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Abstract  
This paper aims to answer the question ‘are biogas buses socially beneficial?’ through a cost 
benefit analysis study of biogas and diesel bus transportation in Örebro Municipality - a 
medium size Swedish city. We estimate the health and environmental benefits of both biogas 
and diesel fuelled bus transportation, and report the results in net social benefit. We use a 
CBA study of the biogas intervention during the period from October 2009 to April 2010, in 
comparison with traffic work of diesel fuelled transportation from October 2008 to April 
2009. We find that the net social benefit is negative for the studied period, with the value of -
173.7 million SEK in our standard model setting of 20 years from 1 April 2011 to 31 March 
2031. However, this result depends heavily on several model assumptions that are discussed 
in the thesis. The difference in contract cost payments – from the public owned company 
Länstrafiken to the private entrepreneur Nobina – related to the biogas intervention is 
uncertain and has a large impact on the results. If the difference in contract cost payments is 
overestimated it could change the sign of the net social benefit from negative to positive. 
There are other model assumptions with greater impact on the result as well, but none of 
them is very likely to change the sign of the net social benefit. Measures of health related 
benefits of the intervention like Value of Life Years (VOLYs) and Value of Statistical Life 
(VSL) are also discussed but not used in this study. 
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1 Introduction 
Many Swedish cities have made efforts for improving the environmental quality by 
introducing eco-friendly techniques in transport sector. Traffic increase over time surpasses 
this gain in emission reduction through technical changes in vehicle designs. The transport 
sector contributes cumulative pollution due to an increased number of vehicles operated day 
after day. “One key impact of urban transport is air pollution which is growing steadily, 
especially in low- and middle – income cities due to rapidly rising vehicle fleets, traffic 
volumes and urbanization per se”(Kenworthy and Townsend , 2006, p. 222.). Use of 
renewable and environment friendly fuels is a potential solution for reducing cumulative 
pollution from the transport sector and improving environmental quality. This paper aims to 
answer the question ‘are biogas buses in city services socially beneficial in comparison with 
buses driven by traditional fuels?’ We examine the case of biogas and diesel bus 
transportation in Örebro - a medium-sized Swedish city.  

The United Nations Framework Convention on Climate Change (UNFCCC, 2010) has 
taken efforts to bring the emissions under control and assigned reduction targets for developed 
countries. Many European countries addressed this issue through technical solutions in the 
transport sector to reduce emissions e.g. emission efficient vehicles, electricity driven 
transport means and eco-friendly fuels like ethanol, biogas, and biodiesel. Many Swedish 
cities have introduced biogas bus to become more environment friendly cities - Linköping, 
Västerås, Uppsala, Nörrköping, Motala, Stockholm and Örebro to name a few. According to 
Noring (2007), Swedish cities like Linköping, Norrköping, Motala and Örebro are engaged in 
production of biogas operated by the private company Svensk Biogas (Swedish Biogas). A 
previous study (Noring, 2007) on biogas bus transportation from Linköping has shown that 
biogas bus transport service intervention is socially beneficial. It seems to us that the reported 
social benefit of noise reduction has been heavily overestimated in that CBA study.  

1.2 Purpose of study 
This study examines the social benefit of the biogas bus transportation versus diesel fuelled 
bus transportation in Örebro Municipality. Potential benefits of renewable fuels are reduced 
emission of health hazardous pollutants, lower atmospheric pollution from emissions of 
greenhouse gases (GHG) as well as reduced noise levels. This improves air quality and 
quietness in the area of transport operation. “Just changing from diesel to biogas in the city’s 
bus traffic will reduce emissions by 3,000 tons per year” (Örebro Municipality, Climate 
Office, 2010). The production of biogas itself is helpful for environmental improvement. 
“About two-thirds of the current emissions of methane are released by human activities such 
as rice growing, the raising of cattle, coal mining, use of land-fills, and natural gas handling, 
all of which have increased over the past 50 years” (Committee on the Science of Climate 
Change; National Research Council Staff, 2001, p. 2). The use of biodegradable wastes as an 
input for biogas production saves economic resources for disposal of those wastes, which 
would anyhow cause inevitable emissions from its natural fermentation and decay. 
Biodegradable waste releases methane to the atmosphere during the natural fermentation 
process. “Biogas (methane) is produced naturally when organic material decomposes in an 
oxygen-free environment” (Örebro Municipality, Climate Office, 2010). Methane is a 
potential GHG that causes depletion of the ozone layer for up to 10 years (Committee on the 
Science of Climate Change; National Research Council Staff, 2001, p. 3). Besides this, biogas 
and bio fertilizers are environment friendly outputs of the biogas production process. “The 
residue from the anaerobic digestion process is returned to the farmers to be used as fertilizer” 
(Örebro Municipality, Climate Office, 2010).  Both on the input side and output side, biogas 
production process has environmentally friendly functions.   On the other hand, the state is 
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sustaining loss of income from CO2 taxes on the fossil fuels when biogas is replaced. 
Moreover, fuel replacement incurs capital cost for new biogas buses.  

As a policy matter, biogas intervention has to be evaluated economically by comparing 
its costs and benefits with other potential alternatives. If usage of fossil fuels results in a 
higher net social benefit in comparison with biogas fuel, or the other way around, then it is a 
good reason for the decision maker to adopt the superior alternative for optimal allocation of 
scarce resources. The purpose of this study is to estimate the net social benefit/loss of 
biogas buses in Örebro municipal city. 

1.3 Method and design 
Cost-benefit analysis (CBA) is a subtle tool for assessing the social costs and benefits in 
monetary terms to find out the better policy alternative across divergent economic choices.  
The study design adopted in this research is a cost-benefit analysis of the biogas intervention 
in Örebro. Traffic work of biogas driven buses during the period from October 2009 to April 
2010 is compared with traffic work of diesel driven buses from October 2008 to April 2009. 
We faced different types of confounding problems in carrying out this study. Those 
confounding problems are controlled using various assumptions and sensitivity analysis.  

In this chapter we have briefly introduced the question of economic feasibility and 
social benefit of biogas bus transportation in Örebro. In the following chapter 2, the 
background of the project in Örebro city is detailed and previous studies in the field are 
reviewed. In chapter 3, the theoretical foundations for the empirical research in this study are 
described. In chapter 4, we present the methodologies applied in this study, for pricing and 
evaluating the market and non-market goods and services. In chapter 4, we also describe the 
confounding problems we faced while carrying out the study and our approach to control for 
those. In chapter 5 of this paper, the results of our cost-benefit analysis are presented, 
completed with a sensitivity analysis. Finally, in chapter 6, the results of this study are 
discussed and the chapter ends with a conclusion. 

2 Background  
We have seen from the previous chapter that pollution from transport sector is cumulative, 
that there are potential alternative renewable energy sources for reduction of emissions and 
that the social benefit of renewable fuels is an interesting question for policy decision with 
respect to environmental concerns. In this chapter we are going into the issue of climate 
change, the contribution from the transport sector to the global warming and green house gas 
emissions, and the background of Örebro municipality’s biogas transportation system. This 
chapter also contains a brief review of the previous academic studies in the field of biogas 
intervention, emission reduction and the related social costs and benefits.  

2.1 Global climate change and transport sector 
Reports of UNFCCC (2010) show that global warming and climate change were serious 
concerns for the UN from the 1990s. The United Nations Framework Convention on Climate 
Change initiated the Kyoto Protocol that aimed at setting binding targets for reducing 
greenhouse gas (GHG) emissions at 5% to that of year 1990 levels for EU and other 
developed countries. “Climate change is one of the most fundamental challenges ever to 
confront humanity. Its impacts are already showing and will intensify over time if left 
unchecked” (UNFCCC, 2010). Climate change and global warming is affected by the 
emission of GHGs from different sectors. All sectors of the economy contribute with 
emissions that affect the global climate change one way or other. Sectors like agriculture, 
industry, commerce, power generation and transport have their respective share of emissions. 
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Technical solutions for reducing the emissions have been initiated by different sectors and 
these emission efficient solutions are helpful for reducing the pollution in general. The traffic 
sector contributes with cumulative pollution due to the increased number of vehicles 
operating day after day, and usage of fossil fuels which emits GHGs and depletes the natural 
capital. “The number of vehicles, at the global level, increased from about 40 million in the 
late 1940s to some 680 million by the end of the last century” (Lee, 2006, p. 180.) 
Conventional fuelled transport sector produces hazardous primary and secondary pollutants at 
varying degrees. Carbon monoxide (CO), ozone (O3), carbon dioxide (CO2), nitrogen oxides 
(NOx), sulphur dioxides (SO2), wear particles (PM10-2.5), vehicle exhaust (PM2.5), nitrates 
(NO3) sulphates (SO4), hydrocarbons, Polycyclic Aromatic Hydrocarbons like Benze-[a]-
pyrene (BaP), 1,3 butadiene and Benzene,diesel particles, dioxins, metals, and formaldehyde 
are main air pollutants that causes for health risks due to traffic emissions at European level 
(Mellin and Nerhagen, 2010). “Motor vehicle traffic is the main source of ground level urban 
concentrations of air pollutants with recognized hazardous properties. In northern Europe it 
contributes practically all CO, 75% of nitrogen oxides (NOx), and about 40% of the PM 10 
concentrations” (WHO, 2001, p. 21). The problems of pollution, global warming and climate 
change are inter- and intragenerational environmental effects of which the present generation 
cannot see the real implications. Environmental goods have to be conserved for the access of 
the future generations without denying the needs of the present generation (Cooper and 
Palmer, 1995, p. 18).  

