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Introduction

Emissions from shipping contribute significantly to the at combating emissions of air pollutants from seagoing
concentrations and fallout of harmful air pollutants in ships. However, the action proposed by the Commission
Europe. There are however technical means by whichin regard to ships’ emissions of sulphur dioxide SO
these pollutants could be cut by as much as 80-90 pewill only result in total reductions from ships of less than
cent, and very cost-effectively compared with what would ten per cent, as compared to their emission levels in the
have to be done to achieve similar results by takingyear 2000, which is clearly inadequate.
further measures on land-based sources. Such reduc- In order to protect human health and the environ-
tions are needed for protecting health and the environment, significant additional cuts in European air pollut-
ment, and for shipping to develop into a more sustain-ants emissions are necessary.
able mode of transport. They are also needed for the EU to attain the interim
An EU strategy to reduce the emissions of air pollut- environmental targets for 2010 as stated in directive
ants from sea-going ships was adopted by the Commis2001/81/EC on national emission ceilings for certain at-
sion in November 2002. As part of this strategy the Com-mospheric pollutants, and for achieving the Communi-
mission also published a proposal for modifying direc- ty's long-term objectives of the Fifth and Sixth Envi-
tive 1999/32/EC as regards the sulphur content of matonmental Action Plans of not exceeding critical loads
rine fuels. and levels and of effective protection of all people against
The environmental organisations welcome the Com-recognised health risks from air pollution.
mission’s declared intention to introduce measures aimed
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Increasing emissions

The emissions of air pollutants from ships engaged inTable 1. Emissions of SO , and NOx from international
international trade in the seas surrounding Europe — thehipping in European waters (ktons).

Baltic, the North Sea, the north-eastern part of the At-

lantic, the Mediterranean, and the Black Sea — were esti- Sulphur dioxide | Nitrogen oxides
mated to have been 2.6 million tons of sulphur dioxide

- . . 1990* 2,001 2,808

and 3.6 million tons of nitrogen oxides (expressed a3 NO
ayear in 2000 (see Table 1). 2000 2,578 3,617
While pollutant emissions from land-based sources| 2010-Low 2,845 4015

are gradually coming down, those from shipping show| (5% growthyr)

a continuous increase. Even after accounting for ent2010-High 3.294 4,649

forcement of MARPOL Annex VI, which sets limits on | 3% 9rowthyn)

the sulphur content of marine fuels for the Baltic Sea,* Entec data for 1990 was estimated from 2000 data, assuming a

the North Sea and the English Channel, emissions pf SO2.5% per annum growth 1990-2000.

from international shipping are expected to increase bySource Entec (2002).

more than 42 per cent by 2020, and those of NOx by two-

thirds. In both cases, by 2020 the emissions from inter-including the English Channel, originates from a zone

national shipping around Europe will have surpassedof approximately 50 nautic miles (approximately 90 kilo-

the total from all land-based sources in the 25 membeimetres) from the coast line. International shipping within

states combined (see Figures 1 and 2). a distance of 100 nautic miles from the seaboard was
It has been estimated that about 90 per cent of theestimated to be a source of 97 per cent of the total in the

total SQ and NOx emissions from ships in the North Sea, North Sea (Tsyro & Berge, 1997).

Figure 1. Emissions of SO , 1990 — 2030 (ktons). Figure 2. Emissions of NOx 1990 — 2030 (ktons).
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Source Main baseline scenario (CP) developed by IIASA in au- Source Main baseline scenario (CP) developed by IIASA in au-
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BRIEFING NOVEMBER 2004



Air quality & health,
acidification, eutrophication...

Particles most of the coastal areas along the English Channel
SO, and NOx can become converted into sulphate andand the North Sea, in the Baltic Sea along the coast of
nitrate particles, which are very small and among theGermany and Poland, and also in large parts of southern
more frequent of airborne particles. Sweden and Finland. Moreover, there are a large number
Exposure to fine particles (PM) is associated with of grid cells in northern Europe where ship emissions

increased mortality (especially from cardio-vascular andare responsible for more than 90 per cent of the exceed-
cardio-pulmonary diseases) and morbidity. According ance of critical loads for acidity (CEC, 2002a).

to the Eurfnpean Enwronment Agency, up to 45 per centEu trophication
of Europe’s urban population are exposed tq fiivels

: . Nitrogen oxides lead moreover to eutrophication, which
exceeding the forthcoming EU standards (EEA, 2004)'a1°fects biodiversity both on land and in coastal waters.

It has been estimated that exposure to fine particulate " .
matter in outdoor air leads to about 100,000 deaths (and In 2000, the depositions of nitrogen exceeded the

. . Critical loads for eutrophication on 800,000 square kilo-
725,000 years of life lost) annually'm Europe (WHO, metres (about 60 per cent) of sensitive terrestrial eco-
2002), and that the effect of PM on life expectancy MaY o\ ctems in EU25 (Amann et al, 2004)
be in the order of one to two years (WHO, 2003). Y ’ .

