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Preface 
This is a report resulting from the research project TESS – Traffic Emissions, 
Socioeconomic valuation and Socioeconomic measures – that is financed by EMFO. In 
2002 an agreement about the EMFO programme was reached between the partners from 
the Swedish Vehicle Research Council, PFF. EMFO is a sector-wide research 
competence programme to develop vehicles and vehicle components with emission 
levels that are sustainable in the long term. The aim of EMFO is to offer academia, 
industry and authorities access to necessary knowledge and pioneering solutions that are 
necessary if vehicle technology is to develop in the desired direction. One important 
task is to coordinate activities within the programme with both national and 
international research in the field. 

EMFO comprises subsidiary programmes and two of these were: “Socio-economic 
evaluation of the health and environmental impact of different emissions” and “Optimal 
range of socio-economic measures”. TESS undertakes research in these two areas but it 
is also related to the subsidiary programme: “Health and Environmental Impact”. The 
application was approved in 2005 and the project took place during 2005–2008. 

The basis for the research in TESS is the valuation methods developed in the EU funded 
ExternE projects where the external cost of emissions is calculated by tracing the effects 
that the emissions have on human health and then to value these effects. The aim has 
been to calculate the external costs related to PM that local emissions (from traffic and 
other sources) generate on a local and regional scale using Stockholm as a case study. 
These results are presented in Nerhagen et al., (2008). We focus on PM since there is an 
emerging consensus that they have the main influence on human health (WHO, 2006).  

The mortality cost calculation undertaken in TESS requires collaboration between 
researchers from different research disciplines and therefore there have been four parties 
involved in the main project. Coordinator for the project has been VTI, where Lena 
Nerhagen were project leader as well as responsible for the economic analysis. Christer 
Johansson and Kristina Eneroth at SLB analys (Environment and Health 
Administration, Stockholm) contributed with information about local emissions and 
performed dispersion model calculations for the Stockholm area. Bertil Forsberg at 
Umeå University undertook the health impact assessment. Finally, Robert Bergström at 
SMHI performed the regional scale dispersion and exposure modelling.  

The information collected can however also be used to analyse what abatement 
measures that are likely to be efficient from an economic point of view and the results 
from such an analysis is presented in this report. Lena Nerhagen has undertaken this 
research in collaboration with Chuan-Zhong Li at Uppsala University. We have 
collected information on the cost and effectiveness of different policy measures that 
would reduce concentrations of PM10 in Stockholm. Using this information we have 
undertaken a cost-effectiveness analysis.  

We are grateful to Svante Mandell at VTI/TEK who has read and commented on a 
previous manuscript. The authors are responsible for any remaining errors. 

Borlänge december 2008 
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Cost-effective analysis of local policy measures to improve air quality in Stockholm 
– an exploratory study 
by Lena Nerhagen and Chuan-Zhong Li 
VTI (Swedish National Road and Transport Research Institute) 
SE-581 95  Linköping  Sweden 

 

Summary 
This report is a result of the research undertaken in the project TESS – Traffic 
Emissions, Socioeconomic valuation and Socioeconomic measures. In this report, we 
have studied the cost-effectiveness of particulate matter (PM) reductions from local 
emission sources in the Stockholm area. The input in the analysis is cost and 
effectiveness data collected from other studies and reports on reductions in emissions 
from traffic and residential heating.  

Contrary to other cost-effectiveness studies we have also included abatement measures 
where the effect is mainly due to adaptations in behavior. One example is congestion 
charging that we have assumed have a zero cost. We have also investigated the effect of 
different targeting strategies. Either the focus is on achieving air quality limit values for 
PM10 or the focus is on improvement in human health. In the first case we have assumed 
that the aim is to reduce emissions of PM10. In the second case the aim has been 
formulated as a reduction of the number of years of life lost (YOLL) in the population 
that would result if we reduce the concentrations of particulate matter in the city.  

The cost-effective analysis is done with a simple linear programming model. According 
to our results, congestion charging, a change to low-emission vehicles and installation 
of accumulator tanks are the least cost abatement measures irrespective of the target 
used in the analysis. For congestion charging and low-emission vehicles this is due to 
the assumption made that the abatement cost is zero. Thereafter however, the choice of 
measures depends on the choice of target. While less use of studded tires is efficient in 
order to reduce PM10 emissions, this is not a measure that has a large impact on the 
reduction of YOLL. This result relies on the assumptions made regarding the mortality 
impact of non-exhaust PM versus combustion PM.  

These results should only be seen as an illustration of the influence of different 
assumptions in this type of analysis. The data is rough and we have not accounted for 
the uncertainties in this analysis. In future research, both the cost data and effectiveness 
parameters may need to be refined, preferably with uncertainty data provided. Our main 
purpose however has been to provide an example on which to base a discussion on the 
use of cost-effectiveness analysis and future research issues in this area. In this analysis 
we have for example only accounted for one health impact, mortality and reductions in 
YOLL, but exposure to PM is also expected to influence morbidity. To account for the 
combined effect of mortality and morbidity we would need to use some other measure 
of the outcome, such as QALYs (quality-adjusted life-years) that is common in the 
health economics literature.  

Moreover, when evaluating policy measures in the transport sector there are also other 
outcomes, such as accident risk or changes in travel time, which may be relevant to 
include in the evaluation. In the analysis in this report we have included such effects in 
the calculation of the cost for each measure since this has been suggested in the 
literature on cost-effectiveness analysis and it was the approach used in the abatement 
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plans for Oslo and Stockholm. The theoretical basis for this approach is however not 
clear. Hence, we believe that more research is needed on the use of cost-effectiveness 
analysis and under what circumstances this method can be preferable to cost-benefit 
analysis. 
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Kostnadseffektivitetsanalys av lokala åtgärder för att förbättra luftkvaliteten i 
Stockholm – en pilotstudie  
av Lena Nerhagen och Chuan-Zhong Li 
VTI 
581 95  Linköping 

 

Sammanfattning 
Denna rapport är ett resultat av den forskning som skett inom projektet TESS – Trafik-
emissioner, samhällsekonomisk värdering och samhällsekonomiska åtgärder. I denna 
rapport presenteras resultaten av en kostnadseffektivitetsanalys som vi genomfört 
gällande vilka lokala åtgärder som kan minska partikelemissionerna och/eller 
koncentrationerna som orsakas av lokala källor. Analysen är baserad på situationen i 
Stockholm och bygger på kostnads- och effektivitetsdata som vi sammanställt från ett 
flertal olika källor gällande emissioner från trafiken och bostadsuppvärmning.  

I motsats till de flesta andra kostnadseffektivitetsanalyser har vi inkluderat åtgärder där 
effekterna framförallt åstadkoms genom förändringar i beteende. Ett exempel är 
trängselavgifter där vi antar att kostnaden för att genomföra denna åtgärd är noll. Vi har 
också studerat hur utformningen av reduktionsmålet påverkar valet av åtgärder. 
Antingen kan målsättningen vara att nå miljökvalitetsnormerna för PM10 eller så kan 
fokus vara att uppnå störst förbättring när det gäller människors hälsa. I det första fallet 
har vi antagit att målet är att minska emissionerna av PM10 medan det i det andra fallet 
är formulerat som att målet är att minska antalet förlorade levnadsår i befolkningen som 
orsakas av exponering för partiklar.  

Kostnadseffektivitetsanalysen är genomförd med en enkel linjär programmerings-
modell. Enligt våra resultat så är trängselavgifter, byte till fordon med lägre emissioner 
samt installation av ackumulatortankar de åtgärder som kan genomföras till lägst 
kostnad, oavsett målformulering. Att trängselavgifter och byte till fordon med låga 
emissioner ingår beror på antagandet att dessa kan genomföras utan kostnad. Utöver 
dessa är dock valet av åtgärder beroende på vilken målformulering som används i 
analysen. Medan minskad dubbdäcksanvändning är en kostnadseffektiv åtgärd för att 
minska emissionerna av PM10 så har den inte någon större effekt när det gäller att 
minska antalet förlorade levnadsår. Orsaken till detta är att slitagepartiklar från 
dubbdäck antas ha en mindre effekt på dödligheten i befolkningen.  

Denna analys och dess resultat ska dock bara ses som en illustration av hur olika 
antagande påverkar utfallet. De data vi använt är endast ungefärliga uppskattningar och 
i analysen har vi inte tagit någon hänsyn till de osäkerheter som finns. Huvudsyftet med 
denna studie har varit att illustrera effekterna av olika antaganden med ett exempel för 
att utifrån det kunna diskutera fortsatt forskning inom detta område. I denna studie har 
vi exempelvis i målformuleringen gällande hälsa endast tagit hänsyn till olika partiklars 
påverkan på dödligheten. Det är dock även troligt att de har en påverkan på sjuklig-
heten. Om även denna effekt skulle inkluderas i denna typ av analys behöver målet 
utformas på ett annat sätt. En möjlighet är att använda måttet QALY (kvalitetsanpassade 
levnadsår) som ofta används i hälsoekonomiska studier.  

