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Abstract 
Biogas is largely utilised as vehicle fuel in public bus transport in Sweden today. This study 
investigates opportunities and barriers for continued domestic use and production of biogas, in 
relation to the ongoing electrification of public bus transport. The analysis is based on 
interviews with actors in public transport and the biogas sector, experts on biogas systems, and 
representatives for alternative user segments. Three regions were chosen as case-studies for 
investigations of prospects in public transport, i.e. Stockholm, Västra Götaland and Skåne, 
though alternative uses were studied from a national perspective. In addition to public transport, 
considered uses include road transport, sea transport, industries, and electricity and heat 
production. The study identifies a broad agreement among stakeholders that renewable 
resources should be implemented where they provide most benefits from a system perspective. 
Therefore, electric public buses are valued in urban environments, while biogas solutions are 
found suitable for regional routes. Biogas is further viewed as environmentally beneficial in all 
user segments except continuous electricity and heat production, where it largely would replace 
renewable rather than fossil sources. Regarding costs and competitiveness, probable future uses 
are identified within light and heavy-duty road transport, and in consumer-oriented industries, 
i.e. the food industry. Economic support in policy instruments is further considered essential 
for continuous development of the Swedish biogas sector, though current influential 
instruments, e.g. the tax exemption, are described as short-term and unpredictable. The 
willingness to pay for the collected societal benefits of biogas further decrease in transitions 
from public to private consumers, and as biogas solutions simultaneously are linked with 
limited or uncertain competitiveness in these sectors, risks prevail that such transitions could 
imply stagnations and declines in biogas use and production, given today’s situation. 

Key words: Biogas, electric bus, public transport, road transport, sea transport, industry, 
electricity, heat, policy instruments 
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Sammanfattning 
Idag används biogas till stor del som drivmedel för bussar inom kollektivtrafik i Sverige. Denna 
studie undersöker möjligheter och hinder för en fortsatt nationell användning och produktion 
av biogas, i samband med att bussar inom kollektivtrafiken nu elektrifieras. Analysen är baserad 
på intervjuer med aktörer inom kollektivtrafiken och biogassektorn, sakkunniga inom biogas, 
och alternativa användare av biogas. Tre regioner, Stockholm, Västra Götaland och Skåne, 
valdes som fallstudier för analys av möjligheter för fortsatt användning inom kollektivtrafiken. 
Alternativa användningar studerades istället ur ett nationellt perspektiv, och inkluderade 
vägtransporter, sjöfart, industri och el- och värmeproduktion. Studien visar att det råder enighet 
mellan intervjupersoner att förnybara resurser över lag ska användas där de medför störst 
samhällsnytta sett till samhället i stort. Inom kollektivtrafiken beskrivs elbussar därför som 
fördelaktiga i stadsmiljöer, medan biogas ses som lämpligt i regional trafik. Biogas framställs 
dessutom som miljömässigt fördelaktigt i alla alternativa användningsområden utom 
kontinuerlig el- och värmeproduktion, eftersom då främst förnybara och inte fossila resurser 
ersätts. Med hänsyn till kostnader och konkurrenskraft ses lätta och tunga transporter 
tillsammans med kundnära industrier, t.ex. livsmedelsindustrin, som troliga framtida 
användningsområden för biogas. Ekonomiskt stöd från styrmedel bedöms vara nödvändigt för 
en fortsatt utveckling av biogassektorn i Sverige, även om dagens styrmedel, t.ex. 
skattebefrielsen, beskrivs som kortsiktiga och oförutsägbara. Betalningsviljan för biogasens 
samlade samhällsnyttor minskar också vid en övergång från offentliga till privata kunder. 
Eftersom biogas därtill har en begränsad eller osäker konkurrenskraft jämtemot andra alternativ 
i de privata segmenten, identifierar denna studie risker för stagnation eller nedgång i 
användning och produktion av biogas vid en eventuell utfasning från den offentliga sektorn, 
givet dagens situation. 