. e . . Also as regards eutrophication, there are a large
Ship emissions are estimated tq contribute b.etweennumber of grid cells in northern Europe where ship emis-
twenty and thirty per cent to the air concentrations of

secondary inorganic particles in most coastal areasSions are respon's?ble for more than 90. per cent of the
(CEC, 2002b) exceedance of critical loads. In the Mediterranean, ship
’ ' emissions contribute more than 50 per cent of exceed-
Ground-level ozone ances of critical loads in parts of Greece, Italy, and Spain
Nitrogen oxides contribute also to the formation of (CEC,2002a).
ground-level ozone, which damages vegetation as well Although most of the S@and NOx emitted from ships
as human health. plying in international trade gets deposited over the sea,
In the second half of the 1990’s, almost all of Europe’s Shipping is the largest single source of acidifying and
urban population were exposed to 0zone concentrationgutrophying fallout over many countries in Europe (see
above the threshold value for the protection of humanTable 2).
health (EEA, 2002). It has been estimated that about 75
per cent of the urban population in southern Europe,
and 40 per cent of that in the northern part, lived in cities
where the ozone levels exceeded the EU target value ofable 2. Examples of countries where the propor-
120 microgrammes per cubic metre (mg/fior more than tion of air pollutant depositions of sulphur and oxi-
20 days (de Leeuw, F. et al, 2001). dized nitrogen coming from ships is most marked.
Shipping emissions contribute notably to the forma-

tion of ground-level ozone, especially in the Mediterra- UL MO ATlTEEE
nean region, where increased concentrations resulting Netherlands 16% | Portugal 23%
from ships’ NOx emissions amount to 16-20 migffon- Sweden 15% | Greece 2204
son gt al, 2000). Thg high concentrations of ozone in the™ orway 14% | reland 2%
Mediterranean region do not only affect human health UK 12 | soa o
and crop yields, but also pose a threat to the region’s ° pain °
important tourist industry. Portugal 1% | ltaly 17%

o ftal 1% | UK 16%
Acidification Y .

. . 0,

In 2000, the depositions of sulphur and nitrogen exceeded Fa"%® 11% | Sweden 16%
the critical loads for acidifying substances on nibes Denmark 11% | Norway 16%
260,000 square kilometres (about 20 per cent) of sensit Belgium 11% | France 14%
Elxe forest icgg)éit)ems in the EU’s 25 member states | 1.4 10% | Netherlands 13%

mann et al, .

o . i . Finl % | D k 13%
Emissions from ship traffic contribute to exceedancesl 7™ 9% | Denmar °

of critical loads of acidity by more than 50 per centin source EMEP (2003).
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Corrosion from ships indicates that ships may account for 1.8 per
Air pollutants, such as sulphur dioxide, nitrogen oxides, cent of the global. Moreover, according to a study made
and ozone, accelerate the rate of deterioration of a largéor the IMO Marine Environment Protection Committee,
number of various materials. Buildings and monumentsthe radiative forcing resulting from increased levels of
made of limestone and some kinds of sandstone arground-level ozone due to NOx from international ship-
especially sensitive to attack from acidic substances. Alsqing “are highly likely to produce positive forcing
metals become corroded more quickly in an acid envi-effects that will contribute to global warming and that
ronment. Ozone is known to speed up the disintegra-could be in the same range as (or larger than) direct
tion of textile materials, leather and rubber. forcing from CQ" (Henningsen, 2000).

Climate change
Emissions from ships also contribute to global warming.
An estimate of radiative forcing due to C€missions

Truck versus ship emissions

Comparison of the environmental performance of dif- truck, the PAH emissions from a ship using marine heavy
ferent modes of transport is difficult, but by narrowing fuel oil are about 30 times higher per energy unit. This
down the comparison to a few air pollutants, some con-means that if the energy output of a ship’s engine is 40
clusions can be made. In terms of today’s average vehitimes that of a truck engine, the PAH-emissions from a
cle and fuel, a ship will let out 30-50 times more sulphur fairly large vessel entering port will correspond to those
per ton-kilometre than a truck (see Table 3). When die-from about 1200 heavy trucks.

sel becomes even cleaner in 2005, the difference will
increase to 150-300 times.

The situation remains greatly to trucks advantage
even if ships are run on oil with a sulphur content of 1 Per_ g cargo vessels of various sizes. Figures in grams
cent. This comes from the fact that the highest permissi-Ioer ton-kilometre. '
ble sulphur content of diesel oil for road traffic has been

Table 3. Comparison of emissions ! from trucks on
long hauls with different EU standards for emissions

gradually brought down by legislation. As from 2000 it ‘ Co,| PM ‘ SO, | NOx ‘ VOCs

was lowered in the EU to 350 ppm (parts per million), and| Heavy truck with trailer:

in 2005 it will be further reglucec'i t'o 50 ppm. A further Before 1990 50 10058 10.0093 | 1.00 | 0.120

reduction to below 10 ppm is anticipated by 2009 — suc

fuels are already being placed on the market. In contrastE4"© 2 (1990) 50 |0.019 0.0093 | 085 | 0.040

the average sulphur content of marine heavy fuel oil usedEuro 1 (1993) 50 |0.010 |0.0093 | 0.52 | 0.035

in European waters is about 2.7 per cent, i.e. 27,000 ppmEuro 2 (1996) 50 |0.007 |0.0093 | 0.44 | 0.025
Turning to nitrogen oxides, ships release about twice| g, 3 (2000) 50 10.005 |0.0093 | 0.31 | 0.025

as much NOx per ton-kilometre as the latest truck models
today, and the difference is set to increase (again se
Table 3). In 2005, the emission standards for trucks in thearge (>8000 dwt) | 15 0.02 0.26 | 0.43 | 0.017
EU will be cut from the present 5.0 to 3.5 g/kWh, and in | medium size

D
Cargo vessel:

21 10.02 |0.36 0.54 | 0.015

2008 to 2.0 g/kWh. (2000-8000 dwt)
According to a recent report, the burning of marine | small (<2000 dwt) 30 [0.02 |0.51 0.72 | 0.016
heavy fuel oil gives rise to high emissions of polycyclic |roro (2-30 dwt) 24 1003 lo4z | 066 | 0029

aromatic hydrocarbons (PAH) (Ahlbom & Duus, 2003). S _ Ak , weiaht

. - - - - mISsIons are average In eacnh Casgcks: maximum overall weig
Because of .ItS hlgh'clontent of pplyCyC“.C aromatics, this 40 tons, loading 70 per cent, operating on diesel with a sulphur content
type of fuel is classified as carcinogenic and harmful to of 300 ppmCargo vesselbunker oil with and average sulphur content of
the environment. If compared to a heavy diesel-driven2-6 per cent, no cleaning of NORource www.ntm.a.se.
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Stationary sources vs ships

Sulphur emissions from land-based stationary sourcessigure 3. The sulphur content of various types of fuel.
are in the EU regulated by several directives, such di-

30000

rective 1999/32 on the sulphur content of liquid fuels, 27000 Sulphur content of
directive 2001/80 on the limitation of emissions from large 2500 | various fuels (ppm)
combustion plants, and directive 1996/61 concerning

integrated pollution prevention and control. 20000
According to directive 1999/32, the maximum allowed :

emissions from all oil-fired plants must not exceed the ¢

equivalent of using heavy fuel oil with a sulphur content 10000 -

of 1 per cent. (Larger plants are subject to stricter emis-

sion standards in directive 2001/80, see below.) For gas >

oils, including for marine use, the limit is set stricter, at |

amaximum of 0.2 per cent, and it will be further reduced marine  heavy  heating heating  road road road

to 0.1 per cent as from January 2008 (see Figure 3). Any bunker fuetol ol 0l2008  diesel  diosel  dlesel

new large combustion plants (i.e. with a thermal capac-

ity of more than 50 megawatts) built after 2003 must,

according to directive 2001/80, keep their,@@issions  in fuel oil of between 0.1 and 0.5 per cent. The bigger

below levels equivalent to maximum sulphur contents the plant, the stricter the emission limit value will apply.

15000 -

International action so far

Although some countries, such as Sweden and Nor-2006, while the corresponding requirement for the North
way, have taken steps to attack the problem of ships'Sea will be delayed until 2007. To date (November 2004)
emissions independently, on the whole little has beenonly seven EU member states have ratified — Cyprus,
done about it. Denmark, Germany, Greece, Spain, Sweden, and the
Shipping being largely an international business, it United Kingdom.
would be logical to try and bring about global agreement  The voting rules of the MARPOL convention, as well
for control of its emissions, and an attempt has beeras experience to date, make it unlikely that possible fur-
made in the Marine Environment Protection Committee ther moves by the IMO will result in any significant emis-
of the UN International Maritime Organization (IMO). sion reductions in the near future.
After years of negotiation, agreement was reached in Protocols for reducing emissions under the Conven-
1997 on an air-pollution annex to the MARPOL 73/78 tion on Long-Range Transboundary Air Pollution
Convention. But this agreement was so weak that it wagLRTAP) do not cover those from international ship-
obvious it would have little effect. Annex VI establishes ping. Moreover, the emissions of greenhouse gases from
a global sulphur cap of 4.5 per cent for bunker fuel, andinternational shipping are not covered by the Frame-
it designates two so-called sulphur emission controlwork Convention on Climate Change or its Kyoto pro-
areas (the Baltic Sea and the North Sea), where fuel usetcol.
by ships must be below 1.5 per cent. It also prescribes Although it has long been held within the European
emission standards for NOx for diesel engines with aUnion that shipping is a matter for the IMO, the Commis-
power output greater than 130 kilowatts, but these standsion has recently been investigating the economic, le-
ards are so weak that virtually all new engines are al-gal, environmental, and practical implications of co-
ready in compliance. ordinated EU action for reducing the emissions of air
Following its ratification by 15 countries representing pollutants from ships. This initiative has been spurred
50 per cent of the gross tonnage of the world’s mer-among others because the EU directive on national emis-
chant fleet, Annex VI will come into force in May 2005. sion ceilings required the Commission to present a pro-
In practise this will mean that the 1.5-per-cent sulphurgram of action for reducing emissions from international
limit will apply to all ships in the Baltic Sea as from May maritime traffic before the end of 2002 (CEC, 2001b).
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Lower sulphur content in fuel

Emissions of SQare directly proportional to the sul- finery desulphurization (combined with residue con-
phur content of the fuel. The simplest and least expenversion to lighter products), and the resulting price pre-
sive way of reducing them is to go over to using fuel oil mium has been estimated to between 50 and 90 euro per
with a low sulphur content. ton. (All cost estimates are taken from Beicip-Franlab,

In shipping matters it is usual to distinguish two main 2002 & 2003.)
categories of fuel: heavy bunker fuel oil (HFO), with  As can be seen from Table 4, the extra cost of pro-
high viscosity and often a high sulphur content, and theducing marine HFO with 0.5 per cent sulphur is calcu-
light marine distillates. The latter are divided into two lated to lie between 47 and 93 euros a ton. To produce it
groups: marine diesel oil (MDO) and marine gas oil (MGO). with 1.5 per cent sulphur would, it is thought, cost 22-
Ofthese MGO is the “lightest”, that is, it has the lowest 83 euros per ton.
viscosity and often the lowest sulphur content. Large  Referring to these estimates, the Commission has as-
vessels usually have HFO as standard fuel, but oftersumed the average price premium for supplying 11 mil-
switch to a lighter fuel for their auxiliary engines when lion tons of low sulphur (1.5%) bunker fuel in the Sul-
manoeuvring or lying in port. Marine distillates are then phur Emission Control Areas to be around 50 euro per
used, as they are also for the main engines of smalton (CEC 2002b). According to Beicip-Franlab, the total
vessels. demand for marine heavy bunker fuel in the EU in the