På transportområdet är det dessutom så att det kan finnas ytterligare aspekter, såsom 
olycksrisker och förändringar i restid, som är viktiga att ta hänsyn till då man utvärderar 
olika åtgärder. I analysen i denna rapport har vi fångat dessa effekter genom att 
inkludera dem i kostnaden för åtgärderna eftersom detta tillvägagångssätt har föreslagits 



 

i litteraturen och det användes även i de åtgärdsplaner gällande partiklar som tagits fram 
för Oslo och Stockholm. Hur väl detta stämmer överens med ekonomisk teori är dock 
oklart. En slutsats är därför att det behövs mer forskning gällanden användningen av 
kostnadseffektivitetsanalyser och under vilka förutsättningar som denna metod kan vara 
att föredra framför kostnadsnyttoanalyser.  
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1 Introduction 
1.1 Project description 
1.1.1 Background and purpose 
It has long been recognized that emissions from traffic have a negative impact on 
human health. In latter years there has been emerging consensus that the main influence 
is due to particulate matter (WHO, 2006). From an economic point of view these 
negative effects are external costs caused by traffic that, if not accounted for in decision 
making regarding transport, will result in a non-optimal allocation of resources leading 
to welfare losses. There are however various measures in place aimed at reducing the 
negative health impact (i.e. the external costs) of the emissions from traffic. The 
measures include emission control legislation but also air quality objectives for local 
concentration levels in urban areas that if exceeded compels the local authorities to take 
action. Also road pricing measures are increasingly considered as an option since the 
new information technology has opened up for new technical solutions. One such 
example is the Stockholm trial where rush hour road pricing was implemented, resulting 
in reduced traffic to and within the city area and thereby reductions in emissions and 
concentration levels (SLB Analys, 2006). 

This report is a result from the research project TESS where the main purpose was to 
use the Impact pathway approach (IPA), that has been developed in the EU funded 
ExternE projects, to calculate the mortality cost of particulate matter (PM) 
concentrations due to emissions in the Stockholm area. These results are presented in 
Nerhagen et al., (2008). In this report we instead evaluate how to reduce the 
concentrations of PM locally in Stockholm by local policy measures. The method used 
is cost-effectiveness analysis that is often recommended for evaluations of 
environmental policy (see discussion in section 1.2). The purpose of this type of 
analysis is to evaluate what policy measures that are likely to be effective in an 
economic sense, i.e. what measures that will achieve the greatest improvement in 
environmental quality at the lowest cost.  

Although an established method, cost-effectiveness analysis rests on a number of 
assumptions and it has been discussed in the literature if this method can provide useful 
economic information to decision-makers on how to use scarce resources (Gafni, 2006). 
The aim of this paper is to give an overview of the method and the assumptions 
commonly made and then, on the basis of an example, illustrate how the assumptions 
affect the outcome of the analysis. In our example we focus on the choice of target 
setting. In the air pollution context the question is how to measure a change in air 
quality. As discussed in Smeets et al., (2007) there has been a focus in the current air 
quality guidelines on measurement of PM10 at “hot spots”. However, another way 
suggested by Smeets et al., (2007) is to measure the change in the general population’s 
exposure of PM10 since this is expected to better reflect the expected health benefits of 
reductions in air pollution.  

We want to stress that this is an exploratory study where our main interest has been to 
investigate how to undertake this type of analysis in this context, what data there is and 
the influence of assumptions made. Hence, the results of this study should not be taken 
at face value but rather we aim for them to be a basis for a discussion on future research 
in this area.  
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To estimate the effects on emissions and health, data from Nerhagen et al. (2008) have 
been used. In that report the health impact of PM emissions from different sources in 
Stockholm are presented. In the calculations it has been accounted for that population 
exposure varies between sources but also that the health impact differs between PM of 
different origin. The health endpoint accounted for is mortality since it has been found 
to make the largest contribution to the health cost in other projects. However, before 
continuing with the analysis, in the next section a brief introduction is given to what the 
PM concentrations situation is like in Stockholm for readers who are not familiar with 
this air pollution problem. 

 

1.1.2 Particulate matter concentrations in Stockholm – an overview 
Regarding particles there is recognition among the research community that there are 
different types of particles and that it is likely that their impact on human health differ. 
Still the current practice is to treat fine particles (which are considered to be most 
detrimental to health) as equally harmful irrespective of origin. Hence, there is only one 
exposure-response function recommended for the health impact of fine particles (so 
called PM2.5).  

However, what is mostly measured in urban areas is the concentration of PM10 that 
contain both fine and coarse particles since the air quality limit values have been based 
on these1. The most important local source of PM10 in many urban areas in Sweden is 
coarse particles from road wear (Omstedt et al., 2005). In spring, when the roadways are 
dry, the contribution from road wear particles may be 30 times the direct emissions 
from the exhaust pipe. These mechanically generated road dust particles are however 
not considered in calculations of the external cost that is based on the original ExternE-
methodology (Friedrich and Bickel, 2001; Bickel and Friedrich, 2005). 

The measured concentrations of fine particles and PM10 in an urban area is composed of 
several types of particles such as combustion particles from different sources, non-
exhaust particles from road wear and secondary particles from sources outside the city. 
Therefore it is not possible to assess the actual impact on health from local traffic 
emissions using measurement data of the total concentrations. The impact of the 
contributions from different emission sources to the total PM10 concentrations at street 
canyon and urban background in central Stockholm is illustrated in Figure 1. In the 
figure a separation is made between fine particles (often referred to as PM2.5) and coarse 
particles (PM10-2.5).  

Hence, in order to undertake analysis of the influence of traffic emissions on human 
health dispersion models are needed. There is however an additional problem with the 
current measurement on which Figure 1 is based. If we are only interested in exhaust 
particles from local traffic, measurements or modelling of PM2.5 are not relevant. This is 
because exhaust particles consist mainly of ultrafine particles (with diameters <0.1 µm) 
and hence their contribution to the concentration of PM2.5 is small. Therefore, in TESS 
the calculations were based on modelling of the contribution of exhaust (also called 
combustion), non-exhaust and secondary particles. 

                                                 
1The new Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 on 
ambient air quality and cleaner air for Europe, which includes standards for PM2.5, entered into force on 
11 June 2008 (http://ec.europa.eu/environment/air/quality/legislation/existing_leg.htm). 
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Figure 1  The relationship between the contribution from traffic and other sources to 
the PM10 concentration at a densely trafficked site (Hornsgatan) and at Urban 
background (a roof-top site) in central Stockholm (annual mean contributions). “Fine” 
particles refers to PM2.5 and “Coarse” particles to PM10-PM2.5. (Source: Johansson 
and Eneroth, 2007). 

 

1.1.3 Content of the report 
In this report we evaluate what abatement measures are likely to reduce the 
concentrations of PM in Stockholm that are detrimental to human health. The focus in 
the analysis is on abatement measures that can be implemented locally and both 
technical and non-technical measures (mainly adaptations in behaviour) are included. 
We also compare the outcome when two different approaches to target setting are used. 
In one approach we use reductions of PM10 emissions as the target while in the other 
example we consider the effect on health by accounting for reductions in Years Of Life 
Lost (YOLL).  

Our analysis is similar to that of Smeets et al., (2007) except that we choose a health 
endpoint as an alternative target instead of evaluating a change in concentration levels. 
The reason for focusing on a specific health endpoint is that, as discussed in the 
previous section, PM of different origins are expected to have different effects on 
mortality. Focusing on health endpoints is also the common approach when cost-
effectiveness analysis is used in health economics.  

The outline of the report is as follows. In the next section we give a short description of 
cost-effectiveness analysis – how it is used and issues that has been discussed in the 
literature on how to perform this type of analysis. In chapter two the inputs that will be 
used in the cost-effectiveness analysis and how the data has been collected are 
described. The calculations and the results are presented in chapter three. The report 
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ends with conclusions, what the implications are for policy and suggestions for further 
research.  

 

1.2 Cost-effectiveness analysis 
Cost-effectiveness analysis is a method used to analyze how society can achieve certain 
pre-determined targets at the lowest possible cost by choosing the “right” combination 
of abatement measures. This method is often applied in the area of environmental 
policy. It is for example the method used in the GAINS-model2, which has been 
developed by the International Institute for Applied System Analysis (IIASA). The 
GAINS-model is often used for scenario analysis of international policy appraisals such 
as the Clean Air for Europe (CAFE) program and the Emission Ceiling Directive of the 
European Union (the so called NEC directive).  

In a Swedish context cost-effectiveness analysis has been used to evaluate the effects of 
the charge on nitrogen oxide that was introduced in 1992 (Höglund Isaksson, 2005) but 
also to assess how the national environmental objectives can be achieved in a cost-
effective way (Li and Budh, 2008). It has also been applied in recent Swedish policy 
work related to climate policy (Energimyndigheten and Naturvårdsverket, 2007). 
However, although simple to use mathematically, there are a number of issues related to 
the use of this method in policy analysis that we will discuss and to some extent explore 
in this report. These are issues that have been addressed in various papers and reports in 
recent years. 

