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Summary 
Potential impacts and net benefits of yearly air emission reductions for different abatement options and 
ship types in the Baltic Sea Region  

by Lena Nerhagen  

 

This is a delivery to the Carrots and Sticks project. The aim of this project is to investigates policy 
instruments and measures that can reduce emissions from maritime transport most cost-effectively 
while also contributing to the fulfillment of four of the Swedish Environmental Quality Objectives 
(EQO). This report therefore provides an assessment of the current air pollution situation in 
Sweden and the main gaps in relation to the EQO’s. Thereafter, estimates are presented of the 
potential impacts and net benefits for different abatement options that can further reduce the emissions 
from shipping in the Baltic Sea Region.  

The estimated net benefits are based on the reductions for emissions out at sea of (primary exhaust) 
PM, NOx and its contribution to the formation of Secondary Inorganic Aerosols (SIA) and CO2. I have 
also estimated the benefits and costs for shore side electricity provision in the city of Gothenburg 
where the benefits of the local impact of exhaust PM and NOx (as NO2) were added. I only consider 
the Tank To Propeller perspective, and the costs for the shipowner since this is the actor that is 
expected to be influenced by various incentives. The calculations however are for single ships and are 
to be combined with data from another project to arrive at estimates of total impacts, benefits and costs 
on a yearly basis. 

The results presented in this report are based on the same type of assessments and calculations as used 
in recent work by the International Institute for Applied Systems Analysis (IIASA) that was 
commissioned by the EU. The aim of that project was to provide information on the balance between 
the stringencies of the current emission control regulations for land-based sources in the EU versus 
those for the shipping sector, and to explore the feasibility and potential impacts of further emission 
reduction initiatives for the maritime sector. This is similar to the questions to be answered in the 
Carrots and Sticks project where the aim is to propose cost-effective policy instruments to achieve 
four air pollution and climate related Swedish national environmental policy objective. 

When analyzing the results, it must be acknowledged that the evaluation context is very different from 
shipping in many other parts of the world. Our baseline is that a SECA area has already been 
implemented. Furthermore, the fuel used is already to a large extent the cleaner fuel Marine Gas Oil. 
Considered here is therefore what the impact and net benefit of additional abatement options will be in 
a part of Europe that is relatively sparsely populated and where the concentrations of PM2.5, at least in 
Sweden, are very low in an international comparison. It is therefore not surprising that reduction in the 
air pollutants plays a minor role for the benefit estimation which instead is dominated by the 
reductions of CO2. This also implies that not all abatement options have a positive net benefit.  

The results presented on costs and benefits for the different abatement options reveal that there are 
large variations in the estimated impacts. It is also clear that some require investments that are outside 
the hands of the shipowner. The latter is especially the case for shore side electricity provision. This 
example is also a good illustration of that the benefits of reducing air pollutants mainly comes from 
health benefits on a regional scale, hence to a large extent from neighboring countries instead of very 
local impacts in a city. It also illustrates the need to account for the wider impacts of a certain 
abatement option, in this case how to account for the environmental problems related to different ways 
to produce electricity.  
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Sammanfattning 
Potentiella effekter och nettonyttor till följd av minskade årliga utsläpp till luft för olika 
åtgärdsalternativ och typer av skepp i Östersjöregionen  

by Lena Nerhagen  

 

Detta är ett underlag till projektet Morötter och Piskor. Syftet med detta projektet är att undersöka 
styrmedel och åtgärder som kan minska utsläppen från sjötransport på ett kostnadseffektivt sätt 
samtidigt som de bidrar till uppfyllandet av fyra av de svenska miljökvalitetsmålen (EQO). Denna 
rapport innehåller därför inledningsvis en bedömning av den nuvarande situationen för 
luftföroreningar i Sverige och de viktigaste luckorna i förhållande till EQO:s. Därefter beräknar jag 
potentiella effekter och nettonyttor för olika reduktionsalternativ som ytterligare minskar utsläppen 
från sjöfarten i Östersjöregionen.  

De beräknade nettonyttorna baseras på utsläppsminskningarna till havs av (direktemitterade 
avgaspartiklar) PM, NOx och dess bidrag till bildandet av sekundära oorganiska aerosoler (SIA) och 
CO2. Jag har också uppskattat nyttorna och kostnaderna för landbaserad el i hamnen i Göteborg där 
fördelarna med den lokala påverkan av direktemitterade avgaspartiklar och NOx (som NO2) tillkom. 
Beräkningarna avser endast emissioner från fartyget (Tank Till Propeller) samt enbart kostnader för 
fartygsägaren. Detta eftersom det kan förväntas att det är denne aktör som kan påverkas av olika typer 
av incitament. Resultaten baseras dock på beräkningar för olika typfartyg och ska kombineras med 
trafikeringsdata från ett annat delprojekt för att får fram beräkningar av totala effekter, nyttor och 
kostnader på årsbasis. 

Resultaten som presenteras i denna rapport baseras på samma typ av kvantifiering och beräkning som 
de i ett nyligen genomfört projekt av Internationella Institutet för tillämpad systemanalys (IIASA) som 
beställdes av EU. Syftet med det projektet var att ge information om avvägningen mellan strängarna 
krav i de nuvarande utsläppskontrollbestämmelserna för landbaserade källor i EU gentemot dem för 
sjöfart och att undersöka möjligheterna och möjliga effekter av ytterligare initiativ för minskning av 
utsläppen från sjöfarten. Detta liknar de frågor som ska besvaras i Morötter och piskor-projektet där 
målet är att föreslå kostnadseffektiva styrmedel för att uppnå fyra av de svenska miljömålen. 

Vid användning av resultaten i denna rapport är det viktigt att känna till att förutsättningarna skiljer sig 
från de som gäller för sjöfart i många andra delar av världen. Utgångspunkten för denna analys är att 
ett SECA-område redan har implementerats. Vidare är det bränsle som används redan i stor 
utsträckning det renare bränslet Marine Gas Oil. Dessa beräkningar beskriver därför hur effekten och 
nettonyttan av ytterligare minskningar kommer att bli i en del av Europa som är relativt glesbefolkat 
och där koncentrationerna av PM2.5, åtminstone i Sverige, är mycket låga i en internationell 
jämförelse. Det är därför inte förvånande att minskningen av luftföroreningarna spelar en mindre roll i 
beräkningen av nettonytta vilka istället domineras av minskningarna av koldioxid. Detta innebär också 
att inte alla reduktionsalternativ har en positiv nettonytta. 

Resultaten avseende kostnader och nyttor för de olika reduktionsalternativen visar att det finns stora 
variationer i de uppskattade effekterna. Det är också klart att vissa kräver investeringar som ligger 
utanför redarens händer. Det sistnämnda är särskilt fallet för landbaserad el. Detta exempel är också en 
bra illustration av att nyttorna med att minska luftföroreningar huvudsakligen kommer från 
hälsovinster på regional nivå, alltså i stor utsträckning från såväl hela Sverige som grannländerna i 
stället för mycket lokala effekter i en stad. Detta exempel illustrerar också behovet av att inkludera 
bredare effekter av ett visst reduktionsalternativ, i detta fall hur man redogör för miljöproblemen 
relaterade till olika sätt att producera el.  
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1. Introduction 

1.1. Background and content  
Maritime transport contributes to emissions of harmful air pollutants and carbon dioxide. This study is 
part of a larger project that investigates policy instruments and measures that can reduce emissions 
from maritime transport most cost-effectively while also contributing to the fulfillment of four of the 
Swedish Environmental Quality Objectives (EQO). The project is called "Carrots and sticks". 
According to the research proposal, four different air pollutants are in focus: CO2, SO2, NOx, and 
exhaust particles. The project has a system- and long-term perspective. To achieve the overall goals of 
the project the following subprojects will be undertaken: 

A) Identify, describe and classify policy instruments and measures related to maritime transport 
(shipping) that directly or indirectly have an impact on the following four EQO’s: Reduced climate 
impact, Clean air, Natural acidification only and Zero Eutrophication.  

B) Analyze and judge to what extent the identified policy instruments and measures contribute to 
reduce health and environmental impacts and the contribution to relevant political goals. 

C) Undertake an iterative Delphi study with key stakeholder to identify possibilities and obstacles 
with the different policy instruments. 
 
D) Perform cost-benefit analyses.  

E) Propose policy instruments and measures that Sweden should focus in in future work at the 
national and international level.   

The results presented in this report provide information to the subprojects B and D. These results will 
be combined with data from other deliveries in “Carrots and sticks” to provide information that 
can used to arrive at the conclusions in subproject E. 

Regarding B, an investigation to assess the influence of shipping on air quality and, consequently, 
the potential to improve air quality by reducing the emissions from shipping is undertaken. 
Chapter 2 contains an assessment of the current air pollution situation in Sweden and the main 
gaps in relation to the EQO’s. I conclude that the main gaps are for CO2 and NOx (through its 
contribution to secondary inorganic aerosols, SIA, measured as PM2.5)2. I therefore focus on these 
pollutants in this study. But I will also discuss the impact of exhaust particles (directly emitted PM) 
and NOx (and its contribution to NO2) in ports. SO2 is not considered since, as will be described, the 
current air pollution concentrations in Sweden are far under established limit and target values, and 
there has also recently been a sizeable reduction from shipping due to the introduction of a SECA area 
in the Baltic Sea.  In chapter 3, information about emissions from shipping is presented together 
with estimates of reductions from different abatement options. Here, I provide information on the 
potential impact of different abatement options on air quality, health and the environment.  

Then, in chapter 4, information to be used in the cost-benefit analysis in subproject D is presented.  I 
calculate the external benefits of the different abatement options for different ship types and compare 
these to the abatement costs for the shipowner or operator. The aim is to provide information about the 

 
2 Cofala et al. (2018, page 18) provide the following description of the difference between different PM2.5 
components: “Note that lower primary emissions of PM2.5 will have direct impact on ambient PM2.5 levels. In 
contrast, the impacts of lower SO₂ and NOx emissions on ambient PM2.5 occur through chemical reactions with 
NH3 that form secondary PM2.5 aerosols, i.e., ammonium sulphate and ammonium nitrate. The EMEP 
atmospheric chemistry and transport model simulates these reactions, which depend inter alia on the availability 
of NH3 (ammonia) in the atmosphere.” 
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different abatement options that can be used to analyze the impacts, and net benefits, of different 
policy instruments in an ex ante assessment today. I use information on the reduction potential in 
yearly emissions from each abatement option to calculate the expected yearly benefit and compare this 
to the annualized abatement cost for each abatement option. This is done for a single ship of a certain 
type. These estimates can then be used to calculate the costs and benefits for each abatement option for 
the total yearly emissions for the whole fleet in the Baltic Sea. This will be done in another part of 
“Carrots and sticks” using input that will be provided by SMHI. Thus, the comparison of costs and 
benefits for single policy instruments, or combinations, will be done in coming work.  

Important challenges that I have identified that needs to be considered in future work, the approach 
used in this study and the motive for this is discussed in more detail in the next section. Thereafter, in 
section 1.3, I briefly describe the data and studies used as inputs and what needs to be considered 
when using the results in this study and when comparing them with those in other similar studies. I 
also briefly discuss some of the uncertainties related to these kinds of evaluations since this is also an 
important aspect according to the project description, subproject D. 

1.2. Motive for and description of the approach used in this 
multidimensional assessment 

One challenge with the Carrots and Sticks project is the evaluation of the expected impact in several 
dimensions of different abatement options and policy instruments, both on the impact of different 
pollutants on air quality and achievement of the EQO’s but also the expected net benefits. This 
approach is for example different from two recent projects, (Cofala et al., 2018) and (Repka et al., 
2019), that focused on analyzing the impact of one policy instrument namely the introduction of a 
SECA area. Another challenge is that it is stated that the aim is to reduce emissions from maritime 
transport most cost-effectively while also contributing to the fulfillment of four of the Swedish 
Environmental Quality Objectives (EQO). The problem here is that abatement options that will have 
large impacts on air pollution concentrations in Sweden may not have the largest net benefits. The 
reason for this is that the geographical scales used in these analyses are different. While the external 
benefits are calculated based on the impacts in the whole of EU, the EQO’s are evaluated based on the 
air pollution situation in Sweden. Hence, the question then arises on how to rank the different 
abatement options. I will return to this issue in the final chapter. 

The approach used in chapter 3 and 4, and the information presented, is similar to that in a project 
done by the International Institute for Applied Systems Analysis (IIASA) for the EU commission 
(Cofala et al., 2018). I present expected emission reductions, expected impacts on health (Years of life 
lost), air pollution concentrations and deposition and also illustrate the difference between yearly 
external benefits and abatement costs. According to the IIASA report, there is an interest to explore 
the balance between the stringencies of the current emission control regulations for land-based sources 
in the EU versus those for the shipping sector, and to explore the feasibility and potential impacts of 
further emission reduction initiatives for the maritime sector.3 However, contrary to the work done by 
IIASA, there are no methodologies or tools yet established in Sweden for these kinds of source 
specific impact assessments and actual air pollution modeling is not a part of the Carrots and Sticks 
project. Hence, there has been a need to use data from previous studies which implies delimitations on 
the level of detail of the results. I cannot for example present separate estimates for the impact of 

 
3 This issue is also discussed in Nilsson and Haraldsson (2018) in relation to the role that emission reductions 
from transport in Sweden can play in achieving the EQOs and the role of national policy making in relation to 
international transports such as shipping and air. 



8   

shipping emissions on single countries as is done in the study done by IIASA (Cofala et al, 2018) or 
the project EnviSuM (Repka et al., 2019)4. 

