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Background 
HELCOM 37-2016 requested the Contracting Parties to submit suggestions for concrete updates to the IMO 
NECA submission and background document by 31 March and welcomed the offer by Finland to coordinate 
the updating process together with the HELCOM Secretariat with a view of submitting the revised files to 
HOD 50-2016 for adoption according to the NECA roadmap (c.f. paragraph 4.33 of the Outcome). The Baltic 
Sea NECA application (Attachment 1) and the associated INF. document on NOx reducing technology 
(Attachment 2) have been updated by the Correspondence Group on NECA application via e-mail 
correspondence. 

Please note that a revised INF. document on NOx reducing technologies may be submitted after the NECA 
workshop to be held in St. Petersburg on 24-25 May 2016, if required.  

 

Action requested 
The Meeting is invited to: 

− adopt the Baltic Sea NECA application with a view of submitting the documents to the IMO for the 
MEPC 70 Meeting on 1 July 2016 at the latest. 
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SUMMARY 

Executive summary: This document sets forth a proposal to designate the Baltic Sea as 
an Emission Control Area for nitrogen oxides (NECA) in 
accordance with regulation 13 and Appendix III of MARPOL Annex 
VI to take effect from 1 January 2021. 
The proposal shows that the designation of the NECA is supported 
by a demonstrated need to prevent, reduce and control emissions 
of nitrogen oxides from ships. Adoption of the proposed NECA will 
result in significant reductions in ambient levels of air pollution in 
the Baltic Sea area and in the Baltic Sea States, which will achieve 
substantial benefits to human health and the environment. 
As larger geographic coverage of NECA would bring greater 
environmental and health benefits this proposal is submitted in 
parallel with the corresponding proposal from the North Sea States. 
This will also benefit equal competition for shipping in these areas. 
The co-sponsors invite the Committee to consider this proposal at 
this session with a view toward the adoption by the Parties to 
MARPOL Annex VI, at MEPC 71, of amendments to Regulations 
13.6 of MARPOL Annex VI designating a new Emission Control 
Area. 

Strategic direction: 7.3 

High-level action: 7.3.1 

Output: 7.3.1.1 
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Introduction 
 
1 The Baltic Sea States of Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland, 
the Russian Federation and Sweden propose to designate the Baltic Sea as an Emission Control 
Area for nitrogen oxide (NOx) emissions (NECA). The shipping density is very high in the Baltic 
Sea, as is the population density in its coastal areas. The Baltic Sea also suffers from a wide range 
of environmental problems, of which eutrophication is the most critical. The importance of reducing 
emissions from shipping and other sources has long been recognized. Sulphur oxide (SOx) and 
particulate matter (PM) emissions from ships are already regulated in the Baltic Sea. The Baltic 
SOx Emission Control Area (SECA) entered into force on 19 May 2006, becoming the first SECA to 
be established under MARPOL Annex VI. 
 
Shipping traffic and NOx emissions from ships in the Baltic Sea area 
 
2 About 25% of the total nitrogen input to the marine environment occurs through 
atmospheric deposition. Shipping contributes to this deposition through emissions of nitrogen 
oxides (NOx), thus exacerbating the problem of Baltic Sea eutrophication. Reaching the agreed 
nutrient levels, i.e. close to natural levels, requires measures to reduce loading from all sectors, 
including shipping in the Baltic Sea. NOx emissions also add to the acidification of the environment 
and cause negative human health effects throughout the Baltic Sea area.  
 
3 A comprehensive analysis was performed to estimate NOx emissions from ships operating 
in the Baltic Sea area and the impact of these emissions on air quality, ecosystems and human 
health (Annex 2, chapters 5 and 7). The background studies for this proposal were carried out in 
2010 and at that time it was assumed that NECA requirements for the Baltic Sea area would take 
effect from 1 January 2016. For this reason reference is made in chapters 5 and 9 to this date 
instead of the proposed effective date 1 January 2021. So, the environmental benefits as well as 
also the related economic cost will occur five years later than originally calculated in these studies. 
The assessment considered four cases: (i) the baseline case representing ship traffic and inland 
emissions for 2007, (ii) the estimated ship traffic emissions following the Tier-II scenario, (iii) the 
estimated ship traffic emissions following the Tier-III scenario, and (iv) the zero ship emissions 
case. In all scenarios, inland emission rates were taken to be constant and at the present level and 
EMEP (Co-operative Programme for Monitoring and Evaluation of the Long-range Transmission of 
Air Pollutants in Europe) emissions inventories were used for the description of ship traffic. The 
EMEP ship emissions were scaled according to Tier II and III requirements allowing for 2% annual 
growth in ship emissions. Emissions for the tier scenarios were estimated for the year 2045 by 
which ship traffic is assumed to double and emissions per traffic unit are assumed to decrease by 
20% in Tier II and by 80% in Tier III. Total emissions are thus assumed to increase by a factor of 
1.6 for Tier II and decrease by 60% for Tier III in comparison to 2007 ship emissions. 
 
Populations and areas at risk 
 
4 Of the 85 million people living in the Baltic Sea drainage basin, the vast majority (64%) 
live in the drainage areas of the Baltic Proper. Of this figure, 45% live in Poland. About 26%, or 22 
million people, live within metropolitan areas, 45% in towns or small cities, and 29% in rural 
communities. Nearly 15 million people live within a 10 km distance of the Baltic coast, while 43% of 
the total populated area and 31% of the total population are within a 50 km radius of the coastline. 
It is evident that the emissions do not stop at a 50 km distance from the coastline but disperse 
throughout the entire region.  
 
5 Eutrophication is a major problem in the Baltic Sea. Since the 1900s, the Baltic Sea has 
changed from an oligotrophic clear-water sea into a eutrophic marine environment. The 
eutrophication of an aquatic ecosystem occurs when high nutrient concentrations stimulate the 
growth of algae, which leads to functional imbalances within the ecosystem such as algal blooms 
and oxygen depletion, recurrent internal loading of nutrients, and death of benthic organisms, 
including fish. 
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Harmful effects of NOx emissions on the environment and human health 
 
6 The deposition of oxidised nitrogen compounds occurs as a result of several factors. The 
primary pollutants, NO and NO2, undergo virtually no deposition on the sea surface due to their low 
solubility. However, their chemical derivatives, primarily nitrates and nitric acid, can deposit on wet 
surfaces. Since these chemical transformations can take time (being strongly dependent on 
atmospheric conditions), the pattern of deposition appears substantially smoother than the 
concentration map; with ship tracks no longer visible. The deposition pattern throughout the region 
seems to be dictated by the contribution of considerably large remote emissions sources in Central 
Europe. These sources are responsible, in particular, for the north-to-south gradient of deposition 
values. The 2007 emissions figures show the annual deposition of oxidised nitrogen as varying 
from more than 0.5 g N m-2 yr-1 in the south to 0.1 g N m-2 yr-1 in the north. 
 
7 The current assessment analyses the present state and the impact of the Tier II and Tier 
III emission reduction scenarios on the Baltic Sea area (see Annex 2, chapter 5). Three key criteria 
are considered:  

(i) reduction in deposition of nitrogen oxides to the sea 
(ii) reduction in eutrophication levels in the region, as expressed by exceedance of critical 

limits for nutrient nitrogen deposition in terrestrial ecosystems.  
(iii) reduction in human health impact expressed by human exposure to NO and NO2 

concentrations. 
 
8 The scenario simulations show a noticeable reduction of up to tens of percent in total 
oxidised nitrogen in the Baltic Sea area if Tier III is applied instead of Tier II. The difference is more 
significant in coastal regions than in open sea areas. Additionally, in the summer period, when the 
sea is most susceptible to algae growth, a more pronounced decrease is shown.  
 
9 The contribution of ship traffic to the overall NOx loading to the sea roughly corresponds to 
the total share of ship emissions, i.e. less than 10%. However, taking into account the ability of 
ecosystems and the human body to withstand certain levels of NOx loading, the exceedance of 
safe levels becomes a fraction of the total load. Analysis of tier scenario efficiency was performed 
with regard to these exceedances. 
 
10 The study found eutrophication (exceedance of critical nutrient nitrogen deposition levels) 
in several Baltic Sea areas to be reduced under the Tier III scenario by up to 20-30% compared to 
Tier II. 
 
11 Human exposure was evaluated in a simplified manner. It was found that in coastal areas 
in the northern Baltic Proper and in the Gulf of Finland, exposure under Tier III is reduced up to 50-
60% compared to Tier II. 
 
12 Additional studies included a semi-qualitative evaluation of the impact of the tier scenarios 
on harbour emissions and a comparison of the SILAM output with other assessments. The Tier III 
scenario was shown to achieve a 10-20% higher reduction in NO+NO2 levels in harbour areas 
compared to Tier II. However, this finding must be treated only as a preliminary estimation. 
Detailed assessment of harbour pollution from ships has been made for the port of Helsinki in 
Soares et al. (2014).  
 
 
 
 
 
Control of land-based sources and measures to reduce nutrient input in the Baltic Sea 
 
13 Measures already taken to protect the Baltic Sea area from pollution from land-based 
sources are described in Annex 2, Chapter 8, including measures stipulated in global conventions, 
EU legislation, and regional co-operation. 
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14 The Helsinki Commission Baltic Sea Action Plan (BSAP) was adopted by the 
environmental ministers of the Baltic Sea states in 2007 (see 
http://www.helcom.fi/stc/files/BSAP/BSAP_Final.pdf). The aim of the Action Plan is to achieve a 
healthy Baltic Sea, i.e. unaffected by eutrophication, by 2021. The BSAP has been widely 
recognized as a regional implementation of the ecosystem approach to management of human 
activities and of achieving good environmental status according to the EC Marine Strategy 
Framework Directive. It is also a contribution to fulfilment of the goals of the 1992 World Summit on 
Sustainable Development. In order to achieve ‘clear water’, which is one of the key objectives of 
the BSAP, phosphorus and nitrogen inputs to the Baltic Sea must be further cut from 1997-2003 
average levels by about 42% and 18%, respectively. Reductions in nutrient inputs have so far 
mainly been achieved through improvements at major point sources, such as sewage treatment 
plants and industrial wastewater outlets. Achieving further reductions will be a tougher task, 
requiring actions to address all sources of nutrients. 
 
Estimated costs  
 
15 Currently the following technologies meet the Tier III NOx emission standards: Selective 
Catalytic Reduction (SCR), use of alternative fuels such as liquefied natural gas, and Exhaust Gas 
Recirculation (EGR). Selective catalytic reduction (SCR) is currently the only technology on which 
there is sufficient information to make cost efficiency estimates. Other methods and combinations 
(described in document MEPC 70/INF.Y) are being or have been developed, and some alternative 
options for meeting the Tier III requirements are thus expected soon to be commercially available 
at cost levels comparable to or lower than SCR costs. 
 
16  Cost calculations showed that abatement of one tonne of NOx by using SCR technology 
will cost 787–4,699 euros (2,585–15,440 euros per abated tonne of nitrogen) depending on the 
type of ship and the method of calculation. However, the average cost is about 1,316–1,844 euros 
per tonne NOx (4,326–6,059 euros per abated tonne of nitrogen) (see Annex 2, Chapter 9). 
 
17 Comparison of the cost efficiency of nitrogen abatement from shipping with other sectors 
is difficult due to the fact that e.g. estimation of the deposition of ship-derived NOx to the Baltic Sea 
is challenging. However, the cost efficiency of nitrogen abatement from maritime traffic is estimated 
to be approximately equivalent to that of agriculture or wastewater treatment, (see Chapter 9.3 in 
Annex 2). Nitrogen abatement from RoRo, RoPax and container vessels is especially cost efficient, 
with a unit cost as low as less than 3,000 euros per tonne of nitrogen. 
 
18 According to the estimations, the rise in freight rates of new vessels due to the use of Tier 
III NOx emission reduction equipment will be from 2.0% to 4.6% depending on the vessel type and 
size.  
 
Conclusion 
 
19 NOx emissions from ships in the Baltic Sea area contribute significantly to air pollution, 
have adverse effects on human health especially in big coastal cities, and contribute significantly to 
eutrophication of the Baltic Sea. Adoption of the proposed NECA will in the long run significantly 
reduce the total amount of NOx emissions from ships. The entry into force of the Tier II regulation 
cannot reduce the total amount of NOx emissions from shipping due to the estimated increase in 
ship traffic in the Baltic Sea area. Therefore the application of the Tier III regulation is necessary in 
order to significantly reduce nutrient deposition in the Baltic Sea. 
20 However, the co-sponsors consider that exemptions for ships not complying the Tier III 
requirements would be necessary in order to allow such ships to be built, converted, repaired 
and/or maintenance work to be done on such ships at shipyards located in the Baltic Sea area. 
Due to these reasons, the co-sponsors propose to add a new sub-section 13.5.2.4 to Annex VI of 
the MARPOL Convention. 
 

http://www.helcom.fi/stc/files/BSAP/BSAP_Final.pdf
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21 The proposed amendments to regulations 13.5.1 and 13.6 of MARPOL Annex VI 
implementing the proposed NECA is presented in Annex 1, and information on responding to the 
criteria given in Appendix III (Criteria and procedures for designation of emission control areas) to 
MARPOL Annex VI is presented in Annex 2. The proposal for a new sub-section 15.5.2.4 
concerning the exemptions can also be found in Annex 1. 
 
22 The co-sponsors also recommend simultaneous designation of the North Sea area as 
NECA. 
 
Action requested of the Committee 
 
23 The Baltic Sea States invite the Committee to consider the information presented in this 
document and to approve the proposed NECA, with a view toward the adoption by the Parties to 
MARPOL Annex VI, at MEPC 71, of amendments to regulations 13.5.1 and 13.6 of MARPOL 
Annex VI, as shown in Annex 1, to formally designate the Baltic Sea area as a new Emission 
Control Area.  The co-sponsors also suggest that NECA requirements for the Baltic Sea area shall 
take effect from 1 January 2021. The cosponsors also invite the Committee to consider the 
proposal for a new sub-section 13.5.2.4 to Annex VI of the MARPOL Convention, as shown in 
Annex 1, and decide as appropriate. 
 

***** 
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ANNEX 1 
 

PROPOSED AMENDMENTS TO REGULATION 13 OF MARPOL ANNEX VI IMPLEMENTING 
THE PROPOSED EMISSION CONTROL AREA 

 
The area proposed for ECA designation, the Baltic Sea area, comprises the Baltic Proper with the 
Gulf of Bothnia, the Gulf of Finland and the entrance to the Baltic Sea bounded by the parallel of 
the Skaw in the Skagerrak at 57°44.8’ N, as defined in Regulation 1.11.2 of Annex I of MARPOL. 
Paragraphs 5.1, 5.2 and 6 of regulation 13 to MARPOL Annex VI are proposed to be amended as 
follows (see underlined text): 
 
 
Add section 5.1.3 as follows in order to define the entry into force date of NOx Tier III standard for 
new ships in the Baltic Sea emission control area: 
 
Tier III 
 
5.1        Subject  to  regulation  3  of  this  Annex,  in  an  emission  control  area designated  for  
Tier III  NOx   control  under  paragraph  6  of  this  regulation,  the operation of a marine diesel 
engine that is installed on a ship: 
 

.1           is  prohibited  except  when  the  emission  of  nitrogen   oxides   (calculated as 
the total weighted emission of NOx) from the engine is  within  the  following  
limits,  where  n  =  rated  engine  speed (crankshaft revolutions per minute): 

 
 

.1          3.4 g/kWh when n is less than 130 rpm; 
 

.2          9 · n(–0.2)  g/kWh when n is 130 or more but less than 
2,000 rpm; 

 
.3          2.0 g/kWh when n is 2,000 rpm or more; 

 
when: 

.2  that  ship  is  constructed  on  or  after  1  January  2016  and  is 
operating in the North American Emission Control Area or the 
United States Caribbean Sea Emission Control Area; 

 
when: 

.3   that ship is constructed on or after 1 January 2021 and is operating in the Baltic 
Sea Emission Control Area.  

when: 
.4 that ship is operating in an emission control area designated for  

Tier III NOx control under paragraph 6 of this regulation, other than an  emission  
control  area  described  in  paragraph  5.1.2 and 5.1.3  of  this regulation, and is 
constructed on or after the date of adoption of such an emission control area, or 
a later date as may be specified in the amendment designating the NOx  Tier III 
emission control area, whichever is later. 

 
 
 
 
 
Add a new section 5.2.4 to paragraph 5.2 in order to allow ships not complying the Tier III 
requirements to be built, converted, repaired and/or maintenance work to be done on such ships at 
shipyards located in the Baltic Sea area: 
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5.2        The standards set forth in paragraph 5.1.1 of this regulation shall not apply to: 
 

.1        a marine diesel engine installed on a ship with a length  (L),  as defined 
in regulation 1.19 of Annex I to the present Convention, of less than 24 metres 
when it has been specifically designed, and is used solely, for recreational 
purposes; or 

 
.2        a  marine  diesel  engine  installed  on  a  ship  with  a  combined nameplate  

diesel engine propulsion power of less than 750 kW if it is demonstrated, to the 
satisfaction of the Administration, that the ship cannot comply with the standards 
set forth in paragraph 5.1.1 of this regulation because of design or construction 
limitations of the ship; or 

 
.3        a marine diesel engine installed on a ship constructed prior to 1 January 2021 of 

less than 500 gross tonnage, with a length (L), as defined in regulation 1.19 of 
Annex I to the present convention, of 24  m or over when it has been specifically 
designed, and is used solely, for recreational purposes." 

 
.4      a marine diesel engine installed on a ship, immediately following building of the 

ship, before and following converting and/or repairing the ship and/or 
maintenance work to be done or done on the ship at a shipyard located in [a][the 
Baltic Sea and/or North Sea] Emission Control Area, if the ship is undertaking 
sea trials or follows a direct route inside the emission control area(s) to or from 
the shipyard. 

 
 
Amend section 6 by adding the Baltic Sea area to the list of emission control areas: 
 
6.  For the purpose of this regulation, emission control areas shall be: 
 

.1 the North American area, which means the area described by the 
coordinates provided in Appendix VII to this annex; 

 
.2 the United States Caribbean2 sea area, which means the area described by 
the coordinates provided in Appendix VII to this annex;  

 
.3 the Baltic Sea area as defined in regulation 1.11.2 of Annex I; and 

 
.4 any other sea area, including any port area, designated by the Organization 
in accordance with the criteria and procedures set forth in Appendix III to this annex. 

 
______________
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1 Introduction 
 
The information in this annex supports the proposal by Denmark, Estonia, Finland, Germany, 
Lithuania, Latvia, Poland, the Russian Federation and Sweden (hereafter the Baltic Sea States) for 
the designation of the Baltic Sea as an Emission Control Area (ECA) to prevent, reduce and 
control emissions of nitrogen oxides (NOx) from ships as described below, pursuant to Regulation 
13 and Appendix III to MARPOL Annex VI. As larger geographic coverage of Emission Control 
Area would bring greater environmental benefits this proposal is submitted in parallel with the 
corresponding proposal from the North Sea States. 
 
 
1.1 Countries submitting this ECA proposal 
 
The Baltic Sea States ask the Committee to consider this proposal and refer it for adoption by the 
Parties to MARPOL Annex VI, meeting under the auspices of MEPC 71. All Baltic Sea States are 
Parties to MARPOL Annex VI.  
 
1.2 Criteria for designation of an Emission Control Area 
 
Pursuant to Annex VI, an ECA may be considered for adoption by the Organization if supported by 
a demonstrated need to prevent, reduce, and control air pollution from ships. Section 3 of 
Appendix III to Annex VI sets out the following eight criteria for designation of an ECA: 
 

3.1.1  a clear delineation of the proposed area of application, along with a reference 
chart on which the area is marked; 

 
3.1.2 the type or types of emission(s) that is or are being proposed for control (i.e. NOx 

or SOx and particulate matter or all three types of emissions); 
 

3.1.3  a description of the human populations and environmental areas at risk from the 
impacts of ship emissions; 

 
3.1.4  an assessment that emissions from ships operating in the proposed area of 

application are contributing to ambient concentrations of air pollution or to 
adverse environmental impacts. Such assessment shall include a description of 
the impacts of the relevant emissions on human health and the environment, 
such as adverse impacts to terrestrial and aquatic ecosystems, areas of natural 
productivity, critical habitats, water quality, human health, and areas of cultural 
and scientific significance, if applicable. The sources of relevant data including 
methodologies used shall be identified; 

 
3.1.5  relevant information pertaining to the meteorological conditions in the proposed 

area of application to the human populations and environmental areas at risk, in 
particular prevailing wind patterns, or to topographical, geological, 
oceanographic, morphological, or other conditions that contribute to ambient 
concentrations of air pollution or adverse environmental impacts; 

 
3.1.6  the nature of the ship traffic in the proposed Emission Control Area, including the 

patterns and density of such traffic; 
 

3.1.7  a description of the control measures taken by the proposing Party or Parties 
addressing land-based sources of NOx, SOx and particulate matter emissions 
affecting the human populations and environmental areas at risk that are in place 
and operating concurrent with the consideration of measures to be adopted in 
relation to provisions of regulations 13 and 14 of Annex VI; and 
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3.1.8  the relative costs of reducing emissions from ships when compared with land-
based controls, and the economic impacts on shipping engaged in international 
trade.  