Nyckelord: Biogas, elbuss, kollektivtrafik, vägtransporter, sjöfart, industri, elektricitet, värme, 
styrmedel 
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1 Introduction 
In little over two centuries, since the start of the industrial revolution, anthropogenic pressures 
on Earth have developed at exponential rates (DellaSala et al., 2018). Simultaneously, the 
resilience and buffer capacity of Earth’s systems have been degraded, with ensuing effects that 
researchers now estimate a transgression into a new era, the Anthropocene, where humanity 
has become the largest driving geological force on the planet (Crutzen, 2002; Waters et al., 
2016; Gałuszka and Migaszewski, 2018; Hamilton, 2019). These transformations are further 
connected with future risks of abrupt and potentially irreversible global environmental change, 
which could alter the functions of Earth’s systems as we know them (Rockström et al., 2009; 
Steffen et al., 2015). Among other threats, impacts on the global climate system are described 
as some of the most crucial, with potential consequences and feedback effects in subsystems 
all over the planet (Schellnhuber and Martin, 2019; IPCC, 2014).  

The risks associated with a rise in global average temperature led countries all over the world 
to commit to the Paris Agreement in 2015 (UNFCCC, 2015). In this treaty, the participants 
pledge to decrease their nationally determined greenhouse gas (GHG) emissions in order for 
global temperatures to remain below a rise of 2 °C compared to pre-industrial times. The 
succeeding target for the EU and its member states is to decrease their terrestrial GHG 
emissions by at least 40 % in 2030, compared to 1990 levels (EU First NDC, 2016). In actions 
to reach the targets, the Swedish Parliament (2017) has adopted a new climate policy 
framework, where among other measures, new climate goals have been set to reduce GHG 
emissions from domestic transport (excluding domestic flights) by 70 % in 2030, compared to 
2010 levels (Sweden Proposition 2016/17:146).  

To reach these targets, forceful actions are needed. Domestic transport today accounts for one 
third of Sweden’s terrestrial GHG emissions, where road traffic represents 94 % of the total 
contribution (Swedish Environmental Protection Agency, 2017). The high usage of fossil fuels, 
primarily petrol and diesel, within the sector is determined as a main issue, and among other 
measures, the Swedish Parliament is currently looking at alternatives in renewable fuels 
(Utredningen om fossilfri fordonstrafik, 2016). In the national plan for the transport system’s 
development between 2018–2030, biogas and electricity are both mentioned as potential fuel 
candidates for the transition towards a fossil free transport sector (Swedish Transport 
Administration, 2017). From a life cycle perspective, these two alternatives provide substantial 
decreases in climate impact compared to fossil fuels (Nordelöf et al., 2017). Electrified 
transport systems also provide additional benefits of highly efficient energy usage, zero 
emissions operation, and decreases in noise (Batista et al., 2015; ElectriCity, 2016). Biogas 
fuelled transport, on the other hand, provides added benefits of regional synergies in waste 
handling and nutrient recirculation, and low emissions of air pollutants and noise compared to 
e.g. fossil fuels or biodiesel (Olsson and Fallde, 2015; Hagman and Eklund, 2016).   

Buses within Swedish public transport systems are in contrast to other road traffic foremost run 
on biofuels, e.g. biodiesel and biogas (Swedish Public Transport Association, 2017a). However, 
with recent developments of electrified solutions and in attempts to reach additional targets of 
energy efficiency and decreases in air pollution and noise, Swedish authorities are currently 
looking at possibilities to electrify buses within public transport (Xylia and Silveira, 2017). Due 
to technical availability and the advantages connected to electric systems, it is largely city bus 
routes previously run on biogas that are planned to be electrified (Stockholm County Council, 
2019a; Region Västra Götaland, 2018; Region Skåne, 2018). In order to understand succeeding 
effects on the biogas system, an investigation of opportunities and barriers for a continued use 
of biogas within public transport, or in other systems and sectors, is needed. 
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1.1 Aim and objectives 
This study aims to assess stakeholders’ views on opportunities and barriers for continued use 
and production of biogas in Sweden, in relation to the ongoing electrification of public bus 
transport. Today, biogas buses largely operate in urban environments due to advantages in local 
emissions and noise compared to e.g. biodiesel. With electrified systems rising in popularity 
for urban bus transport, there is a need to address what the future role of biogas may be. This 
study covers the issue by analysis of market opportunities and barriers for uses in public 
transport as well as in alternative sectors and systems. The study focuses on the three Swedish 
regions Stockholm, Västra Götaland and Skåne, which were chosen as they incorporate the 
country’s largest cities; Stockholm, Gothenburg and Malmö, and together represent 53 % and 
52 % of total national biogas production and use (Swedish Energy Gas, 2017a). Opportunities 
and barriers are outlined for uses in each regional public transport system and for alternative 
uses on a national level.  