Traffic sector contributes with emission to the global and local pollution. “The 
significant level of motorization already apparent in middle-income cities rapidly growing in 
low-income cities has some important global and local implications” (Kenworthy and 
Townsend, 2006, p. 221). Local pollution affects human health badly due to direct exposure 
of emissions to pedestrians and those who live close to the traffic lines. “Traffic contributes 
disproportionately to human exposure to air pollutants, as these pollutants are emitted near 
nose height and in close proximity to people” (WHO, 2001, p. 21). Replacement of 
conventional fuels by more environmental friendly and renewable energy sources decreases 
the pollution. Swedish Gas Centre states that “biogas can be an economical sustainable fuel 
with a potential to drastically reduce emissions in urban transport” (Swedish Gas Centre, 
2003). Any such changes require new investments for changing of vehicles and production of 
alternative fuels. It is important for the decision makers to know the net social benefit of a 
policy change that requires allocation of the scarce resources they decide about. If biogas bus 
transportation is economically sound and environmentally feasible, then it gives an 
opportunity for such changes within other parts of the nation to increase welfare utility for the 
largest number of population. In this thesis we study the case of city bus transport service in 
Örebro where biogas driven public transport buses were introduced in 1 October 2009. The 
net social benefit of the Örebro biogas bus intervention gives key indications for similar cities 
about the feasibility of such projects. 

2.2 Örebro Municipality 
Örebro is located in the centre of Sweden about 200 km west of Stockholm. Örebro is the 
seventh largest municipality of Sweden with a population of 135,460 people (Örebro 
Municipality, 2010). The following map shows the geographical location of Örebro west of 
Swedish capital, Stockholm.  
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Figure 2.1 Map showing the geographical location of Örebro 
 
Public transport in Sweden is funded in a cost sharing basis. 50% of funds are raised through 
passenger tickets and 50% is taken from tax revenue. The local and regional administrative 
authorities jointly own the public transport system in Sweden (Örebro Municipality, 2010). 
“From a fairly rigid system in which licensed operators had an exclusive monopoly, it has 
become a competitive tender system; this has operated only since 1 July 1989. The main 
changes in the bus industry have concerned local and regional transport at county level. The 
basic principle today is that the county transport authorities are in charge of all planning, 
including design of the network, timetables and fares, but the actual operation is put out for 
tender” (Jansson and Wallin, 1991). The administration of the bus transportation is a public 
monopoly, since there is only one single producer who is responsible for administrating the 
service. At the same time it is a monopsony situation as transport service operation is sourced 
by private firms through open tendering extended to the whole of Europe. The private firm 
that can offer the lowest price, agreeing with the environmental standards and other service 
delivery conditions, is entrusted to operate the service on a contract basis, on behalf of the 
public transport service. Örebro city follows this system and has official measures to check 
for ensuring the environmental standards and quality of service operations by the contracting 
parties. Failure to comply with the terms and conditions of the contract, necessarily would 
lead to legal actions, and involve financial obligations including reduced payment for service 
from the agreed rates in the contracts to the transport operator.  

2.3 Public transportation service in Örebro  
The public bus transportation in the city is organized by Länstrafiken Örebro AB. 
Länstrafiken is a partner firm of the train company Tåg i Bergslagen. In 2008, a total of 12.1 
million bus trips were operated in Örebro (Länstrafiken, 2010). In 2008 the total number of 
traffic work produced was 13.9 million kilometers. According to the annual report of 
Länstrafiken, there was an effort to reduce the emissions from bus transport in Örebro by 
mixing renewable biodiesel with diesel fuel just over 4% in 2008. This effort has shown an 
improvement in reduction of emissions from buses. A major change in line with the 
environmental improvement of the city transport system in Örebro was introduced in October 
2009. All diesel-powered buses were then replaced by biogas driven buses. Present bus lines 
in Örebro municipality is shown in Appendix B. 

Örebro city has developed locally produced biogas to handle the bio fuel requirements 
to run biogas buses. A total of 400 million SEK has been invested in biogas production plant, 
the upgrading plant, pipelines, the compression station, the bus depot and the biogas buses. 
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According to Örebro municipality, about 100 million SEK of these were biogas related. The 
state contributes with 24 million SEK as a climate investment (KLIMP) subsidy. According to 
the final report of Örebro municipality’s climate office, biogas is a renewable and 
environmentally friendly fuel. The technology has been developed to run city buses on biogas 
in a reliable manner. Operating results are highly dependent on a reliable production process 
for the gas. Starting from October 2009, Örebro city buses are operated on 60% biogas fuel 
and 40% CNG. Before moving to the specific case of Örebro, we are going to review some 
previous academic studies in the field of city bus transportation and its net social benefits.  
The following chapter gives a general understanding about the alternative fuelled public 
transport service with regard to reductions of emissions in Sweden and abroad. 

2.4 Previous studies 
A Cost-Benefit Analysis on biogas transportation in Linköping was performed in 2007 which 
found that the project was socially beneficial. “The effects include for example air pollution 
reductions, changes in noise pollution, investment costs and increased running costs. The 
result shows that the investment in biogas has been profitable during the year of 2006.” 
Noring (2007). This study estimated the environmental benefits from reduced emissions of 
GHGs and reduced levels of noise. The total monetary benefits were estimated to 498 million 
SEK and the total costs were estimated to 27 million SEK. The researcher admits that the 
estimated benefit for noise reduction of 338 million SEK per year is very unsure. Some 
studies show that “investments in local public transport is hardly ever analysed with CBA” 
(Ljungberg, 2003) and further empirical evidence  show that most of the County Authorities 
in Sweden, do not use cost-benefit analysis for planning or designing of public local bus 
service (Ljungberg, 2007). A case study in Göteborg (Karlström, 2002) compared fuel cell 
buses with diesel and natural gas alternatives and found out that fuel cell buses are socially 
beneficial. 

Another study examines the use of bio methane and compressed natural gas (CNG) for 
the bus fleet in Dublin, Ireland. They found “…a substantial decrease in all exhaust emissions 
from the use of bio-CNG buses compared the 2008 fleet. Grass silage was chosen as the 
optimum feedstock for production of bio-CNG in Ireland” (Ryan and Caulfield, 2010).  

In this chapter we have seen that the traffic sector produces cumulative emissions due to 
increasing traffic over period. Örebro Municipality has introduced alternative, renewable 
energy driven public bus transports for combating the environmental pollution. There are few 
previous studies showing that renewable and environmentally friendly fuels are socially 
beneficial. In the next chapter we will explain the underlying economic theory of welfare 
economy used in our study. 

3 Theory 
This chapter contains a brief introduction to the welfare economic theory of the Cost-benefit 
analysis method for evaluating the environmental benefits through consumer preference, the 
Hicks-Kaldor principle or potential Pareto improvement, the Ramsey rule for calculating the 
social discount rate for long term benefits of an intervention, opportunity costs and evaluation 
of non market goods and services, evaluations of alternatives and criticism on CBA method. 

3.1 Consumer preference  
Economic theory assumes that individuals are consistent in their preferences as well as best 
able to make decisions about the improvement of their own utility or welfare. This theory on 
consumer preference is grounded on two ideals – rationality and consumer sovereignty. The 
prices of market goods and services should reflect the monetary value of the consumers’ 
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choices. However, for non-market goods there are no such market price to observe the 
monetary valuations by the consumers. In such circumstances, the consumers’ willingness to 
pay (WTP) or willingness to accept (WTA) has to be estimated either through stated or 
revealed preference methods. “If a change in an environmental service is in prospect (e.g. a 
move to improve air quality in a city) such that the person believes she will be better off in 
some way, she may be willing to pay money for secure this improvement. This willingness to 
pay reflects her view of the economic value of improved environmental service” (Hanley et 
al., 2007). If the quality of air is worsened then she would be willing to accept a certain 
compensation to allow for that deterioration. “The utility function is an ordinal representation 
of preferences that allows us to express the most preferred consumption bundles by the 
highest level of utility. Utility is an unobservable, continuous index of preferences” (Hanley et 
al., 2007).  

An individual would require an increased level of consumption to gain a new level of 
utility at higher utility curve. The individual would have a willingness to pay (WTP) for this 
utility gain. Similarly for allowing the environmental degradation, an individual would be 
willing to accept (WTA) a compensation that would reinstate the original level of utility 
before the change. The individual’s WTP for increased environmental quality is based on 
economic theory that implies the concepts of individuals’ rational choice and consumer 
sovereignty.  The concept of WTP is consistent for economic estimation.  An economic 
intervention creates winners and losers in the society, but from a social point of view the 
objective should be to maximize the utility for the society as a whole. 

3.2 Potential Pareto Criterion and CBA 
The potential Pareto criterion or Kaldor-Hicks criterion is frequently used in welfare 
economics. According to this criterion, an intervention should be undertaken if it improves 
potential Pareto efficiency. If the benefits are enough to compensate for the individual losers 
by redistributing from the beneficiaries so that no one is worse off, then it is a potential Pareto 
improvement. The theoretical possibility for such a transfer justifies the intervention 
according to the criterion, without any actual redistribution taking place. “CBA can be 
justified using this criterion. Suppose NBA < 0, while NBA + NBB > 0. Then individual B 
could transfer T = −NBA to individual A, whose welfare would thus be unaffected by the 
project. Individual B would still be better off because NBB − T = NBB + NBA > 0 by 
assumption” (Zweifel et al., 2009, p. 48).  The results of this study will indicate whether the 
potential Pareto efficiency criteria of resource allocation for public bus transport services in 
Örebro city is relatively more satisfied with the diesel or biogas alternative.  

