the high cost figure (1,938 euro/
tonne SO2) are both taken from Beicip-Franlab.

Figures on the estimated economic benefits of reducing SO2 emissions were taken
from a study prepared for the European Commission by AEA Technology. These
benefit figures vary between sea areas, from 1,600 to 5,900 euro/tonne SO2 de-
pending primarily on the differences in population exposure resulting from the
emissions. The benefit estimates include the impact on health due to fine parti-
cles and SO2 and the effects of SO2 and acidity on modern buildings and struc-
tures. Damage to ecosystems and cultural heritage, and impact on visibility are
however not accounted for, which means that the benefits are underestimated.

A comparison of the benefits and the costs for all European sea areas com-
bined, show that the benefits clearly outweigh the costs. For the year 2020, the
annual benefits are estimated to amount to nearly 12 billion euro, while the
costs are estimated to amount to between 1.6 and 5.4 billion euro per year. The
resulting net benefits would be between 6.6 and 10.4 billion euro per year.

The benefit-to-cost ratio varies significantly depending on the cost figure used.
If assuming the highest cost estimate, the benefits are calculated to exceed the
costs by about 2.2 times, and if assuming the lowest cost estimate, the benefits
are calculated to be 7.5 times higher than the costs.

Regarding the various sea areas, the Mediterranean shows the highest ben-
efit-to-cost ratios, with benefits exceeding costs by up to 8.1 times, as well as the
highest benefits in absolute terms. This is then followed by the NE Atlantic
and the North Sea, showing benefit-to-cost ratios of up to 7.8 and 7.4 times,
respectively. The Baltic Sea shows the lowest benefit-to-cost ratios, with at
most 2.8 times, and it is the only sea area which � when assuming the highest
cost figure � comes out with a negative benefit-to-cost ratio (0.8).
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Background
While pollutant emissions from land-based sources are gradually coming down,
those from shipping show a continuous increase. Even after accounting for en-
forcement of MARPOL Annex VI, which sets limits on the sulphur content of
marine fuels for the Baltic Sea, the North Sea and the English Channel, emis-
sions of SO2 from international shipping are expected to increase by 45 per cent
between 2000 and 2020. As a result, by 2020 the emissions from international
shipping around Europe will have surpassed the total from all land-based sources
in the 25 member states combined (see Figure 1).

Projections of future ship emissions have been taken from the so-called baseline
scenario of the Clean Air For Europe (CAFE) programme (IIASA, 2004b), in
which the introduction of a limit value of 1.5 per cent sulphur for marine heavy
fuel oil in line with the forthcoming entry into force of MARPOL Annex VI, has
been accounted for.

As part of its strategy to reduce atmospheric emissions from seagoing ships, in
2002 the European Commission published a proposal for modifying the provisions
of directive 1999/32/EC regarding the sulphur content of marine fuels (CEC, 2002).
However, the action proposed by the Commission in regard to ships� emissions of
SO2 will result in total reductions from ships of less than ten per cent, as com-
pared to their emission levels in the year 2000, which is clearly inadequate.

A lowering of the sulphur content of marine heavy fuel oil to 0.5 per cent in all
European sea areas would result in a fall in total SO2 emissions from interna-
tional shipping around Europe from more than 2.4 million tonnes in 2000 to less
than 0.6 million tonnes in 2010, i.e. a reduction of about 76 per cent (see Table 1).

Sulphur dioxide can become converted into sulphate aerosols, which are very
fine and among the more frequent of airborne particles. Exposure to fine parti-
cles (PM) is associated with increased mortality (especially from cardiovascular
and cardiopulmonary diseases) and morbidity. It has been estimated that expo-
sure to PM in outdoor air leads to about 100,000 deaths (and 725,000 years of
life lost) annually in Europe (WHO, 2002), and that the effect of PM on life
expectancy may be of the order of one to two years (WHO, 2003). Ship emissions

Figure 1. Emissions of SO 2 from land-based sources in the 25 EU countries and
from international shipping in European sea areas 2000-2030 (ktonnes).
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are estimated to contribute between twenty and thirty per cent of the airborne
concentrations of secondary inorganic particles in most coastal areas (CEC, 2002).