Cost-benefit analysis is used in this study to assess and compare the different abatement options and 
their impact for different ship types. The motive for using this approach is that it allows for an 
evaluation of the impact of the abatement options in several dimensions.5 For a certain ship type and 
current fuel use many pollutants are emitted that have different impacts on human health and the 
environment, also on different geographical scales. Hence, multiple pollutants and several different 
impacts and targets must be accounted for in the analysis. Also, a certain abatement option could 
imply both increases and decreases of single pollutants compared to another abatement option. In 
order to compare the abatement options, it is therefore important to measure the benefits for reducing 
the different pollutants with separate weights, which in a cost-benefit analysis is monetary estimates 
(for air pollution usually euro per ton pollution). The option with the greatest net benefit (benefit-cost) 
is the most efficient. However, for a complete cost-benefit analysis, the trajectory of emissions over 
time for a baseline is compared to the expected impact over the same time period from a certain policy 
(see for example Hammingh et al, 2012). This has not been done in this study since the aim has been 
to provide information about abatement options that can be used to analyze the impacts, and net 
benefits, of different policy instruments in an ex ante assessment today.6  

1.3. Data used, uncertainties and other aspects of relevance for the 
interpretation of the results 

The data on abatement costs and emission reductions used are from the study by Holmgren (2019) also 
performed within the Carrots and sticks project.7 Holmgren (2019) has included abatement options 
that are available “on the market” today. Holmgren (2019) provides detailed information about the 
inputs used for the abatement cost calculation and for the calculation of changes in emissions for 
several different air pollutants. The abatement cost calculation is mainly related to technological 
changes; hence adaptation costs of different kinds are not accounted for.  

To assess the impacts and benefits of emission reductions, mainly data from the SAMKOST project 
for shipping air pollution is used (Nerhagen, 2016; Windmark et al., 2016). SAMKOST is a collective 

 
4 EnviSuM (2019) is a study of a similar kind evaluating the impacts of the SECA area in the Baltic Sea Region. 
However, it is not completely comparable to the results in IIASA (2018) or the results in this study. As shown in 
the presentation by Barregård at the final conference, they have only estimated the health impacts from the 
change in concentrations of secondary PM following the reduction of SO2 emissions in the Region surrounding 
the Baltic Sea, not the local impacts in harbors, nor the impacts in the whole of Europe. See 
https://europasmaritimeudviklingscente.app.box.com/s/94llyf3elucdvk6ae36ymt57e2c2undn. Accessed 
20190603. 
5 Cost-effectiveness analysis (CEA) is often mentioned in these contexts and was the method initially developed 
by IIASA for air pollution impact assessments. The definition of a CEA is that it compares (mutually exclusive) 
alternatives in terms of the ratio of their costs and a single quantified, but not monetized, effectiveness measure. 
The result is a cost-effectiveness ratio, for example dollars per life saved. However, as described in appendix 1, 
this method is difficult to apply in a multidimensional, multigoal context and therefore cost-benefit analysis is 
increasingly used in policy work. For a more detailed discussion on how to evaluate regulations and the 
difference between cost-effectiveness and cost benefit and efficiency, see Coglianese (2012).  
6 The approach used is inspired by the assessment made in Forslund et al. (2009) where they evaluated the 
expected impact of cleaning up arsenic-contaminated sites in Sweden. Similar to that study I assess the impact of 
the various abatement options in reductions in years of life lost for the air pollutants. These estimates are then 
monetized. However, while they compared the total cost of the abatement with the expected, undiscounted, 
reduction in years of life lost over a time period of 30 years, I make the comparison for one single year today. 
7 The results presented here are based on the information presented in the following version of the spreadsheet: 
Abatement costs 190516_excl electricity for fuel shift 190618.xlsx. 

https://europasmaritimeudviklingscente.app.box.com/s/94llyf3elucdvk6ae36ymt57e2c2undn
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name used for research undertaken by VTI from 2013 to 2018 that was commissioned by the 
government. The overall purpose was to provide up-to-date estimates for the marginal external costs in 
Sweden for all modes of transport. For air pollution, the Impact Pathway Approach was used to arrive 
at source specific estimates using data and models relevant for Sweden. All three reports on air 
pollution published as part of the SAMKOST project were peer reviewed by external reviewers.  

The external cost calculations for shipping emissions in Nerhagen (2016) were done in three different 
sea basins around the Swedish coast in order to explore the geographical variations in exposure and 
this influence on the external costs. An assessment was also made of the external cost of shipping 
emissions in the port of Gothenburg. In addition to these estimates, I have used results from the most 
recent SAMKOST project on air pollution (Nerhagen and Andersson, 2018; Leung et al, 2018) to 
obtain complementary information on the marginal external cost of directly emitted PM emissions for 
example. Details on the external cost estimates used in the cost-benefit analysis are provided in 
chapter 4. 

As with all evaluations based on models and calculations, there are several uncertainties related to 
these types of assessments. This is why the EU has put much time and effort into research on the 
different inputs used and in making the inputs used very transparent so that comparisons can be made 
with results from more recent research, see description of this work in EEA (2014). However, as with 
all models not everything can be covered but the general conclusion in EEA (2014, Annex 2) is: 

In summary, while omitting any impact leads to a bias to underestimate damages and some of the omitted effects 
are undeniably important, the results generated here quantify a large fraction of total damages for most of the 
pollutants considered.  

The effect of omitting impacts should be seen in the context of the full range of uncertainties in the assessment. 
While it clearly biases towards underestimation, the full set of uncertainties, including also model assumptions 
and statistical uncertainties, may push the results either up or down.  

I consider this to be a valid conclusion also for the results in this study. Care is however needed when 
comparing our results to those in other studies since the inputs used can differ. When using the results 
and making comparisons it should be noted that: 

- The abatement cost and emission reduction estimates are average estimates for one year for 
one representative ship for the ships contributing the most to emissions around Swedish coasts 
(Holmgren, 2019). Only Tank To Propeller (TTP) estimates are included in the results 
presented in this report since this is the cost and estimated impacts that the shipowner or 
operator will consider. However, when considered relevant, I discuss other air pollution 
impacts that are related to a certain abatement option. This as an input to the policy instrument 
evaluation part of the Carrots and Sticks project where the overall benefits and costs to society 
needs to be assessed. I do not however discuss the uncertainties related to the calculations 
done in Holmgren (2019). 

- In Holmgren (2019) it is assumed that MGO (Marine Gas Oil) is the fuel currently used in 
waters around Sweden. In order to comply with the SECA regulations in the waters 
surrounding Sweden MGO has become a common alternative. MGO result in lower emissions 
of PM and Sulphur as compared to HFO (heavy fuel oil) which is the cheaper fuel (with 
significantly higher Sulphur content than MGO) normally used in shipping. This means that 
the estimated reductions in our study will be smaller compared to similar calculations in other 
waters and therefore, the estimated benefits will be less. To be noted is also that there is a limit 
on the size of ships in the Baltic Sea due to the shallow depth of the Danish strait. 

- Regarding the marginal external cost estimation in Nerhagen (2016), it is based on the 
dispersion and exposure modeling for shipping using the Swedish MATCH model developed 
by SMHI. As described in Windmark et al. (2016) this model has been evaluated in different 
ways and its quality has been found to be in parity with the best models used internationally. 
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The emissions calculation is based on the model Shipair which is a bottom-up calculation of 
the emissions from shipping using Automatic Identification System (AIS) data. All modeling 
was based on lower estimated emissions of SO2 resulting from the introduction of SECA. The 
SMHI results, being based on more detailed information about emissions and a finer spatial 
resolution in the dispersion modeling, are expected to give more accurate results than results 
from more the more general model used by IIASA for example. 

- SMHI also did the exposure calculation using detailed information on population densities. 
Studies in Sweden in general result in lower marginal external cost estimates than for most 
other countries in the EU. An important explanation for this is the lower population density. 
According to Statistics Sweden (2019) the average population density in Sweden in 2018 was 
25,1 persons per km2 compared to 117,7 in the EU. As illustrated in the map in Figure 1, the 
population density is higher in the south of Sweden than in the north. This is also the case for 
the neighboring countries Norway, Finland and Russia. I will therefore illustrate the difference 
between the external cost for a ship when traveling in the south compared to the north of the 
Baltic Sea.  

 
Figure 1   Population densities in Sweden in 2018. Source: Statistics Sweden (2019). 
- Since air pollution emissions from shipping mainly have an influence on regional or urban 

background concentrations, I use assessments of the contribution to the yearly average of 
concentrations and depositions. There is an ongoing scientific discussion about the 
harmfulness of the different air pollutants and also on how to perform the Health Impact 
Assessments that are part of the Impact Pathway Approach, see for example Barregård and 
Sällsten (2014), Johansson et al. (2012), Söderqvist et al. (2017) and Malmqvist et al., (2018). 
In the Swedish context, the discussion is mainly related to the question of how to correctly 
assess the impacts of directly emitted exhaust emissions from transport that are released in 



  11 

close proximity to where people live.8 This is of little relevance in this study since the main 
contribution of shipping to air pollution concentrations are secondary PM (SIA) which is the 
pollutant in focus in the studies on which the ER-function for mortality from the HRAPIE 
project (WHO, 2013) that are used in this project are based. 

- Included in Nerhagen (2016) are the health impacts that according to the results in EU projects 
give rise to the largest share of the total external health costs. These are mortality, respiratory 
hospital admissions and restricted activity days. The exposure-response (ER) functions used 
are those recommended in Holland (2014b) since these are the assumptions used in other 
similar EU projects.  The monetary value used (value of a life year, VOLY) is higher than that 
used in similar EU studies, €109 500 compared to €57 700 in IIASA (Cofala et al., 2018) for 
example. For more information about these calculations and the inputs used, see Nerhagen et 
al. (2015) which was the first study on air pollution in the SAMKOST project. 

- I do not include the possible impacts on the natural environment and the eco-system in the 
cost benefit analysis since their influence is small according to the results in other studies. In 
the EU project ECLAIR, the impact on the eco-system is only about 5 percent of the total 
health cost (Holland et al., 2015). This conclusion is particularly relevant for Sweden where, 
as discussed in greater detail in chapter 2, the air pollution levels are nowadays under 
established target and limit values in large parts of the country. As discussed in Nerhagen 
(2016), for different reasons, for example non-linearities in the impacts, the marginal external 
cost approach zero when the concentrations are below the so-called critical loads. 

- For the external cost of climate change, I have used the values for CO2 recommended in 
ASEK 6.1 (Trafikverket, 2018). I have only included the change in CO2 emissions in the 
calculations, not the changes of the other greenhouse gases or air pollutants with a global 
warming potential. There is however a problem with only using CO2 to evaluate the impact on 
climate change. The reason is that use of other fuels may result in the increase in other 
emissions, for example methane with a higher global warming potential. The latter emissions 
however are uncertain and may be reduced over time. 

 
8 In Swedish studies NOx is often used in health impact assessments as an indicator for exhaust emissions from 
transport and the result is often a higher impact on mortality than if the calculation is based on PMexhaust. 
However, using NOx as an indicator is based on the assumption that there is a correlation between NOx and 
PMexhaust which is no longer valid as described in Johansson et al, (2012, page 17): “The problem with using NOx 
as an indicator for exposure to diesel exhaust emissions is that the relation between the emissions of exhaust 
particles (which may be the real contributing factor to the cause of death) and NOx has changed during recent 
years…)”.  
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2. GAP analysis  

2.1. How to define the remaining GAPs? 
To assess the impact of a policy and abatement option on its contribution to the achievement of a 
certain goal, a GAP between the current situation and the goal must be determined. The Swedish 
EQOs related to air pollution does not however have quantified targets on the final state that is to be 
achieved. Hence it is not possible to provide an exact estimate of the remaining gap for different 
pollutants. Instead milestone targets are established. As described in Regeringen (2018), this is an 
ongoing process where changes are made over time.  

It is however clear from the overriding political ambition, as stated by the generation goal,9 that no 
emissions or pollution are not the goal since it states that: “the major environmental problems in 
Sweden have been solved, without increasing environmental and health problems outside Sweden’s 
borders.” This is an important conclusion for this project since, according to economic theory, it can 
be expected that the (marginal) abatement costs will increase while the (marginal) benefits will 
decrease the closer one gets to a certain reduction goal. Therefore, complete emission reductions will 
imply that costs are higher than the benefits and this is not efficient. Therefore, an initial question to be 
addressed in this project is what the “major environmental problems” related to air pollution are and 
how important the contribution from shipping is? This is information that needs to be determined to be 
able to discuss what abatement options and policy instruments that achieve the EQO’s in a cost-
effective way.  

It is clear from the previous work done in the SAMKOST project (Nerhagen, 2016), that there have 
been large reductions in emissions from land-based emissions sources in Sweden over the last 20 
years. This is also evident from the most recent assessment of the air pollution situation in Sweden by 
IVL (Fredriksson et al., 2018). As will be further discussed in the next section, the results of this 
assessment indicate that some of the EQO’s have been or are closed to being reached. As for shipping, 
the work done on air pollution in SAMKOST shows that the main influence from shipping on air 
quality in Sweden is from secondary PM, that are transboundary air pollutants emanating from NOx or 
SO2. I therefore investigated if the work done at the EU level, with a new National Emission Ceilings 
Directive, could provide information on the remaining GAP’s in Sweden. I found that a new EU 
directive 2016/228410  on the reduction of national emissions of certain atmospheric pollutants was 
recently adopted, which also turned out to be the basis for a new Milestone Target for air pollution 
adopted by the Swedish government in the spring of 201811. I have therefore decided to use this as the 
basis for the analyses done in this study. 