The average sulphur content of marine HFO (so-calledyear 2000 was about 35 million tons. (See also section
bunker fuel) is now between 2.5 and 3 per cent, but low-on cost-effectiveness, below.)
sulphur HFO can also be had. They usually require no The use of low-sulphur marine fuels can be promoted
engine modification, and the additional cost is to somee.g. by economic instruments. A system with fairway
extent compensated by cost savings. Because of itend harbour dues differentiated for environmental effect
higher quality, low-sulphur fuel oil has the advantage ofwas introduced in Sweden in January 1998. Here ship-
resulting in less wear on the machinery, with less needwners who state and verify that they are using fuel oil
too for lubricating oil and less maintenance work, thus with a sulphur content of less than 0.5 per cent for ferries
making for smoother engine running, with less risk of and 1.0 per cent for cargo vessels get a discount on the
operating problems (Kageson, 1999). High-sulphur ma-due. A rapid increase in the number of ships operating
rine HFO costs around $100-130 per ton, while marineon low-sulphur oil, spurred to some extent by the de-
gas oils costs around $150-190 per ton (Beicip-Franlabmands for environmentally friendly transport from some
2002). of the big shippers, has come about since 1998, and close

Since there are marine HFO with varying sulphur con-on 80 per cent of the entries to Swedish ports are now
tent available on the market, there is also informationof ships using low-sulphur fuel.
on the current “price premium” for low-sulphur HFO.
Between 1990 and 2001, the price differential between
low sulphur marine HFO — with a sulphur content of 1
per cent or less — and high sulphur HFO (3.5% S) aver-
aged around $19 per ton (Beicip-Franlab, 2002). This
would mean a cost of about 400 euro per ton for reduced
emission of sulphur dioxide.

To meet an increased demand of low-sulphur HFO,
there are three ways in which additional quantities of
such fuels can be produced. The first and lowest-costraple 4. Estimated price premium of supplying low
option is re-blending (10-16 euro per ton), which could sulphur marine heavy fuel oil versus current quality
make available in the EU some 5 million tons of HFO (euro/ton fuel).
with less than 1.5 per cent sulphur, but is however no
expected to be able to deliver any significant quantitie
of fuel with less than 0.5 per cent sulphur. The next| Sulphur 8.5 Mt 17 Mt 25.5 Mt 34 Mt
option in order of cost is the processing of lower-sul- | 150 22.52 32.73 35-80 37-83
phur crude oils, with an estimated incremental cost of
40-45 euro per ton of fuel.

The third and most expensive option is to desulphur-
ize the HFO. This would require new investment in re- Source Beicip-Franlab (2003).

Quantity supplied

1.0% 35-81 39-87 40-90 41-92
0.5% 47-92 50-92 51-93 52-93
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Seawater scrubbing

Seawater scrubbing is another possible means of redudainty as to the possible negative effects on the sea of
ing the emissions of sulphur from ships. The scrubberreleasing waste water containing sulphate from the scrub-
transfers the oxides of sulphur from the exhaust gas tders. According to Annex VI of the MARPOL, such
the water. After scrubbing, the water is filtered to re- cleaning systems must be approved, and “waste streams
move particulates, which are trapped and collected forfrom the use of such equipment shall not be discharged
disposal. The filtered water is recirculated back into theinto enclosed ports, harbours and estuaries unless it can
sea, where the sulphur goes into solution as sulphateye thoroughly documented by the ship that such waste
which is a natural component of sea water. streams have no adverse impact on the ecosystems of
Trials using this technology indicate that it can cut such enclosed ports, harbours and estuaries based upon
sulphur emissions by up to 95 per cent and those ofriteria provided by the authorities of the port state.”
particulates by about 80 per cent. There is still uncer-(IMO, 1998) Such criteria have as yet not been developed.

Reducing emissions of NOx

There are various methods for reducing NOx emissionseduce NOx by 70-80 per cent at a cost apparently simi-
differing somewhat in cost and effectiveness. lar to that of SCR (Kageson, 1999).

Water injection and water emulsion.

Water is injected into the combustion chamber or mixed Se/ective Catalytic Reduction, SCR

with the fuel in order to lower the temperature of com- A system for after-treatment of the exhaust gases. It can
bustion and hence reduce NOx formation. The poten-reduce the emissions of NOx by more than 90 per cent,
tial for emission reduction is at most around 50 per cent Put may require the use of low-sulphur fuel. When retro-
but at the cost of increased fuel Consumption (Kégesonﬁtted it I’eplaceS the exhaust silencers. Nitrogen oxides
1999). The installation cost is however lower than for are reduced to nitrogen gas by spraying urea or ammo-

either of the following methods. nia into the gases before they pass through a catalytic
o converter. Reduction costs are generally below 600 euro
HAM, Humid Air Motor per ton NOXx reduced, lower if the equipment can be in-

A technique for preventing the formation of NOx dur- stalled while the ship is being built (K&geson 1999, Davies
ing combustion by adding water vapour to the combus-et al, 2000). There are now more than fifty ships fitted
tion air. Performance is urfatted either by the quality  for SCR. About half of them are Swedish, and most of the
of the bunker oil or by engine workload. By reducing the others are frequent callers at Swedish ports. This is largely
consumption of fuel and lubricating oil, HAM has the 3 result of the environmentally differentiated fairway

advantage over SCR of somewhat lowering operatingcharges and port dues that has been used in Sweden in
costs instead of increasing them. The method is able tgjnce 1998.