The first issue concerns the data that is needed for this type of analysis. Traditionally, 
cost and effectiveness of technical measures has been used but even obtaining these is 
not straightforward. The compilation of this type of data is costly and the information 
requested is in many cases considered to be sensitive business information. Hence, a 
systematic approach to the collection of data seems to be needed. In Sweden a recent 
research project investigated how data could be collected but to our knowledge this 
project did not end up in actual implementation (Ribbenhed et al., 2005). One possible 
explanation for this is a lack of interest for this type of information from relevant 
authorities3.  

Criticism has also been raised against the engineering data commonly used (Hartman et 
al., 1997; Höglund Isaksson, 2005; Li and Budh, 2008). Höglund Isaksson (2005) for 
example discusses that most analysis are based on assumed costs and efficiencies for 
different abatement techniques and that this does not take full account of the firms 
abatement cost behaviour. In her analysis she finds that there seem to exist abatement 

                                                 
2 This is the former RAINS-model that have now changed name since it also includes cost and 
effectiveness data on CO2 control measures. 
3 Although Swedish authorities by law are required to undertake economic assessments of environmental 
policies it has been found that this is an area in need of improvement. Therefore, in response to a 
government appropriation letter, the Swedish EPA has presented a strategy on “how method development 
of economic impact assessments in the environmental area should be pursued” (Naturvårdsverket, 2004). 
One conclusion in this strategy is that more financial resources need to be allocated to this type of 
analysis in the day-to-day activities. The actual effect of this strategy is however unclear. Two recent 
policy evaluations in the air pollution area have not undertaken a comprehensive economic analysis since 
the costs and effectiveness or benefits have not quantified in monetary terms (Länsstyrelsen i Stockholms 
Län, 2004; Vägverket, 2007). 
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measures that can be undertaken at zero or very low cost, supporting the hypothesis of 
“low-hanging fruits”. This hypothesis states that due to organizational inefficiencies 
there are cost-effective abatement measures that are not undertaken. The introduction of 
a policy measure such as a regulation encourages the firms to reduce such inefficiencies 
thereby revealing the benefits of undertaking certain abatement measures.  

Another issue concerns what data is relevant to include. Li and Budh (2008) and also a 
number of recent Swedish reports touch upon this issue. Li and Budh (2008) for 
example make a note that only financial costs are included in their data and that so 
called social costs such as time and comfort are excluded. Sternhufvud et al. (2006) 
discusses this issue more explicitly and they make a distinction between technical and 
non-technical measures where non-technical measures are related to some change in the 
production or consumption process. According to their definition non-technical 
measures can be divided into three kinds: effectiveness (less use of input), substitution 
(using another input) or demand (change in behaviour).  

That this distinction is important when comparing abatement cost estimates from 
different studies is discussed in Särnholm and Gode (2007). They emphasis that their 
results cannot be compared to those of Särnholm (2005) since the former included both 
effectiveness and fuel-shift measures while the latter only considered fuel-shift 
measures. Särnholm and Gode (2007) also discuss the problem of data collection in 
general and the problem of generalisation of results from a case study such as theirs to 
national estimates and potentials. They also discuss the problems they had of receiving 
reliable data from transport companies. Hence, what the literature show is that there are 
great uncertainties related to these types of data and that the outcome of the analysis 
will be heavily dependent on the assumptions in each study. 

Another question that has been raised regarding cost-effectiveness analysis is how to 
design the target setting. One of the issues concerns the problem with multiple 
pollutants. Abatement measures aimed at the reduction of CO2 are for example also 
likely to reduce other airborne pollutants. As found in Li and Budh (2008), performing a 
cost-effectiveness analysis separately for each pollutant results in considerably higher 
abatement costs estimates than if it is accounted for in the analysis that each abatement 
measure will have an impact on other pollutants as well. 

Another problem with target setting is discussed in Smeets et al., (2007) and it concerns 
how to evaluate or measure the effectiveness of different abatement measures. In their 
study they investigate different abatement measures aimed at improving air quality in 
the Netherlands focusing on PM10. One reason for reducing concentrations of PM10 in 
Europe is the health impact of these emissions. Since the concentrations are high in 
close proximity to traffic there has been a focus in the current guidelines on 
measurement of PM10 at “hot spots”. However, as discussed in Smeets et al., (2007) 
another way to evaluate abatement measures is to measure the change in the general 
population’s exposure of PM10 since this is expected to better reflect the expected health 
benefits of reductions in air pollution. The results of their study is that abatement 
measures that are cost-effective when the target is reduction of PM10 at hot-spots is 
relatively costly when the target is framed as reduced exposure to PM10 in the general 
population  
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2 Data for the cost-effectiveness analysis 
2.1 The air pollution situation in Stockholm 
Several different sources contribute to the PM concentrations in Greater Stockholm, 
which is illustrated by the emission data presented in Table 1. This information is 
collected from the emission inventory of the Stockholm and Uppsala Air Quality 
Management Association, see Johansson and Eneroth (2007) for a more detailed 
description. Non-exhaust PM (road wear) dominates the emission of PM10 while power 
plants and residential heating are important sources for combustion PM4. For NOx, 
which contributes to the formation of secondary PM, road traffic and power plants are 
the most important sources.  

 
Table 1  Total emissions (tonnes/year) of NOx and particles from road traffic and other 
Sources in Greater Stockholm during 2003 . 

 Road 
traffic 

Sea traffic 

a 
Power 
plants 

Residential 
heating 

NOx  (Light Duty Vehicles, LDV) 3029    

NOx (Heavy Duty Vehicles, HDV) 2645    

NOx  (other sources)  885 2002 487 

NOx Total 5674 885 2002 487 

Combustion PM (exhaust  LDV) 82    

Combustion PM (exhaust HDV) 40    

Combustion PM (other sources)  33 249 490 

Non-exhaust PM (road, brake and tyre 
wearb) 

1859    

PM10 Total 1981 33 249 490 

Making a large contribution to emissions however does not imply an equally large 
contribution to concentration levels of each pollutant. This is revealed by the results of 
dispersion modelling that is presented in Table 2. As seen in the table, traffic makes the 
largest contribution both to the NOx and the PM concentrations, and for PM non-exhaust 
particles dominates. There is however not a one to one correspondence between change 
in emissions and change in concentrations because the dispersion pattern will depend on 
where the emissions occur and at what height (the emissions from power plants have 
less influence on local concentration levels since they are emitted at greater height). 
Therefore, residential heating makes a larger contribution to the NOx concentrations 
than power plants, although the latter have larger total emissions.  

                                                 
4 The emission data for residential heating is highly uncertain and we have compared this estimate with 
data from another source. The emissions from different sources have been estimated in the SMED 
(Swedish Methodology for Environmental Data) project, see www.smed.se. According to these estimates, 
the emissions in Stockholm are 1/5 of the estimate in this study. If this lower estimate is used then the 
population weighted annual mean concentration due to residential heating is about the same size as that 
for road traffic. 
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Table 2  Arithmetic mean concentrations of NOx, and particulate matter  (μg/m3). 

Substance Road 
traffic 

Road traffic, 
LDV 

Road 
traffic, 
HDV 

Sea traffic Power 
plants 

Residential 
heating 

NOx 2.46 1.32 1.14 0.16 0.26 0.37 

Combustion PM  0.053 0.036 0.017 0.0052 0.037 0.36 

Non-exhaust 
PM 

0.79      

 

The crucial information for a health impact assessment however is the concentrations 
that people are exposed to of the different pollutants. Since the concentration in most 
cases decreases rapidly with distance to a source, accounting for population density in 
close proximity to a source is needed in the exposure estimation. Results from this type 
of modelling are presented in Table 3. These results reveal the importance of traffic and 
residential heating for human exposure. In this case what is estimated is the yearly 
average concentration level from each source at each area which is multiplied with the 
population in the area. Hence, sources that cause high concentrations in densely 
populated areas will get higher estimates in relation to their emissions. For traffic, the 
population weighted estimates for NOx and PM in Table 3 are about twice as high as the 
estimates in Table 2, while for sea traffic it is only 20% higher. 

 
Table 3  Population weighted annual mean concentrations of NOx and PM (μg/m3). 

Substance Road 
traffic 

Road 
traffic, LDV 

Road 
traffic, 
HDV 

Sea traffic Power 
plants 

Residential 
heating 

NOx 5.86 3.14 2.44 0.18 0.36 0.68 

Combustion PM 0.14 0.10 0.036 0.0063 0.051 0.59 

Non-exhaust PM 1.70      

 

According to Table 3 road traffic is the most important source for human exposure to 
PM and to NOx. Non-exhaust PM clearly dominates regarding exposure to PM. It can 
also be concluded that residential heating is an important source for exposure to 
combustion PM. The reason for the importance of these two sources is that these are 
emissions that occur in close proximity to people’s place of residence. Although power 
plants according to the results in the Table 1, make a large contribution to total 
emissions we can see in the second and third table the stronger influence from road 
traffic on human exposure. Therefore, in this cost-effectiveness evaluation we have 
decided to concentrate the evaluation on abatement measures aimed at the local sources 
road traffic and residential heating.  
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2.2 Estimation of cost and effectiveness  
There are several measures that could reduce PM-emissions from traffic and residential 
heating but there is no information collected on their costs and expected effects. Hence, 
this study is based on information from different sources. An overview of the abatement 
measures that we have considered is given in Table 4. These measures have been 
chosen because they have been discussed in the abatement plans regarding air quality 
that have been developed for Oslo and Stockholm, two cities where PM-emissions from 
road wear but also residential heating are a problem causing exceedances of EU’s air 
quality limit values (Oslo Kommune, 2004; Länsstyrelsen i Stockholms Län, 2004).  