3.3 Social Discount Rate for Sweden 
Public investments on infrastructural projects like public transportation benefit the society 
over the years of lifespan of the project. Future benefits should be discounted at the social 
discount rate, since the future is uncertain and utility in future is less valued than at present. 
The social discount rate is determined by pure time preference, how fast consumption grows 
and how fast the marginal utility falls as consumption grows.  As per “the Ramsey-rule” 
(Sterner and Persson, 2008, p. 64) the social rate of time preference is given 
by gnzSDR  , where z is the rate of pure time preference (utility today is perceived as 
being better than utility tomorrow), g is the rate of growth of real consumption per capita and 
n is the percentage fall in the additional utility derived from each percentage increase in 
consumption (n is the elasticity of the marginal utility of consumption). According to 
HEATCO (2006, p. 25) the social rate of time preference is the most appropriate to use in 
public policy and recommends using national values of SDR. The officially accepted SDR for 
Sweden is 4%, which is the value used in the CBA analysis in this study (SIKA, 2009). 
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3.4 Opportunity costs and evaluation of alternatives 
As per economic theory, resources are scarce and needs are unlimited. Every decision has an 
opportunity cost of what is given up by not choosing another option. The opportunity cost is 
the value of an alternative consumption or investment that has been sacrificed in order to 
pursue a certain consumption or investment. The opportunity cost is calculated as the 
difference in return between a chosen investment and the one that is given up. The most 
relevant opportunity costs of biogas buses intervention in Örebro municipality is the 
difference compared to the diesel driven bus transport service that previously existed, but it 
could also be an electric bus transport service that the city could have implemented, or 
something else. In both cases, a choice between the two options must be made. It would be an 
easy decision if the policy maker knew exactly what the end outcome would be. But the 
policy maker risks the greater benefits (be it monetary or otherwise) that could be achieved 
with another option. This is the opportunity cost of alternatives. In this study we compare the 
biogas bus service against the diesel bus service alternative by estimating the opportunity 
costs to calculate the net social benefit using CBA. 

3.5 Criticisms of the CBA method 
The CBA method is criticized based on ethical and theoretical foundations and distributional 
incidence of potential Pareto improvement (PPI). “The Kaldor-Hicks approach states that a 
policy is socially beneficial if the gainers secure enough benefits to in theory be able to 
compensate any losers and still have some net gain left over. Such a policy is justified (on 
efficiency grounds) even if no actual compensation is paid. But a number of theoretical 
difficulties (the Scitovsky, Boadway paradoxes etc) ensure that PPIs cannot be consistently 
identified by comparing individual welfare changes” (Turner, 2007, p. 258). 

The most important critiques on CBA methods are: “..a) the extent to which CBA rests 
on robust theoretical foundations as portrayed by the Kaldor-Hicks compensation test in 
welfare economics; b) the fact that the underlying “social welfare function” in CBA is one of 
an arbitrarily large number of such functions on which consensus is unlikely to be achieved; 
c) the extent to which one can make an ethical case for letting individuals’ preferences be the 
(main) determining factor in guiding social decision rules; and d) the whole history of 
neoclassical welfare economics has focused on the extent to which the notion of economic 
efficiency underlying the Kaldor-Hicks compensation test can or should be separated out from 
the issue of who gains and loses – the distributional incidence of costs and benefits” (Pearce 
et al., 2006, p. 17). Criticisms of CBA’s robustness of theoretical foundation, in alignment 
with the Kaldor-Hicks compensation test and the arbitrary nature of the social welfare 
function of CBA are continued to be debated. Criticism on using individuals’ preference as 
the basis for decision making rules is justified on the ground that it reflects the democratic 
presumption in CBA, i.e. individuals’ preference should be counted. CBA has developed 
procedures for dealing with the criticism on the distributional incidence of costs and benefits 
of interventions, e.g. the use of distributional weights and presentation of stakeholder 
accounts for offsetting the distributional issues. Although flaws exist, CBA is still the best 
available tool for measuring the social benefit of environmental services containing both 
market and non-market values.  

4. Methods 
In this chapter we describe the research design in line with the economic theories described 
above, the confounding problems we faced in the study design and our approach to control 
them, validation of data with Laspayre index, the use of values from ASEK - Arbetsgruppen 
för Samhällsekonomiska Kalkylvärden (Workgroup for Socio-economic Estimates) report for 
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consumer preferences, criticism on the ASEK report calculation of values, omitted variables 
in the study, health specific impacts and value of Statistical Life (VSL). 

4.1 Research design 
This study is designed to compare the opportunity costs of biogas bus transportation 
intervention in Örebro city with that of diesel fuel bus service alternative. Calculations are 
based upon the costs and benefits of biogas alternatives for 6 months, starting from October 
2009 to March 2010. We also use data from earlier years to model the seasonal variation 
including summer/winter bus time tables changes in the different variables. The unit costs and 
benefit for a unit of traffic work of both alternatives have to be compared with both 
alternatives, i.e. biogas bus service with diesel bus transport mode in Örebro city. Net social 
benefits of both choices are calculated for a period of 20 years from 1 April 2011 to 31 March 
2031, as an expected life span of the capital investments needed for the introduction of the 
new alternative. ASEK 4 does not recommend any particular number of years for transport 
political interventions, as it depends on the life length of the particular type of intervention 
(SIKA, 2009, p. 28). From April 2010 the bus line system for the city bus services have 
changed. Therefore the data is not directly comparable with the diesel driven buses which 
were run on different bus lines before.  

Our choice of comparison has four different confounding problems to solve, to make it 
compatible for a fair economic evaluation of alternatives: A) Vintage difference of biogas 
buses and diesel buses. B) Introduction of new bus lines in 2010 April, on which no diesel bus 
has operated so that a direct comparison is not possible. C) Common lines of bus operation 
where both alternatives have only six months period, which is only representative for the 
winter period. D) Price difference due to new contracts with another bus operating company 
rather than the change to biogas driven buses. We are discussing these confounding problems 
below. 

4.2 Confounding problems 
The design of the study is to compare the biogas bus operation with that of diesel buses. 
Biogas buses were introduced for first time in October 2009 in Örebro, while only diesel 
buses were operating before that period. This means that the design of the diesel buses is old 
in comparison with the biogas buses. This vintage difference between biogas buses and diesel 
buses becomes a confounding problem for a simple comparison of these alternatives. Örebro 
municipality is contracting out the bus operation based on a competitive quotation. The 
quotation price is presumed to reflect the capital costs of new buses as well as the effects of 
fuel efficiency and emission efficiency of the buses. This leads to another confounding 
problem for evaluation of the two alternatives. According to the climate office of Örebro 
municipality, the tendering affects the contract cost1 for the bus operations. In the beginning 
of a new contract the price is typically higher and then decreases after a while. The 
mechanisms behind this price change are a bit unclear for us but we assume that this 
observation from the climate office is correct. The fact that there is a change in contract prices 
for every new tender affects a valid price comparison between the two alternatives. Another 
confounding issue related to the contract cost is that it has not increased proportionately to the 
scaled up traffic work with the new bus lines, which is perhaps due to economies of scale. 
While the traffic work increased by 44.1% since 2009, the contract cost only increased by 
32.9% in the same period. It is therefore not possible to know the change in contract cost of 
diesel buses, if the traffic work would have been scaled up in the same way. Since the two bus 

                                                
1 The term ‘contract cost’ used in this study, refers to the monthly payments from the public owned company 
Länstrafiken to the private entrepreneur Nobina for operating the city bus service in Örebro Municipality. 
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alternatives are not operated equally during the studied time periods, this change in contract 
cost is another confounding problem for evaluating the alternatives. The difference in contract 
costs has a large impact relative to other costs and seems to be the main reason for the 
negative net social benefit in our CBA results from the biogas intervention. 

In October 2009, biogas buses were introduced in the local traffic, replacing the old 
diesel buses except 5 of them. Until the biogas plant was ready, the biogas buses were run on 
natural gas instead. Beside this, new bus lines were introduced in April 2010 to increase the 
total bus service, which makes the differences in traffic amounts not only quantitative but also 
qualitative (Länstrafiken, 2010, p. 3-4). A comparison between the social benefit of two 
different bus types with respect to traffic lines, period of operation, design of vehicles and 
type of fuel is applied in this study. When using a previous time period to compare the costs 
of the new biogas buses versus the old diesel buses, we account for the increase in traffic due 
to the new bus lines. We do this by calculating the average cost per kilometer with each type 
of bus, which we then multiply with an equal number of kilometers for both types, 
representing the two different bus line scenarios. Due to seasonal variation in demand, fewer 
buses are running during the summer period compared to the winter period. By comparing 
periods of twelve months, the average costs in these periods will be representative for the 
whole seasonal cycles.  

