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1 Introduction 
Projections, prepared for the European Commission’s Clean Air For Europe (CAFE) pro-
gramme, show that emissions of nitrogen oxides (NOx) from international shipping are ex-
pected to increase by two thirds between 2000 and 2020, and those of sulphur oxides (SOx) by 
nearly half, and this even after the implementation of Annex VI of the International Maritime 
Organisation’s MARPOL Convention on air pollution by ships and the new EU directive on 
sulphur in marine fuels (Amann, et al, 2004). According to this estimate, NOx and SOx emis-
sions from international shipping in Europe will have surpassed the emissions from all land-
based sources in the 25 EU Member States combined by 2020.  

A problem in the context of shipping is that efforts by the International Maritime Organisation 
(IMO) to reduce emissions by international agreements have not resulted in legislation that 
takes account of more than a very limited part of the existing technological potential. Where 
NOx is concerned, MARPOL’s Annex VI merely reflects the state of the art of maritime die-
sel engines at the time when the agreement was negotiated. No account is taken either of new 
engine technologies or of existing after-treatment opportunities.  

Designating the Baltic Sea as a Sulphur Emission Control Area (SECA) made it possible to 
introduce an upper limit of 1.5 per cent for the sulphur content of marine fuels used in the 
area. However, the resulting reduction will within a few years be offset by the increase in 
emissions resulting from the fast growth in ship movements.  

The Baltic Sea is highly sensitive to eutrophication and most of its drainage area suffers from 
acidification. Furthermore, many cities in the region have difficulties attaining the Commu-
nity’s air quality standards for NOx and Particulate Matter (PM10). The situation is aggravated 
by the fact that maritime shipping in the area is expected to double in the next 15-20 years. In 
order to prevent economic growth from having adverse effects on the natural environment and 
human health, further measures to reduce emissions are urgently needed. As most of the inex-
pensive measures aimed at emissions from land-based sources have already been used, ship-
ping is increasingly urged to do more than is required by globally agreed regulations.  

Low-cost techniques for reducing considerably the emissions of NOx and sulphur from ship-
ping are available. Studies for the European Commission show that in relative terms it is now 
very cost-effective to reduce emissions from shipping. The 2005 impact assessment for the 
Clean Air for Europe programme found that reducing ship emissions could deliver the same 
environmental and health benefits to EU citizens for €325 million less than reducing emis-
sions from land-based sources by the same amount. Therefore, the real challenge is rather of a 
legal and political nature than technical. 

In 1995, the Commission published a Green Paper (COM(95)691) on fair and efficient pricing 
in transport, and three years later a White Paper, Fair Payment for Infrastructure Use, that 
underlines the importance of marginal cost pricing in all modes of transport. The latter paper 
was followed by reports from a High Level Group containing suggestions on ways of estimat-
ing marginal costs and proposed options for charging users directly for transport infrastructure 
and associated social costs. However, the Commission has not yet come forward with any 
proposal for how to charge shipping for the marginal damage costs caused by its emissions.  

Emissions of greenhouse gases (GHG) from shipping are a growing concern. However, fuels 
used in international shipping are only to a small extent burnt in the territorial waters of the 
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country where the fuel was purchased. The Parties to the United Nations’ Framework Con-
vention on Climate Change (UNFCCC) therefore decided to exclude emissions from such 
fuels from the national emission inventories. Instead, IMO was instructed to analyse ways to 
reduce GHG emissions from maritime transport. So far IMO has failed to come up with con-
crete proposals. 

The aim of this paper is to assess potential market-based instruments for reducing emissions 
from shipping, and to design a scheme that can be used in a pilot project for providing incen-
tives to shipowners to improve the environmental performance of vessels operating in the 
Baltic Sea. The first phase of such a pilot program would focus on SOx and NOx, but in prin-
ciple the same market based instruments should be feasible for the abatement of particulate 
matter and other airborne pollutants. 

Being a vulnerable brackish water ecosystem makes the Baltic Sea a suitable candidate for a 
pilot project. The Baltic is also an ideal area for a trial with market-based instruments as its 
boundaries are well-defined and competition with ports in other areas is relatively small.  

However, where carbon dioxide is concerned, a larger geographical area than the Baltic might 
be needed for an implementation that does not distort competition. The fact that carbon diox-
ide (CO2) is a greenhouse gas that affects the global atmosphere also argues in favour of a 
more international perspective. SOx and NOx, on the other hand, predominately cause local 
and regional damage.  

Introducing charges or emissions trading for the abatement of CO2 is an important supplement 
to similar market based instruments for NOx, as in diesel engines it is difficult to simultane-
ously reduce both. Energy-efficient slow speed diesel engines produce a lot of NOx, while 
more energy-consuming high-speed diesels and gas turbines emit much less NOx. Thus intro-
ducing charges on NOx might in the absence of similar charges on CO2 make shipowners 
choose less energy-efficient engines. 

Market-based instruments for use in the shipping sector must be designed in a manner that 
does not violate the United Nations Convention on the Law of the Sea (UNCLOS) or distort 
trade and competition. As congestion is expected to become worse in land-based modes of 
transport, it is essential to develop short-sea shipping in an environmentally benign way and 
make best possible use of the ‘motorways of the sea’.   

1.1 Structure 
After a short introduction on the environmental impacts of shipping emissions and current 
regulations, this report goes on to assess potential technologies and market-based instruments 
for the abatement of NOx and SOx. The analysis departs from an assessment of two recent 
reports issued by NERA, whose recommendations are carefully examined as a baseline for 
further steps. A proposal for the design of a pilot scheme for the Baltic Sea is presented, and 
its legal feasibility, administrational structure and cost-effectiveness are discussed. 

1.2 Delimitations 
The study covers commercial ships larger than 400 GT in the Baltic Sea Area. Fishing ves-
sels, military and leisure craft are excluded regardless of size. The study mainly addresses 
SOx and NOx. However, a similar approach could in future be used on emissions of PM10. 



 

GAUSS 2008 MBI in Shipping  Page 15  

CO2 is covered by a separate report (Per Kågeson, Linking CO2 emissions from International 

Shipping to the EU ETS (UBA 2 July 2007)). 
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2 The environmental and health impacts of shipping 
Emissions of NOx, SOx and PM are threatening human health and the environment in numer-
ous ways. The main object of this paper is not to provide a detailed analysis of the environ-
mental impact of shipping emissions, which has been done elsewhere, but to assess various 
options for their abatement. Nevertheless, a short summary of the environmental effects might 
be useful as a background to the assessment of policy instruments that follow in later chap-
ters.  

2.1 Nitrogen oxides emissions 
Nitrogen is an inert gas that makes up approximately 78 per cent of the volume of the lower 
layers of the earth’s atmosphere. In the combustion of fuels, nitrogen reacts with oxygen to 
form oxides of nitrogen (NOx). Initially in this process mostly nitric oxide (NO) is formed. 
Later, during the expansion process, and in the exhaust, some of this NO will convert to ni-
trogen dioxide (NO2) and nitrous oxide (N2O), typically 5 and 1 per cent respectively of the 
original NO. The mix of oxides of nitrogen is called NOx. These emissions have residence 
times of 1 to 3 days, which mean they can be transported up to 1,200 km. 

Worldwide, ship NOx emissions have been estimated at about 10 million tonnes per annum, 
equivalent to about 15 per cent of the total global NOx emissions from fossil fuels (Corbett 
and Eyring, 2007). In 2000, the emissions from ships engaged in international trade in the 
seas surrounding Europe were estimated to have been 3.6 million metric tonnes of nitrogen 
oxides. As mentioned in the previous chapter, the share of emissions from shipping is con-
stantly rising. Table 1 shows the trends for NOx in EU25 and the surrounding seas.  

 

Table 1: Emissions of NOx 1990–2030 (ktons) 

 
Source: Main baseline scenario developed by IIASA for the Commission’s CAFE program. 
http://www.iiasa.ac.at/rains/cafe.html (October 2004) 

 

Although great amounts of NOx emitted from ships in international trade are deposited at sea, 
shipping is a large source of acid deposition in many countries in Europe. Especially in sensi-
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tive coastal regions, ship emissions contribute notably to overstepping the critical loads of 
acidification (Committee on the Environment, Public Health and Consumer Policy, 2003).  

NOx also causes eutrophication, affecting biodiversity both on land and in coastal waters. In 
2000, the depositions of nitrogen exceeded the critical loads for eutrophication on 800,000 
square kilometres, representing about 60 per cent of the sensitive terrestrial ecosystems in 
EU25 (Amann et al, 2004). NOx from shipping also contributes significantly to the severe 
eutrophication of the Baltic Sea. 

Nitrogen oxides also contribute to the formation of ozone, a major health hazard in many re-
gions of Europe and a cause of vegetation damage and reduced crop yields. Around three 
quarters of the urban population in southern Europe, and 40 per cent of that in northern 
Europe live in cities where levels exceed the EU air quality standard for ozone. The exposure 
to high levels of ozone and PM2.5 (see below) results in 370 000 annual cases of premature 
death in Europe (European Commission, 2005a and 2005b). Under current trends the number 
of fatalities is likely to stay high even in 2020, and by then maritime shipping may have be-
come the most important source in Europe of the main precursor, NOx. Shipping emissions 
already contribute considerably to the formation of ozone, especially in the Mediterranean 
region (Jonson et al, 2000). 

Ozone is also a greenhouse gas, contributing to global warming. According to a study com-
missioned by the IMO’s environment committee (MEPC), the radiative forcing resulting from 
increased levels of ground-level ozone due to NOx from international shipping is “highly 
likely to produce positive forcing effects that will contribute to global warming and that could 
be in the same range as (or larger than) direct forcing from CO2” (Committee on the Envi-
ronment, Public Health and Consumer Policy, 2003). 

2.2 Sulphur emissions 
Emissions of SOx are a function of the sulphur content of the fuel oil. The sulphur content of 
fuels can vary from less than 0.1 per cent to more than 5 per cent (50,000 ppm). On average, 
distillate diesel fuel contains 0.3-0.5 per cent sulphur and residual fuel oil around 2.3-3.0 per 
cent. According to IMO (2006), the average sulphur content worldwide is 2.7 per cent1.  

By the burning process in the cylinder, sulphur contained in the fuel oil is oxidised into sul-
phur dioxide (SO2). Thereby mainly SO2 and 2-3 per cent SO3 (diesel engine) are produced. 
Sulphate (SO4) may also be emitted in small amounts combined with metals. The amount of 
sulphur oxides emitted is proportional to the sulphur content of the fuel and fuel consumption. 
Approximately 95 per cent of the sulphur from the fuel appears in the exhaust gases, the rest 
remains in the lubricating oil and the sludge (Groß, 2000). 

SO2 has higher residence time in the atmosphere than most other pollutants. This allows SO2 
to be transported over long distances and deposited far from the point of origin. SOx com-
pounds typically remain in the air for 4-7 days, but can stay airborne for up to several years 
(EPA, 2002). This means SO2 can frequently travel up to several hundred kilometres and SO2-
related problems are not confined to areas where the gas is emitted but may also appear in 
faraway regions (Bakewell et al, 2004).  

                                                 
1 IMO MEPC 55/4/1, 55th session, Agenda item 4, Sulphur monitoring 2005, Submitted by the Netherlands, 2 
June 2006 
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Sulphur emissions from shipping are estimated at 4.5 to 6.5 million tonnes per year, which 
corresponds to about 4 per cent of total global sulphur emissions. In 2000, the emissions from 
ships engaged in international trade in the seas surrounding Europe were estimated to have 
been 2.6 million metric tonnes of SO2 (Amann et al, 2004). As mentioned in the introduction, 
the share of emissions from shipping is constantly rising. Table 2 shows the trends for EU25 
and the surrounding seas for SO2.  

 

Table 2: Emissions of SO2 1990–2030 (ktons)  

 
Source: Main baseline scenario developed by IIASA for the Commission’s CAFE program. 
http://www.iiasa.ac.at/rains/cafe.html (October 2004). 

 

Emissions over open seas are spread out and the effects are moderate, but emissions close to 
land create considerable environmental problems. 

In high concentrations SOx causes irritation to eyes and the respiratory system. SOx is a pre-
cursor to the formation of fine particulate matter. Sulphate particles contribute to increased 
levels of haze, thereby reducing visibility. 

The emission of SOx is a major cause of acid rain and the acidification of soil, groundwater 
and lakes. Sulphuric acid (H2SO4), which is formed from SOx, converts lime in building 
bricks and finery into gypsum, which has a larger volume and – compared to lime – is more 
easily water-soluble and thus vulnerable to damage by corrosion. 

SOx reacts with water vapour in the stratosphere to form a dense optically bright haze layer 
that reduces the atmospheric transmission of some of the sun's incoming radiation. SO2 thus 
has a negative radiative forcing.  

2.3 Particulate matter emissions 
Particulate Matter (PM) is a term for a mixture of large and small airborne particles. The 
causal factors within this complex mixture are difficult to define and have not yet been totally 
identified. Particle size distribution of PM from marine engines is not well known, but the 
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vast majority in number of particles is said to be smaller than 2.5 micrometres whereas the 
total mass is comparatively low. Considering the residual fuel used, it is assumed that the ex-
hausts contain more large particles compared to particulate matter emitted from on-road diesel 
vehicles using distilled low-sulphur fuels. 

PM10 refers to particles with a diameter of less than 10 micrometres and includes the ‘coarse’ 
fraction. PM2.5 refers to those with a diameter of less than 2.5 micrometres, comprising the 
‘fine’ fraction. ‘Ultra-fine’ particles have a diameter smaller than 0.1 micrometres and make 
up most of the PM emissions from diesel engines running on distillate fuels (WHO, 2005). 

Primary particulates are emitted directly into the atmosphere from combustion processes. 
Secondary particulates are formed in the exhausts or in the atmosphere in chemical reactions 
with sulphur dioxide, nitrogen oxides and ammonia (NH3). The ambient residence time of 
particles varies with their size. In general, coarse particles tend to settle rapidly. The travel 
distance of such particles could be from one to tens of kilometres. By contrast, fine particles 
remain suspended longer in the atmosphere, and tend to be transported hundreds to thousands 
of kilometres. PM is the main source of haze that reduces visibility. It often takes hours or 
days for PM10 to settle on the ground or sea. 

Primary particles emitted from shipping in European waters have been estimated at 210,000 
tonnes in 2000, and are expected to rise to 330,000 tonnes in 2020 (European Commission, 
2005b). In addition shipping is estimated to contribute between 20 and 30 per cent to the am-
bient concentrations of secondary inorganic particles in most coastal areas (European Com-
mission, 2002).  

There is evidence from several studies that short and long term exposure to PM10 and PM2.5  
cause human health problems, especially when originated by motor vehicles. Fine particles 
(PM2.5) are strongly correlated with harmful effects on human health as they can penetrate 
deep into the lungs whereas larger particles tend to be removed by respiratory clearance 
mechanisms. “Long-term exposure to elevated PM2.5 is associated with mortality from car-
diopulmonary diseases and lung cancer, and … the development of chronic respiratory dis-
ease” (IMO/BLG 12, 2007). There is insufficient evidence to determine a safe level of human 
exposure to particles and in practical terms all emissions of PM should be regarded as harm-
ful.  

Various components of airborne fine particles (PM2.5) have climate-forcing impacts, either 
contributing to or offsetting the effects of greenhouse gases. In particular, black carbon par-
ticulate matter has been identified as an important contributor to radiative heating. Sulphate 
and nitric particles, on the other hand, may have a negative radiative forcing as they reflect 
sunlight.  

Although not as intensively investigated as the development of sulphur and nitrogen emis-
sions PM emissions from shipping are assumed to cause 62.000 to 64.000 premature deaths 
per year (3 – 8 per cent of all deaths from global outdoor fine PM pollution) with an expected 
increase of 40% by 2012 (IMO/BLG 12, 2007) due to an increase in shipping traffic.     
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3 Existing regulations of emissions from shipping  

3.1 Sulphur oxides 
MARPOL Annex VI regulates SOx emissions from ships by a worldwide limit on the sulphur 
content in marine fuels of 4.5 per cent (45,000 ppm). Special ‘SOx Emission Control Areas’ 
(SECAs) are allowed to be established in which more stringent control of sulphur emissions 
operate. In these areas, the sulphur content of fuel oil used on board ships must not exceed 1.5 
per cent. Alternatively, ships may fit an exhaust gas cleaning system or use any other techno-
logical method to limit SOx emissions to less than 6 g/kWh in the exhaust gas. 

The Baltic Sea was designated a SECA with effect from 19 May 2006 by IMO. According to 
EU-law operators of passenger vessels on regular services to or from any Community port 
must comply with the 1.5 per cent limit while they are in EU territorial seas, the exclusive 
economic zones, and pollution control areas, including the North Sea and the Channel since 
11 August 2006. 

For the North Sea and Channel SECA, the same limit entered into force on 21 November 
2006, with full implementation 12 months later.  

The European Commission has developed a strategy to reduce air pollution from ships. As 
part of that strategy, the European Parliament and Council have adopted the Sulphur Directive 
(2005/33/EC2) requiring the use of low-sulphur fuel by certain ships operating in European 
waters, specifically including: 

• A 1.5 per cent sulphur limit for fuels used by passenger vessels on regular service be-
tween EU ports, effective in 2006; and  

• A 0.1 per cent sulphur limit for fuels used by inland vessels and seagoing ships with 
berths in EU ports, effective in 2010.  

3.2 Nitrogen oxides  
The Technical Code of MARPOL Annex VI regulates NOx emissions from diesel engines 
with a power output greater than 130 kW installed on a ship constructed after January 2000. 
The specified NOx limit represents only a small reduction in emissions compared to unregu-
lated engines.  

The NOx emission requirements of MARPOL’s Technical Code, shown in Figure 1, relate to 
engine revolutions. The permissible emission of NOx is a function of the engine’s rpm and 
varies from 17.0 g/kWh, when the rated engine speed is less than 130 rpm, to 9.8 g/kWh, 
when the engine speed is equal to or above 2000 rpm. The lower the engine’s revolutions, the 
more polluting it is thus permitted to be. 

 

                                                 
2 DIRECTIVE 2005/33/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL, 6 July 2005, 
amending Directive 1999/32/EC 
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Figure 1: Emission requirements for Nitrogen Oxides (NOx)
3 

 
Source: MARPOL Annex VI, Technical Code 

 

3.3 Particulate matter  
MARPOL Annex VI currently provides no limits for emissions of particulate matter.  

 

3.4 The revision of MARPOL Annex VI  
At its meeting in July 2005 the Marine Environment Protection Committee (MEPC) of the 
International Maritime Organization (IMO) agreed to initiate a process to revise international 
standards for emissions of SOx and NOx from shipping and to consider regulating emissions 
of particulates as well as volatile organic compounds emitted from cargoes. Limits on existing 
engines will also be considered. The MEPC’s action came after a group of seven European 
nations officially proposed the commencement of a process to consider stronger air pollution 
standards. The review of Annex VI is being carried out by the Sub-committee on Bulk Liq-
uids and Gases (BLG), and should be ready by 2008. 

                                                 
3 Maximum allowable NOx emissions for marine diesel engines (MARPOL Annex VI, Regulation 13, NOx 
curve) 
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4 Emissions from ships in the Baltic Sea  
A primary objective of this report is to present a proposal for market based instruments to be 
used in a pilot scheme for reducing emissions from maritime transport in the Baltic Sea. This 
chapter defines the test area, provides figures on current traffic and emissions and gives a 
forecast for traffic and emissions until 2020. 

4.1 Definition of the regions for classification of the traffic in the Baltic 
There are several good reasons for making the Baltic Sea a test region for market-based in-
struments: 

    Figure 2: Regions of the Baltic Sea4 

• The Baltic is a sensitive area because of 
its nature environment and the population 
density of the area surrounding its basin. 

• The IMO has recognized the sensitivity 
of the Baltic by awarding it the SECA 
status.  

• Surrounded by highly developed 
industrial countries, the Baltic Sea is used 
for intensive sea transport, which is 
expected to increase dramatically over 
the next decade. 

• Coastal states have shown interest in 
sustainable shipping by making several 
attempts to support the move towards 
more environmentally benign maritime 
transport. 

• The availability of data is better than in 
most other regions. 

• With the exception of a few miles of Russian coast, the Baltic Sea is entirely surrounded 
by EU countries, which should offer more opportunities to introduce high environmental 
standards. 

• In order to include the ferry traffic from Copenhagen and Kiel to Oslo the borderline be-
tween the North Sea and the Baltic Sea is defined by a line which connects Cape Skagen 
with Oslo. This sector merely considers the traffic to and from the Baltic. 

4.2 Current traffic  
The aim of this chapter is to describe the sources of air pollution. Therefore, traffic is ana-
lysed according to ship types, ship sizes, routes and frequency. Knowledge of ships, their en-

                                                 
4 The separation of the Baltic Sea into six regions was made for calculation purposes. 
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gines and routes allow one to estimate the total amount of installed engine power5 and the 
time the engines are running and producing emissions. 

In the future the AIS6 will provide more complete information on individual ship movements. 
For this study the potential sources of reliable data were the ship movement data of Lloyd’s 
and statistics published by countries and ports. However, as Lloyd’s excludes many regular 
services like ferry lines the data for the analysis was compiled generally on the following 
main sources: 

• Schedules of cruise ships regularly using the Baltic Sea; 

• Schedules of ferry services according to “Statistics” from ShipPax Information; 

• Schedules of RoRo ships according to ShipPax Information and sailing lists of ports; 

• Official statistics of the Kiel Canal authority; 

• Daily reports of vessels passing through the Kiel Canal; 

• Reports on the traffic through the Great Belt and Sound (Öresund); 

• Sailing lists, traffic statistics and turnover statistics of all the major ports in the Baltic 
Sea. 

4.2.1 Ship types 

The ship movements considered belong to the following types of traffic: 

• Cruise shipping 

• Extra Baltic tramp traffic 

• Extra Baltic liner traffic including feeder traffic 

• Intra-Baltic short sea traffic with subdivisions 

o Ferry  

o Roro 

o Regular forest products trades 

o Multi-purpose (coasters) 

o Bulk shipping 

• Local ferry services 

Finally they were aggregated into the following groups: 

• FC (Ferry, Cruise) 

• RoRo (RoRo-Shipping (no passenger) 

• Container (Container incl. combined Container, Feeder, Reefer) 

                                                 
5 Auxiliary engines were not considered – in the case of diesel-electric ship 85% of total engine capacity was 
used 
6 AIS, Automated Identification System: AIS is compulsory for all passenger ships and all cargo ships of 300 GT 
and more engaged in international voyages. 
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• General (Cargo: Dry cargo, Heavy lift) 

• Others  (Bulker, Crude Oil-, Chem.-, Prod.- and Gas Tanker and Miscellaneous) 

4.2.2 Definitions and traffic data 

4.2.2.1 Cruise shipping 

Cruise shipping is defined as pure passenger shipping without any cargo transport. The mini-
mum duration is one overnight stay on board, which makes cruises clearly discernable from 
day excursions. The season is from June to September, but many ships make alternative trips 
to Baltic ports and to Norway. Therefore, the average number of Baltic Sea round trips per 
ship in one season is 8 to 10. 

4.2.2.2 Extra-Baltic traffic 

Extra Baltic traffic is generated by ships entering and leaving the Baltic Sea via the Kiel Ca-
nal, the Great Belt or the Sound (Öresund), and the Kattegatt. 

4.2.2.3 Traffic through the Kiel Canal 

The roro traffic that uses the canal is around 900 vessels per year per direction or 17 ships per 
week. It can be assumed that most of these vessels make weekly round trips from and to 
North Sea ports in Belgium, the UK and Germany. A few more make longer trips to the Ibe-
rian Peninsula. In the Baltic Sea most roro ships call at Finnish ports or at ports in northern 
Sweden. The average GT of the roro vessels is 9,700. 

The feeder traffic passing through the canal consists of approximately 2,300 container vessels 
per year per direction or 45 ships per week. Most of these vessels make weekly round trips 
from and to Hamburg and Bremerhaven. Only a few travel to Rotterdam, Antwerp and UK 
ports. The most important ports for the feeder traffic in the Baltic Sea are in the north-eastern 
part such as St. Petersburg and Helsinki. The container fleets are much more homogenous 
than the general cargo or tanker fleets. Most ships belong to standard types delivered by J.J. 
Sietas Shipyard of Hamburg or by Hegemann Rolandwerft. They have typical capacities of 
508, 658, 822 TEU and corresponding gross tonnage. These ship sizes were partly outdated in 
2006. Because of the rapidly increasing container turnover in St. Petersburg the operators 
have already introduced 1200 TEU vessels. 

About 1,600 chemicals/oil tankers per year pass through the canal from East to West and 
about 1,400 in the other direction. Westwards there is an average of 31 ships per week. This 
figure is backed up by data from selected week in September 2004. The figures for the aver-
age size of 5,000 and 4,600 GT respectively and a maximum size below 20,000 dwt prove 
that the majority of tankers in the Kiel Canal carry chemicals, oil products, bunker oil or 
vegetable oils. Larger tankers use the Great Belt. 

The general cargo traffic amounts to around 9,000 movements per year in each direction or 
on average 176 per week. The mean size is 2,800 GT and observations show that most are 
between 1,000 and 5,000 GT. In this size group the multi-purpose single-decker is the stan-
dard ship.  
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4.2.2.4 Great Belt and Sound 

Danmarks Statistik publishes figures on the ships passing through Danmark’s natural ap-
proaches in its statistical yearbook. The figures for 1994, 2003 and 2004 are displayed in  
table 3. 

 

Table 3: Number of ship passages in the Great Belt and Öresund. 

Passage  1994 2003 2004 

Öresund northward 14,366 17,916 16,717 
 southward 16,249 19,245 18,659 

Gr. Belt northward 9,035 9,559 10,111 

 southward 8,420 7,845 7,959 

Total northward 23,401 27,475 26,828 

 southward 24,669 27,090 26,588 

 grand total 48,070 54,565 53,416 

Source: Danmarks Statistik: Statistik Aarbog 2005, Tab. 374, based on Soevaernets Operative Kommando 

4.2.2.5 Intra-Baltic short sea traffic 

Data on ferry traffic have been collected from “Statistics” by “ShipPax” of Sweden, and a 
number of other sources, including ferry ports. Port data have also been used for estimating 
the duration and length of trips by other types of ship. However, the ports of origin and desti-
nation are only known for ferries and a large percentage of roro and container ships. For gen-
eral cargo ships and others, the destination, have been estimated. The reason for this is not 
only lack of information but also the large data volume, which requires some generalisation. 

4.2.2.6 Local ferry services 

Where ferries are concerned, most national shipping statistics do not include the local ferry 
routes. Sometimes they are included in a lump sum, but detailed data are lacking. Such ser-
vices are negligible in Germany, Poland, Lithuania or Latvia but more interesting in Estonia, 
Finland and Sweden, and, above all, in Denmark. While the statistics of international and ma-
jor national routes in Denmark include 80,000 ferry arrivals, the total figure for this ship type 
is 516,000 per year. Such a huge figure includes small shuttle-type services, small ships on 
routes of various distances, but also more important routes with ferries of more than 1,000 
GT. These local routes contribute significantly to on-shore problems on shore because of the 
proximity to land and the short distances, which result in longer port stays than sailing times. 