In the table we have summarised the information we wanted to collect for each measure. 
Regarding cost, we would like to have an estimate of the technical cost but also if there 
is some adaption cost related to the measure, i.e. if the abatement measure will have a 
positive or negative effect on behaviour. For some measures the cost is marked with a 
question mark. This indicates that possibly there is a cost but that it is likely to be small 
and uncertain, and hence we have not included it in this analysis.  

What is also described in the Table 4 is the expected impact of each measure on 
emissions. We have separated the emissions of road wear from those of combustions 
PM because these are expected to have different health impacts (Forsberg, 2008). As 
seen in the table, while some measures will only target one pollutant others have an 
effect on several pollutants that the government is interested in regulating. If a measure 
will reduce the emissions the sign is +, while it is – if the emission will increase due to 
the measure. No impact on an emission is marked with a 0. For rerouting we have 
marked +/- for some emissions that indicate that while the emissions will be reduced in 
one area they will increase in others. For illustration, information for the pollutants NOx 
and CO2 is also included. Although multipollutant targeting is not focused upon in this 
report, such a cost-effective analysis would be interesting to undertake for the purpose 
of a more general evaluation of an optimal policy mix. 

 
Table 4  Local air pollution abatement measures, expected costs and impacts. 

No Local abatement measure Cost Emission reduction 

   Technical Adaption Road wear Comb. PM NOx CO2 

1 Street sweeping inner city YES NO 0 0 0 0 

2 Street sweeping all city YES NO 0 0 0 0 

3 Dust binding YES NO 0 0 0 0 

4 Reduced use of studded tires ? YES + 0 0 0 

5 Vehicle PM filter HDV  YES NO 0 + 0 0 

6 Vehicle change LDV YES ? 0 + + + 

7 Reduced speed at episodes ? YES + + + + 

8 Rerouting  ? YES +/- +/- +/- +/- 

9 Congestion charging YES YES + + + + 

10 Residential heating ackumulator  YES NO 0 + - + 

11 Residential heating subsitituion (bio) YES NO 0 - + - 

12 Residential heating subsitituion (b/f) YES NO 0 + + + 
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In Table 4 we only included information on what effect each abatement measure will 
have on the emissions. In the analysis we have also assessed what impact each 
abatement measure will have on the PM concentrations. This information is needed for 
evaluation of the effect that each abatement measures will have on reducing years of life 
lost (YOLL).  

 

2.3 Data collected 
A summary of the data sources and main inputs used in the calculation of costs and 
effects of each measure are presented in Table 5. All estimates are the cost and effect 
per year in the county of Stockholm. Details regarding the compilation of these data are 
presented in the appendix.  

As seen in the table some of these measures will not have an impact on the actual 
emissions, they will only change the concentration levels. Moreover, it is only measure 
1–3 and 10–12 where the cost estimate is solely based on a change in technology. The 
cost we have calculated for the others are to a large extent based on the impact they will 
have on behaviour, for example increases in travel time.  

To arrive at the change in concentration levels we have either simply assumed a change 
in concentrations based on the information we have or we have calculated the effect on 
the emissions from the source concerned and then assumed that the impact on the 
concentration for this source will be of the same size. We have then calculated the 
change in the total emissions or concentrations of PM10. The change in the 
concentration level has been the basis for the calculation of the impact that each 
measure will have on YOLL in Stockholm (see the appendix 2 for details).  
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Table 5  The underlying data for analysis – data sources and inputs.  

N

o 

Measure 
Cost  Effect  

1 Street sweeping inner city high C streets – Estimates based on 
information in the abatement plan regarding PM10 in Oslo (Oslo Kommune, 
2004) and Stockholm (Länsstyrelsen i Stockholms Län, 2004).  

400 SEK per km 
on 26 km  

1% reduction in 
the 
concentrations 
non-exhaust PM  

2 Street sweeping all high C streets – Estimates based on information in the 
abatement plan regarding PM10 in Oslo (Oslo Kommune, 2004) and 
Stockholm (Länsstyrelsen i Stockholms Län, 2004). 

400 SEK per km 
on 112 km 

10% reduction in 
concentrations of 
non-exhaust PM 

3 Dust binding inner city – Cleaning of streets at episodes (20 days per 
year). Estimates based on information in the abatement plan regarding PM10 
in Oslo (Oslo Kommune, 2004) and Stockholm (Länsstyrelsen i Stockholms 
Län, 2004).  

29 000 SEK per 
day  

0,5% reduction in 
concentrations of 
non-exhaust PM 

4 Less studded tires – Estimates based on information in the abatement plan 
regarding PM10 in Oslo (Oslo Kommune, 2004) and Stockholm 
(Länsstyrelsen i Stockholms Län, 2004). We assume a 50% reduction in the 
use of studded tires. The estimate on the value of time is obtained from 
Transek (2006). The value of a statistical life is the one used in Swedish 
transport investment analysis. 

20 million SEK 
per death and 
value of time 
estimate of 122 
SEK per hour 

50% reduction in 
emissions and 
25% reduction in 
concentrations of 
non-exhaust PM 

5 Vehicle PM filter HDV – The cost of installing a vehicle filter on lorries. Cost 
information obtained from Wetterberg et al., (2007) and using own estimate 
on the number of lorries that are likely to change.    

8 016 SEK per 
vehicle 

90% reduction in 
combustion PM 
per lorry 

6 Vehicle change LDV – The cost of changing to a vehicle with low-
emissions. According to Särnholm and Gode (2007) this is a negative cost of 
- 1 600 SEK per vehicle. In our calculations we have assumed a zero cost. 
The effect estimate is based on own calculations of the number of vehicles 
affected. 

0 5% reduction in 
combustion PM 
per vehicle-
kilometer 

7 Reduced speed at episodes – Increase in travel time due to reduced speed 
at episodes (20 days). Using estimate on the value of time from Transek 
(2006) with own estimate of the change in travel time. 

Value of time of 
122 SEK per 
hour 

0,4 tonne 
reduction in 
emissions and 
1% reduction in 
concentrations of 
non-exhaust PM  

8 Congestion charging – Estimates obtained from the evaluation of the 
Stockholm trial (Transek, 2006). The outcome of the cost-benefit analysis 
was a gain for society. We have therefore assumed that the cost is zero. 

0 1,5% reduction in 
the 
concentrations of 
PM10 road 

9 Rerouting – Reduced exposure because less traffic at episodes (20 times 
per year). Cost due to increase in travel time. We have used the estimate on 
the value of time from Transek (2006) with own estimate of the change in 
travel time. 

Value of time of 
122 SEK per 
hour 

0,12% increase 
in emissions and 
1% decrease in 
the concentration 
of PM10 road 

10 Residential heating accumulator tank – Installing extra equipment when 
using biofuels for heating. Cost estimate from Naturvårdsverket (2007) and 
own estimate of the number of households in Stockholm using biofuels. 
Effect estimate based on emission data in Johansson et al., (2003).  

500 SEK per 
household 

89% reduction of 
combustion PM 
per household  

11 
Residential heating substitution (biofuel) – Changing from oil to biofuels. 
Cost calculated based on information in Naturvårdsverket (2007) and own 
estimate on the number of households that could change in Stockholm. 
Effect estimate based on emission data in Johansson et al., (2003). 

3 332 SEK per 
household 

500% increase in 
combustion PM 
per household 

12 
Residential heating substitution (GSHP/ DH) – Changing from oil to 
ground source heat pumps or district heating. Cost calculated based on 
information in Naturvårdsverket (2007) and own estimate on the number of 
households that could change. Effect estimate based on emission data in 
Johansson et al., (2003). 

3 332 SEK per 
household 

100% reduction 
in combustion 
PM per 
household 

 

There are also examples of measures that could reduce emissions from old furnaces, for 
example the installation of PM filter, but since we haven’t found information on cost 
and effect, they have not been included in the analysis. 
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3 Model and results 
3.1 A deterministic model  
The data used in the cost-effectiveness analysis are presented in Table 6. As discussed 
in the previous chapter, there are 12 emission abatement measures, from “Street 
sweeping inner city high C streets” to “Residential heating substitution (GSHP/DH)”. 
Column 3 is the cost (in 1 000 SEK) associated with the measures for a complete 
adoption/compliance. For the measure “Vehicle change LDV” and “Congestion 
charging” the cost is assumed to be zero, since the measure is a cost-saving one even 
without health and environmental concerns. Column 5 is the total reduction of PM10 
emissions from the abatement measures. For example, “congestion charging” which has 
a zero cost would reduce PM10 emission from traffic by 30.1 tonnes. Note that some 
numbers are positive, indicating that while a measure can be beneficial for other 
aspects, it would increase PM10 emissions.  