The research questions (RQs) of this study can be summarised as follows: 

RQ1 – How are strategies for electrification and future biogas use in public bus transport 
formulated in the regions Stockholm, Västra Götaland and Skåne?  
RQ2 – What are the potential future uses of biogas in Sweden, and which opportunities and 
barriers are connected to these uses? 
RQ3 – What effect do policy instruments have on the future use of biogas? 
RQ4 – Does a potential transition of biogas from public transport entail risks for stagnation or 
decline in biogas use and production?  

1.2 Previous research 
Future uses of biogas, and especially in relation to the ongoing electrification of transport 
systems, are addressed in a Swedish context by several studies. Ammenberg et al. (2018) 
performed interviews with stakeholders at the demand side for biogas in the transport sector in 
Stockholm, in order to increase knowledge on regional preconditions for biogas solutions. 
Among other findings, they conclude that economic instruments largely influence the market 
for renewable fuels, and that a dynamic policy landscape impedes the transition to a fossil free 
society. Interviewees also expressed concerns that a too focused policy guidance – directed 
specifically at electric systems – may entail a competition between the two systems, and that 
biogas solutions are replaced rather than complemented by electric techniques. The respondents 
instead expressed benefits of both systems, where electrified solutions were favoured in city 
environments, while biogas was considered more suitable e.g. in regional and long-distance 
buses, heavy-duty vehicles, and working machines. The authors further conclude that biogas 
solutions play a significant role in Stockholm, foremost in public transport and the taxi sector, 
and that the regional biogas market may be impacted by the ongoing electrification in these 
sectors unless new user segments are introduced on the market. Mutter (2019) performed an 
interview study of imaginaries related to biogas and electric sociotechnical systems for public 
transport in Linköping. Interviewees also here suggest integrated systems of biogas and electric 
solutions, though it is discussed that current national and international imaginaries foremost 
promote electric systems, while a regional rootedness of biogas systems leads to contradicting 
imaginaries on a local level. For example, promotion of the local economy, and opportunities 
in waste handling and biofertilisers, are described as benefits connected to biogas solutions.  

Olsson and Fallde (2015) and Lönnqvist (2017) assess a significant expansion potential for the 
supply side of the Swedish biogas sector, but that influential policy measures are required to 
support the development. The characteristics of biogas systems as broad and multifunctional 
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structures, reliant on markets for substrates and products across various sectors, together with 
high infrastructure investment costs, provide some explanation to why policy support is needed 
(Martin, 2015). Larsson et al. (2016) studied the past development of biogas in Sweden’s 
transport sector relative implemented policy measures. They describe how economic 
instruments promote different uses of biogas around Europe, mainly heat and electricity 
production, while Sweden is considered a leading nation for upgraded biogas and uses in 
vehicles. Tax exemptions for biogas fuel, public and private vehicle procurement schemes, and 
investment support for production facilities and infrastructure development, are described as 
crucial factors that have supported the Swedish development.  

This study assesses stakeholder views on prospects for continued biogas use and production, in 
relation to implementations of electric systems in Swedish public bus transport. The study 
adopts a broad perspective, integrating three regions, and focuses also on opportunities to utilise 
biogas in other systems or sectors than where it was previously used. A different perspective 
than e.g. Ammenberg et al. (2018) and Mutter et al. (2019) is thus adopted, as this study also 
incorporates potential uses outside the transport sector. 