 
Each of the criteria is addressed individually in sections 2–9 of this Annex. 
 
 
2 Description of area proposed for ECA designation 
 
Criterion 3.1.1  The proposal shall include a clear delineation of the proposed area of application, 

along with a reference chart on which the area is marked. 
 
2.1 Proposed area of application 
 
The area proposed for ECA designation, the Baltic Sea area, comprises the Baltic Proper with the 
Gulf of Bothnia, the Gulf of Finland and the entrance to the Baltic Sea bounded by the parallel of 
the Skaw in the Skagerrak at 57°44.8’ N, as defined in Regulation 1.11.2 of Annex I of MARPOL 
(Figure 2-1, Appendix 1).  
 

 
Figure 2-1. Map of the proposed Emission Control Area 
 
The Baltic Sea area can further be divided into the Kattegat, the Belt Sea and the Sound, the Baltic 
Proper, the Gulf of Riga, the Gulf of Finland, the Bothnian Sea and the Bothnian Bay. These areas 
are more closely depicted in Appendix 1. 
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3  Types of emissions proposed for control 
 
Criterion 3.1.2  The proposal shall include the type or types of emission(s) that is or are being 

proposed for control (i.e., SOx and particulate matter or NOx or all three types of 
emissions). 

 
The Baltic Sea is already an Emission Control Area for SOx emissions, as outlined in Regulation 14 
of MARPOL Annex VI. The Baltic Sea States propose designation of the Baltic Sea area as an 
ECA to control emissions of NOx. Reduction of NOx emissions will also lead to reduction of 
particulate matter (PM) emissions as explained below. 
 
 
3.1 NOx emissions 
 
NOx emissions from ships are generated mainly from air-derived nitrogen during the combustion 
process in ship engines. The amount of NOx formed depends on the operation of the ship (load, 
speed, engine temperature etc.) and the composition of the fuel used. NOx from a diesel engine 
typically consists of about 95% NO and 5% NO2 by volume, although the entire NO fraction 
oxidizes to NO2 within hours in the atmosphere.  
 
The most significant harmful effects caused by NOx emissions are eutrophication, ground ozone 
formation, acid deposition and particulate matter (PM) formation. NOx also leads to adverse human 
health effects through direct inhalation. 
 
By reducing NOx emissions also the emissions of particulate matter (PM) will be reduced. PM 
include a broad class of chemically and physically diverse substances that form either liquid or 
solid particles ranging from less than 0.1 μm to 10 μm in diameter. PM is emitted through ships 
exhaust gases directly, but also secondarily formed from the NOx and SOx emissions.   
 
Particulate matter is a generic term for a broad class of chemically and physically diverse 
substances. It can be principally characterized as discrete particles that exist in the condensed 
(liquid or solid) phase spanning several orders of magnitude in size. PM10 refers to particles less 
than or equal to 10 micrometers (μm) in aerodynamic diameter. PM2.5 refers to fine particles, less 
than or equal to 2.5 μm in aerodynamic diameter. Inhalable (or ‘thoracic’) coarse particles refer to 
those particles greater than 2.5 μm but less than or equal to 10 μm in aerodynamic diameter. 
Ultrafine PM refers to particles less than 100 nanometres (0.1 μm) in aerodynamic diameter. 
Ambient fine particulate matter is composed of primary PM2.5 (directly emitted particles) and 
secondary PM2.5 (particles created through chemical and physical interactions of precursor 
pollutants). Of the precursor gases emitted by ships, in addition to SOx also NOx can directly lead 
to the formation of secondary PM2.5. Thus, by reducing NOx emissions, also the emissions of PM 
will be reduced. 
 
 
4  Populations and environmental areas at risk from exposure to ship emissions  
 
Criterion 3.1.3  The proposal shall include a description of the human populations and 

environmental areas at risk from the impacts of ship emissions. 
 
4.1 Populations at risk from exposure to ship emissions 
 
Of the 85 million people living in the Baltic Sea drainage basin, the vast majority (64%) live in the 
drainage areas of the Baltic Proper. Of this figure, forty-five percent live in Poland. About 26 
percent, or 22 million people, live within metropolitan areas, 45 percent in towns or small cities, and 
29 percent in rural communities. Nearly 15 million people live within a 10 km distance of the Baltic 
coast. Nearly 15 million people live within a 10 km distance of the Baltic coast, while 43 percent of 
the total populated area and 31 percent of the total population live within a 50 km radius of the 
coast (Sweitzer et al., 1996). Figure 5-9 illustrates the dispersal of NOx from Baltic Sea shipping. 
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The emissions clearly do not stop at a 50 km distance from the coastline, but disperse throughout 
the entire region.  
 
4.2 Description of environmental areas at risk from exposure to ship emissions 
 
4.2.1 Description of the Baltic Sea area 
 
The Baltic Sea area is a globally unique and sensitive northern brackish-water ecosystem with 
extraordinary environmental conditions. It is geologically young, semi-enclosed and shallow, with 
slow water exchange, giving the Baltic water a residence time of 25-35 years. The catchment area 
of the Baltic Sea, 1.7 million km2, is four times larger than the basin area of 415,000 km2. The 
Baltic Sea is about 1,600 km (1,000 mi) long, an average of 193 km (120 mi) wide, and an average 
of 55 m (180 ft, 30 fathoms) deep. Its deepest point, located centrally towards Sweden, measures 
459 m (1506 ft). With the exception of the Kattegat area, the Baltic has no tides. However, 
seasonal variation in water level can be more than 1.5 metres due to changes in atmospheric 
pressure and winds. The cold bottom water, periodically forced into the Baltic Sea, follows the 
deeper parts of the Arkona, Bornholm and Gotland basins in an anti-clockwise main northern 
current along the eastern side of the Baltic Sea. Both the surface and bottom currents run anti-
clockwise around the Baltic Sea following the western part of the sea back southwards.  
The Baltic Sea has a mean depth of just 55 metres. Its surface water salinity ranges from 8 
practical salinity units (psu) in the Southern Baltic proper to 5 in the Gulf of Finland and the 
Bothnian Sea and close to zero in the furthest reaches of the Gulf of Finland and the Bothnian Bay. 
In the Kattegat, salinities are close to Atlantic levels. Bottom salinity ranges from 16 psu in the 
Southern Baltic Proper to 10-12.5 psu in the Gotland deep, and as low as 6.5-7 psu in the Bothnian 
Sea.  
 
The Baltic Sea is comparatively cold, with a mean temperature of 5 ºC. Large areas are typically 
ice-covered during winter, with ice conditions strongly dependent on the severity of winter 
conditions. Ice conditions in the Baltic Sea vary considerably. In the northern parts the average ice 
cover duration is four to six months, whereas southern parts can be ice covered for less than a 
month. The Bothnian Bay and the eastern Gulf of Finland freeze over almost every year. Ice starts 
forming in the heads of the Bothnian Bay and the Gulf of Finland during November. With the 
exception of a small ice-free area in the Southern Baltic, complete ice cover occurs once a decade 
on average. At its widest, the annual ice cover ranges from 52,000 km2 to 415,000 km2, which is 
equivalent to 12-100% of the surface area of the Baltic Sea, the Kattegat and Skagerrak. The 
average annual ice cover is 218,000 km2. Ice cover is at its most extensive between January and 
March, typically late February, early March. Break-up of the ice starts in the south and progresses 
northwards. The northern Baltic Sea first opens at the beginning of April. By the beginning of May, 
the ice cover retreats to the Bothnian Bay, where the last ice melts during the first half of June at 
the latest (see Appendix 2). 
 
Ecological characteristics 
 
The Baltic Sea’s salinity gradient has existed for a couple of thousand years and only a small 
number of marine and freshwater species have been able to adapt to its brackish waters. These 
species migrated from the Atlantic during early history and are still adapting to the low salinity 
conditions, exhibiting signs of stress through slower growth, smaller size and greater sensitivity to 
other types of stress. The current number of known Baltic Sea species totals several thousands, 
with the majority belonging to the planktonic community. The number of species decreases 
dramatically along the south-to-north salinity gradient. A markedly sharp decrease occurs across 
the Danish straits. The 1,600 or so marine zoobenthic species in the open Skagerrak drops to 500 
in the south-western Baltic Sea, and fewer than 20 inhabit the bottoms of the Bothnian Sea 
(HELCOM 2009b). The Baltic Sea’s small number of freshwater species and even fewer truly 
brackish-water species form an ecosystem which is less diverse than that of the North Sea, but 
which is unique in its biodiversity. The ecological interactions of the relatively few species in the 
Baltic Sea make the food web particularly vulnerable to external pressures.  
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The exchange of water with the North Sea is, due to geomorphic and climatic reasons, limited and 
slow resulting in a long residence time, up to 25 to 35 years in some parts of the Baltic Sea area. 
Nutrients (nitrogen, N and phosphorus, P) and other pollutants therefore accumulate easily in the 
Baltic Sea. The water is vertically stratified with two distinct layers. The upper water body with low 
salinity reaches down to 20-70 metres and receives oxygen from the air. The lower, more saline 
oxygen-rich North Seawater that enters only episodically through the Danish straits and the Sound 
is denser and hence heavier and forms the deeper water body. The interval between such 
saltwater pulses may be several years and their ecological implications are significant. The 
permanent stratification combined with a high nutrient input frequently causes oxygen depletion in 
the deep water body. Additionally, in summer thermocline stratification typically occurs at a depth 
of 15-20 metres caused by differences in temperature between surface and deeper waters. The 
climate ranges from sub-arctic to temperate and large parts of the Baltic Sea can annually be ice-
covered (see Appendix 2). 
 
The limited water exchange with the North Sea and the long residence time of water are the main 
reasons for the sensitivity of the Baltic Sea to eutrophication. Eutrophication is considered the most 
serious environmental challenge of the Baltic Sea (see photographs in Appendix 3). Eutrophication 
is a condition affecting aquatic ecosystems, where excess inputs of nitrogen and phosphorus lead 
to elevated nutrient concentrations. Both nitrogen and phosphorus are elemental nutrients for the 
growth of algae and higher plants, so elevated nutrient concentrations in turn stimulate the growth 
of algae leading to functional imbalances within the ecosystem. These imbalances are evident as 
water turbidity, increased production of organic matter, sedimentation of organic matter on the sea 
floor, and a resulting increase in oxygen consumption. This leads to oxygen depletion and 
recurrent internal loading of nutrients. Benthic communities such as meadows of submerged 
aquatic vegetation are deprived of light, and benthic invertebrate communities and fish are affected 
by oxygen depletion, ultimately suffocating. The excess nutrient inputs are largely a result of the 
activities of about 85 million people inhabiting the catchment area, but they are also a result of the 
activities taking place at sea, such as shipping. 
 
Bio-geographic importance  
 
The Baltic Sea has a long coastline, including sandy beaches in the south and the fragmented 
shores of the extensive rocky archipelagos, which form a diverse interface between land and sea. 
Land uplift is an ongoing process along the coastal areas of the northern Baltic Sea area. 
 
The Baltic archipelagos consist of several tens of thousands of islands, islets and skerries 
surrounded by bays and lagoons which contribute to an area of high and diverse productivity. The 
archipelago land- and seascape is made up of a fine patchwork of ecosystem types, each with a 
specific function and structure. The archipelagos can be divided into different zones based on their 
topographical, climatological and botanical characteristics, stretching from the mainland to the 
open sea. The boundary lines coincide more or less with the tectonic features in the bedrock 
created in the Archean era. The inner archipelago contains thick foliage, meadows, silt and clay 
shores surrounded by shallow waters with reeds. The central archipelago consists of thin layers of 
soils with shores dominated by moraine and with islands surrounded by large bays. Specific to the 
outer archipelago is the richness of rocky shores and exposed bare islands with a high diversity of 
aquatic species. 
 
The Baltic Sea area is influenced by Atlantic, continental and boreal ecological features. Based on 
species distribution patterns, the Baltic Sea area can be further divided into the Kattegat, the Belt 
Sea and the Sound, the Baltic Proper, the Gulf of Riga, the Gulf of Finland, the Bothnian Sea and 
the Bothnian Bay. These areas are further described in Appendix 1. 
 
5  Contribution of ships to air pollution and other environmental problems 
 
Criterion 3.1.4     The proposal shall include an assessment that emissions from ships operating in 

the proposed area of application are contributing to ambient concentrations of air 
pollution or to adverse environmental impacts. Such assessment shall include a 
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description of the impacts of the relevant emissions on human health and the 
environment, such as adverse impacts to terrestrial and aquatic ecosystems, 
areas of natural productivity, critical habitats, water quality, human health, and 
areas of cultural and scientific significance, if applicable. The sources of relevant 
data including methodologies used shall be identified.  

 
This chapter is dedicated to quantitative assessment of the present status and future prospects of 
the Baltic Sea area with respect to two potential emission control measures. Key consideration is 
given to environmental impact, mainly via total oxidised nitrogen (TON) deposition, and health 
impact, mainly due to NOx concentrations in air. The background studies for this chapter were 
carried out in 2010 based on the estimates of NOx emission levels of shipping in the Baltic Sea 
area available at that time. Based on the current estimates of NOx emissions of shipping in the 
Baltic Sea area, see Figure 7-4, environmental benefits as well as benefits for human health are 
still on the same level as  originally calculated in these studies. 
 
 
5.1 Introduction 
 
5.1.1Principals of the assessment study 
 
Assessment of the effectiveness of any control measure affecting a single source of contamination 
must observe the following basic principles: 
 
• The affected source (in this report: emissions from ship traffic) is considered to be varying while 

all other quantities are considered constant. This is a direct analogy with partial derivation in 
mathematics. 

• Gains achieved by control measures for a single source should be compared with the known 
exceedances of load thresholds, such as ecosystem critical loads for acidification and 
eutrophication. Comparing the difference made by control measures with total loads from all 
sources impairs interpretation of the results because (i) ship traffic emissions are not the only 
contributor, (ii) a large fraction of the total load is presumably harmless (below threshold levels) 
and thus does not need to be addressed by the control measures. 

• In case of strong non-linearity, the problem may require several interactions and/or 
comprehensive model simulations in order to take into account that the constantsources of 
pollution also vary. In the current study, this complexity was not considered due to high 
uncertainty regarding the future magnitudes of all sources and, consequently, the state of the 
ecosystem itself. These uncertainties are believed to outweigh the effect of non-linearity. 

• Pollutants affecting ecosystems and health, such as NOx, should be assessed with regard to 
damage type and the most sensitive damage type should be considered as the main criterion 
for the success of the abatement strategy. In particular, NOx has the following harmful effects: 
(i) direct human exposure to nitrogen oxide (NO) and nitrogen dioxide (NO2), (ii) tropospheric 
ozone production via gas-phase chemical transformation mechanism, (iii) secondary aerosol 
production via heterogeneous chemical transformation mechanisms, (iv) exacerbation of 
allergenic reactions if exposed together with natural and anthropogenic allergens, (v) acidifying 
deposition, (vi) eutrophying deposition, etc.  

• Some of these mechanisms, such as ozone production, are of little importance in the context of 
the Baltic Sea area, and current knowledge concerning some effects, such as allergenic 
impact, is insufficient for quantitative evaluation. Therefore, only items (i), (iii), (v) and (vi) 
above are considered in the assessment of ecosystem and health impact. 

 
5.1.2 Eutrophication due to emissions from ships 
 
‘Eutrophication’ means the enrichment of aquatic ecosystem by nutrients, particularly nitrogen 
and/or phosphorus and organic matter, causing accelerated growth of algae and higher forms of 
plant life, including an increase in primary production and unacceptable deviation in the structure, 
function and stability of aquatic communities present and in the quality of the water or ecosystem 
concerned, compared to reference conditions. 
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The main pathways of nutrient inputs to the Baltic Sea are presented in Figure 5-1. 
 

 
Figure 5-1. Conceptual model of nutrient input sources to the Baltic Sea.  
 
The largest share of total nitrogen and phosphorous input to the Baltic Sea originates from 
waterborne sources (about 75% and 95%, respectively). Over the period 2001–2006, the average 
annual total waterborne nitrogen (N) and phosphorous (P) inputs amounted to 641,000 t and 
30,200 t, respectively (HELCOM 2009a). About 40% of the total nitrogen input originates from 
waterborne diffuse sources, primarily introduced by agriculture (approximately 80% of diffuse 
sources) and about one tenth is discharged from point sources such as municipal wastewater 
treatment plants and industry (Figure 5-2). 
 
 

 
 
Figure 5-2. Proportions of different sources of nitrogen input to the Baltic Sea (HELCOM 2010a). 
 
Atmospheric deposition of nitrogen to the sea accounts for about a quarter of the total input. The 
most important source sectors for atmospheric nitrogen emissions are road transport, fossil fuel 
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combustion in energy production, and shipping for NOx and agriculture for NHy. The atmospheric 
nitrogen deposited to the Baltic Sea originates mainly from emissions in the catchment area 
(Germany 19%, Poland 12%, Denmark 9%, Sweden 6%), but the proportions from long-range 
transport and shipping in the Baltic Sea are also high (40% and 5% of total annual atmospheric 
nitrogen deposition, respectively (Bartnicki & Valiyaveetil 2009).  
 
Nitrogen deposition from shipping in the Baltic Sea amounts to around 12,400 tonnes of N in 2007 
(Bartnicki et al. 2009), which is about 1.25% of the total nitrogen input in the Baltic Sea area. 
 
Excessive inputs of nitrogen and phosphorus nutrients remain one of the key threats to the Baltic 
Sea ecosystems, causing eutrophication and negatively impacting biodiversity. Over the years, 
eutrophication of the Baltic Sea ecosystem has altered the natural food-web structure, changed the 
species composition and disturbed the population dynamics (HELCOM 2010a).  
 
To determine the current status of eutrophication in the Baltic marine ecosystem, the conditions in 
17 open-water areas and 172 coastal areas were assessed using data collected between 2001 
and 2006 (HELCOM 2010a). Most open waters in the basins of the Baltic Sea, including the open 
parts of the Bothnian Sea, were found to be ‘affected by eutrophication’. The only open-water 
areas ‘not affected by eutrophication’ included the open waters of the Bothnian Bay and the 
Swedish parts of the north-eastern Kattegat, the latter being renewed by oxygen-rich Atlantic 
waters. Only 11 out of 172 coastal areas were found to be ‘unaffected by eutrophication’; all of 
these were located in the Gulf of Bothnia (Appendix 4). The assessment clearly documents the 
need for further reductions in nutrient inputs, even though the Baltic Sea countries have 
succeeded, to a degree, in reducing nutrient loading (see section 8.1). Moreover, the 
eutrophication status of the Baltic Sea will only improve if inputs of both nitrogen and phosphorous 
are significantly further reduced (HELCOM 2009a). 
 
The HELCOM Initial Holistic Assessment of Ecosystem Health of the Baltic Sea 2003-2007 
(HELCOM, 2010a) brings together all available data layers relevant to human uses and pressures 
acting on the Baltic Sea ecosystem and rates their impacts on the marine environment (Appendix 
5). Among 52 assessed pressures, ranging from underwater noise to inputs of hazardous 
substances, nutrient inputs via deposition were rated as the second top pressure in the Baltic Sea, 
with only surface and mid-water trawling having a greater impact index value indicating a potential 
negative impact on the environment. This ranking clearly shows the need to undertake measures 
to reduce nitrogen emissions in the Baltic Sea, from both land and sea. 
 
Although elemental nitrogen (N2) is the most abundant form of nitrogen, algae and higher plants in 
aquatic environments mainly take up ammonium (NH4

+) and nitrate (NO3
-) for their growth. Certain 

organisms, such as cyanobacteria which are abundant also in the Baltic Sea, are able to fix N2 to a 
form utilisable for the growth of algae and plants. NOx emissions from ships are in the form of 
oxides of nitrogen and react with water in the atmosphere to form nitric acid, causing precipitation 
to become more acidic and nitrogen-containing. This nitric acid containing precipitation increases 
the concentration of nitrates in seawater, e.g., through ionization of nitric acid into a nitrate ion 
(NO3

-) and a hydrated proton. This nitrate is easily available for uptake by algae.  
 
Planktonic algae are an important component of the Baltic Sea food web, providing energy for 
other organisms such as zooplankton, benthic invertebrates and fish. Planktonic algae thrive in the 
illuminated top layer of the open sea. In the Baltic Sea, this productive layer has a depth of up to 
roughly 20–25 metres depending on the location and light conditions. The excessive input of 
nutrients, however, changes the intensity and frequency of algal growth as well as species 
composition of planktonic algae and thus cause ecosystem effects. 
 