Another problem is that the costs are higher in the beginning, due to long term 
investments for the introduction of biogas buses and fuel. To account for this, we will divide 
such investment costs by their expected life time. With month wise data of total costs only, 
one way to approximate these costs would be as the difference between the first month(s) with 
biogas, and the corresponding month(s) in the year after, also adjusted by the social discount 
rate. 
To compare contract costs in our CBA analysis, there are a handful of alternative 
combinations of time periods which we consider could be relevant for us. The following 
figures 3.2-3.5 represent the choices of time periods which we have considered. 
 

 
Figure 3.2 Choice of period of study alternative 1 data requires from 2008-10-01 to 2010-09-
30 
 

 
Figure 3.3 Choice of period of study alternative 2 data requires from 2009-04-01 to 2011-03-
31 
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Figure 3.4 Choice of period of study alternative 3 data requires from 2008-10-01 to 2011-03-
31. 
 

 
Figure 3.5 Choice of period of study alternative 4 data requires from 2008-10-01 to 2010-03-
31. 
 
For contract costs, we have chosen the fourth alternative represented in figure 3.5 in order to 
avoid the confounding problem with new bus lines which were introduced in April 2010. The 
only available period with biogas buses running on old lines is compared against the same 
months from the previous year, in order to also reduce the problem with seasonal fluctuations. 

4.3 Adjusting price levels 
All costs and benefits are expressed in 2011 price levels. Asek 4 recommends using a 
producer price index (PPI) for updating costs related to infrastructure like investment and 
maintenance. For effects related to consumers, like costs for air pollution, Asek 4 
recommends using a consumer price index (CPI). The price indexes used in our calculations 
are presented in tables 4.1 and 4.2. 
 
Table 4.1 Producer price index (PPI) in Jun 2011 prices 
Year Jan Feb Mar Apr Maj Jun Jul Aug Sep Okt Nov Dec 
2008 96.1 96.5 96.1 96.8 96.6 97.5 98.5 98.5 99.1 99.1 99.8 99.1 
2009 99.9 99.7 100.8 99.9 99.4 98.6 99.3 98.5 97.6 97.2 98.1 98.3 
2010 100.3 100.5 99.1 98.9 98.9 100.2 100.3 99.7 100.2 99.5 100.3 102.5 
2011 100.8 100.8 100.8 100.8 99.9 100.0       

Source: Statistics Sweden (SCB), with adjusted base year 
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Table 4.2 Consumer price index (CPI) in Jun 2011 prices 
Year Jan Feb Mar Apr Maj Jun Jul Aug Sep Okt Nov Dec 
2006 89.8 90.2 90.9 91.3 91.5 91.5 91.3 91.4 91.9 91.9 92.0 92.0 
2007 91,6 92,0 92,6 93,1 93,0 93,1 93,0 93,0 93,9 94,4 95,0 95,2 
2008 94.5 94.9 95.8 96.2 96.6 97.0 96.8 97.0 98.0 98.2 97.4 96.1 
2009 95.7 95.7 96.0 96.1 95.9 96.1 95.7 95.9 96.2 96.4 96.4 96.6 
2010 96.0 96.6 96.8 96.8 97.0 97.0 96.7 96.7 97.5 97.8 98.2 98.9 
2011 98.4 99.0 99.6 100.1 100.2 100.0       

 

       

Source: Statistics Sweden (SCB), with adjusted base year 

4.4 Laspeyre index 
Since the quantity of the traffic work is different during the studied periods, costs and benefits 
are not comparable in a direct way. Costs and benefits are compared across two real time 
periods of interventions and are influenced by other changes than just the fuel. A mere 
comparison of the values for the whole period will be misleading due to the month wise 
changes in cost per kilometer over the period. Values and prices need to be weighted against a 
base year to be more comparable with each other. According to Gupta (2006), the price is the 
exchange value of a unit of commodity or service expressed in monetary terms. Depending on 
the context, more specific term are used, like rent, fee, cess, fare, charge or tariff. Exchange 
value (objective) and use value (subjective) of goods and services are different, as in the case 
of the water-diamond paradox. Water has a high use value but a low exchange value while for 
diamond it is the other way around, on the micro level. Macro prices are aggregated from 
these micro prices and a general price can be obtained as a weighted average of the 
individuals’ micro prices. The weights for various components depend on the relative 
significance of that item in comparison with all items during the base period. The general 
price represents the prices of all goods, weighted with respect to the relative value during the 
base period. 

 Laspeyre’s index is calculated as follows:  
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, where ioQ and ioP are the base year quantities and prices, and itP  is the current year prices of 
the commodity denoted by i. The index measures the cost changes relative to the base period 
under the assumption of no substitution due to price change. The other main type of price 
index is the Paasche index which is instead based on the current year consumption and 
thereby taking the substitution into consideration. The Paasche index is calculated as follows:  
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With Paasche’s index weights are assigned to the current consumption and the substitution 
related to the earlier prices is considered. Assigning different weights on current year prices 
and base year prices causes differences in the index values, especially on the macro level. To 
overcome these differences, Fisher developed an alternative price index that approximates 
some substitution effects from the true index of base period by adopting a geometric mean of 
the Laspeyre and Paasche indices. 
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Since the quantities and prices of transport work in this study are compared in two 
different years, the price index is used to make those prices and quantities comparable. 
Uniform weights are given for all periods, which results in a reliable value for the whole 
period as shown in chapter 4.6. 

4.5 Controlling confounding problems 
The vintage difference between the biogas and diesel buses is controlled by sensitivity 
analysis with different per kilometer emissions for the diesel buses. New routes and scaled up 
traffic work is avoided by modeling values based on data from earlier months and long term 
fluctuations. Seasonal differences are also controlled in the same way, using weighted average 
and modeling values based upon seasonal changes from the previous periods. Difference in 
contract cost is controlled by assuming that if diesel buses were continued it would have 
incurred the same contract cost. For this assumption a sensitivity analysis will also be 
performed, as it has a large impact on the results of the thesis. 

The incremental contract costs for running biogas buses instead of diesel buses are 
calculated using month wise data of the municipality’s contract payments to the 
entrepreneurs, before and after the change from diesel to biogas buses. An ideal case would 
have been to compare twelve months with diesel buses against twelve months with biogas 
buses, but unfortunately there has been another change in the period, unrelated to the biogas 
intervention, which complicates the comparison. Besides the change to biogas buses in 
October 2009, a new bus line system was introduced in April 2010 which increased the total 
traffic with about 44 percent compared to the year before. The average per kilometer cost has 
decreased due to this quantitative and qualitative change in the kilometer production of traffic. 
But the price paid to the entrepreneur did not follow this change proportionally. These 
changes are depicted in the following figures. 
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Figure 3.6 Traffic work of Örebro city bus service for 2007-2010 
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Contract costs 2007-2010
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Figure 3.7 Change in contract cost for traffic work of Örebro city bus service 2007-2010 
 
As shown in the figures 3.6 and 3.7 above, the impact of this distortionary change in April 
2010 is large, in relation to the impact of the change to biogas buses in October 2009 which 
we aim to study. To simply include the months from April 2010 and forward and ignore the 
change in bus lines would bias the results. If the changes in bus lines in April 2010 were 
ignored, per kilometer cost would appear to have decreased due to the introduction of biogas 
buses. The trend was in fact the other way around until the new bus line system was 
introduced. This is shown in figure 3.8. 
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Figure 3.8 Per kilometer cost for biogas and diesel alternatives in Örebro city bus transport 
(years 2009/2010 for the biogas buses and years 2008/2009 for the diesel buses) 
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4.6 Modeling seasonal variation 
After excluding the months from April 2010 and forwards we now only have six months with 
biogas period left, from October 2009 to March 2010, over which we can compare values 
with the same months in the year before. In order to be able to calculate the net social benefit 
over a longer period of 20 years, we will model the seasonal variation of a whole year to 
adjust for the ‘missing’ six months from April to September. As the demand for bus 
transportation is typically lower in the warmer half of the year, simple copying of values from 
the colder months to the warmer months would be misguiding. The values that we impute 
need to be adjusted to a realistic pattern of seasonal variation. To do this we will use a method 
based upon moving averages to separate the seasonal variation from the long run trend and 
estimate the seasonal component weights that we are going to use. Twelve-month moving 
averages are calculated as follows (Andersson, Jorner & Ågren, p. 186-197): 
 

12
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The seasonal component is estimate as follows, using n = 132 months (11 years) of data: 
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Finally, the sum of the seasonal components is fine-adjusted to zero as follows: 
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As the variation in these variables is too complex and unpredictable to be approximated with 
standard mathematical functions, we consider the moving average approach superior to other 
approaches such as regression analysis for our purpose. The figures 3.9 and 3.10 below show 
the kilometer production and contract cost variables and their estimated long run trends. 
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Figure 3.9 Seasonal average kilometer production for Örebro city bus service from 1998-
2008 
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Figure 3.10 Seasonal average contract cost for Örebro city bus service from 1998-2008 
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Figure 3.11 Seasonal average for contract cost and traffic work for 1998-2008 
 
Figure 3.11 above shows the seasonal components for the kilometer production, contract cost, 
and contract cost per kilometer. Values for each month is modeled as the average value for the 
‘known’ period from October to March, multiplied by each month’s seasonal weight, relative 
to the average seasonal weight of this period. In mathematical terms, this model can be re-
written and simplified as: 
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Figure 3.12 Modeled contract cost per kilometer representative for the first 12 month period. 
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Figure 3.13 Modeled total contract costs representative for the first 12 month period. 
 