The aim of the Directive is to establish emission reduction commitments to achieve levels of air 
quality that do not give rise to significant negative impacts on and risks to human health and the 
environment. It concerns sulphur dioxide (SO2), nitrogen oxides (NOx), non-methane volatile organic 
compounds (NMVOC), ammonia (NH3) and fine particulate matter (PM2,5).12 The Directive requires 

 
9 http://www.swedishepa.se/Environmental-objectives-and-cooperation/Swedens-environmental-objectives/The-
generational-goal/. Accessed 20190501 
10 DIRECTIVE (EU) 2016/2284 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 14 
December 2016 on the reduction of national emissions of certain atmospheric pollutants, amending Directive 
2003/35/EC and repealing Directive 2001/81/EC.  
11 http://www.swedishepa.se/Environmental-objectives-and-cooperation/Swedens-environmental-
objectives/Milestone-targets/. Accessed 20190604. Here, the target year is said to be 2025 while the target year 
in the Directive is 2030. I have not investigated the reason for this difference further. 
12 See http://ec.europa.eu/environment/air/reduction/index.htm for information about other air quality related EU 
directives.  

http://www.swedishepa.se/Environmental-objectives-and-cooperation/Swedens-environmental-objectives/The-generational-goal/
http://www.swedishepa.se/Environmental-objectives-and-cooperation/Swedens-environmental-objectives/The-generational-goal/
http://www.swedishepa.se/Environmental-objectives-and-cooperation/Swedens-environmental-objectives/Milestone-targets/
http://www.swedishepa.se/Environmental-objectives-and-cooperation/Swedens-environmental-objectives/Milestone-targets/
http://ec.europa.eu/environment/air/reduction/index.htm
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that national air pollution control programmes be drawn up, adopted and implemented and that 
emissions of those pollutants as well as their impacts, be monitored and reported. The evaluations 
should be in line with the air quality guidelines published by the World Health Organisation and the 
Union's biodiversity and ecosystem objectives in line with the 7th Environment Action Programme. It 
is also stated that the Directive should contribute to achieving, in a cost-effective manner, the air 
quality objectives set out in Union legislation and to mitigating climate change impacts in addition to 
improving air quality globally.13 For Sweden, according to the assessment made by Naturvårdsverket 
on how this directive should be implemented, there are only remaining gaps for NOx and NH3 where 
the latter is mainly related to emissions from agriculture.14 

Climate is also discussed in Regeringen (2018). Again, there are milestone targets established. These 
are described in detail in section 2.3. The focus is on emissions within Swedish territory which implies 
difficulties in how to assess the contribution from shipping. For a discussion of different ways to 
define “Swedish shipping”, see Nerhagen (2016). I will not investigate this issue further in this study 
but can only underline the importance of having clear definitions as the basis for monitoring and 
impacts assessments. In the following, I give a brief account of the current situation regarding air 
pollution and climate in Sweden. 

2.2. Air pollution – current situation in Sweden 
The work done on reducing emissions over the 20 years since the generation goal was established has 
had good results. Despite this, the Swedish Environmental Protection Agency (Naturvårdsverket, 
2018) in the most recent EQO evaluation concludes that the goals are not yet reached (see overview in 
Appendix 2). However, a closer scrutiny on how Sweden lives up to international agreements and 
recent analyses on the impacts of air pollution in Sweden give a more nuanced picture.15 For instance, 
the most recent assessment by IVL (Fredriksson et al., 2018) states: 

For most of the air pollutants monitored the situation has improved significantly since the measurements started 
between 15 and 35 years back, regarding air concentrations as well as deposition in the rural background. The 
pollution load is in general decreasing the further north one goes.  

For most of the components for which there are environmental quality standards and environmental objectives, 
the concentrations are well below the limit and target values. The concentrations of ground-level ozone exceed 
the air quality standard for health. For ground-level ozone, particles and benzene (in urban background air) 
there is a risk for concentration levels above the specifications of the environmental objectives.  

That established targets have been achieved is particularly the case for SO2 and therefore this pollutant 
is not considered in this study. According to the IVL report, the reductions in annual average 
concentrations in air between the 1980's and the 2010's at the EMEP sites have been 89 to 95 percent 
for sulphur dioxide (SO2) and 70 to 80 percent for sulphate (SO4). Further improvements have 
thereafter taken place due to the waters surrounding Sweden being declared a Sulfur Emission Control 

 
13 The importance of monitoring and impact assessment is not only highlighted in EU Directive 2016/2284. IMO 
(2018) in their document MEPC 72/17/Add. 1 Annex 11 for example state: “The impacts on States of a measure 
should be assessed and taken into account as appropriate before adoption of a measure”. 
14 https://www.naturvardsverket.se/Miljoarbete-i-samhallet/EU-och-internationellt/EUs-
miljooarbete/Luftvardspolitik/EUs-utslappstakdirektiv/Sveriges-atagande-enligt-nya-takdirektivet-Nec2/. 
Accessed 20190604. 
15 A reason for this discrepancy between the recent EQO evaluation and the assessments made regarding the 
status of the environment could be that the specific objectives are formulated as “Zero visions” (for example 
Zero Eutrophication), hence the aim is no effects of air pollution. This is different from the generation goal 
stating that major problems should be solved or the EU Directive 2016/2284 - the newly adopted milestone 
target - which states that the aim is no significant impact on health or the environment. If zero impact is used as 
an evaluation criterion for the EQO’s, then Sweden still need to cut the emissions of several different pollutants. 
In this study however I have chosen to focus on pollutants relevant for the established milestone targets.   

https://www.naturvardsverket.se/Miljoarbete-i-samhallet/EU-och-internationellt/EUs-miljooarbete/Luftvardspolitik/EUs-utslappstakdirektiv/Sveriges-atagande-enligt-nya-takdirektivet-Nec2/
https://www.naturvardsverket.se/Miljoarbete-i-samhallet/EU-och-internationellt/EUs-miljooarbete/Luftvardspolitik/EUs-utslappstakdirektiv/Sveriges-atagande-enligt-nya-takdirektivet-Nec2/


14   

Area (SECA) in 2015. According to the results in the InterReg project EnviSuM (Repka et al., 2019) 
there has been an 87 per cent reduction in gaseous emissions of SO2 from shipping in the Baltic Sea 
Region following this regulatory measure. 

As described, Sweden currently have air pollution concentration and deposition levels that are below 
many of the internationally established limit values. The variation that exists worldwide is illustrated 
by the map in Figure 2 showing concentrations of PM2..5 in cities (WHO, 2016). It illustrates that the 
concentrations are highest in Asia, and among the lowest in the Nordic countries. This result is 
confirmed by IIASA (Cofala et al., 2018, appendix 7) stating that Sweden is the country with the 
lowest annual mean PM2.5 concentration in 2016 of the countries considered in the study. Sweden is 
therefore one of the countries with the lowest number of deaths attributable to air pollution according 
to a global evaluation done by the WHO (2016). 16 

 
Figure 2   Variation in PM2.5 concentrations in urban areas around the globe. Source: WHO 

(2016). 
Similar conclusions are presented in a recent European evaluation where Sweden is below all 
indicators used for the evaluation of health impacts (EEA, 2018). It is concluded that the lowest 
estimated health impacts are in the north of Europe. Furthermore, the air quality limit values 
established in the EU air quality directive is reached in most parts of the country. Sweden however 
has, as illustrated in for example in a report by the environmental department in Gothenburg 
(Göteborg, 2018), established more ambitious limit values for NO2 and these are sometimes exceeded 
in larger cities.17 The limit value for PM10 is also difficult to reach but here the evaluation is mainly 
done at street level where the main source is particles from road wear and tear (IVL, 2016). 

 
16 According to the study by Cofala et al. (2018, appendix 7), Sweden is also one of the countries with the 
longest forecasted life expectancy in 2030. 
17 The EU commission sent Sweden a letter of formal notice in January 2019 stating that Sweden should bring its 
air quality legislation in line with European rules (Directive 2008/50/EC) since it is important that measurements 
are based on the same criteria to make comparisons between countries possible. The Government has now 
proposed changes to the existing legislation, including clarifications regarding the limit values for NO2 
(Regeringen, 2019). 
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Regarding acidification and eutrophication, Figure 3 present results from the most recent report by the 
Coordination Centre for Effects (CCE, 2017)18.  

 
Figure 1.5 Computed area at risk of acidification in 2005 (left) covering 11% (see Table 1.1) and in 2020 (right) covering 
4% (See Table 1.2) of ecosystems in Europe (2.9 million km2) 

 
Figure 1.6 Computed ecosystem area at risk of eutrophication in 2005 (left) and 2020 (right) covering 67% and 58% 
respectively of 2.6 million km2 for which CLeutN data are available in Europe 

Figure 3   Presentation of land areas in Europe where critical loads for acidification and 
eutrophication are exceeded. Source: CCE (2017). 

The maps illustrate the situation in 2005 and a forecast for 2020. In 2020 it is mainly in the southern 
part of Sweden that the critical loads are still expected to be exceeded. In comparison with other parts 

 
18 This centre was established in 1999 in order to help countries collect data in a standardized manner and 
present reports describing the situation and how it changes over time following the UN Convention on air 
quality, CLRTAP. According to previous CCE status reports it is clear that the evaluation of critical loads in 
Sweden has focused upon forests and water bodies and that the criteria used to evaluate exceedances sometimes 
differ from those used in other countries. Biodiversity has not been in focus. 
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of Europe, it is also seen that the exceedances are relatively small. That there are important 
geographical variations is confirmed by the recent assessment from IVL (Fredriksson et al., 2018). 
The influence in Sweden is much smaller in the north, mainly due to the long distance to the pollution 
sources on the European continent. This finding is confirmed by another report from IVL (Axelsson et 
al., 2015) where the exceedances for critical loads related to acidification and eutrophication in 
Norrbotten, the most northern county in Sweden19, are presented. It is concluded that the problem is 
small with minor impacts mainly in the eastern part of the county. In 1 percent of the lakes, the critical 
loads for acidity are exceeded. The impact of eutrophication is even less.  

The Swedish water agency20 HAV (2019) reports on the contribution of various sources to the 
deposition of nitrogen in the surrounding seas in the year 2014. Figure 4 illustrates that deposition 
from air pollution, the area colored light blue, accounts for a sizeable share in parts of the country. 
However, in the report no account is made of the sources of origin for this deposition, hence it is 
unclear if this estimate is only based on emissions from land-based sources in Sweden or if it also 
includes transboundary air pollution from shipping for example. This illustrates that policy measures 
aimed at shipping may make important contributions to achievement of established goals, but it is 
unclear to what extent this is accounted for in the emission data or scenarios that are currently 
presented by national agencies.  
 

 
Figure 4   Contribution to nitrogen in coastal waters from different parts of Sweden. Source: 

HAV (2019). 
HAV also provide information about the influence of air pollution on lakes and rivers in Sweden. 21  
The agency concludes that the sulphate deposition today is on the same level as a hundred years ago 
and forestry is nowadays an important cause of acidification. Nitrates only play a role for acidification 
in the southwestern part of Sweden. It also appears that the main water related environmental problem 

 
19 Norrbotten County in the north covers almost one quarter of Sweden's surface, but is sparsely inhabited as 
seen in Figure 1. 
20 Havs- och vattenmyndigheten, HAV. 
21 https://www.havochvatten.se/hav/fiske--fritid/miljopaverkan/forsurning-av-sjoar-och-vattendrag.html 
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from air pollution is the eutrophication of the Baltic Sea.22 Here however, HAV (2019) states that the 
contribution from Sweden is decreasing and the goals for Sweden established by the HELCOM action 
plan for nitrate is close to be reached. The problem instead appears to be phosphorous which is not 
related to air pollutants. It is also concluded that other countries need to take measures if the Swedish 
environmental quality objectives related to water are to be reached.23  

The influence of international emission sources is also illustrated by IVL (Fredriksson et al., 2018). An 
analysis has been done with the MATCH modeling system24 where measurements and model data 
complement each other so that concentration levels can be divided into contributions from Swedish 
and foreign emission sources (often referred to as long-range transport). During 2016 the Swedish 
emissions were calculated to have caused on average 58 percent of the total concentration of SO2 over 
Swedish land areas. For NO2 and reduced nitrogen the equivalent percentage was estimated to 62 and 
63 percent, respectively. 

A summary of the assessment regarding the pollutants discussed in relation to the EU directive 
2016/2284 is presented in Table 1. The information presented in the column GAP assessment is based 
on the official statistics presented by the Swedish EPA25. For secondary PM (SIA), the assessment is 
based on the information presented in the text above since no data on deposition is presented in the 
official statistics.  

Table 1   A summary of the problems and gaps related to air pollution in Sweden. 
 Problems Policies GAP-assessment 
PMexhaust 
(black carbon) 

Health The Swedish EQO’s, the Ambient Air 
Quality Directives and the National 
Emission Ceilings Directives of the EU 

The environmental quality objective 
yearly limit value is reached in both urban 
areas and regional background. 

NO2 Health and eco-system The Swedish EQO’s, the Ambient Air 
Quality Directives and the National 
Emission Ceilings Directives of the EU  

The environmental quality objective 
yearly limit value is reached in both urban 
areas and regional background, with the 
expectance of an exceedance in 
Gothenburg in 2016. 

Nitrate of NOx (a 
secondary 
inorganic aerosol, 
SIA) 

Health, eutrophication 
and acidification 

The Swedish EQO’s, the Ambient Air 
Quality Directives and the National 
Emission Ceilings Directives of the EU 

Eutrophication is still a problem in the 
south of Sweden and the Baltic Sea. A GAP 
of 13 ktons remain to fulfil the goals of 
the National Emission Ceilings Directive 
until 2030. 