Blooms of planktonic algae are recurrent in the open Baltic Sea. Although the extensive surface 
blooms of cyanobacteria which mostly take place during July-August may benefit from nitrogen 
deprivation, particularly the less visible spring time blooms benefit from excess nitrogen (e.g. 
Raateoja et al., 2005). Although the spring blooms are less visible, their biomass is greater than 
that of the summer blooms of cyanobacteria and they provide an energy burst for the ecosystem. 
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With excess nitrogen and heavy blooms, the spring biomass ends up deposited onto the sea floor 
(Heiskanen and Tallberg 1999) where it decomposes, consuming near-bottom water oxygen. This 
oxygen consumption fuels bottom hypoxia and anoxia, the release of phosphorus from the 
sediments, and subsequent blooms of nitrogen-fixing cyanobacteria. This cycle has lately been 
described as a potentially self-sustaining ‘vicious circle’ (Vahtera et al., 2007). Vahtera et al. (2007) 
conclude that although internal processes seem to play a significant role in eutrophication, the 
adverse effects of eutrophication should be alleviated through reductions of nitrogen and 
phosphorus emissions (Vahtera et al. 2007). 
 
In contrast to atmospheric deposition of nitrogen, which covers the whole Baltic Sea area, nitrogen 
in riverine outflow is rapidly consumed or retained in coastal sea areas leading to eutrophication 
effects in these areas; assimilation, denitrification and sediment burial takes place for the majority 
of outflow within a less than ten nautical mile distance from the coast (Siegel et al., 1996; Emeis et 
al., 2002; Voss et al., 2005). Voss et al. (2005) suggest that less than 15% of dissolved inorganic 
nitrogen (DIN) in the central Baltic Sea is derived from riverine discharge.  
 
The majority of the river-borne nitrogen is not readily accessible to phytoplankton, but requires 
degradation processes, sometimes lasting for days (Carlsson & Graneli, 1993; Seitzinger & 
Sanders, 1997). River-borne nitrogen consists of dissolved inorganic nitrogen (DIN: nitrite, nitrate 
and ammonium), dissolved organic nitrogen (DON) and particulate organic nitrogen (PON). 
Organic forms of nitrogen represent the majority (up to 90%) of total nitrogen in riverine water 
(Meybeck, 1982) and, as heavier particles, they mostly sink into coastal sediments. About 20% of 
DON is in low molecular weight forms (e.g. amino acids, urea), whereas the bulk of the DON 
consists of complex, high molecular weight forms (Thurman, 1985) which are not readily available 
to algae. Likewise, PON – the dominant form of riverine nitrogen – requires degradation by 
heterotrophic bacteria, other micro organisms and photochemical reactions before it can be used 
by phytoplankton (Meybeck, 1982; Seitzinger & Sanders, 1997). In the Baltic Sea, humic 
substances are a significant PON category in rivers in forest areas. The nitrogen bound to humic 
substances is accessible only to some algal species and in limited amounts, and therefore further 
bacterial degradation is needed to make it available to phytoplankton (Carlsson & Graneli, 1993).  
 
5.1.3 Health impact of nitrogen dioxide 
 
In 2003, the World Health Organization (WHO) reviewed the impact of nitrogen dioxide (NO2), 
ozone and particulate matter on human health. According to the review, human NO2 exposure 
should not be attributed to a single pollutant, but to the combined effect of a mixture of NO2 and 
other related atmospheric species. Emissions of NO2 from anthropogenic sources (mainly traffic 
and power plants) undergo chemical transformation in the atmosphere, resulting in the production 
of various secondary species which, together with NO2, pose a higher risk to human health. In 
particular, NO2 is a precursor for secondary aerosols such as nitric acid, and has a major impact 
on the photochemical daily cycle, contributing to the formation of ozone and other photochemical 
oxidants.  
 

 
Figure 5-3. Simplified relationship of nitrogen oxides (NOx) emissions with formation of nitrogen 
dioxide (NO2) and other harmful reaction products including ozone (O3) and particulate matter 
(PM). 
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Several studies have shown a positive correlation between NO2 concentrations and hospital 
admissions due to respiratory diseases (Hoek et al., 1993) as well as decreased life expectancy 
(Stieb et al., 2002). NO2 can also enhance the magnitude of the effects of other pollutants (Spix et 
al.,1998; Katsouyanni et al., 2001).  
 
Adverse health effects can differ depending on the duration of exposure to NO2 and other 
pollutants. In general, current European levels of NO2 concentration are not exceeded frequently 
enough to enable short-term exposure effects be quantified. From the few studies available, short-
term exposure seems to be primarily of relevance to asthmatics due, in particular, to increased 
bronchial reactivity (Roger, 1990).  
 
Long-term exposure to NO2 can decrease lung function in children (e.g. Gauderman et al., 2002; 
Peters et al., 1996) and induce lung function and respiratory disorders in adults (e.g. Schindler et 
al., 1998; Zemp et al., 1999). Reduction in life expectancy, albeit poorly studied, seems to be 
mostly related to the mixture of NO2 with toxic secondary pollutants (WHO, 2003). In many studies, 
the effect of NO2 alone was not differentiated from the impact of related species, such as PM. The 
studies regarding the detrimental effects of NO2 alone are quite complicated. It was also noticed 
that chemical pollution can exacerbate human allergies caused either by natural or anthropogenic 
atmospheric constituents (Traidl-Hoffmann et al., 2009). 
 
 
5.2 Methodology of the assessment  
 
5.2.1 Emission scenarios 
 
The assessment considered four cases: (i) the baseline case representing ship traffic and inland 
emissions in 2007, (ii) the estimated ship traffic emissions following the Tier-II scenario, (iii) the 
estimated ship traffic emissions following the Tier III scenario, and (iv) the zero ship emissions 
case. In all scenarios, the inland emission rates were taken to be constant and at the present level 
and EMEP (Co-operative Programme for Monitoring and Evaluation of the Long-range 
Transmission of Air Pollutants in Europe) emissions inventories were used for the description of 
ship traffic. The EMEP ship emissions were scaled according to Tier II and III requirements 
allowing for 2% annual growth in ship emissions. Emissions for the tier scenarios were estimated 
for the year 2045 by which ship traffic is assumed to double and emissions per traffic unit are 
assumed to decrease by 20% in Tier-II and by 80% in Tier-III (see Figure 9-3 for details of the 
scenario implementation). As a result, the total emissions are assumed to increase by a factor of 
1.6 for Tier II and decrease by 60% for Tier III in comparison to 2007 ship emissions. 
 
The zero ship emissions case, while entirely unrealistic, was considered to provide a link to 
previously computed assessments and for comparison with the source-receptor matrices of the 
EMEP/HELCOM reports. Finally, a separate case was considered for ship emissions estimated 
using the new methodology developed by Jalkanen et al. (2009), which provided an indication of 
emissions uncertainty and its impact on the results of the assessment. It also enabled quantitative 
estimation of the impact of emissions reduction measures in major harbours, an aspect of 
emissions which is missing from the official EMEP Baltic Sea inventory.  
 
5.2.2 Dispersion modelling 
 
The dispersion modelling tool used in this study is the System for Integrated Modelling of 
Atmospheric composition, SILAM (Sofiev et al., 2006, 2008) developed by the Finnish 
Meteorological Institute (FMI). For the current assessment, the chemical transformation scheme of 
the DMAT model (Sofiev, 2000) was refined. The scheme considers both gas-phase and 
heterogeneous SOx-NOx-NHx transformations, thus covering the whole set of conversions 
important for the study. Meteorological information and land cover maps were taken from the High 
Resolution Limited Area Model (HIRLAM, Unden (2002)) and the European Centre on Medium-
Range Weather Forecast (ECMWF, www.ecmwdf.int) meteorological models. The emissions data 

http://www.ecmwdf.int/
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serving as the input for SILAM, including NOX, SOX, CO, and NH3, were derived from a European 
gridded emission inventory by TNO Built Environment and Geosciences (van der Gon et al., 2009). 
 
The dispersion results were obtained from the model runs for the whole year of 2007, repeated for 
each emission scenario, with the exception of zero ship emissions, for which a month-long 
simulation was sufficient. The year was selected almost randomly, with the only requirement being 
the absence of extreme meteorological events such as heat waves (2003, 2006, and 2010) or 
exceptionally cold winters (e.g. 2009).  
 
The results describe the spatial distribution of NOX, among other pollutants, in terms of surface 
concentrations and wet and dry deposition.  
 
5.2.3 Land-based ecosystem impact evaluation: eutrophication 
 
Protection levels against adverse effects of eutrophication and acidification for European countries 
are set by the Coordination Centre for Effects - Environmental Impact Assessment (CCE-EIA) 
under the Effects Program of the Convention on Long Range Transboundary Air Pollution. These 
levels, i.e. critical loads, are intended for the evaluation of maximum deposition limits for the 
prevention of eutrophication and nutrient imbalances (Sverdrup et al., 1990). By definition, critical 
loads are steady–state quantities and do not change over time. The use of critical loads is 
therefore the most straightforward assessment strategy for evaluating the ecosystem impact in the 
Baltic Sea area when implementing different emission scenarios. The following figure depicts the 
state-of-the-art critical loads for eutrophication covering 95% of forests, semi-natural vegetation 
and surface waters in Europe. The red areas show the grid cells where deposition values higher 
than 200 eq ha-1a-1 (280 mgN m-2) are not allowed. 
 

 
Figure 5-4. European map of critical loads for eutrophication covering 95% of natural areas in a 
50x50 km2 EMEP grid (Hettelingh et al., 2008). 
 
In addition to the critical loads, the different emission scenario depositions will be compared with 
exceedances of harmless thresholds based on the critical load maps of the CCE-EIA. The 
exceedances of critical loads are the differences between present nitrogen loads and the 1st and 
5th percentile for the critical nitrogen load, and are expressed as average accumulated 
exceedances per grid cell. The present loads computed by the EMEP model using the current 
legislation emission scenario are shown in Figure 5-5. 
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Figure 5-5. European map of exceedances of critical loads for eutrophication due to the deposition 
of nutrient nitrogen in 2000, in a 50x50 km2 EMEP grid (Hettelingh et al., 2008). 
  
 
5.2.4 Health effect evaluation 
 
To evaluate the short- or long-term health effects it is important to choose averaging periods 
according to the effects to be evaluated. The current WHO guideline limit values for NO2 exposure 
are 200 μgN m-3 for 1 hour and 40 μgN m-3 for annual average This guideline has been established 
in the EU Directive on ambient air quality (2008/50/EC, http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32008L0050:en:NOT). According to this 
Directive, the 1-hour limit value should not be exceeded more than 18 times during a calendar 
year. This aims to avoid, prevent or reduce harmful effects on human health and/or the 
environment. For the short-term health effect evaluation, this study will analyze the exceedances of 
this limit by computing the 99th percentile of concentration and depositions. Annual averages will 
be used to assess the long-term health effect. 
 
To estimate the exposure of the population to certain pollutants, the exposure is modelled by 
combining concentration and population over a given period of time. The following equation shows 
how the exposure (E) is computed for this study: 
 
E = n * t * C [µg⋅s/m3] 
 
Where n is the number of people per grid cell, t is the time period [s] and C is the concentration 
[µg/m3] of the pollutant. The number of people per grid cell (n) is obtained from the Gridded 
Population of the World Database (http://sedac.ciesin.columbia.edu/gpw), the SILAM computations 
provide the concentrations in a 20x20 km2 grid, and the time period is 1 hour. The final results will 
be shown in terms of annual exposure for the above-specified emission scenarios. 
 
5.2.5 Ecosystem change feedback and human health impact  
 
According to the Millennium Ecosystem Assessment, human well-being and the state of 
ecosystems are closely related. Ecosystem services, such as provisioning of food, water, and 
recreation, are of high importance to human health and well-being. Increasing the amount of 
nitrogen disposed to ecosystems – willingly or as by-products of human activities – starting from a 
certain threshold, will have rapidly growing direct consequences, such as worsening air and water 
quality, and indirect negative consequences, such as ecological feedbacks with respect to 
diseases (Townsend et al., 2003). Townsend et al. (2003) suggested a conceptual model 
describing the relationship between nitrogen input and human health effects (Figure 5-6), where 
nitrogen input to the nitrogen cycle can improve public health up to a certain limit. After that limit, 
the overall public health benefit decreases. 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32008L0050:en:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32008L0050:en:NOT
http://sedac.ciesin.columbia.edu/gpw
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Figure 5-6. Conceptual model describing the net public health effects of increased nitrogen load in 
ecosystems. 
 
Another lesson taken from the Townsend et al. (2003) model is that increased nitrogen loading of 
ecosystems compels substantial ecological changes that drive environmentally-harboured 
diseases.  
 
The following figure (Figure 5-7) illustrates the benefits to well-being, including human health, of 
different ecosystem services. Reducing the quality of the services provided by ecosystems reduces 
their effect on human well-being according to the intensity of the linkage between the ecosystem 
service and human well-being. The examples shown in Figure 5-7 represent just a part of the 
complex relationship between ecosystems and human well-being.  
 
The non-linear links between the ecosystem loads and harmful consequences again stress the 
above-stated principle of the current assessment: to compare nitrogen emission reduction with 
related reduction in ecosystem load exceedances and relative human exposure. 
 

 
 
Figure 5-7. Relationship between ecosystem services and human well-being in terms of strength 
and potential mediations by socioeconomic factors (Corvalan et al., 2005).  



23 
 

 
5.3 Results of the assessment 
 
5.3.1 Description of the model output 
 
The results below are presented for the whole year of 2007, for individual months, and for the four 
seasons (spring: March-May; summer: June-August; autumn: September-November; winter: 
December-February).  
 
5.3.1.1 Concentrations of NO and NO2 
 
Figure 5-8 shows the mean concentrations of NOx within the BSA (the Baltic Sea and the 
surrounding countries) for the 2007 emissions and the Tier II and III scenarios. According to the 
simulations, implementation of the Tier III scenario will result in a reduction in NOx concentrations 
of about 10% from the current level. The Tier II scenario would lead to an increase in average 
concentrations of about the same magnitude. Despite pronounced overall monthly variations, the 
above Tier II and III differences remain constant for each month of the year.  
 
In addition, the concentration distribution varies substantially (within the given order of magnitude) 
throughout the Baltic Sea area (Figure 5-9). The reduction in levels is also non-uniform: in the 
middle of the Baltic Sea concentrations decrease several times over, whereas levels in the major 
cities remain practically unchanged (Figure 5-10, Figure 5-11). This non-homogeneity evidently 
reflects the distribution of non-ship emission sources, particularly inland traffic. The highest impact 
of the ship emissions control measures is evident in the areas where this source is dominant: the 
open sea. According to the results shown in Figures 5-9 and 5-10, concentrations of NOx are 
higher over the Baltic Sea, with concentrations decreasing by a factor of 3 when the emission 
scenario Tier III is applied instead of Tier II. This is particularly striking when analysing the values 
for NO only (see Figure 5-11 below) when complying with the emission reduction scenario 
proposed by Tier III: this toxic gas is virtually eliminated under the Tier-III scenario. Enforcing the 
Tier III scenario reduces NO surface concentration throughout the BSA, especially in areas where 
the difference between concentrations exceeds a factor of 4.5. 
 

 
Figure 5-8. Nitrogen oxides (NOx) concentrations for Tier II (without NECA) and Tier III (with 
NECA) compared to 2007 emissions. 
 
One should, however, keep in mind that the current EMEP ship emissions inventories practically 
ignore vessel exhaust emissions generated during harbour visits. Estimates by Jalkanen et al. 
(2009) indicate that this contribution may be substantial, even when compared to car traffic in 
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major Baltic Sea cities. The current estimates must therefore be considered as conservative and 
as under-stating the positive impact of the reduction of NOX emissions in harbours. 
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Figure 5-9. Annual average of nitrogen oxides (NOx) concentrations in the Baltic Sea area for emission scenarios: 2007 emissions (left-hand 
panel), Tier II (without NECA, middle) and Tier III (with NECA, right). 
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Figure 5-10. Annual average ratio for nitrogen oxides (NOx) concentrations for the Baltic Sea area: 
Tier II (without NECA)/Tier III (with NECA). 
 

 
Figure 5-11. Annual average ratio for nitrogen oxide (NO) concentrations for the Baltic Sea area: 
Tier II (without NECA)/Tier III (with NECA). 
 
5.3.1.2 Deposition of oxidised nitrogen 
 
The deposition of oxidised nitrogen compounds occurs as a result of several factors. The primary 
pollutants, NO and NO2, undergo virtually no deposition on the sea surface due to their low 
solubility. However, their chemical derivatives, primarily nitrates and nitric acid, can deposit on wet 
surfaces. Since these chemical transformations can take time (being strongly dependent on 
atmospheric conditions), the pattern of deposition appears substantially smoother than the 
concentration map; with ship tracks no longer visible. The deposition pattern throughout the region 
seems to be dictated by the contribution of considerably large remote emissions sources in Central 
Europe. These sources are responsible, in particular, for the north-to-south gradient of deposition 
values. The 2007 emissions figures show the annual deposition of oxidised nitrogen as varying 
from more than 0.5 gN m-2 yr-1 in the south to 0.1 gN m-2 yr-1 in the north. 
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The scenario simulations (Figure 5-12) show a noticeable reduction of up to tens of percent in total 
oxidised nitrogen deposition in the BSA, as shown in Figure 5-13. Noticeably, the difference is 
more significant in coastal regions (Figure 5-12) where Tier II leads to increased deposition in 
comparison with present emissions, and Tier-III to reduced deposition. There is also pronounced 
seasonality (Figure 5-14), which highlights the effect of warm summers, when the input of oxidised 
nitrogen is more sensitive to ship emissions. Since this is the time when the sea is most 
susceptible to algae growth, the reduction for this season should be considered as the reference. 
 
The summer period shows a more pronounced decrease in concentrations and depositions if Tier 
III is applied instead of Tier II (Figure 5-12). This is due to annual variability of traffic and emission 
intensity over the Baltic Sea and different weather conditions throughout the year, including the 
freezing season when conversion from primary slowly-depositing species to secondary species is 
slow. 
 
Raudsepp et al. (2013) have estimated the impact of ship emitted NOx to algae growth in the Gulf 
of Finland. They concluded that in general, the nitrogen deposition from ships caused an increase 
in spring and post-bloom primary functional groups (diatoms and flagellates) reducing the 
phosphate resources in the upper water layer. Nitrogen fixation because of ship nitrogen 
deposition was about 2-6% of the total nitrogen. This impact was more pronounced in the western 
and central parts of the Gulf of Finland than in the eastern part of the area. 
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Figure 5-12. Annual nitrogen oxides (NOx) deposition for the emission scenarios: 2007 emissions (left-hand panel), Tier II (without NECA, 
middle) and Tier III (with NECA, right). 
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Figure 5-13. Annual load ratio for nitrogen oxides (NOx)  depositions for the Baltic Sea area: Tier II 
(without NECA) /Tier III (with NECA). 
 

  
Figure 5-14. Seasonal load ratio for nitrogen oxides (NOx) depositions for the Baltic Sea area: Tier 
II (without NECA)/Tier III (with NECA): Left: summer season; right: winter season. 
 
5.3.2 Impact of Tier scenarios in eutrophication of land-based ecosystems 
 
Northern Europe has always been highly sensitive to eutrophication and acidification. Comparing 
the results obtained by the SILAM model for the year 2007 (Figure 5-15) with the critical loads map 
(Figure 5-4) and EMEP estimates for 2000 (Figure 5-5), one can see that, in general, the current 
nutrient nitrogen load complies with the critical levels only in the northern-most part of the BSA. 
Exceedance of the critical levels begins in Central Finland and Sweden and increases 
progressively southwards, reaching a factor of a few times for Denmark, Poland, Germany and the 
Kaliningrad region of the Russian Federation, Lithuania, Latvia and Estonia. The absolute level of 
exceedance varies from a few tens of equivalents per hectare per year (eq ha-1 a-1) to several 
hundreds. 
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 Figure 5-15 Annual nutrient nitrogen (nutrient N) deposition for emission scenarios: 2007 emissions (left-hand panel), Tier II (without NECA, 
middle) and Tier III (with NECA, right), in equivalent units for comparison with critical loads map (Figure 5-4). 
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Comparing the exceedances with the difference between the Tier II and Tier III scenarios, one can 
see that in the countries with major exceedances, such as Denmark, the impact will be negligible 
due to the bulk of the eutrophying nitrogen originated from terrestrial sources and Northern Sea 
ship traffic. However, the situation is different for several other regions, e.g. the coastal areas of 
the Kaliningrad region of the Russian Federation, Lithuania, Latvia and Estonia, Finland, Sweden 
and Poland. In these areas, with exceedances between 100 and 300 eq ha-1 a-1, the difference 
between Tier II and III can be up to 60 eq ha-1 a-1 (84 mg m-2), i.e. 20-30% of the exceedances 
themselves. The second positive effect of the Tier III scenario in comparison with Tier II is that the 
total area in which the critical loads are exceeded will reduce, mainly in central parts of Finland and 
Sweden. 
 