The resulting modeled values are shown in the figures 3.12 and 3.13 above. The values from 
April to September now show a higher per kilometer cost for biogas as well. They follow the 
same pattern for both fuels as they are based on the same seasonal component. By modeling 
values like this we also adjust for the cost peak in August 2009 (which we are still looking for 
an explanation to.) 

4.7 ASEK 4 values 
ASEK – Arbetsgruppen för Samhällsekonomiska Kalkylvärden (Workgroup for Socio-
economic Estimates) – is a working group under SIKA – Statens Institut för 
Kommunikations-Analys (National Institute for Communication Analysis). They calculate the 
official socio-economic estimates for the traffic sector in Sweden, and their latest review of 
these estimates is given the title ASEK 4. SIKA was taken over by Trafikverket (the 
Transport Agency) on the 1 April 2010. The purpose of this socio-economic estimation is, 
according to the ASEK group, to create a basis for decision making using CBA analysis. 
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The currently recommended values from ASEK 4 were calculated during the year 2007 
and were officially accepted in 2008. Values have been adopted for the transport sector 
projects and planning in Sweden during the years 2010-2021. ASEK 4 values are based on the 
material comes from, amongst others, researchers at the universities of Umeå and Örebro and 
the Swedish Transport Agency. Some values are completely updated since the last review 
(ASEK 3), while others have only been updated to the year 2006 price level. 

The ASEK 4 valuations have been calculated using a social discount rate of 4% per 
year. Three different tax factors (1.23, 1.3 and 1.53) are used to adjust for dynamic effects of 
the tax system.  

Values for regional effects of emissions are as follows: 60 SEK per kg for NOx, 20 SEK 
per kg for SO2 and 30 SEK per kg for VOC. The ASEK 4 estimates of local effects of 
pollution are based upon the exposure unit. They are calculated as follows:   
 

5,0029.0 BFExposure v   
 
where kgvaluation /029.0  , vF = Ventilation factor (depending on ventilation zone) and 
B = Population size. CO2 emissions are valued at 1.50 SEK per kg of emissions.  

The following are the underlying assumptions for estimates of price, discounting and 
starting period in the ASEK 4 valuation method: a) All utilities and costs should be expressed 
in year 2006 prices, b) All measures should be treated as if the work started on 1 January 2006 
c) All utilities and costs should be discounted to 1 January 2002. The valuation method for 
socio-economic estimation in ASEK 4 is as follows: For market goods, prices are taken as 
consumers’ WTP. Non-market goods are valued based upon studies of peoples’ choices as 
follows: a) Direct values obtained from real situations, b) Indirect values obtained as in real 
situations, c) Peoples choices in experimental situations and d) peoples choices in 
hypothetical situations. 

4.8 Criticism of ASEK  values 
There are Criticisms raised against ASEK valuation methods. “The social economic 
calculations are sometimes criticized. This criticism has, for instance, concerned assessments 
of future travel, underestimates of costs, production of effective alternatives, and that not all 
effects are quantified in the estimates. The criticism is often justified although on a number of 
points it is the case that an improvement of the estimates requires an improvement of the 
underlying basis for the estimates – not a change in the method of estimation as such. The 
Government should therefore make explicit demands on annual reports and plan documents. 
The annual reports should include the outcome of costs, traffic and profitability for completed 
investments. A continual follow-up of outcomes creates a good incentive to ensure that the 
basis for decision-making is of high quality at the same time as data is generated which can be 
used as a basis for assessments of uncertainty. Uncertainty and risk are not at present dealt 
with in a satisfactory way in social economic estimates. Methods need to be developed to be 
able to systematically assess and evaluate uncertainties and risks at the object and direction 
planning level” (SIKA, 2000) Health related emission effects of the transport sector valued by 
ASEK4 have also been criticized. “Two major problems were then discovered with the 
current calculations used in Sweden. First of all the exposure calculation is crude and its 
accuracy has not been assessed. Secondly the value placed on exhaust emissions of particulate 
matter is too high. Another problem found with the current method of calculation is that it is 
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not as transparent in all its parts as the original ExternE2 method. This in turn makes it almost 
impossible to revise the model in the light of new empirical evidence regarding health impacts 
or economic values” (Mellin and Nerhagen, 2010). Lack of proper morbidity valuation of 
traffic emission and excluded mortality valuation of certain pollutants affect the robustness 
and reliability of ASEK 4 values.    

4.9 Steps of CBA 
According to Hanley and Barbier (2009) there are six steps to carry out a CBA analysis in 
environmental settings. We follow those steps in this study.  

1. Define the project/policy: The net social benefit from the Örebro municipality’s 
intervention of biogas buses from 1 October 2009 to 31 March 2010 is evaluated in this study 
and then extended to the expected life span of 20 for the project. Though the initiative is 
limited to within the municipality’s geographical boundaries, the benefits are positive 
externalities; we are therefore estimating the NSB at national level. The standard 
interpretation of ‘social’ within CBA analysis is economy as a whole.  

2. Identification of the physical impact of the project/policy: Since we are calculating 
the NSB of the biogas bus intervention with that of diesel buses, we contacted the 
environmental office of Örebro Municipality for identifying the marginal physical magnitude 
of the outcomes of the intervention. Those outcomes that significantly differ from the 
alternative project are the most relevant to include in the CBA analysis. Outcomes with low 
marginal impacts are also identified but not quantified and valuated. 

3. Valuation of impacts: Those outcomes with marginal impacts were valuated using the 
Swedish standard values assigned by SIKA in ASEK 4 report. As per the general principle of 
CBA, the impacts are valuated in terms of the marginal social costs or benefits. The term 
‘social’ here refers to the notion of ‘evaluated with respect to the economy as a whole’. In this 
study, the SIKA valuation is suitable because of its national nature which makes the values 
applicable to whole economy of Sweden. 

4. Discounting of future costs and benefits:  Monetary valuations of the costs and 
benefits from the biogas bus intervention is expressed in present value by adjusting with the 
social discount rate for offsetting the time value of money or time preference.  

5. Applying net present value (NPV) test: To ascertain the efficiency of the project in 
terms of the use of resources we use the NPV test as follows:  

 
    t
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The criterion of acceptance of a project is that the NPV should be positive. For allocation of 
resources within a fixed budget, CBA is useful to rank projects according to their NSB. In the 
decision making process, decision-makers also have other objectives besides economic 
efficiency. Some such objectives may be equity, inter-generational effects, sustainability of 
resource systems and social risk aversion. CBA can act as a framework and set of procedures 
to help with organizing the available information in such situations. The net social benefit is 
calculated as follows: 
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2 ExternE (External costs of Energy) is a project that started in 1991 with several European partners involved, 
financed by the European Commission. The aim of the project initially was to make an assessment of the 
externalities associated with electricity generation (ExternE, 1995) while the methodology used for 
transportation was developed in the end of the 1990s. 
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In which we take,  
t = 20 years. 

tb  = benefits (in monetary units) of the biogas bus intervention in Örebro municipality from 1 
April 2010 to 31 March 2031. 

tc  = costs (in monetary units) of the biogas bus intervention in Örebro municipality from 1 
April 2010 to 31 March 2031. 
 r11  = discount factor at the annual discount rate r = 4%.  

 
Net Social Benefit is useful for evaluating economic efficiency based upon a social welfare 
function, with respect to policy questions. “For a project or policy to qualify on cost-benefit 
grounds, its social benefits must exceed its social costs. “Society” is simply the sum of 
individuals. The geographical boundary for CBA is usually the nation but can readily be 
extended to wider limits” (Pearce et al., 2006, p. 16) 

6. Sensitivity analysis: NPV shows the relative efficiency of the policy/project based 
upon the data input used in the calculation. Since CBA is used to predict the future physical 
flows and values of costs and benefits of biogas bus intervention for 20 years, there exists an 
uncertainty.  We therefore perform a sensitivity analysis using different discount rates of 0%, 
3% and 5%. 

4.10 Calculation of net social benefit 
The net social benefit (NSB) is calculated as follows: 
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2009
2009  , where: 

S  = total investment cost in the initial period 
BC  = contract cost per kilometer for the biogas alternative 

DC  = contract cost per kilometer for the diesel alternative 

2009D  = total distance for diesel buses running in year 2009 

EBC  = health and environmental cost for the biogas alternative 

EDC  = health and environmental cost for the diesel alternative 
g  = traffic growth rate per year 
r  = social discount rate per year 

4.10 Excluded variables  
Since the purpose of this CBA study is limited to find out the better alternative among diesel 
and biogas fuelled bus transportation, many variables that are customary with Swedish 
transport CBA studies are excluded in this study. Consumer surplus variables like change of 
travel time, ticket prices, and revenue for taxi drivers are not estimated since those values are 
irrelevant with the change of fuel type we are analyzing in this study. Externalities like noise 
reduction and change in traffic safety also excluded from this estimation for want of data 
material. Impact of noise reduction could contribute positive environmental benefit from 
biogas bus operation in comparison with diesel buses according to Noring (2007) study. 
Another variable that has excluded from this estimation is the emission reduction from private 
vehicles that are left behind when public transport access increased due to scaling up of bus 
traffic. Variables of government cost and revenues like, ticket revenue, revenue from fuel 
taxes, public transport capacity, operational costs, training expenditure, maintenance and 
reinvestment are also excluded from this CBA estimation. All except fuel tax revenue among 
the government cost and revenue variables have no or negligible impact on biogas bus 
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intervention in comparison with diesel fuelled alternative according to the climate office 
officials in Örebro Municipality.  Fuel tax revenue of the state is affected when fuel type of 
bus transportation changes from diesel to biogas.  