1.3 Disposition 
Following this introduction, chapter 2 provides a background to biogas production and use, 
public bus transport systems, alternative uses of biogas, and an outline of the role of policy 
instruments in the biogas sector – all set in a Swedish context. In chapter 3, the methodology 
and delimitations for the study are described. Chapter 4 presents the output from the interviews, 
and chapter 5 contains the analysis. A discussion of the findings is then held in chapter 6, and 
final conclusions and recommendations for future studies are presented in chapter 7.  

2 Background  
2.1 Biogas production and use  
Raw biogas consists of methane and carbon dioxide and is generated from anaerobic digestion 
of organic material. The process occurs naturally in e.g. landfills, or in dedicated systems where 
substrates are fed into a digester (Williams, 2005). The substrates then originate from several 
different sources, but are often classified as some sort of waste, e.g. sludge from wastewater 
treatment plants, food waste from households and industry, waste from abattoirs, or agricultural 
wastes such as manure. Energy crops also represent a small share (2 %) in Sweden today 
(Swedish Energy Gas, 2017b). Supplementary to biogas, a nutrient rich sludge is produced from 
digestion facilities, which depending on substrate origins, may be used as fertiliser in 
agriculture (Williams, 2005). Currently, 83 % of the nationally produced digestate is reused as 
biofertilisers (Swedish Energy Agency, 2017b). Biogas systems are thus linked to several 
societal benefits, such as economically beneficial waste handling and contribution to circular 
nutrient flows, in addition to renewable energy production (Martin and Parsapour, 2012; Fallde 
and Eklund, 2015; Hagman and Eklund, 2016). 

In order to use biogas as transport fuel, or within certain industries, an additional upgrading 
process is needed to refine the gas to highly concentrated methane (Williams, 2005). Upgraded 
biogas represent the majority of the biogas use in Sweden today (65 %), with alternative uses 
in heating (19 %), electricity production (3 %) and industrial uses (2 %). Currently, 10 % of the 
biogas is flared in Sweden (Swedish Energy Gas, 2017b). In road transport, biogas primarily 
occur as compressed biogas (CBG), though recently, opportunities have emerged also in 
liquified biogas (LBG) (Swedish Energy Gas, 2019). Sweden’s biogas production measured 
2.1 TWh in 2017, while the total national usage reached 2.9 TWh, with large quantities 
imported from Denmark (Swedish Energy Agency, 2017b). Complete statistics for the national 
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and regional biogas production per facility type and substrate origin, and the use of biogas and 
digestate, are presented in Appendix A for Sweden, Stockholm, Västra Götaland and Skåne.  

2.2 Public bus transport systems 
Buses account for a large share of the overall function of the Swedish public transport system. 
For example, 52 % of all boardings and 45 % of all passenger kilometres in regional line-haul 
public transport were performed by buses in 2017 (Transport Analysis, 2018). The bus fleet 
operating in Swedish public transport further consumes in total approximately 2.7 TWh, and is 
primarily driven on renewable fuels (75 % renewable energy in 2017) (Swedish Public 
Transport Association, 2017b). The fuel shares for Sweden and each of the studied regions are 
presented in Figure 1. With additional benefits in energy efficiency, and reductions in local 
emissions and noise, Swedish public transport authorities currently view electrified systems as 
the most attractive technology in the near future, with biogas and biodiesel ranked together in 
second place (Xylia and Silveira, 2017). Among factors affecting fuel choice, emission 
reduction potential is awarded highest prioritisation, and energy efficiency, fuel availability and 
infrastructure needs are ranked together as succeeding influential factors. For barriers to 
implement renewable fuel solutions, costs are viewed as the most crucial challenge, and 
uncertain policy conditions and limitations in technology availability are seen as second most 
important (Xylia and Silveira, 2017). 

 
Figure 1. Driving distance per fuel in public bus transport in Sweden, Stockholm, Västra Götaland and 
Skåne. Compiled from Swedish Public Transport Association (2017a; 2018) and Rehnström (2019). 