SO2 Health, eco-system and 
materials 

The Swedish EQO’s, the Ambient Air 
Quality Directives and the National 
Emission Ceilings Directives of the EU 

The environmental quality objective 
yearly limit value is reached in both urban 
areas and regional background. 

Sulphate of SOx (a 
secondary 
inorganic aerosol, 
SIA) 

Health and acidification The Swedish EQO’s, the Ambient Air 
Quality Directives and the National 
Emission Ceilings Directives of the EU 

The deposition is low, back at levels 100 
years ago, but some lakes are still 
acidified since recovery is a slow process. 

NH3 Eutrophication The National Emission Ceilings 
Directives of the EU 

A GAP of 1 kilotons remain to fulfil the 
goals of the National Emission Ceilings 
Directive until 2030. 

NMVOC Health and eco-system. The National Emission Ceilings 
Directives of the EU 

Already established measures will close 
the GAP. 

Related to EU Directive 2016/2284, there are only Swedish targets for NOx and NH3. Since the 
contribution to NH3 from shipping is relatively minor, I focus on NOx and related pollutants (marked 

 
22 According to HAV, the influence on lakes of nitrogen is rather low, see 
https://www.havochvatten.se/hav/samordning--fakta/data--statistik/officiell-statistik/officiell-statistik---havs--
och-vattenmiljo/kvave-i-sjoar-och-vattendrag.html. 
23 According to the report, one reason for this is because the Swedish maritime objective won’t be achieved until 
emissions have been reduced from all countries around the Baltic sea achieving the goals of the HELCOM action 
plan. 
24 The same modelling system as is used in Windmark et al. (2016). 
25 See appendix 3 for the information they present (in Swedish). 
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in grey in the table) in this study. Information about primary PM exhaust emissions will also be 
presented since they (or black carbon) are often mentioned in the general debate.  

2.3. Climate – current situation in Sweden 
To some extent, climate goal achievement is easier to quantify than air pollution since the emission of 
CO2 has the same impact irrespective of where it is released. There is also a linear relationship 
between fossil fuel use and the emissions. There are however some complications that are related to 
the emissions of some of the air pollutants. Particle emissions for example appear to have a negative 
impact on climate change while NOx when released at higher altitude contribute to the formation of 
ozone that has a global warming potential (Nerhagen and Andersson, 2018). Methane is another strong 
greenhouse gas which, according to Holmgren (2019), is important to consider in relation to some of 
the alternative fuels considered for use in shipping (e.g. LNG, LBG). 

In the EU, goals for each country has been established to be reached until 2020. They are to be 
achieved through a trading system (EU ETS) and through reductions of emissions in sectors that are 
not part of the trading system. For Sweden, emissions not covered by the trading system are to be 
reduced by 17 percent between 2005 and 2020. The national goals for climate in Sweden are however 
more far reaching. Sweden passed a Government Bill in 2009 that established a national milstone 
target calling for a 40 percent reduction in emissions by 2020 compared to 1990 for these sectors. 
Then, as a consequence of the Paris agreement, the Swedish Parliament adopted a proposal on a 
national climate policy framework in June 2017.  
The current Milestone Targets for reduced climate impact are the following: 26 

• Emissions of greenhouse gases by 2020. By 2020, emissions of greenhouse gases in Sweden, 
from activities not included in the EU Emissions Trading Scheme, should be reduced by 40 
per cent compared with 1990. This means that, by 2020, greenhouse gas emissions from the 
non-trading sector are to be around 20 million tons of carbon dioxide equivalent lower than in 
1990. The decrease will be achieved by emission reductions in Sweden and by means of 
investments in other EU member states or flexible mechanisms such as the Clean 
Development Mechanism. 

• Emissions of greenhouse gases by 2030. Emissions in Sweden outside of the EU ETS should 
by 2030 be at least 63 per cent lower than emissions in 1990. To achieve the goal, no more 
than 8 percentage points of the emissions reductions may be realised through supplementary 
measures. 

• Emissions of greenhouse gases by 2040. Emissions in Sweden outside of the EU ETS should 
by 2040 be at least 75 per cent lower than emissions in 1990. To achieve the goal, no more 
than 2 percentage points of the emissions reductions may be realised through supplementary 
measures. 

• Emissions of greenhouse gases by 2045. By 2045, Sweden is to have no net emissions of 
greenhouse gases into the atmosphere and should thereafter achieve negative emissions. To 
achieve zero net emissions, supplementary measures may be counted. By 2045, emissions 
from activities in Swedish territory are to be at least 85 per cent lower than emissions in 1990.   

• Emissions of greenhouse gases from domestic transport. Emissions from domestic transport, 
excluding domestic aviation, are to be reduced by at least 70 per cent by 2030 compared with 

 
26 http://www.swedishepa.se/Environmental-objectives-and-cooperation/Swedens-environmental-
objectives/Milestone-targets/. Accessed 20190604 

http://www.swedishepa.se/Environmental-objectives-and-cooperation/Swedens-environmental-objectives/Milestone-targets/
http://www.swedishepa.se/Environmental-objectives-and-cooperation/Swedens-environmental-objectives/Milestone-targets/
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2010. Domestic aviation is not included in the goal since domestic aviation is included in the 
EU ETS. 

The last target is what appears to be most relevant for emissions from shipping. Domestic shipping 
however, according to current statistics, constitutes only a very small part of the total emissions from 
shipping around the Swedish coast27. In the most recent climate report to the UN (Naturvårdsverket, 
2017), it is stated that greenhouse gases from domestic transport totaled 18 Mt CO2-eq, with the 
majority coming from road traffic. Only 0.4 Mt CO2-eq. are from domestic navigation. For 
international shipping (bunkering), it is said that the emissions were 6.2 Mt CO2-eq in 2015 which is 
an increase compared to previous years. According to the report, a possible explanation for this is that 
Sweden produce fuels that meet strict environmental standards and as a result, more shipping 
companies choose to refuel in Sweden. 

 
27 How to define domestic or Swedish shipping was a question discussed in the SAMKOST project (Nerhagen, 
2016). SMHI did the modelling in that project and has since then received additional funding and further 
developed the models used in that project that are now providing new and more detailed information on the 
emissions from shipping. That more detailed data on the emissions from different sources is now available has 
also recently become headline news, for example in the spring of 2019 (SVT, 2019). 
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3. Shipping emission reductions and their potential impacts 

3.1. Previous research on shipping and expected impacts in Sweden 
In previous research different approaches have been used to analyze ways to achieve emissions 
reductions in shipping and the expected impacts. In this section I will give a brief overview of studies 
done in for waters surrounding Sweden that are relevant for this study and the Carrots and sticks 
project.  

An early study investigated the expected impact of a market-based instruments, a fee, to reduce NOx 
emissions in the Baltic Sea (Kågeson, 2009). This was expected to result in ship-owners making 
investments “retrofitting engines with HAM or SCR”, two technologies that can be used to reduce 
NOx emissions. The impact of this were calculated to result in emission reductions of 58 percent if 
four out of five ship owners respond to this incentive. No account however was made of how this 
would reduce the concentrations of air pollution in the countries surrounding the Baltic Sea or the 
fulfillment of the EQO’s. 

Another assessment is about the implementation of a NOx Emission Control Area (NECA) around 
Swedish coasts (Trafikanalys, 2016). They summarize results from several different studies that also 
present estimates of the expected impact on air pollution concentrations. It is concluded that 
environmental and health benefits are judged to be noticeable. It is also concluded that the overall 
effect would be comparatively larger if NECA was introduced in the Baltic Sea and in the North Sea 
simultaneously. Furthermore, it is said that which technology that should be used to achieve emission 
reductions is determined by the overall requirements regarding emission reductions. According to the 
findings in the study, the currently closest solutions for reaching both the SECA and NECA do not 
have any effect on particle emissions28 while the carbon dioxide emissions could even increase.  

Yaramenka et al. (2017)29 undertake a cost-benefit analysis for NOx control for ships in Baltic and the 
North Sea. The policy instruments analyzed are a NECA area and a NECA area plus levy and fund. 
Here it is assumed that all ships, new and old, will invest in the SCR technology and the focus is on 
emission reductions from NOx. They apply the GAINS model developed by IIASA, with some 
modifications in the emission data used, to estimate the change in deposition caused by the emission 
reductions. Based on this the expected health impacts and monetary benefits to society are calculated. 
Germany, France and the United Kingdom are expected to benefit the most. 90 percent of the benefits 
will accrue to the coastal countries; hence the main impact is relatively close to the emission source.  

Windmark et al. (2016), which is the study providing input to the calculations in Nerhagen (2016), 
gives an easily accessible and graphical account of the emissions from and air pollution impacts of 
“Swedish shipping”. The definition used for Swedish shipping was all ships making a stop at Swedish 
ports30. These calculations also included emissions in the ports. An example of the inputs used, and the 
results, are presented in Figure 5. The map to left shows the model areas used in the dispersion-
modeling. The dashed area delimits the area used for modeling of total emissions in Europe, and the 
solid line the model area used for assessing the emissions and impacts from shipping.  The example in 
this case is the influence of emissions in the south of the Baltic sea on concentrations of ozone. To the 

 
28 The reason for this conclusion must be that they only consider exhaust PM, not secondary PM that are the 
result of NOx and SOx emissions. 
29 A similar study is Åström et al., (2014), an IVL report done for Naturvårdsverket, that I use for comparison in 
chapter 4 since this was the comparison made in Nerhagen (2016). 
30 To avoid double counting, for ships traveling to and from other countries, only emissions one way is counted. 
The emissions the other way is assumed to “belong” to the other country. 
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right is the result regarding the deposition of oxidised and reduced nitrogen from all emission sources 
in Europe in the shipping model area. 

                 
Figure 5   Illustration of modeling areas and results in the shipping study done in SAMKOST 

by SMHI. To the left is an illustration of the modeling area used (solid line) and 
the contribution to ozone formation from shipping emissions in the south of the 
Baltic Sea, to the right the deposition of oxidised and reduced nitrogen from all 
sources in Europe. Source: Windmark et al., (2016).  

The amount of deposition from all emissions sources in Europe to the right in Figure 5 can be 
compared to the contribution from shipping emissions in the model area shown in Figure 6. Here the 
contribution from three different sea basins are shown, emissions on the west coast, south Baltic and 
north Baltic. The color is different since the scale, the amount of deposition, is different (much less). 
The relatively larger contribution in the Stockholm area in Figure 6, the map in the middle, can in part 
be explained by the ferries arriving at this port.  

 
Figure 6   The yearly deposition of oxidised and reduced nitrogen from shipping emissions 

on the west coast (to the left), south Baltic (in the middle) and north Baltic (to the 
right). Average for the years 2012-2014. Source: (Windmark et al., 2016). 

The influence of shipping emissions on air pollution in Sweden, relative to the contribution from all 
other sources, is also described verbally in the report where they conclude (Windmark et al., 2016): 

- The contribution to the nitrogen deposition from Swedish shipping is approximately 1 percent, 
but locally higher (10 percent in Stockholm and 3 percent in Gothenburg for example, as 
illustrated in Figure 5). 
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- The concentration of secondary inorganic aerosols (secondary PM2.5) is between 3.5 µg/m3 in 
the south and 0.5 µg/m3 in the north. The contribution from Swedish shipping is less than 1 
percent. The largest contribution is in Stockholm. 

- The contribution from Swedish shipping to the deposition of excess sulfur is about 0.2 percent 
but around Gothenburg and Stockholm around 2-3 percent.  

The recent project EnviSuM (Repka et al., 2019) present results for the total emissions of SO2 from 
shipping in this area. The reduction in SO2 emissions is estimated to be 65 kilotons between 2014 and 
2016 and 5 kilotons for PM2.5 (reduction of secondary PM, SIA, due to the reduction of SO2).31 This 
would result in an average reduction of mean PM2.5 concentration per person in the countries 
surrounding the Baltic Sea of 0.144 µg/m3 resulting in an estimated reduction in premature deaths of 
around 40 in Denmark, 130 in Germany, 70 in Sweden and Poland and 35 in Finland. The total health 
benefit is estimated to be between 276-623 Million Euro when VOLY estimates are used. 

To assess the impact from shipping in Swedish ports, there are also a couple of studies that are useful. 
Segersson et al. (2012) evaluate the impact of shipping on air quality in Gothenburg with 
surroundings. SLB Analys (2014) evaluates the impact on some ports on the east coast while 
Johansson (2015) does the same for a few ports in Skåne. Segersson et al. (2012) illustrate that there is 
a non-linear relationship between the emissions and their influence on local air pollution 
concentrations. While the emissions from shipping are about 30 percent of the total emissions in the 
Gothenburg area, they only contribute to around 10 percent of the air pollution concentrations in urban 
background in the city center. From the other studies it is clear the contribution from shipping to the 
air pollution concentrations in urban areas is less than 10 percent of the total in urban background.32 

3.2. Emission reductions of different abatement options  
There are three major sources of emissions to air from ships: main engines, auxiliary engines and 
boilers and the most relevant emissions for the purpose of this study are: 

• Nitrogen oxides, NOx (or NO2) and the contribution to concentrations of SIA (as nitrate, a 
secondary PM) and deposition of nitrogen 

• Particulate matter (primary from exhaust), PMexhaust 

• Carbon dioxide, CO2 

However, the environmental and health problems related to these pollutants differ. For shipping, the 
majority of the emissions occur out at sea which rules out the health impacts of primary exhaust 
emissions on a local scale close to the emission source. On the other hand, the contribution to the 
deposition of air pollutants directly into the sea could be important.  