 
 
Figure 5-16. Difference between nutrient nitrogen (nutrient N) deposition for emission scenarios 
Tier II (without NECA) and Tier III (with NECA) in equivalent units for comparison with the 
exceedances of the critical loads map (Figure 5-5). 
 
5.3.3 Impact of Tier scenarios on human exposure 
 
The impact on human health is evaluated in terms of short- and long-term effects, i.e. the impact of 
both episodic high-concentration events and mean NOx levels was considered. According to 
current European legislation, the limit of 200 μgN m-3 for 1 hour may be exceeded no more than 18 
times within a year (~99.8th percentile). To increase the statistical significance of the computations, 
we evaluated the 99th percentile (Figure 5-17). From Figure 5-17 one can see that the main 
sources contributing to the highest concentrations are situated inland where traffic, in particular, is 
the most important source. In these areas, the probability of exceeding the above threshold is not 
negligible but cannot be accurately estimated within the scope of the present study due to its 
strongly local nature and due to the lack of harbour emissions estimates. 
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Figure 5-17. Annual 99th percentile for NOx concentrations for the different emission scenarios: 2007 emissions (left-hand panel), Tier II (without 
NECA, middle) and Tier III (with NECA, right). 
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Nevertheless, it is evident that the Baltic Sea and coastal areas, in particular the western Baltic 
Sea and the Helsinki area, will benefit from enforcement of the Tier III reductions (Figure 5-18). 
This outcome is to be considered as a low-end estimate of Tier III benefits: a reduction in harbour 
emissions, for instance, will bring about further improvements in air quality in the main Baltic Sea 
cities. 
 

 
Figure 5-18. Difference between the 99th percentile for NOx concentrations for emission scenarios 
Tier II (NECA) and Tier III (without NECA), Unit: µg.h/m3. 
 
Long-term effects can be evaluated using the annual limit value set by the current European 
legislation: 40 μgN m-3 (annual average). As seen from Figure 5-17, this is not a serious concern at 
present. 
 
The exposure to NOx has been calculated taking into account the population distribution in the BSA 
and the annual average concentrations computed by SILAM. The overall impact on annual human 
exposure is shown in Figure 5-19 and is computed as a product of average concentration, human 
population and time (as described in Section 5.2.4). 
 

 
Figure 5-19. Annual average exposure to NOx in the Baltic Sea area for the different emission 
scenarios: 2007 emissions, Tier II (without NECA) and Tier III (with NECA). Unit: µg.h/m3. 
 
On average, human exposure to NOx is reduced by a factor of ~1.5 when the Tier III scenario is 
enforced instead of Tier II. The geographical distribution of exposure changes between the Tier II 
and Tier III scenarios is shown in Figure 5-20. Application of Tier II only would lead to an increase 
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in human exposure, whereas the Tier III reductions would decrease exposure, especially in coastal 
areas. 
 

 
Figure 5-20. Difference between human health exposure (%) for Tier II (without NECA) and Tier III 
(with NECA). 
 
Recently, Jonson et al. (2015) estimated the health benefits for human populations attributed to 
ship emissions and various future emission scenarios. In their study, the emissions from ships 
were responsible for 1-9% of total harmful health impacts from airborne particulate matter in 2030. 
About one fifth of this could be attributed to NOx reduction alone, indicating that sulphur reductions 
will be responsible for about 80% of the health benefits on average. 
 
5.4 Additional studies 
 
5.4.1 Baltic Sea harbours 
 
The EMEP ship emission inventory used for the above assessments did not include ship emissions 
during harbour stays. It also had a low spatial resolution (50 km). However, as shown by Jalkanen 
et al. (2009), harbour emissions can be substantial and can present an air quality burden in major 
cities. A higher resolution would also be desirable for areas such as the Gulf of Finland. A 
complete revision of emissions for the purposes of this study was not feasible, therefore the 
uncertainties of utilization of the EMEP inventory are qualitatively estimated below with regard to 
harbours and map resolutions. The impact of harbours was addressed in the regional SNOOP 
project (snoop.fmi.fi), in which the effects of pollution levels near harbours on human health was 
studied in three cities, Helsinki, Turku and Tallinn, in the Baltic Sea area. 
 
To estimate the missing contribution of harbour ship emissions, one month (January 2007) was 
recomputed with Baltic Sea ship emissions prepared using the methodology of Jalkanen et al. 
(2009). The inventory thus provided the total emissions figures for the open sea, similar to the 
EMEP inventory, but also included harbour emissions and higher resolution information. The 
difference between the simulations made with the EMEP ship inventory (the baseline for the above 
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computations) and the new detailed one-month inventory would thus provide the missing 
concentration figures for harbour areas. From this, one can semi-qualitatively estimate the effect 
on harbours of Tier III in comparison with Tier II. The difference between the effect of Tier III and 
Tier II corresponds to the contribution of harbour emissions to NOx concentrations. The Tier II 
scenario implies this emission to be 1.6 times higher and Tier III to be just 0.4 of the current level. 
Therefore, the estimated difference multiplied by 1.2 would provide a qualitative indication of the 
effect of the Tier III scenario in comparison with Tier II. It should be kept in mind that this analysis 
is semi-qualitative because it ignores the non-linearity of the chemical transformations. However, it 
can still serve as a broad indicator of the situation in harbours and its development in the future. 
 
The results of the simulations are provided in Figure 5-12. One can see that utilising the EMEP 
ship emission inventory results in an under-estimation of NOx concentrations of 1 µgN m-3 if 
averaged over 20 km (the resolution of the current simulations). Consequently, application of the 
Tier III scenario, in comparison with Tier II, would reduce approximately 1.4 to 1.5 µgN m-3 of ship-
induced ‘background’ NOx in several major cities around the Baltic Sea (right-hand panel of Figure 
5-17). 
 

  
Figure 5-12. Estimates of the contribution of in-harbour emissions to NOx concentrations in 2007 
(left-hand panel), and to the Tier III (with NECA) emission scenario gain over Tier II (without 
NECA). Unit µgN m-3. 
 
The expected Tier III vs Tier II gain of 1.5 µgN m-3 of NOx in major harbours should be compared 
with the mean concentration maps in Figure 5-9, which show an annual mean of less than 10 µgN 
m-3 of NOx in most Baltic Sea harbours. Therefore, the Tier III impact in harbours will reach 10-20% 
of the present loads. Since these are the major cities of the region, this improvement will have a 
direct impact on the reduction of the negative health effects of ship traffic emissions. 
 
5.4.2 Comparison of SILAM results with EMEP, previous estimates and other models 
 
A direct comparison with the EMEP was possible only for the reference simulations with ship 
emissions for 2007. Some pointers and indirect conclusions can also be derived from the EMEP 
source-receptor matrices. This information was obtained from the EMEP reports prepared for 
HELCOM and, in particular, the simulations for 2007 presented by Bartnicki et al. (2009). 
 
The total NOx deposition map (see Figure 3.8 in Bartnicki et al., 2009 for comparison with Figure 5-
12) shows essentially the same levels: from less than 100 mgN m-2 yr-1 in the north to almost 500 
mgN m-2 yr-1 in the south Baltic Sea. One can therefore conclude that the estimates of NOX 
deposition to the Baltic Sea computed by SILAM and EMEP are closely matched. 
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Comparison of the ship traffic contribution is partially indirect. According to the EMEP, the 
proportion of deposition to the sea surface originating from ships is about 9%. The HELCOM 
countries’ contribution is about 40%, while the remainder enters the area from Central Europe 
(Bartnicki & Valiyaveetil, 2008). One can therefore expect a total elimination of ship emissions to 
affect the bulk Baltic Sea deposition by ~10% (Figure 5-22). This is again in close agreement with 
the present study’s computations (2007 emissions vs Tier-III scenario). 
 

 
Figure 5-22. Difference between total oxidised nitrogen deposition for 2007 emissions and Tier III 
(with NECA) as compared with Figure 5-12. 
 
A more general verification of the SILAM system for NOX was completed within the scope of the 
EU-GEMS project. The comparison was performed for column-integrated NO2 concentration in air 
and covered the entire European territory (Huijnen et al. (2010) and Marécal et al. (2015)). The 
reference dataset used in the analysis was retrieved from the OMI instrument onboard the Aura 
satellite. The comparison was made for 11 regional and global models and covered two periods of 
2008: winter and summer. The SILAM performance is illustrated in Figure 5-23. One can see that 
the model correctly captures the NO2 pattern over Europe but tends to slightly over-estimate the 
absolute levels. The apparent over-estimation of absolute levels would, according to Huijnen et al. 
(2010), practically disappear if the OMI-specific averaging kernel would be used for the 
comparison.  
 

  
Figure 5-23. Monthly-mean NO2 column-integrated concentrations. Adopted from Huijnen et al. 
(2010). 
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5.5. Summary 
 
The current assessment analyses the present state and the impact of the Tier II and Tier III 
emission reduction scenarios on the Baltic Sea area. Three key criteria are considered:  

(i) reduction in deposition of NOx to the sea 
(ii) reduction in eutrophication levels in the region, as expressed by exceedance 

of critical limits for nutrient nitrogen deposition in terrestrial ecosystems.  
(iii) reduction in human health impact expressed by human exposure to NO and 

NO2 concentrations. 
 
The scenario simulations show a noticeable reduction of up to 40% in total oxidised nitrogen in the 
Baltic Sea area if Tier III is applied instead of Tier II, see Figures 5-13, 5-16 and 5-22. The 
difference is more significant in coastal regions than open sea areas. Additionally, in the summer 
period, when the sea is most susceptible to algae growth, a more pronounced decrease is shown.  
 
The contribution of ship traffic to the overall NOx loading to the sea roughly corresponds to the total 
share of ship emissions, i.e. less than 10%. However, taking into account the ability of ecosystems 
and the human body to withstand certain levels of NOx loading, the exceedance of safe levels 
becomes a fraction of the total load. Analysis of Tier scenario efficiency was performed with regard 
to these exceedances. 
 
The study found eutrophication (exceedance of critical nutrient nitrogen deposition levels) in 
several Baltic Sea areas to be reduced under the Tier III scenario by up to 20-30% compared to 
Tier II. 
 
Human exposure was evaluated in a simplified manner. It was found that in coastal areas in the 
northern Baltic Proper and in the Gulf of Finland exposure is reduced up to 50-60% more under 
Tier III compared to Tier II. 
 
Additional studies included a semi-qualitative evaluation of the impact of the tier scenarios on 
harbour emissions and a comparison of the SILAM output with other assessments. The Tier III 
scenario was shown to achieve a 10-20% higher reduction in NO+NO2 levels in harbour areas 
compared to Tier II. However, this finding must be treated only as a preliminary estimation. 
Detailed assessment of harbour pollution from ships was performed within the scope of the 
SNOOP project (snoop.fmi.fi). 
 
 
6  Role of meteorological conditions in influencing air pollution 
 
Criterion 3.1.5  The proposal shall include relevant information pertaining to the meteorological 

conditions in the proposed area of application to the human populations and 
environmental areas at risk, in particular prevailing wind patterns, or to 
topographical, geological, oceanographic, morphological, or other conditions that 
contribute to ambient concentrations of air pollution or adverse environmental 
impacts. 

 
Due to highly changeable daily weather patterns, the air quality in the Baltic Sea area fluctuates 
considerably. Understanding the effects of weather on the formation, transport and dispersion of 
pollutants is probably the single most important area to be considered in measuring and 
forecasting pollution episodes. The most important meteorological variables affecting surface air 
quality are wind speed, wind direction, turbulent mixing, mixing height, temperature, dew point 
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temperature, relative humidity, solar radiation, cloud cover, precipitation and pressure. Vertical 
profiles of wind speed, wind direction, temperature and relative humidity are also important. 
 
It is important to note that changes in atmospheric pressure are generally more important than 
absolute atmospheric pressures in determining current and long-term meteorological conditions. 
Air moves from areas of high pressure to low pressure, and surface winds control the removal or 
ventilation of pollutants. However, it can be generally stated that the poorest air quality is during 
high pressure conditions (anticyclones). These events are characterized by large areas of light 
winds (especially in the centre of high pressure), subsiding air and generally slight precipitation 
rates. In high pressure zones, temperatures often increase in summer and decrease in winter 
depending on cloudiness.  
 
Air quality can deteriorate as a consequence of changes in temperature. The stability of the 
atmosphere affects vertical mixing. Strong atmospheric stability limits mixing, thus reducing the 
amount of dilution. Temperature decreases with height, although in inversion cases the opposite 
temporarily occurs. Inversion is an indicator of strong stability. Surface-based temperature 
inversions trap pollutants near the ice covered sea/ground, acting like a lid. Inversions prevent the 
mixing of air in the vertical direction, causing pollutants to be increasingly concentrated. These 
conditions are typical in wintertime, when heating by the sun is weak and the sea is more 
homogenous (due to ice cover). Surface-based inversions can also form above ground during 
other seasons (typically in morning conditions), although their duration is short. 
 
In an inversion, the wind speed is low and air mixing is minimal. The amount of pollutants 
transported to the Baltic Sea naturally depends on the wind direction and wind speeds in the 
region. The Swedish Meteorological and Hydrological Institute (SMHI) has collected wind statistics 
from the Baltic Sea during 1961-2004 (Alexandersson 2006) and the Wind Atlas of the Finnish 
Meteorological Institute (FMI, 2010) has prepared a wind map covering the period 1989-2007 
(Figure 6-1). Strongest winds have been generally observed between September and March.  
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Figure 6-1. Average wind conditions in the Northern Baltic Sea. On the left, average wind 
conditions in Sweden during October for the period 1961-2004 (Alexandersson, 2006). On the 
right, typical average wind conditions in Finland for the period 1989-2007 (FMI Wind Atlas, 2010). 
 
Coastal winds are affected by abrupt changes in surface roughness and temperature between land 
and sea (Savijärvi 2004). These phenomena can be important with respect to the dispersal of 
pollutants.  
 
Precipitation in the Baltic Sea area is related to low pressure activity. Precipitation determines the 
amount and extent of wet deposition of pollutants to ecosystems. Atmospheric pollutants, 
particularly oxides of sulphur and nitrogen, react with water in the atmosphere to form sulphuric 
and nitric acid, causing precipitation to become more acidic. Rain also reduces the amount of 
pollutants, such as fine particles, in the air. Figure 6-2 shows the annual and seasonal precipitation 
ratios between the periods 1976-2000 and 1951-1975 (based on Beck et al. 2005; BACC author 
team 2008). Myrberg et al. 2006 describe that annual precipitation in Poland can be over 700 mm 
decreasing towards western parts of the Baltic Sea. Precipitation rates are highest in eastern parts 
of the Baltic Sea due to prevailing westerly and south-westerly winds and friction (caused by 
shores) and changes in geographic elevation (orographic buoyancy). Precipitation rates are 
highest during summer and autumn and lowest during winter and spring. 
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Figure 6-2. Annual and seasonal precipitation ratios  
 
According to Omstedt et al. 2004, the Baltic Sea climate shows great variability in many key 
parameters such as salinity, river runoff, sea level and sea ice. The main reason for this variability 
is the location of the Baltic Sea between the North Atlantic and Eurasian weather systems, which 
leads to large seasonal and inter-annual variation in low- and high-pressure systems. The climate 
of the Baltic Sea is strongly influenced by large-scale atmospheric systems that govern airflows 
throughout the region: the Icelandic Low, the Azores High and the winter high/summer low over 
Russia (BACC author team 2008). Sepp et al. 2005 studied changes in cyclones in Central and 
Northern Europe during 1948-2000 by analyzing a database of cyclones. According to their 
studies, the number of cyclones reaching Northern Europe has increased, causing a transition to a 
more maritime climate. The trajectories of cyclones have moved northward, causing the advection 
of warm and moist air to Northern Europe and decreasing precipitation in Central Europe. 
Statistically significant changes occurred mostly in winter, when changes were much larger than 
during other seasons (Sepp, 2009).  
 
The sea surface temperature in the Northern Baltic Sea during the period 1961-1990 reached its 
annual maximum at the beginning of August (Haapala and Alenius 1994). This maximum varies 
from 16 to 17oC in the open sea and from 16 to 19oC in coastal regions. According to the Finnish 
Meteorological Institute (http://en.ilmatieteenlaitos.fi/sea-ice), the period of Baltic Sea ice-cover is 
from October-November to May-June. Figure 6-3 shows the freezing probability over the Baltic Sea 
in different winters. Freezing over starts from the northern parts of the Bay of Bothnia and eastern 
parts of the Gulf of Finland followed by the coastal area of Quark, the Bay of Bothnia and the 
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Bothnian Sea. During average winters, the entire Sea of Bothnia, Archipelago Sea, Gulf of Finland 
and part of northern Baltic Sea are generally frozen. During exceptionally hard winters the Baltic 
Sea can freeze from the Bay of Bothnia to the Denmark inlets. The most extensive ice cover is 
generally seen between February and March and covers on average more than 200,000 km2.  
 
 

 
Figure 6-3. Distribution of ice depending on duration and coldness of winter  
 

Every year 

During mild winters 

During hard winters 

During average winters 

During very hard winters 

Last 

Freezing... 



42 
 

 
Figure 6-4. Surface area of the Baltic Sea covered by ice during 1720-2015 (image from Finnish 
Meteorological Institute, http://en.ilmatieteenlaitos.fi/sea-ice). 
 
The extent of sea ice cover varies greatly (Figure 6-4), which in turn affects the fuel consumption of 
ships. During hard winters, ships generally require more fuel to operate due to added ice 
resistance, even if icebreakers are used to open channels for other ships. 
 
 
7 Shipping traffic in the proposed area 
 
Criterion 3.1.6  The proposal shall include the nature of the ship traffic in the proposed Emission 

Control Area, including the patterns and density of such traffic. 
 
Access to the Baltic Sea is through Skagerrak and the Danish Straits. The Great Belt (Storebelt) is 
the centremost, the widest and the deepest of the three passages connecting Kattegat to the Baltic 
Sea and is most suitable for vessels with a draught of up to 15 metres. More than half of all ships 
operating in the Baltic Sea have a draught of 7 metres or less. The majority of ships in the Central 
Baltic follow the two major shipping lanes north and south of Gotland Island, Sweden. The heavily 
trafficked fairways are concentrated in the Southern Baltic Sea. Intensive passenger traffic exists 
between several countries which can intersect with the major shipping lanes followed by tankers 
and cargo vessels, thus constituting significant risk of collision (Figure 7-1). 
 
 



43 
 

 
Figure 7-1. The figure illustrates cargo, tanker and passenger ship traffic density on the Baltic Sea 
measured as number of ship passages during 2014 through a given 1x1km cell (HELCOM AIS 
data, HELCOM 2016).   
 
 
The total annual cargo turnover of all Baltic Sea ports was 900 million tonnes in 2015. The biggest 
ports in the Baltic Sea area are Ust-Luga (87,9 million tonnes), Primorsk (59,6 million tonnes), St. 
Petersburg (51,5 million tonnes) and Gothenburg (38,3 million tonnes). 
 
More than 60,000 annual vessel crossings of the parallel of the Skaw in Skagerrak 57° 44.43'N are 
observed on their way into or out of the Baltic. Additionally, heavy ship traffic goes through the 98-
kilometre long Kiel Canal linking the Baltic Sea with the North Sea. In total, more than 30,000 ships 
passed through the Kiel Canal in 2009. Over 11,663 individual vessels were recorded in 2009 
based on the HELCOM Automatic Identification System (AIS) database. There are about 2,000 
ships in the Baltic marine area at any given moment.  
 
The spatial distribution of shipping activities, reflected as the number of ship crossings through 
fixed HELCOM AIS reporting lines and according to ship type, can be seen in Figure 7-2.  
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Figure 7-2. Shipping traffic in the Baltic Sea area in 2009. Data source: HELCOM AIS.  
 
 
The HELCOM AIS historical statistics on ship traffic allow the assessment of annual changes in 
traffic intensity. The trends in vessel traffic crossing fixed AIS lines since 2006 are shown in Figure 
7-3. Ship traffic in the Baltic Sea area in general has increased significantly during 2006-2008. The 
largest increase was observed in 2007-2008 in oil/chemical tankers, bulk carriers and small 
vessels with a total annual increase for all ship types of over 11% (Jalkanen & Stipa, 2009). This 
trend is currently levelling off due to the economic downturn. The decrease in AIS registered ship 
crossings in 2009 for cargo, passenger and other ship types is likely to be due to decreased 
shipping activity resulting from the economic recession. 
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Figure 7-3. Number of crossings of fixed AIS lines in the Baltic Sea during 2006-2009, shown here 
by ship type. Data source: HELCOM AIS.  
 