4.2.3 Results on traffic flows 

Subtracting the transits from the total number of movements (598,000 incl. transit), the num-
ber of trips in the Baltic Sea is 433,000 (counting both directions). They consist of 85,880 
extra-Baltic and 347,000 intra-Baltic movements. The internal traffic consists mostly of ferry 
traffic for which the quality of data is good. For other ship types like general cargo and bulk 
carriers or tankers the routes and the number of ships have partly been estimated. Since more 
than 50 per cent of the trips are made by ferries, the reliability of data and the results are thus 
considered to be satisfactory. 
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The results of the traffic analysis have been divided into the six main regions of the Baltic Sea 
in the chart above.  

• Region 1: The Kattegat and Denmark 

• Region 2: Southern Baltic Sea including Bornholm 

• Region 3: Baltic Sea between Bornholm and Stockholm 

• Region 4: The Aaland Sea 

• Region 5: Gulf of Bothnia 

• Region 6: Gulf of Finland 

After the separation of the Baltic Sea into the regions above the traffic was classified. Table 4 
shows an example for the classification of the traffic for different relations. 

 

Table 4: Examples for the classification of different relations to regions 

Trip    Region   
From To 2 3 6 
Rostock Malmö Intra - - 
Rostock Klaipeda From/To From/To - 
Rostock St. Petersburg From/To Transit From/To 

Source: GAUSS, 2007 

For each region figures have been calculated that indicate the number of ships, the aggregated 
GT figure, the aggregated kW figure and the hours this output has been used. This leads to 
easily comparable figures of billion kWh per region (TWh). The results are presented in Table 
5. Please note that the figures for energy reflect the energy transferred to the propellers. To 
arrive at the fuel used for moving the ships one would have to consider the engine efficiency 
rate. If it is assumed to be 45 per cent, the fuel consumption for the entire region would be  
66 TWh. 

 

Table 5: Ship movements, transits and energy used divided by region (both directions) 

Region Total move-
ments 

Ships transits 
(thereof) 

Number of 
trips 

Energy (TWh) 

Region 1 221,000  38,800 182,200 4.5 
Region 2 166,500 64,900  101,600 7.8  
Region 3 97,000  50,600 46,400 10.3 
Region 4 49,500 10,300 39,200 3.9 
Region 5 13,500  - 13,500 0.5 
Region 6 50,400 - 50,400 2.6 
Regions 1-6 597,900  164,600  433,300 29.6 

Source: GAUSS, 2007 
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In Table 5 in column 2 “Total ship movements” are listed and in column 3 “transits thereof”. 
Both figures are mentioned because the transits are only legs of longer trips and the total 
movements minus transits results in the total number of trips in the Baltic Sea. 

Assuming that ferries, cruise ships and the small general cargo ships (coasters) are equipped 
with medium-speed diesel engines and the others - mostly tankers and bulkers - with slow-
speed engines, the emissions can be roughly calculated. However, when calculating the emis-
sions a value of 85 per cent of the installed of the total kW was used. 

4.3 Current emissions  
According to the calculations based on the assumptions above the situation with ship emis-
sions in 2004 in the Baltic Sea is as follows. 

4.3.1 SO2 emissions 

In the following table the results of the calculation of the emissions for 2004 in the Baltic are 
shown. SECA was not yet in force, however due to certain circumstances e.g. Swedish Differ-

entiated Fairway Dues, marketing concepts etc. the assumptions were set lower compared to 
the world wide average of 2.7 per cent. The average for the calculation was estimated in a 
range between 1.3 and 2.5 per cent depending on ship types as well as regional aspects and 
extra Baltic traffic. Ship type specific emission rates for the calculation are based on ENTEC.   

 

Table 6: Emissions of SO2 in tons in 2004 (based on used GWh) 

Region Ferry/Cruise RoRo Container Gen.Cargo Others Total 

1 9,159 876 1,432 7,628 10,320 29,415 

2 13,165 7,855 2,020 10,522 16,362 49,924 

3 9,151 13,513 3,471 20,823 24,486 71,443 

4 10,401 2,834 500 3,580 4,921 22,235 

5 113 115 20 1,154 2,898 4,301 

6 4,459 1,743 622 5,420 4,736 16,981 

Total 46,448 26,936 8,065 49,126 63,723 194,299 

Source: GAUSS, 2007 

 

The distribution of SO2 emissions among different ship types is as follows: 
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Figure 3: SO2 emissions in the Baltic Sea by ship type in 2004 
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Source: GAUSS, 2007 

 

The distribution of SO2 emissions shows the high proportion of others (Tanker, Bulker etc.) 
and General Cargo due to the assumed high sulphur content in fuel oil and Ferry and Cruise 
shipping due to the large traffic volume. 

4.3.2 NOx emissions 

In the following table the results of the calculation of the NOx emissions for 2004 in the Baltic 
are shown. Ship type specific emission rates for the calculation are based on the NOx limits of 
MARPOL Annex VI. Ship type specific emission rates for the calculation are based on EN-
TEC.    

 

Figure 4: Emissions of NOx in tons in 2004 (based on used GWh) 

Region Ferry/Cruise RoRo Feeder Gen.Cargo Others Total 

1 21,986 2,016 4,177 12,636 16,781 57,595 

2 32,440 18,565 5,891 17,430 26,605 100,930 

3 21,138 31,410 10,124 34,493 39,814 136,979 

4 25,967 6,631 1,458 5,930 8,001 47,987 

5 284 265 60 1,912 4,712 7,232 

6 11,054 4,116 1,815 8,978 7,701 33,664 

Total 112,869 63,003 23,523 81,378 103,615 384,388 

Source: GAUSS, 2007 

 

Based on the figures above the distribution of NOx emissions among different ship types is as 
follows: 
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Figure 5: NOx emissions in the Baltic Sea by ship type in 2004 
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Source: GAUSS, 2007 

 

4.3.3 PM emissions 

The following table shows the calculation of the PM emissions for 2004 in the Baltic Sea. 
SECA was not jet in force therefore the range of 1.3 and 2.5 per cent sulphur content (shown 
in 4.3.1) was considered as the basis for the calculation of PM emissions. Ship-type-specific 
emission rates for the calculation are based on ENTEC. 

 

Table 7: Emissions of PM in tons in 2004 (based on used GWh) 

Region Ferry/Cruise RoRo Container Gen.Cargo Others Total 

Total 12,157 5,872 1,882 8,217 10,435 38,563 

Source: GAUSS, 2007 

 

As PM emissions are partly correlated7 with the sulphur content of fuel oil, the distribution is 
similar to this. The allocation of PM emissions among different ship types is thus as follows: 

 

Figure 6: PM emissions in the Baltic Sea by ship type in 2004 
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7 Chapter 11.3, Fn. 26 
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4.4 Forecast for emissions until 2020  
For the calculation of emissions, the results of different studies were considered (see refer-
ences), among others the most recent IIASA Report from 2007 (IIASA, 2007) as it analyses 
SOx and NOx as well. However, due to different assumptions the results of the IIASA Report 
and this report cannot be easily compared. Apart from different methodology, different data 
sets and base year, the expected growth rates for the scenarios are different. Furthermore II-
ASA based their analysis on the assumption for the distribution of fuel oil by 90 per cent HFO 
with 2.7 per cent sulphur content and 10 per cent MDO with 0.2 per cent sulphur content for 
European waters in general. 

Under IIASA’s scenarios, growth rates from 2.5 per cent (cargo) and 3.9 per cent (passenger) 
for all European sea regions are expected. This is, according to the report, at the “low end” 
compared to other studies, e.g. Corbett 2007, assuming 4.1 per cent annual growth. For the 
separated growth in the Baltic Sea region, only a higher increase is expected by different 
sources (see Fig 7), partly due to the fact that a comparable high proportion belongs to “Fer-
ries”. 

 

Figure 7: Total cargo traffic of European ports by region 1994 - 2005 (Index 1994 = 100) 

 
Source: ISL, Shipping Statistics and Market Review Nov/Dec. 2006 

 

For our calculations we expect above-average growth for the period from 2004 to 2020 as 
well. In order to address the possibility of different traffic growth rates in the Baltic Sea, two 
scenarios are provided (the aggregated results shown in Table 8).  

The overall average growth rates for the calculations are different by ship-type and sea areas 
in the Baltic, and intra/extra Baltic traffic, as well as over the time line.  

 

Table 8: Assumed energy growth rates in the Baltic Sea 

Period: 2004-2010 2011-2015 2016-2020 Overall average 

Growth rate Scenario I  6.6 % 5.9 % 4.9 % 5.9 % 

Growth rate Scenario II 4.7 % 4.3 % 3.8 % 4.3 % 

Source: GAUSS, 2007 
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The effects on traffic caused by the implementation of IMO’s Marpol Annex VI – with regard 
to the NOx curve and the development of SOx emissions due to the recognition of the Baltic 
Sea as a SECA – are reflected in the 2010 figures. According to the assumption made in this 
study, total ship traffic would increase annually by an average of 5.9 (4.3) per cent as shown 
in Table 8. The total growth in used kWh from 2004 to 2020 would thus be approximately 
148 per cent in Scenario I and 96 per cent in Scenario II.  

4.4.1 SO2 Emissions 

Under the BAU scenario a sulphur content in fuel oil of 1.5 per cent until 2020 was assumed. 
Those modes of shipping with a higher proportion of external traffic (General Cargo, Others) 
using fuel with a sulphur content above 1.5 per cent will experience an initial decrease in 
emissions after the implementation of SECA followed by an increase due to traffic growth. 

 

Figure 8: SO2 emissions by type of ship in tons 2004 – 2020, scenarios I and II 

0

20.000

40.000

60.000

80.000

100.000

120.000

140.000

t

Ferry/Cruise RoRo Container Gen.Cargo Others

Type of Fleet

SO2 Emission in the Baltic Sea by Type of Fleet 2004 - 2020 

(Scenario I)

2004

2010

2015

2020

0

20.000

40.000

60.000

80.000

100.000

120.000

140.000

t

Ferry/Cruise RoRo Container Gen.Cargo Others

Type of Fleet

SO2 Emission in the Baltic Sea by Type of Fleet 2004 - 2020 

(Scenario II)

2004

2010

2015

2020

 
      Source: GAUSS, 2007 

As the assumption is that there will be no growth in general cargo (transported mainly by Ro-
ro) and the SOx level is assumed to remain constant the emissions also remain constant. Espe-
cially in Ferry/Cruise and Roro, emissions are constantly rising as here internal traffic prevails 
and the sulphur content is expected to start from a comparatively low level. The expected fur-
ther growth and shift from other ship-types to this sector will add to the rapid increase in 
emissions. 

Figure 9: SO2 emissions in tons 2004 – 2020, scenarios I and II 
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As can be seen from the figures in Scenario I, sulphur emissions are rising despite the fact that 
SECA was implemented in 2006. In Scenario II, with lower traffic growth rates (Table 8), 
emissions are back to 2004 levels in 2011 despite the implementation of SECA. 

4.4.2 NOx Emissions 

Based on the assumed growth rates (Table 8), NOx emissions were calculated after taking into 
account different reduction technologies (SCR, DIW and HAM)8 and their allocation to dif-
ferent fleet segments. New-builds were considered to have higher installation rates compared 
to existing vessels. Figure 10 shows the results of this calculation of NOx emissions by ship 
type over the periods until 2020. 

 

Figure 10: NOx emissions by type of ship in tons 2004 – 2020, scenarios I and II 
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      Source: GAUSS, 2007 

The aggregation of the above specific ship type NOx emissions (Figure 10) are shown over 
the periods until 2020 by years (Figure 11). 

 

Figure 11: NOx emissions in tons 2004 – 2020, scenarios I and II 
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8 SCR with 90 per cent, DWI with 55 per cent and HAM with 77.5 per cent  (chapter 11.1) 
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4.4.3 PM Emissions 

The focus of the study is primarily on SO2 and NOx. However, as there may be significant 
changes in PM emissions due to change in the use of fuel oil it is important to evaluate and 
give an overview on the development of these emissions as well.  

 

Figure 12: PM emissions by type of ship in tons 2004 – 2020, scenarios I and II 
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      Source: GAUSS, 2007 

In the calculations, the emissions of PM are partly correlated with the sulphur content of fuel 
oil, thus the development is linked to the development of sulphur dioxide; however it is not 
linear. A change to low-sulphur fuel (LSF) in order to abate sulphur emissions shows a posi-
tive effect on the reduction of PM emissions as well, which is getting comparably smaller 
with lower sulphur values. 

 

Figure 13: PM emissions by type of traffic in tons 2004 – 2020, scenarios I and II 
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      Source: GAUSS, 2007 

4.5 Emissions in a business-as-usual scenario 
The focus in this chapter has been to evaluate the development of emissions in the Baltic Sea. 
Based on the analysis of the existing traffic flows and expected growth rates up to 2020, com-
bined with assumptions on the building of new ships and retrofitting of new-builds and exist-
ing ships with abatement technologies, the BAU calculations provided in chapter 4.4 were 
worked out. From these, it is clear that there will still be a considerable increase in emissions. 
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In the following table the aggregated emission figures for all traffic in the Baltic Sea are pro-
vided. 

 

Table 9: Total of Emissions in 2004, 2010, 2015 and 2020 (1,000 t), scenarios I and II 

         \Year 

    Scenario 

Emission 

2004 

I            II 

 

2010  

I            II 

 

2015  

I            II 

 

2020  

I            II 

 

% change 

 2004-2020  

I            II 

SO2 194 194 205 185 272 228 345 275 78 41 

NOx 384 384 521 473 621 530 723 595 88 55 

PM 39 39 52 46 69 57 86 69 127 79 

Source: GAUSS, 2007 

Table 9 shows that total SO2 emissions in the period until 2020 increase by approximately 78 
per cent (41 per cent), NOx emissions by about 88 per cent (55 per cent) and PM emissions by 
127 per cent (79 per cent) – the PM emissions take into account the lower reduction potential 
for PM in the case of better fuel quality depending on the scenario. 

However, in order to assess the results accurately, it should be noted that there are a number 
of imponderables inherent in the calculated figures. First the distribution of internal/external 
traffic is not trivial minor matter; and it is subject to constant changes by new political and 
economic basic conditions in the affected states or regions, which (may) trigger new services 
and ship types etc. Second, the engines and equipment on board (abatement technologies) and 
fuel consumption of ships are very often not known in detail. And last but not least, the as-
sessment of the sulphur content in fuel oil used by ships has an element of uncertainty. 
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5 Abatement measures and costs  
The marine diesel engine is the dominant method of propulsion of merchant ships. Most ships 
have several diesel engines, including auxiliary engines for onboard electricity production. 
Among ships with two-stroke, low-speed engines, 95 per cent use heavy fuel oil (HFO) and 
the remaining 5 per cent are powered by marine distillate oil. Around 70 per cent of ships 
propelled by medium-speed engines use HFO, with the remainder burning either marine dis-
tillate oil or marine gas oil. High-speed engines operate on distillate oil or gas oil, and gas 
turbines use gas oil (Corbett, 2006). 

5.1 Sulphur dioxide emissions 
Sulphur emissions from sea vessels are almost proportional to the sulphur content of the fuel. 
The average global sulphur content of today’s bunker oils is around 2.7 per cent. However, in 
SECAs such as the Baltic Sea, the highest permissible sulphur content is 1.5 per cent.  

Shifting to a low-sulphur bunker oil requires few engine modifications. On the contrary the 
higher quality of the low-sulphur bunker oil leads to smoother running and less risk of operat-
ing problems. Several ferries operating in the Baltic have for some years used bunker oils 
with a content of less than 0.5 per cent sulphur. Environmental demands from major custom-
ers and environmentally differentiated fairway and harbour dues in Sweden have contributed 
to a rapid increase in cargo vessels operating on low-sulphur oil. Currently approximately 
1,000 ships calling at Swedish ports run on low-sulphur bunker oils (generally with a sulphur 
content between 0.5 and 0.9 per cent). 

5.1.1 A possible shift to marine distillate oil  

The International Association of Independent Tank Owners (Intertanko) is an organisation 
with 250 members owning more than 2,500 tankers, which comprise 70 per cent of the 
world’s independent tanker fleet. In October 2006, Intertanko in a submission to IMO pro-
posed the establishing of a global sulphur cap of 1.0 per cent from 2010, to be lowered to 0.5 
per cent in 2015. The latter limit is to apply to new ship engines only, i.e. those installed as 
from 2015. It was moreover proposed that as from 2010 all ships would use only one type of 
fuel, namely distillate fuel (Intertanko, 2006).  

However, the current trend in fuel quality is negative from an environmental view. In 2005 
residual oil made up 60 and 88 per cent respectively of bunker fuel used in domestic and in-
ternational European shipping. The use of residual oil grew by 35 and 65 per cent respectively 
between 1990 and 2005, while demand for gas and diesel remained unchanged domestically 
and declined by 10 per cent in international shipping.   

According to Intertanko, this proposal would result in large reductions in SO2 and PM emis-
sions, as well as reductions in NOx and CO2 emissions from ships, with no other investment 
than a higher price for the fuel. It would eliminate the need for bunker treatment plants cur-
rently onboard ships, and also reduce the amount of generated fuel waste that needs to be 
stored, handled and treated onboard.  

The use of distillate fuel only would mean that ships around the world would use a single, 
well-defined type of fuel, which would simplify the monitoring and control of fuel quality 
compliance as well as enhancing safety. It would also facilitate the use of advanced flue gas 
emission control devices. 
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The petroleum industry claims that a switch to distillate fuels would result in a net increase in 
CO2 emissions equivalent to around 15 per cent of current refinery emissions and says that the 
shift would take more than 10 years to achieve because of the scale of construction required 
and the limited capacity of the engineering and construction industry (IPIECA, 2007). Swe-
den (2007), on the other hand, argues that the switch would reduce onboard fuel consumption 
by 5 per cent and result in a substantial reduction in the cleaning and maintenance work on all 
fuel-related systems and components. Sweden therefore proposes that the relevant IMO sub-
committee should initiate a Life Cycle Analysis that provides a comparison between current 
practice and a shift to distillate fuels. 

Growing demand for low-sulphur bunker oils and marine distillate oil will make it more diffi-
cult for refineries to use maritime transport as a way of disposing of residuals. An increase in 
the cost of low-sulphur fuel oils resulting from rising demand might trigger a shift to high-
sulphur residual oils among land-based users such as electric utilities, who may find it 
cheaper to invest in flue gas desulphurisation to be able to use oil with a high sulphur content. 
Power stations would then become the new sink for residual oils. A second option is for refin-
eries to invest in capacity to produce a higher share of distillate oil. A third might be to invest 
in gasification of the heavy residual oil.  

5.1.2 Seawater scrubbing  

An alternative to low-sulphur bunker oil and marine distillate oil could be to use a seawater 
scrubber to remove sulphur from the exhaust gas. The operation relies on hot exhaust gases 
mixing in a turbulent cascade with seawater, whereupon SO2 in the exhaust is transferred to 
the seawater. The seawater is re-circulated, and sulphur and solid particles that were removed 
from the exhaust are trapped and collected for disposal. 

A few trials with prototype scrubbers have been carried out in the last 15 years but currently 
only one vessel is equipped with a scrubber. The technique is said to be able to reduce the 
exhausts of SOx by up to 90 per cent when the ship is running on HFO. Entec (2005) assumes 
in its cost calculations that an average removal of 75 per cent is feasible and that the scrubber 
in addition removes 25 per cent of the ship’s emission of particulate matter (PM). For fuel 
with 2.7 per cent sulphur content, a 75 per cent removal rate would result in remaining air-
borne emissions equal to 0.68 per cent of the fuel used.  

Due to lack of trials there is only limited experience on how sensitive scrubbers are to various 
operational parameters, the most important being the alkalinity of the sea water. In non-
marine waters and freshwater-dominated waters there may be an insufficient alkaline reserve 
to neutralise acid compounds by seawater scrubbing. In general all European waters except 
the Baltic Sea have normal marine alkalinity (as the alkalinity is proportional to salinity). 
Field tests suggest that the seawater consumption needed for 90 per cent SOx removal is sub-
stantial, and that in fresh and brackish waters the amount would have to be significantly in-
creased to ensure the same reduction efficiency (CE Delft et al, 2006). 

An additional problem connected to the use of HFO and seawater scrubbers is that when HFO 
is burned a small part of the sulphur is oxidised to SO3. In the seawater scrubber any SO3 
formed will rapidly react with water vapour to form H2SO4 (sulphuric acid) vapour when the 
temperature falls below the dew point for the acid. CE Delft et al (2006) conclude that acid 
mist can potentially be formed in all scrubbers, especially if they are operated with low SOx 
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cleaning efficiency and designed without taking the problem into account. Entec (2005) con-
siders the problem to be insignificant in the open sea but potentially more problematic in port. 

The acidic effluent from the seawater scrubber may contain a significant content of toxic par-
ticles (hydrocarbons and heavy metals), that should not be released in ports nor in brackish 
waters (Ives and Klokk, 1993). The water treatment produces an oily sludge which needs dis-
posal. However, the acidity of the sludge might cause additional disposal problems and costs, 
which require further investigation to be better understood (Entec, 2005).  

CE Delft et al (2006) recommend that seawater scrubbers should not be operated in waters 
where there is insufficient ability to absorb SOx and transform it into SO4. They believe that 
the difficulties in using seawater scrubbing to achieve an efficient reduction of SOx might 
require ships operating in SECAs to have a control system that would ensure the scrubber is 
not used in areas with alkalinity levels that it was not designed for. Problems of this kind may 
appear not only in the Baltic Sea, where the salinity differs greatly between the Sound and the 
Gulf of Botnia, but also in entering river-based ports (e.g. the Port of Hamburg).   

5.1.3 Costs of removing SOx  

The cost of SOx abatement is difficult to assess as the premium on distillate oil and low-
sulphur heavy fuel oil depends on the balance between supply and demand in the oil market 
and on the development of crude oil prices. However, over the last five years there has been a 
tendency towards an increasing difference in cost between high- and low-sulphur heavy oils. 
Currently (February 2007) the premium for 1.0 per cent sulphur over 1.5 per cent is approxi-
mately $20 per tonne (+8%).  

Entec (2005) considered two options for fuel switching – from the current average of 2.7 per 
cent sulphur residual oil down to 1.5, and to 0.5 per cent sulphur residual oil. There is a wide 
range of estimates for the additional cost of low-sulphur fuels, and Entec uses figures from 
two sources. According to these, switching to 1.5 per cent sulphur fuel would cost 1,230 or 
2,053 euros per tonne of reduced SO2, and for switching to 0.5 per cent sulphur fuel the cost 
would be 1,439 or 1,690 euros per tonne. IIASA et al (2006) say that switching from 2.7 per 
cent to 1.0 and 0.5 per cent would cost respectively 783 and 879 euros per tonne based on 
estimates by CONCAWE (2006) but add that an approximate 50 per cent uncertainty range 
should be observed.  

For shipping in the Baltic Sea SECA, it is the difference between the cost of 1.5 per cent sul-
phur and 0.5 per cent that is relevant. Based on Entec’s figures, the incremental cost of going 
from 1.5 to 0.5 per cent appears to fall in the range of 209 and 363 euros per tonne of SOx 
abated. Based on IIASA et al and CONCAWE’s 2006 prices, the additional cost is only about 
100 euros per tonne abated. The total cost, however, is substantial as 0.5 per cent sulphur 
equals a total reduction of 81 per cent from 2.7 per cent sulphur compared to only 44 per cent 
reduction for a shift from 2.7 to 1.5 per cent.  

When considering the incremental cost of shifting to low sulphur heavy fuel oil or marine 
distillates, one needs to consider the positive effects on shipowners of reduced maintenance 
and prolonged engine life. Another positive side-effect is that PM emissions will fall by more 
than 60 per cent (Entec, 2005 with reference to US EPA). 

The cost of removing SOx by seawater scrubbers for new ships has been estimated by Entec 
(2005) to be 13-16 euros per tonne of fuel depending on the size of the ship. For retrofits the 



 

GAUSS 2008 MBI in Shipping  Page 40  

equivalent cost was estimated to be 21-24 euros per tonne of fuel. These figures are equal to 
320-390 and 504-576 euros per tonne of SO2 removed for, respectively, new ships and retro-
fits. All figures, however, are based on very limited experience, and in the case of the Baltic 
Sea, one would have to add the costs for achieving an efficient reduction of SOx when using 
brackish water, and possibly also the costs of more far-reaching waste water treatment and 
waste disposal than required in the high seas.  

The cost of reducing SOx by scrubber technology should not be compared with the incre-
mental cost of shifting from 1.5 per cent sulphur oil in SECAs to fuel containing 1.0 or 0.5 
per cent sulphur. It should rather be compared with moving from 2.7 to 0.5 per cent as the 
scrubber provides an opportunity to burn high sulphur oils in the SECA. The cost of switching 
from 2.7 to 0.5 per cent was calculated by Entec to be 64 euros per tonne of fuel in 2005. This 
is around three times the cost of retrofitting an existing ship with scrubbers. However, per 
tonne of SO2 removed, the difference is somewhat smaller as the scrubber may not reduce the 
emission by quite as much.  

5.2 Emissions of nitrogen oxides 
Nitrogen oxides are formed in the combustion chamber of the engine when some of the nitro-
gen in the combustion air is oxidised due to high temperature and pressure. In the past dec-
ades the maximum combustion pressure and temperature in marine diesels have been mark-
edly increased as a result of successful efforts to improve the energy efficiency (by as much 
as 20 per cent). However, increased emissions of NOx have been a negative side-effect. There 
are in principle two different ways of reducing NOx emissions: 

• Modifications of the engine and/or media to the engine 

• After-treatment of the exhaust gas 

Combinations of the two methods are feasible. 

5.2.1  Modifications of the engine and/or media to the engine 

5.2.1.1 Basic internal engine modifications  

The most widespread basic internal engine modification is the replacement of conventional 
fuel valves by low- NOx slide valves, a method that is currently applicable only to slow-speed 
two-stroke engines. Most new engines of this type have these valves fitted as standard, as a 
means of meeting the IMO NOx standard. Retrofitting is considered easy. In 2005 more than 
500 commercial installations of basic IEM had already taken place (Entec, 2005). 

5.2.1.2 Advanced internal engine modifications  

Advanced IEM involves combinations of a number of techniques – such as retarded injection, 
higher compression ratio, increased turbo efficiency and common rail injection – optimised 
for particular engine types.  

5.2.1.3 Direct Water Injection (DWI)  

Injecting water to cool the combustion chamber is a way of reducing NOx-formation by up to 
60 per cent. The method requires rebuilding the engine and bunkering fresh water on board, 
which is either injected directly with separate nozzles or sprayed into the combustion air at 
the inlet to the cylinder. The system is technically fairly complicated. The heat consumed in 
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the evaporation of the water is lost with the exhaust gas. Typical ratios of water to fuel con-
sumption are 40-70 per cent. By 2005, 23 ships had installed DWI on approximately 50 en-
gines (Entec, 2005). 

5.2.1.4 Exhaust Gas Recirculation (EGR)  

 Part of the exhaust gases are filtered, cooled and redirected into the engine intake air, thus 
reducing the combustion temperature. This technique is used in road vehicles and may be best 
suited to engines running on high-grade low-sulphur fuels. The reduction in efficiency in 
ships is estimated to be around 35 per cent.  