Shore-side electricity

While docked at the port, ships shut off their propul-  This solution is not entirely without problems how-
sion engines, but they use their auxiliary engines to poweever — for example it requires investments and certain
refrigeration, lights, pumps and other equipment. Thesemodifications to be made in the ports and onboard ves-
auxiliary engines are usually powered by high-sulphur sels. Systems for supplying shore-side electricity are in
marine heavy fuel oil, or in some cases by lower-sulphurthemselves nothing new — they have been in use for
marine gas oil, resulting in significant emissions of air decades in a few ports and for certain types of vessel.
pollutants. One possible alternative measure that speExperience from the Port of Goteborg, among others,
cifically aims to reduce emissions from vessels in port ishas shown that the practicalities of handling shore-side
to hook them up to shore-side electricity so that theyelectricity systems are simple, if modern high-voltage
no longer need to run their auxiliary engines. systems are used. The entire procedure for switching
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from onboard generated power to shore-side electricitythose for shore-side electricity connection. (The shore-
is done in less than ten minutes, including the phasing-side electricity was assumed to be generated by modern
in of the new electricity supply and closing down of the coal-fired power plants.)
onboard auxiliaries. A comparison between direct electricity generation
In a recent Swedish study (MariTerm, 2004), the di- costs and estimated external costs of onboard genera-
rect costs for shore-side electricity were found to be twotion and shore-side electricity, respectively, showed that
to four times higher than the direct cost of generatingthe benefits associated with shore-side electricity sup-
electricity onboard by auxiliary engines running on heavy plies clearly outweigh the costs.
fuel oil. However, the study also evaluated the external MariTerm concludes that shore-side electricity can
costs that emissions of air pollutants give rise to througheffectively reduce air pollutant emissions and noise from
damage to health and the environment, and these areessels in port, thus providing environmental and health
considerably lower for vessels that are connected to denefits. It is also recommended that if a wide-scale ap-
shore-side electricity supply. Depending on the fuel (HFO plication of shore-side electricity systems were to be
or MGO) and the type of shipping service investigated, envisaged, it would be useful to develop a common in-
the external costs for onboard generation of electricityternational practice, or international standards, for such
were found to be between 15 and 75 times higher tharsystems.

Cost-effective to do it at sea

The costs of typical measures for reducing ships’ emis-ket price difference between high and low sulphur heavy
sions of sulphur dioxide range from 250 to 600 euro perbunker fuel.
ton, and for nitrogen oxides from 350 to 600 euro perton. A report of 1993 from the European oil industry’s
The measures required for reducing the emissions fronenvironmental organisation Concawe gives $46-69 per
sources on land more than envisaged by current legiston as the extra cost of producing oil with a sulphur
lation would usually cost still more, and in some casescontent of 1.5 per cent — largely the same as Beicip-Fran-
much more (Kageson, 1999). lab’s figures. It should be noted that Concawe’s esti-
For example, the retrofitting of SCR on large com- mate is mainly based on data from the mid-eighties re-
bustion plants usually costs between 1000 and 200@erring to a desulphurizing plant in Rotterdam, although
euro per ton NOx removed, and the cost of reducing NOxwith some updating to 1991. Concawe has moreover
in order to comply with the Euro 4 standards for diesel added a “capital charge” of 25 per cent, which has meant
trucks is estimated by IIASA (the International Insti- that capital costs have come to dominate in its estimates
tute for Applied Systems Analysis) at about 2000-3000 (Concawe, 1993).
euro per ton. Regarding sulphur dioxide, a switch from  For the purposes of the Convention on Long-Range
high-sulphur to low-sulphur (0.6%) heavy fuel oil is esti- Transboundary Air Pollution, as well as the EU’s NEC
mated to cost less than 500 euro per tonr8@oved.  directive, the RAINS computer model developed by
The cost for retrofitting flue-gas desulphurization to ex- IIASA has been used for analyzing the cost-effective-
isting coal-fired large combustion plants can vary a lot ness of various measures for reducing emissions.
depending on the specific plant, but typically range be- Those analyses took no account of the write-off peri-
tween 400 and 800 euro per ton. (Already adopted EUods desired by the oil industry, substituting instead an
legislation will make this mandatory for most such plants interest rate of 4 per cent on the capital costs. Given
as from 2008.) To retrofit that same technology on smallerthese conditions, the cost of lowering ships’ emissions
boilers is more expensive —about 1500-2000 euro per torf sulphur by reducing the sulphur content of bunker
SO,. A main reason for the costs at sea generally beingpils turns out to be about 500 euro per ton of 8@ich
lower is that the easiest and least expensive measuraonsequently is the figure used in the RAINS model. In
have already been taken ashore in most EU countries] 998 for the analysis of the NEC directive, Concawe ac-
but not yet at sea. cepted that figure. It is also generally conceded that the
Referring to Beicip-Franlab’s estimates, the Commis- same cost — 500 euro per ton of, S@ould be applica-
sion has chosen to take 50 euro per ton fuel as the addble for reductions down to about 0.6 per cent sulphur.
tional cost for lowering the sulphur content of European  The cost-effectiveness of abatements at sea was stud-
marine HFO from the present 2.9 to 1.5 per cent. Thatied by IASA, while examining the EU strategy for com-
would correspond to 1800 euro per ton of eliminated SO bating acidification (CEC, 1997). The analysis showed
emissions, a figure that appears exaggerated, as it is mot@at if the interim target for environmental quality pro-
than four times the cost resulting from the present mar-posed for the EU were to be attained solely by the use
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of technical measures on land, the annual cost by 201@ic. (No account was at that time taken of emissions in
would be around 7 billion euro. The overall cost could the Mediterranean.)