In 2000, the depositions of acidifying air pollutants (sulphur and nitrogen) ex-
ceeded the critical loads for acidifying substances over more than 260,000 square
kilometres (about 23 per cent) of sensitive forest ecosystems in the EU�s 25
member states (IIASA, 2004b). Emissions from ship traffic contribute to
exceedances of critical loads of acidity by more than 50 per cent in most of the
coastal areas along the English Channel and the North Sea, in the Baltic Sea
along the coast of Germany and Poland, and also in large parts of southern
Sweden and Finland. Moreover, there are many grid cells in northern Europe
where ship emissions are responsible for more than 90 per cent of the exceedance
of critical loads for acidity (CEC, 2002).

Input data and results
This paper compares the estimated economic benefits and costs of cutting back
from the current average of about 2.7 per cent sulphur content in marine heavy
fuel oil to an average sulphur content of 0.5 per cent, for ships engaged in
international traffic in the sea areas around Europe.
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Table 1. Emissions of SO
2
 from international shipping 2000-2020 (kilotonnes).

Figure 2. Comparison of benefits and costs of using 0.5% sulphur fuel in all Euro-
pean sea areas (billion euro/year).
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Estimates of the costs of lowering the sulphur content of marine heavy fuel oil
vary significantly. As there appears to be no obvious explanation for the big
differences in cost estimates, three different figures have been used � one from
IIASA, and two from Beicip-Franlab (IIASA, 2004a and Beicip-Franlab, 2003).
The lowest cost is set at 580 euro/tonne reduction in SO2, the medium cost at
1,083 euro/tonne, and the highest cost at 1,938 euro/tonne reduction in SO2.

Figures on the estimated economic benefits of reducing SO2 emissions were taken
from a study prepared for the European Commission by AEA Technology (AEA,
2002). These benefit figures vary between sea areas, from 1,600 to 5,900 euro/
tonne SO2 depending primarily on the differences in population exposure result-
ing from the emissions. The benefit estimates include the impact on health of
fine particles and SO2 and the effects of SO2 and acidity on modern buildings and
structures. Damage to ecosystems and cultural heritage, and impact on visibility
are however not accounted for, which means that the benefits are underesti-
mated.

Looking at the result for all European sea areas combined, the benefits
clearly outweigh the costs (see Figure 2 and Table 2). The benefit-to-cost ratio
varies significantly however, depending on the cost figure used. If assuming the
highest cost estimate, the benefits are calculated to exceed the costs by about 2.2
times, and if assuming the lowest cost estimate, the benefits are calculated to be
7.5 times higher than the costs.

For the year 2020, the annual benefits are estimated to amount to nearly 12
billion euro, while the costs are estimated to amount to between 1.6 and 5.4
billion euro/year. The resulting net benefits would be between 6.6 and 10.4 bil-
lion euro.

Regarding the various sea areas, the Mediterranean shows the highest ben-
efit-to-cost ratios, with benefits exceeding costs by up to 8.1 times, as well as the
highest benefits in absolute terms (see Figure 3 and Table 6). This is then fol-
lowed by the NE Atlantic (Table 5) and the North Sea (Table 4), showing
benefit-to-cost ratios of up to 7.8 and 7.4 times, respectively. The Baltic Sea
(Table 3) shows the lowest benefit-to-cost ratios, with at most 2.8 times, and is
the only sea area which � when assuming the highest cost figure � comes out
showing a negative benefit-to-cost ratio (0.8).

Figure 3. Comparison of benefits and costs of using 0.5% sulphur fuel in the
different European sea areas (billion euro/year).
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Table 2. Estimate of costs and benefits of 0.5% marine HFO, combined for all European
sea areas (million euro).