5.2.1.5 Humid Air Motor (HAM)  

HAM is a technique for preventing NOx-formation during combustion by adding water va-
pour to the engine’s combustion air. The compressed and heated turbo air passes through a 
specially designed cell that humidifies and chills the hot air from the turbo charger by taking 
up moisture from the warm cooling water until saturation of the intake air is achieved. Saline 
seawater heated by thermal losses from the engine’s jacket cooling and the turbo charger is 
utilised in the HAM process for humidifying the intake air. The salt brine from the process is 
rejected back into the sea. This means there is no need for fresh water. The system makes the 
inter-cooler superfluous as the HAM system constitutes a replacement.  

HAM makes the combustion smoother, the combustion temperature more uniform and pre-
vents so called “hot spots”. The method is independent of the bunker oil quality and the en-
gine’s workload. Fuel consumption does not increase, and HAM has the advantage over Se-
lective Catalytic Reduction (SCR) of somewhat reducing operating costs instead of increasing 
them. This means that with HAM there is no risk of tampering. The HAM method is able to 
reduce NOx by around 75 per cent. However, there is as yet only one commercial vessel, the 
Viking Line’s ferry Mariella, that has installed HAM on its Pielstick engines (starting in 
1999).  

The Mariella has been certified by the Swedish Maritime Administration (2007) as having 
reduced its NOx emissions from 15 to 4.4 g/kWh (-71%). The Viking Line reports that instal-
lation of HAM reduced lube oil consumption by about 30 per cent and that the engine life has 
been extended. The engines run cleaner, fuel consumption is down by an average of 5 per cent 
and operating and maintenance costs have been reduced (Hagström, 2005).  

An initial problem to overcome for a more widespread application of the HAM technology is 
that additional space is required, and research and trials may be necessary before installation 
is possible on engines other than those produced by Pielstick. 

Other means of reducing NOx include using gas turbines or gas engines with low-NOx burn-
ers. Such engines, however, have thermal efficiencies well below those of slow- and medium-
speed diesel engines, as shown in table 10. There is thus an inherent trade-off between fuel 
efficiency and NOx abatement. 
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Table 10: Energy efficiency and NOx emission levels of selected marine engines. 

Engine type Efficiency (%) NOx emission (g/kWh) 

Slow-speed diesel (60-250 rpm) 48-54 11-21 

Medium-speed diesel (250-1000 rpm) 43-50 8-12 

High-speed diesel (1000 rpm) 40-43 6-8 

Gas turbine  10 MW 32-39 0.5-2 

Gas diesel engine, medium speed 43-50 4 

Gas Otto engine, medium speed 46-47 1 

Gas Otto engine, high speed  37-40 1-2 

Source: Oftedal et al (1996). 

5.2.2 After-treatment of the exhaust gas 

5.2.2.1 Selective Catalytic Reduction (SCR)  

SCR is a system for after-treatment of exhaust gases and reduces the emissions of nitrogen 
oxides by up to 95 per cent. The method is suitable for both new vessels and retrofit installa-
tions. SCR requires low-sulphur bunker oil of good quality and an exhaust temperature above 
300°C. NO and NO2 are reduced to N2 and H2O by mixing a water solution of urea into the 
exhaust gas before it passes through a catalytic converter. This reaction takes place in a satis-
factory manner only within a certain “temperature window”. The exhaust temperature of me-
dium-speed four-stroke engines is normally within this window, but often only at full engine 
load with large slow-speed two-stroke diesel engines. In the latter case, the catalytic converter 
must be placed between the engine cylinder and the turbocharger where the temperature is 
high enough. This is sometimes a handicap when retrofitting existing vessels as it requires 
more space in the engine room. The urea consumed amounts to 2-3 per cent of the fuel con-
sumption. By 2005 and worldwide, around 350 engines on 80 ships were equipped with SCR 
(Entec, 2005).  

5.2.3 Assumptions on costs and efficiencies  

According to Entec the costs per tonne NOx abated for various technologies including the 
modification of the engines and/or media to the engine are as summarised in table 11. 
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Table 11: Emissions reduction efficiencies and estimated costs 

Technology Ship type Euro per tonne NOx abated 
Vessel size   

Small Medium Large 
Basic IEM  New 12 9 9 
Basic IEM  Retrofit 12-60 9-24 9-15 
Advanced IEM New 98 33 19 
DWI New 411 360 345 
HAM New 268 230 198 
HAM Retrofit 306 282 263 
SCR inside SECA New 543 424 398 
SCR inside SECA Retrofit 613 473 443 
SCR, ships using MDO New 413 332 313 
SCR, ships using MDO Retrofit 483 381 358 

Source: Entec (2005) 

For further calculations the reduction assumptions of the following studies have been consid-
ered (Table 12). As the projections are calculated until 2020 and techniques in this period 
probably will improve the values for the study at hand are rather at the upper end of the aver-
age of the different sources.  

 

Table 12: NOx reduction potential of different technologies 

Measure Ref. 19 Ref. 2 Ref. 3 Used value 
 NOx - Reduction (%) 
DWI 50 50-60 50-60 55 
HAM 70 40-80 70-85 77.5 
SCR 90 80-90 90 90 

Source: GAUSS, 2007 

Exhaust gas re-circulation is not included in the table as no installations have yet been made 
in commercial ships, and because the ship would for technical reasons have to switch from 
heavy residual oil to marine distillates. None of the technologies affect the specific fuel con-
sumption significantly (Entec, 2005). However, the Viking Line claims a 5 per cent reduction 
for HAM (see above). 

                                                 
9 Ref. 1: Entec 2005 a: Assignment, Abatement and Market-based Instruments, August 2005 
  Ref. 2: Bailey, Plenys, Solomon, et. al.: HARBORING POLLUTION - Strategies to Clean Up U.S. Ports:,  
  August 2004 
  Ref. 3: G.Lövblad and E.Fridell: Experiences from use of some techniques to reduce emissions from ships,  
  2006 
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6 Existing Market-Based Instruments in Shipping 

6.1 Differentiated Fairway Dues (Sweden) 
Recognising the need for abatement measures at sea, the Swedish Maritime Administration, 
the Swedish Port and Stevedores Association and the Swedish Shipowners’ Association in 
1996 arrived at a Tripartite Agreement to use differentiated fairway and port dues to reduce 
emissions of NOx and SOx by 75 per cent by the end of the first decade of the new millen-
nium. The parties concluded that vessels engaged in dedicated trade and other frequent vessel 
traffic involving Swedish ports, regardless of flag, should reduce emissions of NOx by install-
ing SCR or other cost-effective NOx-abatement techniques. Shifting to low sulphur bunker 
fuels was to reduce sulphur emissions. 

6.1.1 Fairway dues 

Fairway Dues constitute the main part of the economic foundation of the Swedish Maritime 
Administration (SMA) that enables provision of services to shipping, infrastructure invest-
ments, dredging, lighthouse and fairway maintenance, icebreaking, hydrological surveys, etc. 
The SMA is funded by fairway dues on shipping and not by the government. 

The Swedish fairway dues consist of two parts, one related to the gross tonnage (GT) of the 
ship and one based on the amount of cargo carried. It is only the former that is differentiated 
according to environmental criteria. In 1998, when the new system was introduced, the basic 
levels were raised to make room for substantial deductions for ships that emit less sulphur and 
nitrogen oxides. This means that the scheme is revenue-neutral. 

From 1 January 2005 the basic rate is SEK 1.80 per GT for passenger ships, SEK 2.20 for oil 
tankers and SEK 2.05 for other types of ship10. Cruise ships were included in 2006 (SEK 
0.50). On top of this rate, vessels are charged an additional SEK 0.60 per GT unless they use 
fuels containing less than a certain percentage of sulphur.  

The NOx -related reduction of the due is based on the emissions measured in grams per kWh. 
If the emissions at 75 per cent engine load are above 10 g/kWh, no NOx discount is given. 
Below this level the discount increases continuously down to a level of 0.5 grams per kWh, 
where the discount amounts to SEK 1.20 per GT (€ 0.13).  

Shipowners who state and verify their continuous operation of ships on bunker oils with a low 
sulphur content qualify for discounts. Ferries that use fuels with less than 0.5 per cent sulphur 
(by weight), and other ships using fuels with less than 1.0 per cent, get a discount of SEK 
0.20-0.60 per GT. The exact discount depends on the extent to which the sulphur content falls 
below these limits.  

A passenger ferry that runs on 0.5 per cent sulphur bunker oil and uses SCR for reducing NOx 
emissions to a level of 0.8 g/kWh would, for instance, enjoy a total discount of SEK 1.40 per 
GT. Subsequently the remaining fee is SEK 1.00. A general cargo vessel running on fuel con-
taining 1.0 per cent sulphur and using an equally effective SCR would pay SEK 1.40 per GT, 
whereas a similar vessel that uses high-sulphur bunker oil and emits NOx above 10 g/kWh 
would pay SEK 2.65. The maximum total discount is 67 per cent for ferries, 64 per cent for 
oil tankers and 66 per cent for other cargo vessels. 
                                                 
10 SEK 1 is equal to € 0.109 (December 2006) 
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The number of calls that are subject to fairway dues is limited to five per calendar month for 
passenger vessels and two per month for other vessels. 

By December 2006 1,006 ships had been granted a discount for low-sulphur bunker fuel. 
These vessels represent around 75 per cent of the annual ferry tonnage and more than 45 per 
cent of the cargo tonnage calling at Swedish ports (Stefan Lemieszewski, SMA, personal 
communication). However, the number of ships has declined by 11 per cent since November 
2005. The reduction is largely explained by the fact that the premium on low-sulphur fuel has 
increased. 

By December 2006, 47 ships had been certified for a NOx-related discount of the fairway due. 
Among them 42 have installed SCR, two apply water injection, one has installed HAM, one is 
a cargo vessel that has relatively low emissions (7-8 g/kWh) without having installed SCR, 
and four are high speed craft moved by low-NOx-emitting gas turbine engines. Some vessels 
apply different abatement technologies to the main engine and the auxiliary engines, which 
explains why the total number of installations by type exceeds 47. The National Maritime 
Administration estimates that the scheme reduces NOx emissions from ships calling at Swed-
ish ports by around 48,000 tonnes per year.  

One reason why NOx abatement measures take longer to introduce is that shipowners have to 
invest in new technology. This involves a certain degree of risk-taking compared with shifting 
to low-sulphur bunker oils, as the investments in most cases will have to be written off over a 
period of approximately 10 years. The response would, presumably, have been swifter had 
other North European countries provided a similar incentive.  

For NOx emissions below 2 grams NOx/kWh there is a multiple factor for the ship’s total in-
stalled engine power. The reason for this is to provide an economic incentive to shipowners to 
apply NOx reduction technology on auxiliary engines.  

To overcome initial problems and encourage the installation of SCR technologies, the Swed-
ish Maritime Administration (SMA) offered shipowners partial subsidies for installations 
made during the first five years following 1 January 1998. Installations made in 1999 and 
2000 qualified for a reimbursement of 40 per cent of the investment cost. Thereafter the 
maximum level was 30 per cent until the end of 2003 when the scheme was discontinued. The 
offer is applied to all vessels calling at Swedish ports regardless of flag and was designed as 
restitution of paid fairway dues. When introduced, the scheme did not apply to abatement 
techniques other than SCR. It thus had the disadvantage of not promoting new and potentially 
more cost-effective techniques such as HAM. The Maritime Administration therefore decided 
to open the reimbursement scheme to installations other than SCR that reduce NOx by a simi-
lar amount (i.e. the HAM technique). Of the 36 ships currently enjoying reduced fairway dues 
because of low NOx emissions, 13 received an investment subsidy from the SMA for the 
abatement equipment. 

6.1.2 Differentiation of Swedish port dues 

Close to 30 ports, representing more than 90 per cent of the traffic in Sweden’s 52 ports, dif-
ferentiate their dues for the sulphur content of the fuel used and the NOx emitted by calling 
vessels. They apply a differentiation of their port dues, based on data of qualified ships from 
the SMA, but their systems are outside the influence of the SMA. 
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Each port is an autonomous body, which in competition with other ports has to cover its costs. 
This makes the situation of ports different from that of the Maritime Administration. The 
challenge lies in differentiating the port due in a way that provides an incentive additional to 
that of the fairway due without risking a loss of customers or revenue. Such difficulties ex-
plain why the port dues are much less differentiated than the fairway dues. Table 11 provides 
information on the sulphur differentiation of selected major Swedish ports. The border be-
tween low- and high-sulphur content is set at 0.5 per cent for ferries and 1.0 per cent for other 
ships. Some ports apply discounts on the nominal tariff for low-emitting vessels, while others 
enforce surcharges on ships with emissions above the threshold. For ferries, however, the Port 
of Stockholm applies a surcharge on vessels using bunkering fuel with more than 0.2 per cent 
sulphur.  

 

Table 13: Discounts for low-sulphur bunker oils and penalties on high-sulphur fuels in selected  
                 Swedish ports in 2005. SEK per GT (SEK 1 = € 0.109). 

Port Discount Surcharge 

Port of Gothenburg  0.2 

Port of Helsingborg 0.1  

Port of Malmö 0.1  

Port of Stockholm *  0.2 

   Source: Kageson, 2007 

* For ferries with less than 0.5 per cent sulphur but more than 0.2 per cent the charge is lim-
ited to SEK 0.1. 

By November 2005, close to 20 Swedish ports had introduced discounts for low emissions of 
nitrogen oxides. Table 12 shows the current rates in the most important Swedish harbours.  

 

Table 14: Discounts for NOx emissions in selected Swedish ports in 2005. SEK per GT  
                 (SEK 1 = € 0.109) 

Port g NOx/kWh Discount (SEK/GT) 

Port of Gothenburg ≤ 12 

≤ 6 

≤ 2 

0.05 

0.10 

0.20 

Port of Helsingborg ≤ 12 0.01 

Port of Malmö ≤ 6 0.15 

Port of Stockholm ≤ 10 

≤ 5 

≤ 1 

0.15 

0.25 

0.30 

  Source: Kageson, 2007 

The discounts are small compared to the nominated rates. For instance, in the case of Stock-
holm the nominated tariff is € 0.27 per GT with a lower fee of € 0.16 for scheduled service 
vessels (at least four calls per week). The port fee is supplemented by cargo and passenger 
fees. The cargo fee depends on the type of cargo and the amount loaded or unloaded. It should 
also be kept in mind that substantial rebates may occur as a result of bargaining. 
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6.1.3 The effects of port and fairway discounts in Sweden 

When assessing the Swedish schemes, one obvious observation is that the discounts do not 
reflect real emissions. Even if there might in most circumstances be a relatively accurate rela-
tionship between GT and engine output, neither the fairway due itself nor the discount take 
into account the distance travelled. The environmental differentiation of the Swedish port 
dues suffers from the same disadvantage. The fact that the fairway due is limited to a certain 
number of port calls per month is another deviation from making ships pay for real emissions 
(or from granting them a discount for reducing them). 

However, even a scheme that does not truly reflect real emissions may provide sufficient in-
centives to shipowners to clean up their operations.  

The discounts provided for low-sulphur fuel appear to be high enough to make most frequent 
visitors choose blends that are less sulphur-rich than the maximum permissible level in the 
Baltic and North Seas, and this in a situation where most of them do not gain from any dis-
counts on port dues in neighbouring countries. However, many of the vessels, in particular 
ferries, did use low-sulphur bunker oil or middle distillates prior to the differentiation of the 
Swedish port and fairway dues. 

Where decisions to maintain the use of low-sulphur fuel are concerned, one should keep in 
mind that the price difference between low- and high-sulphur bunker oil has increased in re-
cent years. In October 1999, the premium for 0.5 per cent over high-sulphur oil was US$ 30 
per tonne (Kågeson, 1999). In November 2005, the premium had increased to nearly 100 US$ 
per tonne. The total price for bunker fuel containing 0.5 per cent sulphur increased from 130 
to 330 dollars per tonne between 1999 and 2005. 

As already mentioned, the NOx discounts have contributed to investments in SCR in 34 ships. 
It may be of interest to see to what extent the current discounts balance these investments and 
the additional running cost associated with the use of urea.  As an example we will use a ferry 
of 60,000 GT with a total engine capacity of 40 MW, sailing on a daily basis between Stock-
holm and a port in a neighbouring country. Her owner would pay Swedish fairway dues for 
60 entries and port dues to the Port of Stockholm for approximately 360 calls per year. 

Retrofitting a ferry of this size with SCR would cost around SEK 18 million11 and result in 
emissions below 0.5 g/kWh, which would earn her a discount on the fairway due of SEK 4.3 
million per annum. Assuming that the due negotiated with the Port of Stockholm truly reflects 
the port’s nominal discount for low NOx emissions, the annual reduction would be SEK 6.5 
million, based on 360 calls. Thus the total discount on port and fairway dues amount to SEK 
10.8 million per year. 

The annual operating cost of the SCR system of such a ship is around SEK 4.7 million.12 Thus 
SEK 6.1 million of the annual discount is available for writing off the investment. With a pre-
sumed interest rate of 4 per cent and 10 years depreciation, the annuity amounts to SEK 2.2 
million. The owner thus makes an annual profit of SEK 3.9 million by participating in the 
programme. This is equal to 21.7 per cent on the investment. It thus appears profitable for a 
frequent visitor to the Port of Stockholm to install SCR. A higher interest rate, of course, 
would result in a lower profit. 
                                                 
11 Information from Per Holmström, Munters Europe AB, based on data from Viking Lines’ Cinderella. 

12 Information from Per Holmström, Munters Europe AB, based on data from Viking Lines’ Cinderella. 
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Where the environmental differentiation of port dues is concerned, one should keep in mind 
that if such a scheme proves very successful, the port would be forced to continuously in-
crease its basic due in order to balance its cash flow. When the most frequent visitors have 
undertaken the necessary investments to reduce their emissions, all rebates would have to be 
paid by the infrequent port users. They would in such a case consider calling at an alternative 
port, which would make it problematic for the first port to maintain its nominal rate of differ-
entiation. In the case of Sweden, much of this problem appears to have been avoided as all 
major ports decided to follow the recommendation of the Swedish Port and Stevedores Asso-
ciation to participate in the effort by differentiating their port dues. Being situated on a penin-
sula, Swedish ports may also be less vulnerable to foreign competition than ports that share a 
coastline with ports of neighbouring countries. 

6.2 Differentiated port dues in Åland 
In January 2000, the Finnish Port of Mariehamn (in Åland) began to differentiate its basic 
dues with regard to ships’ emissions of NOx and SOx. The port offers vessels emitting less 
than 10g NOx/kWh a discount of 1 per cent off the port due. The discount increases on a lin-
ear scale up to 8 per cent for ships emitting less than 1 gram. Ships using bunker oils with less 
than 0.5 per cent sulphur receive an additional reduction of 4 per cent. Sulphur content below 
0.1 per cent is rewarded with an 8 per cent discount. An additional 8 per cent is available for 
the combination of low-sulphur fuel (<0.5%) and NOx emissions below 1.0 g/kWh. Most par-
ticipating ships are ferries on the route between Finland and Sweden. Most vessels are certi-
fied by the Swedish Maritime Administration as they also take advantage of the differentia-
tion of fairway and port dues in Sweden.  

6.3 Norwegian Ship Environmental Accounting System, tonnage tax and 
NOx charge 
In 1994, a Nordic committee for environmental control published a report13 containing ideas 
about environmental indexing for shipping. The aim was to find solutions for Nordic applica-
tions, with possibilities to expand the system globally. The report underlined the importance 
of introducing a system through the IMO in order to reach a wide international acceptance. 
The proposal addressed NOx, SOx, VOC and formal safety assessment (FSA).  

Parallel with the Nordic committee, the Norwegian Shipowners’ Association and the Norwe-
gian Environmental Protection Agency published a report on the same issue. Their system 
was designed to be the basis for differentiation of, for example, port and canal dues. The pro-
posal includes additional performance parameters such as waste assortment, sewage collec-
tion tanks and treatment systems, construction and navigational aids.  

In 1999 the Norwegian Parliament decided to introduce the principle of environmental differ-
entiation into the country’s tonnage tax. This resulted in environmental taxes on sulphur and 
CO2-emissions for ships in domestic trade, and provided grants for NOx measures on existing 
ships. The tonnage tax is enforced on all vessels above 1,000 net tonnes (NT) subject to taxa-
tion in Norway. The tax is a substitute for corporate taxation in the Norwegian shipping sec-
tor. The tonnage tax is differentiated for environmental performance on the basis of a Ship 
Environment Index System (SEIS), which is based on up to seven different environmental 

                                                 
13 Nordiska ämbetsmannakommittén för miljövård (1994) 
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parameters, including sulphur and NOx emissions. Ships that meet all requirements can re-
ceive up to 10 environmental points. Abatement of NOx and SOx emissions makes up six of 
the system’s 10 maximum points for tankers, general cargo vessels and passenger ships. For 
“other ships” (including towboats, fishing vessels, research ships, barges and supply and 
standby ships related to Norwegian off-shore activities) all 10 points relate to emissions of 
NOx and sulphur. However, if the NOx emissions are 80 per cent (or more) lower than the 
IMO’s NOx curve, the maximum score of 10 is automatically achieved. This means, as shown 
in table 13, that not all ships get the same credit for an equal reduction of NOx and SOx. 

 

Table 15: Points earned for different reductions of NOx and SOx in the Norwegian model. 

Criteria           \  Ship type Tankers General 
cargo 

Passenger 
ships 

Other  
ships 

NOx     

IMO NOx -curve* 0.75 0.75 1.05 1.75 

(IMO curve)  - 15%  1.50 1.50 2.10 3.50 

(IMO curve)  - 60% 3.00 3.00 4.20 7.00 

SOx     

2.5% S 0.75 0.75 0.45 0.75 

1.5% S 1.50 1.50 0.90 1.50 

0.5% S 3.00 3.00 1.80 3.00 

Total points for best emission 
reduction practice 

6.00 6.00 6.00 10.00 

 

A full score of 10 environmental points allows for a 25 per cent reduction of the tax. The av-
erage score is 2.33, ranging from 8.8 for offshore units to 2.5 for cargo ships and 2.2 for tank-
ers (NERA 2005). 

The tonnage tax, however, is very moderate. No tax is paid for ships of less than 1,000 NT. 
Ships liable to the tax pay only around NOK 3.5 per NT per year which is equal to NOK 
2.2/GT. The part of the tax which is open to rebates corresponds to about half of this amount, 
i.e. little more than NOK 1 per GT per year (€0.12). The maximum reduction for a cargo ves-
sel will then be in the order of NOK 0.6 per GT and year. 

From 1 January 2007 Norway introduced a charge on NOx emissions from ship engines above 
750 kW. The rate is NOK 15 per kilo (equivalent to €1840/tonne). However, ships in interna-
tional traffic are exempt (Toll- og Avgiftsdirektoratet, 2007). 

6.4 Green Award (Rotterdam) 
In 1994 the Green Award Foundation was set up as an initiative of the Rotterdam Municipal 
Port Authority and the Dutch Ministry of Transport and Water Management. It was estab-
lished to initiate market incentives to promote quality shipping i.e. to provide cost reductions 
at contracting ports for tankers that have achieved this award. Since 2000 the foundation is 
independently organised. 

The Green Award Foundation is a pioneer in the field of promoting a maritime, environ-
mental and safety-conscious culture, and has been the inspiration for later similar initiatives 
including the Qualship 21 initiative of the United States Coast Guard. 
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In collaboration with the Port of Rotterdam, in 1994 the Green Award launched the Green 
Award programme, which is designed as an incentive to large vessels to improve safety and 
environmental protection. Crude oil tankers, product tankers and bulk carriers with a mini-
mum deadweight of 20,000 tonnes may apply for inspection and certification. Worldwide 
about 1,500 tankers and 1,500 bulk carriers are operational in the categories for which the 
Green Award is available in principle. Today more than 30 ports in eight different countries 
offer reduced port dues for tankers and bulk carriers that carry a Green Award Certificate. 
Most of them offer discounts of 5 or 6 per cent on port dues. Around 180 ships have been 
certified. Most of these vessels are larger than 50,000 DWT and not used in short-sea ship-
ping.  

The certification procedure consists of audits of crew and management procedures and tech-
nical provisions. The emphasis is on safe and environmentally friendly management and crew 
competence. A certificate is valid for three years. In addition the shipowner must demonstrate 
environmental and safety awareness in a number of areas affecting management and crew 
competence, as well as technical provisions. They include manning, maintenance systems, 
tank and hull arrangements, oil leakage prevention, vapour emission control, accidental oil 
pollution prevention, spill collection, bilge water treatment, waste disposal, tank cleaning and 
exhaust emissions. For each element a certain minimum score must be obtained in order to be 
granted a Green Award, and a certain minimum total score for the entire ranking list must also 
be obtained. Criteria related to air emissions can contribute a maximum of 10 per cent of the 
total number of ranking points available. Points are awarded for NOx emissions of no more 
than 17 g/kWh, the use of low-sulphur fuel or alternatively SO2 emissions below 6 g/kWh. 
The assessment procedure is carried out in absolute confidentiality, which means third parties 
are not offered any insight. 

6.5 Qualship 21 (USA) 
The Qualship 21 initiative (Quality Shipping for the 21st century) came into effect in January 
2001 and was introduced by the US Coast Guard to eliminate substandard shipping by provid-
ing incentives to encourage quality shipping. Before the introduction of Qualship 21 vessels 
were examined no less than once each year regardless of their performance. This provided no 
incentives for the well-run quality ship. Therefore the US Coast Guard implemented an initia-
tive to identify high-quality ships of all flags and provide incentives to encourage quality op-
erations. A quality vessel is associated with a well-run company, is classed by an organisation 
with a quality track record, registered with a flag state with a superior Port State Control re-
cord, and has an outstanding Port State Control history in US waters. 

For a flag state to be granted eligibility, it must have submitted a self-assessment of flag state 
performance to the IMO and must have provided a copy to the US Coast Guard. Approxi-
mately 10 per cent of the non-US-flagged vessels that call in the USA qualify for this initia-
tive. The eligibility requirements are:  

1. The vessel must not have been detained, and determined to be substandard, in US wa-
ters within the previous 36 months;  

2. The vessel must not have any marine violations, no more than one paid Notice of Vio-
lation case (tickets), and no reportable marine casualties, that meet the definition of a 
serious marine incident or major marine casualty, in US waters within the previous 36 
months;  
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3. The vessel must have completed a successful, US Port State Control examination 
within 12 months of eligibility determination;  

4. The vessel must not be owned or operated by any company that has been associated 
with a substandard vessel detention in US waters within the previous 24 months. 

5. The vessel must not be classed by, nor have its statutory Convention Certificates is-
sued by, a targeted class society. A class society is targeted if points are assigned to it 
in the Port State Control targeting matrix;  

6. The vessel must not be registered with a flag state that has a detention ratio more than 
1/3 of the overall US detention ratio, determined on a 3-year rolling average, and the 
flag state must have at least 10 distinct vessel arrivals in each of the last three years;  

7. The vessel’s flag state must submit its self-assessment of flag state performance to the 
IMO, and provide a copy to the Coast Guard; and  

8. Though not specifically mentioned in the above criteria, the Coast Guard reserves the 
right to restrict eligibility in the Qualship 21 initiative to any vessel because of special 
circumstances, including, but not limited to, significant overseas casualties or deten-
tions, and pending criminal or civil investigations.  