however be brought down by 2.1 billion euro, or about ~ With measures for shipping added to those for land-
30 per cent, if cost-effective measures to limit the emis-based sources, the environmental target could thus be
sions of SQand NOx from ships were applied in the attained at a considerably reduced cost. Alternatively,
Baltic, North Sea, and waters of the north-eastern Atlan-still more could be achieved at the same cost.

A Community strategy to
reduce air pollution from ships

Article 12 of directive 2001/81 on national emission ceil-  International action. Within the International Mari-
ings commits the Commission to report to the Europeantime Organization the Commission will continue to press
Parliament and the Council by the end of 2002 the for tougher measures to reduce ships’ emissions. It rec-
extent to which emissions from international maritime ommends member states to ratify MARPOL Annex VI
traffic contribute to acidification, eutrophication and as soon as possible, and to support a co-ordinated EU
the formation of ground-level ozone within the Com- position pressing for tighter international standards in
munity’. regard to the global sulphur cap and NOx emissions.
The report Shall specify a programme of actions EU regulation on emission standardsAlso on No-
which could be taken at international and Community vember 20, the Commission published a proposal to
level as appropriate to reduce emissions from the secamend directive 1999/32/EC so as to limit the sulphur
tor concerneti(CEC, 2001b). content of marine fuels marketed and used in the EU
In January 2002 the Commission presented a discus¢see more below). The recently adopted directive 2004/
sion paper, intended to inform the development of a26/EC (amending directive 1997/68/EC) sets standards
“Community strategy on air pollution from seagoing for emissions of NOx, PM and CO for new non-road
ships”. The paper contained a series of questions, whictengines marketed in the EU, including engines for use
member states and stakeholders were invited to respondboard vessels operating on inland waterways. These
to. The discussion paper as well as the responses can Inew standards are gradually strengthened over the time
found at the Commission’s website: www.europa.eu.int/ period 2006-2014.
comm/environment/air/background.htm#transport As concerns global emission standards for ships’
Work on the strategy has also been informed by aengines, if the IMO has not proposed tighter interna-
number of studies prepared by consultants, e.g. one byional standards for NOx by the end of 2006, the Com-
BMT Murray Fenton Edon Liddiard Vince Ltd on the mission will consider bringing forward a proposal for
implications of an EU system to reduce ship emissionsreducing such emissions from seagoing vessels, in line
(Davies et al, 2000). Two studies on the costs of reducwith the proposed US standards put forward by the US
ing the level of sulphur in marine fuels were published Environment Protection Agency.
in April 2002 and October 2003 (Beicip-Franlab, 2002  EU regulation on economic instrumentsThe Com-
and 2003). Another study, by Entec UK Ltd, which among mission has yet to come up with proposals, in the con-
others quantified ship emission levels for the year 2000text of an EU framework for infrastructure charging, for
and in-port emissions, as well as carried out a markethe development of an EU system of differentiated
survey of marine fuel oils, was published in August 2002 charges for all modes of transportation. A charging
(Entec, 2002). scheme for maritime transportation will be part of that
The EU strategy to reduce the emissions of air pol-framework, and be developed on the basis of ships’ envi-
lutants from sea-going ships was adopted by the Com+onmental performance, including atmospheric emissions.
mission in November 2002 (CEC, 2002a). It containsa Later, the Commission will be considering the possi-
broad series of objectives, proposed actions and rechbility of developing an emissions trading regime (or
ommendations for bringing about such reductions overregimes) to achieve incremental reductions in ships’
the next 5-10 years. According to the Commission, theemissions in EU sea areas, particularly for NOx. The
cost ofreducing emissions from ships is considerably feasibility of trading in ships’ emissions will however
lower than that of further abatement on land. The strat-first have to be demonstrated.
egy document includes a list of actions that the Com- Voluntary measures The Commission urges the in-
mission itself intends to take, as well as those it recom-ternational bunker industry to make available signifi-
mends to other parties. Here are some examples: cant quantities of marine heavy fuel oil with a maximum
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sulphur content of 1.5 per cent in states bordering onsion Control Area. The Commission urges port authori-
SOx Emission Control Areas, and also to make availableties to consider introducing voluntary speed reductions,
at least some marine fuel of any grade with a sulphurand to require, facilitate, or provide incentives for ships
content of 1.5 per cent in all world bunkering ports, so to use land-based electricity or clean onboard power
as to be able to supply ships destined for an SOx Emiswhile in port.