Procurements of biogas within public bus transport are described as an important contribution 
to the development of the biogas sector in Sweden, e.g. due to long-term contracts (8-12 years) 
which promote investments (Lönnqvist, 2017). Today, Swedish public bus transport yearly 
consumes nearly 1 TWh biogas, where the regions Stockholm, Västra Götaland and Skåne 
account for 0.6 TWh, see Figure 2. In the ongoing electrification of public bus transport 
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systems, parts of these volumes could be unlocked for alternative uses. In relation to regional 
overall statistics, public transport in Stockholm, Västra Götaland and Skåne respectively 
consume 36 %, 59 % and 79 % of the overall regional use of vehicle gas1, and 34 %, 42 % and 
77 % when compared to the regional biogas production. The statistics behind these comparisons 
are based on numbers from 2017, and are presented in Appendix A. 

 
Figure 2. Biogas consumption per year in public bus transport in Sweden, and in each of the regions 
Stockholm, Västra Götaland and Skåne (Swedish Public Transport Association, 2017b). 

2.3 Alternative uses of biogas 
Alternative users of biogas are for example found in sectors which currently could transition to 
vehicle gas, i.e. road transport and working machines, or sectors in which natural gas are used 
in significant volumes today, e.g. sea transport and various industries (Swedish Energy Gas, 
2019a; AGA, 2019). For electricity and heat production, biogas may replace natural gas as 
balancing power, but could also be used for continuous production (Swedish Energy Gas, 
2019a). All these sectors and applications currently account for substantial GHG emissions, see 
Figure 3, and are thus to some degree dependant on fossil fuels. This in turn entails that biogas 
may not comprise a unique solution for a transition to renewable energy, but rather one 
alternative among many others.  

 
Figure 3. Share of domestic GHG emissions within the sectors brought up by this study as potential 
biogas users. Based on data from Statistics Sweden (2018). 

                                                
1Vehicle gas is a direct translation of the Swedish term fordonsgas, and refers to a gas mixture between renewable 
and fossil methane (upgraded biogas and natural gas) that is used for methane-fuelled vehicles. 
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Opportunities for direct implementations of biogas are found in sectors where its fossil 
counterpart, i.e. natural gas, is used today, see Figure 4. According to Swedish Energy Gas 
(2017c), the use of natural gas within Sweden was 12.1 TWh in 2017.  

 
Figure 4. Natural gas consumption in the different sectors evaluated in this study (Swedish Energy Gas, 
2017c; Swedish Energy Agency, 2019a). Use in sea transport is based on rough estimations for LNG 
consumption in M/S Viking Grace, M/S Visborg, and M/S Thjelvar (AGA, 2019; SVT News, 2018). 

2.4 Policy instruments affecting biogas 
Several studies assess a large expansion potential of the Swedish biogas sector, e.g. by increased 
utilisation of waste fractions, or developments with energy crops (Olsson and Fallde, 2015; 
Lönnqvist et al., 2015; Martin, 2015). A national biogas strategy has further been suggested 
with targets of 15 TWh national biogas use per year in 2030 (Swedish Energy Gas, 2018a). 
Though, in order to reach such a development, policy and market developments such as 
increased opportunities to sell biogas, improved accessibility to long-term sales contracts, and 
economic instruments for production support, are suggested (ibid). Biogas production occurs 
in local multifunctional systems with slow development processes, and the systems are 
characterised by a close reliance on support in policy instruments (Olsson and Fallde, 2015). 
High investment costs, short-term sales contracts, and a reliance on a market for biogas and 
biofertilisers, in addition to continual supply of substrates, are identified as contributory factors 
to these features (Martin, 2015). At the same time, biogas compete on markets where alternative 
products are traded at international scale, e.g. fossil fuels such as natural gas, petrol and diesel, 
or renewable fuels such as biodiesel, and where competition in price may be harsh (Swedish 
Energy Agency, 2018a). In efforts to support the development of the biogas sector, several 
different policy measures are therefore implemented in Sweden today, e.g. tax exemptions on 
biogas, investment support for biogas production and distribution infrastructure, and bonuses 
for biogas driven vehicles. Prioritisation of biogas solutions in public procurements and 
implementation of local instruments such as environmental zones, have further influenced the 
development. Policy affecting alternative options, e.g. high taxes on fossil fuels, also cause 
indirect effects on the biogas market. A compilation of current and future policy instruments 
considered in this study is presented in Appendix B. 