Incentives for quality vessels include a Qualship 21 certificate, and vessel names are posted 
on the US Port State Control website. With a Qualship 21 certificate, a quality freight ship 
will be subject to fewer Port State Control inspections for a period of two years. For the fur-
ther development of the scheme, it is intended to include reduced port fees, based on addi-
tional attributes of the vessel. 

6.6 Notations of classification societies 
From the mid 1990s several classification societies started to develop approaches to identify 
and recognise environmentally sound shipping, to be included in their respective notation sys-
tems. Some of the approaches were organised to require shipowners to pass certain require-
ments; others were aimed at compiling and documenting different efforts of the shipowner. 
The latter do not have to adhere to any particular preference of the classification society. 

DNV (Det Norske Veritas) for example has two environmental protection class notations, 
namely: 

1. Clean Design – with ambitious standards, especially for new-buildings; and 

2. Clean – prepared primarily for existing ships engaged in deep-sea trading. 

Lloyds Register’s Environmental Protection notation recognises ships’ compliance with 
Lloyds’s provisional rules for Environmental Protection (originally published in 1998). It ap-
plies to both new builds and operational vessels.  

The Green Star scheme of RINA has both a Clean Sea and a Clean Air element. The Clean 
Sea notation requires bunker tanks to be installed over double bottoms and to hold tanks for 
black and grey water, as well as to ensure that garbage is disposed of safely and that ships use 
TBT-free anti-fouling. The Clean Air notation sets limits on SOx and NOx emissions, and en-
forces requirements on refrigeration gases and controls for incineration plants. 

Most of the important classification societies have implemented notation systems to describe 
the environmental situation on board. However, all of them are different in textual context and 
requirements. 
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6.7 Conclusions on existing schemes 
The Swedish differentiation of port and fairway dues is the only existing scheme of market 
based instruments with a potential to influence ship owners’ decisions on sulphur content and 
NOx abatement technologies. The differentiation explains why, world-wide, more than half of 
the advanced systems for NOx reduction currently in place are found in vessels that frequently 
call at Swedish ports. A disadvantage, however, is that the differentiation does not take ac-
count of distance. The size and differentiation of the Norwegian tonnage tax are too modest to 
provide much incentive, and ships in international traffic are exempt from the Norwegian NOx 
charge.  

The Green Award Foundation promotes an environmental and safety-conscious maritime cul-
ture, but the award is limited to large tankers and bulk carriers and not aimed at reducing 
emissions of sulphur and nitrogen oxides. The American Qualship 21 Certificate ensures that 
quality freight ships are subject to fewer Port State Control inspections than other ships, but 
the certificate has not yet been used as a basis for differentiation of port fees. 
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7 Evaluation of the NERA proposals  
In 2004 NERA Economic Consulting produced a report for the European Commission’s di-
rectorate-general for the environment on the feasibility of alternative market-based mecha-
nisms to promote low-emission shipping in European Union sea areas. In September 2005 the 
Commission released a follow-up study, also by NERA, called Economic Instruments for 
Reducing Ship Emissions in the European Union, in which the consultants examine in greater 
detail some of their more promising economic mechanisms from the first report. After briefly 
presenting NERA’s first report, this chapter will discuss the results of the second report.  

7.1 NERA’s 2004 Report 
NERA’s first report provides information on the feasibility of a broad range of market-based 
approaches to regulate atmospheric emissions from seagoing ships in European Union waters. 
The emissions under consideration are primarily SO2 and NOx. However the approaches con-
sidered could also be applied to other emissions such as CO2 or PM.  

The report evaluates programmes in two broad categories: (1) emissions trading programmes, 
in which participants trade quantities; and (2) emissions charging programmes, in which par-
ticipants respond to a charge on emissions or on another quantity, such as sulphur in fuel. 

Six market-based programmes (three trading and three charging) were evaluated, selected for 
their prominence in specific shipping proposals or in previous programmes for land-based 
sources. Because of the trade-offs along various dimensions, the consultants developed multi-
ple approaches for each of the six programmes. The six programmes and specific approaches 
considered in NERA’s first report for each programme are discussed below. 

7.1.1 Credit-based trading programme  

These programmes provide tradable credits to facilities that voluntarily reduce emissions be-
low their business as usual (BAU) levels. These credits can be traded and counted toward 
compliance by facilities that would face high costs or other difficulties in meeting their emis-
sions requirements. Credits are generally created through an administrative process in which 
the credits must be pre-certified and approved before they can be traded. In the shipping con-
text, a credit-based programme would allow ship owners to reduce emissions and sell the 
emission reduction credits to land-based sources assumed to be subject to a cap-and-trade 
programme.  

NERA elaborates with two varieties of credit-based programmes, the simple credit approach 
that would allow vessels to generate credits based upon a simple formula for determining 
BAU levels (e.g. 1.5% sulphur in fuel), and the stringent credit approach. The latter would 
require shippers to achieve emission rates below BAU levels, in order to provide net emis-
sions reductions, and also provide clear evidence of BAU levels in order to avoid “anyway 
tonnes”, i.e. reductions that would occur anyway without the programme. 

7.1.2 Benchmark trading 

Benchmarking programmes identify a specific emissions rate to apply to covered activities 
and require that the average emission rate from these activities does not exceed the bench-
mark level. Sources subject to the programme can trade credits among each other and thereby 
lower the cost of meeting the emissions rate target. In the shipping context, NERA identifies 
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two approaches to benchmarking: universal benchmarking, which would require all ships in 
EU waters (above a given size) to participate in the programme, with no geographic differen-
tiation and relatively simple monitoring, and trading consortia, which would allow vessels to 
“opt in” to a trading consortium. 

7.1.3 Cap–and-trade programmes 

Under a cap-and-trade programme, an aggregate cap on emissions is set by creating a total 
number of emissions allowances, which initially are distributed among all emitters that are 
subject to the programme. They provide their owners with the right to emit a unit of emis-
sions. In contrast to benchmarking programmes, cap-and-trade programmes limit total emis-
sions. In the shipping context, a cap-and-trade programme could be set for overall shipping 
emissions within a region, with individual ships allocated allowances and allowed to trade 
amongst each other. NERA identifies two approaches that differ only in their treatment of the 
location of shipping emissions: trading with exchange rates, which would set simple exchange 
rates for emissions in different seas, and trading with geographic formulas, which would use 
more detailed location formulas to account for geographic concerns. 

7.1.4 Taxation 

NERA considers three taxation approaches that differ in whether fuel or emissions is taxed 
and, for the fuel taxes, whether fuel purchases or fuel consumption would be taxed. The fuel 
taxes would target SO2 emissions while the emissions tax would target both SO2 and NOx 
emissions. NERA distinguishes between tax at the pump, which would tax sulphur fuel con-
tent in excess of a given level at the point of sale in Europe; fuel-use tax, which would tax the 
sulphur in fuel used by each ship above a given level; and emissions tax, which would tax 
emissions from ships, with emissions weighted by sea region and distance from shore. 

7.1.5 En-route charging 

En-route charging has been used for many years in the aviation sector to provide payment for 
use of the air traffic control infrastructure. Charges are based on the distance travelled within 
the relevant airspace and the weight of the aircraft. A similar approach could be applied to 
maritime traffic to charge vessels for emissions en route. NERA studies two approaches that 
vary in whether or not specific ship movements would be monitored, trip-based charges based 
on generic shipping travel patterns, and distance-based charges, whereby ships would be 
charged according to the actual distance travelled, including variations by region and distance 
from shore. In both cases periodic emissions monitoring would be required. 

7.1.6 Differentiated dues 

A system of differentiated port or fairway dues would take advantage of the fact that most 
ports and some countries already impose charges on vessels that use their facilities and wa-
terways. Differentiating charges in this context means basing port dues in part on emissions of 
various pollutants. A revenue-neutral system of this kind has been used in various Swedish 
ports since 1998 to encourage reductions in NOx and SO2 emissions. NERA distinguishes 
between three types of differentiated dues: voluntary differentiated port dues, mandatory dif-
ferentiated port dues, which would require ports within the EU to adopt a differentiated dues 
system, and differentiated fairway dues. 
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7.1.7 Results by NERA (2004) 

Based on 13 evaluation criteria, divided into four broad categories – environmental criteria, 
efficiency criteria, distributional criteria, and legal/political feasibility criteria – NERA found 
that the various market-based approaches share advantages relative to less flexible regulatory 
approaches. However, the wide mix of programmes also illustrates potential trade-offs among 
the approaches. According to NERA, perhaps the most fundamental trade-off is between, on 
the one hand, broad and comprehensive approaches that promise major cost savings and envi-
ronmental gains, but would require a major shift in legal and political acceptability and sub-
stantial administrative costs; and on the other hand more modest approaches that would pro-
vide smaller cost savings and environmental gains, but would involve less substantial admin-
istrative costs and fewer legal and political obstacles. 

In the 2004 report NERA provides a brief assessment of the cost-effectiveness of the six dif-
ferent instruments trying to take into account their respective advantages and drawbacks. Ta-
ble 14 shows NERA’s summary of the most important aspects of the different approaches 
from an environmental and cost/benefit perspective.  

 

Table 16: Qualitative assessments of Market-Based Approaches for shipping 

0 = Worst Performance 
5 = Best Performance 

Credit Bench-
marking 

Cap & 
Trade 

Fuel Tax En Route Diff. Dues 

Environment: Overall 0 4 5 3 4 3 

Environment: Geo. Diff. 1 0 3 1 3 5 

Cost-Effectiveness 4 3 5 1 5 3 

Source: GAUSS, 2007 

When considering NERA’s assessment it must be kept in mind that the indication-numbers 
are not meant to be added in order to identify the most suitable approach. They would have to 
be weighted (which is difficult) in order to become comparable. However, they provide a 
rough indicator of the qualitative performance of each instrument and indicate that cap-and-
trade schemes and en-route charging would be the most favourable.  

Given the relative novelty of market-based instruments for the marine sector, NERA (2004) 
recommends a start with more modest programmes. Although none of them is perfect, NERA 
sees three approaches as the most promising means of introducing market-based instruments 
to promote low-emission shipping in EU waters: the stringent credit-based approach, the con-
sortia benchmarking approach, and voluntary port dues differentiation. NERA’s reason for 
not recommending cap-and-trade programmes, taxation or en-route charges is that they may 
turn out not to be politically and/or legally feasible. However, from NERA’s 2005 report it is 
evident that the credit-based approach and consortia benchmarking could also be affected by 
problems of this kind. 

7.2 NERA’s 2005 report 
The 2005 report by NERA provides a detailed analysis of four economic instruments for re-
ducing emissions from sea transport. It covers the three most promising approaches identified 
in NERA’s 2004 study, and a fourth category, subsidies, to promote clean shipping. In the 
following sections we will take a closer look at NERA’s favoured mechanisms. 
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7.2.1 Credit-based programmes 

NERA notes that credit-based programmes have been used in several circumstances, the most 
well-known being two of the flexible mechanisms under the Kyoto Protocol: the Clean De-
velopment Mechanism (CDM) and Joint Implementation (JI) that allow for emission reduc-
tion projects in developing countries and countries with quantitative emissions reduction tar-
gets respectively.  

Another example exists in the Los Angeles Air Basin where the South Coast Air Quality 
Management District (SCAQMD) runs a marine pilot programme that allows marine vessels 
that reduce emissions of NOx to receive credits in the Regional Clean Air Incentives Market 
(RECLAIM). Under this programme, close to 50 vessels, mostly tug boats and fishing ves-
sels, have had their engine modifications subsidised by SCAQMD; the funds have been ac-
quired from stationary sources which were required to offset their emissions in excess of 
those allowed under RECLAIM.  

NERA believes that credit-based programmes would require more detailed baseline and 
monitoring procedures that can reduce the likelihood of “anyway credits”, and says experi-
ence indicates that such additional administrative requirements can substantially increase par-
ticipation costs. This, according to NERA, reduces the likelihood that entities would partici-
pate.  

The stringent credit-based approach should, according to NERA, avoid offering credits to 
reductions that would most likely have taken place anyway. Thus in order to provide a benefit 
beyond what would have been achieved anyway, credits would only be provided to measures 
that reduce emissions of NOx below a certain level substantially below the IMO’s NOx curve. 
A similar margin would have to be applied to the 1.5 per cent sulphur that is allowed in fuel 
used in North Sea and Baltic Sea shipping as most ships already run on fuel containing 
somewhat less than 1.5 per cent, and a number of ferries voluntarily use fuel oil containing 
substantially less.  

NERA recognises that the environmental effects of a tonne of NOx, SOx or PM emissions 
emitted at sea are clearly less significant than the effects of the same amount emitted in ports. 
Therefore there is need for some form of geographic differentiation.  

NERA notes that a credit-based system that is designed to allow for interaction between mari-
time vessels and stationary sources probably requires modifying at least two European Direc-
tives: the Large Combustion Plant Directive (LCPD) and the Integrated Pollution Prevention 
and Control Directive (IPPC).  

According to NERA, the stringent credit-based approach would provide some environmental 
benefits and improve the overall cost-efficiency of abating SO2 and NOx emissions, provided 
that the specific transaction costs can be kept at a low level. There is, however, a trade-off 
between creating incentives high enough to motivate shipowners to participate and the need to 
introduce appropriate safety margins in order to avoid giving credits to “anyway tonnes” and 
tonnes with relatively limited impact on terrestrial ecosystems and human health. Implemen-
tation would require legal and political action by the Commission as the approach would 
normally not be feasible without the development of a cap-and-trade scheme for land-based 
sources of SO2 and NOx. 

NERA says that in the absence of a land-based trading programme, a credit-based approach 
could be implemented via a government subsidy programme. An approach similar to that be-
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ing pursued in California by the SCAQMD would be legally feasible, as current EU rules on 
state aid allow Member States to subsidise the development and introduction of low-emission 
shipping technologies. However, a major challenge would be to obtain the funds required for 
providing the subsidies. 

7.2.2 Consortia benchmarking approach  

In this approach, vessels would have the option of joining a consortium that would commit 
itself as a group to achieve a certain average emissions rate. In the design proposed by NERA, 
ships belonging to the consortium would be free to trade among themselves to achieve the 
average rate. 

NERA notes that a similar system has been in force in the United States since the 1970s, the 
Corporate Average Fuel Economy (CAFE) act that sets minimum standards of fuel economy 
that the average vehicle sold by each manufacturer must meet. However, in contrast to 
NERA’s proposal for consortia benchmarking, the American CAFE act does not allow for any 
trade between companies. 

A second example of an existing benchmarking scheme, mentioned by NERA, is the Ameri-
can programmes for flexible emission limit values for NOx and VOCs from different kinds of 
mobile source categories. In these cases the US Environmental Protection Agency has de-
signed policies that allow manufacturers the flexibility to trade surpluses and shortfalls rela-
tive to regulatory benchmarks. The systems are referred to as ABT programmes as they allow 
manufacturers to average emissions over all engine types produced by the manufacturer in the 
same model year, to bank credits to be used for offsetting excess emissions from engines pro-
duced in future years, and to trade credits among different manufacturers to offset excess 
emissions.  

NERA also mentions that the California Air Resources Board (CARB) is considering allow-
ing shipping operators to band together in order to achieve as a shipping average a set of new 
emissions targets for PM and NOx that entered into force on January 1, 2006 for vessels call-
ing at Californian ports. 

NERA says that one possible benchmark value for European waters would be to require the 
average emission rate for SOx within SECAs to correspond to a sulphur content in fuel of 1.5 
per cent, equivalent to 6 g/kWh of SOx. NERA, however, recognises two problems with using 
the 6g rate as a benchmark. The directive was not designed to establish a trading average un-
der MARPOL Annex VI, and the 6g average would reduce the environmental benefit 
achieved by the current scheme. As presently there are already ships using low sulphur fuel 
for different reasons, the delta to 1.5 per cent could be sold to vessels using fuel with an aver-
age sulphur content of 2.7 per cent. The environmental performance of the scheme would thus 
be reduced. One should consider that the directive already provides for some flexibility of 
compliance. Operators may also use seawater scrubbing or similar forms of abatement. 
Scrubbing is expected to reduce emissions to 2 g/kWh, which is significantly below the 6g 
required by the benchmark. For many vessels, the cost of scrubbing may turn out to be sub-
stantially lower than the cost of buying low-sulphur heavy fuel oil. As a consequence, the 
expected average emission rates in SECAs under the regulation currently in place may be 
closer to four or five grams of SOx per kWh. If the current SECA rules were changed to allow 
ships to run on standard 2.7 per cent sulphur fuel, a consortium’s average emission could, 
according to NERA, be expected to equal the benchmark, provided that its excess emissions 
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were balanced by lower emissions from ships equipped with scrubbers. Thus from the envi-
ronmental point of view, the benchmark would have to be substantially below the regulatory 
limit. 

The problem associated with an introduction of consortia benchmarking for reducing emis-
sions from vessels in European waters, as recognised by NERA, is that it would require new 
legislation for NOx that is more stringent than the values expressed by the IMO’s NOx curve. 
In addition MARPOL Annex VI would have to be revised in order to allow consortia trading. 
Where emissions of SOx are concerned, a benchmarking trading programme appears feasible 
as an instrument for achieving the current SECA fuel restriction of 1.5 per cent sulphur. It 
would, however, require revision of MARPOL Annex VI and the European Union’s Marine 
Fuels Sulphur Directive to allow vessels to participate in a consortium and permit some of 
them to operate within SECAs using fuel with higher sulphur content than would under cur-
rent legislation be allowed. In addition the benchmark value would have to be set below 6g in 
order to secure an improvement over the current regulation. 

In summary, NERA says allowing consortia of shipowners to band together to reduce the cost 
of meeting more stringent legal limits would provide gains both to shippers and to the envi-
ronment. The voluntary nature of the trading part of such a scheme would allow vessels that 
are able to benefit from emissions trading to do so. This approach, however, would face legal 
and political challenges, notably the need for changes in both MARPOL Annex VI and the 
EU’s fuels directive. 

7.2.3 Voluntary port dues differentiation 

Voluntary port dues differentiation could, according to NERA, build upon the experience of 
the Swedish system of integrated port and fairway dues differentiation. The Commission 
could encourage this development by developing emissions indices and recommended differ-
entiation formulas for ports to use. 

However, NERA emphasises the difficulties connected with an introduction of voluntary dif-
ferentiation of dues in a competitive environment. To preserve revenue neutrality, ports would 
need to offset any incentive offered to low-polluting ships by higher dues for high-polluting 
vessels. Thereby they would risk losing the latter category to competitors that do not differen-
tiate their port dues. In general, the more price-sensitive the customers of a port, the more 
difficult it would be to maintain revenue neutrality. One way of diminishing the risk of losing 
traffic would, of course, be to depress the degree of environmental differentiation. This, how-
ever, would reduce the environmental benefits of the scheme. 

Another problem connected with voluntary differentiation of port dues is that many ports of-
fer regular customers negotiated rates that differ from published port dues. These negotiated 
rates are normally not public information, but NERA says that ports consulted by its research-
ers indicated that the difference from published rates may be substantial. The port may take 
into account the environmental performance of ships covered by a negotiated contract, but in 
the absence of transparency, both ship operators and competing ports will be left in doubt. 
One result is that shipowners cannot be certain to recoup the costs of emissions abatement 
measures ex ante. NERA finds it hard to see how this issue can be addressed in a commercial 
setting. 

There are also limits to the incentives that can be provided for different kinds of vessels. With 
reference to a study by GAUSS (2001) of the charging structure in five German ports, NERA 
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says that port and quay dues generally do not constitute more than 20-30 per cent of the over-
all port costs of most ships, even when the costs of cargo handling are excluded. Payments 
made to private firms offering different kinds of services in the port usually cannot be ex-
pected to be available for environmental differentiation. NERA’s conclusion is that in some 
cases even very large discounts (percentage-wise) off port dues may not be able to offer in-
centives that match a significant proportion of the ship’s expenditure on emission abatement 
measures.  

NERA recognises that the risk of losing customers to competing ports can be diminished if all 
ports in an area differentiate their dues in a similar manner. According to NERA a likely rea-
son for the success of the Swedish voluntary scheme for port dues differentiation is the par-
ticipation of a high proportion of Swedish ports, which helps mitigate the risk of loss of busi-
ness by any port.  

NERA concludes that if fear of losing business contracts makes the creation of a voluntary 
scheme impossible, an alternative might be to make the system asymmetric, i.e. offering 
lower charges for low-polluting vessels without raising the rates for high-emitting ones. In 
this case competition between ports would be unaffected but some form of public assistance 
would be required to close the gap between reduced revenues and full cost recovery.  Yet an-
other option would be to base the environmental differentiation entirely on publicly managed 
mandatory infrastructure charges.  

7.2.4 Environmental subsidies 

A new category of instruments elaborated on in NERA (2005) is subsidies on investments in 
environmental technologies for reducing emissions at sea.  

Subsidies on the introduction of new technologies are used in many countries and for numer-
ous purposes. In the maritime sector, the Swedish government for a few years offered a grant 
equal to 40 per cent of the cost of installing SCR or HAM equipment on board ships operating 
in Swedish waters (regardless of flag). It was deemed that the cost of investing in these tech-
nologies was too expensive to be fully incentivised by the differentiation of the Swedish fair-
way and harbour dues that entered into force in 1998.  

Another example of environmental subsidies in the shipping sector is a pilot programme car-
ried out in 2000-2002 in the port of Hamburg, where ships meeting certain environmental 
criteria (low-sulphur bunker oil, having tributylin-free anti-fouling paint, or demonstrating a 
NOx emissions rate 15 per cent below the one specified by the IMO NOx curve) were eligible 
for a 12 per cent discount on port dues. A discount of 6 per cent was offered to ships holding 
a Green Award or an ISO 14000 EMS certificate. In both cases the discounts were financed 
by a government subsidy. The programme has been discontinued, partly because the city 
found that in the absence of similar programmes in other ports, the incentive was unlikely to 
be sufficient to promote expensive abatement measures.   

NERA believes that an environmental subsidy programme could be incorporated into the ex-
isting subsidies provided to EU shipbuilders by making the subsidy contingent on incorpora-
tion of air emission control equipment. Current rules authorise European governments to pro-
vide a subsidy of up to 14 per cent of the contract value of ships in “protected market seg-
ments”. To avoid distorting competition among European shipyards, aid above 6 per cent 
must be approved by the European Commission. NERA says shipbuilding subsidies could be 
transformed into environmental subsidy programmes in three different ways: (1) part of the 
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subsidy could be targeted for pollution control equipment; (2) the subsidy could be condi-
tioned on installing certain pollution control equipment; or (3) the subsidy could be condi-
tional on the achievement of a given emission rate.  

Another alternative brought forward by NERA is to introduce environmental guidelines into 
the EU’s existing Marco Polo and Motorways of the Sea programmes. The former was 
launched in 2003 and seeks to reduce pollution and relieve congestion on European motor-
ways by funding short-term projects that promote shifts to modes such as rail, inland water-
ways and short-sea shipping. The first programme expires in 2006 but will be superseded by 
Marco Polo II (2007-2013), for which a budget of €740 million has been proposed. The Mo-
torways of the Sea is closely linked to the Marco Polo programme. The idea is to make use of 
inexpensive sea “motorways” rather than investing heavily in infrastructure for land-based 
modes of transport. NERA, however, does not present any concrete proposals for the greening 
of these existing programmes. 

As mentioned above, NERA also suggests the potential use of subsidies for funding credits 
(the stringent credit-based approach) or discounts on port dues (environmentally differentiated 
charges). 

European Community law does not prevent state aid being given for environmental measures 
in the shipping sector. The Community guidelines on state aid for environmental protection 
(2001/C37/03) allow aid to private firms to achieve levels of protection that are higher than 
those required by Community standards, or where no such standard exists. Aid can be given 
for investments intended to reduce pollution so long as the sum does not exceed 30 per cent 
gross of the eligible investment costs. A special set of guidelines apply to state aid for mari-
time transport (1997/C205/05), which allow investment aid in certain circumstances for the 
promotion of clean shipping. Finally, the Commission framework on state aid for shipbuilding 
(2003/C317/06) allows aid for research and development up to 20 per cent of gross expendi-
ture for innovation.  

7.3 Calculation of cost/benefit in the study NERA 2005 
The calculation of the cost/benefit by NERA is based on results from investigations carried 
out by Entec (2005a-2005e). In this study the ship movements in Europe were analysed and 
arranged in different groups according to ships’ size, age and capacity of main and auxiliary 
engines. For the different groups emission rates for SO2 and NOx were assumed and potential 
abatement technologies considered. These technologies possess different reduction capabili-
ties and differing investment and operational costs. Based there upon, the costs for the reduc-
tion of one tonne of a certain pollutant were calculated. As some of the assumptions are based 
on very limited experience, e.g. with regard to the costs implied by the installation of scrubber 
technology, the indicated results are in some cases questionable. The assumed level of cost 
depends on further technical and legal development.  

7.3.1 Calculation of Marginal Abatement Cost Curves (MACC) 

NERA constructed illustrative Marginal Abatement Cost Curves14 (MACCs) for a variety of 
scenarios for SO2 and NOx reduction measures. A MACC is a depiction of the additional cost 

                                                 
14 NERA calculated the marginal cost of each abatement measure per tonne of pollutant abated to construct Mar-
ginal Abatement Cost Curves (MACCs) for each pollutant. The MACCs show the additional cost of reducing 
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of incremental or marginal emission reductions that each technology provides, and therefore 
the costs shown in these figures cannot be matched one-for-one with the average costs shown 
in the calculated tables.  

7.3.2 Application of abatement technologies for NOx reductions 

The following figures show the cost per tonne of NOx reduced for certain measures when the 
reductions are applied to all vessel emissions occurring in different geographic regions. The 
costs for the use of shore-side electricity are only shown for in-port emissions. The costs of 
the different NOx abatement technologies are shown in table 17. 

 

Table 17: Cost of NOx technologies/tonne reduced by ship size and age, by area (€/tonne)15 

 

NERA 200516  

The figures show the additional amount that must be paid to gain additional reductions of 
NOx from more effective technology. They illustrate that the marginal cost per tonne of 
choosing SCR over HAM will be significantly greater than the marginal cost of moving from 
no control to SCR, because the incremental emissions reduction associated with making a 
choice to install SCR instead of HAM is much less than the total reduction associated with 
SCR. 

 
                                                                                                                                                         
incremental tonnes of pollutant, over and above the cost of the previous (less costly) reductions without monitor-
ing costs (NERA 2005) 

15 Similar to Entec, NERA assumes for costs calculations for each vessel type three ages: new, which were built 
in the last year; young, built in the last fifteen years; and old, built before 1990. 
16 Note: The cost of basic IEM for young vessels is the same as that for new vessels. Also note that basic IEM 
becomes less cost-effective at berth because it is less effective on auxiliary engine emissions. 
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Figure 14: MACC for NOx, no geog. considerations, MACC for NOx, EU 12-mile zone 

 

NERA 2005 

In figure 12, the first scenario is based on the assumption that all vessels in any one year 
spend all of their time in the relevant waters. This is clearly unrealistic and is important to 
correct, because the time spent in EU waters (or other waters with emissions restrictions) has 
important implications for the incentives to undertake emissions abatement. To correct this 
assumption, additional MACCs were developed based on the distribution of time spent in 
different waters. Although NERA also calculated a scenario of 200 EU nautical miles, only 
the EU 12-mile zone scenario was considered as they are quite similar. If the reduction tech-
nologies were applied only while ships are in port, the costs per unit reduced would, of 
course, rise. This is illustrated in figure 14. 