 
The number of individual ships in the Baltic Sea each month in 2006-2014 and their cumulative 
emissions of NOx (and SOx) are shown in Figure 7-4. 
 

 
Figure 7-4. Ship traffic and emission trends of NOx and SOx. The number of AIS targets has 
increased significantly during the past 5 years, because AIS transponders have been installed in 
many small vessels without an IMO number. (Source: Finnish Meteorological Institute).  
 
The largest number of ships can be observed during summer months, which can be attributed to 
increased passenger traffic and recreational craft. Seasonal dependency of cargo ships is not as 
evident as with passenger vessels. RoRo and RoPax ships are usually regular liner traffic with 
fixed schedules, and container carrier and oil tanker traffic depend on general economic activity 
rather than seasonal variation (Figure 7-5). 
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Figure 7-5. Seasonal dependency of ship numbers of selected ship types in the Baltic Sea area, 
2013 - 2014. The largest class, vessels without an IMO number is omitted. Note, that the vertical 
axis for the number of general cargo ships is on the right hand side due to visual clarity. (Source: 
Finnish Meteorological Institute) 
 
 
The Baltic Sea is partially ice covered from November to May, with the most difficult months for 
wintertime navigation falling between January and March. In an average winter, roughly half 
(~200,000 km2) of the Baltic Sea is covered by ice and traffic restrictions are enforced on ships 
without Finnish-Swedish ice class. 
 
Vessels are assisted by icebreakers which gather merchant vessels into convoys and open up 
channels through the ice for ships that are unable to push through the ice independently. Winter 
navigation conditions can vary significantly year to year (Figure 7-6). For example, the winter of 
2007/2008 had only 49,000 km2 of ice cover, whereas the winter 2009/2010 ice cover was around 
250,000 km2. In harsh ice conditions merchant vessels can become stuck and icebreaker 
assistance is required to free them. It can take several days for ice breakers to reach such vessels.  
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Figure 7-6. Ice cover in the Baltic Sea in different years. 
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8 Control of land-based sources 
 
Criterion 3.1.7 The proposal shall include a description of the control measures taken by the 

proposing Party or Parties addressing land-based sources of NOx emissions 
affecting the human populations and environmental areas at risk that are in place 
and operating concurrent with the consideration of measures to be adopted in 
relation to provisions of regulation 13 of Annex VI. 

 
8.1 Measures already taken to protect the area  
 
8.1.1 Global conventions  
 
The Baltic Sea area is already designated as a Special Area under Annexes I, IV and V of 
MARPOL and as a SOx Emission Control Area under Annex VI of MARPOL. In 2005, the Baltic 
Sea (excluding the waters under the sovereignty or jurisdiction of the Russian Federation) was 
designated a Particularly Sensitive Sea Area (PSSA) at the IMO’s Assembly 24 meeting. 
 
The uniqueness of the Baltic Sea is also reflected in many international conservation networks, 
such as the network of 159 designated HELCOM Baltic Sea Protected Areas (BSPAs), many of 
which are also part of the EU Natura 2000 network and Ramsar Convention of Wetlands sites 
(HELCOM 2010b). At the beginning of 2010, BSPAs covered 10.3% of the Baltic Sea marine area. 
Today, the Baltic Sea is – to our knowledge – the only marine region in the world which has 
reached the 10% target set by the UN Convention on Biological Diversity for regional marine 
protected area networks. The aim of the BSPAs together with the Natura 2000 network is to form 
an ecologically coherent network of marine protected areas in the Baltic Sea region. Several 
actions are being implemented at the national level to conserve the Baltic Sea, such as the 
establishment and maintenance of national parks and seal sanctuaries. In addition, Bird Life 
International defined 227 Important Bird Areas (IBAs) in the Baltic Sea in the year 2000. However, 
only a part of these areas are currently protected by national legislation or by other means. 
 
The Baltic Sea is also a part of the north-east Atlantic Global ecoregion, one of the 238 areas 
worldwide regarded by the WWF as priority areas for nature conservation.  
 
The UNECE Convention on Long-Range Transboundary Air Pollution (CLRTAP) aims to reduce 
emissions contributing to transboundary air pollution through coordinated efforts in research, 
monitoring and the development of emission reduction strategies on regional air pollution and its 
effects. The Gothenburg Protocol to CLRTAP is designed to reduce acidification, eutrophication 
and ground-level ozone by setting emissions ceilings for SO2, NOx, volatile organic compounds 
and ammonia to be met by 2010. Discussions on setting new 2020 and 2030 national emission 
ceilings for European countries have started. 
 
8.1.2 EU legislation 
 
In this section, European directives in the context of air pollution, nutrient enrichment and 
eutrophication are described. In the Baltic Sea area, these directives are legally binding for EU 
Member States including all coastal countries with the exception of the Russian Federation.  
 
The National Emission Ceilings (NEC) Directive (Directive 2001/81/EC) sets pollutant-specific 
emission ceilings for each EU Member State to be met by 2010. It covers the pollutants SO2, NOx, 
volatile organic compounds (VOCs) and NH3 responsible for acidification, eutrophication, and the 
formation of ground-level ozone. The NEC Directive required Member States to draw up national 
programmes by 2006 in order to demonstrate how they were going to meet the national emission 
ceilings (NECs) by 2010 (Table 8-1). Member States are obliged each year to report their national 
emission inventories and projections for 2010 to the European Commission and the European 
Environment Agency (EEA). The latest report has been published in 2015, see EEA (2015). 
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Table 8.1 Comparison of projections as reported by the EU’s 27 Member States in December 
2009 with the emission ceilings of the National Emission Ceilings Directive (2001/81/EC), last 
updated 3 May 2010 (source: http://www.eea.europa.eu/highlights/europe-to-exceed-air-
pollutant/nec-directive-2009-preliminary-data). 
 

 
Notes:  
(a) WM: 'with measures' projection. WM projections take into account currently implemented and 
adopted policies and measures. Where MS have instead reported only 'business as usual' (BAU) 
projections, it is assumed for comparison against the ceilings that these are equivalent to a WM 
projection. 
(b) National emission ceilings for SO2 , NOx , NMVOC and NH3 to be attained by 2010 according to 
Annex I of the NEC Directive. http://ec.europa.eu/environment/air/pdf/nec_eu_27.pdf 
 
 
Especially for NOx, the NEC targets are ambitious, so that additional reduction measures are 
required in many EU Member States. NOx emissions could be further reduced by technical and 
non-technical measures in the transport sector, with the largest reduction potentials in road freight 
transport. Minor reduction potentials could be realized by ambitious control technologies for 
stationary sources (industrial and energy supply). 
 
According to a 2007 study conducted for the European Commission (EC 2007), EU Member States 
are projected to meet the NOx NECD ceilings through use of already implemented or adopted 
measures. Among such measures is the application of the Non-Road Mobile Machinery (NRMM) 
Directive (Directive 97/68/EC as amended by directives 2002/88/EC, 2004/26/EC and 
2006/105/EC), which for the various types of NRMM stipulates the maximum permitted exhaust 

http://www.eea.europa.eu/highlights/europe-to-exceed-air-pollutant/nec-directive-2009-preliminary-data
http://www.eea.europa.eu/highlights/europe-to-exceed-air-pollutant/nec-directive-2009-preliminary-data
http://ec.europa.eu/environment/air/pdf/nec_eu_27.pdf
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emissions as a function of the power of the relevant engine. Manufacturers must ensure that new 
engines comply with these limits in order that they can be placed on the market.  
 
For new vehicles sold in EU member states, European ‘EURO’ standards (EURO norms) limiting 
NOx emissions from road vehicles must be followed. These standards are defined in a series of 
European Union directives staging the progressive introduction of increasingly stringent standards. 
In the terrestrial transport sector, for example, measures to reduce NOx emissions to European 
emission standards (Euro 4 and 5) include selective catalytic reduction (SCR) technology, which 
converts NOx into innocuous nitrogen and water in the presence of a reducing agent. Additional 
measures included in the national NECD programmes include regulation of agricultural practices 
and the production of technical guidance on air pollution prevention.  
 
The revision of the NEC Directive, being part of the Thematic Strategy on Air adopted by the 
European Commission in 2005,  has proposed new emission caps for 5 priority pollutants to be 
attained by 2020 and 2030. The revised NEC directive is currently being negotiated. The EU Clean 
Air Policy Package, adopted 2013, supplemented previous EU policies 
(http://ec.europa.eu/environment/air/clean_air_policy.htm).  
 
With the adoption in 1996 of Directive 96/61/EC on Integrated Pollution Prevention and Control 
(IPPC), the European Union has taken an important step in pollution abatement. The IPPC 
Directive requires the reduction at source of discharges and emissions of pollutants through the 
application of best available techniques (BAT). After a two-year review process, the EU 
Commission adopted on 21 December 2007 a proposal for a new directive on industrial emissions 
in the form of a ‘recast’. The new directive will integrate the IPPC Directive and six sectoral 
directives (e.g. concerning large combustion plants, waste incineration and co-incineration plants). 
The new directive aims to achieve a complete and better harmonized implementation of BAT, and 
will further contribute to reducing pollutants responsible for eutrophication.  
 
The Marine Strategy Framework Directive (Directive 2008/56/EC, MSFD) is an ambitious directive 
to protect in a targeted manner the marine environment across Europe. It requires the Member 
States to take the necessary measures to achieve or maintain good environmental status in the 
marine environment by the year 2020. In order to achieve this goal, human-induced eutrophication 
must be minimised. HELCOM serves as a coordinating platform for the regional implementation of 
the EU MSFD in the Baltic Sea. 
 
In 2000, the EU Water Framework Directive (Directive 2000/60/EC, WFD) was adopted, which 
provides a framework for the protection of groundwater, inland surface waters, transitional waters 
(e.g. estuaries) and coastal waters. The overall aim of the WFD is: (1) to achieve a good ecological 
status, including eutrophication status, of all European surface waters, (2) to promote the 
sustainable use of water, while progressively decreasing or eliminating discharges, losses and 
emissions of pollutants and other pressures for the long-term protection and enhancement of the 
aquatic environment. 
 
The objective of the Urban Wastewater Treatment Directive (Directive 91/271/EEC) is to protect 
the environment from the adverse effects of discharges of wastewater. The directive concerns the 
collection, treatment and discharge of urban wastewater and the treatment of discharges of 
wastewater from certain industrial sectors.  
 
The objective of the Nitrates Directive (Directive 91/676/EEC of 12 December 1991 concerning the 
protection of waters against pollution caused by nitrates from agriculture) is to reduce water 
pollution caused or induced by nitrates from agricultural sources and to prevent further such 
pollution. 
 
 
 

http://ec.europa.eu/environment/air/clean_air_policy.htm
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8.1.3 Regional cooperation 
 
Intergovernmental cooperation to protect the marine environment of the Baltic Sea from all sources 
of pollution has been established since the adoption of the Convention on the Protection of the 
Marine Environment of the Baltic Sea (Helsinki Convention) in 1974. The Helsinki Commission 
(HELCOM) is the governing body of the Convention and promotes intergovernmental cooperation 
between Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland, Russia, Sweden and the 
European Union. 
 
Since the beginning of the 1980s, the Helsinki Commission has been working to improve the Baltic 
marine environment. An important HELCOM instrument are HELCOM Recommendations, adopted 
by the Contracting Parties. More than 40 of these HELCOM Recommendations concern measures 
limiting nutrient pollution originating from the land; either from point sources such as industrial 
plants and municipal wastewater treatment plants, or from diffuse sources such as traffic and 
farmland. Examples of HELCOM Recommendations in force addressing NOx and dust emissions 
from land-based sources include: 
- HELCOM Recommendation 27/1 ‘Limitation of emissions into atmosphere and discharges into 

water from incineration of waste’ requires that atmospheric emissions from waste incineration 
should not exceed, at 11% O2 (ndg), 200 mg/m³ of NOx (as NO2), and for existing plants with a 
nominal capacity exceeding 6 tonnes per hour or new incineration plant, 400 mg/m³. 

- HELCOM Recommendation 24/4 ‘Emissions and discharges from iron and steel industry’ and 
HELCOM Recommendation 23/9 ‘Restriction of atmospheric emissions and wastewater 
discharges from hard coal cokeries’ regulate, among others, dust emissions from these 
industries.  

- HELCOM Recommendation 17/1 ‘Reduction of emissions from transport sector affecting the 
Baltic Sea’ regulates nitrogen compounds emitted from the transport sector with a view to 
introducing at least the requirements specified in UN ECE Regulations. 

- HELCOM Recommendation 16/4 ‘Reduction of emissions into the atmosphere from the pulp and 
paper industry’ requires that the Governments of the Contracting Parties take measures to 
reduce the emissions of NOx from the pulp and paper industry, so that the emissions, as a yearly 
average for each Contracting Party's emissions from recovery boilers and lime kilns do not 
exceed the agreed values. 

- HELCOM Recommendation 14/3 ‘Limitation of emissions to the atmosphere and discharges into 
water from glass industry’ recommends that the NOx emissions do, by catalytic or equally 
efficient process, not exceed 2.5 kg per produced tonne glass, calculated as NO2, if the capacity 
of the production unit is more than 20,000 tonne/a.  

 
Nutrient pollution was for the first time strategically addressed at a higher political level by the 
Ministers of Environment of the Baltic Sea states in 1988. In 1992, the Helsinki Convention was 
revised to embrace new environmental principles and the changed geopolitical situation. The 
revised convention became more explicit with regard to combating eutrophication, including also 
the new – at that time - Annex III on Land–Based sources specifically addressing the need for 
reduction of nutrient loads originating from municipal wastewaters and agriculture.  
 
In order to support the implementation of the reduction targets agreed upon at the 1988 Ministerial 
Meeting by further reducing loads of organic matter, nutrients and other harmful substances, the 
Baltic Sea Joint Comprehensive Environmental Action Programme (JCP) was established in 1992. 
Identification and elimination of pollution hot spots was an important part of this work, and initially 
162 hot spots/sub-hot spots were identified, of which the majority were municipal wastewater 
treatment plants, industrial plants and agricultural ‘sites’. Over two-thirds of these hot spots (117 - 
as of March 2016) have since been cleaned up. 
 
The HELCOM Bremen Ministerial Meeting Declaration of 2003 (HELCOM 2003) demanded further 
actions, in particular in the agricultural sector, to reduce diffuse nutrient loads. The 2010 HELCOM 
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Moscow Declaration (HELCOM 2010) also identified actions for reducing nutrient pollution, 
including further treatment of municipal wastewater, elimination of phosphates from detergents, 
and addressing agricultural hotspots, as well as sources of transboundary and atmospheric inputs 
of nutrients.  
 
Furthermore, numerous projects related to wastewater treatment, pollution control, waste 
management, maritime safety, biodiversity conservation, and the banning of toxic substances have 
been carried out.  
 
By implementing the regulations and policies described above, Baltic Sea countries have 
substantially reduced discharges of nutrients from point and non-point sources. In the period of 
1995-2010 the total normalized airborne and flow normalized waterborne nitrogen inputs to the 
Baltic Sea was reduced significantly by 16% (HELCOM 2015). Denmark (35%), Germany (23%), 
Poland (20%) and Sweden (15%) have significantly reduced their combined airborne and 
waterborne inputs. The direct point source inputs of nitrogen and phosphorus to the Baltic Sea 
have decreased significantly by 43% and 63%, respectively, from 1994 to 2010. The majority of the 
Contracting Parties had significant reductions during this period (HELCOM 2015).  
 
In the period of 1995-2010, the reduction of normalized annual nitrogen atmospheric deposition to 
the Baltic Sea was 24% (more than 50,000 tonnes of nitrogen). The highest relative reduction 
(40%) was in Denmark, but also Finland, Germany, Poland, Sweden and the EU20 showed 
marked reductions of 23-34% (HELCOM 2015).  
 
In contrast, atmospheric total nitrogen deposition from Baltic Sea shipping increased significantly 
with 44% during the period of 1995-2010 (HELCOM 2015). 
 
Despite these achievements the current discharge and deposition of nutrient to the Baltic Sea is 
still far too high and continues to cause significant eutrophication effects.  
 
In 2003, HELCOM was tasked to implement an ecosystem approach to the management of human 
activities. Following the principle of adaptive management and in order to implement the 
ecosystem approach, HELCOM began elaborating the HELCOM Baltic Sea Action Plan (BSAP) 
which was eventually adopted in November 2007. 
 
The overall goal of the BSAP is to achieve a Baltic Sea with a good environmental status 
unaffected by eutrophication. For this reason HELCOM has adopted the following ecological 
objectives to describe the characteristics of a Baltic Sea which is unaffected by eutrophication: 
- Concentrations of nutrients close to natural levels, 
- Clear water, 
- Natural level of algal blooms, 
- Natural distribution and occurrence of plants and animals, 
- Natural oxygen levels. 
 
The 2007 BSAP as well as the 2010 Copenhagen Declaration define the maximum allowable 
nutrient loads required to enable achievement of the eutrophication targets for the whole Baltic Sea 
and each of its sub-basins.  
 
The required reductions in nutrient loads were estimated based on these maximum allowable 
nutrient loads and average nutrient load levels from 1997 to 2003. Required reductions of annual 
loads addressed to the whole Baltic were estimated as 15,178 tonnes phosphorus and 118,134 
tonnes nitrogen. Similarly, quantitative reduction requirements were addressed to each of the sub-
basins and allocations of nutrient reduction requirements to each HELCOM country and to 
transboundary loads (Table 8-2). 
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Table 8-2. The Baltic Sea States have agreed on the following country-wise provisional nutrient 
reduction requirements (2013 HELCOM Copenhagen Declaration ). 
 Nitrogen Phosphorus 
Denmark 2890 38 
Estonia 1800 320 
Finland 2430 +600* 330 +26*  
Germany 7170 +500* 110 +60* 
Latvia 1670 220 
Lithuania 8970 1470 
Poland1 43610 7480 
Russia 10380* 3790* 
Sweden 9240 530 
 
 
In order to reduce nutrient inputs to the Baltic Sea to the maximum allowable level, the Baltic Sea 
States have agreed to take actions not later than 2016 to reduce the nutrient load from waterborne 
and airborne inputs aiming at reaching good ecological and environmental status by 2021. 
 
The idea behind the allocation system was that maximum allowable nutrient loads and country-
wise reduction allocations allow the Contracting States more flexibility in choosing the 
management actions that are nationally most suitable and cost effective to reach the agreed 
targets. 
 
The 2007 HELCOM Action Plan also includes direct measures to address nutrient pollution, such 
as those included in the revised Annex III of the 1992 Helsinki Convention. The revised Annex III 
mainly concerns the prevention of nutrient releases from livestock production, including 
requirements for environmental permits for animal enterprises. For wastewater treatment, it was 
estimated that with stricter treatment it would be possible to further reduce phosphorus loads to the 
Baltic Sea by 2,000 tonnes per year. Consequently, a HELCOM Recommendation concerning 
municipal wastewater treatment (28E/5) and another Recommendation concerning on-site 
wastewater treatment for single-family homes, small businesses and settlements of less than 300 
person-equivalents (28E/6) were adopted. Additionally, the BSAP targeted elimination of 
phosphorous in laundry detergents for consumer use as well as voluntary use of P-free dishwasher 
detergents.  
 
In addition to addressing agricultural nutrient loads and municipal wastewaters, the BSAP places 
further emphasis on measures to reduce atmospheric deposition of nitrogen. According to 
HELCOM scenarios, deposition of nitrogen to the sea would not decrease even if the existing 
targets for nitrogen in the United Nations Economic Commission for Europe (UNECE) Gothenburg 
Protocol (UNECE 1999) and the EU National Emission Ceiling (NEC) Directive were reached.  
 
As N deposition from shipping in the Baltic Sea is significant and has increased with 44% during 
the period of 1995-2010 (HELCOM 2015), and from around 11,500 tonnes annually (average for 

                                                
1 At this point in time Poland accepts the Polish Country Allocated Reduction Targets as indicative due to the ongoing national 

consultations, and confirms their efforts to finalize these consultations as soon as possible. 
 
 * Reduction requirements stemming from  
− German contribution to the river Odra inputs, based on ongoing modeling approaches with MONERIS;  
− Finnish contribution to inputs from river Neva catchment (via Vuoksi river)  
− these figures include Russian contribution to inputs through Daugava, Nemunas and Pregolya rivers  
The figures for transboundary inputs originating in the Contracting Parties and discharged to the Baltic Sea through other Contracting 

Parties are preliminary and require further discussion within relevant transboundary water management bodies. 
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2000-2006) (Bartnicki & Valiyaveetil 2009) to 13,500 tonnes in 2010 (HELCOM 2015), reducing it 
would be an important step in order to achieve the regional reduction goals. 
 
 

 
 
Figure 8.1. Total actual inputs of water- and airborne nitrogen from HELCOM countries, Baltic  
Sea shipping and distant sources to the Baltic Sea in 2010 (HELCOM 2015). 
 