Hence, an important distinction to be made regarding emissions from shipping is those at sea, during 
cruise, and those released in port. The latter are mainly due to emissions from “auxiliary engines” that 
are run to produce electricity for on board facilities, heat production etc. However, fuel consumption is 
not only for electricity generation and the auxiliary engines. Emissions from ships at port also include 
emissions from fuel use in boilers. Boilers are important, especially for certain types of vessel such as 
tankers, where the cargo might need to be warmed in order to stay liquid. Understanding and assessing 

 
31 In this study the estimated emissions in the Baltic Sea after SECA are approximately 10 kilotons of SO2 which 
is similar in size to the estimate in Windmark et al. (2016) of 11 400 tons for SOx. 
32 There are also results for Gothenburg presented in EnviSuM (Repka et al., 2019). The level of detail regarding 
emissions from different sources and their influence on air quality is however not enough to be used for 
comparisons with the results in these projects. Furthermore, their health impact assessment only investigates the 
impact on the countries surrounding the Baltic Sea. 



  23 

the amount of emissions at port is important since they are emitted closer to urbanized areas and hence 
contribute to air pollution concentrations in areas where population exposure is relatively high. Shore 
side electricity provision in ports is therefore an abatement option that is discussed in the literature 
(Winkel et al., 2015).  

In Table 2 I have summarized the abatement options considered in the study by Holmgren (2019). 
Four “type vessels” of the following types of ship categories have been considered for abatement 
options out at sea and in ports; Bulk carrier, Container vessel, Coastal tanker and RoPax ferry. These 
ship categories stand for about 80 percent of the total fuel consumption in the Baltic sea. For emissions 
in ports, a Cruise ship is also included.  

Table 2   Summary of the abatement options and ship types analyzed in the Carrots and 
sticks project. Source: Holmgren (2019) 

Abatement options Bulk carrier Container  Coastal 
tanker 

RoPax Cruise 
ship 

Fuel shift to liquified 
natural gas (LNG) 

X X X X  

Fuel shift to liquified 
biogas (LBG) 

X X X X  

Fuel shift to methanol 
(MeOH) 

X X X X  

Selective Catalytic 
Reduction (SCR) – new 
and retrofit Tier II 

X X X X  

Advanced route planning 
 x x x   

Electrification 
(hybridization) 
 

x x x x  

Full electrifcation    x  

Optimised propeller x x x x  

Slender hull 
 x x x x  

Wind power 
 x  x x  

Slow steaming x x x x  

Shore side electricity X X X X X 

In the following I will first illustrate the expected emission reductions for the different abatement 
options. Then, in section 3.3, I provide illustrations of the calculated impact on health (Years of Life 
Lost), deposition and air pollution concentrations for the abatement options and ship types marked 
with a large X in the table. These are options that require larger investments and technological changes 
to be undertaken in practice. The others (except for Full Electrification) are options that can be used by 
the shipowner today and that, to a large extent, implies lower running costs. However, these reductions 
may come at other costs such as longer shipping travel times.  

3.2.1. Emission reductions for fuel shifts and SCR per ship type 
In Figure 7 and 8 the emission reductions for the different abatement options and the pollutants 
considered are illustrated. In general, there are important differences for all pollutants that are related 
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to ship size. For example, the emission reductions are larger for the Container vessel and the RoPax 
Ferry. For NOx, the impact on emission reductions from the SCR technology is also included. Fuel 
shift implies larger reductions than SCR for all ship types. To be noted is also the large difference in 
emission reductions in absolute numbers for the different pollutants. In absolute numbers the emission 
reduction is largest for CO2, see Figure 8. There is not however a linear relationship between the air 
pollutant reductions and CO2. This is most evident for PM2.5 where it in the case of fuel shift, is 
assumed that all abatement options result in the same size of emission reduction for each ship, while 
the CO2 reductions varies quite a lot for each ship depending on technology. 

 

 
Figure 7   Emission reductions for NOx (upper) and PMexhaust (lower) for each ship type and 

fuel shift abatement option (ton per year). Source: Holmgren (2019). 
While there is little variation between the fuel shift abatement options in the emission reductions for 
the two air pollutants for each ship type, there is a much larger difference for the emissions of CO2, see 
Figure 8. The reason for this is because for some of the abatement options, fossil fuel is still used to 
some extent after the fuel shift. In the case of biobased fuel, Holmgren (2019) have used the 
convention not to include emissions of CO2.  
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Figure 8   Emission reductions for CO2 for each ship type and fuel shift abatement option 

(ton per year). Source: Holmgren (2019). 
An important issue when evaluating impacts of fuel shifts are the overall impact on climate change. 
Holmgren (2019) for example found that the methane slip from engines counteract the benefits of 
reducing CO2, in the case of switching from MGO to LNG. To illustrate this, in Table 9 I present the 
results in Holmgren (2019) for the GHG calculations. Comparing with the results for CO2 in Table 8 
reveals that in this calculation the use of LNG results in an increased climate impact for all the types of 
ships. The reason for this is a significant methane slip from the engines and methane is a very potent 
greenhouse gas.  

 
Figure 9   Emission reductions GHG for each ship type and fuel shift abatement option (ton 

per year). Source: Holmgren (2019). 

3.2.2. Emission reductions from other abatement options at sea per ship type 
For the other abatement options out at sea, the emissions reductions are as illustrated in Figure 10 
(slow steaming is not included). Here, there is no close correlation between the emissions reductions 
for the two pollutants, NOx and PMexhaust. For each ship type there is also large differences between 
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the different abatement options. For the RoPax ferry for example, full electrification has larger impacts 
than electrification on NOx and CO2, but the opposite for PMexhaust, although in the latter case the 
difference in absolute numbers is small.  
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Figure 10   Emission reductions for NOx (upper), PM (middle) and CO2 (lower) for each ship 

type and other abatement options out at sea (ton per year). Source: Holmgren 
(2019). 

3.2.3. Emission reductions in ports with shore side electricity  
The air quality in port cities are impacted by the emissions from auxiliary engines. One way of 
significantly reducing these emissions is to provide shore power supply so that these engines can be 
turned off. This requires both installations in the harbour at the quay and potentially also for the 
electricity supply to the harbour and at the individual ships.  

In Figure 11 I present the case where only the changes in emissions from the ship itself are considered, 
therefore the name Ship only. This implies that the emission reduction is quite large. As discussed in 
Holmgren (2019), if the emissions from the energy production were included the reductions would be 
less. I have also included all the pollutants in the same diagram. This clearly illustrates that in absolute 
numbers the emission reductions are much larger for CO2. Regarding ship type, the calculated 
reductions are largest for the Cruise ship.  
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Figure 11   Emission reductions for different ship types and the abatement option shore side 

electricity for PMexhaust, NOx and CO2 (ton per year). Source: Holmgren 
(2019). 

3.3. Illustrations of calculated impacts on health and air quality  
In chapter 2, I provided an overview of the air pollution situation in Sweden. The conclusion was that 
the problem has decreased over time and that now it is mainly in the south, and in the Baltic sea, that 
targets and limit values are exceeded. In that chapter I also reported results from Windmark et al. 
(2016) for Swedish shipping emissions revealing that their contribution to problems with air quality in 
Sweden is small, generally around 1 percent. The impact however varies geographically. In this 
section I will therefore use the results from Windmark et al. (2016) to illustrate how the impacts on 
health, deposition and air pollution concentrations can vary.33 

As previously described, SMHI performed bottom-up calculations of the impact of shipping emissions 
on air pollution concentrations, deposition and population exposure for the SAMKOST-project 
(Windmark et al., 2016). This was done for a geographical area surrounding the Baltic sea, for 
emissions in three different sea basins; north Baltic sea, south Baltic sea and the West coast. Figure 12 
illustrates the model area and inputs into these calculations. To the left is a mapping of the results for 
the emission and dispersion modeling for the south Baltic sea. It shows the emissions of NOx and the 
contribution to the concentrations of secondary PM (SIA). From the mapping of the emissions, the 
importance of ferry traffic on this part of the Swedish coast is clear. Furthermore, it is shown that the 
concentrations are highest out at sea, close to the emissions sources, but also that all countries around 
the Baltic sea have increased concentrations. To the right in Figure 12, is an illustration of the 
population data used in the exposure calculation.  It is important to recognize that the largest impacts 

 
33 Since the calculations are based on the results in the Windmark et al. (2016) report, I will in this calculation 
only deliver results on the impact in the whole model area, not separate country estimates as in EnviSuM (Repka 
et al., 2019). 
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of emission reductions on population exposure are not generally going to be in Sweden, but in more 
populated areas in neighboring countries in the south.34  

 
Figure 12   Information presented by SMHI on shipping for the SAMKOST-project. To the 

left, results from emission- and dispersion modeling in the south of the Baltic sea, 
to the right the population data used in the exposure calculation. Source: 
Windmark et al. (2016). 

3.3.1. Ship types, fuel shift and estimated health impacts, years of life lost 
To provide an illustration of the expected impacts on health, I have to base our calculations on fossil 
fuel reductions rather than reductions of NOx. The reason for this is that this was the basis in the 
calculations done in Windmark et al. (2016) regarding the formation of secondary PM (SIA) which in 
turn is used in their exposure calculation. Therefore, these calculations are for each ship type and not 
for abatement options. The calculations are based on the assumption that for each ship type, the use of 
fossil fuel is completely abolished and not replaced by other combustion emissions. Hence, these 
estimates are probably a slight overestimation of the expected health impact reductions from fuel shifts 
for example.  

I use information from Windmark et al. (2016) as inputs where the estimated total population exposure 
is divided by the total change in fuel use. The results of this calculation are presented in Table 3. 
Windmark et al. (2016) did exposure modeling for both secondary PM and ozone. I however will 
focus on secondary PM since this is the pollutant that contributes to more than 90 percent of the total 
estimated health costs in most studies. The influence of ozone is likely to be even less in Sweden than 
in other studies since the highest concentrations mainly occur in the sparsely populated countryside 
according to the recent assessment by IVL (Fredriksson et al., 2018). 

Table 3   Contribution to population exposure per ton fuel for the three sea basins. # means 
number of persons. Own calculations based on Windmark et al. (2016). 

 North Baltic South Baltic West coast 

Exposure Secondary PM (SIA) 0.35 µg/m3.#/ton fuel 0.77 µg/m3.#/ton fuel 0.71 ug/m3.# /ton fuel 

Exposure ozon (SOMO35) 0.84 ppm(v)d.#/ton fuel 0.67 ppm(v)d.#/ton fuel 0.34 ppm(v)d.#/ton fuel 

The estimated yearly fuel use (Marine Gas Oil) for the different ship types are according to Holmgren 
(2019) 1800 ton for Bulk carriers, 44600 ton for Container vessel, 3300 ton for the coastal tanker and 
18600 ton for the RoPax tanker. Using the estimate in Table 3 for number of persons exposed to 
1µg/m3 per ton fuel for each sea basin, I can calculate the estimated total population exposure per year 

 
34 This explains the results for different countries in EnviSuM (Repka et al., 2019) and is discussed in greater 
detail in the presentation by Barregård, see foonote 3. 
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for each ship type and the estimated number of premature deaths. For each calculated death, 11.2 years 
are assumed to be lost. The results are presented in Figure 13. 

 
Figure 13   Reductions in Years of life lost for each ship type and sea basin if the yearly use 

of fossil fuel (MGO) is replaced with non-emissions fuels. Own calculation based 
on results in Holmgren (2019) and Windmark (2016). 

The results in Figure 13 reveal the same relationship between the ship types as shown for the 
differences in emissions of NOx and PM in Figure 7. However, for all ship types there is a 
geographical difference in the impacts. The expected reduction in years of life lost is twice as high in 
the south and west of Sweden as it is in the north. This is mainly due to lower population densities in 
the north. 

3.3.2. Abatement options impact on deposition and air pollution concentrations 
Here I will to calculate the reduction in air pollution deposition and concentrations for the abatement 
options fuel shifts and SCR. Again, using results from Windmark et al. (2016), I have related the 
calculated deposition and the concentration of nitrate (SIA, a secondary PM) in each area to the total 
emissions of NOx. In Table 4, I present the results. 

Table 4   Contribution to air pollution (deposition and concentration) per ton NOx for the 
three sea basins. Own calculations based on Windmark et al. (2016). 

 North Baltic South Baltic West coast 

Dep. NOY_N+NHX_N 0.14 ton/ton NOx 0.15 ton//ton NOx 0.12 ton/ton NOx 

Nitrate 0.000000074 µg/m3/ton NOx 0.000000088 µg/m3/ton NOx  0.000000067 µg/m3/ton NOx 

The results in Table 4 are the inputs to the calculations of the impact on air pollution for the different 
fuel shift abatement options and SCR in each region. This time however only for the Container ship. 
This is the ship type with the highest yearly emissions, see Figure 7. Figure 14 illustrates the results. In 
the upper diagram, is the results regarding the reduction of the deposition of oxidised and reduced 
nitrogen. In the lower diagram, is the results for the reductions in the concentration of Nitrate. There is 
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a variation between the three sea basins with the lowest reduction in the north of the Baltic sea. 
Another finding is that SCR has a smaller impact than the fuel shift alternatives. 