 
Table 6  The cost and effect estimates on which the analysis is based. 

N

o Measure 

Cost  

(1 000 SEK)

PM10  

(tonne) 

PM10  C 

(μg/m3)  

YOLL  

 

NOx  

(tonne) 

1 Street sweeping inner city high C streets 600 0 -0,0156 -0,221 0

2 Street sweeping all high C streets 2700 0 - 0,156 -2,21 0

3 Dust binding inner city 600 0 -0,0078 -0,1105 0

4 Less studded tires* 99 000 -929,5 -0,42 -5,95 0

5 Vehicle PM filter HDV 327 500 -36 -0,04 -90,4 0

6 Vehicle change LDV 0 -3 -0,0035 -8,225 -75,7

7 Reduced speed at episodes 190 320 -0,4 -0,0156 -0,221 0

8 Congestion charging 0 -30,1 -0,2676 -8,2215 -55

9 Rerouting 19 000 +2,41 -0,017 -3,84 +6,86

1

0 Residential heating accumulator tank 535 -153 -0,18 -434,1 +22

1

1 

Residential heating substitution 

(biofuels) 540 000 +735 +2,95 +7111,5 -194,8

1

2 

Residential heating substitution 

(GSHP/DH) 540 000 -132,3 -0,159 -383,4 -350,6

 

In column 6 the estimates of the change in YOLL due to each measure is presented. For 
this calculation the effect estimates that are described in detail in Nerhagen et al., (2008) 
have been used. According to these estimate each μg/m3 increase of non-exhaust PM 
results in 13 YOLL while the same increase in combustion PM (irrespective of source) 
results in 2335 YOLL. The difference is due to the combined effect of different 
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exposure-response functions used for combustion and non-exhaust PM and the number 
of years lost assumed per each death. As seen in the table these assumptions have a 
large impact on the estimated YOLL. Although street sweeping on all high C streets 
have about the same impact on concentration levels as residential heating (see column 
5), the YOLL estimate due to reduction of PM from residential heating is much larger.  

As discussed in the introduction of this paper, cost-effective analysis aims at attaining 
certain pre-determined targets at the lowest possible cost by choosing the “right” 
combination of abatement measures.5 More formally, we use 12,...,2,1, =ixi , to 
represent the abatement variables with 1=ix  if measure   is chosen and  if not. 
Let  denote the technical parameter on how much a full adoption of measure i  would 
reduce the emission of a given pollutant. For PM10 as example, we have . For 
abatement cost, let  be the cost to implement measure  (ex, 

i 0=iX

ia
365 =a

ic i 3275005 =c ).   

Suppose that we set an emission reduction target , then the problem with no 
uncertainty can be formulated as 

t

12,...,2,1,10

..

min

12

1

12

1

=≤≤
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∑

=

=

ixand
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xc

i

i
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For a given , we can solve for the cost-effective abatement  and calculate the 
minimized cost  

t )(* txi

∑
=

=
12

1

** )()(
i

ii txctc  

with which we can derive the marginal cost as 

 

ttctmc ∂∂= /)()( *  

 

For a range of PM10 emission reduction targets, we have calculated the marginal cost 
and side effects as shown in Table 7. For 34=t , it is seen that marginal cost is about  
3 500 SEK per tonne. How should we interpret this number? Suppose that a reduction 
target 34 is reached by a full adoption of “congestion charging” with zero costs, then an 
infinitesimal increase in the target level does not cost anything. However, if , 1250=t

                                                 
5 In a deterministic world, cost-effective analysis is rather simple, especially for controlling the emission 
of a single pollutant. One can do so with some back-of-the- envelope calculations. Anyhow, we have used 
a formal linear programming model within Gauss since we will use the data for additional analysis in the 
future 
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reached by , , ,14 =x 16 =x 18 =x 110 =x  and 112 =x , and a partial use of  a marginal 
unit of increase in the reduction target would cost about 9 097 (tkr).  

5x

For , marginal cost is infinite, meaning that with the available measures, no 
reduction level greater than 1284 is feasible. In Table 7, we also show the side effects 
on reduction of NOx emission and the prevention in years of life lost (YOLL). To reach 
a PM10 reduction, a number of measures are needed, and adoption of these measures 
also reduces the emission of other pollutants and save lives (extending life years). It is 
worth mentioning that life-saving is an intended objective with the current air quality 
limit values, but since the problem here is formulated as minimizing costs to reach a 
PM10 reduction target, the term “side” effect is used for the impact on YOLL.  

1284>t

 
Table 7  Linear programming results with PM10 as target.  

Target = PM10  Marginal cost  Measure Side reduction (tonnes & years) 

(tonne) (SEK)  NOx  YOLL  

3 0 Vehicle change LDV 76 8 

33  0 Congestion charging    131   16  

34  3 497 Residential heating ack    131   19  

186  3 497 Residential heating ack    109    450  

187  106 509 Less studded tires    109    451  

1115  106 509 Less studded tires    109   456  

1116  4 081 633 Residential heating subst 

(GSHP/DH) 

   109   457  

1116  4 081 633 Residential heating subst 

(GSHP/DH) 

   110   458  

1150  4 081 633 Residential heating subst 

(GSHP/DH) 

   200   556  

1245  4 081 633 Residential heating subst 

(GSHP/DH) 

   452   831 

1250 9 097 222 Vehicle PM filter HDV    459 845  

1283 9 097 222 Vehicle PM filter HDV    459   928 

 

The result of this calculation is illustrated in Figure 2. On the horizontal axis is the 
reduction in PM10 and we can see that that the marginal average cost increases with 
increased reduction. Reducing up to 200 tonne is not that expensive but then the cost 
increases. The measure that has the largest impact is less use of studded tires. For this 
measure this simple analysis and the resulting illustration in the figure is however 
somewhat misleading. A small reduction in the used of studded tires is not expected to 
have a large impact on travel time or accidents and hence the abatement cost will 
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increase with increasing reductions. Hence, it is to be noticed that what we have 
calculated is the average abatement cost for each measure. 
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Figure 2  Marginal abatement cost of PM10 reductions (1000 SEK). 

 

In the previous calculation reduction in PM10 emissions was the target. Now, we use 
YOLL as a target to see how this influences the choice of abatement measures. By 
running the deterministic model targeting YOLL, we obtain the results as in Table 8 
with the marginal costs as well as the side effects on PM10 and NOx reductions.  
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Table 8  Linear programming results with YOLL as target. 

Target = YOLL  Marginal cost  Measure Side reduction (tonnes) 

 (SEK)  NOx  PM10  

8 0 Congestion charging 55 30 

16 0 Vehicle change LDV 131 33 

20 1 232 Residential heating ack. 131 34  

450 1 232 Residential heating ack. 109 186  

451 1 221 720 Street sweeping high C 109 186  

453 1 408 451 Residential heating subst (GSHP/DH) 109 186  

835 1 408 451 Residential heating subst (GSHP/DH) 458 318  

835 2 714 932 Street sweeping inner city 458 318 

845 3 622 788 Vehicle PM filter HDV 459 322  

925  3 622 788 Vehicle PM filter HDV 459 354  

928 4 947 917 Rerouting 457 354  

929 4 947 917 Rerouting 455 351 

929 5 429 864 Dust binding 455 351 

931 16 638 655 Less studded tires 452 394  

936 16 638 655 Less studded tires 452 1176 

 

A comparison of the results in Table 7 and 8 reveals that the chosen measures are the 
same up to a reduction of 450 YOLL. The effect of these measures on the amount of 
PM10 emissions however is rather small, a reduction of about 10%. To increase the 
reduction of PM10 the abatement measure would be to reduce the use of studded tires. 
This measure however is not chosen if the focus is on reducing YOLL at the lowest 
possible cost. 

 

3.2 Implication of choice of target 
Comparing the effects of the two different targeting strategies is not straightforward. 
The reduction in PM10 and YOLL are measured in different units, and measures chosen 
for a certain reduction differs. What we have done in Table 9 is therefore to compare the 
measures chosen at a certain reduction level. The measures chosen when targeting a 
YOLL reduction with 925 units are presented in column 1. To achieve this reduction the 
marginal cost is about 3 623 thousand SEK, and the side effect on PM10 is about  
459 tonnes. In column 2 the result of targeting PM10 with the same amount directly  
(459 tonnes) is presented. Comparing the outcome with the result in column 1 we find 
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that other measures are chosen and the resulting marginal cost is only about 106 
thousand SEK. 

One reason for the difference in outcomes is that not all abatement measures are 
assumed to have an impact on PM emissions. For example, the first two abatement 
measures “Street sweeping inner city high C streets” and “Street sweeping all high C 
streets” are not chosen when targeting PM10 reductions (as they have no effect on 
emissions of PM10), but chosen for life savings. The same is true for measures 5 
(Vehicle PM filter HDV) and 12 (Residential heating substitution (GSHP/DH) due to 
their effectiveness in life saving but not on PM10 reductions. On the other hand, 
measures 4 (Less studded tires) was partially chosen for PM10 reduction but the 
measures was not chosen for life saving targeting due to its relatively smaller 
effectiveness in reducing YOLL.  