55 
 

9 Relative costs of reducing emissions from ships 
 
Criterion 3.1.8  The proposal shall include the relative costs of reducing emissions from ships 

when compared with land-based controls, and the economic impacts on shipping 
engaged in international trade. 

 
The information given in this chapter is based mainly on the study ‘Baltic NECA – economic 
impacts’ conducted in September 2010 by the University of Turku, Centre of Maritime Studies (see 
http://www.helcom.fi/stc/files/shipping/CMS_Baltic_NECA_FINAL). The study was made in 2010 
and at that time it was assumed that NECA requirements for the Baltic Sea area would take effect 
from 1 January 2016. For this reason reference is made to this date in this chapter instead of the 
proposed effective date 1 January 2021 of this application. 
 
9.1 Technology that meets the Tier III emission standard 
 
The current technology that meets the MARPOL Annex VI Tier III NOx emission standards are:  
 

1. Selective catalytic reduction (SCR) 
2. Use of alternative fuels 
3. Exhaust Gas recirculation (EGR) 

 
SCR is an exhaust gas after-treatment technology with a NOx abatement capability of more than 
80%. It is the most likely technology to be used in ships constructed on or after 1.1.2016 for 
compliance with the Tier III standard.  
 
Use of alternative fuels such as liquefied natural gas (LNG) offers another means of reducing NOx 
emissions. LNG fuel produces much less NOx emissions than diesel fuels and therefore complies 
with Tier III. An infrastructure for LNG supply is currently under development within the Baltic Sea 
area. Due to its current status, SCR is today the most common NOx reduction technology. For this 
reason the cost estimation has been calculated only for SCR.  
 
Exhaust Gas Recirculation (EGR) relies on a part of the exhaust gases being filtered, cooled and 
rerouted back to the engine charge air. This technology is primarily available for two-stroke 
engines. 
 
Engine manufacturers are continuously developing new technologies, several of which could be 
potential options if proven to be more economical than SCR. More information on available 
technology to meet Tier III NOx emissions standards is provided in document MEPC 70/INF.Y. 
 
9.2 Additional costs for shipping due to implementation of Tier III regulations in the Baltic 
Sea area 
 
Quantitative estimation of the additional costs of the Baltic NECA is based on the present Baltic 
fleet and on its NOx emissions and fuel consumption. Emissions of Baltic shipping have been 
estimated in the Finnish-Estonian project ‘Shipping-induced NOx and SOx emissions – Operational 
monitoring network’ (SNOOP). The SNOOP emission estimation is based on automatic 
identification system (AIS) data covering the whole Baltic Sea. This estimation can be considered 
as the best available information source for atmospheric emissions of shipping in the area. The 
SNOOP model (Jalkanen et al., 2009) provides estimations of NOx emissions and fuel 
consumption which are used as the raw data for the cost estimation scenarios in this study.  
 
9.2.1 Ships included in the cost estimation 
 
From the results of the SNOOP project, 12 ship types were identified, see Table 9-1. These 12 
ship types are defined in the Lloyd’s ship register and utilized in the emission scenario calculations. 

http://www.helcom.fi/stc/files/shipping/CMS_Baltic_NECA_FINAL
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Table 9-1 shows all ships that have visited the Baltic Sea in 2008 belonging to the 12 categories. It 
also shows the total engine power per ship type. Figure 9-1 summarizes the fuel consumption of all 
ship types for which emissions are estimated in the SNOOP project. The 12 ship types included in 
this study represent 84% of the total atmospheric NOx emissions of shipping in the Baltic. 
 
Table 9-1. Ship type details (Baltic Sea shipping in 2008) 

 Ship type 
Ship 
type 
code 

Number of ships 
operating in the 
Baltic in 2008 

Total 
installed 
main 
engine 
power per 
ship type 
(kW) 

Total 
installed 
auxiliary 
engine 
power per 
ship type 
(kW) 

1 Reefer ship RC 338 2 515 171 732 664 
2 General cargo ship GC 2 172 5 546 590 1 302 312 
3 Product tanker T_PROD 270 1 854 899 362 987 
4 Container ship CONT 324 5 283 246 1 158 465 
5 Chemical tanker  T_CHEM 842 5 126 000 1 508 702 
6 Crude oil tanker T_CRD 332 4 254 381 761 446 
7 Bulk ship BULK 936 7 137 109 1 104 540 
8 RO-RO ship RORO 165 1 744 183 442 945 
9 ROPAX ship ROPAX 226 3 437 141 774 072 
10 Vehicle carrier V 208 2 622 450 502 378 
11 Liquid petroleum gas tanker T_PLG 119 611 003 171 076 
12 Cruise ship PAS_CR 80 2 016 636 350 079 

 
 

 
Figure 9-1. Fuel consumption and number of ships operating in the Baltic Sea in 2008 (for the 12 
ship types included in this study) Source: SNOOP. 
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9.2.2 Capital and operating costs of Tier III 
 
ECA application MEPC 59/6/5 (submitted by Canada and the United States) and the ENTEC 
(2005) study include an estimation of the capital and operating costs of the equipment needed to 
fulfil the Tier III emission standard. One engine manufacturer was asked to update and collect 
more detailed information on the costs of the NOx abatement technology. In general, the up-dated 
SCR hardware cost estimation is very close to the costs given in MEPC 59/6/5. Table 9-2 and 
Table 9-3 comprise the results of the survey and compare them to MEPC 59/6/5 and ENTEC 
(2005). These up-dated values given by the engine manufacturer are used in the cost estimations 
of this study. 
 
Table 9-2. SCR hardware costs 
Abatement 
technology 

Example values from other sources   

SCR 
hardware 
costs  

MEPC 59/6/5, ECA application of Canada 
and the United States 

Engine manufacturer’s estimation of 
hardware costs 

ENGINE 
SPEED 
 

ENGINE 
SIZE 
RANGE 
(KW) 

EUR/kW EUR/kW 

Medium 
 

4,500 – 
18,000 

32 - 64 29 - 70 (for distillate fuels < 1% S) 
for new-builds  

Slow 8,500 – 
48,000 

36 - 59 36 - 59 
 (for distillate fuels < 1% S) 
 
 

SCR 
hardware 
costs for 
ships 
equipped 
with a 
sulphur 
scrubber  

Medium 
 

4,500 – 
18,000 

not 
available 

40 - 78 
 (for up to 3.5% S) 

 Slow 8,500 – 
48,000 

not 
available 

47 - 78 
 (for up to 3.5% S) 
 

Currency exchange rate: 1 EUR = 1,2894 USD (average rate in August 2010) 
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Table 9-3. SCR operating costs 
Abatement 
technology 

Example values from other sources   

Operating 
costs to 
meet Tier III 
standard 

MEPC 59/6/5 
USA Canada 
ECA application 

ENTEC 2005 Engine manufacturer’s 
estimation of operating costs 

Urea costs EUR 1.18 per 
gallon (32.5% 
urea) 

EUR 170 per tonne urea EUR 150 
per tonne 
urea 

current price 
delivered to ship, in 
Stockholm, Fred 
Holmberg & Co 

Urea dosing 
figure, 
percent of 
brake-
specific fuel 
consumption 

7.5% of brake-
specific fuel 
consumption 

not available About 10% of brake-specific 
fuel consumption 
 
(cost for typical average urea 
consumption is 4–6 EUR/MWh) 

Expected 
lifetime of the 
equipment 

not available 12.5 years 15–25 years 
 
 

Rebuilding 
the SCR 

not available For low-sulphur fuels that 
comply with EU standards 
(1-1.5% sulphur), a rebuild 
is assumed every 5 years. 

0.25–0.75 EUR/MW 
 
(estimated cost of replacement 
of catalyst elements) 
 

Cost of 
rebuilding 

not available Rebuilding costs are 
estimated at 60% of the 
capital cost for a SCR 
retrofit 

not available 

Cleaning of 
SCR 

not available 6 times for every 1,000 
hours of operation, 

Automatic soot blowing system 
approx. 1 time per hour   
 
Visual check  
1 time per year 

Cost per 
cleaning 

not available EUR 150 (4–6 person 
hours) 

 
1 man day per year 
(compressed air and power for 
automatic soot blowing) 

Average 
operating 
cost 

not available EUR 2.55 per MWh Typical average 5–7.5 
EUR/MWh 
 

 
 
Based on the information in Tables 9-2 and 9-3, the capital investment cost (CAPEX) and 
operating cost (OPEX) can be estimated for SCR use in Baltic shipping. To calculate the CAPEX 
and OPEX of SCR we have to create a future scenario which takes into account fleet renewal and 
traffic growth. As Tier III is valid for ships constructed on or after 1 January 2016 only, the future 
scenario is created until 2040 to provide a sufficient time span for cost estimation.  
 
The results from the SNOOP project provide the basis for the future scenario. The future scenario, 
similarly to the current situation, is based on the 2008 Baltic ship traffic data from the HELCOM AIS 
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database, meaning that the NOx emissions and fuel consumption in the Baltic Sea are estimated 
per ship in 2008. 
 
9.2.2.1 Estimation of capital costs 
 
The capital cost (CAPEX) is estimated based on the future scenario of installed engine power (kW) 
in ships constructed on or after 1.1.2016 (including both main and auxiliary power). The assumed 
ship lifetime for all 12 ship types is 30 years. After 30 years the ship is removed from the fleet and 
replaced with a new-build ship of equivalent power and complying with the prevailing Tier standard. 
This means that Tier I is applied to engines which are installed on ships constructed on or after 
1.1.2000 and until 1.1.2011, Tier II is applied to engines installed on a ship constructed on or after 
1.1.2011, and all ships built on or after 1.1.2016 sailing in an emission control area for NOx 
emissions will have to comply with Tier III NOx emission limits.  
 
In the first estimated year (2009), all ships older than 30 years are replaced by an equivalent 
amount of new engine power. The amount of new engine power is therefore high in the first year 
due to the removal of all old ships from the fleet. In 2010, only the engine power built in the year 
1980 is replaced. This calculation method continues until 2040. When the scenario reaches 2016 it 
has been assumed that all renewed engine power will be fitted with SCR. Traffic growth has been 
assumed to be 2% per year. The future scenario assumes that all traffic growth is new ships 
complying with the standard valid in the current year. In other words, in 2016 all traffic growth and 
ship renewal are assumed to have SCR. 
 
All fleet renewals and traffic growth in the future scenario are assumed to consist of new ships. 
This will lead to overestimation of CAPEX and OPEX costs because, in practice, renewal and 
traffic growth may also include some older ships (Tier I and Tier II ships), therefore delaying the 
introduction of Tier III vessels. However, in the long run the older fleet will be depleted and renewal 
as well as traffic growth will both consist of new-builds. However, the possible establishment of 
new NECA areas around the world would commit the world fleet to investing in new ships for 
NECA traffic and faster introduction of Tier III ships. The future scenario calculations show the 
share of NOx emissions per Tier standard ships (Figure 9-4). 
 
Engine manufacturers estimate that the lifetime of a basic SCR construction can be as long as the 
ship. The CAPEX scenarios assume that the SCR equipment will cost 50 EUR/kW and last 25 
years. The expenditure is allocated through the SCR lifetime using the annuity loan method with a 
constant interest rate of 10%, payment once per year (25), and a residual value of zero.  
 
The raw data for the base year 2008 includes more than 6,000 ships, a major part of which sails 
only few days in the Baltic. In practice, if a Baltic NECA is established, the majority of ships in the 
Baltic will be Tier III ships, and the amount of ships rarely visiting the Baltic might be reduced, 
unless more sea areas, especially the North Sea area, are designated as ECAs for NOx emissions. 
Two separate CAPEX scenarios are thus created. The first (scenario 1), assumes that all new 
engine power is fitted with SCR in 2016, and the second (scenario 2) assumes that SCR is 
installed only on the share of engine power that represented 95% of NOx emissions per ship type 
in 2008, as given in Table 9-4. With this method it is possible to considerably reduce the SCR 
CAPEX cost, thus making the scenario more realistic.  
 
The shares of engine power representing 95% of NOx emissions of each ship type are presented in 
Table 9-4. For example, general cargo (GC) ships produced 48.7 kilotonnes of NOx in the Baltic in 
2008. Total engine power of GC ships that visited the Baltic was 6,844 MW. GC ships that 
produced 95% of NOx emissions had a total engine power of 4,517 MW, which is 66% of the total 
engine power of GC ships. This 66% is used in the CAPEX scenarios on and after 2016 to 
calculate the share of engine power which is installed with SCR technology. In other words: for 
2016, the sum engine power of the 2% traffic growth and renewal of the GC fleet is multiplied by 
0.66 and the capital cost of 50 EUR/kW to produce the CAPEX. Although this assumption might 
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still lead to overestimation of CAPEX, it nevertheless offers a much more reliable CAPEX scenario. 
OPEX estimation does not need a similar assumption as it is dependent on fuel consumption, 
which is assumed to be the same in both scenarios. 
 
It should be noted that a considerable proportion of ships in the Baltic would operate both inside 
and outside the Baltic NECA. If the NECA area would also cover, for example, the North Sea, this 
would increase the cost efficiency estimation presented in this study.  
 
 
Table 9-4 CAPEX scenario and estimation of engine power on which SCR will be installed 

 Ship type NOx 
emissions in 
2008 
(kilotonnes) 

Installed total 
engine power 
(MW) (basis for 
scenario 1) 

Share of engine 
power representing 
95% of NOx 
emissions 
(basis for scenario 
2) 

1 Reefer ship 7.8 
 

3,248 
 

68% 

2 General cargo ship 48.7 6,844 66% 
3 Product tanker  9.0 2,218 60% 
4 Container ship 36.3 6,442 30% 
5 Chemical tanker  33.0 6,635 60% 
6 Crude oil tanker  19.4 5,016 60% 
7 Bulk ship 18.2 8,242 70% 
8 Ro-ro ship 37.6 2,187 65% 
9 Ropax ship 107.9 4,211 75% 
10 Vehicle carrier 7.3 3,125 37% 
11 Liquid petroleum gas 

tanker 
2.2 782 

 
62% 
 

12 Cruise ship 5.6 2,367 
 

70% 
 

 
 
9.2.2.2 Estimation of operating costs 
 
Estimation of SCR operating costs (OPEX) was based on the fuel consumption of the Baltic fleet in 
2008. It is also assumed that if a ship leaves the NECA it will shut down its SCR. The future 
scenario for fuel consumption is created until 2040 and includes the consumption of both main and 
auxiliary engines. The OPEX scenario assumes a traffic growth of 2% per year. Developments in 
engine fuel efficiency have not been included in the scenario calculations. 
 
Operating costs of SCR consist mainly of urea consumption, which depends on the rate of 
efficiency of NOx emissions abatement. Urea consumption is estimated at about 10% of fuel 
consumption to achieve the Tier III level. The initial NOx emissions of engines are expected to 
decrease in the future and, hence, would result in some decrease in SCR operating costs. Urea 
costs are estimated at about 4–6 EUR/MWh, and the average overall cost of SCR at 5–7.5 
EUR/MWh. In the scenarios of this study, urea costs are assumed to account for 80% of total 
operating costs.  
 
It was estimated that the lifetime of a basic SCR construction can be as long as the ship. However, 
regular maintenance and replacement of components and catalyst elements at certain intervals is 
required. The typical cost of catalyst elements replacement is 0.25–0.75 EUR/MWh. The elements 
will be replaced only when their activity level drops below a set level. In addition, a visual 
inspection and, as needed, simultaneous manual cleaning should be performed once a year. The 
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desired interval for element replacement depends on various factors, such as operating conditions, 
fuel type, element type and process control. Since each rebuild project would be a separate case, 
the total OPEX in the scenarios is tied to urea consumption to keep the calculation simple. 
 
The OPEX assumes a urea price of 150 EUR/tonne. This price is for urea solution of 40 wt% 
delivered to the Stockholm area by Fred Holmberg & Co (2nd June 2010). No estimates for future 
development of urea prices are available, but recent price changes (for 100 wt% urea) are shown 
in Figure 9-2. Based on the assumption that urea accounts for 80% of total operating costs, the 
price of urea is clearly a sensitive factor. 
 

 
Figure 9-2 Urea (100 wt%) price from June 2005 to May 2010. 
 
9.2.2.3 Estimation of the increase in freight rates due to Tier III 
 
Estimations of the impact of the use of Tier III NOx emission reduction equipment on the freight 
rates of new vessels are based on the results of the NECA additional costs for the Baltic shipping 
of this study combined with the data of a study on ship operating costs made by CMS for the 
Finnish Maritime Administration (Karvonen T. & T. Makkonen 2009). The estimation is highly 
simplified due to the vast number of factors affecting freight rates.  
 
The first basic assumption is that, with the exception of the NOx-related factors addressed in the 
study, all other factors remain unchanged. For example, the presumable reduction in fuel 
consumption due to technical developments in ship engines or the high additional costs of the fuel 
switch to comply the MARPOL Annex VI in SECAs are not taken into account. Neither are the 
overall rising costs of building new ships are taken into account. The purpose of the assumption is 
to maintain the simplicity of the estimation and to highlight NOx factors. The second assumption is 
that rising operating costs will be incorporated directly and fully into freight rates. In reality, there 
are many factors (e.g. market situation, customer differentiated rates etc.) effecting and dampening 
the rise in freight rates. 
 
The calculations are based on the following default values: 

1. To the capital cost of a new vessel, EUR 50 per kW is added as the cost of installing SCR 
technology in the engines (both main and auxiliary). This is automatically calculated in 
annuity, capital costs, repairs and maintenance, insurance and overhead costs. 

2. The cost of urea consumption is added to fuel costs, with the urea consumption rate 
assumed to be 10% of fuel consumption and the price of urea EUR 150 per tonne. 
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9.2.3 Tier III additional costs for Baltic shipping 
 
Figure 9-3 shows the future scenario results for NOx emissions until 2040 if a Baltic NECA is or is 
not established. The scenario calculation shows that if a NECA is established, ship-borne NOx will 
decrease. Otherwise it will continue to increase.  
 
Figure 9-4 shows the estimated NOx emissions distribution between Tier I, Tier II and Tier III ships. 
The figure helps illustrate the assumptions made in the calculations; for example after 1.1.2016 the 
number of Tier II vessels no longer increases, so their share of emissions remains small in the 
scenario. 
 

 
 
Figure 9-3. NOx emissions of the presented 12 ship types until 2040 for Baltic NECA and Tier II 
only scenarios. Traffic growth is assumed to be 2% per year. 
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Figure 9-4. Distribution of NOx emissions between Tier I, II and III ships in the Baltic Sea until 
2040. 
 

 
Figure 9-5. SCR cost estimation for Baltic shipping until 2040. Capital cost of EUR 50 per kW, SCR 
installed in engine power representing 100% (scenario 12) and 95% (scenario 2) of NOx emissions 
in 2008. Interest rate used in calculations is 10%. It should be noted that in the calculations the 
traffic growth has been assumed to be 2% per year. 
 

                                                
2 Scenario 1 assumes that all new engine power is fitted with SCR in 2016 and scenario 2 assumes that SCR is installed 

only on the share of engine power that represented 95 % of NOx emissions per ship type in 2008, as given in 
Table 9-4. 
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The total additional cost of Tier III, at an interest rate of 10%, is presented in Figure 9-5. As the 
figure shows, additional costs will develop gradually after 1.1.2016 since Tier III regulations will 
apply to new ships only. Scenario 1 shows a cost of 76.6 million euros in 2020 and 289 million 
euros in 2030. Scenario 2 shows costs of 55.6 and 206 million euros respectively. Figure 9-5 also 
demonstrates the scale of operating costs compared to total costs (interest rate 10%). The total 
additional cost of Tier III, at an interest rate of 5%, is presented in Figure 9-6. Scenario 1 shows a 
cost of 56.9 million EURin 2020 and 213 million EUR in 2030. Scenario 2 shows costs of 43.4 and 
160 million EUR, respectively. 
 
These figures can be compared to the figures given in the AEA study ‘Cost Benefit Analyses to 
support the Impact Assessment accompanying the revision of Directive 1999/32/EC on the Sulphur 
Content of Certain Liquid Fuels’, where also the additional costs per year for Tier III NOx emission 
regulations – in relation to the baseline scenario set in the AEA study (SEA1 scenario) - for the 
Baltic Sea are estimated to be 6 million EUR for 2015 and from 41 to 70 million EURfor 2020. 
 

 
Figure 9-6. As Figure 9-5, except with an interest rate of 5%. Traffic growth is assumed to be 2% 
per year. 
 
Figure 9-7 shows the cost per abated tonne of NOx. The average cost for scenario 1 is 1,844 
EUR/tonne and 1,316 EUR/tonne for scenario 2. The cost of scenarios 1 and 2 is converted to 
elemental nitrogen (multiplied by 3.286), giving average costs of 6,059 and 4,326 EUR/tonne 
respectively. The abatement cost varies between ship types from 787 (RoPax, Table 9-5, Figure 9-
8) to 3,415 (bulk) EUR/tonne of NOx (scenario 2). Table 9-6 presents the same calculations but 
using a 5% interest rate.  
 