 

Figure 15: MACC for NOx, at berth emissions only 

 
         NERA 2005 
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7.3.3 Application of abatement technologies for SOx reductions 

The measures involving low-sulphur fuel have the same cost per tonne for all vessel types 
because of the assumption that vessels are able to use the low-sulphur fuels whenever neces-
sary without incurring any additional capital costs or fuel-switching costs17, and fuel costs 
alone would not vary across vessels. Again, the costs of measures when the relevant emis-
sions reductions occur only while in port (including the use of 0.1 per cent MDO and shore 
power) are only shown in the last section of the table.  

 

Figure 16: Cost of SO2 technologies/tonne reduced by ship size and age, by area (€/tonne) 

 

NERA 200518  

In the first of the following scenarios (no geographical considerations) it is obvious that – 
based on the assumptions made – scrubbers would make up the majority of the potential cost-
effective solutions. This is due to the low variable cost compared to fuel-switching, which 
makes it less expensive than switching all activity to fuel with 1.5 per cent sulphur and almost 
as effective at removing emissions as a 0.5 per cent fuel. Since 0.5 per cent fuel is slightly 
more effective than removing emissions, it makes up the final portion of the MACC, but the 

                                                 
17 In estimating the cost of different SO2 abatement measures, Entec assumes that vessels switch entirely from 
high sulphur fuel oil to low sulphur fuel, to simplify the cost-effectiveness calculations. Vessels therefore do not 
need to install additional fuel tanks or modify existing tanks to accommodate multiple fuels, so the fuel switch-
ing measures involve no capital costs. Moreover, because vessels are assumed to use only one type of fuel, the 
variable cost estimates do not reflect the costs of switching between different fuels, which may require draining 
all fuel from the engine, heating the new fuel, and re-flooding the engine with the new fuel, all of which are 
likely to impose additional costs. 

18 Note: 0.1 percent sulphur fuel is also referred to as Marine Distillate Oil (MDO) 
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added incremental cost of using only 0.5 per cent fuel causes the additional tonnes to be more 
than 10 times as expensive as the per tonne cost of a scrubber.  

 

Figure 17: MACC for SO2, no geog. considerations; MACC for SO2, EU 200-mile zone 

  

NERA 2005 

The MACC for the EU 200-mile zone shows that installing and running scrubbers on ships 
that spend the majority of their time in EU waters could provide over half the potential emis-
sions reductions. For these vessels, a scrubber is more cost-effective on a per-tonne-reduced 
basis than switching to fuel with 1.5 per cent sulphur. For vessels that spend less than half of 
their time in EU waters, 1.5 per cent fuel is slightly more cost-effective than a scrubber.  

The left part of figure 16 considers emissions in the current SECAs, which are the only rele-
vant emission zones, while the right part of the figure shows the MACC for SO2 when emis-
sions in the 12-mile zone are the only ones considered. 

 

Figure 18: MACC for SO2, SECA zone;   MACC for SO2, EU 12-mile zone 

NERA 2005 
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The difference between the MACC of the EU 12-mile zone and those of the 200-mile and 
SECA zones is striking. If emissions in the former are the only issue of concern, scrubbing no 
longer appears to be an attractive abatement alternative. The strategy of using a lower-sulphur 
fuel when in a 12-mile zone and a higher-sulphur fuel elsewhere is significantly less expen-
sive than incurring the fixed costs of installing a scrubber19. 

Finally, where the MACC for SO2 at berth is concerned, the option to be considered is either 
the possibility of using 0.1 per cent sulphur fuel or shore power. 

 

Figure 19: MACC for SO2, at berth, emissions only 

 
          NERA 2005 

As with other fuel-switching alternatives, data on potential additional capital costs and on 
additional operating costs (apart from the fuel costs themselves) were not available to NERA, 
so the cost analysis may overestimate the attractiveness of the fuel-switching option. How-
ever, there is no SO2 benefit when moving between 0.1 per cent sulphur fuel and shore power. 
Therefore, since both reduce the same number of tonnes SO2, and the respective table indi-
cates that 0.1 per cent fuel is less expensive on a per tonne basis, only 0.1 per cent fuel is 
shown in this figure. 

7.3.4 NERA’s conclusions 

NERA’s assessment of the four approaches, considered separately for SO2 emissions and NOx 
emissions, results in a preliminary recommendation to apply a consortium benchmarking pro-
gramme for SO2 and a credit-based programme for NOx. Voluntary port dues appear less 
promising, unless a concerted effort is made to coordinate a large number of ports, which 
NERA thinks will not be possible in the medium term. Environmental subsidies also appear 
less promising as there is no apparent source of funding. NERA underlines that redirecting 
some of the existing ship subsidies would effectively reduce the net subsidy for other ship-
building activities. However, NERA mentions the possibility of re-allocating a small part of 

                                                 
19 Again, note that if data on the fixed costs and additional operating costs of adopting a dual-fuel approach had 
been available for our analysis it is possible that this conclusion would change for some vessel types. 
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the funds available under the Marco Polo II programme to be used to offset ports’ costs of 
upgrading berths to permit the use of shore-side electricity. 

NERA’s main reasons for recommending a consortium benchmarking programme for SO2 
reductions are the following:  

• Allowing shipowners to form a consortium and use a mix of SO2 controls (1.5% sul-
phur, 0.5% sulphur, or seawater scrubbers) could lead to an average emission rate be-
low the level that could be achieved with a universal requirement to use low-sulphur 
fuels.  

• The flexibility provided would lead to substantial reduction (in the order of 35%) in 
control costs. 

• Administrative procedures could be developed at reasonable cost.  

• However, as the regulatory approach already provides some flexibility to use alterna-
tives to low-sulphur fuel (i.e. seawater scrubbing), the cost savings from benchmark-
ing are reduced, but they still appear to be significant.  

One reason for NERA not recommending a credit-based approach for SO2 is that because 
scrubbing can be more cost-effective than the use of low-sulphur fuels, credits based upon 
scrubbing could represent “anyway tonnes” as the Marine Sulphur Directive already permits 
scrubbing to be used to meet emissions levels. Another reason is that the allowance prices 
necessary to incentivise abatement – using either scrubbers or low-sulphur fuels – are higher 
than the prices observed under existing trading programmes. A third motive is that monitoring 
emissions would add to the cost of the credit-based approach.  

NERA believes that the credit-based approach is more promising for NOx than for SO2. The 
following are its reasons for this conclusion: 

• Many control alternatives are available, with a wide range in cost. 

• Preliminary cost information indicates that a substantial number of NOx credits would 
be available at NOx prices in a likely range under a cap-and-trade programme for large 
stationary sources. 

• Credits could be based on the IMO NOx curve, presumably modified to provide some 
environmental benefits relative to business-as-usual.  

• Monitoring would be feasible. 

According to NERA, the consortium benchmarking approach is less attractive as it lacks a 
short-term NOx requirement for ships (although a benchmark level could be based on the IMO 
NOx curve, perhaps modified to ensure some environmental benefits relative to BAU, and 
consortia benchmarking could cut costs by 45%). NERA also says monitoring costs for NOx 
would be more expensive than for SO2.  

7.4 Assessment of the proposals of the NERA study 
The previous sections offered a brief summary of NERA’s two reports for the European 
Commission. This section presents our evaluation of NERA’s analysis and recommendations.  

It is worth noting that all programmes recommended by NERA are in fact voluntary schemes, 
and that probably none of them can be expected to result in a substantial reduction in emis-



 

GAUSS 2008 MBI in Shipping  Page 69  

sions. Since the prime objective of launching market-based instruments would be to markedly 
reduce the emissions of shipping pollutants and help achieve the Community’s environmental 
targets at lowest possible cost, priority should instead be given to options that are both cost-
efficient and offer high reduction potentials. 

7.4.1 Credit-based programmes 

NERA believes that credit-based programmes would require more detailed baseline and 
monitoring procedures to reduce the likelihood of “anyway credits” and says that experience 
indicates that such additional administrative requirements can substantially increase participa-
tion costs.  

However, a general observation from reading the two reports by NERA is that, where the 
abatement of NOx is concerned, all different market-based instruments presented would re-
quire participating ships to register their specific emissions (g/kWh or g/km at normal speed), 
or alternatively force them to invest in a technology for continuous emissions monitoring. 
Where sulphur dioxide is concerned, all programmes but one (fuel tax at the pump) that were 
assessed in NERA’s first report (2004) would require participating ships to carry a certificate 
guaranteeing the sulphur content of the bunker oil, or alternatively evidence of being 
equipped with a scrubber. As all ships, according to the Technical Code of MARPOL’s An-
nex VI, must carry a “bunker delivery note”, the first requirement is already provided for. 

Thus a vital part of the transaction costs would be more or less the same in all cases presented 
by NERA, although the number of participants would, of course, differ between voluntary and 
mandatory programmes. As all programmes involve transfer of substantial amounts of money, 
monitoring and penalties for non-compliance would have to be used regardless of whether the 
scheme is organised in a public or a private form. All programmes would presumably require 
a common, Europe-wide, environmental ships register and some type of monitoring. Large-
scale programmes involving many vessels, however, may have the advantage of being able to 
distribute overhead expenditure among a large number of participants. 

NERA recognises that the environmental effects of a tonne of airborne substances emitted at 
sea are clearly less significant than the effects of the same amount emitted in ports. Therefore 
there is a need for geographical differentiation. However, NERA also acknowledges that the 
need for differentiation is more pronounced in a credit-based approach where land-based 
sources would pay for reductions at sea in order to avoid a higher marginal abatement cost on 
land. Taking this and the issue of avoiding “anyway tonnes” into consideration, the stringency 
of the stringent credit-based approach would have to be considerable. This raises the issue of 
whether it is possible to strike a balance between stringency and effectiveness on the one hand 
and degree of participation on the other. How many shipowners would care to participate if 
they will be credited only for reductions that fall more than, say, 25 per cent below IMO’s 
NOx curve and when at the same time the value of the credits will be multiplied by 0.5 or 0.75 
for reductions that take place far from land? In this context one would also have to consider 
the transaction costs that come with creating a system for emissions trading among land-based 
sources that would not have been needed in a case where credits were not offered to measures 
on board sea vessels. If the trade ends up being small, the monitoring and compliance costs of 
the entire system would have to be distributed among relatively few tonnes.  

NERA notes that a credit-based trading system would probably require modifications of the 
Large Combustion Plant Directive (LCPD) and the Integrated Pollution Prevention and Con-
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trol Directive (IPPC). It would, in fact, also require an amendment to the National Emissions 
Ceiling Directive (NEC) as the trade could result in higher total emissions of NOx and SOx 
from the territories of some Member States than allowed in the directive.  

Another issue that might have to be considered is whether emissions trading will create hot 
spots in the sense that the effects of emissions on health and terrestrial ecosystems will stay at 
a harmful level when a large land-based facility invests in control measures at sea to avoid 
higher abatement costs at home. 

7.4.2 Consortia benchmarking 

In its analysis of credit-based programmes, NERA recognises the need for a stringent ap-
proach to avoid giving credits to “anyway tonnes”. However, this problem appears to be 
equally relevant to consortia benchmarking. The benchmark needs to be set somewhat below 
1.5 per cent as some ships, particularly in the Baltic Sea, already voluntarily use heavy fuel 
oils with a sulphur content well below the limit enforced by law. Another fact to take into 
consideration is that some vessels, in particular high-speed craft, run on distillates. 

Given the complicated decision-making process in the IMO, it seems unlikely that the revi-
sions of MARPOL Annex VI needed for applying consortia benchmarking will take place in 
the foreseeable future. However, when the next revision of the Sulphur Directive takes place 
it might be worth considering the use of a flexible mechanism such as consortia benchmark-
ing. It may facilitate the introduction of emission limit values that are more stringent than 
would be accepted by the IMO in a situation without trading.  

However, in the absence of new legislation, consortia benchmarking appears to have little to 
offer. A system based on voluntary benchmarks below the levels of the current IMO NOx 
curve and the current sulphur restrictions enforced within SECAs would hardly attract partici-
pation from high-emitting ships, because under such a regime they would not in any sense 
gain from the intra-consortia trade. To make them take interest, the IMO would have to 
change the current rules in order to allow the use of high-sulphur fuels in SECAs in cases 
where excess emissions are compensated for by other ships with emissions below the bench-
mark target.  

7.4.3 Differentiation of port dues 

A problem with port dues is that they are differently structured from country to country and 
sometimes from port to port within one Member State. Decisions on their structure and con-
tent are traditionally part of each individual port’s policy and based on local circumstances. 
Gross tonnage (GT) is often used as a basic parameter for setting port dues but diverse addi-
tional conditions and possibilities for dues reduction may also exist. Moreover, GT is not an 
ideal criterion for rewarding low-emission shipping as there is no clear relation between the 
GT of a vessel and the energy needed for its propulsion. An additional difficulty is that the 
environmental differentiation of port dues cannot easily be designed to reflect the overall 
emissions during a ship’s voyage from the previous port as, unlike differentiated en-route 
emission charges, port dues do not take into account the distance travelled. 

NERA recognises that payments made to private firms offering different kinds of services in a 
port cannot be expected to be available for environmental differentiation. In this context, one 
should also observe that services that are currently offered by a port administration might five 
or ten years from now have been turned into privately operated businesses. Thus, the volume 
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of charges available for differentiation may diminish over time. This makes port dues differ-
entiation a less interesting option as it is important to be able to guarantee shipowners stable 
conditions for their investment decisions. 

According to NERA a likely reason for the success of the Swedish voluntary scheme for port 
dues differentiation is the participation of a high proportion of Swedish ports, which has 
helped mitigate the risk of loss of business to other ports. In this context, however, one should 
recall that the Swedish programme also suffers from lack of transparency. This means that 
there is no way for an observer to know to what extent negotiated port dues have actually 
taken into account the officially stated environmental differentiation. Nor is it possible to 
know to what extent the voluntary differentiation of Swedish port dues has contributed to 
abatement measures that may to a large extent have been triggered by the environmental dif-
ferentiation of the country’s fairway dues. The latter are not negotiable.  

NERA says that another option would be to base the environmental differentiation entirely on 
publicly managed mandatory infrastructure charges. However, a problem in this case, not ana-
lysed by NERA, is that fairway dues or their equivalent only exist in a few Nordic and Baltic 
Member States, and where enforced, they are generally too low to allow for any substantial 
environmental differentiation. In other European countries, no such dues are foreseen. 

7.4.4 Environmental subsidies 

In its evaluation of the credit-based approach NERA ends up saying that the only feasible way 
in the short to medium term to implement such a scheme might be via a government subsidy 
programme. A similar conclusion is reached in the section on voluntary port dues differentia-
tion, i.e. the system could be designed in an asymmetric way, provided that government aid is 
used for compensating the ports for giving rebates to low-polluting vessels. In addition NERA 
(2005) devotes a full chapter to environmental subsidies other than the two just mentioned.   

Lacking in NERA’s analysis of subsidies are the possible negative side-effects of state aid, 
including such phenomena as distortions to trade and competition, leaks (e.g. higher profits 
among manufacturers of the equipment), and the fact that subsidies make goods and services 
artificially cheap which makes demand higher than what is socio-economically optimal. An-
other problem with subsidies is that they are vulnerable to political change and lack of sus-
tainable funding. The recent case of Green Shipping in Hamburg demonstrates that subsidies 
depend on the financial means available and the short to medium term intentions of the pro-
vider, which makes it difficult for shipowners to rely on them. In Hamburg, the financial 
means were exhausted more quickly than calculated, largely due to the fact that many more 
ships than expected no longer used anti-fouling materials containing TBT. The programme 
thus provided windfall profits (a form of “anyway tonnes”) rather than incentives to real 
change.  

7.4.5 NERA’s recommendations 

At the end of its 2005 report NERA comes out in favour of using a credit-based programme 
for NOx and the consortium benchmarking approach for SO2. The arguments for these prefer-
ences are not altogether convincing. Several of NERA’s motives for favouring credits are 
equally valid for the consortium benchmarking approach (and vice-versa). Examples of such 
arguments include:   
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• Allowing shipowners to use a mix of SO2 controls could lead to an average emission 
rate below the level that could be achieved with a universal requirement to use low-
sulphur fuels (used in favour of benchmarking).  

• The flexibility provided in the abatement of SO2 would lead to a 35 per cent reduction 
in control costs (consortia benchmarking).  

• Administrative procedures for SO2 could be developed at reasonable cost (benchmark-
ing).  

• Scrubbing can be more cost-effective than the use of low-sulphur fuels (held against 
the credit-based approach) 

• Credits based upon scrubbing could represent “anyway tonnes” as the Marine Sulphur 
Directive already permits scrubbing to be used to meet emissions levels. 

• Monitoring SO2 emissions would add to the cost of the credit-based approach.  

• For NOx many control alternatives are available, with a wide range in cost (used in fa-
vour of a credit-based approach). 

• Cost information indicates that a substantial number of NOx credits would be available 
at NOx prices in a likely range under a cap-and-trade programme for large stationary 
sources. 

• Credits could be based on the IMO NOx curve, presumably modified to provide some 
environmental benefits relative to business as usual.  

• Monitoring of NOx emissions would be feasible (used as an argument for credits). 

The extent to which a certain type of programme is politically and legally feasible is likely to 
be of greater interest for the choice of programme than available abatement technologies, re-
duction potentials, and monitoring costs (which under mandatory regimes appear to be of the 
same magnitude regardless of policy instrument). Fear of difficulties in achieving political 
and legal feasibility was the reason given by NERA (2004) for not recommending cap-and-
trade programmes, taxation or en-route charges. But from NERA’s second report it is evident 
that the credit-based approach and consortia benchmarking are also linked to problems of this 
kind.  

Applying a credit-based approach would require changes in three European Community di-
rectives or, alternatively, EU funding of the environmental credits offered to shipowners. 
Consortia benchmarking does not appear to be a valid proposal unless new decisions are taken 
by the IMO on the NOx curve and the SO2 directive for SECAs. If the European Union, in the 
absence of a revision of MARPOL regulations, wants to go ahead with consortia benchmark-
ing based on mandatory emission limits, legal difficulties would have to be tackled.  

Given these restrictions, it might be better to start by making clear how an ideal scheme 
should be designed, and then undertake an unbiased analysis of the legal and political possi-
bilities of introducing a pilot programme (which may in the end require some compromise). 
Some of the starting points, partly taken from NERA, for a pilot programme covering emis-
sions from shipping in the Baltic Sea area should be to ensure that the scheme under consid-
eration is:  

• Capable of providing a substantial potential for emissions reduction 
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• Capable of reflecting real emissions as closely as possible 

• Able to provide maximum flexibility where abatement measures are concerned 

• Applicable to vessels regardless of type and flag 

• Able to reflect the location of vessel activity and emissions (geographical differentia-
tion) 

• Easy to monitor and enforce 

• Transparent and non-discriminating 

• Legally, politically and institutionally acceptable 

• Based, as far as possible, on the polluter pays principle 

• Possible to implement and administer at low cost 

This report will discuss these requirements in greater detail in the next chapter.  
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8 A pilot scheme for reduction of NOx in the Baltic Sea  
Abatement of NOx emissions from maritime shipping differs from efforts to reduce SOx, as 
several technological measures are available for use in new vessels and for retrofitting in old. 
They have differing abatement potentials and costs, which allows shipowners to select from 
the menu a method that fits the engine and the remaining life of the vessel. While a reduction 
by 90 per cent would be clearly cost-effective in some ships, others can minimise expenditure 
by choosing a less costly method, even in a case where the owner would have to pay a penalty 
on the ships’ excess emissions. NOx abatement, therefore, is well suited for a scheme of mar-
ket-based instruments. 

8.1 A scheme for NOx-differentiated en-route charging  
To be able to investigate the feasibility of a pilot scheme for environmentally differentiated 
en-route charges in the Baltic Sea, it is necessary to present a draft scheme. The proposal, 
based on Kågeson (2005), is to mandate the port authorities around the Baltic Sea to assist a 
common authority that collects a mandatory charge reflecting the calling ship’s emissions of 
NOx during its latest trip in Baltic Sea waters. The charge would correspond to emissions 
emitted from the point of entry into Baltic Sea waters (e.g. at 57° 44.43’N) or since departure 
from another Baltic port. The authority in charge of the scheme would check the distance and 
time travelled in Baltic Sea waters and carry out a limited number of random checks of on-
board facilities for compliance with a certified situation on board and with available NOx 
abatement technologies.  

The system could in future potentially be expended to include emissions of particulate matter.  

8.2 A substantial reduction potential  
In order to return to the 2004 level, i.e. to reduce the emissions in 2020 by around 88 per cent 
(339.000 tonnes) in the first and 55 per cent (211.000) in the second abatement scenario com-
pared with the BAU scenarios, ships that regularly call at ports in the area would have to use 
HAM or SCR. As described in chapter 5, the cost of equipping an existing vessel with SCR 
falls in the range of €443 and €613 per tonne depending on the size of the ship. For new ships 
the range is €398-543 per tonne. In order to promote retrofitting with SCR of the most fre-
quent visitors, we suggest that the en-route charge for NOx is set at €550 per tonne emitted.  

8.3 Reflecting real emissions  
As already noted, NOx is formed in the combustion process. Currently it is not possible to 
measure the exact amount of NOx being emitted from individual ships. For the time being, 
emissions will have to be estimated. The calculation can make use of official data on the 
amount of NOx that is released for each kilowatt-hour produced by the vessel’s engines, as-
suming that on average 85 per cent of the engine capacity is utilised when the ship is moving. 
MARPOL’s Annex VI sets limits on emissions of NOx from diesel engines. The Technical 
Code defines how this is to be done. This technical code could also be used for registering 
specific emission levels below the mandatory value. Assuming that the average capacity utili-
sation of the engines is equal to that prescribed in MARPOL’s technical code, an authority 
responsible for collecting the en-route charges can with reasonable accuracy calculate the 
emissions from individual vessels, provided it also has access to information on the time and 
distance travelled by the ship.  
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Since the late 1990s, the Swedish National Maritime Administration has registered the spe-
cific emissions of NOx (per kWh) for ships applying for reduced fairway dues.  

This simplified method, however, cannot consider differences that occur due to a higher or 
lower speed or the force and direction of the wind, and does not at all take into consideration 
emissions at berth or at anchor20. An additional opportunity would be to measure the true 
emissions of NOx as the ship moves. This is already standard for land-based furnaces of a size 
equal to those of the main machineries of large ships, and technologies for continuous moni-
toring of NOx from ships are now being developed. At a later stage, when emissions are con-
tinuously measured on board each ship, the scheme could be further developed. 

Establishing a scheme for environmentally differentiated en-route charges in the Baltic Sea 
would necessitate a common environmental ships register, which could build on the existing 
register administered by the Swedish Maritime Administration that already includes more 
than one thousand commercial vessels.   

To make charges reflect overall emissions, it would be necessary to register the time and dis-
tance travelled by each ship in the area covered by the scheme. This could be done by making 
participating ports register the port of departure for vessels calling at their facilities. The 
amount of fuel consumed on the journey would be calculated automatically by a computer 
that uses data from the ships register based on the assumption that the ship makes use of 85 
per cent of its engine capacity.     

The Automatic Identification System, AIS, which automatically transmits the identity of ships 
can be used for monitoring compliance and for verification of the travelling time between 
ports or from entry of the Baltic Sea to the first port call. The heart of the AIS is a transponder 
on board. It consists of three main components: a GPS-receiver, a VHF-transceiver, and in 
between them a computerised data processor. The Global Positioning System (GPS) uses sig-
nals from multiple satellites to give the position of its antenna and also a very accurate time 
reference. The system gives up-dated information about other ships in the vicinity that are 
also equipped with AIS and thus help the watch officer on board to take appropriate measures 
to avoid collisions or other calamities. In addition, the system also transmits information to 
on-shore coastal centres.  

The nations around the Baltic Sea have agreed to establish shore-based AIS infrastructure to 
cover most of the Baltic. The information received will be exchanged among the countries. 
The implementation of this system is now well under way. The European Union requires all 
coastal states in the Union to establish shore-based AIS infrastructure by 1 July 2007. 

The range of the VHF transmission is equal to “the line of sight” which in most cases is no 
more than 60 nm. A high antenna on board or a base station located on a hill or equipped with 
a tall antenna may extend the range somewhat. It is also possible to locate “repeater stations” 
on buoys at sea to extend the range. Yet another possibility is to use aircraft as relay stations. 
In the longer term an option might be to use specialised satellites for this purpose. The data 
received by different shore based stations can easily be linked by telecommunication to a 
common traffic surveillance centre.  

The emissions per kWh would then have to be multiplied by the amount of energy used under 
normal/average circumstances to propel the ship during the time of the trip at 85 per cent en-
                                                 
20 The same kind of simplification is currently used in the environmental differentiation of road tolls. 
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gine capacity. In other words, this type of charge is aimed at limiting emissions per kWh 
used, rather than setting a cap on the total emissions emitted in the area concerned. The latter 
also depend on the growth (or decline) in traffic.  

The conclusion is that determining emissions and/or registering the specific emissions from 
different vessels appear not to be a technical problem. The AIS system makes it possible to 
identify all ships and to measure the distance and time that each ship travels in the Baltic Sea 
area.  

8.4 Providing maximum flexibility  
Market-based instruments such as emission charges and cap-and-trade systems have the ad-
vantage of allowing subjects a large degree of flexibility in their choice of response.  

Where the charge on NOx is concerned, it makes sense for ship owners under the proposed 
scheme to install abatement technologies in ships travelling only in the Baltic Sea provided 
that the vessel has an expected remaining life that is long enough to allow the equipment to be 
written off. For ships with few remaining years in operation and for infrequent visitors to the 
Baltic Sea it might be better to pay the full charge. Ships belonging to a category in between 
the two mentioned above might consider taking some abatement measures provided that the 
cost is relatively low.  

However, there is sometimes good reason not to allow the subjects complete freedom in the 
way they respond. Risk of high concentrations of unwanted substances locally (hot spots) 
might be a reason for restricting the flexibility. This could potentially be the case in the Baltic 
Sea if a port that mainly attracts transatlantic traffic is located in the immediate neighbour-
hood of a large human settlement. However, in most cases, Baltic Sea ports are predominantly 
used by ferries, feeder ships and vessels used in short-sea shipping. The likelihood that such 
ports only attract old vessels with few remaining years in operation is small. Hot spots thus do 
not seem to be a problem in the context of applying market-based instruments on Baltic Sea 
shipping. 

The conclusion is that environmentally differentiated en-route charges for reducing NOx in 
the Baltic Sea area offer a large degree of flexibility and would contribute towards the devel-
opment/implementation of cost-efficient pollution abatement measures without causing nega-
tive effects (hot spots) in certain areas. 