0102 5102 0202

SNIAR
F-B
wol

F-B
hgih SNIAR

F-B
wol

F-B
hgih SNIAR

F-B
wol

F-B
hgih

stifeneB 8529 8529 8529 93501 93501 93501 69911 69911 69911

stsoC 1421 8132 7414 3141 8362 1274 8061 2003 2735

stifeneBteN 7828 0496 1115 6219 1097 8185 88301 4998 4266

oC/eBoitaR 5.7 4 2.2 5.7 4 2.2 5.7 4 2.2

0102 5102 0202

SNIAR
F-B
wol

F-B
hgih SNIAR

F-B
wol

F-B
hgih SNIAR

F-B
wol

F-B
hgih

stifeneB 681 681 681 112 112 112 042 042 042

stsoC 76 621 522 67 341 652 78 261 192

stifeneBteN 911 06 93- 531 86 54- 351 87 15-

oC/eBoitaR 8.2 5.1 8.0 8.2 5.1 8.0 8.2 5.1 8.0

0102 5102 0202

SNIAR
F-B
wol

F-B
hgih SNIAR

F-B
wol

F-B
hgih SNIAR

F-B
wol

F-B
hgih

stifeneB 249 249 249 1701 1701 1701 3121 3121 3121

stsoC 721 732 424 441 072 384 461 503 745

stifeneBteN 518 507 815 729 108 885 9401 809 666

oC/eBoitaR 4.7 0.4 2.2 4.7 0.4 2.2 4.7 0.4 2.2

Table 5. Estimate of costs and benefits of 0.5% marine HFO (million euro), for the NE
Atlantic.
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Table 3. Estimate of costs and benefits of 0.5% marine HFO (million euro), for the Baltic
Sea.

Table 4. Estimate of costs and benefits of 0.5% marine HFO (million euro), for the North
Sea.

Table 6. Estimate of costs and benefits of 0.5% marine HFO (million euro), for the
Mediterranean.
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Estimates of the costs
The cost data from the IIASA�s (the International Institute for Applied Systems
Analysis) RAINS model is based � as with all cost data used for the RAINS
model � on a so-called societal interest rate of 4 per cent. The cost data used for
the RAINS model has repeatedly been screened and accepted by member states
and stakeholders (including industry) � the latest consultation process was con-
ducted in 2004 for the purpose of the ongoing modelling activities carried out for
the EU Clean Air For Europe (CAFE) programme. For heavy fuel oil (HFO) in
particular, the RAINS cost figure of 580 euro/tonne reduction in SO2 is valid for
desulphurizing fuels down to 0.6 per cent sulphur content.

The Beicip-Franlab (B-F) cost estimates are taken from a report to the European
Commission from October 2003, providing estimates of the costs of reducing the
sulphur content of marine HFO from an assumed current average sulphur con-
tent of 2.9 per cent down to 0.5 per cent sulphur (Beicip-Franlab, 2003). B-F cost
figures are given as costs per tonne of fuel, and vary, for instance, depending on
the overall amount of low-sulphur HFO to be produced. To produce 34 million
tonnes of 0.5 per cent HFO was estimated to cost between 52 and 93 euro per
tonne of fuel. The B-F report concludes that the cost estimates for residue
desulphurization at refineries have a considerable amount of uncertainty, for
example the assumed investment costs are stated to have an accuracy of plus or
minus 40 per cent. B-F estimates for the higher range of the costs are said to try
to reflect the �maximum likely price premium�.

For the purpose of this comparison, the B-F cost figures have been converted to
cost per tonne of SO2 reduction, based on the following assumptions: Burning 1
tonne of HFO with a sulphur content of 2.9 per cent results in 58 kg of SO2
emissions, and burning 1 tonne of HFO with a sulphur content of 0.5 per cent
results in 10 kg of SO2 emissions. Thus, switching from 2.9% S fuel to 0.5% S
fuel results in reduced SO2 emissions of 48 kg (=0.048 tonnes) per tonne of fuel
burned. If the desulphurization cost is set at 52 euro/tonne of fuel, the cost for
reducing 1 tonne of SO2 will be 52 euro divided by 0.048 tonnes of SO2, i.e. 1,083
euro/tonne SO2. Similarly, if the desulphurization cost is set at 93 euro/tonne of
fuel, the cost for reducing 1 tonne of SO2 will be 1,938 euro/tonne SO2.