 
Table 9  Cost-effective measures with different targeting strategies. 

No Measure Cost-effective solution 
( 925=ΔYOLL ) 

Cost-effective solution 
( ) 5.459=ΔPM

1 Street sweeping inner city high C streets 1 0 

2 Street sweeping all high C streets 1 0 

3 Dust binding inner city 1 0 

4 Less studded tires* 0 0.290 

5 Vehicle PM filter HDV 0.98 0 

6 Vehicle change LDV 1 1 

7 Reduced speed at episodes 0 0 

8 Congestion charging 1 1 

9 Rerouting 0 0 

10 Residential heating ackumulator 1 1 

11 Residential heating substitution (biofuel) 0 0 

12 Residential heating substitution (GSHP/DH) 1 0 

 Marginal cost 3 623 000 SEK per life 106 000 SEK per tonne 

 

Another way to describe the influence on the choice of target is to look at what the 
marginal cost of achieving 925 YOLL would be using the combination of measures that 
are chosen when the target is reduction of PM10. This information is found in Table 7. 
In addition to the measures presented in Table 9, society would also need to adopt 
measures 12 (Residential heating substitution (GSHP/DH) and 5 (Vehicle PM filter 
HDV). The marginal cost in this case would be 9 097 thousand SEK and the reduction 
in PM10 would be about 1283 tonnes, hence almost three times as large as if we target 
YOLL directly. The total cost with this alternative would be higher since it includes the 

24 VTI-notat 32A-2008 



cost related to the reduction in the use of studded tires instead of the rather inexpensive 
measures of undertaking street sweeping. 

In sum, the overall trend is that the more PM10 reduction, the more lives (or life years) 
saved, and the higher the marginal cost will be. However, the main difference between 
having PM10 as target or YOLL is whether or not less use of studded tires is part of the 
cost-effective solution. While being part of the measures when the interest is in 
reducing PM10, it is not a measure chosen when the focus is on reducing YOLL. The 
reason for this difference is of course the assumptions regarding the health impacts of 
non-exhaust PM versus combustion PM. 

For both targets the zero cost measures vehicle change and congestion charging are the 
first measures to be chosen. Their influence on both PM10 and YOLL however is rather 
minor but instead they have the additional benefit of reducing NOx. That these measures 
are chosen of course rests on our assumption that they can be undertaken at no cost. If 
we had only accounted for the technical cost for implementation, at least congestions 
charging are more likely to be one of the most expensive abatement measures to 
undertake. It is also to be noticed that irrespective of choice of target both cost-effective 
solutions include measures aimed at traffic and at residential heating. None of the 
solutions however include measure 11, residential heating (biofuel), since this is a 
measure that would increase concentrations of combustion PM. Hence, according to 
these results using biofuels for residential heating in densely populated areas is not to be 
recommended. 

VTI-notat 32A-2008 25 



 

4 Conclusion and discussion 
In this short report, we have studied the cost-effectiveness of emission reductions from 
local emission sources in the Stockholm area. The input in the analysis is cost and 
effectiveness data collected from other studies and reports for reductions in traffic and 
residential heating. Contrary to other cost-effectiveness studies we have also included 
abatement measures where the effect is mainly due to adaptations in behavior. One 
example is congestion charges that we have assumed have a zero cost. We have also 
investigated the effect of different targeting strategies. Either the focus is on achieving 
air quality limit values or the focus is on improvement in human health. In the first case 
it is assumed that the aim is to reduce emissions of PM10. In the second case the aim has 
been formulated as a reduction of the number of years of life lost (YOLL) in the 
population that would result if we reduce the concentrations of PM10 in the city.  

A cost-effective analysis is done with a simple linear programming model. The main 
finding is that marginal costs rise very rapidly for reduction target of PM10 over, say, 
1100 tonne. We have also examined the consequences of targeting number of life-years 
saved. The findings are that the overall trend is consistent in that the more PM10 
reduction, the more life-years saved, and thus the higher marginal abatement costs. 
However, there are still essential differences in the choice of effective measures and 
marginal cost at particular targeting levels may considerably differ.  

According to our results, congestion charging, change to low-emission vehicles and 
installation of accumulator tanks are the least cost abatement measures irrespective of 
the target we have used in the analysis. For congestion charging and low-emission 
vehicles this is of course due to the assumption we have made that the abatement cost is 
zero. Thereafter however, the choice of measures depends on the choice of target. While 
less use of studded tires is effective in order to reduce PM10 emissions, this is not a 
measure that has a large impact on the reduction of YOLL. This result relies on the 
assumptions made regarding the health impact of non-exhaust PM versus combustion 
PM.  

The analysis also reveals that one abatement measure is likely to have a negative impact 
on the air quality locally. This is if households make a shift from oil for residential 
heating to the use of biofuels. This measure will increase the emissions of combustions 
PM according to the emission factors we have found in the literature.   

These results should only be seen as an illustration of the influence of different 
assumptions in this type of analysis. The data is rough and we have not accounted for 
the uncertainties in this analysis. In future research, both the cost data and effectiveness 
parameters may need to be refined, preferably with uncertainty data provided. 
Moreover, cost-effective analysis of how to achieve stated goal in local air quality may 
need to be integrated with some more broadly defined environmental objectives. We 
have shown in the analysis that the measures included in the analysis differ as regards 
the impact on other emissions. While some only contribute to the reduction of one type 
of emissions, others also have an impact on NOx for example.  

The latter point raises the question of how useful cost-effectiveness analysis is for 
policy evaluations in more complex decision contexts. In this analysis we have for 
example only accounted for one health impact, mortality and reductions in YOLL, but 
exposure to PM is also expected to influence morbidity. To account for the combined 
effect of mortality and morbidity we would need to use some other measure of the 
outcome, such as QALYs (quality-adjusted life-years) that is common in the health 
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economics literature. Moreover, when evaluating policy measures in the transport sector 
there are also other outcomes, such as accident risk or changes in travel time, which 
may be relevant to include in the evaluation. In the analysis in this report we have 
included such effects in the calculation of the cost for each measure since this has been 
suggested in the literature on cost-effectiveness analysis and it was the approach used in 
the abatement plans for Oslo and Stockholm. The theoretical basis for this approach is 
however not clear. Hence, we believe that more research is needed on the use of cost-
effectiveness analysis and under what circumstances this method is preferable to cost-
benefit analysis.  
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Data collected and assumptions made on cost and effectiveness 
 
Measure 1 and 2: Street sweeping 

This measure is to clean the streets from dust and sand through sweeping or washing. 
The purpose is to reduce the concentrations at episodes. High concentrations due to non-
exhaust PM mainly takes place in springtime when the streets dry up and the road wear 
and dust collected during the winter season is dispersed in the air. Information about the 
cost and effectiveness of these types of measures mainly comes from attempts done in 
Trondheim, Norway. Both the abatement plan in Oslo (Oslo kommune, 2004) and 
Stockholm (Länsstyrelsen i Stockholms Län, 2004) refer to findings from Trondheim.  

 

In the plan for Oslo it is stated that a 10% average reduction in concentration levels 
results in a total cost of 3–4 million NOK per year. This is based on a cost of  
300–500 NOK/km for 50 days and that it is only done on streets where the air quality 
limit values are exceeded. According to the plan for Stockholm, street sweeping does 
not have a large influence on average concentration levels in Trondheim but it is 
important to reduce concentrations at episodes. The cost of one extra cleaning in 
Trondheim is 1000 000 NOK. It is noted that in addition to reducing concentrations in 
the air, such a measure also reduces the amount of dust and sand that end up in the 
water sewage system. 

 

Based on this information we have calculated the following cost and effect for street 
sweeping in Stockholm6. According to a report from the Health and Environmental 
protection agency of Stockholm (Länsstyrelsen i Stockholms Län, 2004, page 37) air 
quality limit values for PM10 are exceeded on 112 km in Stockholm County. In the inner 
city the limit values are exceeded on 26 km. In the inner city there are between 45 and 
75 days with exceedances per year. If we use the cost/km stated for Trondheim we 
arrive at an average total cost of 624 000 SEK per year for the inner city (=26*60*400) 
and 2.7 million SEK for the county (=112*60*400). Regarding the effect we assume 
that the impact of street sweeping reduces concentrations by 10% in the whole county 
while if the measures are only undertaken in the inner city they will reduce the 
concentrations in the county by 1%. This assumption is based on the finding from the 
impact assessment of the Stockholm trial (SLB Analys, 2006) that a 13% reduction in 
emissions in the inner city reduced the concentrations in Greater Stockholm by 1%. 

 

Measure 3: Dust binding at episodes 

Another measure to reduce dispersion of dust and sand is dust binding through the use 
of chemicals. This is mainly a measure aimed at reducing the risk for “episodes” and 
hence it will mainly be used in high risk areas and only for a couple of times a year. 
According to the Oslo report the cost of this measure is 29 000 NOK per day and it is 

                                                 
6 Since all estimates used are crude, we have used them as they are without accounting for differences in 
price levels etc. 
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undertaken 10–20 days per year and gives a small extra reduction of the PM10 
concentrations.  