Factors most affecting the abatement costs are the capital cost per kW (50 EUR/kW is used in this 
study), the amount of NOx emissions and fuel consumption of a ship in the Baltic Sea area, and the 
share of engine power in which SCR is assumed to be installed (engine power covering 95% of 
NOx emissions in 2008, scenario 2). Traffic increase and fleet renewal are sensitive factors in the 
scenario calculations. The interest rate for SCR investment also has a major effect. In Figure 9-6, 
Figure 9-8, Figure 9-10 and Table 9-6 the same results are presented with a 5% interest rate. 
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Table 9-5. NOx abatement costs per ship type, sorted according scenario 2. Interest rate 10%. 

Ship type 

Scenario 1 
[EUR/tonne NOx] 

Scenario 1 
[EUR/tonne N] 

Scenario 2 
[EUR/tonne NOx] 

Scenario 2 
[EUR/tonne N] 

ROPAX 873 2,869 787 2,585 
RO-RO 1,083 3,558 890 2,923 
Container ships 1,988 6,534 919 3,021 
General cargo 1,724 5,665 1,305 4,290 
Chemical 
tankers 2,319 7,619 1,572 5,167 
Product tankers 2,542 8,354 1,706 5,605 
Vehicle carriers 4,698 15,439 2,009 6,600 
Crude oil tankers 3,161 10,387 2,056 6,757 
Liquid Petroleum 
Gas Tanker 4,044 13,289 2,673 8,783 
Cruise ships 4,339 14,257 3,166 10,403 
Reefer ships 4,663 15,322 3,311 10,881 
Bulk ship 4,699 15,440 3,415 11,223 
AVERAGE 1,844 6,059 1,316  4,326 

 
 
Table 9-6. NOx abatement costs per ship type, sorted according scenario 2. Interest rate 5%. 

Ship type 

Scenario 1 
[EUR/tonne NOx] 

Scenario 1 
[EUR/tonne N] 

Scenario 2 
[EUR/tonne NOx] 

Scenario 2 
[EUR/tonne N] 

ROPAX 750 2,465 695 2,283 
Container ships 1,445 4,748 756 2,485 
RORO 886 2,913 762 2,504 
General cargo 1,286 4,225 1,016 3,340 
Chemical 
tankers 1,655 5,437 1,174 3,858 
Product tankers 1,798 5,908 1,259 4,137 
Vehicle carriers 3,197 10,504 1,464 4,812 
Crude oil tankers 2,178 7,157 1,466 4,819 
Liquid Petroleum 
Gas Tanker 2,759 9,068 1,876 6,165 
Cruise ships 2,947 9,685 2,192 7,203 
Reefer ships 3,159 10,382 2,289 7,521 
Bulk ship 3,176 10,436 2,349 7,720 
AVERAGE 1,363 4,477 1,023 3,361 
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Figure 9-7. Average cost per abated tonne of NOx for Baltic shipping (scenario 1 and 2). Average 
cost per abated tonne of N for Baltic shipping (scenario 2). Interest rate 10%. 
 

 
Figure 9-8. As Figure 9-7, except with 5% interest rate. 
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Figure 9-9. Costs per abated tonne of NOx for RoPax ships. Interest rate 10%. 
 

 
Figure 9-10. As Figure 9-9, except with 5% interest rate. 
 
9.2.4 Additional costs of Tier III to freight rates 
 
According to the study data, an additional 50 EUR/kW capital cost for main and auxiliary engines 
means a rise of 1–3% in the total price of a new vessel, depending on the ship type and size. The 
rise in fuel costs is 5.5% based on the given urea consumption and price. Total ship operating 
costs (per TEU or tonne per sea day) would rise as shown in Table 9-6, and in this study it is 
assumed that the rise in total costs will be proportionally transferred to sea freight rates.  
 
The estimation is carried out for three ship size categories and five ship types. The figures 
presented in Table 9-6 are average percentage values for estimated rise in freight rates of new 
vessels. Slight variation in the values for each category may occur. The higher estimated rise in 
rates for large container vessels is due mainly to the high average engine power (kW) of large 
ocean vessels with a very high maximum service speed. This variation is largely irrelevant in the 
case of the Baltic Sea, as the biggest container vessels are not used or even able to be used in 
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these waters (partly because the volumes of containerized cargo in the Baltic Sea are too small for 
these giant vessels and partly because the vessels are too large for ship lanes/port infrastructure in 
the area). 
 
Table 9-6. Estimated percentage rise in freight rates of new vessels due to the use of Tier III NOx 
emission reduction equipment (Baltic NECA – Economic impacts, 2010). 

Ship type Size category  
Small 

Size category 
Medium 

Size category  
Large 

Container vessel 2.8% 4.2% 4.6% 
General dry cargo vessel 2.4% 3.6% 3.7 % 
Dry bulk vessel 3.4% 3.3% 3.2% 
Oil tanker 2.0% 3.1% 3.4% 
RoRo and RoPax vessel 3.1% 3.3% 3.4% 
 
Ship size categories: 
 

Ship type Size category  
Small 

Size category 
Medium 

Size category  
Large 

Container vessel < 1,000 TEU 1,000 - 3,500 TEU > 3,500 TEU 
General dry cargo vessel < 6,000 dwt 6,000 - 18,000 dwt > 18,000 dwt 
Dry bulk vessel < 30,000 dwt 30,000 - 60,000 dwt > 60,000 dwt 
Oil tanker < 20,000 dwt 20,000 - 60,000 dwt > 60,000 dwt 
RoRo and RoPax vessel < 5,000 dwt 5,000 - 10,000 dwt > 10,000 dwt 
 
 
9.2.5 Additional capital costs of SCR units due to the use of exhaust gas cleaning systems for SOx 
emissions    
 
Since the beginning of 2015, more stringent SOx emission limits are applied in SOx Emission 
Control areas (SECA), requiring ships to use fuel oil with a sulphur content of less than 0.1%, i.e. 
distillate fuel oil, or to use alternative technologies such as Exhaust Gas Cleaning Systems for SOx 
emissions (scrubbers). As indicated in section 9.2.2, the capital costs of SCR units designed for 
use with distillate fuels (sulphur content less than 1%) are somewhat lower than the costs for SCR 
units designed for use with heavy fuel oil (sulphur content up to 3.5%).  
 
Based on the data for typical ships sailing in the Baltic Sea area, the capital costs of SCR units 
designed for use with distillate fuel and with heavy fuel oil and scrubbers have been calculated. 
This has been done for the ship types presented in Tables 9-10 and 9-11 below.  
 
In Table 9-10, the capital costs for SCR units designed for use with distillate fuel oil are evaluated. 
The SCR capital costs are calculated based on the assumption that the depreciation period of the 
technology is 25 years and the interest rate is 10%. It was assumed that all engines are medium 
speed engines and the capital costs for SCR units are 29 EUR/kW (see Table 9-2). 
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Table 9-10. Estimated capital costs for SCR units designed for use with distillate fuel oil. 
 
Vessel type Installed 

engine power, 
kW 

Total capital 
cost, EUR 

Capital cost 
EUR/year 

Passenger (34 400 GT) 26,400  765,600 76,677 
Passenger (20 000 GT)  17,500  507,500 50,828 
RoRo (6 400 GT) 2,200 63,800 6,390 
RoRo (23 000 GT) 18,000  522,000 52,280 
Coast tanker (11 500 GT) 6,200  179,800 18,007 
Bulk carrier (3 200 GT) 3,300 95,700 9,585 
Container (93 500 GT) 63,000 1,827,000  182,979 
Feeder (3000 GT) 3,000 87,000 8,713 
Dry cargo (5200 GT) 3,800  110,200 11,037 
Total    416,495 
 
 
 
Table 9-11. Estimated capital costs for SCR units designed for use with heavy fuel oil and 
scrubbers. 
 
Vessel type Installed 

engine power, 
kW 

Total capital 
cost, EUR 

Capital cost 
EUR/year 

Passenger (34 400 GT) 26,400 1,056,000  105,761 
Passenger (20 000 GT)  17,500  700,000 70,107 
RoRo (6 400 GT) 2,200 88,000 8,813 
RoRo (23 000 GT) 18,000  720,000 72,110 
Coast tanker (11 500 GT) 6,200  248,000 24,838 
Bulk carrier (3 200 GT) 3,300  132,000 13,220 
Container (93 500 GT) 63,000 2,520,000  252,385 
Feeder (3000 GT) 3,000  120,000 12,018 
Dry cargo (5200 GT) 3,800  152,000 15,223 
Total    574,476 
 
 
In Table 9-11 capital costs for SCR units designed for use with heavy fuel oil and scrubbers are 
evaluated. The SCR capital costs are calculated based on the assumption that the depreciation 
period of the technology is 25 years and the interest rate is 10%. It was assumed that all engines 
are medium speed engines and the capital costs for SCR units are 40 EUR/kW (see Table 9-2). 
 
This analysis indicates that the forthcoming SECA regulations will have a minor impact on the 
capital cost of SCR units if heavy fuel oil and scrubbers are used.  
 
9.3 Cost effectiveness of nitrogen removal in other sectors 
 
Nitrogen enters the Baltic Sea either as waterborne or airborne inputs. The average nitrogen load 
between 2000–2006 was approximately 650 kilotonnes. About 75% of the nitrogen enters the 
Baltic Sea as waterborne input and 25% as airborne input (direct atmospheric deposition). 
Agriculture and managed forestry have the biggest share in waterborne nitrogen inputs to the sea, 
followed by natural background sources and point sources (such as wastewater treatment plants, 
WWTPs). The airborne nitrogen input originates from emissions to air from inside as well as 
outside the Baltic Sea catchment area and from ship traffic. Nitrogen deposition from shipping in 
the Baltic Sea amounts to 12,400 tonnes in 2007 (Bartnicki et al. 2009). 
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As agriculture and municipal and industrial wastewater are the most important sources of nitrogen 
input to the Baltic Sea connected with human activities, the cost-effectiveness of nitrogen removal 
from these sectors will be compared in relation to that in ship traffic. 
 
The cost of building and operating wastewater treatment plants and the agricultural practices and 
associated costs in the countries bordering the Baltic Sea differ considerably. This presents 
challenges in terms of obtaining a general picture of the cost-effectiveness of nitrogen removal in 
these sectors. A major problem is obtaining universal figures, as cost-efficiency can be estimated 
in various ways. However, data on the cost efficiency of nitrogen removal is available from specific 
case studies, such as that of St. Petersburg’s major wastewater treatment investment (Vodokanal 
2006). There is also key data on agriculture in Kalajoki, Finland (Väisänen 2008) and Odense, 
Denmark (Environment Centre Odense 2007), and the Nordic Environment Finance Corporation 
(NEFCO) has also estimated the cost-efficiency of nitrogen removal in the Baltic (NEFCO 2007). 
 
9.3.1 Nitrogen load removal in agriculture 
 
Some studies (HELCOM 2007) indicate that nitrogen can be removed relatively cost efficiently 
from agriculture. Techniques available for decreasing nutrient loading from agriculture include: 
livestock reductions, changes in spreading periods of manure, wetlands, riparian buffers and 
reduced fertilization. Not all of these methods, such as reduced fertilization, have costs that can be 
calculated. Building wetlands and riparian buffers do, however, have calculable costs, and from a 
case study in Finland it has been calculated that building artificial wetlands will yield a cost of 
1,000–2,000 EUR/tonne nitrogen and riparian buffers will yield a cost of and 10,000–20,000 
EUR/tonne nitrogen (Väisänen 2008). According to NEFCO, removing nitrogen from agriculture 
costs 3,500 EUR/tonne. This figure correlates with the figures proposed by Väisänen (2008). In 
Odense, Denmark, it has been calculated that basic actions to remove nitrogen from agriculture 
will cost 16.9 million EUR and will remove 330 tonnes of nitrogen and 5 tonnes of phosphorus 
annually (Environment Centre Odense 2007). The cost of additional measures required to meet the 
demands of the EU Water Framework Directive have been calculated at 12.6 million EUR/year and 
the associated nitrogen removal potential has been estimated at more than 900 tonnes of nitrogen.  
 
9.3.2 Wastewater treatment 
 
In principle, the most cost effective means of nitrogen removal is the construction of wastewater 
treatment plants (WWTP) in densely populated coastal areas which have no prior wastewater 
treatment. The northwest WWTP in St. Petersburg is a showcase example, with a unit cost of 
5,000 EUR/tonne nitrogen. However, with respect to future measures, there are very few 
comparable population centres with no wastewater treatment remaining in the Baltic Sea 
catchment area.  
 
Building WWTPs in sparsely populated areas is not as cost efficient; the unit costs are much 
higher, estimated at as high as 28,000 (Kiirikki et al. 2003) or 30,000 (NEFCO) EUR/tonne of 
nitrogen.  
 
The improvement of existing WWTPs offers potential for further cost-efficient nitrogen reduction. It 
has been calculated, for instance, that increasing the nitrogen removal rates of Finnish coastal 
WWTPs would have approximately the same unit cost (5,000 EUR/tonne) as the northwest WWTP 
in St. Petersburg. (Finnish Environment Institute: 
http://www.ymparisto.fi/default.asp?contentid=41178&lan=FI).  
 
9.3.3 Comparison of cost effectiveness of nitrogen removal from shipping with cost effectiveness of 
nitrogen removal from other sectors 
 
Comparison between the cost efficiency of nitrogen abatement from shipping and other sectors is 
challenging, not least due to the fact that calculations on cost efficiency of nitrogen removal from 

http://www.ymparisto.fi/default.asp?contentid=41178&lan=FI


71 
 

agriculture/WWTP are only available for selected case studies and/or most available data for 
agriculture/WWTPs provide cost abatement estimates ‘at source’, without taking into account the 
actual loads of nitrogen reaching the sea. The majority of the nitrogen from inland sources is 
retained or denitrified on its way to the Baltic Sea. Therefore, the following comparison of cost 
effectiveness of nitrogen removal from shipping with cost effectiveness of nitrogen removal from 
other sectors is only a rough estimate and should be recognised as such. 
 
The marginal abatement costs of additional abatement measures of NOx emissions for ships with 
the corresponding costs of additional abatement measures for other sectors has been presented in 
the ENTEC study (Entec, 2005). The study concluded that the shipping sector is one of the most 
cost effective sectors (per tonne NOx abated) for achieving additional ‘beyond BAU’ (Business As 
Usual) NOx emissions reductions. 
 
Figure 9-11 shows a comparison of average estimated costs of nitrogen abatement in agriculture, 
wastewater treatment and shipping. In an attempt to estimate cost efficiency as realistically as 
possible, the cost of NOx abatement from shipping must be converted to the cost of N deposited to 
the sea. According to the EMEP, shipping NOx emissions in 2006 were 105,000 tonnes and the 
related N deposition was 11,500 tonnes, indicating that roughly 1/10 of the emitted nitrogen ends 
up in the sea. Thus, in order to apply this assumption to the cost figures presented above, the 
costs must be multiplied by a factor of 10. This would give an average abatement cost per tonne 
nitrogen of 60,590 EUR for scenario 1 and 43,255 EUR for scenario 2. These figures should, 
ideally, be compared with the corresponding figures from other sectors. However, only the 
abatement cost figures for wastewater treatment plants of coastal cities which discharge treated 
sewage directly to the sea seem to be comparable, since no figures showing the amount of 
nitrogen actually deposited to the sea are available for agriculture and wastewater treatment plants 
in sparsely populated areas. Thus, to give a better overview, Figure 9-11 shows the abatement 
costs for both nitrogen deposition and NOx emissions for the shipping scenarios. Moreover, the 
cost figures presented for NOx abatement also include the health aspect of improved air quality, 
which is not taken into account in these calculations.  
 

 
 
Figure 9-11. Comparison of average nitrogen abatement costs in shipping (costs per abated N in 
NOx emissions and per abated N deposited to the sea) with abatement costs in agriculture and in 
wastewater treatment plant (WWTP) construction (costs per abated tonne of N at source). 
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It should also be taken into account that the Baltic Sea catchment area covers a vast area and part 
of the ship-derived NOx deposited outside the Baltic Sea will eventually wash into the sea. 
Additionally, an important factor contributing to the level of impact of nitrogen on the Baltic Sea 
ecosystem is the time of the year when the nitrogen enters the marine environment. It is known 
that nutrients entering the Baltic Sea after the spring bloom (i.e. during summer) are the most 
harmful, as they feed cyanobacterial blooms. Although seasonal variation is high in shipping, as 
well as in other sectors, especially high deposition from shipping occurs during the summer period.  
 
9.4 Possible modal shift due to additional costs of the Tier III regulations for shipping in the 
Baltic Sea area 
 
In this chapter the possibility of a shift in transport mode due to the Tier III NOx regulations for the 
Baltic Sea area are analysed. 
 
The choice of transport service is influenced by numerous factors such as cost, capacity of the 
transport system, transit time, reliability, flexibility, frequency, security, nature of cargo, value of 
cargo, relationships and existing contracts with transport suppliers etc. For certain cargo types, 
such as dry and liquid bulk cargoes, sea transport is the only reasonable option. Cargoes carried 
by ro-ro vessels in short sea shipping may be more susceptible to modal shift. In theory, a truck 
can be transported from point A to B either entirely by road, or partly by sea or rail. In some cases, 
though, there are no viable alternatives to sea transport, such as routes between Southern Finland 
and Sweden, Sweden and the Baltic States, or Finland and Estonia. The potential for modal shift in 
the Baltic Sea area is highest for routes between Sweden and Continental Europe, within Sweden 
(i.e. transport from northern to southern Sweden by road or rail in preference to long sea routes), 
between Finland and the continent (i.e. land routes via the Baltic States or Sweden instead of 
direct sea transport via the Baltic) and between Russia and Central Europe.  
 
Revised regulations may lead to a partial shift away from short sea shipping to road and rail. 
However, the shift will vary significantly between different routes and price projections. The 
potential for increases in freight rates caused solely by the NOx regulations is likely to be on 
average 2 to 5% (see section 9.2.4) depending on the vessel type and thus the potential for modal 
shift due to the NECA designation alone will most probably be minimal, in most cases non-existent.  
 
 
9.5 Conclusions 
 
Nitrogen abatement from maritime traffic is approximately as cost efficient as abatement from 
agriculture or wastewater treatment. Abatement from RoRo, RoPax and container vessels is most 
cost efficient, with unit costs as low as less than 3,000 EUR/tonne of nitrogen. Short sea shipping 
is a special characteristic of Baltic shipping and the relatively few RoRo, RoPax and container 
vessels operating in Baltic short sea shipping consume high amounts of bunker fuel. Abatement 
costs would decrease (and cost efficiency would increase) if more NECA areas near to the Baltic 
Sea were to be established and if ships equipped with SCR units would operate these units also 
outside NECA areas. Establishment of a North Sea NECA, for example, would lead to increased 
SCR operation time among ships operating both inside and outside the Baltic Sea area. 
 
Currently the following technologies meet the Tier III NOx emission standards: SCR, use of 
alternative fuels such as liquefied natural gas, and EGR. Selective catalytic reduction (SCR) is the 
most common technology available and on which we have sufficient data to make cost estimates. 
Cost calculations show that with a 10% interest rate on SCR capital investment, abatement of one 
tonne of NOx may cost 787–4,699 EUR (2,585–15,440 EUR per abated tonne of nitrogen) 
depending on the type of ship and the method of calculation. However, the average cost is about 
1,316–1,843 EUR per tonne NOx (4,325–6,059 EUR per tonne of nitrogen). With a 5% interest rate 
the abatement costs decrease to 695–3,176 EUR (2,283–10,436 EUR per abated tonne of 
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nitrogen) and average cost 1,022–1,362 EUR per tonne NOx (3,360–4,476 EUR per tonne of 
nitrogen), respectively. 
 
Designation of the Baltic Sea as a NECA would presumably increase the freight rates of shipping 
in the Baltic Sea area. Estimations show that due to use of Tier III NOx emission reduction 
equipment (SCR) an increase of 2–4.6% in freight rates of new ships is possible, depending on the 
vessel type. The highest cost increase may be for large and fast container vessels. These 
estimations are made on the basic assumption that only those costs which are affected by Tier III 
NOx regulations are taken into account. Due to the relatively small increase in freight rates, the 
potential for a modal shift caused solely by the Tier III NOx regulations will most likely be minimal 
and in most cases non-existent.  
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Appendix 1. Detailed map of the Baltic Sea area. 
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Appendix 2. Ice conditions in the Baltic Sea area 
 

 
Figure A2-1. Extremely mild winter 1991/92, max. extent of ice cover 66,000 km². 
 

 
Figure A2-2. Average winter 1961-1990, max. extent of ice cover 204,000 km². Winter 2002/03 
was close to an average winter, the maximum extent of the ice cover was 232,000 km² in early 
March 2003. 
 