Proposal to limit the sulphur
content of marine fuels

As part of its strategy to reduce the atmospheric emis-be lowered to 0.1 per cent by 2008. To this end, it is
sions from seagoing ships, the Commission has pubsuggested firstly to ban the sale if marine gas oils with
lished a proposal for modifying the provisions of direc- more than 0.2 per cent sulphur (0.1 per cent from 2008),
tive 1999/32/EC as regards the sulphur content of masecondly to remove the 0.2-per-cent sulphur limit on
rine fuels (CEC, 2002b). The aim of the Commission’s marine diesel oil, and then ban the sale of marine diesel
proposal is to reduce the emissions of sulphur dioxideoil with more than 1.5 per cent sulphur.

and particulates, thus lowering the extent to which ships It is estimated that the combined costs, when all these
contribute to problems of air quality and acidification. measures have to be implemented (by 2006-08), will
The main items are to: amount to about 1.1 billion euro a year. Taken together,
[ 1.5% in the Baltic and North Sealntroduce a 1.5- by 2008 the proposed measures are expected to reduce
per-cent sulphur limit on marine fuels used by all sea-the annual emissions of $fBom shipping by about 10
going vessels in the Baltic, the North Sea, and the Engper cent, as compared to the emission level in 2000. The
lish Channel, in line with the sulphur limits of MARPOL improvement in fuel quality will also result in lowered
Annex VI. This internationally agreed limitis intended emissions of particulates and nitrogen oxides.

to be implemented 12 months after the entry into force  According to the Commission’s analysis, only some
of the revised directive, or one year after that of Annex of the benefits of reduced emissions can be expressed
VI, whichever should be the earlier. in terms of money. Methodologies are as yet unavail-
[ 1.5% for ferries. Introduce a 1.5-per-cent sulphur able for monetizing for instance the effects on ecosys-
limit on marine fuels used by passenger vessels in regutems of exceeding the critical loads for acidification, but
lar service to or from any Community port. To ease thewhere the benefits have been estimated, the Commis-
effect onoperators, it is proposed to allow a transition sion has taken into account the effects on human health
period ending July 2007. as well as on crops and modern building materials. Added
[ 0.2% in ports. Amend the existing provisions for up, they are estimated to amount to 2.7 billion euros a
marine distillates used by sea-going and inland vesselgear. It is in any case clear from the analyses that the
by introducing an 0.2-per-cent sulphur limit on fuel used benefits will significantly outweigh the costs in all as-
by ships at berth in ports within the EU. This limit should pects.
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Parliament calls
for tougher action

Atits first reading in June 2003, the European ParliamentPhur for all ships in northern European waters and for
voted almost unanimously to demand stricter standardderries in all EU sea areas, and from December 31, 2012,
on the sulphur content in marine fuels — the intention in the remaining European sea areas. These limits would
being to bring about a reduction of 80 per cent in ships’apply to ships registered anywhere in the world, regard-
emissions. Put briefly, this means that the parliament idess of what port they start from.
urging the introduction of gradually tighter measures, ~ The text also allows the possibility of carrying out
as follows: pilot trials to assess and eventually develop new tech-
Stage 1: 1.5% in all European sea area$he intro- nologies for abatement (such as sea-water scrubbing of
duction of the limit of 1.5 per cent sulphur in marine the exhausts). There would be no requirement to use
fuels is to be brought forward to six months after the low-sulphur fuels during the trials. The Commission shall
entry into force of the directive for northern European then consider which, if any, of the abatement methods
sea areas (the Baltic and the North Sea with the inclumight be permissible as an alternative or complement to
sion of the English Channel), and the limit is also to ap-low-sulphur fuels.
ply to ferries in all EU waters. As from December 31,2010, If any of these abatement methods are shown to be
itis to apply, too, in southern sea areas (the Mediterrasuccessful and acceptable, the Commission should —
nean and the NE Atlantic). before December 31, 2007 — make proposals for a fur-
Stage 2: 0.5% in all European sea areasowering ther revision of the directive, with the possible inclusion
the limit, from December 31, 2008, to 0.5 per cent sul-of economic instruments.

Commission and Council reject
proposals from Parliament

In August 2003, the Commission presented its views The only substantive change introduced by the Coun-
on the amendments that had been passed by the Parliai, is to require ships at berth in EU ports as well as
ment. Of the Parliament’s 40 or so amendments, thanland vessels to use fuel containing no more than 0.1
Commission was willing to agree, by and large, with all per cent sulphur, to apply from January 2010. In the
but six. Among those that the Commission did not ac-Commission’s original text, the proposed deadline for
cept were those that would further lower the sulphur this measure was January 2008.
content (from 1.5 to 0.5 per cent) in a second stage, and The next step will be for the European Parliament to
also extend the region in which these requirements shalarrive at their second reading, which is expected by April
apply to the southern sea areas. 2005. The fact that the Parliament at its first reading had
On June 28, 2004, the EU environment ministersreached such a high degree of unanimity on the matter
reached political agreement on the draft directive aimedis a strong signal that it will maintain its attitude also at
at reducing sulphur emissions from ships. In doing so,the second reading. Should this happen, there will have
the Council expressed its general support of the Com+o be recourse to conciliation negotiations between the
mission’s original proposal — a position that was not Parliament and the Council, before the directive can
supported by Sweden, which argued that the Councilfinally be adopted.
should instead back the proposal of the Parliament.
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What the EU and its
member states should do

Four environmental organisations — the European En{J] Any measure needs to be accompanied with moni-
vironmental Bureau, the European Federation for Transtoring of compliance, not only at sea going vessels, but
port and Environment, Seas At Risk, and the Swedishalso on bunker fuel trading boats and at onshore selling
NGO Secretariat on Acid Rain — have jointly worked out points.

a series of recommendations for action to be taken: i i5 imnortant to differentiate between measures that

[ The best approach would be to combine regulationare — or can be expected to be — effective in the short term
with market-based instruments that apply Community (i.e. within the next few years), in the medium term (up
fair and efficient pricing principles to the marine sector. to 2010), and in the longer term (after 2010). Some exam-

O The EU should introduce legislation for reducing P'€S:

emissions of S@rom ships by setting limits on the sul- — Some economic instruments (such as environmentally

phur content of fuel used by ships in the Exclusive Eco-
nomic Zones (or at least in the territorial waters). The
maximum permitted sulphur content for marine fuel
should initially be set at 0.5 per cent, and should be ap-
plied in all Community sea areas. This would reduce an-
nual SQ emissions from ships by about 80 per cent, as
compared to year 2000.