 

We have assumed that this would need to be done 20 times in the inner city of 
Stockholm to the same cost as the one stated on the Oslo report, hence a total cost of 
600 000 SEK (=20*29 000). The effect is considered to be minor. We have assumed 
0.5% reduction of the total concentration level in Stockholm. 

 

Measure 4: Reduced use of studded tires 

A measure that would be important for the concentration levels of PM10 is to reduce the 
use of studded tires. One problem with this measure though is that it may have other 
unwanted effects such as increasing the number of traffic accidents. In the Oslo report 
on abatement measures (Oslo Kommune, 2004) it is stated that a 10–30 % reduction 
would result in 5 more persons being harmed in traffic accidents resulting in a cost of  
13 million NOK. It is also stated that travel time would increase by 0.5% resulting in a 
time cost of 20 million NOK. In the Stockholm report it is concluded that reducing the 
use of studded tires by half, to 35%, would reduce the concentration of PM10 by  
20–25% (Länsstyrelsen i Stockholms Län, 2004). In this analysis we assume that a 50% 
reduction of the used of studded tires also results in the same effect regarding the 
emissions. The effect on the PM10 concentration however is only assumed to be 25% 
since much of the emissions are deposited close to the road.  

 

To calculate the cost of this measure we make an assumption regarding the cost of 
travel time and the cost of an increase in accidents. According to Nerhagen et al. (2005), 
about 6500 million vehicle km are driven in Greater Stockholm each year. If the 
average speed for these is 50 km/h, the total time spent travelling is 130 million hours. 
The total cost of travel time using the estimate of 122 SEK/hour (Transek, 2006) is  
15.8 billion SEK. If a reduction in the use of studded tires would increase travel time by 
0.5%, this would increase the cost by 79 million. Assuming that the reduced use of 
studded tires would result in one death extra in traffic accidents (even though the 
accident may occur outside Stockholm) this would add a cost of 20 million7. The total 
cost for this measure with these assumptions is 99 million SEK.  

 

We only account for the effect that this measure have on the concentrations of road 
wear although reduced speed will also have some effect on the exhaust emissions. 

 

Measure 5: Particulate matter filter on Heavy Duty Vehicles 

Another measure that would reduce PM concentrations is the adaption of PM filters on 
heavy duty vehicles (HDV). This can be an important measure since HDV have diesel 

                                                 
7 The value of a statistical life currently used in Sweden in transport analysis is 22.3 million (price level 
2006). 
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engines that emit quite large amounts of PM. Diesel filters are becoming standard on 
light duty vehicles (LDV) but not yet on HDV.  

 

According to a report from SMP (Wetterberg et al., 2007) it costs 50 000 to 80 000 SEK 
to install such a device on a diesel vehicle and the reduction of PM emissions is  
80–90 %. This reduction is also found in another study where the impact of this kind of 
a filter on buses has been assessed (Vägverket, 2001).  

 

Since this is an investment that will have a long term impact we have to calculate the 
yearly cost. To do this we use annuity calculations making the assumption that the 
average life length of the vehicle is 10 years and that the real discount rate is 4%. The 
calculated yearly cost per vehicle is 8 016 SEK8. 

 

To arrive at the total cost for Stockholm we have to make an estimate of the number of 
vehicles that need to be modified. Here we base our assumptions on information from 
(Särnholm and Gode, 2007) that the average travel distance for a lorry per year is 
137 500 km. If 10% of these are driven in Stockholm and the total distance travelled by 
HDV in Stockholm is 750 million vehicle km (6% of the total amount of vkm in 
Stockholm according to Johansson and Eneroth, 2007) then number of lorries driven in 
Stockholm would be 54 545. If each lorry drives twice the distance then the number of 
lorries is half this number, which would reduce the total cost for the investment. Taking 
an average we arrive at an abatement cost estimate of 327 million 
(=((54545+27272)*8016)/2). Assuming a reduction of 90% of the total HDV emissions 
in Stockholm, the reduction would be 36 tonne of exhaust emissions.  

 

If around 40 000 vehicles driving in Stockholm is a correct estimate of the number of 
vehicles concerned is difficult to verify. According to statistics from SIKA there were 
about 91 000 vehicles registered in Stockholm County in 2006 but some of them were 
not in use. However, both the cost and the effect estimates are very uncertain.  

 

Measure 6: Low-emission vehicles 

Another way to reduce emissions by a change in technology is if people use low-
emissions vehicles. We have found the cost and effect of this measure in the study by 
Särnholm and Gode, (2007). The vehicle considered in the study is a Saab 9-3. 
According to this study this measure would reduce CO2 emissions by 0.2 tonne per 
year/vehicle resulting in a negative cost of 8 000 SEK/tonne CO2. Hence, the cost for 
this measure is -1 600 SEK/vehicle.  

 

                                                 
8 Ian * ((1+r)lt * r)/ ((1+r)lt - 1) = 65000 * ((1+0,04)10 * 0,04)/ ((1+0,04)10 - 1) = 8016 SEK.  
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The effect of this measure is a reduction in emission per vkm of about 5% based on the 
assumption that the reduction in PM-emissions is equal to the change in use of gasoline 
(from 0.95 liter to 0.90 liter). 6110 million vkm are driven in Greater Stockholm by 
LDV. If half of these can be replaced with vehicles with smaller engines and each 
vehicle drives 10 000 km in Greater Stockholm then 305 500 vehicles could be replaced 
(= 3055 million vkm/10000 km). The gain of this would be 489 million SEK 
(1600*305 500). The effect would be a reduction of the emissions of 3 tonne 
combustion PM and 75.7 tonne NOx . 

 

Measure 7: Reduced speed at episodes 

The dispersion of PM is less when the speed is reduced so this can be an option at 
episodes. In Swedish research regarding air pollution it is found that reduced speed from 
50 to 30 km/h reduces emissions by 20–30% (http://simair.smhi.se/news071105.html). 
However, in narrow streets the effect may be the reverse since less movement in the air 
can increase concentrations. Hence, the total effect is a reduction of about 10%. If the 
reduction in the inner city is 10% then the effect on the total concentration in the county 
of Stockholm will be about 1%. Regarding exhaust emissions a possible effect of 
reduced speed may be an increase in concentrations since every vehicle spend more 
time on every spot. We however make the assumption that reduced speed does not have 
an impact on the exhaust emissions since we haven’t found an estimate for this effect.  

 

The cost for this policy measure is the cost for increased travel time. We assume that the 
speed is reduced on the streets where the limit values are exceeded (26 km) during days 
with episodes (20). Assuming that the speed is reduced with 20 km/h, the increase in 
travel time will be about 2.6 hour per day. According to the Stockholm trial the value of 
time is 122 SEK/hour (Transek, 2006) and hence the total cost per average vehicle is 
6344 SEK (2.6 * 122* 20). Assuming that the number of vehicles affected are 30 000, 
equal to the average number per day on the busiest street in the inner city (Hornsgatan), 
then the total cost will be 190 million SEK.  

The emissions from these vkm is about 0.2%9 of the total emissions of road wear and 
hence the reduction in emission will be 0.4 tonne.  

 

Measure 8: Rerouting at episodes 

If vehicles change route during episodes this would reduce the emissions at hot spots. 
The cost of this policy measure would be the increase in travel time while the effect 
would be the change in emissions in different places. In this study we assume that this 
measure will be implemented 20 times per year on the streets in the inner city with 
exceedances and that the travel distance increases by 50%. Assuming a speed of 50 
km/hour this increase travel distance by 13 km and travel time by 13/50=0.26 hours. 
Using the estimate of 122 SEK/hour the additional cost will be 32 SEK. Again 
assuming that 30 000 vehicles are effected the total cost will be 19 million SEK 
(32*30 000*20).  

                                                 
9 30 000vehicle*20day*26km/6 600 million vkm = 0,002. 
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This will increase total emissions but reduce the concentrations in the inner city of 
Stockholm. The increase in distance travelled will be 13*30000*20=7800 000 vkm, an 
increase of about 0.12%. An increase in distance travelled will also increase the 
emissions. For these effects we have simply assumed that the emissions from road 
traffic (LDV and HDV) will also increase by 0.12%. Hence, the increase in combustion 
PM would be 0.15 tonne, the effect on non-exhaust PM 2.26 tonne and the increase in 
NOx 6.86 tonne. However, regarding the concentration we assume a reduction of 1 % 
for both exhaust emissions and road wear for Stockholm County.  

 

Measure 9: Congestion charging 

Another measure that results in a cost due to change in behaviour is congestion charging 
that has been implemented in the inner city of Stockholm. Such a measure reduces 
congestions but it also has an impact on the emissions if the total amount of traffic 
decreases. We have taken the information on the cost and the effectiveness of this 
measure from the evaluation of the Stockholm trial by Transek (2006).  

 

We have assumed that this measure have a negative cost since the benefits from 
reducing congestion outweighs the payment made in congestion charges as well as the 
cost for the technical devices needed. We have excluded the environmental benefits 
from the benefit estimate and arrive at a negative cost of 603 million SEK. The effect 
estimated in the trial is that a 13% reduction of PM in the inner city has an effect in the 
County of 1%. 