8.5 Acceptable in the context of inter-port competition 
The launch of a market-based pilot scheme that applies to ports in the Baltic Sea area would 
give ports in neighbouring non-participating states and/or areas a competitive advantage. This 
might potentially be a problem for participating ports that to a large extent attract visitors 
from other parts of the world. The ships calling at such ports would in many cases pay en-
route charges above average. If there is a non-participating port in the vicinity they may con-
sider calling at that port. Such a move, however, is conditional on the approval of freight 
owners who would have to consider potential negative side-effects such as delayed deliveries 
or incremental costs of extended land transport by truck or train. The road tolls on the German 
motorways, which after the revision of the “Eurovignette Directive” (2006/38/EC) may be 
followed by the introduction of kilometre-charging on the roads of other Member States, is a 
system that would have to be considered in this context. 
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If inter-port competition is regarded as a problem, the founders of the Baltic Sea pilot project 
would have to consider lowering the charges in order to diminish the burden put on participat-
ing ports. However, in doing so they would also affect the cost-effectiveness of the scheme. 
To lower the en-route charge for NOx to a level where it no longer provides an incentive to 
ships with many remaining years in operation to install SCR would severely weaken the 
scheme. In such a case, it would be better to choose a cap-and-trade system as it would guar-
antee some improvement, even in a case where the cap is initially set relatively high in order 
not to disturb competition with outside ports.  

One should also remember that the charge would only be enforced on journeys to participat-
ing ports in the Baltic Sea area. As a result, all trips from such ports to ports outside the area 
would not be covered. In addition, trips from outside ports to ports in the southern and west-
ern part of the Baltic, which are most vulnerable to competition from neighbouring North Sea 
ports, would only be charged for the relatively short distance from the Kiel Canal or 
57°44.43’N to the ships’ destination in the Baltic Sea. 

One should be aware that the problem with competition from non-participating ports exists in 
all regional schemes. For example, if the ports of the North Sea, the British Channel and the 
Irish Sea were to be included, some participating ports would face problems with ports on the 
other side of the “border”. Moving the limits of the pilot area to some other geographical 
point would just shift the burden to other participating ports.  

The Baltic, being relatively well separated from neighbouring seas, should be the ideal place 
for a trial if all coastal states take part, and would provide better conditions for a pilot project 
than most other sea areas, even if Russia chose not to participate.  

However, a potential problem with the Baltic Sea is that high-emitting ships calling at ports 
along the northern part of the Swedish Baltic coast will encounter higher costs than equally 
high-emitting vessels calling at the Port of Gothenburg on the North Sea coast. The fact that 
Sweden is part of the Scandinavian peninsula is a disadvantage to the former ports as many 
freight customers prefer to unload at Gothenburg and use road or rail for the journey across 
the peninsula. This is to some extent caused by the fact that the Swedish government makes 
sea transport pay for the fixed costs of the fairways while at the same time exempting rail 
from the financial burden of its much higher infrastructural costs. It could level the paying 
field by enforcing the same principle of liability on both modes.  

8.6 Applicable to vessels of all types?  
From a technical point of view, all types of vessels can be included in the pilot scheme. How-
ever, for practical reasons it might be better to exempt small vessels (e.g. fishing boats and 
small passenger ships).  

The rules of MARPOL and AIS are relevant to reaching a decision on the minimum size of 
ships that are obliged to participate in the pilot scheme. According to MARPOL Annex VI, an 
International Air Pollution Prevention Certificate (IAPP) shall be issued to any ship of 400 
GT or more engaged in voyages to ports under the jurisdiction of other Parties. All ships con-
cerned must have received their certificate no later than the first scheduled dry-docking after 
entry into force of the Annex VI protocol, but in no case later than three years after entry into 
force of the protocol (i.e. 19 May 2008). The AIS is compulsory for all passenger ships and 
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all cargo ships of 300 GT and more engaged in international voyages. Ships above 500 GT 
and not on international voyages will be equipped with AIS before 1 July 2008.  

From these regulations it is clear that all vessels of 400 GT or more that engage in interna-
tional traffic will carry both an IAPP Certificate and an AIS transponder by 1 July 2008. 
Ships of 500 GT or more engaged in domestic voyages will be equipped with AIS by the 
same date, but current regulations do not force them to carry an IAPP Certificate.  

In order not to discriminate against ships in international traffic, it is necessary to set the limit 
at 400 GT and ask the participating states to demand all vessels in domestic traffic of that size 
be equipped with AIS transponders and an IAPP Certificate. The charges (or alternatively the 
cap) should, of course, apply to all ships of 400 GT or more regardless of flag. For an analysis 
of the legal implications, see chapter 10.  

8.7 Reflecting location of vessel activity and emissions 
The AIS system makes it possible to take account of where in the pilot area pollutants have 
been emitted and to differentiate the en-route charge for differences in environmental impact. 
It could potentially be interesting to enforce a higher fee on emissions close to land and in 
particular on emissions emitted when moving in ports. Several port cities have difficulties 
attaining the European air quality standards for NOx and PM10, and to the extent that port ac-
tivities contribute significantly to the violation of these standards, it might be worth contem-
plating a higher charge on high-polluting vessels when they operate in the vicinity of the port.  

However, in the absence of continuous monitoring of exhaust emissions from the ships’ auxil-
iary engines it would be difficult to charge vessels for their true emissions, as the use of these 
engines when the ship is moored differ greatly depending on the type of ship and whether it is 
loading or unloading. Where particulate matter is concerned, an additional difficulty is that 
MARPOL Annex VI does not yet include a technical code for particles. Moreover, attaining 
real low emissions of PM10 would involve the use of particle filters (or a shift to a gaseous 
fuel), which in turn require the use of diesel fuel with a sulphur content below 15 ppm.  

An alternative to differentiating the en-route charge for location would be to exempt emis-
sions when moored (as ships at berth or at anchor by definition are not en-route) and to leave 
to the individual port and the local authorities to consider whether meeting the air quality 
standards requires measures to be taken on-board visiting ships. In such a case shore-side 
electricity would be an option. Differentiation of port dues can be used to stimulate such 
measures. Regardless of whether participating port cities undertake any supplementary ac-
tions, they will benefit from schemes that will make frequent visitors use low-sulphur fuel and 
invest in NOx abatement technologies.  

The conclusion is therefore that at least during the initial phase of the pilot project all emis-
sions of NOx should be equally treated regardless of where in the area the emission takes 
place.  

8.8 A common Authority for monitoring and enforcement  
A common agency needs to be in charge of the en-route system, here referred to as the Au-
thority. Among the duties of the Authority should be to: 

• Keep a Baltic Sea environmental ships register 
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• Receive and store data transmitted from participating ports on ship movements and 
port calls  

• Use the AIS system for monitoring of compliance  

• Use these data for calculating the charges to be paid by individual ships 

• Collect the charges 

• Redistribute the revenues 

• Collaborate with port state authorities in making random inspections on board vessels 
calling at participating ports to ensure that they carry the appropriate documents and 
are equipped accordingly 

• Fine ships that violate the rules. 

There is no European authority for emissions at sea, but Kågeson (2005) identifies several 
existing institutions that could potentially harbour the Baltic Sea Authority.  

HELCOM’s authority could be extended to the tasks now in question, but a decision to that 
effect would have to be taken by the Parties to the Helsinki Convention. This might be diffi-
cult in a situation where, potentially, one or several coastal states may choose not to partici-
pate.  

The new European Maritime Safety Agency (EMSA) is another option, at least if the decision 
is taken by the European Union rather than by some of its Member States. The goals of 
EMSA are to reduce the risk of maritime accidents, marine pollution from ships and the loss 
of human lives at sea. The agency, however, is primarily concerned with the prevention of 
accidents and illegal discharges rather than with the “normal” emissions of sea vessels, and it 
is based in Portugal, far from the Baltic Sea. In this context the SafeSeaNet may provide a 
good starting point: Since 2002 Member States of the EU and the European Commission are 
working together to harmonise and exchange information in order to establish a community 
vessel traffic management system (European Parliament, 2002). The system links a large 
number of maritime authorities across Europe and keeps track of information via a central 
index system which stores references to the data locations, not to the actual data. By sending a 
request to EMSA authorised users may retrieve the data from the relevant provider. This data 
may include ships specifications and voyage information. 

The choice of a legal model for joint implementation of a scheme of en-route charges thus 
depends on whether the system set up for charging, recycling of revenues and surveillance of 
the ships concerned, would also be used for other purposes. One possible extension of the 
system would be to use it for charging ships for the cost incurred by port-based facilities of 
taking care of sludge and oily water. Creating a common scheme for handling the fees could 
be a fair way of making sure that all ships pay what they should, and that all ports are fully 
compensated for the costs. The Authority would in this case create a routine for reporting 
which all participating ships and ports would be obliged to use. The database and the AIS 
system would be used for monitoring compliance. 

Kågeson (2005) believes that the Authority could potentially also be commissioned to carry 
out work on behalf of the Fisheries Control Agency (CFCA) and the relevant agencies of the 
Member States, i.e. to use the AIS system to check that fishing vessels do not operate in for-
bidden waters or unload in non-authorised ports. This would be particularly important if fish-
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ing quotas are changed from tonnes to number of permitted fishing days. All fishing vessels 
(15 m and longer) are already part of the European Vessel Monitoring System (VMS), which, 
however, does not currently make use of AIS transponders.21  

As the Baltic Authority would operate around the clock, allowing it to carry out several tasks 
that involve the use of the AIS system would presumably save money. Coordination of rescue 
operations that involve ships, helicopters and aircraft from several coastal states is yet another 
task that the Authority could potentially be entrusted to carry out.22 Maybe a special Baltic 

Sea Inspectorate or Baltic Sea Monitoring Centre would be the kind of body needed for the 
combined tasks. 

The Authority would use vessel-specific data from its register and information from partici-
pating ports and the AIS-system to calculate the charges to be paid by individual ships. The 
responsibility of participating ports would be limited to controlling the ship’s bunker delivery 
note (see chapter 9) and to make the shipowner or the captain sign a statement ensuring that 
he/she accepts the duty to pay the en-route charge for NOx based on the ship’s latest journey 
in Baltic waters. Based on this information, the Authority would later bill the company. This 
could be done on a monthly, a quarterly or an annual basis.  

The Authority, or alternatively the national maritime administration (port state control), 
should carry out random inspections on board vessels calling at participating ports to ensure 
that they carry the appropriate documents and are equipped accordingly. To deter ships from 
cheating, the scheme must also include rules on how the Authority and the participating states 
shall penalise ships that violate the regulations.  

8.9 The polluter pays principle and recycling the revenue 
According to the polluter pays principle anyone causing pollution should be liable for all 
damage done as well as for the cost of preventing further destruction. However, where emis-
sions from road transport are concerned, the Council and the European Parliament have de-
cided in the revised “Eurovignette Directive” (2006/38/EC) that trucks are liable only for the 
weighted average cost of constructing and maintaining the infrastructure. Road tolls can be 
differentiated for the environmental performance of vehicles, but the marginal cost of air pol-
lution and noise may not be added to the weighted average cost of the infrastructure. In order 
not to distort inter-modal competition, maritime transport should in this respect not be treated 
differently than road transport.  

However, maritime transport differs from road transport by giving rise to much lower infra-
structure costs. Most Member States have open coastlines with short fairways between ports 
and sea. Only a few countries currently charge vessels for their use of fairways, and the fair-
way dues are in most cases not large enough to allow for an environmental differentiation that 
reflects the difference in emissions among ships. When it is not feasible to differentiate infra-
structure charges for the environmental performance of ships, it makes sense, at the end of 
each fiscal year, to recycle the revenue from the en-route charges on shipping. This can be 
done in a variety of ways.  

                                                 
21 Which means fishing vessels and commercial ships cannot “see” each other. 
22 Which if established would replace current arrangements for rescue cooperation. 
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In the case of the existing Swedish charge on NOx-emissions from large land-based furnaces, 
the money is returned to the owners based on their annual net-energy production. However, in 
the case of shipping, a better basis for recycling money might be to divide the total annual 
revenue from the scheme by the number of GT kilometres produced in the designated area by 
each shipowner, provided that reliable data are available. One could also contemplate alterna-
tive ways of recycling, for instance to use the revenue for funding grants to ships that invest in 
NOx abatement technologies. There might be additional options for returning the money in 
ways that do not disturb the function of the charge. 

Provided that the level of the charge is accurately set, the programme would provide a correct 
marginal incentive without causing the average ship to pay more than it will receive back. 
However, shipowners who invest in abatement technologies would receive more than they 
pay, and owners of high-polluting ships would pay more than they get back. Apart from ad-
ministration costs for the industry as such it would be a zero sum game. In this respect, this 
type of charge would resemble a scheme of emissions trading.  

8.10 A baseline-and-tradable-credit scheme 
An alternative option for returning the revenue would be to design the en-route charge system 
as a baseline-and-tradable-credit scheme. In such a case ships would have to surrender emis-
sion credits for NOx that correspond to the exhausts emitted on their journey in Baltic waters; 
the credits would be handed over to participating ports. Each ship would receive credits equal 
to a baseline or benchmark value (g/kWh) that is successively lowered.  

For NOx the initial baseline could be, say, 70 per cent of the respective value in the MARPOL 
Annex VI technical file-curve, to be gradually lowered over the years. These values would 
then have to be multiplied with the amount of energy used under normal/average circum-
stances to propel the ship at 85 per cent engine capacity and the time travelled. This type of 
baseline cap therefore limits emissions per kWh used rather than sets a cap on the total emis-
sions emitted in the area concerned. The level of total emissions also depends on the growth 
(or decline) in traffic. 

In the baseline-and-credit system, the Authority would collect credits surrendered by each 
individual ship that equate to the vessel’s emissions during its latest journey. Ships with emis-
sions per kWh above the baseline would have to buy credits from ships with emissions below 
the baseline. The scheme would thus require either the industry or the Authority to establish a 
trading place for emission credits.  

With a limited number of acting participants, there is always a risk that strong players will try 
to manipulate the market, for instance by withholding credits from trading. This may argue in 
favour of making the Authority collect not only the credits surrendered by a liable ship to 
match its emissions but also the surplus credits created by ships that under-score the bench-
mark value. The latter would then be sold by the Authority at auction to ships that have been 
recorded for excess emissions. The revenue from the auction would in such a case be returned 
to the initial owners of the credits in relation to the numbers surrendered. This could be done 
on the basis of the average price for NOx credits over a certain period of time. In order to 
minimise the number of transactions, in particular for frequent visitors to participating ports, 
it should be sufficient to make shipowners liable for final submission of credits for all their 
ships on a quarterly basis. Designing the system in this way should guarantee transparency 
and prevent discrimination.  
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The Authority would thus in the case of a baseline-and-credit system: 

• register to what extent each calling ship has under-scored or exceeded the baselines for 
NOx 

• collect credits surrendered by individual ships 

• sell excess credits at public auction and return the revenue to the shipowners who pro-
vided them. 

An obvious advantage of a baseline-and-tradable-credit scheme is that it does not generate 
any revenue. The trade reallocates money between net-sellers and net-buyers without burden-
ing the industry with any expenditure beyond the cost of compliance. Thus no effort has to be 
made to find a special model for recycling money. As will be shown in chapter 10, a baseline-
and-credit scheme may also be more legally feasible than a system of charges. 
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9 A scheme for the abatement of SOx in the Baltic Sea  
When considering policy instruments for the abatement of SOx it is essential to observe the 
differences in lead time among the available measures for reducing the emissions. While a 
shift to fuels with a lower sulphur content than 1.5 per cent (which is currently the maximum 
permissible amount allowed in the SECA) can take place almost overnight, the lead time for a 
massive introduction of sea water scrubbing on board new and existing ships may be as long 
as 10 years. Only a few trials have yet taken place with scrubber technologies and none of 
them with brackish water as a medium. As the salinity of the Baltic Sea is considerably lower 
than in the open ocean and also differs greatly between different parts of the sea, extensive 
trials with brackish seawater scrubbing would have be carried out before it is possible to say 
whether the technology is a viable option. Even if it is, a broad introduction of seawater 
scrubbing is unlikely to take place before 2015 in response to market-based instruments. 

As shown in chapter 4, the fast increase in shipping activity in the Baltic Sea will soon bring 
aggregate SOx emissions back to the level that existed before the SECA rules went into effect. 
In order to prevent sulphur emissions from exceeding the 2006 level in 2020, the average sul-
phur content of the fuels used would have to be reduced, compared to 2004 by approx. 78 per 
cent (151.000 tonnes) in scenario I and 41 per cent (80.000 tonnes) in scenario II (Table 9). 
As seawater scrubbing is not commercially available for use in brackish waters, the usefulness 
of introducing a market-based instrument for providing shipowners flexibility in their re-
sponse to a tougher baseline must be questioned. In addition, it would not make sense for 
ships involved in internal Baltic Sea traffic to trade allowances with each other as it would be 
easier to buy the right type of fuel. On the other hand, for in-frequent visitors who spend most 
of their time in other seas, an opportunity of not having to carry low-sulphur fuel (<1.5%) 
would be convenient. For them differentiated charges or emissions trading might be better 
than having to comply with an increasingly more stringent (1.0 or 0.5 per cent sulphur) SECA 
baseline. 

9.1 Considerations by MEPC  
In the absence of commercially available technological abatement methods suitable for brack-
ish water, regulating the permissible content of sulphur in fuel oils would be the best way of 
reducing emissions in the short to medium term. The IMO’s Marine Environment Protection 
Committee (MEPC) is currently in the process of revising the standards for emissions of sul-
phur and nitrogen oxides and could in this context consider more stringent limits for the sul-
phur content of fuels used in the Baltic Sea SECA. Several states, among them the United 
States (2007), have submitted views or proposals for tightening the current rules. The follow-
ing options are under discussion: 

• Leave unchanged the current regime (maximum 1.5% in SECAs and a global cap of 
4.5 per cent sulphur in fuels used in other areas); 

• Reduce the maximum permitted sulphur content of fuels used in SECAs from 1.5 per 
cent to 1 per cent and 0.5 per cent in two stages, possibly in 2012 and 2015 but subject 
to fuel supply considerations; 

(a) Oblige all ships to use marine diesel fuels rather than residual fuel oil and reduce the 
sulphur content of this fuel to 1 per cent and 0.5 per cent in two stages, possibly in 
2012 and 2015 but subject to fuel supply considerations: or 
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(b) Permit the use of abatement technologies and continued use of residual fuel oil but 
obtain the same environmental results as in 3(a).  

9.2 Our proposals 
Tightening the SECA rules could be done in a way that allows more flexibility than the cur-
rent limits. One option is to rule that all traffic that is internal or where the major part of the 
journey takes place in the Baltic Sea should use fuels that contain no more than 0.5 per cent 
sulphur. In this context the shore states could also consider a mandatory shift to marine distil-
late fuels. If so, this would be a first step towards achieving the global standard for marine 
fuels proposed by Intertanko (see chapter 5). Ships calling at Baltic ports after having spent 
more than half of their journey from the previous port in non-Baltic waters could be allowed a 
higher content of sulphur, for instance the current limit of 1.5 per cent.  

If making the SECA rules more stringent does not appear to be feasible in the near future, an 
alternative for the states around the Baltic Sea could be to require ships using fuel with more 
than 0.5 per cent sulphur to pay a charge equal to 125 per cent of the difference in market 
price between 1.5 per cent and 0.5 per cent sulphur when calling at Baltic ports. The fee 
would be paid to a common authority, just as in the case of the NOx charge, and would have 
to reflect the time travelled in Baltic waters and the specific fuel consumption at 85 per cent 
engine load. Alternatively, the port states can consider limiting voluntary port calls to ships 
that use bunker fuel with less than 1.0 or 0.5 per cent, with a derogation for ships that have 
spent more than a certain share of their journey in waters other than the Baltic Sea.  

The supervision and the enforcement of the charge could follow the lines outlined for NOx in 
chapter 8. The emission of sulphur from ship engines in cases without abatement technologies 
is proportional to the sulphur content of the bunker oil. The amount of marine distillate or 
heavy fuel oil equivalent to one MWh is well known, and all ships must already carry a “bun-
ker delivery note”, which contains information from the provider on the maximum allowable 
sulphur content of the fuel. The installed engine capacity is also well known and possible to 
register. Provided that the time travelled is known (see chapter 8), calculating the emissions of 
SOx is just a matter of arithmetic.  

In order to improve the quality of marine fuels used in the European SECAs, the European 
Parliament and Council could legislate that such fuels sold in the Member States, including 
their territorial waters, must comply with certain chemical specifications and make the sup-
plier legally liable for the quality and the data provided in the bunker delivery note.  
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10 The legal feasibility of the proposed scheme  
For political and institutional acceptance, it is important that any scheme for port-related en-
route charges is in line with the principles expressed in the United Nations Convention on the 
Law of the Sea (UNCLOS). The convention provides a universal legal framework for the 
management of marine resources and regulates international aspects of marine-related activi-
ties. It was a result of the Third United Nations Conference on the Law of the Sea that was 
convened in New York in 1973 and ended nine years later with the adoption in 1982 of the 
convention.  

UNCLOS is divided into 17 Parts and nine Annexes, containing provisions governing, 
amongst other things, the limits of national jurisdiction over access to the seas, navigation 
protection, and preservation of the marine environment. UNCLOS is a self-executing treaty, 
meaning that states do not need to pass additional national legislation to implement its terms. 
By acceding to the treaty, the states indicate their intention to be bound by the Convention.  

Emissions and discharges from maritime shipping are regulated by IMO’s International Con-
vention for the Prevention of Marine Pollution from Ships, 1973, as modified by the Protocol 
of 1978 relating thereto (MARPOL 73/78). Air pollution from ships is regulated by MAR-
POL’s Annex VI, which entered into force on 19 May 2005. Annex VI covers ozone-
depleting substances, nitrogen oxides (NOx), sulphur oxides (SOx) and volatile organic com-
pounds (VOC).  

This chapter attempts to answer two legal questions: 

• Can a party to UNCLOS impose rules and/or charges on foreign flagged ships that 
voluntarily call on its ports if those requirements go beyond the standards of MAR-
POL? 

• Can such rules and/or charges embrace requirements on the ships when travelling 
through the territorial waters or the Exclusive Economic Zone (EEZ) on their way to a 
voluntary port of call? 

10.1 The right of innocent passage  
UNCLOS gives coastal states a right to establish a territorial sea of up to 12 nautical miles 
measured from baselines determined in accordance with the Convention. Within this zone the 
coastal state is sovereign but is required to grant a right of innocent passage to foreign vessels 
passing through its waters. The majority of states (whether party to UNCLOS or not) maintain 
a territorial sea of 12nm or less.  

According to UNCLOS Article 24, the coastal state shall not hamper the innocent passage of 
foreign ships through the territorial sea except in accordance with the Convention. Article 26 
declares that no charge may be levied upon foreign ships by reason only of their passage 
through the territorial sea, and that charges may be levied upon a foreign ship passing through 
the territorial sea as payment only for specific services rendered to the ship and only in a non-
discriminatory manner. 

UNCLOS Article 21 states that a coastal State may adopt laws and regulations, in conformity 
with the provisions of the Convention and other rules of international law, relating to innocent 
passage through the territorial sea, in respect of (among others) the conservation of the living 
resources of the sea and the preservation of the environment of the coastal state and the pre-
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vention, reduction and control of pollution thereof. However, “such laws and regulations shall 
not apply to the design, construction, manning or equipment of foreign ships unless they are 
giving effect to generally accepted international rules or standards.” 

However, Article 25(2) clarifies that the coastal state “in the case of ships proceeding to inter-
nal waters or a call at a port facility outside internal waters” has “the right to take the neces-
sary steps to prevent any breach of the conditions to which admission of those ships to inter-
nal waters or such a call is subject”. In such a case, the state is in effect acting as a port state. 

Within the Exclusive Economic Zone (EEZ, max. 200 nm), UNCLOS Article 56 grants 
coastal states sovereign rights for the purpose of the "protection and preservation of the ma-
rine environment.” Article 211(3) permits a coastal state to "establish particular requirements 
for the prevention, reduction and control of pollution of the marine environment as a condi-
tion for the entry of foreign vessels into their ports". Thus, a state may only regulate pollution 
discharges from vessels in the EEZ as a condition for port entry or to give effect to interna-
tional standards.  

Limiting the en-route scheme for NOx to ships calling at participating ports is therefore a way 
to avoid a conflict with the right of innocent passage. This means that no ship is charged for 
crossing the Baltic Sea on its way to a port that is not participating. This would, for instance, 
be the case for trips to Russian ports, if the coastal states belonging to the European Union 
chose to participate but Russia decided not to. If designed in this way, the charge would be 
connected to the procedure of being allowed to load or unload in a port. Shipowners or their 
customers could alternatively choose a port that is not part of the programme, a risk that those 
creating and adopting the scheme must be aware of.  

10.2 Unilateral conditions for port entry  
States have on different occasions used the opportunity provided by UNCLOS to enforce 
higher standards on ships calling at their ports. Examples of this are the United States Oil Pol-
lution Act, the European Union’s ban on single hull tankers, the 1996 Stockholm agreement 
on roll-on-roll-off ferries, the US ballast water requirements, and a recent ruling by the Swed-
ish Supreme Environment Court on the use of SCR in the case of the city of Helsingborg ver-
sus two ferry lines.  

10.3 Examples 

10.3.1 The US Oil Pollution Act (OPA 90)  

The Oil Pollution Act of 1990 (OPA 90) was introduced in response to the Exxon Valdez oil 
spill which happened in 1989. The reason for the legislation was a need to protect the United 
States environment in the absence of adequately protective international standards. The rules 
thus exceed the standards of MARPOL. OPA 90 required a double hull for new tankers and a 
phase-out scheme for existing single hull tankers. Furthermore, foreign vessels lightering in 
the US EEZ, including “those not intending to enter United States waters,” must maintain 
certificates of financial responsibility if some of the oil is destined for the United States. 

It could be argued that the US is not a signatory state to UNCLOS. However, according to the 
US Air Resources Board (1999), the United States has recognised UNCLOS as customary 
international law which the US would be bound to follow. However, the Board says that it is 
well established under international law that coastal states may place conditions on vessels 
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wishing to enter ports. Vessels that voluntarily enter territorial waters and ports are subjecting 
themselves to the rules and regulations of the port. “Thus, the ability of states to impose rea-
sonable conditions on port entry of foreign vessels, as permitted under the Clean Air Act, is 
consistent with well-established international law". 

10.3.2 The EU approach on double hulls 

After the Prestige incident in 2002, the EU proposed an amendment to MARPOL 73/78 for 
accelerating the phasing-out of single hull tankers and for an immediate ban on the carriage of 
heavy-grade oil in single hull tankers. The IMO’s MEPC discussed the European proposals in 
July 2003 and agreed on parts of them but decided that further investigation was needed be-
fore a final decision could be made. 

However, the EU did not wait for the IMO to amend MARPOL. A new EU regulation was 
adopted on 22 July 2003. It was directly applicable to all Member States of the EU and en-
tered into force on 21 October 2003. According to this regulation, the final phase-out for 
Category 1 tankers was 2005 and for Category 2 and 3 tankers in principle 2010. The regula-
tion also applied an immediate ban on the transport to and from ports of EU Member States of 
heavy grades of oil in single hull tankers (van der Velde, 2003). 