[ Since the EU legislative process is likely to take some
years, and most probably will cover only parts of the
problem, charges should be imposed that are differenti-
ated for environmental effect and apply impartially to

differentiated fairway and/or port dues) have the ad-
vantage of being able both to be quickly introduced
and to bring quick results. EU legislation can also bring
quick results, but may need about two years to reach
political agreement. Developing and introducing more
elaborated economic instruments (such as infrastruc-
ture charges that apply full marginal social costs pric-
ing) is likely to need even more time. Global agree-
ments under the IMO have shown to need relatively
long time to agree, and additional time for ratification
and entry into force.

all vessels. Because methods of charging shipping vary;- Measures such as lowering of the sulphur content of

it would be useful to adopt an EU directive that makes all

fuels will bring immediate emission reductions, as will

member states as well as candidate countries introduce the retrofitting of SCR or HAM. On the other hand,
charges. Charges should be related to the amounts of measures that will apply only to new vessels, such as

pollutants emitted, and set so as to make it financially
worthwhile — at least for ships that regularly frequent the
area — to use lower sulphur fuels and to invest in tech-
niques needed to ensure a distinct reduction of NOx

stricter NOx emission standards exclusively for new
ships, will only gradually reduce emissions over a longer
time period (depending on the fleet turnover rate).

emissions. The Commission’s White Paper on the Common Trans-
. port Policy (CEC, 2001c) proposed the development of
0 The EU and its member states should make every)_yide charging systems for the infrastructure used

effort to markedly strengthen the weak emissiqn stand-by the maritime sector and the application of fair and
ards for NOx, as well as the standards on maximum al-icient pricing principles that internalise external costs
lowed sulphur content of bunker fuels of the Annex VI g jie to all transport modes. Such infrastructure charges
to the MARPOL Convention. The EU should introduce "5 kjlometre basis should therefore be introduced
NOx emission standards that are significantly St”Cterthroughout the Exclusive Economic Zones of the mem-
than those of Annex V1 to the MARPOL Convention.  per states, and they should apply marginal social costs
(1 Stricter standards should also be introduced for con-pricing via the methodology to be elaborated in the frame-
trol of emissions in inland waterways. work directive that the Commission is to put forward.
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Annex: Emission
scenario calculations

Based primarily on annual fuel consumption data for  Ships and Ferries in the SECA (North Sea & Baltic

the different sea areas and ship types for 2006, as estisea) 2006 assuming 1.5% annual growth

mated by the Commission’s consultant Entec, the emis- a) Fuel use 14.3 Mtx 2.9% S => 829 kton,SO

sions for three different scenarios have been calculated. b) Fuel use 14.3 Mtx 1.5% S => 429 kton,SO
Scenario A. Business as usual (BAUJotal annual c) Fuel use 14.3 Mtx 0.5% S => 143 kton, SO

emissions in 2006 if adding all a-alternatives below will  Ferries in the NE Atlantic and Mediterranean (about

be2.96 million tons(Mt), which is slightly higher than ~ 2006)

the Entec 2006 BAU figure of 2.72 Mt. This is explained  a) Fuel use 4 Mt x 2.9% S => 232 kton,SO

by the fact that here a sulphur content of 2.9% in ma- b) Fuel use 4 Mt x 1.5% S => 120 kton SO

rine bunker fuel has been assumed, while Entec assumed c) Fuel use 4 Mt x 0.5% S => 40 kton SO

2.7%. If using the fuel consumption figures below and  Vessels at berth (2006) assuming 1.5% growth

a sulphur content of 2.7%, the sum will be 2.76 Mt. a) Fuel use 2.3 Mt x average 2.2% S (half 2.9% S and
Scenario B. Commission proposalCombines 1b +  half 1.5% S) => 101 kton SO
2b + 3b + 4a below, which adds upa@6 Mt total b) Fuel use 2.3 Mtx 0.2% S => 9.2 kton, SO

emissions, i.e. a reduction by about 600 kton/year com-  Ships in the NE Atlantic and Mediterranean (about
pared to BAU 2006, as from July 2007. (The Commis- 2006)assuming 1.5% annual growth
sion’s own estimate is a 500 kton annual reduction, but  (Fuel use figure from the Commission’s Explanatory
this is based on a starting point of 2.7% S in the fuel.)Memorandum, where it is said that some 35 Mt is con-
Compared to the ship emission level in year 2000, thissumed in EU sea areas outside the SECA. As the 4 Mt
scenario would reduce annual emissiongelsg than used by ferries are included in that figure, this has been
10%. deducted.)

Scenario C. NGO proposalThis combines 1c + 2¢ + a) Fueluse 31 Mtx 2.9% S => 1,798 kton, SO
3b + 4c below, resulting i0.50 Mt total emissions, i.e. b) Fuel use 31 Mt x 1.5% S => 930 kton.SO
areduction of about 2,458 kton/year compared to BAU  c) Fuel use 31 Mtx 0.5% S => 310 kton, SO
2006, as from mid-2005. Compared to the 2000 level of
ship emissions, this is a reduction in annual emissions
of about80%.
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