4.11 Health specific impact and VSL 
A potential benefit of biogas bus intervention is improvement of health status of the local 
population due to reduced health hazards. These reduced risks can be measured in Value of 
Statistical Life (VSL) measurements. In cost benefit analysis VSL can capture the fatality risk 
reduction due to the policy change. “The value of a statistical life (VSL) is an important tool 
for cost–benefit analysis of regulatory policies that concern fatality risks” (Yanoff, 2009). 
VSL has applied mainly for infrastructural improvements for road safety. “The value of 
statistical life (VSL) is of major importance to cost-benefit assessment of road infrastructure 
investments, road maintenance planning, and to traffic control decisions, such as limitation of 
speed” (Hultkrantz et al. 2006).  Moreover, the precise valuation of VSL with respect to the 
scale and scope is arbitrary as Hultkrantz et al. (2006) reported in their study as follows: “..the 
WTP for a larger risk reduction is almost the same as for a smaller risk reduction, the VSL 
will be inversely proportional to the size of the risk reduction. Therefore the WTP per unit of 
risk reduction, which is the VSL, can be more or less arbitrarily set to any number within a 
wide range, i.e., it will be high for a small risk reduction and low for a large reduction”. 
Moreover, according to Yanoff (2009), VSL tool does not fulfill to measure people’s own 
evaluation of small changes in fatality risk and aggregate these evaluations into a single 
measure. Individual preferences are inconsistent with units of fatal risk reduction in VSL and 
Örebro biogas bus transportation hardly reduce any fatal risk for the local population for 
registering their WTP for risk reduction. VSL for fatal risk deduction due to Örebro 
Municipality’s policy change is potentially marginal and hence we avoid going further with 
VSL measurement.  

A common metric unit measurement for health damage due to pollution is not available 
at present for finding out the unit of health improvements due to the biogas bus transportation. 
Similar to death-risk equivalents (DREs), health risk equivalents might indicate the outcome 
of the pollution reduction in a common metric. DREs can be calculated as a ratio between unit 
value of a severe injury and VSL (Hultkrantz et al. 2006) 

VSL
VSSIDRE   

There is no accepted tool for assessing the acute and chronic morbidity welfare loss due to 
exposure to the traffic emission.   An experimental study was conducted by Li and Nerhagen 
(2010) found out that value of life years (VOLY) for qualitative improvement due to policy 
change in Sweden is 1.5 million SEK. This choice experiment study measuring the morbidity 
was done relatively small sample of Swedish population. Mellin and Nerhagen (2010) has 
found that determination of VOLY is problematic and the length of the latency period is also 
an estimate that is difficult to establish empirically for estimating the future health benefits of 
emission reductions. A detailed discussion on this topic has done in Mellin and Nerhagen 
(2010) study. 

4.12 Marginal cost of public funding and tax effect 
Biogas bus transportation intervention project in Örebro municipality has to be assumed as an 
additional project and this would not affect other project investments of the municipality. This 
implies that additional tax revenue has to be raised to cover the expenditure cost of the biogas 
bus intervention, using distortionary taxes. “As customary in Swedish CBA, the net public 
expenditure is multiplied with the marginal cost of public funds (MCPFs)” (Eliasson, 2009). 
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The MCPFs are the factor that scales the marginal resource cost of the public project for 
accounting the distortionary taxation by which the project is financed.  SIKA (2009) 
recommends to use the value zero for tax factor 2 in Sweden, which is that tax factor that 
corresponds to the MCPF. Instead they recommend other adjustments like setting a cut-off 
value for the net present value ratio (PVR). 

Further the cost of resources spent on this biogas bus transportation in Örebro 
Municipality multiplied with average indirect taxes for converting the project costs from 
producer prices to consumer prices.  According to SIKA (2009) the estimated Swedish 
average indirect tax is 1.21.  The project cost of the biogas intervention expenditure for 
Örebro municipality will be multiplied with 1.21 for converting to consumer prices. 

4.13 Data material and calculations 
We have obtained the official accounts for the period from January 1998 to December 2010, 
for all income and expenditure statement related to the public bus transportation of Örebro 
Municipality. These documents contain monthly accounts of contract cost paid to the bus 
company which include all operational costs. Total number of bus trips operated, total tickets 
sold and kilometer production of traffic work per month also included in the account 
document. Details of the data we have used in this study are provided in Appendix A. 

All monetary values used in this study, such as contract cost payments, ASEK 4 
valuations and so on, are adjusted to June 2011 prices using the values presented in tables 4.1 
and 4.2 earlier in this chapter. In order to estimate values representative for the first 12 month 
period, values are modeled using seasonal weights, according to the method presented in 
chapter 4.6. The contract cost payments are adjusted by a tax factor of 1.21, as explained in 
chapter 4.12 above. 

The environmental benefit for the first 12 month period is calculated using the kilometer 
production of traffic work, data about fuel consumption and emission levels from the different 
bus types. The fuel consumption is estimated to 0.68 nm3/km for an average biogas fueled 
bus, and 0.52 l/km for an average diesel bus, based upon a weighted average of values for the 
different bus types operated, according to information from Örebro municipality. When the 
net benefit from environmental and contract cost differences is calculated for the first year, it 
is then scaled up to a number of years using different assumptions about traffic growth and 
the social discount rate. Finally, all capital investments due to the biogas intervention are 
substracted from the net social benefit. 

5 Results and analysis 
In this chapter we present the results of our CBA study and also perform sensitivity analysis 
to test the impact of different assumptions on which the results are based. 

5.1 Net social benefit 
Our standard model settings and assumptions are based upon a project life span of 20 years, 
the actual contract costs in the two studied periods, the new bus lines introduced in April 
2010, the engine efficiency of the old diesel buses, a traffic growth of 3%, a tax factor of 1.21 
and a social discount rate of 4%. Using these settings, the estimated net social benefit from 
the biogas intervention is -173.7 million SEK, which means there is an average net social 
benefit of -8.7 million SEK per year. In order to understand what factors have the most impact 
for the negative result, we need to split up the results in different ways. In table 5.1 we present 
the variable costs for the first 12-month period, split on different types of cost and the two 
compared types of buses. Note that the costs in tables 5.1 and 5.2 below are not representative 
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total average costs for the 20 year period, due to investment costs and discounting. Hence the 
difference from the average net benefit presented above. 
 
Table 5.1 Variable benefits and costs, in million SEK,  
for the first 12-month period (in June 2011 prices) 
Type of cost Biogas cost Diesel cost Net benefit 
Weighted contract cost 107.1 94.0 -13.2 
Tax factor cost 22.5 19.7 -2.8 
Health and 
Environmental cost 

 
0.6 

 
12.7 

 
11.9 

Total cost/benefit 130.4 126.4 -4.0 
 
Table 5.1 above shows that the contract costs has a large impact which causes the negative 
value of the total net benefit. It also shows that the environmental costs have very little impact 
compared to the contract costs which are about 10 to 100 times larger. As pointed out earlier 
in chapter 4.2, the value of the contract cost (and the tax factor cost that follows 
proportionally with it), is also a very uncertain value due to the confounding problems faced 
when comparing costs in different time periods. The following table 5.2 is a list of different 
potential costs or benefits of which some have not been quantified. Some of the non-
quantified costs are commented as either positive or negative, or no effect where the expected 
cost difference between alternatives is marginal. These comments are based upon our 
discussions with the environmental office of Örebro: 
 
Table 5.2 Benefits and costs, in million SEK, for the first 12-month period 
(in June 2011 prices) 
Cost/benefit Biogas 

 cost 
Diesel  
cost 

Net  
benefit 

See  
section 

Consumer surplus     
Travel time - - No effect 4.10 
Ticket prices - - - 4.10 
Revenue for taxi drivers - - - 4.10 
Weighted contract costs 107.1 94.0 -13.2 5.10 
Externalities     
Health and Environmental impact 
(emissions) 

0.6 12.7 11.9 5.10 

Noise exposure Less More Positive 4.10 
Traffic safety - - No effect 4.10 
Government costs and revenues     
Ticket revenue - - - 4.10 
Revenue from fuel taxes Less More Negative 4.10 
Public transport capacity - - - 4.10 
Operational costs (staff & tickets) - - - 4.10 
Capital costs for infrastructure  
and subsidies for biogas production More Less Negative  

Training - - - 4.10 
Maintenance and reinvestment - - -  
Tax effects     
Marginal cost of public funds 22.5 19.7 -2.8 4.12 
Correction for indirect taxes -   4.12 
Total 130.4 126.4 -4.0 5.10 
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5.2 Sensitivity analysis 
Since our model is based upon a number of assumptions which are more or less uncertain, we 
will perform sensitivity analysis of several variables. ASEK 4 recommends performing 
sensitivity on uncertain variables like traffic growth and environmental costs (SIKA, 2009, p. 
27). The results will then be analyzed and later also discussed in the following chapter 6. The 
first assumption that is tested is the number of years of expected life span for the investments: 
 
Table 5.3 Impact of the expected life span on the net social benefit,  
in million SEK, (in June 2011 prices) 
Life span 
in years 

Average net social 
benefit per year 

Total net social 
benefit 

10 -13.9 -138.7 
20 -8.7 -173.7 
40 -5.9 -234.0 
 
The impact of different assumptions about the expected life span of the biogas investments is 
shown in table 5.3 above. The average net social benefit per year shows that a longer life span 
heavily reduces the (negative) net social benefit, as the investment cost is divided by the 
number of years.  
 