 

Measure 10: Residential heating accumulator tanks 

If bio-fuels are used, the way the burning is done and the heat is stored influences the 
emissions. If accumulator tanks are used in combination with wood-burning then the 
emissions are reduced. According to a study from the Swedish EPA in an evaluation of 
the Swedish air quality objective (Naturvårdsverket, 2007) the cost of installing an 
accumulator tank is between 10 400 to 17 000 SEK resulting in a yearly cost of 387 - 
633 SEK per year, hence about 500 SEK. The emissions of PM are reduced from 
160kg/25 000 kWh to 17kg/25 000 kWh when an accumulator tank is used, hence about 
89% according to Johansson et al. (2003, page 17, Table 7) 10.  

 

According to the results above (Johansson and Eneroth, 2007) residential heating emits 
490 000 kg PM of which 70% is due to the burning of bio fuels. Assuming that half of 
this is due to old furnaces they emit 171 500 kg. Each household emits about 160 kg 
PM per year and hence there are 1071 households with this type of appliance in 

                                                 
10 The estimated effect of this measure is according to new estimates in the right order of magnitude 
relatively speaking (89%) but incorrect in absolute numbers. More recent estimates of the emissions from 
wood-burning indicates that the emissions per year is only 23,85 kg and is reduced to 2,43 kg with an 
accumulator tank (Naturvårdsverket, 2007). However, since our estimates of emissions are based on the 
older higher estimate we use the old emission factors in our calculations. 
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Stockholm. The cost for installing accumulator tanks in Stockholm would then be 
535 500 SEK per year (=1071*500). The reduction of PM exhaust emissions would be 
1071* (160-17) = 153 tonnes, which means 31% of the total amount of PM emissions 
from residential heating. Unfortunately the use of accumulator tanks increases 
emissions of NOx. Based on information from a report from Statens Energimyndighet, 
(2007, appendix 2, Table 18) we arrive at an increase in these emissions of 22 tonne. 

 

Measure 11 and 12: Residential heating substitution 

In the residential housing sector many house owners using oil are changing to new 
heating systems. For some there is the possibility to sign up for district heating (DH) 
while others can use ground source heat pumps (GSHP). Both these options will have a 
large impact on local PM emissions. Crucial for the impact of abatement measures in 
the residential heating sector is the emission factors. We have found a couple of studies 
that compare the emissions for different heating systems but they are difficult to 
compare since they use different standards for their measurement (Naturvårdsverket, 
2007; Johansson et al,. 2003; Johansson et al., ?). One consistent finding though is that 
there is an inverse relationship between emissions of NOx and PM. When the burning 
process is more efficient less combustion PM is emitted but NOx increases. Hence, if 
local concentration levels of PM are in focus then oil burning is a better alternative 
while for regional and global impacts, biomass is the better option. Better yet however 
are ground source heat pumps or district heating. 

 

In Naturvårdsverket (2007) it is stated that the cost of replacing oil with biofuel (pellets) 
is between 500–900 SEK/tonne CO2. Since the use of oil for a normal house results in 
6714 kg CO2 (0.27 kg/kWh and 25 000 kWh) according to emissions factors published 
by Naturvårdsverket while the use of pellets reduces the emissions to 49.5 kg  
(0,002 kg/kWh and 25 000 kWh) the reduction is equal to 6.6 tonne. Hence a low 
estimate of the cost for the household for this measure is 6.6*500=3332 SEK/year. 
Another option is to change to GSHP or district heating. According to the report from 
Naturvårdsverket (2007) the abatment cost for turning to district heating or GSHP is  
0 SEK but this seems low. In Naturvårdsverket (2007) they report abatament cost 
estimates for society but we have a focus on what the cost will be for the household 
since they are the decision-makers. Hence, since we have not found other estimates we 
have assumed the same cost for the household as with the installation of a pellets 
burner.  

 

According to Johansson and Eneroth (2007) 30% of the PM emissions of 490 000 kg 
from residential heating are due to oil burning, hence 147 000 kg. Assuming the 
emission factor for oil in Johansson et al., (2003) of 0.9 kg per 25 000 kWh then these 
emissions are due to 163 333 households. If these were to transfer to oil the cost would 
be 3332*163 333=544 million SEK. This however would increase PM emissions by 
500% but reduce NOx with half. If they instead converted to GSHP or district heating 
the effect we have assumed is an almost total reduction of emissions of PM10 and NOx. 
Again this is an approximation since both these heating systems contribute to some 
extent to these emissions. 
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Calculations of health effects 
 
Local policy measure Cost (kkr)   Emission effect   

  Technical Adaption PM/RW PM/C 

Street sweeping inner city high C streets 600 small 0 0

Street sweeping all high C streets 2 700 small 0 0

Dust binding inner city 600 small 0 0

Less studded tires* NO 99 000 (-) 929,5 tonne 0

Vehicle PM filter HDV 327 500 NO 0 (- ) 36 tonne 

Vehicle change LDV -489 000 ? 0 (-) 3 tonne 

Reduced speed at episodes ? 190 320 (-) 0,4 tonne 0

Congestion charging 178 000 -781 000 (-) 28 tonne (-) 2,1 tonne 

Rerouting ? 19 000 (+) 2,26 tonne (+) 0,15 tonne 

Residential heating ackumulator 535 NO 0 (-) 153 tonne 

Residential heating substitution (biofuels) 540 000 ? 0 (+) 735 tonne 

Residential heating substitution (GSHP/DH) 540 000 ? 0 (-) 132,3 tonne 

Residential heating PM filter ? ? 0 ? 

     

Local policy measure        

  PM10tot NOx CO2  

Street sweeping inner city high C streets 0 0 0  

Street sweeping all high C streets 0 0 0  

Dust binding inner city 0 0 0  

Less studded tires* 929,5 tonne 0 0  

Vehicle PM filter HDV 36 tonne 0 0  

Vehicle change LDV 3 tonne 
(-) 75,7 
tonne (-) 16 038 tonne  

Reduced speed at episodes 0,4 tonne 0 0  

Congestion charging 30,1 tonne (-) 55 tonne (-) 41000 tonne  

Rerouting (+) 2,41tonne 
(+) 6,86 
tonne (+) 1638 tonne  

Residential heating ackumulator 153 tonne (+) 22 tonne 0  

Residential heating substitution (biofuels) (+)735 tonne 
(-) 194,8 
tonne 

(-) 1442 miljoner 
tonne  

Residential heating substitution (GSHP/DH) 132,3 tonne 
(-) 350,6 
tonne 

(-) 1298 miljoner 
tonne  

Residential heating PM filter ? ? ?  

     

The emissions from residential heating are very uncertain.    

     

     

Local policy measure 
Concentration effect % 
(pw)      

  PM/RW PM/C PM10tot/källa  

Street sweeping inner city high C streets max (-) 1% 0 max (-) 0,9%  
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Street sweeping all high C streets max (-) 10% 0 max (-) 9%  

Dust binding inner city max (-)  0,5% 0 max (-) 0,46%  

Less studded tires max (-) 27% 0 max (-) 25%  

Vehicle PM filter HDV 0 (-) 29% (-) 2%  

Vehicle change LDV 0 (-) 2,5 % (-) 0,1%  

Reduced speed at episodes max (-) 1% 0 max (-) 0,9%  

Congestion charging (-) 1,5 % (-) 2,4% (-) 1,5%  

Rerouting (-) 1 % (-) 1 % (-) 1 %  

Residential heating ackumulator 0 (-) 31% (-) 31%  

Residential heating substitution (biofuels) 0 (+) 500% (+) 500%  

Residential heating substitution (GSHP/DH) 0 (-) 27% (-) 27%  

Residential heating PM filter 0 ? ?  

     

This is in % of total emissions from the own source.    

     

     

 
     

Local policy measure 
Concentration effect ug/m3 
(pw)   Impact   

  PM/RW PM/C Deaths YOLL 

Street sweeping inner city high C streets max (-) 0,0156 0 0,221 0,221

Street sweeping all high C streets max (-) 0,156 0 2,21 2,21

Dust binding inner city max (-)  0,0078 0 0,1105 0,1105

Less studded tires max (-) 0,42 0 5,95 5,95

Vehicle PM filter HDV 0 (-) 0,04 9,4 90,4

Vehicle change LDV 0 (-) 0,0035 0,8225 8,225

Reduced speed at episodes max (-) 0,0156 0 0,221 0,221

Congestion charging (-) 0,0234 (-) 0,00336 1,12 8,2215

Rerouting max (-) 0,0156 (-) 0,0014 0,55 3,84

Residential heating ackumulator 0 (-) 0,18 43,41 434,1

Residential heating substitution (biofuels) 0 (+) 2,95 711,5 7111,5

Residential heating substitution (GSHP/DH) 0 (-) 0,159 38,3 383,4

Residential heating PM filter 0 ? ? ? 

     

     

Using % estimate to calculate change in concentrations for each source in ug/m3. Health impact calculation based 

on results in Nerhagen et al., 2008. Years lost per death due to non-exhaust PM is one while it is 11 for deaths due to  

combustion PM.     
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