 

 
Figure 14   Influence on air quality of yearly emission reductions of NOx from a container 

ship cruising in the different sea basins. Upper diagram, reduction in deposition 
of oxidised and reduced nitrogen (ton per year) and lower, reduction in nitrate 
concentrations (µg/m3 per year). Own calculations based on Holmgren (2019) 
and Windmark (2016). 
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In these diagrams, there is the same pattern as in Figure 13 regarding the differences between the three 
sea basins. The difference however is smaller, less than half, than for the Years of Life Lost 
calculation. This is because this is only an estimate of the change in deposition and concentration, not 
including the estimated impact which in the case of Years of Life Lost is influenced by geographical 
differences in population density.  

When combined with traffic data, this information can be used to calculate the contribution from 
shipping to the total deposition or air pollution concentrations in the model area. This can then be 
compared to the total contribution from all sources such as the air pollution concentrations presented 
in Figure 5, the map to the right, or the deposition into the Baltic sea from land-based sources 
presented in Figure 4. In the latter case however, additional analyses are required since the results 
presented in Figure 14 are estimates for an area covering the whole Baltic Sea region as described in 
Figure 5. 

3.3.3. Estimated impacts, air pollution and years of life lost, the port of Gothenburg 
The emissions I consider in the port of Gothenburg are the same as previously (NOx, PMexhaust) but the 
impacts will differ. Of relevance in urban areas is the contribution of directly emitted NOx (or rather 
NO2) and PMexhaust. Hence, here the contribution to secondary PM of NOx is not a basis for the 
calculation of health impacts. This impact however is added when I calculate the external benefits of 
shore side electricity in chapter 4.35  

Previous research (SLB Analys, 2014; Johansson, 2014) show that the contribution from ports to the 
air quality in city centers differ. This depends on things such as distance to the city center, prevailing 
wind directions etc. Furthermore, the expected health impact will be related to population density. 
Hence, separate estimations of the expected impacts of electrification should be done on a case to case 
basis. In this study I can therefore only give an illustration of the influence based on a case study for 
the city of Gothenburg which, together with Stockholm, is the city were this could be an important 
problem in Sweden according to the results in Windmark et al. (2016). 

As was described in chapter 2, Gothenburg is a city in Sweden where the (Swedish) limit values for 
NO2 are still sometimes exceeded. This air pollutant has therefore been in focus in the work done at 
the regional level. According to a report by the County Administrative Board (Länsstyrelsen i Västra 
Götalands län, Miljöskyddsavdelningen, 2017) the contribution from shipping to the concentrations of 
NO2 in Gothenburg is highest out on the river and where the ferries used for public transport across the 
river stops. The concentrations decease rapidly with distance to the river, from between 10 och 15 
μg/m3 at the stops to below 1 μg/m3 at Gårda. In another report discussing the current situation 
regarding Environment and Health in the Region surrounding Gothenburg, shipping is not specifically 
addressed (Västra Götalandsregionens Miljömedicinska Centrum, 2018). 

These findings suggest that the influence on air pollution concentrations in the city is relatively minor. 
This is also the conclusion from the modeling done by Segersson et al. (2012). According to their 
results, the emissions of NOx and PMexhaust for road transport and shipping in Gothenburg are in a 
similar range but the contribution the air pollution concentrations is much less for shipping. For NOx, 
3.22 µg/m3 compared to 15.1 µg/m3 for road traffic, and for PMexhaust 0.058 µg/m3 compared to 3.77 
µg/m3 for road traffic.36  

 
35 For more information on the calculation of external costs in urban areas, see Nerhagen et al., (2015) or 
Nerhagen and Haraldsson (2018). 
36 If I were to follow the approach often used in health impact assessments in Sweden and use NOx as an 
indicator instead of PMexhaust, the estimated air pollution concentration would be approximately 30 percent lower 
to give an estimate of the NO2. The reason is that the ER-functions often used are based on assessments of NO2, 
not NOx (Söderqvist et al., 2017). 
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As in Nerhagen (2016), I use the estimates for shipping in Segersson et al. (2012) as a basis to 
calculate the Years of Life Lost for the different ship types. Figure 15 illustrates the results. The 
calculation only accounts for the reductions in the emissions from the ship itself (Ship only), and not 
the emissions resulting from the electricity production.  

 
Figure 15   Reductions in PMexhaust and resulting reductions in years of life lost for each ship 

type with shore side electricity in Gothenburg. Own calculation based on results 
in Holmgren (2019) and Windmark (2016). 

From the figure it is clear that the influence of these emissions on estimated years of life lost is small, 
about 0.3 life years saved in the city of Gothenburg for the yearly emissions reduction of 0.8 ton of 
PMexhaust from a Cruise ship. To account for the full health impact of this abatement option, possible 
impacts from the emissions from electricity production should also be accounted for.  

3.4. Summing up – emissions and impacts 
From this and previous research, it can be concluded that the contribution from “Swedish shipping”, 
i.e. ships calling at Swedish ports, has a minor influence on the air pollution concentrations in Sweden. 
Hence, reducing these emissions will not have a significant influence on the air pollution EQO. 
According to Nerhagen (2016) the explanation is because Swedish shipping, as defined in Windmark 
(2016), accounts for 22 percent of the total NOx emissions in the Baltic Sea, only around 2 percent of 
the total emissions from international shipping in Europe37 and less than 1 percent of the emissions 
from all sources in Europe.  

As for eco-system impacts, shipping emissions contribution to air pollution concentrations is highest 
close to the emission source, the ship (see graphical illustrations in Windmark, 2016). Hence, it is 
likely that shipping makes a contribution to the problem with eutrophication in the Baltic sea, both 

 
37 The SMHI report is not completely clear about the geographical delimitation but since the calculations are 
based on the European PRIMES model, I expect that it is emissions in Europe that are considered, see (SMHI, 
2011). 

-0,9

-0,8

-0,7

-0,6

-0,5

-0,4

-0,3

-0,2

-0,1

0
Bulk carrier Coastal tanker Container RoPax Cruise

∆ PMexhaust (ton) and Years Of Life Lost per year - Gothenburg

Δ PMexhaust (ton) - Ship only Life years lost



34   

through direct deposition into the sea, but also through the deposition over land that is then transported 
out to sea again as illustrated in Figure 4. The contribution to land-based deposition and concentrations 
in Sweden however is expected to be relatively minor compared to other emission sources. 

In ports, the emissions from the combustion of fossil fuel contribute to the air pollution concentrations, 
especially in Gothenburg and Stockholm according to Windmark et al., (2016). However, more 
detailed studies reveal that in general the contribution is much less than from road transport. This is 
because the concentrations decrease rapidly with distance from the emission source. Hence, the 
estimated health impacts will be relatively small. There is also a regional difference in the estimated 
impacts from shipping air pollution emissions with a much larger influence in the south of Sweden 
(both east and west coast) where both the traffic and the populations densities on the surrounding land 
areas are higher. Hence, when assessing the impact of different abatement options on health, 
geographical aspects and population densities close to the emission source must be accounted for. 

An important aspect in air pollution impact calculations is also the difference between primary 
PMexhaust and SIA (secondary PM such as nitrates). For example, comparing the estimates of the Years 
of life lost in Figure 13 (about -20) and Figure 15 (about -0.2) for Container vessels, there are several 
important differences that influence the results. The calculation in Figure 13 is a result of the expected 
impact of NOx on the SIA air pollution concentrations and their contribution to population exposure in 
the whole of Europe. In Figure 15, it is instead the emissions of PMexhaust and their contribution to 
population exposure in the city center of Gothenburg. Since the amount of emissions of PMexhaust is 
much smaller and the population exposed as well, the estimated years of life lost will be smaller. This 
will also influence the benefit calculation in the next chapter. This conclusion is based on the 
assumption that the exposure-response functions to be used in the health impact assessment are the 
same for all sources’ contribution to concentrations of PM2.5 in urban background, hence irrespective 
of origin. 
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4. Comparing benefits and costs for the abatement options 

4.1. The external benefit calculations – overview 
To assess the benefits of different abatement options, monetary marginal external cost estimates for 
the different air pollutants and for CO2 are used. These estimates are multiplied with the estimated 
yearly emission reductions for each pollutant, abatement option and ship type that were presented in 
chapter 3. 

As described in chapter 1, the monetary estimates for the air pollutants are from recent studies 
undertaken in Sweden where detailed dispersion- and exposure modeling have been used (Nerhagen, 
2016; Windmark et al., 2016; Nerhagen and Andersson, 2018; Leung et al., 2018). Population 
densities will have an important impact on these estimates. Since Sweden is more sparsely populated 
country in the north, in the calculations in this chapter I will in some cases compare the results 
between benefits for a certain abatement option using monetary marginal external cost estimates for 
the south of the Baltic Sea with those for the north. For CO2 a single marginal external cost estimate is 
used since the expected impact is the same everywhere. 

The estimated amount of yearly emission reductions for each pollutant for each abatement option and 
ship type will have a large influence on the calculated benefit. To provide an illustration, in Table 5 
the estimates for fuel shift and the abatement option Liquid BioGas (LBG) for different ship types are 
presented. From the Table it is evident that there are important differences but that in general the 
reduction of CO2 measured in tons is much larger than that for NOx and PMexhaust. These are all 
reductions in emissions and hence they are negative. In addition, the estimated annualized 
abatement costs for each ship type are presented in the table. Since this abatement option 
implies an increase in cost for the shipowner, the estimate is positive. The abatement cost 
estimate will also be presented in the diagrams presented in this chapter and is used to 
calculate the net benefit.  

Table 5   Emission reductions for CO2, NOx and PM for fuel shift and the abatement option 
LBG (tons per year). Source: Holmgren (2019). 

Fuel shift Ship type Δ CO2 Δ NOx Δ PM Abatement cost  

  ton per year ton per year ton per year €2015/ship/year 

LBG RoPax -61,101 -1,163 -5.6 6,168,619 

LBG Bulk carrier -5,913 -113 -0.5 652,037 

LBG Container -146,511 -2,790 -13.5 15,371,362 

LBG Coastal tanker -10,840 -206 -1.0 1,200,542 

4.2. Marginal external cost estimates per unit of emissions  
As described in chapter 1, no air pollution modeling has been done as part of this project and therefore 
estimates from other recent studies are used. In this section I first present the estimates used in the 
calculations in this study, their origin and other estimates used to assess their relevance, see Table 6. 
For comparison, in Table 7 I summarize some estimates from some older studies and provide a brief 
discussion of the reason for differences between these estimates and those used in this study.  

The marginal external cost estimates are from the SAMKOST project for the air pollutants, mainly 
Nerhagen (2016). However, some things have been added and some modifications done to the original 
estimates in order to find estimates for all the abatement options and pollutants discussed in this study. 
In the first column in Table 6 is information about the area were the emissions are released. The 
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second column is the model area that the estimate is valid for. The third column is the pollutant that is 
used to calculate the health impacts that are the basis for the estimate. The fourth column is the 
monetary external cost estimate. The fifth and final column is the study where the original estimates 
are presented.  

Table 6   Summary of Marginal external cost estimates from the SAMKOST project used as 
inputs in the external benefit calculations, and as reference.  

Emission area Impact Pollutant Estimate  Source 

Estimates used in calculations 

North Baltic Europe SIA (Nitrates) 667,3 € per ton NOx VTI notat 24-2016 
Shipping 

South Baltic Europe SIA (Nitrates) 1204,2 € per ton NOx VTI notat 24-2016 
Shipping 

North Baltic Europe PMexhaust 900 € per ton PMexhaust VTI notat 15-2018 
Flight – low cruise 

South Baltic Europe PMexhaust 1400 € per ton PMexhaust VTI notat 15-2018 
Flight – low cruise 

Port Gothenburg 
city 

PMexhaust 18328,4 € per ton PMexhaust VTI notat 24-2016 
Shipping 

Port Gothenburg 
city 

NOx 96,3 € per ton NOx VTI notat 24-2016 
Shipping 

Estimates used as reference 

West coast Europe SIA (Nitrates) 1006,5 € per ton NOx VTI notat 24-2016 
Shipping 

Sweden Europe SIA 700 € per ton NOx VTI notat 15-2018 
Flight – low cruise 

Swedish airports Europe PMexhaust  18700 – 20800 € per ton 
PMexhaust 

VTI notat 15-2018 
Flight - LTO 

In the first rows of the Table are the inputs actually used in the calculations presented in this chapter. 
In the last three rows are estimates that I have used as reference to assess the relevance of estimates 
actually used. The last row for example is included because it provides some information on the cost 
of PMexhaust emissions closer to urbanized area, since this is where airports are often located. These 
estimates are comparable in size to the estimate I have calculated for Gothenburg in Nerhagen (2016) 
and hence they give an indication of the marginal external cost for these emissions that are released at 
some distance from city centres. 

To arrive at values that are relevant for the calculations in this study, I have had to scale up the 
estimates for population exposure in Windmark et al. (2016) to account for estimated health impacts in 
the whole of Europe. As described in chapter 3, the modeling area used in the Windmark et al. (2016) 
study was delimited to a smaller model area around the Baltic sea. From previous work (Nerhagen et 
al., 2009 for example) I know that the impact of air pollution is more far reaching. In a follow up study 
in the SAMKOST project about flight emissions (where SMHI also did the air pollution modeling, see 
Leung et al., 2018), they were therefore contracted to do some sensitivity analyses comparing the 
results for the smaller model area with one covering the whole of Europe. This provided information 
that I have used here. Moreover, since PMexhaust was not included in the Windmark et al. (2016) study, 
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because the focus there was on emissions out at sea, I will use the external cost estimate from the 
flight study low cruise as an estimate for the cost of these emissions from shipping out at sea.38 For 
emissions in ports, I have an estimate for Gothenburg from Nerhagen (2016). For CO2, I use the 
external cost estimate recommended by the Swedish National Road Administration (2018) of 114 € 
per ton. 