Table 5.4 Impact of the contract cost on the net social benefit,  
in million SEK, (in June 2011 prices) 
Contract cost difference 
between alternatives 

Average net social 
benefit per year 

Total net 
social benefit 

100%  -8.7 -173.7 
50%   -2.7 -53.9 
0%  3.3 66.0 
 
The table 5.4 above shows the impact of different contract costs. When the cost difference 
between biogas buses and diesel buses is reduced, the environmental benefit gets relatively 
more impact. At about 28% there is a break-even point, where the net social benefit is equal 
for both alternatives with our standard model settings. This means that the actual cost 
difference due to biogas needs to be 72% lower than the overall cost difference between the 
two studied years, for the alternatives to be equally beneficial.  
 
Table 5.5 Impact of the diesel bus fuel efficiency on the  
net social benefit, in million SEK, (in June 2011 prices) 
Fuel efficiency 
(l/km) 

Average net social 
benefit per year 

Total net social 
benefit 

0.52  -8.7 -173.7 
0.45 -10.2 -204.8 
0.40   -11.4 -227.0 
 
Another model assumption is the fuel consumption of representative diesel and biogas driven 
buses, used the public bus transports in Örebro. The values we have used, of 0.68 nm3/km for 
biogas buses and 0.52 l/km for diesel buses, are based upon empirical data of the type of 
diesel buses that was used before switching to biogas buses. However, an alternative to 
investing in new biogas buses could be investing in new and more fuel efficient diesel driven 
buses. Table 5.5 above shows the impact of lower fuel efficiency assumptions on the net 
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social benefit. The results show that the fuel efficiency has a significant impact on the net 
social benefit, which indicates that investing in new diesel technology might also be an 
interesting alternative to investing in biogas technology. 
 
Table 5.6 Impact of the expected traffic growth on the  
net social benefit, in million SEK, (in June 2011 prices) 
Expected traffic 
growth per year 

Average net social 
benefit per year 

Total net social 
benefit 

0%  -7.8 -156.5 
2% -8.4 -167.3 
3%  -8.7 -173.7 
4% -9.0 -181.0 
 
Expected future traffic growth is also an uncertain assumption in the model. ASEK 4 
recommends to perform sensitivity analysis for zero growth as well as a higher growth than 
expected (SIKA, 2009, p. 17). Our standard assumption is 3% so we have tested with values 
around that as well as zero growth. The results presented in table 5.6 above shows that the 
traffic growth has quite significant impact. A lower traffic growth would result in a less 
negative net social benefit in our standard model setting. 
 
Table 5.7 Impact of the tax factor value on the net social  
benefit, in million SEK, (in June 2011 prices) 
Tax factor 
value 

Average net social 
benefit per year 

Total net social 
benefit 

1.00  -6.2 -123.4 
1.21 -8.7 -173.7 
1.40 -11.0 -219.3 
 
The choice of tax factor is a subject which has been much debated without reaching 
consensus. In our model we have used tax factor 1 to compensate for the fact that alternative 
private investment could bring in tax revenue. We follow the ASEK 4 recommendation to use 
tax factor 1 with the value 1.21, which means that we assume an average tax rate of 21% in 
our standard setting. (SIKA, 2009, p.29). For the tax factor 2, which corresponds to the MCPF 
(presented in chapter 4.12), ASEK recommends a value of zero and instead set a minimum 
level (cut-off value) for the net present value ratio (PVR). One argument for setting the value 
to zero is that it could in fact be positive as well as negative in some scenarios, depending on 
what the tax revenue is used for. Due to the uncertainty of the tax factor 2 in particular, we 
perform a sensitivity analysis with different tax factors. The results presented in table 5.7 
above show that the choice tax factor has a significant impact on the net social benefit. A 
lower tax factor will cause in a less negative net social benefit, and the other way around.  
 
Table 5.8 Impact of the social discount rate on the net  
social benefit, million SEK, (in June 2011 prices) 
Social discount 
rate (SDR) 

Average net social 
benefit per year 

Total net social 
benefit 

0%  -10.4 -208.0 
3% -9.0 -181.0 
4% -8.7 -173.7 
5% -8.4 -167.3 
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Finally, in the table 5.8 above, a sensitivity analysis of the social discount rate is presented. 
Assumptions of zero growth and values around the ASEK recommendation of 4% are tested. 
The results show that the social discount rate has a quite significant impact on the net social 
benefit. 
 
Month wise variable costs are shown in figure 5.1 below. The valuation of the environmental 
effects is relatively low compared to the contract costs paid to the operator. On the other hand, 
the cost difference in relative terms is much higher for the environmental valuations. In 
absolute terms, the net benefits from contract and environmental costs are in similar 
proportions. 

Monthwise costs for biogas and diesel buses
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Figure 5.1 Monthly adjusted contract and environmental costs representative for the first 12-
month period. 

6 Discussion and conclusion 
The negative result from the cost-benefit analysis under our standard assumption does not 
necessarily mean that the net social benefit is actually negative. As shown in the sensitivity 
analysis in the previous chapter 5, there is one factor of uncertainty that is likely to change the 
result from a negative to a positive net social benefit. That is the contract costs, which have 
both a very large impact and should be considered as very uncertain, due to the confounding 
problems related to comparing costs over time. However, the sensitivity analysis can give the 
decision makers, who have more knowledge and information available than we do about the 
factual matters of public transports, plenty of information that might help to get a more clear 
picture about the costs and benefits of this biogas intervention. 

Another interesting finding is that the increased traffic due to the new bus line system 
decreased the cost per kilometer running, which indicates positive economies of scale. Since 
the municipality decides the number of services to be delivered discretionarily, supply of the 
services is not depended on the market prices. An optimal level of bus service that would save 
the economic resources in an efficient way for the Municipality has not been identified in this 
study since that needed wider study taken into account the demand of the people from 
different parts of the city including the out skirts. That may help the policy makers to decide 
on which policy option gives greatest social benefit possible in Örebro. A future study with 
that respect can shed light on that part of the bus intervention.   
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6.3 Value of Statistical Life, VOLY  and Örebro biogas bus intervention 
Similar to the DRE referred in chapter 4.11 we propose to modify above formula to find out 
the health related morbidity reduction from the public policy. Health Risk Equivalents (HREs) 
might be possible to derive from the ratio between unit value of health deterioration (VSHD) 
and VSL. 

 
VSL

VSHDHRE   

 
Such a measurement unit might help us to compute health specific benefit of the reduced 
pollution, expressed in terms of health as a complement to the monetary valuation. Value of 
the health damage (VSHD) and VSL have to be obtained from standard WTP studies. The air 
quality improvement in Örebro Municipality due to biogas bus transportation is an interesting 
factor for the decision maker. Specific measurement of Value of life years (VOLYs) saved 
(morbidity) and VSL (mortality) will show the health impact of the intervention. Health 
impacts due to reduced traffic emission and its future welfare gains have to be accounted for 
an accurate CBA estimation. To be able to estimate those values further empirical studies are 
needed for finding out the morbidity hazards of traffic emission and peoples  WTP pay for 
such welfare improvement. 

6.4 Reliability of ASEK values 
ASEK 4 values are calculated some years back and periodic changes has not been made for 
ensuring the robustness of the values. Moreover the there are flaws in estimating values for 
pollutants, especially secondary pollution and omitted pollutants. As Mellin and Nerhagen 
(2010) pointed out health effects of traffic emission from secondary pollutants such as nitrates 
(NO3), sulphates (SO4), Ozone (O3), carbon oxide (CO), Polycyclic Aromatic Hydrocarbons 
(PAHs), dioxins, diesel particles, formaldehyde, 1,3 butadiene and benzene cause for chronic 
and acute morbidity and mortality for human health. In Swedish ASEK 4 values these 
secondary pollutants are not estimated for both mortality and morbidity possibilities. 
Morbidity effects of CO2, NOx and SO2 have not included in the ASEK4 values due to the 
difficulty in empirical measurements.  This implies that actual environmental and health 
benefit from biogas buses as against diesel ones might be higher than the present valuation. 
Further empirical research needed for finding out apt tool for measuring the morbidity welfare 
losses from the transport pollution. A detailed discussion on this matter is referred in Mellin 
and Nerhagen (2010) study. This crude estimation of values affects the economic impacts and 
net social benefit estimation we present in this study. Traffic emissions have impacts with 
morbidity and mortality scales causing respiratory, cardiovascular and cancer on receptors. 
ExternE projects have list of pollutants from traffic emissions that causes health effects. 
Correct economic evaluation needs specific valuation for each primary pollutant and estimate 
for secondary pollutants without being double counting.   