 
Figure A2-3. Extremely severe winter 1986/87, max. extent of ice cover 405,000 km². 
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Appendix 3. Blooms of blue-green algae 
 
Blooms of blue-green algae are a recurring problem in the Baltic Sea during summer, both on a 
small scale (left,© Finnish Environment Institute) and on a larger scale (right, © The Finnish 
Boarder Guard/Air Patrol Squadron). The blooms, which may be toxic, are one of the symptoms of 
eutrophication caused by excess nutrients in the Baltic Sea. The Envisat image (at bottom, © 
European Space Agency) captures blue-green algae blooms filling the Baltic Sea (16 July 2010). 
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Appendix 4. Classification of eutrophication status in the Baltic Sea. 
 
 

 
Figure A4-1. Integrated classification of eutrophication status in the Baltic Sea. Areas in green 
represent ‘areas unaffected by eutrophication’, areas in yellow, orange and red represent ‘areas 
affected by eutrophication’. Circles represent assessment sites. (HELCOM 2010a) 
 
 

  
Figure A4-2. Summary of the integrated classifications of ‘eutrophication status’ presented as the 
proportion of assessment units per sub-basin. (HELCOM 2010a) 
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Figure A4-3. Interim confidence ratings of the eutrophication classifications presented as the 
proportion of assessment units per sub-basin. Colours: blue represents high confidence, green 
represents acceptable confidence and red represents a low and hence unacceptable confidence. 
(HELCOM 2010a) 



 
 

 

Appendix 5. Ranking of magnitude of all potential pressures on the Baltic Sea based 
on Impact Index values (HELCOM 2010a). 
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SUMMARY 
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Introduction 
 
1 In document MEPC 70/X/X, the Baltic Sea States propose to designate the Baltic 
Sea as an Emission Control Area for nitrogen oxide (NOx) emissions (NECA). The purpose of 
this document is to provide supplementary information on available NOx abatement 
technology to meet the Tier III NOx emission standard according to Regulation 13 of the 
revised MARPOL Annex VI. 
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2 The following technologies are described in the annex to this document: Selective 
Catalytic Reduction (SCR), use of alternative fuels, internal engine modifications, direct water 
injection, fuel-water emulsion, intake air humidification, and Exhaust Gas Recirculation 
(EGR). 
 
Conclusions 
 
3 Engine technology in the field is developing towards better environmental 
performance. Engine manufacturers are at present developing new technologies, several of 
which are likely to be somewhat more economical than SCR for a range of engine types. At 
present, SCR exhaust gas after treatment, gas engines and EGR are in service, which have 
the NOx reduction potential to achieve MARPOL Annex VI Tier III compliance for ships sailing 
in the Baltic Sea area. Other methods and combinations of methods are being or have been 
developed, and alternative options for meeting the Tier III requirements are thus expected to 
become commercially available in the near future. 
 
Action requested of the Committee 
 
4 The Committee is invited to note the information provided in this document. 
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Annex 
 
The following technologies are described in this annex: Selective Catalytic Reduction (SCR), 
use of alternative fuels, Exhaust Gas Recirculation (EGR), internal engine modifications, 
direct water injection, fuel-water emulsion and intake air humidification. 
 
Today, SCR exhaust gas after treatment and gas engines are considered the most common 
technologies that are already used in service which have the NOx reduction potential to 
achieve IMO Tier III compliance. Diesel engines equipped with EGR technology have already 
been certified to meet Tier III NOx emission standards. Other methods and combinations of 
technologies (described below) are being or have been developed. Thus, additional options 
for meeting the Tier III requirements are expected to become commercially available in the 
near future at cost levels comparable to or lower than SCR costs. 
 
Tier III compliant technologies 
 
Currently the following technologies meet the Tier III NOx emission standards: SCR, use of 
alternative fuels such as liquefied natural gas, and EGR. These technologies are described 
in more detail below. 
 
Selective Catalytic Reduction (SCR) 
 
SCR is an exhaust gas after-treatment technology with a NOx abatement capability of more 
than 80%. SCR in currently the leading technology for use in ships constructed on or after 
1.1.2016 in order to comply with the Tier III standard. SCR units can either be installed 
separately per ship engine, or as combined engine/SCR systems in accordance with the 
certification scheme of the NOx Technical Code and relevant guidelines. When using a 
combined engine/SCR system, backflow of exhaust gas into the non-operating engine must 
be avoided. Due to safety considerations, urea, typically in the form of a urea-water solution, 
is preferred over ammonia as the SCR reducing agent in marine installations.  
 
The SCR concept involves injecting urea-water solution into the exhaust gas stream in 
combination with a catalyst unit in the exhaust channel. SCR is a well-known ‘add-on’ 
exhaust treatment system and, as such, does not interfere with the basic engine design and 
allows free choice of engine manufacturer. However, the process requires a certain minimum 
engine exhaust gas temperature level, making the use of SCR under low engine load 
conditions challenging. Therefore, for 2-stroke engines the most likely location of the SCR 
unit is before the turbine part of the turbocharger in order to expand the active range of SCR 
operation.  
 
The frequency of catalyst element replacement is mainly dependent on operational time, fuel 
quality, type of catalyst, etc. SCR systems can also be used with high sulphur fuels, if 
properly designed and maintained. The lifetime of the catalyst is in the range of 10,000-
20,000 operating hours, depending on fuel oil quality, urea quality and maintenance in 
accordance with manufacturer’s instructions. 
 
Due to their sound attenuation capabilities, for 4-stroke engines, the catalyst unit may partly 
or entirely replace the exhaust gas silencer (smaller silencer size). Today combined SCR 
and silencer packages are available to minimize space required for installation within a 
limited space. However, in single main engine applications, a bypass needs to be considered 
in order to assure the engine operation in case of collapse or plugging of the SCR system. 
 
No limitations in SCR application regarding ship type are thought to have been encountered 
up to now. Sufficiently high exhaust gas temperatures are required, typically above 300 – 
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340oC depending on the fuel quality, for the process to function as desired. Consequently, 
NOx reductions in 2-stroke engines often require re-tuning of the engine for higher exhaust 
gas temperatures. The required exhaust temperature can generally be achieved at higher 
engine loads (above around 20% load) and after a warm-up period of typically 20–30 
minutes after a cold start. The use of SCR systems may slightly increase fuel oil 
consumption, create ammonia slip and additional CO2 emissions, which have global warming 
effect. These effects should be minimized when designing SCR systems for ships. 
 
Space needed to install SCR on board 
  
The urea-water solution (40%) tank size depends on the engine size, how often the engine is 
used, and how often the ship can take on board urea. Modern vessels (offshore vessels, 
RoPax, fishing vessels) typically have a urea tank capacity of 30–100 m3 distributed between 
1–2 tanks. The total engine power, with SCR, of these vessels ranges from 3–25 MW, giving 
urea tank capacities ranging from 4–10 m3/MW for these larger engines (and ships).  
 
Smaller vessels would operate locally and be able to fill tanks more frequently, provided that 
urea is available at ports. If urea bunkering infrastructure is in place there will be no need to 
store large amounts of urea on board.  
 
The catalyst reactor volume is in the region of about 1.5-3m3/MW installed power. For high 
pressure SCR systems, the space requirement would be somewhat smaller. A number of 
factors determine this, including fuel quality. Sufficient space must also be allocated to urea 
injection and mixing (usually a 2–6 meter straight exhaust pipe before the catalyst; the 
distance increases along the increase of the engine size). It should be noted that the Tier III 
requirements are for new ships, which will ensure that the SCR requirements are considered 
at the design stage. Today, SCR has been installed on more than 300 ships, in many cases 
as a retrofit installation. As a rule, SCR systems and their associated tanks are not installed 
on deck on new ships. In a very small number of retrofit cases (which are not regulated by a 
Baltic Sea NECA), however, on-deck installation has proven necessary.  
 
Fuel oil quality and SCR technology 
 
One of the most significant misconceptions concerning SCR technology relates to the 
sulphur content of fuel oil and consequent SO2 concentration in the exhaust gas. The 
formation of solid ammonium bisulphate due to low load operation must be avoided by 
keeping the exhaust gas inlet temperature (entering the catalyst) high enough, as otherwise 
it can condense onto the catalyst element surface affecting NOx reduction performance 
causing increased backpressure and clogging, and ultimately even preventing engine 
operation. Urea injection and the exhaust gas temperature into the catalyst must be 
controlled to eliminate/minimize this eventuality. From an emergency operation point of view, 
in single engine installations, a bypass should be considered. Catalyst poisons such as 
potassium and sodium are a concern and reduce the lifetime of the catalyst. The deactivation 
mechanisms are understood and modeling can be used to predict when a catalyst 
replacement is required. 
 
Availability and adequacy of infrastructure for urea supply for SCR technology in Baltic ports 
 
Urea is normally purchased in a solution form (around 40% concentration urea in water). 
Urea is a common, well-established commodity. It is a non-toxic, odorless solution and is 
considered relatively safe to transport and store at ambient temperature and pressure. 
Special caution must, however, be taken in winter temperatures in order to avoid 
crystallization as well as to avoid the risk of contamination of urea in tank trucks. 
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It can be assumed that the urea quality requirements for maritime SCR installations will be 
similar to the automotive grade (although the maritime grade will be 40% solution and a 
quality standard needs to be developed and carefully followed)1. This means that the same 
urea production facilities that are producing automotive grade urea can be utilized for the 
maritime grade. The capacity of these production plants will be increased to meet the needs 
of the market. As the MARPOL Tier III requirements will only apply to new-build vessels 
(from 2021), there will be a gradual and easily anticipated increase in urea demand, allowing 
production facilities to increase their output accordingly.  
 
According to Integer's base-case SCR forecast for Europe, AdBlue consumption for 
commercial on-road vehicles will reach about 4.4 million tons of AdBlue in 2015 (1.4 million 
tons of urea), whereas maritime volumes will reach (according to Figure 9.3 in document 
MEPC 70/7/X, using 1.5 kg urea/kg NOx) 75,000 tons by 2020; 225,000 tons by 2030; and 
495,000 tons by 2040. Thus, it can be concluded that the Baltic Sea maritime urea market 
will total no more than 10% of the European AdBlue market. Even with more NECAs defined 
and enforced, the maritime urea market would be small compared to the automotive market.  
Hence, urea availability is not regarded as a problem.  
 
A market for marine SCR has existed for the last 15 years, for example in 
Norwegian/Swedish/Finnish waters (incentivized by the Norwegian NOx Fond and Swedish 
Fairway dues, etc.). There is, therefore, already considerable experience of building a urea 
infrastructure. Today (summer 2011), the total urea consumption in this area is about 10,000 
ton/yr, utilizing plants in Sweden, Finland and Estonia.  
 
This requirement is comparable to the volumes expected during the first 1–2 years of a Baltic 
NECA. Issues surrounding urea for marine SCR are being addressed by a CEFIC working 
group and further information is available on request. 
 
Use of alternative fuels  
 
Use of alternative fuels, such as liquefied natural gas (LNG) in lean-burn gas engines, offers 
another means to reduce NOx emissions. For many years, LNG carriers have been using 
boil-off gas in their steam power plants. More recently, dual fuel diesel marine engines have 
become available which can operate on fuel oil, LNG, or a combination of both.  Natural gas 
engines have been shown capable of NOx emissions 80 to 90% lower than diesel engines, 
and therefore comply with Tier III. The NOx reduction potential using LNG in dual fuel 
engines depends on the amount of pilot fuel injected to start the combustion process (Diesel 
process) and the cycle mode (2-stroke/4-stroke). When operating on natural gas, peak 
cylinder temperatures are reduced, relative to diesel operation, through the use of a lean-
burn Otto-cycle combustion process. These lower peak cylinder temperatures restrict the 
formation of NOx. 
 
Use of reformulated gas-to-liquid-fuels, however rare so far, produces substantially less NOx 
emissions in a manner comparable to Dimethyl Ether (DME) with no need for a pressurized 
fuel system. 
 
According to the EU directive 2014/94/EU on the deployment of alternative fuels 
infrastructure, a core network of refuelling points for LNG at maritime TEN-T ports should be 
available at least by the end of 2025. Refuelling points for LNG include, inter alia, LNG 
terminals, tanks, mobile containers, bunker vessels and barges.  
 

                                                
1 Correspondence with International Association for Catalytic Control of Ship Emissions to Air (IACCSEA). 
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Currently LNG terminals are operational in the port of Stockholm in Sweden, and in the port 
of Świnoujście in Poland. Also location of a LNG bunkering station in Port of Szczecin-
Świnoujście in Poland is under consideration. In Finland there are plans to build LNG 
bunkering stations in four Finnish ports: Pori (2016), Tornio Röyttä (2018), Rauma and 
Hamina. Major suppliers have ordered bunker vessels. If there will be demand for LNG fuel 
supply to ships, LNG terminals could be constructed also in Russian Baltic Sea ports. 
 
Exhaust Gas Recirculation (EGR) 
 
Exhaust Gas Re-circulation (EGR) relies on a part of the exhaust gases being filtered, cooled 
and rerouted back to the engine charge air. Since the specific heat capacities of the principal 
exhaust components are higher than air, the process results in a reduced combustion 
temperature and thereby less NOx formation. Also, as a secondary effect, a reduction of 
oxygen in the chamber means that there is less available to combine with nitrogen to form 
NOx. 
 
MEPC 68 agreed to a new output to develop guidelines for the discharge of bleed-off water 
from exhaust gas recirculation NOX emission reduction systems for inclusion in the biennial 
agenda of the PPR Sub-Committee and instructed the Sub-Committee to commence the 
development of such guidelines. At the PPR 3 Meeting the Sub-Committee instructed the 
Correspondence Group on Prevention of Air Pollution from Ships to further develop the draft 
Guidelines for the discharge of exhaust gas recirculation (EGR) bleed-off water. 
 
 
Other possible technologies 
 
Other possible technologies that are available for reduction of NOx emissions of marine 
diesel engines are: internal engine modifications, direct water injection, fuel-water emulsion 
and intake air humidification. 
 
Internal engine modifications (IEM) 
 
Engine technology in the field is developing towards better environmental performance and 
engine manufacturers are constantly developing new technologies. Several technologies are 
currently under development which, if they prove to be more economical than SCR, would 
offer viable alternatives.  
 
The engine manufacturers have succeeded substantially in improving environmental 
performance of diesel engines. NOx emissions have been reduced in slow speed marine 
diesel engines from 15 – 17 to 8 – 11 g/kWh, medium speed and high speed marine diesel 
engines from 10 – 13 to 5.0 – 6.0 g/kWh. In the context of R&D, scientific groundwork has 
been elaborated demonstrating the possibility of reaching the level of NOx emissions from 
diesel engines and main engines equal to 2 – 4 g/kWh. 
 
Engines can be modified to reduce NOx emissions2 using a wide range of methods. These 
methods aim to either optimize combustion, improve air charge characteristics, or alter the 
fuel injection system. Research and development is required to determine the correct 
combination of modifications appropriate for each engine type. The wide range of IEMs 
available, broadly categorized here as ‘basic’ and ‘advanced’ are presented below: 
 

                                                
2 European Commission Directorate General Environment. Service Contract on Ship Emissions: Assignment, 

Abatement and Market-based Instruments, Task 2b – NOx Abatement, Final report, August 2005, Entec 
UK limited 
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• ‘Basic IEM’ (slide valves); and 
• ‘Advanced IEM’ 
 
Basic IEM 
The most widespread IEM is the exchange of conventional fuel valves with low-NOx slide 
valves. Slide valves are designed to optimize spray distribution in the combustion chamber 
without compromising on component temperatures and thereby engine reliability. This 
measure is currently only applicable for slow-speed 2 stroke engines, and virtually all new 
engines of this type are thought to have these valves fitted as standard, as a means of 
meeting the IMO Tier II NOx standard. 
 
Advanced IEM 
Optimized combinations of a number of IEMs developed for particular engine families are 
referred to in this document as ‘Advanced IEM’. For this technique, it is important to note that 
the NOx reductions quoted are targets which the manufacturers have set, and that advanced 
IEMs for ships are generally still in the development phase. Examples of particular 
techniques include: 
 
• Retard injection/Miller cycle valve timing; 
• Higher compression ratio/Adjustable compression; 
• Increased turbo efficiency/Two-stage turbocharger; 
• Common rail injection/Flexible injection system/Two-stage injection; 
• Low intake temperature. 
 
Direct Water Injection (DWI) 
 
With this technique, freshwater is injected through a valve to cool the combustion chamber 
before combustion commences, thereby reducing NOx formation. Storage, bunkering of 
freshwater or on-board production based on sea water is necessary, and installation can 
often be carried out while the ship is in normal operation. Up to 50% NOx reduction can be 
achieved at high engine loads. This method is already being used successfully on some 
commercial ships sailing in the Baltic Sea area. 
 
Fuel-Water Emulsion (FWE) 
 
With fuel-water emulsion3, the water is mixed with fuel on board the ship. This measure, 
along with DWI, is one of the ‘wet methods’ for reducing nitric oxide levels in exhaust gas. 
The evaporation of the water in direct proximity to the injected fuel causes local cooling of the 
combustion in the cylinder. The lower temperatures in turn lead to less NOx build-up. 
  
Extensive testing has shown that each percentage of water that is mixed with the fuel 
reduces NOx emissions by the same percentage. As a result, a NOx reduction rate of up to 
30% can be achieved. Unlike with HAM technology, only fresh water is used with FWE, since 
the emulsion must be free from salts. The methods developed rely on a continuous supply of 
fuel-water emulsion that is electronically controlled and can be generated while the engine is 
operating. This method is already being used successfully on numerous cruise liners and 
commercial ships. 
 
 
 
 
 
                                                
3 http://www.mandieselturbo-greentechnology.com/category_000509.html 
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Intake air humidification with WetPac H and Humid Air Motors (HAM) 
 
This principle involves humidification of the intake air to the combustion process4. The hot 
charge air from the compressor is humidified by direct uptake of vapour from seawater in a 
separate water spray chamber (HAM) or for WetPac system directly in the air receiver by 
injection of water free from salt at high pressure forming small water droplets for further 
evaporation (WetPac H5). This increases the heat capacity of the charge air on the one hand, 
allowing it to absorb more heat, while at the same time reducing the oxygen content of the 
air. The result is a lower combustion temperature in the engine – one of the key factors for 
NOx content in exhaust gas. Intake air humidification enables this to be reduced by up to 30-
70%. HAM uses untreated seawater to generate steam regaining thermal energy from the 
cooling water of the engine, thus running the HAM system incurs only small additional 
operating costs. This means that the energy from the vapour generation is not detracted from 
the combustion chamber. 
 
The HAM system installed onboard MS Mariella has shown a verified potential of 70-80% 
reduction of NOx at 75% of maximum continuing rating (MCR)6. The potential of HAM 
technology and a combination of HAM with other technologies to achieve higher reduction 
levels should be investigated further. Other important aspects related to HAM technology are 
increased energy efficiency by utilizing the energy from the increased mass flow through the 
engine, and low operational costs. 
 
The application of intake air humidification with high NOx reduction performance is limited on 
modern engine types having high boost pressure (necessary for high engine output and low 
in-cylinder NOx formation) due to the low dew point of water at high pressures.  
 
One challenging constraint with intake air humidity is increased smoke/particulate formation.  
  
NOx emission reductions 
 
Table 1 presents the estimated potential of emission reduction efficiencies of the NOx 
abatement techniques. 
 
 
Table 1. Estimated NOx emission reduction efficiencies. 
 
Measure   NOx Emission reduction 

Selective Catalytic Reduction Tier III compliance 
Use of LNG as fuel in lean-burn gas engines Tier III compliance 
Exhaust Gas Recirculation (EGR) Tier III compliance 
Basic IEM (2 stroke slow speed only) -20% 
Advanced IEM -30% 
Direct Water Injection -50% 
Fuel-Water Emulsion (FEW) -15-30% 
Intake air humidification with WetPac H and 
Humid Air Motors 

-30-70% 

Combination of technologies, e.g. FWE and EGR Tier III compliance 
 

                                                
4 http://www.mandieselturbo-greentechnology.com/article_006932.html 
5 Product name of Wärtsilä 
6 Viking Line: http://www.vikingline.se/Pages/om_viking_line/sakerhet_miljo/miljo.asp  

http://www.vikingline.se/Pages/om_viking_line/sakerhet_miljo/miljo.asp
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Conclusions 
 
Engine technology in the field is developing towards better environmental performance. 
Engine manufacturers are at present developing new technologies, several of which are 
likely to be somewhat more economical than SCR for a range of engine types. At present, 
SCR exhaust gas after treatment, gas engines and EGR are in service, which have the NOx 
reduction potential to achieve MARPOL Annex VI Tier III compliance for ships sailing in the 
Baltic Sea area. Other methods and combinations of methods are being or have been 
developed, and alternative options for meeting the Tier III requirements are thus expected to 
become commercially available in the near future. 
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