The estimates used in this study for PM and NOx are in many cases lower than those found in other, 
often older, European studies. For comparison, I have summarized a few in Table 7. Most of these 
studies only provide an estimate for the impact on the whole of Europe.39 However, in the EU 
handbook for marginal cost of transport (Ricardo-AEA, 2014) there is a discussion in the appendix 
about how the cost for PMexhaust emissions are related to population density. Based on a regression 
analysis they provide estimates also for suburban and urban areas. The latter are assumed to have a 
population density of 1500 inhabitants/km2.  

Table 7   Marginal external cost estimates in previous European and Swedish studies (Euro 
per ton). 

Emissions sources PM2.5  PM2.5 
Suburban 

PM2.5 
Urban 

NOx      
(as SIA) 

Source 

Sweden Industry  7644   2197 EEA (2014) 

Stockholm road transport  9880  152000 3970 Nerhagen et al. (2015) 

Sweden road transport  14578 50210 197450 5247 Ricardo AEA (2014) 

Shipping Baltic and North Sea    1391 Åström et al. (2014) 

Shipping Baltic Sea 13800   4700 Ricardo AEA (2014) 

Shipping North Sea 25800   5950 Ricardo AEA (2014) 

Shipping Remaining North-
East Atlantic 

5550   2250 Ricardo AEA (2014) 

All these estimates are only based on the calculation of health impacts. In the case of lower estimates 
in Table 6 than in Table 7, this is the result of a lower population density in Northern Europe in 
combination with updated information on emissions and higher spatial resolution in the dispersion 
modeling. As describe in chapter 1, our estimates are based on a higher value for a life year lost than 
in the studies mentioned in Table 7, while the exposure-response functions used are the same.  

4.3. Calculation results - fuel shifts and SCR 
Figure 16 and 17 illustrate the calculation results for the abatement options that are related to technical 
changes. The blue bar to the left is the abatement cost for each option as calculated in Holmgren 
(2019). The multicolored bar to the right is the result of the benefit calculation where I have multiplied 
the emission reductions for NOx, PMexhaust and CO2 with the relevant monetary values in Table 6. This 
gives us the change in benefit (∆B) for each emission which is positive. For NOx and PMexhaust, in 
Figure 16 I have used the values for the south Baltic Sea, hence the highest of the monetary estimates 
that I use in this study. To test the sensitivity of the results to the inputs used, in Figure 17 the 

 
38 Compared to the results in VTI notat 24 (Nerhagen, 2016), the external cost estimates for SIA and Nitrate are 
approximately twice as high. This gives an estimate per ton NOx similar to the one in the flight study for Low 
cruise. For this reason, I use the corresponding flight estimate for PMexhaust to calculate the benefit of reducing 
these emissions out at sea. 
39 To be noted is that the estimates in Table 7 from the EU handbook (Ricardo-AEA, 2014) are from the results 
of the NEEDs project presented in 2008. Hence, they are based on older data on emissions and air pollution and 
using models that are different from today and not adapted to the Swedish situation. 
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abatement options with positive net benefits in Figure 16 are included, but the monetary estimates for 
the North of the Baltic sea are used instead. 

 
Figure 16   Abatement costs and estimated benefits for the abatement options fuel shift and 

SCR (Euro per year). Marginal external cost estimate for the south of the Baltic 
sea Source: Own calculations 

 
Figure 17   Abatement costs and estimated benefits for the abatement options fuel shift and 

SCR (Euro per year) except MeOH. Marginal external cost estimate for the north 
of the Baltic sea. Source: Own calculations 
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The main benefit in most cases is due to the reductions of CO2. Exceptions are LNG and SCR. The 
latter is since NOx is the only pollutant targeted by this technical solution. The second largest benefit 
is the reduction of NOx, due to its impact on the concentrations of secondary PM. There are also large 
differences between the different ship types that is related to the size of the ship. Another finding is 
that the yearly net benefit (benefits – cost) are not positive for all the abatement options. MeOH has a 
negative net benefit for all ship types. When the monetary estimates for the North are used, SCR 
becomes negative for the Container ship. To be remembered is also that when considering other 
greenhouse gas emissions, the impact of a shift to LNG is uncertain, see chapter 3.2.1. 

4.4. Calculation results, emission reductions at sea – other options 
The benefit calculations for the other abatement options that can reduce emissions out at sea are 
presented in Figure 18. In almost all cases these abatement options imply a lower running cost. Hence, 
these benefits are in most cases composed both of lower running cost for the ship owner (the blue bar) 
and the emissions reductions. Again, the estimated benefit is largest for the reduction of CO2 and 
largest in absolute numbers for the Container vessel. Slow steaming appears to be an abatement option 
that gives among the highest estimated benefit for all ship types, except for RoPax. Full electrification 
is only analyzed for the RoPax ship. The result reveals that this alternative have a large negative net 
benefit. 

 
Figure 18   Abatement costs and estimated benefits for other abatement options that influence 

the emissions out at sea (Euro per year). Marginal external cost estimate for the 
south of the Baltic sea. Source: Own calculations 

4.5. Calculation results - shore side electricity 
In Figure 19, I present the results for shore side electricity in the ports. Again, the inputs to the 
calculations are from Holmgren (2019). This calculation is different from those above since I have 
added the benefit of local health impacts, using the monetary estimate for Gothenburg from Table 6, as 
well as the cost of supplying electricity in the ports. For the regional impacts of PMexhaust and NOx, I 
do the calculations using both the monetary estimates from Table 6 for the South Baltic and the North.  
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Figure 19   Abatement costs and estimated benefits for the abatement option shore side 

electricity (Euro per year). Marginal external cost estimate for the south and 
north of the Baltic sea for Ship only. Source: Own calculations 

In this case there is a net benefit for all alternatives, except Bulk carriers, if only the abatement cost for 
the shipowner is considered. The largest benefit is due to the reduction of CO2. This also explains why 
the use of the lower monetary external cost estimates for the North instead of the South, does not 
change the calculated total benefits significantly. Furthermore, the second largest benefit component is 
reductions of NOx that has an impact on the regional scale (through the formation of SIA, a secondary 
PM). Hence, the benefits from reducing emissions in Swedish ports, and hence influencing air quality 
in harbor cities in Sweden, is small in comparison. The largest calculated benefit in ports is from the 
reduction of PMexhaust. Regarding ship type, the largest reduction in emissions and hence the largest 
benefit is for Cruise ships. 

As in chapter 3.3.3, in these calculations only changes in emissions from the ship are accounted for 
(Ship only). The result will be different if the emissions from the electricity production are included. 
As described in Holmgren (2019), two cases can be considered in such a calculation; EU elmix is 
when the average emissions from the supply of electricity in the EU is accounted for and SV elmix is 
when the average emissions from supply in Sweden is accounted for. The net reduction in emissions is 
lowest in the case of EU elmix, since the production of electricity in Europe include significant 
amounts of fossil fuels.40 

The calculated benefits and the total abatement costs, including the investments in ports, are presented 
in Table 8. The net benefits are largest for the Cruise and RoPax ship reflecting the fact that their need 
for electricity generation in ports is comparatively large compared to the other ship types. Bulk carrier 
and Coastal tanker have negative net benefits (in italics). 

 
40 There are also other possible negative external effects related to electricity production, for example the impact 
on biodiversity from hydropower. These however are not discussed in neither this report nor Holmgren (2019). 
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Table 8   Net benefit for shore side electricity results presented in Figure 19 (Euro per 
year).  

Vessel type 
Emission 
reductions 

MEC 
estimates 

Total annualised 
cost 

Total annual 
benefit 

Net annual 
benefit 

Bulk carrier  Ship only South 92884 3883 -89000 

Bulk carrier  Ship only North 92884 3583 -89300 

Coastal tanker  Ship only South 202351 51987 -150363 

Coastal tanker  Ship only North 202351 47968 -154382 

Container  Ship only South 145437 205316 59879 

Container  Ship only North 145437 189445 44008 

Cruise  Ship only South 142240 751072 608832 

Cruise  Ship only North 142240 693015 550774 

RoPax  Ship only South -17841 312304 330145 

RoPax  Ship only North -17841 288163 306004 

4.6. Interpreting and using the results – some concluding remarks  
The estimates of yearly costs and benefits presented in this chapter are for single ships and Tank to 
Propeller. These results have to be combined with traffic data to arrive at the total yearly influence for 
the different ship types. This however will be a simple rescaling of the results so the conclusions on 
which abatement options that have a negative net benefit will not change. The relative difference 
between abatement options might however change depending on where the emissions are released, if it 
is in the south or the north of the Baltic Sea, provided this is accounted for in the calculations. Since 
the estimated marginal external cost is lower in the north, and if there is a difference in the 
composition of the shipping fleets, then the use of different policy instruments may be efficient. 

An important difference between the abatement options presented in this chapter are those where there 
is a negative abatement cost, and hence the net benefit is positive or negative, and those where the 
abatement cost is positive. The latter is mostly due to reductions in fuel use. The evaluation of the 
latter alternatives requires further consideration since the assessment in this chapter does not account 
for other adaptations costs that may follow. With slow steaming for example, which is the abatement 
option with the largest estimated benefit for almost all ship types for the “other” alternatives, see 
Figure 18, more ships might be required to transport the same amount of goods in a given time period.  
There are also other costs for society related to the different abatement options that I have not 
considered here. In the case of shore side supply of electricity for example I have not illustrated how 
the net benefit result varies depending on the assumptions about the emissions from electricity 
production, or other external effects caused by this production. 

When evaluating the results, and comparing them to those in other studies, the difference in 
preconditions in this study must to be recognized. The benefits estimated here for single abatement 
options are likely to be less than if they were introduced in other parts of the world. The reason is that 
a SECA has already been introduced in the Baltic Sea resulting in less contribution to secondary PM 
concentrations, in part due to the increased use of comparatively “clean” fuel (MGO). In addition, the 
lower marginal external costs due to the lower population densities in many countries surrounding the 
Baltic Sea, especially in the north of the Baltic, implies that abatement options that have a positive net 
benefit in other parts of the world are not necessarily efficient to encourage here.  

Regarding emissions released in ports, Figure 19 illustrates that both local and regional impacts of the 
air pollutants need to be considered in the calculation. The best illustration of this is for Cruise ships. 
While NOx (through SIA) has the largest impact for the regional scale, PMexhaust, that mainly has a 
local influence, also has a relatively important benefit, at least in Gothenburg. Still, the benefits 
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resulting from reducing the air pollutants are not alone large enough to motivate shore side electricity. 
For this the CO2 impact also must be considered.  

The calculation regarding shore side electricity also illustrates that the impact is different for different 
ship types. Here the net benefit is for example larger for the RoPax than for the Container ship which 
is the opposite to the result for the case of fuel shift (eg. LNG and LBG) that will reduce the emissions 
out at sea, see Figure 16. Hence, for policy instruments to be efficient the need to differentiate between 
different ship types have to be considered. In such an assessment there is also the need to consider the 
total amount of emission reductions from abatement options out at sea in comparison to the expected 
impact of for example shore side electricity in ports. 
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5. Cost-effective abatement options to reduce shipping emissions – 
discussion 

In this report I have illustrated the expected impacts and net benefits for different abatement options 
that further reduce the emissions from shipping in the Baltic Sea Region. The estimated net benefits 
are based on the reductions for emissions out at sea of (primary exhaust) PM, NOx and its contribution 
to the formation of Secondary Inorganic Aerosols (SIA) and CO2. I have also estimated the benefits 
and costs for shore side electricity provision in the port of Gothenburg where the benefits of the local 
impact of exhaust PM and NOx (as NO2) were added. 

The analysis presented in this report is similar to recent work done by IIASA that was commissioned 
by the EU. The aim of this project was to provide information on the balance between the stringencies 
of the current emission control regulations for land-based sources in the EU versus those for the 
shipping sector, and to explore the feasibility and potential impacts of further emission reduction 
initiatives for the maritime sector. This is similar to the questions to be answered in the Carrots and 
Sticks project, to which this report is an input, where the aim is to propose cost-effective policy 
instruments to achieve four air pollution and climate related Swedish national environmental policy 
objective. 

For a discussion on how to reduce emissions to air from shipping in a cost-effective way, it is 
interesting to compare the inputs and the results of two recent studies mentioned in this report, IIASA 
(Cofala et al., 2018) and EnviSuM (Repka et al., 2019). An important difference between these two are 
the maritime areas in focus. In EnviSuM, the focus has been on emissions in the Baltic Sea which is 
located in the relatively sparsely populated north of Europe. In the IIASA study, the focus is on the 
Mediterranean Sea, where up to 57 percent of all emissions from international shipping in Europe 
occur, and with very densely populated countries surrounding it. Both studies investigate the impact of 
the introduction of a SECA area, and hence the reduction of SO2.  

The important aspect is that there is a noticeable difference in the results since the estimated reduction 
of the concentrations of PM2.5 is around 0.144 µg/m3 in the countries considered in EnviSuM, while it 
is expected to be above 1 µg/m3 in the countries around the Mediterranean Sea according to the results 
in the IIASA report. The latter is a much more populated region and hence the combination of a high 
population density and relatively large concentration reductions implies much larger estimated health 
impacts and hence also larger benefits.  