Estimates
of the benefits
Estimates of the benefits of reducing SO2 emissions in various parts of Europe
have been taken from the �BeTa Benefits Table database�, prepared for the Eu-
ropean Commission in autumn 2002, by AEA Technology (AEA, 2002). This is
the same source of data that the Commission used for the cost-benefits calcula-
tions in its Explanatory Memorandum to the proposed amendment of Directive
1999/32/EC as regards the sulphur content of marine fuels (COM (2002) 595
final).

The BeTa report provides a �benefits table database�, and includes a table on
�marginal external costs from emissions at sea (year 2000 prices)�. The table
gives varying benefit figures for emissions in the different sea areas (Baltic Sea:
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1,600 euro/tonne SO2; North Sea: 4,300 euro; English Channel: 5,900 euro; NE
Atlantic: 4,500 euro; and, the Mediterranean: 4,700 euro/tonne SO2).

For emissions close to shore, the report recommends the use of national rural
benefit figures, and regarding emissions in ports, it recommends the use of ur-
ban benefit figures for cities of the same size as the port city, with the addition of
rural externality figures for the country in question. For reasons of simplicity,
the CBA calculations carried out here for marine HFO with 0.5 per sulphur
content have used only the figures given in the table for offshore emissions,
even though this procedure is likely to result in an underestimate of the ben-
efits.

The highest benefit figure of 5,900 euro/tonne SO2 (for the English Channel)
has not been used here because of lack of emission projections for this specific
sea area � instead the benefit figure for the North Sea (of 4,300 euro) was also
used for the English Channel. Since no benefits data was available for the Black
Sea, the lowest figure (i.e. for the Baltic Sea) was also applied for the Black Sea.

The benefit estimates include impacts on health by fine particles and SO2 and
effects of SO2 and acidity on modern buildings and structures. Due to lack of
information, however, some types of damage have been omitted. Among them
are effects on ecosystems, cultural heritage, and visibility. Consequently, these
benefit figures do not account for all the benefits, and particularly not for the
significant potential to reduce acidification damage to ecosystems in northern
Europe. This helps explain why the benefit figures are relatively low for the
Baltic Sea, and also underlines the fact that the benefits generally are underes-
timated. (It should be noted that the BeTa numbers are in the process of being
updated as part of the ongoing CAFE programme.)

References
AEA (2002). BeTa Benefits Table database: Estimates of the marginal

external costs of air pollution in Europe. Version E1.02a. By Mike Hol-
land and Paul Watkiss, AEA Technology. European Commission study. (http:/
/europa.eu.int/comm/environment/enveco/studies2.htm)

Beicip-Franlab (2003). Advice on marine fuels. Potential price premium
for 0.5% S marine fuels. European Commission study. (www.europa.eu.int/
comm/environment/air/background.htm#transport)

CEC (2002). Proposal for a directive of the European Parliament and of
the Council amending Directive 1999/32/EC as regards the sulphur
content of marine fuels. COM(2002) 595 final. European Commission.
(www.europa.eu.int/comm/environment/air/transport.htm#3)

IIASA (2004a). RAINS database. International Institute for Applied Systems
Analysis, Austria. (http://www.iiasa.ac.at/rains/index.html)

IIASA (2004b). Baseline Scenarios for the Clean Air for Europe (CAFE)
Programme, Final Report. By Markus Amann, et. al., International Insti-
tute for Applied Systems Analysis. European Commission study. (http://
europa.eu.int/comm/environment/air/cafe/general/keydocs.htm)

WHO (2002). World health report 2002. World Health Organization, Geneva,
Switzerland.

WHO (2003). Health aspects of air pollution with particulate matter,
ozone and nitrogen dioxide. Report on a WHO Working Group, January
2003. WHO Regional Office for Europe, Copenhagen, Denmark.