6.5 Cost and benefit from biogas production 
In this study we have limited the CBA within the consumption side of the biogas usage in the 
bus transportation and its environmental benefits. There is a potential social and 
environmental benefit at the production side of the biogas which we have not considered in 
this study. Örebro municipality using the bio degradable waste for producing the biogas, i.e. 
methane, which is a potential GHG and causes to the depletion of ozone layer in the 
atmosphere that filtering the ultraviolet radiation from the sun beams that are dangerous to life 
on earth. Production of biogas helps for burning away methane as fuel input for the transport 
sector. Biogas production units are by producing bio fertilizers that might reduce the chemical 
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fertilizer application on soil that may contaminate the water sources and other environmental 
effects. In the production side, there are potential social and environmental benefits such as 
economic waste disposal, production of bio fertilizer, employment generation and reduction 
of GHG, that in any way these bio inputs would have released to the atmosphere through 
natural fermentation and decaying process. These aspects of the biogas intervention is 
interesting to estimate for calculating the total social benefit, that we have missed in this study 
due to the limited time. At the same time input of biogas production from organic waste is 
inelastic beyond a limit.  Inputs are transporting to the production plant from different parts of 
the municipality and the production is very much dependent on the production capacity and 
input availability.  

6.6 Benefit gain to the operators 
Örebro Municipality operates the bus services by contracting it to Nobina, a private firm 
active in Nordic countries. This contact is fixed based on open competition of tendering and 
acceptance of terms and conditions of the municipality. We can assume that there will not be 
any pure profit for the operator here, though reality may change. The change of diesel bus to 
biogas bus has not shown a proportionate change in the contract costs, neither in increased 
scale of operation nor in potential increased investment costs for new biogas buses operating 
on the streets of Örebro. The profit or loss this key actor i.e. Nobina has not counted in this 
study that might have different if it would have been a local firm or municipality pay for the 
investments. 

6.7 Impact of excluded variables 
There is a considerable environmental benefit from noise reduction due to the introduction of 
the biogas buses in Örebro. This value has not estimated due to the scale of noise level for 
both diesel and biogas buses operated in Örebro Municipality during the study period was not 
obtained. Reduction of pollution due to reduced private vehicle transport is another variable 
that potentially contribute for environmental benefit. At the same time reduced income for 
taxi drivers and reduced fuel tax revenue for government are values contribute negative social 
benefit due to the biogas bus traffic in Örebro. The actual economic impact of these omitted 
variables is not known for us. 

6.8 Future studies 
The main source of uncertainty for the results of this study is the extent, to which the 
difference in contract costs between the two studied periods is influenced by other factors 
than the biogas intervention. For future studies we therefore recommend a deeper analysis of 
how this price is set, based upon factors like capital, fuel and other costs for the entrepreneur 
operating the busses. 

Long term exposure of traffic pollution can cause for diseases like chronic bronchitis 
among adults and chronic asthma which may have high economic value that consists of 
specific costs for the diseases. In Sweden value of such morbidity risk has hardly researched 
(Nerhagen et. Al. 2005, Mellin and Nerhagen, 2010). Omitted pollutants in ASEK 4 report 
like ultrafine particles and BaP are having very high health risk of cause for cancer, 
neurotoxin and cardiovascular diseases besides respiratory impacts. The level of reduction of 
such emissions between biogas and diesel buses is not known and there is no WTP value for 
such health hazards in Sweden. Estimation of accurate welfare loss due to hazardous emission 
exposure for morbidity (both chronic- long term and acute-short term) and mortality risks 
would improve the robustness of social benefit values of alternative fuels like biogas. Well 
estimated WTP values for chronic and acute morbidities and mortality would show more 
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closely welfare loss due to the conventional fossil fuelled transportation. Future researches 
needed for capturing the exact welfare loss due to health deterioration from emission 
exposure. 
 

6.9 Conclusion 
Our conclusions from this study is that although the results from our standard model setting 
indicates a negative net social benefit of -173,7 million SEK, it is not possible to with 
certainty draw the definite conclusion that the biogas investments have not been beneficial. 
The main reason for that is the large impact and uncertainty from the difference in contract 
cost payments, which may depend on other factors as well as the studied biogas intervention. 
There are several other model assumptions with significant impact on the result, but none 
other than the contract cost setting that is likely to change the result from a negative to a 
positive net social benefit. 
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Appendix A:  Data and calculations 
This appendix contains some of the data and calculations used in our study. 
 
Note: (1) means the period of 2009/2010 when biogas buses were running, and (2) means the period 
of 2008/2009 when diesel buses were running.  All monetary values are presented in SEK. 
 
 Oct  Nov    Dec    Jan    Feb    Mar   
Distance, actual values (1)  212955 236017 238669 233873 227764 255196 
Distance, actual values (2) 218057 231618 237334 243475 232252 255746 
Contract costs, actual values (1) 8787544 9552004 9630173 9802587 9623725 10499587 
Contract costs, actual values (2) 8082754 8700829 8734510 8779493 8394940 9021694 
Contract costs, PPI adjusted (1) 9036395 9736341 9798828 9777344 9574288 10599931 
Contract costs, PPI adjusted (2) 8152917 8715830 8817985 8787055 8416670 8952356 
Contract costs per km, biogas 42,43 41,25 41,06 41,81 42,04 41,54 
Contract costs per km, diesel 37,39 37,63 37,15 36,09 36,24 35,00 
Seasonal weights, km 1,03 1,15 1,16 1,19 1,10 1,16 
Seasonal weights, cost 1,01 1,11 1,12 1,14 1,07 1,11 
Distance, adjusted values (1) 212602 238855 239660 245594 227439 240324 
Distance, adjusted values (2) 214722 241237 242050 248044 229708 242721 
Contract costs, adjusted values (1) 9022725 9945673 9959042 10166669 9522147 9906871 
Contract costs, adjusted values (2) 7992797 8810391 8822235 9006161 8435210 8776019 
Contract costs per km, biogas 42,44 41,64 41,55 41,40 41,87 41,22 
Contract costs per km, diesel 37,22 36,52 36,45 36,31 36,72 36,16 
Contract costs, biogas 9022725 9945673 9959042 10166669 9522147 9906871 
Contract costs, diesel 7913865 8723386 8735112 8917222 8351909 8689352 
Contract benefit -1108860 -1222287 -1223930 -1249447 -1170237 -1217518 
Tax factor costs, biogas 1894772 2088591 2091399 2135001 1999651 2080443 
Tax factor costs, diesel 1661912 1831911 1834374 1872617 1753901 1824764 
Tax factor benfit -232861 -256680 -257025 -262384 -245750 -255679 
Environmental cost, biogas 68193 76614 76872 78775 72952 77085 
Environmental cost, diesel 1082444 1216108 1220206 1250421 1157987 1223590 
Environmental benefit 1014251 1139495 1143334 1171646 1085035 1146505 
Total costs, biogas 10985690 12110877 12127313 12380445 11594749 12064398 
Total costs, diesel 10658221 11771405 11789691 12040260 11263797 11737706 
Net benefit in period 2009/2010 -327469 -339472 -337621 -340185 -330952 -326692 

 
(The months from April to September are continued on next page) 
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  Apr   May  Jun    Jul    Aug    Sep   
Distance, actual values (1)  275888 282978 278133 290567 288454 381952 
Distance, actual values (2) 216912 211520 172300 145438 182267 219801 
Contract costs, actual values (1) 10442350 10578738 10643854 11277712 11256905 10674129 
Contract costs, actual values (2) 7933022 7740432 6780098 6252199 9142461 9697191 
Contract costs, PPI adjusted (1) 10560497 10698428 10625566 11248671 11286043 10655789 
Contract costs, PPI adjusted (2) 7939855 7787344 6874759 6295542 9286311 9936628 
Contract costs per km, biogas 38,28 37,81 38,20 38,71 39,13 27,90 
Contract costs per km, diesel 36,60 36,82 39,90 43,29 50,95 45,21 
Seasonal weights, km 0,99 0,99 0,76 0,66 0,84 0,99 
Seasonal weights, cost 0,98 0,98 0,82 0,75 0,90 1,01 
Distance, adjusted values (1) 204723 204937 157578 137791 174829 205776 
Distance, adjusted values (2) 206765 206981 159150 139165 176572 207828 
Contract costs, adjusted values (1) 8770953 8776708 7286245 6709420 8045507 9004996 
Contract costs, adjusted values (2) 7769764 7774862 6454533 5943552 7127126 7977091 
Contract costs per km, biogas 42,84 42,83 46,24 48,69 46,02 43,76 
Contract costs per km, diesel 37,58 37,56 40,56 42,71 40,36 38,38 
Contract costs, biogas 8770953 8776708 7286245 6709420 8045507 9004996 
Contract costs, diesel 7693034 7698082 6390792 5884857 7056744 7898315 
Contract benefit -1077918 -1078625 -895453 -824563 -988764 -1106681 
Tax factor costs, biogas 1841900 1843109 1530111 1408978 1689557 1891049 
Tax factor costs, diesel 1615537 1616597 1342066 1235820 1481916 1658646 
Tax factor benfit -226363 -226511 -188045 -173158 -207640 -232403 
Environmental cost, biogas 65666 65734 50544 44197 56077 66003 
Environmental cost, diesel 1042331 1043418 802294 701550 890125 1047688 
Environmental benefit 976665 977684 751751 657353 834048 981685 
Total costs, biogas 10678519 10685551 8866900 8162596 9791141 10962048 
Total costs, diesel 10350903 10358097 8535153 7822227 9428785 10604649 
Net benefit in period 2009/2010 -327616 -327453 -331747 -340369 -362356 -357399 
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Appendix B: New bus traffic lines in Örebro in 2010-11. 

 