When using the results in this study, comparing them to these other two studies for example, it must be 
acknowledged that the evaluation context is very different. The baseline here is that a SECA area has 
already been implemented. Furthermore, the fuel used is already to a large extent the cleaner fuel 
Marine Gas Oil. Considered here is therefore what the impact and net benefit of additional abatement 
options will be in a part of Europe that is relatively sparsely populated and where the concentrations of 
PM2.5, at least in Sweden, are very low in an international comparison. It is therefore not surprising that 
reduction in the air pollutants plays a minor role for the benefit estimation which instead is dominated 
by the reductions of CO2. 

From the results in chapter 4 on costs and benefits for the different abatement options, it is clear that 
there are large variations in the estimated impacts. It is also clear that some require investments that 
are outside the hands of the shipowner. The latter is especially the case for shore side electricity 
provision. This example is also a good illustration of that the benefits of reducing air pollutants, at 
least in Sweden, mainly comes from health benefits on a regional scale, hence to a large extent from 
whole of Sweden and neighboring countries instead of very local impacts in a city. This example also 
illustrates the problem of accounting for the wider impacts of a certain abatement option, in this case 
how to account for the environmental problems related to different ways to produce electricity.  
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Appendix 1 – On the use of cost effectiveness analysis related to air 
pollution 
In the most recent report by the Swedish government to the UN Framework Convention on Climate 
Change (Naturvårdsverket, 2017), the concept of cost-effectiveness is described in general terms. This 
presentation is followed by an account of the cost of some of the measures that have been 
implemented as a consequence of Swedish climate policy instruments. A retrospective analysis 
however does not reveal the challenges in doing an ex ante assessment. According to 
Konjunkturinstitutet (2012), a cost-effectiveness analysis implies assessing which policy instrument 
that achieves the largest emission reduction to the lowest cost and therefore the impacts and the costs 
for different policy instruments should be compared.  

In this study I am however to assess the consequences for four EQOs which implies understanding 
emissions reductions for many different pollutants, for example exhaust particles and NOx in addition 
to the impact on greenhouse gases. Other complications are what costs to consider. According to 
Naturvårdsverket (2017) the change in current and future households’ scope for consumption is the 
costs that should be accounted for in a cost-effectiveness analysis, but this is not the kind of 
information used in these kinds of analyses in practice. In the following, I therefore provide a brief 
account of the research undertaken regarding the use of cost-effectiveness analysis in relation to air 
pollution highlighting some of the problems raised regarding its use. Problems that explain why cost 
benefit analysis is increasingly used in policy work at the EU level, as illustrated by the recent IIASA 
report discussed in this study (Cofala et al, 2018) (which in turn is based on the approach used in 
Holland et al., 2014a). 

In Europe, methods for cost effectivenes analysis (CEA) and air pollution impact assessment has been 
developed and used for at least 20 years, in part due to work related to the UN Convention on Long-
Range Transboundary Air Pollution. An example is the RAINS model (now GAINS) that the 
International Institute for Applied Systems Analysis (IIASA) in Austria started to develop in the mid 
1990s. It has been further developed over the years and is now often used for policy evaluations in the 
EU. It includes modelling and estimates of health impacts in addition to the impacts on climate and the 
natural environment. Recent examples of applications are Amann et al. (2011) and Jonson et al., 
(2017). Both studies reveal the variation in air pollution concentrations that exist in Europe, with 
lower concentration levels in the Nordic countries. In Amann et al. (2011) it is therefore concluded 
that target setting should be differentiated in order to reach cost-efficient emissions reductions.  

The RAINS/GAINS model is using years of life lost as target for health impacts. The reason for using 
years of life lost is to account for differences in the expected impact on health of air pollutants. 
Exhaust particles for example are expected to have a long-term impact causing health problems such 
as heart conditions resulting in premature deaths. NOx on the other hand are expected to cause more 
instantaneous problems when people who already suffer from bad health (often elderly or people with 
respiratory problems) are exposed to this pollutant. For the natural environment, the concept of critical 
loads is used. A problem with the RAINS/GAINS model however is that it is developed for 
assessments on a regional scale, using a grid with 50x50 km resolution, and is therefore not well suited 
for analyses focusing on more local conditions (The Swedish Environmental Research Institute, 2004).  

The RAINS/GAINS method has been applied in a number of Swedish studies. Early examples are 
Sternhuvud and Grennfelt (2001), Höglund-Isaksson (2005), Sterner and Höglund Isaksson (2006) and 
Cofala et al., (2007). These studies however mainly focused on reducing single pollutants from single 
emission sources while the EQOs related to air pollution are influenced by many different sources. 
Therefore, the question of how to use CEA to achieve multiple emission reduction targets was 
explored. In a research project (thesis work), models for CEA based on Swedish data was used related 



50   

to work done by the Committee on Environmental Objectives (SOU, 2000:52).41 Findings from this 
research are presented in SOU (2000:23), Budh (2004a and b), Li and Budh (2008).42 However, to my 
knowledge this optimization approach has not been developed further in Sweden. Instead, the 
discussion and development regarding the use of CEA have mainly been related to the evaluation of 
government climate and energy policies, hence with a focus on single targets. A methodological 
overview is presented in Söderholm and Hammar (2005) while evaluations of specific policies are 
presented in Vredin Johansson (2006), Samakovlis and Vredin Johansson (2007), Forslund m fl., 
(2009), Boverket (2009), Broberg, Forslund, and Samakovlis (2009), WSP (2017) and Riksrevisionen 
(2019). 

Concerning the health impacts of air pollution, much focus in international work has been on the 
impact of exhaust and secondary (nitrate and sulphate) particles (SIA). In Sweden however, it was also 
found, when air quality limit values were introduced and evaluated, that road wear makes an important 
contribution to concentrations of particulate matter (measured as PM10) in urban areas. This resulted in 
research on the impact on health of different types of particulate matter. Based on this kind of 
research, Nerhagen and Li (2010) investigated the implications of the choice of target in a CEA in this 
setting. It was found that an analysis focusing on reducing emissions causing high concentrations of 
PM10 resulted in a different choice of abatement measure than an analysis based on reducing emissions 
expected to have large impacts on years of life lost. That the choice of using years of life lost instead 
of deaths influence the description and understanding of a problem is also found in a more recent 
study that focuses on different types of causes of death in society, for example suicide which is a more 
important cause of death among young people (Ryen, 2018).  

 

 

 

 

 
41 That the importance of health versus the environment was discussed is illustrated by the following quote in 
SOU 2000:52 appendix VI page. 1096:” The transport sector has in connection to the planning of investments in 
infrastructure developed a methodology for measuring the monetary value of changes in emissions. These values 
have in several cases been derived from political decisions. Furthermore, health impacts are given a larger 
weight than can be considered justified. From the proposition Svenska miljömål (prop. 1998/99:145) it is clear 
that the protection of the environment is equated with the protection of human health. To base our work on these 
values should implicate that the future environmental policy was determined by political decisions made in the 
tranport sector and that health is given a larger weight than the other protection objects (see chapter 2 in 
“betänkandetexten”). Hence, these are preconditions that are not in accordance with the directives given.” 
42 A closer look at the description of the data used in these analyses (the appendices to SOU 2000:52) reveal that 
crude estimates with a focus on the expected impact of various policy measures on emission reductions are used. 
Hence, it appears that an underlying assumption is that a certain emission reduction will have the same impact on 
air quality (air pollution concentrations). There also appear to be a focus on a few EQOs and impacts on the 
natural environment (see page. 1025 in appendix V). 
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Appendix 2 – Summary of EQO evaluation from Naturvårdsverket (2018) 

 Clean air Natural Acidification Only Zero Eutrophication 

Goal “The air must be clean 
enough not to represent a 
risk to human health or to 
animals, plants or cultural 
assets.” 

“The acidifying effects of 
deposition and land use must 
not exceed the limits that can be 
tolerated by soil and water. In 
addition, deposition of acidifying 
substances must not increase 
the rate of corrosion of technical 
materials located in the ground, 
water main systems, 
archaeological objects and rock 
carvings.” 

“Nutrient levels in soil and 
water must not be such that 
they adversely affect human 
health, the conditions for 
biological diversity or the 
possibility of varied use of 
land and water.” 

As Status NO: The environmental 
quality objective has not 
been achieved and cannot 
be achieved with existing 
and approved instruments 
and measures. 

NO: The environmental quality 
objective has not been achieved 
and cannot be achieved with 
existing and approved 
instruments and measures. 

NO: The environmental 
quality objective has not 
been achieved and cannot 
be achieved with existing 
and approved instruments 
and measures. 

Challenges Recent decisions and a 
positive trend improve the 
potential to achieve the 
environmental quality 
objectives, but further 
investments are essential. 
Nitrogen dioxide, 
particulates and ozone in 
particular are far from the 
objective.  

Internationally, initiatives 
must be implemented to 
reduce concentrations of air 
pollutants caused by long-
distance traffic.  

At national level, initiatives 
are needed to reduce the 
concentrations of nitrogen 
oxides and particulates from 
traffic. Emissions of 
Benzo(a)pyrene and 
particulates from wood 
burning also need to be 
reduced. 

The deposition of pollutants 
causing acidification has 
declined sharply in recent 
decades. As a result, the 
number of acidified lakes and 
watercourses has declined.  

However, further action is 
needed in order to cut emissions 
from land-based sources in 
Europe and from international 
shipping. The new clean air 
strategy, the requirements 
regarding marine fuel and the 
revision of the National 
Emission Ceilings Directive in 
the EU are key initiatives.  

At national level, action is 
needed to mitigate the effects of 
forestry. 

Nutrient loads are declining. 
In some areas, symptoms of 
eutrophication are abating, 
but much of Sweden is still 
affected. Conditions are 
worst in the Baltic Sea.  

Initiatives to curb nutrient 
emissions have produced 
results, but emissions must 
be cut further if we are to 
realise our objective. The 
recovery time for the 
environment is protracted. 
International cooperation is 
of vital importance. 
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Appendix 3 – Assessments downloaded from www.naturvardsverket.se  
Information nedladdad från Naturvårdsverket webb, officiell statistik 20190526. Information om 
deposition saknas. 

https://www.naturvardsverket.se/Miljoarbete-i-samhallet/EU-och-internationellt/EUs-
miljooarbete/Luftvardspolitik/EUs-utslappstakdirektiv/Sveriges-atagande-enligt-nya-takdirektivet-Nec2/ 

Med undantag för utsläpp av kväveoxider och ammoniak ser Sverige ut att klara sina åtaganden enligt EU:s nya 
takdirektiv. Detta framgår när man jämför det senaste scenariot för framtida utsläpp och Sveriges åtaganden. 

http://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Partiklar-PM25-halter-i-luft-urban-bakgrund-
arsmedelvarden/ 

Långa mätserier av PM2,5 finns endast från ett fåtal mätplatser i Sverige. De längsta mätserierna uppvisar en 
motsägande trend, med varierande halter i Malmö och Göteborg och minskande halter i Stockholm. 

Miljökvalitetsmålets precisering klarades i samtliga kommuner som mätt PM2,5. 

http://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Partiklar-PM25-halter-i-luft-regional-bakgrund-
arsmedelvarden/ 

Halterna av PM2,5 är nu även vid de mest belastade mätstationerna lägre än miljömålets precisering för 
årsmedelvärdet. Under 2017 klarades även miljömålets precisering för dygnsmedelvärdet vid samtliga 
mätplatser. 

http://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Kvavedioxid-i-luft/ 

Under de senaste åren har årsmedelhalterna av kvävedioxid i urban bakgrundsluft varit lägre än 
miljökvalitetsmålets precisering. Under 2016 överskreds dock preciseringen i Göteborg. 

http://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Kvavedioxid-halter-i-luft-regional-bakgrund/ 

Miljökvalitetsnormen (MKN) för skydd av vegetation avser halten av kväveoxider, men i regional bakgrund 
mäts endast kvävedioxid. I landsbygdsmiljö, långt från utsläppskällorna, kan dock i stort sett all kväveoxid antas 
föreligga som kvävedioxid. 

Halterna har sedan början av 1990-talet minskat med cirka fyrtio procent i södra Sverige och något mer i norra 
Sverige. 

Årsmedelhalten av kvävedioxid utgör som högst cirka tio procent av MKN. Vid flertalet av de mest belastade 
mätplatserna i södra Sverige utgör årsmedelhalten tjugo procent av miljömålets precisering för kvävedioxid. 

http://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Svaveldioxid-halter-i-luft-regional-bakgrund-
arsmedelvarden/ 

Sedan början av 1990-talet har halterna av svaveldioxid i regional bakgrund minskat med upp till nittio procent 
och är idag väldigt låga. Årsmedelhalten av svaveldioxid utgör, som högst, cirka fem procent av 
miljökvalitetsnormen för skydd av ekosystem. 

http://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Svaveldioxid-i-tatortsluft-timmedelvarde/ 

Halterna av svaveldioxid i luften har sjunkit kraftigt (med mer än 90 procent jämfört med under 1960- och 
1970-talen) och ligger nu långt under miljökvalitetsnormerna (MKN) för timme och dygn. 

 

https://www.naturvardsverket.se/Miljoarbete-i-samhallet/EU-och-internationellt/EUs-miljooarbete/Luftvardspolitik/EUs-utslappstakdirektiv/Sveriges-atagande-enligt-nya-takdirektivet-Nec2/
https://www.naturvardsverket.se/Miljoarbete-i-samhallet/EU-och-internationellt/EUs-miljooarbete/Luftvardspolitik/EUs-utslappstakdirektiv/Sveriges-atagande-enligt-nya-takdirektivet-Nec2/
http://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Partiklar-PM25-halter-i-luft-urban-bakgrund-arsmedelvarden/
http://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Partiklar-PM25-halter-i-luft-urban-bakgrund-arsmedelvarden/
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