The Secretary-General of IMO expressed his serious concerns about the EU regulation at a 
meeting of the MEPC in December 2003, because of its unilateral character and negative ef-
fects on the shipping industry. However, as a result of the step taken by the EU, the MEPC in 
December 2003 found it necessary to adopt a revised accelerated phase-out scheme and a new 
regulation banning the carriage of heavy grades of oil in single hull tankers. 

10.3.3 The 1996 Stockholm Agreement on roll-on-roll-off (ro-ro) ferries  

An example of a regional standard is the Stockholm agreement on ferry safety of 1996, which 
initially applied more stringent survivability standards than SOLAS 9023 to ro-ro ferries oper-
ating to and from ports in northern Europe. 

In 1995, the IMO refused to adopt an amendment to the SOLAS 90 standard proposed by 
Sweden, Estonia and Finland. Instead, in February 1996, eight European states (Denmark, 
Finland, Germany, Ireland, the Netherlands, Norway, Sweden and the UK) adopted the 
Stockholm agreement to the same effect. The agreement supplemented the SOLAS 90 stan-
dards by taking account of water entering the car deck, thus making ships safer in heavy seas. 
It required ro-ro passenger ferries to become capsize-resistant if up to 50 cm of water entered 
the car deck. The timetable for compliance began on 1 April 1997 and ended on 31 October 
2002, by which time all operational ships had to comply. 

The requirements of the Stockholm Agreement were initially proposed by the Panel of Ex-
perts commissioned by the IMO to review all aspects of ferry safety following the loss of the 
Estonia in September 1994. Notably, the Panel was instructed to concentrate on developing 
safety standards that would be applied to existing ships, a major departure from the normal 
procedures where major safety innovations, especially those involving structural modifica-

                                                 
23 International Convention for the Safety of Life at Sea (SOLAS), 1974. The SOLAS 90 standard applies to 
ships of 100 metres or more in length built on or after 1 February 1992. In the provisions important changes 
were made to the way in which the subdivision and stability of dry cargo ships is determined. 
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tions, are normally applied only to new ships, using so-called grandfather clauses for old ones 
(Williams et al, 2002).  

The Stockholm Agreement enabled the participating countries to take the action they consid-
ered appropriate in relation to stability with water on deck, although some of those countries 
would have preferred to have the standards written directly into the SOLAS Convention. 
Based on the provisions laid down in the Stockholm agreement, the European Commission 
studied the sea conditions for ro-ro ferries in all European waters, and concluded that the seas 
of the southern Member States were comparable to those of the eight countries of the Stock-
holm Agreement. Thus the Commission proposed a new directive to apply the specific stabil-
ity requirements of the Agreement to all ro-ro passenger ships operating on international 
routes in the EU. The Community also revised Directive 98/18/EC on the implementation of 
the SOLAS 90 standards to apply the new requirements to ro-ro ships on domestic voyages.  

10.3.4 Ballast water legislation 

The introduction of invasive species via ships’ ballast water is a challenge for the protection 
of coastal states’ resources. UNCLOS does not address this problem, and the international 
standard for the treatment of ballast water (IMO’s Ballast Water Convention) is not yet in 
force. Thus, more stringent measures by single states could be interpreted as being “beyond 
generally accepted international rules or standards.”  

In the absence of international law, the only remaining option for states is to use the authority 
granted in UNCLOS Article 211 to require special practices as a condition of entry into port. 
Since 1996 the United States has required ships to exchange ballast water outside the EEZ as 
a condition for entering the Great Lakes to minimise the spread of invasive species. 

The state of California enforces provisions on ballast water treatment for vessels in innocent 
passage. The rules apply not only to the discharge of ballast water into the territorial waters of 
the state but also into waters that may impact waters of the state (Faulkner, 2003). 

10.3.5 Sulphur in fuels used by ferries and in EU ports  

From 2010 the European Union will require all ships calling at ports of the Member States not 
to use fuels containing more than 0.1 per cent sulphur while in port. The EU enforces a lower 
sulphur limit on fuels used by ferries at sea, regardless of whether the voyage takes place in a 
SECA or not.  

10.3.6 Requiring ferries to use SCR 

A recent decision by the Swedish Supreme Environment Court in the case of the city of 
Helsingborg versus two ferry lines shows that a port state can, without violating UNCLOS, 
require ships of all nationalities calling at a specific port to install technologies for reducing 
NOx below the NOx curve of MARPOL’s Annex VI, if this is needed for the port city’s com-
pliance with the European Union’s air quality standards or for compliance with national envi-
ronmental law. Annex 1 to this report provides detailed information on the case.  

Similar difficulties may arise in connection with the implementation of the EU Air Quality 
Directive on ozone (2002/3/EC) that sets long-term objectives equivalent to the World Health 
Organisation’s new guideline and target values for ozone in ambient air to be attained by 
2010. Non-compliance requires Member States to work out reduction plans and programmes. 
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NOx is an important ozone precursor, and shipping emissions may in many cases contribute to 
violations of the directive. 

It thus appears legally acceptable for port states to require ships involved in voluntary port 
calls to install technologies for reducing NOx below the NOx curve of MARPOL’s Annex VI 
and to use this equipment in port and during its journey through the territorial water of the 
port state. The same conditions should apply to requirements on calling ships to use bunker 
oil with sulphur content below the permissible level of the SECA. However, it is less clear 
whether a port state can demand that the abatement technology be actively used in the eco-
nomic zone as well. 

10.4 Demands on ships travelling through the territorial waters or EEZ  
As shown above, all of the unilaterally introduced requirements on foreign flagged ships for 
the right of entry of a port also affect vessels travelling in the territorial sea and the Exclusive 
Economic Zone on their way to the port.  

From this evidence it seems reasonable to conclude that the states around the Baltic Sea 
should legally be able to design a scheme for differentiated charges that take account of emis-
sions from a journey to a port of those states. This is actually already the case with the Swed-
ish differentiation of its fairway dues, although the length of the individual fairway is not ac-
counted for. 

There are also some examples of coastal states enforcing, or trying to enforce, unilateral stan-
dards on ships that traverse their territorial waters on innocent passage. As mentioned above, 
the American OPA rules on the use of double hulls were aimed both at ships calling at US 
ports and at ships using the territorial sea.  

10.5 Use of flexible instruments 
In view of the wide discretion that port states have under UNCLOS, it would in principle be 
possible to require all ships to be equipped with technologies for the abatement of NOx, e.g. 
SCR, as a condition of entry into a port, if this is deemed necessary for the protection of hu-
man health and the environment in the country concerned. However, from a cost-effectiveness 
point of view, it does not appear reasonable to require infrequent visitors or ships with few 
remaining years in operation to install technologies that would require 10 or more years to be 
written off. In such cases charging high emitters appears to be a more flexible and less costly 
solution. As this offers a greater flexibility to owners and operators of foreign flagged ships, it 
should in principle be regarded as less far-reaching than a fixed standard. 

However, as shown above, charges may be levied on a foreign ship passing through the terri-
torial sea as payment only for specific services rendered to the ship and only in a non-
discriminatory manner. However, in a case of revenue-neutral charges there would be no net 
payment levied on the average ship, though low-emitting ships would receive more than they 
pay, and owners of high polluting ships would pay more than they get back. The latter would 
thus pay a net fee, which reflects higher than average damage to the environment. This is ex-
actly what happens within the existing Swedish scheme for environmentally differentiated 
fairway dues.  

When the scheme is designed as a baseline-and-credit system, no charges are involved at all. 
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The Swedish Maritime Administration (SMA) did not consult the IMO on the introduction of 
the differentiation of its fairway dues, and no flag state or shipping company has filed a com-
plaint (Lars Vieweg, SMA, personal communication, November 2005). The only difference 
between the current Swedish system and the scheme proposed in this paper is that the latter 
would reflect the time travelled in the Baltic waters of the participating states, including the 
economic zones.  

10.6 Acting through the Convention on Long Range Transboundary Air 
Pollution 
UNCLOS Article 212 regulates the rights and duties of states where pollution from or through 
the atmosphere is concerned. The article reads as follows: 

1. States shall adopt laws and regulations to prevent, reduce and control pollution of the ma-
rine environment from or through the atmosphere, applicable to the air space under their 
sovereignty and to vessels flying their flag or vessels or aircraft of their registry, taking 
into account internationally agreed rules, standards and recommended practices and pro-
cedures and the safety of air navigation. 

2. States shall take other measures as may be necessary to prevent, reduce and control such 
pollution. 

3. States, acting especially through competent international organizations or diplomatic con-
ference, shall endeavour to establish global and regional rules, standards and recom-
mended practices and procedures to prevent, reduce and control such pollution. 

According to one consulted expert on maritime law, the UN Economic Commission for 
Europe (ECE), through its Convention on Long Range Transboundary Air Pollution (from 
1979), could be regarded as a competent international organisation with respect to airborne 
pollution from ships in European waters in accordance with UNCLOS Article 212(3). If this 
is correct, more stringent rules on permissible emissions from shipping in the Baltic Sea (and 
other European waters) could be introduced by a new protocol to the Convention on Long 
Range Transboundary Air Pollution without a mandate from IMO and its MARPOL conven-
tion. Politically, this may be an easier way to achieve substantial emissions reductions than 
trying to change MARPOL’s Annex VI to the same effect. 

10.7 When the legal situation is unclear 
The legal situation is not entirely clear. Both UNCLOS and MARPOL where adopted at a 
time when air pollution from ships was not a major concern, and cap-and-trade systems and 
schemes for baseline-and-tradable credits had not yet been invented. Therefore it is difficult to 
say how far a port state can go in introducing schemes that take account of emissions from 
ships in the territorial water and the economic zone on their way to a voluntary port of call. 
However, one may assume that what is not prohibited according to general principles or spe-
cifically forbidden, should be legitimate. 

As baseline-and-credit schemes neither enforce mandatory standards that go beyond generally 
accepted international rules nor raise any charges, they seem to be more feasible from a legal 
perspective than en-route charges, even in a case where the latter are designed in a revenue-
neutral manner. A baseline-and-credit system that takes account of the time that ship engines 
are used should be equally feasible.   
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The survival of a scheme that potentially operates under legal uncertainties depends to an ex-
tent on whether any flag state or any owner of a foreign flagged ship cares to complain. The 
risk of complaints is presumably small as long as the scheme is fair and efficient and the rules 
are transparent.  And if a complaint were made, it would have to be dealt with according to 
the rules of UNCLOS. The text in the box is from UNCLOS’ website and describes the pro-
cedures for settlement of disputes. 

 

Settlement of Disputes 

Provisions for the settlement of disputes arising out of an international treaty are often con-
tained in a separate optional protocol. Parties to the treaty could choose to be bound by those 
provisions or not by accepting or not accepting the Protocol. The Convention on the Law of 
the Sea is unique in that the mechanism for the settlement of disputes is incorporated into the 
document, making it obligatory for parties to the Convention to go through the settlement 
procedure in case of a dispute with another party. 

During the drafting of the Convention, some countries were opposed in principle to binding 
settlement to be decided by third party judges or arbitrators, insisting that issues could best be 
resolved by direct negotiations between States without requiring them to bring in outsiders. 
Others, pointing to a history of failed negotiations and long-standing disputes often leading to 
a use of force, argued that the only sure chance for peaceful settlement lay in the willingness 
of States to bind themselves in advance to accept the decisions of judicial bodies. 

What emerged from the negotiations was a combination of the two approaches. 

If direct talks between the parties fail, the Convention gives them a choice among four pro-
cedures - some new, some old: submission of the dispute to the International Tribunal for the 
Law of the Sea, adjudication by the International Court of Justice, submission to binding in-
ternational arbitration procedures or submission to special arbitration tribunals with expertise 
in specific types of disputes. All of these procedures involve binding third-party settlement, 
in which an agent other than the parties directly involved hands down a decision that the par-
ties are committed in advance to respect. 

10.8 Introducing the scheme 
The introduction of en-route charges that apply to calls at ports in some Member States would 
not require a decision by the European Union. According to the EU Treaty’s principle of sub-
sidiarity, Member States are free to act in areas that do not require common legislation, pro-
vided that the measures taken are non-discriminatory and proportional to the objective pur-
sued. If Member States bordering the Baltic Sea feel that they need to protect their environ-
ment from airborne pollutants from ships, other Member States have no reason to object so 
long as ships or cargo owners registered in their countries are not discriminated against. In a 
case where some Member States act together they would, of course, have to check to what 
extent a scheme of this kind might require change in national legislation governing ports and 
the use of charges. 

Alternatively, if the European Commission thinks that the Baltic scheme is of such impor-
tance that it should be introduced as Community law, a decision on the directive can be taken 
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by the Council of Ministers by qualified majority as it does not involve setting any tax rates. It 
is rather a framework of much the same character as the existing directive on road tolls. 
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11 Results and cost/benefit-analysis 
The purpose of this chapter is to compare the likely effect of the incentives proposed in chap-
ters 8 and 9 on the emissions of NOx and SOx in the Baltic Sea. The outcome of this emission 
abatement  scenario (EAS) will be compared with the business-as-usual scenario (BAU) that 
was presented in chapter 4. The development between 2004 and 2010 is identical in the two 
scenarios as the market based instruments and regulations outlined in chapters 8 and 9 cannot 
be expected to enter into force until 2010 at the earliest 

In this chapter an emission abatement scenario (EAS) will first be explained, it will then be 
compared to the business-as-usual scenario (BAU) as presented in chapter 4. The assumptions 
for how the EAS will develop are based on the inclusion of new technology in newly-built 
ships and retrofitting of existing ships after a certain number of years. The distribution of 
ship-ages for the different types of vessels is based on a study by Sjöfartens Analys Institut24. 
In general it is noted that about 35 per cent of all the calls in northern Europe were made by 
ships older than 20 years. Among bulk carriers over 50 per cent of all calls were made by 
ships older than 20 years. However, in the Baltic Sea region the ships are expected to be be-
low the average age. As the groups of ships in the study have several differences, the follow-
ing types were merged for the calculation (types set out in chapter 4): 

• FC  

• Roro  

• Container 

• General Cargo 

• Others 

“Uncertain ships” and offshore units were omitted as they are not relevant and the numbers 
were low anyway. 

The regions are defined by the bounders depicted in the chart in chapter 4, and the emission 
development is based on the calculation and figures of the same chapter. 

11.1 NOx emissions in the emission abatement scenario 
The  abatement scenario for NOx is based on the business-as-usual-assumptions  presented in 
chapter 4 and the following assumptions:  

For the ships involved mainly in intra-Baltic Sea shipping (including for example feeder traf-
fic from nearby North Sea ports) the assumptions for the NOx emissions scenario are: 

• Significant further measures for NOx abatement will not enter into force before 2010. 

• All new ships ordered after 2009 are equipped with SCR (-90 per cent NOx emissions) 

• 40 per cent of all ships 10 years or younger (in 2010) are equipped with SCR by 2015 
(-90 per cent NOx emissions) 

                                                 
24 Sjöfartens Analys Institut: A Report into the Strategic Maritime Information System, Göteborg, 2007-06-15; 
the study covers all ship-types except ferry liner services. 
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• 40 per cent of all ships 10 years or younger (in 2010) are equipped with HAM by 2015  
(-77.5 per cent NOx emissions) 

• 75 per cent of all ships older than 10 years but younger than 20 (in 2010) are retrofit-
ted with DWI by 2015 (-55 per cent NOx emissions) 

For infrequent visitors operating mainly in other seas, the assumptions are: 

• 40 per cent of new ships ordered after 2009 are equipped with DWI (-55 per cent NOx 
emissions) 

• 20 per cent of ships 10 years or younger (in 2010) are equipped with DWI by 2015  
(-55 per cent NOx emissions) 

Although there is currently very little experience available of how HAM performs in practice, 
and thus the long-term prospects are uncertain, HAM was considered for NOx abatement (and 
maybe looked at as a forerunner of technological development).  

The average rate at which newly built ships are coming into service is assumed to be above 20 
per cent every five years: Ferry/Cruise 25 per cent, Roro 22 per cent, Container 28 per cent, 
General Cargo 20 per cent and Others 21 per cent. The age of the vessels is thus low com-
pared to other sea regions, which is in line with the fact that the Baltic Sea is reckoned to be a 
precursor of new technology, especially in Ferry and Roro. 

The expected development of total NOx emissions in the abatement scenario is shown in 
Figure 20 for the two growth scenarios. 

 

Figure 20: NOx Emission 2004 – 2020 in the abatement scenarios (tons), scenarios I and II 
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      Source: GAUSS, 2007 

In the two BAU scenarios, emissions would rise by 88 per cent and 55 per cent respectively 
between 2004 and 2020 due to traffic growth (Table 9) whereas emissions decline by 15.1 and 
32.2 per cent in the two abatement scenarios. The distribution according to ship-types and 
type of traffic is as follows: 
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Figure 21: NOx Emissions by type of fleet 2004 – 2020, scenarios I and II 
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      Source: GAUSS, 2007 

The portion of Container’s share made up of newly built ships is assumed to be about 28 per 
cent within five years, with the potential for much greater reductions up to 2020 on the basis 
of them being fully equipped with SCR. The decline in General Cargo and Others is partially 
due to the expected decreasing level of traffic with these types of ships. 

11.2 SO2 Emissions in the abatement scenario 
The assumptions for the development of SO2 emissions are such that the SECA limits for sul-
phur content in the Baltic and the North Sea are lowered in two stages to 1.0 per cent from 
2011 and to 0.5 per cent from 2016. Due to the uncertainties with regard to the operation of 
scrubber technology for SO2 abatement in general and especially in brackish waters, this 
technology was not considered. 

 

Figure 22: SO2 Emissions 2004 – 2020 in the abatement scenarios (tons), scenarios I and II 
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       Source: GAUSS, 2007 

In the first scenario, SO2 emissions are initially still rising as the number of ships already us-
ing low sulphur fuel in intra-Baltic traffic is quite high. Only the second tightening of the 
threshold in the year 2015 to 0.5 per cent sulphur in fuel oil leads to a significant decline in 
SO2 emissions. 
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Figure 23: SO2 Emissions by type of fleet 2004 – 2020 (tons), scenarios I and II 
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       Source: GAUSS, 2007 

Again, the annual growth in and shift to Cruise/Ferry and Roro is responsible for the initial 
rise and later decrease in these sectors. Although in Ferry traffic both passengers and cargo 
are transported, the expected increase is currently assumed to come from cargo transport 
only25. 

11.3 PM Emissions 
PM emissions are partly correlated with the sulphur content of fuel oil26 thus a change to LSF 
reduces these emissions as well. According to the IMO (IMO/BLG 1/2/11, 2006) the “use of 
0.5 per cent sulphur distillate fuel rather than HFO containing 2.7 per cent sulphur could re-
duce PM emissions by about 63 per cent ….”. A decline from lower levels is smaller not only 
in absolute but also in relative terms. As with the intra-Baltic traffic, the sulphur content is 
assumed to be already below 1.5 per cent in 2006, so the potential for reduction is not very 
high and therefore any overall reductions are wiped out by traffic growth. 

 

Figure 24: PM Emissions in the Baltic Sea 2004 – 2020 (tons), scenarios I and II 
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       Source: GAUSS, 2007 

 

                                                 
25 Figure 7 p. 31; ShipPax Market 2007, p. 150 ff. 
26 Although there is a correlation with the sulphur content of the fuel, the correlation is not linear 
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The rise of emissions in Ferry and Roro is mainly due to the high expected growth-rates in 
these segments. As General Cargo is assumed to have no significant traffic growth and is ex-
pected to be employed in extra traffic, the emissions of this sector remain more or less con-
stant after the implementation of the SECA the Baltic Sea in 2006. 

 

Table 18: Total development of PM emissions, scenarios I and II 

Year 2004 2010 2015 2020 

Emission (Scenario I) 38,563 51,574 68,222 85,614 

Emission (Scenario II) 38,563 46,278 56,608 67,523 

       Source: GAUSS, 2007 

11.4 Comparison of benefits with abatement costs  
According to Holland and Watkiss (2002) the benefits emanating from the reduction of NOx 
and SO2 emissions in the Baltic Sea are 2.100 euro per ton and 1.600 euro per ton respec-
tively. As PM emissions are partly correlated with the sulphur content of fuel oil the benefit 
of reduced PM emissions would add slightly to the total benefit. 

 

Table 19: Benefits in the Baltic Sea27  

Region / Emission Group SO2 NOx 

Baltic Sea 1.600 €/t 2.100 €/t  

      Source: GAUSS, 2007 

In the following paragraphs the results from scenario II are put in brackets. According to the 
assumptions made in the EAS scenario, a total of 4.43 (3.68) million tons of NOx emissions 
and 0.86 (0.65) million tons of SO2 emissions would be abated. In monetary terms, the re-
duced emissions would amount to 9,298 (7,735) million euro reduced external costs on NOx 
and 1,369 (1,044) million euro reduced external costs on SO2 emissions. 

The costs for installing the respective abatement technology would be from 2010 to 2020 
1,537 (1,271) million euro for NOx emission reduction. The total economic benefit would thus 
be 6,929 (5,712) million euro for the period of 2010-20. The total benefit would be even 
higher due to the fact that the parallel reduction in PM emissions was not considered in the 
calculation. 

Tables 20 and 21 show the total costs and benefits for the abatement scenario, i.e. the costs for 
measures taken in the BAU scenario are included together with the incremental costs. 

 

                                                 
27 Mike Holland; Paul Watkiss: SHIPPING Marginal external costs from emissions at sea, year 2000 prices, 
Benefits Table database: BeTa Version E1.02a, DG Environment.  
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Table 20: Comparison of total costs and benefits (EAS) for NOx (million euros),  
                  scenarios I and II 

 

Scenario 

Year 

Costs 

I                                II 

 

Benefits  

I                                II 

 

Difference  

I                                II 

 

2015 138 115 725 606 587 491 

2020 215 171 1.281 1,018 1,066 847 

TOTAL ´10-´20 1,537 1,271 8,467 6,984 6,930 5,713 

 Source: GAUSS, 2007 

 

Table 21: Comparison of total costs and benefits (EAS) for SO2 (million euros),  
                  scenarios I and II 

 

Scenario 

Year 

Costs 

I                                II 

 

Benefits  

I                                II 

 

Difference  

I                                II 

 

2015 11 8 120 93 109 85 

2020 55 40 307 226 252 186 

 Source: GAUSS, 2007 

For the period 2010-20 the cost/benefit ratio for NOx is 1:5.5 and for SO2 1:5.6 in 2020 for 
both scenarios (I and II), which means that on economic considerations it would be positive to 
invest in abatement technologies like low-sulphur fuels and NOx reduction technology. 

The incremental costs and benefits of NOx abatement are given in tables 22 and 23. These 
tables therefore show only the difference in costs and benefits between the BAU and the EAS 
scenarios.  

 

Table 22: Comparison of incremental costs and benefits for NOx in the EAS scenario  
                 (million euros), scenarios I and II 

Scenario Scenario I Scenario II 

Year 2015 2020 2015 2020 

Incremental Costs 93 137 81 116 

Incremental Benefits 479 834 421 702 

Difference 386 697 340 586 

Ratio 1:5.2 1:6.1 1:5.2 1:6.1 

  Source: GAUSS, 2007 

For 2020 the cost/benefit ratios for the incremental values for NOx are 1:6.1 (scenario I) and 
1:6.1 (scenario II) which means on economic considerations it would positive to invest in 
abatement technologies like SCR, DIW and HAM for NOx reduction. 
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Table 23: Comparison of incremental costs and benefits for SOx in the EAS scenario  
                 (million euros), scenarios I and II 

Scenario Scenario I Scenario II 

Year 2015 2020 2015 2020 

Incremental Costs 7 50 5 36 

Incremental Benefits 80 256 53 175 

Difference 73 206 48 139 

Ratio 11.4 5.1 10.6 4.9 

 Source: GAUSS, 2007 

For 2020 the cost/benefit ratios for the incremental values for SOx are 1:5.1 (scenario I) and 
1:4.9 (scenario II). Between 2015 and 2020 the ratio decreases because the costs of better fuel 
quality are rising whereas the value of the benefits is assumed to be constant. 

11.5 Conclusion 
The comparison between the BAU and EAS scenarios shows, that it should be possible in the 
period between 2010 and 2020 to reduce the yearly level of NOx as well as SO2 emissions to 
the point where they get nearly below the level they were 2004. This could be done with a 
15.1 per cent (32.2 per cent) reduction for NOx and a reduction of 34.6 per cent (48.5 per 
cent) for SO2, instead of an increase of 88.2 per cent (54.8 per cent) for NOx and an increase 
of 77.7 per cent (41.3 per cent) for SO2 in the BAU scenario.  

Compared to the initial situation in 2004, the reduction seems to be quite small, but it has to 
be taken into account that a considerable increase in traffic more than wiped out the benefits 
gained by the technologies (fuels and NOx abatement technology). 

 

Figure 25: Comparison of BAU versus EAS for NOx and SOx 2004 – 2020, scenario I 
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       Source: GAUSS, 2007 
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Figure 26: Comparison of BAU versus EAS for NOx and SOx 2004 – 2020, scenario II 
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       Source: GAUSS, 2007 

As can be seen from the figures in the period from 2004 to 2010, there is just a small change 
in the development of NOx emissions and none for SOx as the measures implemented in the 
EAS scenarios take effect only from the periods there after. 

With NOx the overall development in the two scenarios clearly drifts apart, with a total de-
crease from BAU to the EAS scenarios averaging of 55.5 per cent (for scenarios I and II) by 
the end of 2020 due to the implemented measures. With SO2 this trend is also noticeable, 
however not so clear as a comparable initial low base of sulphur content in fuel oil was as-
sumed. The lowering of the sulphur content in 2011 to 1.0 per cent and even further in 2016 
to 0.5 per cent results in a total decrease by an average of 63.4 per cent (for scenario I and II) 
for SO2 by the end of 2020 from the BAU to EAS scenario.  

The assumptions made for the reduction scenarios are based on the response to the incentives 
given to the shipping industry. Thus there is quite a lot of uncertainty based on the develop-
ment of various factors e.g. technical and cost developments, shareholder pressure etc. Fur-
thermore it is unknown whether the assumptions can be met by the availability of suitable 
ship-yard capacity, sufficient amount of respective fuel for SO2 reduction as well as the num-
ber of plants for the installation to abate NOx emissions. However a hesitant reaction of the 
shipping industry would not prevent the positive effects of the implementation – it would 
merely delay the development. 
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12 Schedule for implementation 
Launching a Baltic Sea pilot project probably requires a preparatory period of at least three 
years. The first step after the completion of the report would be to start a dialogue with a 
wide range of potential stakeholders in order to seek their support and to invite them to sub-
mit their assessment of the proposal. The scheme should be regarded as preliminary until the 
dialogue has been completed. There may be scope for improvement. 

12.1 Stakeholder dialogue 
The UBA can distribute the report to the potential stakeholders and invite them to comment 
on its analysis and proposals. However, initiating a stakeholder dialogue with government 
agencies of other coastal states in order to prepare a possible formal agreement on the scheme 
would require the consent of the German government. Besides Germany, Sweden has been 
the coastal state of the Baltic Sea that has shown the greatest interest in promoting the abate-
ment of emissions from shipping. One possibility could be for Germany and Sweden to 
jointly invite representatives of the coastal states as well as commercial stakeholders and 
other NGOs to participate in a dialogue based on the proposals of the report. 

Key institutions and persons could be invited to seminar or conference. Some of them may in 
addition have to be contacted in a bilateral process. 

12.2 Potential stakeholders 
The list of organisations of potential importance in the context of the pilot project is quite 
long. The stakeholders can be divided up based on a number of categories: 

State ministries and government agencies 

The environment and transport ministries of the coastal states and relevant state agencies 
must be engaged from the start. 

Intergovernmental organisations 

The IMO and its environment committee should be informed and given an opportunity to 
respond to the proposal for unilateral action around the Baltic Sea. The European Commis-
sion (several DGs) and the European Parliament should be invited to follow the process. 
HELCOM and the body responsible for the Baltic Sea under the Marine Framework Direc-
tive are other intergovernmental bodies potentially affected by the scheme. 

Ship-owners 

The national shipowners associations around the Baltic Sea are an important potential partner 
in creating the pilot scheme. The most important shipping companies operating in the Baltic 
Sea might have to be approached separately, as well as Intertanko. 

Ports 

It is essential to approach the ports and their national organisations at an early point in the 
process as the NOx scheme is based on port calls so their participation and support is required, 
at least in a case of distance-related charges (rather than tradable credits). The Baltic Sea Port 
Organisation should also be invited to become a partner in the process of developing the pilot 
scheme. 
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Major freight customers 

Major freight customers, such as Otto Versand, Ikea, Stora-Enso and Volvo, have in recent 
years shown an interest in promoting environmentally sound freight operations. They should 
be informed about the draft pilot scheme and invited to participate, as should the Interna-
tional Business Council on Sustainable Development. 

Other commercial firms and organisations 

Other potentially affected firms include classification societies, major shipyards - especially 
those involved in retrofitting - and manufacturers of NOx abatement equipment. The oil in-
dustry will be affected if the SECA standard becomes increasingly more stringent. 

Environmental NGOs 

Environmental NGOs such as Coalition Clean Baltic (CCB), Friends of the Earth, World 
Wildlife Fund for Nature (WWF), Greenpeace, European Federation for Transport and Envi-
ronment (T&E) and European Environmental Bureau (EEB) have historically shown interest 
in marine issues.  

Other stakeholders 

Other organisations with a potential interest in the pilot scheme include Union of the Baltic 
Cities (publisher of the Baltic Cities Environmental Bulletin), the Alliance of Maritime Re-
gional Interests in Europe (AMRIE), various universities and research institutions, ongoing 
projects around the Baltic Sea, e.g. Baltic United and Baltic Sea 2020, and some EU projects 
sponsored by the structural funds. 

It should also be noted that, according to the Marine Framework Directive, the coastal states 
of the Baltic Sea are required to present a joint abatement programme by 2010. The European 
Parliament has proposed that the Baltic Sea to become a pilot area in this context. 

12.3 Preparing for the “Baltic Sea Monitoring Centre” 
This report only provides an early outline of the administration and the supervision of the en-
route charges. Before the pilot project can start there is a need for consultations with relevant 
experts. In addition a Baltic Sea environmental ships register must be created. It can depart 
from the pre-existing register developed by the Swedish Maritime Administration and make 
use of the existing IAPP certificates.  

Organisations with a potential interest in co-using what we will name the “Baltic Sea Moni-
toring Centre” should be approached separately. They include the European Maritime Safety 
Agency (EMSA), the Fisheries Control Agency (CFCA) and the Baltic Sea Regional Advi-
sory Council (on fishing). 

12.4 A preliminary timetable for launching the pilot programme 
The first phase is expected to take at least 18 months. This will include dialogue with the 
stakeholders, the simultaneous political process and working out the details about the moni-
toring centre, and making a choice of method for recycling the money. After a decision by the 
governments around the Baltic Sea, at least a year must be devoted to creating and staffing the 
monitoring centre.  
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A relevant question is whether shipowners need additional time beyond this year to prepare 
for the new regime? Should they be given less/greater notice in order to be able to undertake 
investment in abatement technologies prior to the date when the scheme becomes operational? 
It could be argued that an early start (with short notice) does not achieve anything besides 
remunerating early action, i.e. shipowners who invested in NOx reduction technologies before 
the proposal for a Baltic Sea pilot project was made. 

From the list below, January 2011 appears to be the earliest time when the pilot scheme can 
become operational. 

1. Report published early 2008 

2. German initiative for a stakeholder dialogue spring 200828 

3. Stakeholder dialogue spring 2008 – autumn 2008 

4. Report on the stakeholder dialogue before the end of 2008 

5. Conference of interested Parties in the first half 2009 with the aim to sign an 
agreement with subsequent confirmation and ratification, possibly by end of 2009 

6. Informing ports and ship owners in 2009-2010 

7. Creating the administrative frame including an “authority” after final agreement of 
participating states in 2010 

8. Entry into force on January 1st 2011 (or later).  

                                                 
28 Possibly jointly with Sweden and perhaps in agreement with the European Commission. 
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13 Summary and conclusions 
Emissions of NOx from international shipping are expected to increase by two thirds between 
2000 and 2020, and those of SOx by nearly half (Amann, et al, 2004). NOx and SOx emissions 
from international shipping in Europe may have surpassed the emissions from all land-based 
sources in the EU Member States combined by 2020.  

Designating the Baltic Sea as a Sulphur Emission Control Area (SECA) made it possible to 
introduce an upper limit of 1.5 per cent for the sulphur content of marine fuels used in the 
area. However, the resulting reduction will within few years be offset by the increase in emis-
sions resulting from the fast growth in ship movements. Without further measures, emissions 
of NOx and SOx from shipping in the Baltic Sea are expected to increase by respectively 88 
and 78 per cent in 2020 compared to 2004.  

The Baltic Sea is highly sensitive to eutrophication and most of its drainage area suffers from 
acidification. Many cities in the region have difficulties attaining the Community’s air quality 
standards for NO2 and PM10.  

13.1 Abatement technologies and costs 
Low-cost techniques for considerably reducing the emissions of NOx and sulphur from ship-
ping are available. Studies for the European Commission show that in relative terms it is now 
very cost-effective to reduce emissions from shipping. 

One obvious way of reducing SOx emissions from shipping in the Baltic Sea would be to 
lower the current maximum permissible sulphur content of fuels used in the SECA from 1.5 
per cent to 1.0 and 0.5 per cent. This is one of the options under consideration by IMO’s Ma-
rine Environment Protection Committee (MEPC). 

An alternative option is to use seawater scrubbing to remove the SO2 from the exhaust gases.  
Trials with prototype scrubbers have been carried out, but currently only one vessel is 
equipped with a scrubber. The evidence from these tests suggests that the technology is able 
to reduce the exhausts of SOx by up to 90 per cent when the ship is running on HFO. There is 
only limited experience of how sensitive scrubbers are to various operational parameters, the 
most important being the alkalinity of the seawater. In non-marine waters and freshwater-
dominated waters there may be an insufficient alkaline reserve to neutralise acid compounds 
by seawater scrubbing. In general all European waters except the Baltic Sea have normal ma-
rine alkalinity (as the alkalinity is proportional to salinity). The seawater consumption needed 
for 90 per cent SOx removal is substantial, and may in fresh and brackish waters have to be 
significantly increased to ensure reduction efficiency (CE Delft et al, 2006). Although gener-
ally in IMO and EU papers “other means” to reduce emission are accepted, the scrubber tech-
nology is still looked at with substantial scepticism due to questioned availability of reliable 
systems in the near future and important side-effects like discharge quality of effluent, re-
quired reception facilities, etc. 

CE Delft et al (2006) recommend that seawater scrubbers should not be operated in waters 
where there is insufficient ability to absorb SOx. Problems of this kind may appear not only in 
the Baltic Sea, where the salinity differs greatly between the Sound and the Gulf of Botnia, 
but also in connection with entries into river-based ports.   
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Several established methods exist for reducing NOx from ship engines, among them basic and 
advanced internal engine modifications, Direct Water Injection (DWI), Humid Air Motor 
(HAM) and Selective Catalytic Reduction (SCR). The most advanced of these techniques can 
reduce NOx by well over 90 per cent but at greater cost per tonne than the less efficient 
abatement technologies.  

13.2 Current instruments and market-based mechanisms proposed by  
         others 
Since 1998, the Swedish Maritime Administration has differentiated its fairway dues for 
ships’ emissions of SOx and NOx. Together with similar differentiations of the harbour dues 
in major Swedish ports, this has made around 1,000 vessels register for use of lower-sulphur 
fuels – less than 0.5 per cent sulphur content for ferries and less than 1.0 per cent for cargo 
vessels. In addition some 47 ships have been certified for a NOx -related discount of the fair-
way due. However, as most coastal states have very short fairways and generally do not 
charge ships for the use of them, extending the Swedish model to the rest of the Baltic Sea 
does not appear feasible. 

In 2004 and 2005, NERA Economic Consulting produced two reports for the European 
Commission on the feasibility of market-based mechanisms to promote low-emission ship-
ping in European Union sea areas. In the second of these, NERA recommends the use of three 
different voluntary instruments. However, according to our assessment none of these volun-
tary measures can be expected to yield results that can balance the negative impact on emis-
sions from the anticipated growth in Baltic Sea shipping. Our conclusion is that mandatory 
economic instruments must be used in order to achieve substantial reductions; either that or 
increasingly more stringent regulations must be enforced. 

13.3 A pilot scheme for NOx emissions in the Baltic Sea 
Abatement of NOx emissions from maritime shipping differs from efforts to reduce SOx, as 
several technological measures are available for use in new vessels and for retrofitting in old. 
They have differing abatement potentials and costs. NOx abatement, therefore, is well suited 
for a scheme of market-based instruments. 

The proposal in this report, based on Kågeson (2005), is to mandate the port authorities 
around the Baltic Sea to assist a common authority that collects a mandatory charge reflecting 
the calling ship’s emissions of NOx during its latest trip in Baltic waters. The charge would 
correspond to emissions emitted from the point of entry into the Baltic  (e.g. at 57° 44.43’N) 
or since departure from another Baltic port. The authority in charge of the scheme would 
check the distance and time travelled in Baltic waters and carry out a limited number of ran-
dom checks of on-board facilities for compliance with a certified situation on board and with 
available NOx abatement technologies.  

The time and distance travelled by each ship in the area can be registered by using the Auto-
matic Identification System, AIS, which automatically transmits the identity of all ships to 
coastal centres. The AIS is compulsory for all passenger ships and all cargo ships of 300 GT 
and more engaged in international voyages. Ships above 500 GT not on international voyages 
will be equipped with AIS before 1 July 2008.  
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According to MARPOL Annex VI, an International Air Pollution Prevention Certificate shall 
be issued to any ship of 400 GT. From these regulations it is clear that all vessels of 400 GT 
or more that engage in international traffic will carry both an IAPP Certificate and an AIS 
transponder by 1 July 2008. Ships of 500 GT or more engaged in domestic voyages will by 
the same date be equipped with AIS, but current regulations do not require them to carry an 
IAPP Certificate.  

In order not to discriminate against ships in international traffic, it is necessary to set the limit 
at 400 GT and ask the participating states to demand that all vessels in domestic traffic of that 
size be equipped with AIS transponders and an IAPP Certificate. The charges (or alternatively 
the cap) should, of course, apply to all ships of 400 GT or more regardless of flag.  

The emissions per kWh according to the IAPP certificate would have to be multiplied by the 
amount of energy used under normal/average circumstances to propel the ship during the time 
of the trip at 85 per cent engine capacity. This type of charge is thus aimed at limiting emis-
sions per kWh hour used, rather than setting a cap on the total emissions emitted in the area 
concerned. The level of total emissions also depend on the growth (or decline) in traffic.  

A common agency needs to be in charge of the en-route system, here referred to as the Au-
thority. Among the duties of the Authority should be to: 

• Keep a Baltic Sea environmental ships register 

• Use the AIS system for handling and storing data from movements of all individual 
ships of 400 GT or more that call at participating ports 

• Use these data for calculating the charges to be paid by individual ships 

• Collect the charges 

• Redistribute the revenues 

• Collaborate with port state authorities in making random inspections on board vessels 
calling at participating ports to ensure that they carry the appropriate documents and 
are equipped accordingly 

• Fine ships that violate the rules. 

A basis for recycling the money might be to divide the total annual revenue from the scheme 
by the number of GT kilometres or tonne kilometres produced in the designated area by each 
shipowner, provided that reliable data are available. One could also contemplate alternative 
ways of recycling, for instance to use the revenue for funding grants to ships that invest in 
NOx abatement technologies. Provided that the level of the charge is accurately set, the pro-
gramme would provide a correct marginal incentive without causing the average ship to pay 
more than it will receive back. 

An alternative option for returning the revenue would be to design the en-route charge system 
as a baseline-and-tradable-credit scheme. In such a system, ships would have to surrender 
emissions credits for NOx that correspond to the exhausts emitted on their journey in Baltic 
waters; the credits would be handed over to participating ports. Each ship would receive cred-
its equal to a baseline or benchmark value (g/kWh) that is successively lowered.  

In the baseline-and-credit system, the Authority would collect credits surrendered by each 
individual ship that equate to the vessel’s emissions during its latest journey. Ships with emis-
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sions per kWh above the baseline would have to buy credits from ships with emissions below 
the baseline. The scheme would thus require either the industry or the Authority to establish a 
trading place for emission credits.  

An advantage of a baseline–and-tradable-credit scheme is that it does not generate any reve-
nue. The trade reallocates money between net-sellers and net-buyers without burdening the 
industry with any expenditure beyond the cost of compliance. Thus no effort has to be made 
to find a special model for recycling money. 

13.4 Effects on inter-port competition 
The launch of a market-based pilot scheme that applies to ports in the Baltic Sea area may 
give ports in neighbouring non-participating states and/or areas a competitive advantage. This 
might potentially be a problem for participating ports that to a large extent attract visitors 
from other parts of the world. Ships calling at such ports would in many cases pay above av-
erage charges. If there is a non-participating port in the vicinity they may consider calling at 
that port instead. Such a move, however, would be conditional on the approval of freight 
owners, who would have to consider potential negative side-effects such as delayed deliveries 
or incremental costs of extended land transport by truck or train.  

One should also remember that the charge would only be enforced on journeys to participat-
ing ports in the Baltic Sea area. As a result all trips from such ports to ports outside the area 
would not be covered. In addition, trips from outside ports to ports in the southern and west-
ern part of the Baltic Sea area, which are most vulnerable to competition from neighbouring 
North Sea ports, would only be charged for the relatively short distance from the Kiel Canal 

or 57°44.43’N to the ship’s destination in the Baltic Sea. 

13.5 Abatement of SOx in the Baltic Sea area 
A shift to fuels with a lower sulphur content than 1.5 per cent can take place almost overnight, 
but the lead time for a massive introduction of seawater scrubbing on board new and existing 
ships may be as long as 10 years. As the salinity of the Baltic Sea is considerably lower than 
in the open ocean and also differs greatly between different parts of the sea, extensive trials 
with brackish seawater scrubbing would have be carried out before it is possible to say 
whether the technology is a viable option. Even if it is, a broad introduction of seawater 
scrubbing is unlikely to take place before 2015 in response to market-based instruments. 

IMO’s Marine Environment Protection Committee is currently in the process of revising the 
standards for emissions of sulphur. One option to be considered is to reduce the maximum 
permitted sulphur content of fuels used in SECAs in two stages to, first, 1.0 and then 0.5 per 
cent, possibly in 2012 and 2015. 

Tightening the SECA rules could be done in a way that allows more flexibility than the cur-
rent limits. One option is to rule that all traffic that is internal or where the major part of the 
journey takes place in the Baltic Sea should use fuels that contain no more than 0.5 per cent 
sulphur. In this context the shore states could also consider a mandatory shift to marine distil-
late fuels. If so, this would be a first step towards achieving the global standard for marine 
fuels proposed by Intertanko (2006). Ships calling at Baltic Sea ports after having spent more 
than half of their journey from the previous port in outside seas could be allowed a higher 
content of sulphur.  
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If making the SECA rules more stringent does not appear to be feasible in the near future, an 
alternative for the states around the Baltic Sea could be to require ships using fuel with more 
than 0.5 per cent sulphur to pay the difference in market price between 1.5 per cent and 0.5 
per cent sulphur when calling at Baltic. The fee would be paid to a common authority as in 
the case of the NOx charge, and would have to reflect the time travelled in Baltic waters and 
the specific fuel consumption at 85 per cent engine load.  

13.6 Legal implications 
According to the analysis carried out in chapter 10, a party to UNCLOS may impose rules 
and/or charges on foreign flagged ships that voluntarily call at its ports, even in a case where 
those requirements go beyond the standards of MARPOL. UNCLOS Article 25(2) clarifies 
that the coastal state “in the case of ships proceeding to internal waters or a call at a port facil-
ity outside internal waters” has “the right to take the necessary steps to prevent any breach of 
the conditions to which admission of those ships to internal waters or such a call is subject”. 
In such a case, the state is in fact acting as a port state. 

States have on various earlier occasions used the opportunity provided by UNCLOS to en-
force higher standards on ships calling at their ports. Examples of this are the United States 
Oil Pollution Act, the European Union’s ban on single hull tankers, the 1996 Stockholm 
agreement on Roro ferries, the US ballast water requirements and a recent ruling by the Swed-
ish Supreme Environment Court on the mandatory use of SCR in the case of the city of 
Helsingborg versus two ferry lines.  

According to UNCLOS Article 24, the coastal state shall not hamper the innocent passage of 
foreign ships through the territorial sea except in accordance with the Convention. Limiting 
the en-route scheme for NOx to ships calling at participating ports is a way to avoid a conflict 
with the right of innocent passage. This means that no ship is charged for crossing the Baltic 
Sea on its way to a port that is not participating. 

The introduction of en-route charges that apply to calls at ports in some Member States would 
not require a decision by the European Union. According to the EU Treaty’s principle of sub-
sidiarity, member states are free to act in areas that do not require common legislation pro-
vided that the measures taken are non-discriminatory and proportional to the objective pur-
sued. If member states bordering the Baltic Sea feel that they need to protect their environ-
ment from airborne pollutants from ships, other member states have no reason to object as 
long as ships or cargo owners registered in their countries are not discriminated against.  

Alternatively, if the European Commission thinks that the Baltic scheme is of such impor-
tance that it should be introduced by Community law, a decision on the directive can be taken 
by the Council of Ministers by qualified majority as it does not involve setting any tax rates. 

13.7 The cost-effectiveness of the schemes 
To forecast the growth rates of Baltic Sea shipping is not easy for the reasons mentioned 
above. Therefore chapters 4 and 11 feature emission volumes based on two different growth 
scenarios. In scenario I, the average annual growth rate between 2004 and 2020 is held to be 
5.9 per cent, while the average growth in scenario II is assumed to be 4.3 per cent. 

Table 23 shows the volumes of SOx and NOx emitted in 2020 under business-as-usual (BAU) 
and in the abatement scenario (EAS) as well as the change from the 2004 levels. Where NOx 
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is concerned the abatement scenario shows the results of the assumptions presented in chapter 
11.1 on how shipowners would respond to the introduction of emission charges in 2010. 

 

Table 24: Emissions in 2020 and change since 2004 in the BAU and EAS scenario, 1 000 tons  
                  and per cent 

Scenarios 2020 % change 2004-2020 

 NOx SOx PM NOx SOx PM 

BAU I 723 345 88 +88 +78 +127 

EAS I 326 127 86 -15 -35 +122 

BAU II 595 275 69 +55 +41 +79 

EAS II 261 100 68 -32 -48 +75 

Source: Gauss, 2007 

From the table and the figures, it is evident that the NOx charges and step-wise lowering of 
the SECA limits would in growth scenario I reduce emissions in 2020 by 15 and 35 per cent 
whereas in the BAU scenario they would increase by respectively 88 and 78 per cent. The 
tendency in scenario II is similar but the difference is smaller due to the lower underlying 
traffic growth rate. The reduction for NOx is modest compared to the cuts needed in order to 
reduce NOx emissions to an environmental sustainable level. However, in the longer term, 
post 2020, the emissions will continue to fall as new ships equipped with SCR or other tech-
niques replace pre-existing vessels. 

Table 24 shows the incremental cost of introducing a scheme for NOx charges as laid out in 
chapter 8 and enforcing more stringent SECA rules for SOx in line with the assumptions pre-
sented in chapter 9. Readers should be aware that some improvement also takes place in the 
BAU scenario. It was assumed that under business-as-usual 20 per cent of all ferries and 
Roro-vessels would be equipped with SCR, mostly in response to the existing Swedish envi-
ronmental differentiation of port and fairway dues. For SOx the assumption for BAU is that 
the share of “good guys” who voluntarily use fuel with a sulphur content of less than 1.5 per 
cent would remain constant throughout the period. The figures for costs and benefits in table 
24 thus represent the difference between the BAU and EAS scenarios in 2020. All benefits 
have been calculated using the BeTa Version E1.02a database of DG Environment.  

 

Table 25: Incremental costs and benefits in the EAS scenario 2020 and the cost-benefit ratio  
                 (million euro) 

 Growth scenario I Growth scenario II 

Emissions NOx SOx NOx SOx 

Costs 137 50 116 36 

Benefits 834 256 702 175 

Cost-benefit ratio 1:6.1 5.1 1:6.1 4.9 

      Source: Gauss, 2007 
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Where SOx is concerned, it might be interesting to know that the cost-benefit ratio in 2015, 
reflecting a SECA limit of 1.0 per cent sulphur, is 1:11.2 (not shown in the table). The higher 
ratio in 2015 compared to 2020 is explained by the fact that the cost premium for 0.5 per cent 
sulphur is much higher than the premium that shipowners have to pay for 1.0 per cent sulphur. 
For NOx, on the other hand, the cost/benefit ratio is lower in 2015 (1:5.2) than in 2020 (1:6.1 
for scenario I). This is explained by falling costs due to increased competition among suppli-
ers and economies of scale as the market grows and the abatement technologies become more 
mature.29  

It is evident from the cost/benefit ratios in table 24 that implementation of the proposed NOx 
charges and the increasingly more stringent SECA limits are socio-economically beneficial. 
The ratios are such that even doubling or trebling the cost assumptions would not significantly 
alter the outcome. The results are therefore robust. 

13.8 Schedule for implementation 
Launching a Baltic Sea pilot project probably requires a preparatory period of at least three 
years. The first step after the completion of the report would be to start a dialogue with a wide 
range of potential stakeholders in order to seek their support and to invite them to submit their 
assessment of the proposal. 

The report only provides an early outline of the administration and the supervision of the en-
route charges. Before the pilot project can start there is a need for consultations with relevant 
experts. In addition a Baltic Sea environmental ships register would have to be created. It can 
depart from the pre-existing register developed by the Swedish Maritime Administration and 
make use of the existing IAPP certificates.  

From the analysis in chapter 12, January 2011 appears to be the earliest time when the pilot 
scheme for NOx can become operational. 

                                                 
29 In the cost calculation a reduction of 25 per cent was assumed over the entire period. 
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14 Annex  

14.1 The Swedish Supreme Environment Court’s decision on Helsingborg  
  versus HH-Ferries and Sundsbusserne A/S 
A recent decision by the Swedish Supreme Environmental Court in the case of the city of 
Helsingborg versus two ferry lines shows that a port state can, without violating UNCLOS, 
require ships of all nationalities calling at a specific port to install technologies for reducing 
NOx below the NOx curve of MARPOL’s Annex VI, if this is needed for the port city’s com-
pliance with the European Union’s air quality standards or for compliance with national envi-
ronmental law.  

14.2 The court’s ruling 
“The Supreme Environment Court finds that the provisions of UNCLOS do not prevent a 
Swedish authority, as a representative of the port state, from intervening against a foreign 
ship, requiring it to reduce emissions of NOx in order to protect human health. According to 
the judgement of the court, neither do the provisions of MARPOL stand in the way for mak-
ing demands on ships that call at Swedish ports to go beyond the requirements expressed in 
the convention, if this is motivated according to national environmental law. This action is 
possible as the convention does not express any rule that limits the possibility of the port state 
to make such demands in relation to foreign vessels. Such demands, however, may not be 
discriminatory. In this case the demand is directed towards shipping companies that are en-
gaged in extensive regular traffic to and from the port of  Helsingborg, and the requirement is 
enforced regardless of flag; therefore the demand cannot be regarded as discriminatory. Ac-
cording to the judgement of the Supreme Environment Court, the decision is not in conflict 
with Sweden's international obligations.” (non-authorised translation)  

14.3 Statements by relevant authorities 
The decision by the Environment Supreme Court is in line with statements made to the court 
by relevant state and local agencies.  

In a statement on behalf of the environment council of the city of Helsingborg, the professor 
of law Jonas Ebbesson claims that the measures enforced on the ferry lines by the environ-
ment council are not in conflict with Sweden’s international obligations as Sweden as a port 
state is free to make demands for the protection of air quality that go beyond the rules ex-
pressed in MARPOL, and that the way by which the demands have been made is not in con-
flict with UNCLOS. According to Professor Ebbesson, the environmental rules defined by 
MARPOL constitute minimum requirements for flag states and maximum requirements for 
coastal states in relation to ships under their jurisdiction. However, the regulations of MAR-
POL do not limit port states in relation to foreign vessels, but the port state’s right to enforce 
national requirements on foreign ships that call at its ports must not be misused. It is essential 
that the UNCLOS requirement on promptness is met and that national rules that go beyond 
MARPOL and UNCLOS are well motivated. UNCLOS Article 211(3) (states which establish 
particular requirements for the prevention, reduction and control of pollution of the marine 
environment as a condition for the entry of foreign vessels into their ports or internal waters 
shall give due publicity to such requirements and shall communicate them to the competent 
international organisation) should be observed even though the article in a formal sense only 
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applies to actions for the protection of the marine environment (and not to the protection of air 
quality).  

The fact that the city’s decision to demand investments in Selective Catalytic Reduction 
(SCR) for the reduction of NOx only applies to two ferry lines, and not to other ships that call 
at the port of Helsingborg, should, according to Professor Ebbesson, not be regarded as an act 
of discrimination as the effect on the environment from the many daily visits by the ferries 
should be compared to similar emissions from land-based sources rather than to emissions 
from ships that do not frequently call at the port.  

As the demand was only applied to two locally operating ferry lines, there was, according to 
Professor Ebbesson, in this particular case no need to communicate the new environmental  
requirement to “the competent international organisation” (IMO). However, had it been di-
rected towards all ships calling at the port, the city would have been obliged to give due pub-
licity to the requirement and communicate with the IMO.  

In its statement, the Swedish Maritime Administration (SMA) says that UNCLOS Article 21 
only applies to coastal states, which may not enforce rules on foreign vessels that go beyond 
internationally agreed standards, but not to port states. According to the SMA, UNCLOS, “in 
all probability”, does not stipulate any conditions for the right of the port state to take legal 
action against a foreign ship. 

The Swedish Environmental Protection Agency says in its statement that international law 
does not prohibit a local community in a port state from taking legal action against foreign 
ships if this is deemed necessary, according to Swedish law, for the protection of the envi-
ronment, at least where emissions emitted in the port area are concerned. According to the 
principle of port jurisdiction, a state has complete jurisdiction over its ports, and there is no 
general right for foreign ships to call at them. However, a Member State of the EU may not 
enforce rules that discriminate against ships from another Member State. 
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