The tax exemption on biogas entails that it is competitive foremost in the transport sector where 
fossil alternatives contain high taxes, and to some extent also for power and heat production 
and for industries outside the EU Emissions Trading System (EU ETS) (Swedish Energy Gas, 
2019a). In road transport, vehicle gas, consisting of 90 % biogas in 2018, is further consistently 
priced 20 % below petrol prices (Swedish Energy Agency, 2019). For sea transport, and for 
industries inside EU ETS, tax exemptions and reductions on fossil fuels entail less competitive 
biogas prices. The tax exemption further provides imported biogas with double support from 
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economic instruments, since biogas systems in the rest of Europe foremost are promoted 
through production support. Thus, imported biogas currently has significant competitive 
advantages over Swedish biogas (Dir 2018:45 Långsiktiga konkurrensförutsättningar för 
biogas). An overview of prices for biogas and alternative fuels are presented for different 
sectors in Figure 5-Figure 7. It should though be noted that costs for biogas manufacturing 
varies between substrates and production and distribution means, and that biofuel prices in the 
graphs are based on estimations made by the Swedish Energy Agency. Since energy efficiency 
varies between vehicle operation with different fuels, a comparison of biogas and biodiesel 
prices are also presented per vehicle kilometre for a public bus in Stockholm Public Transport 
in Figure 5. Calculations and assumptions made for the graphs are presented in Appendix C. 

  
Figure 5. Fuel costs for upgraded biogas and alternative fuels in road transport (left) and for a 12-
metre public bus operating in Stockholm Public Transport (right) (Swedish Energy Gas, 2019a; Swedish 
Energy Agency, 2019a;2019b; Stockholm County Council, 2019a). 

  
Figure 6. Fuel costs for upgraded biogas and natural gas when used for sea transport (left) and 
industries (right) (Swedish Energy Gas, 2019a; Swedish Energy Agency, 2019a). 

 
Figure 7. Fuel costs for biogas and natural gas in combined power and heating, and in heat production 
(Swedish Energy Gas, 2019a; Swedish Energy Agency, 2019a; Swedish Energy Agency, 2016). 
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3 Method 
In order to analyse opportunities and barriers for continued biogas use in Sweden, a literature 
review and interviews were conducted. The methodology for these proceedings is described 
below, together with an outline of study delimitations. 

3.1 Literature review 
The literature review formed a basis for the introduction, background, and discussion in this 
study, and complemented the results from the interviews, e.g. in order to validify statements 
made by respondents and to compare the interviewees’ opinions to existing literature in the 
analysis. Studies and statistics on biogas production and use, benefits and drawbacks with 
biogas systems, alternative uses, pricing, and competition, was reviewed for the study. Policy 
instruments affecting the national biogas market were also compiled and analysed in order to 
assess their respective effects on the competitiveness of biogas solutions. Scientific literature 
gathered from databases, e.g. ScienceDirect and Scopus, was used together with plans, policies, 
laws, publications and other documents from authorities, sector organisations and companies. 
Statistics published by Swedish Statistics and data from Swedish Energy Gas were also 
included in the review. Search terms used to gather literature included, in various constellations, 
e.g. biogas, production, use, Sweden, Europe, public transport, electric bus, road transport, 
sea transport, industry, heat, electricity, natural gas, upgraded biogas, liquid biogas, policy, 
life cycle assessment, cost-benefit analysis, and renewable energy. Many of the searches, 
particularly for non-scientific literature, occurred in Swedish.  

3.2 Interviews 
Interviews were performed in this study to gather views first-hand from different actors and 
sectors. As the study is related to a subject currently investigated and discussed, values in 
updated information and opinions were considered particularly important. 

3.2.1 Interview strategy 
The interviews were performed in a semi-structured manner (Kvale, 1996), to steer towards the 
focus of the study, but also allow for the respondents to elaborate on subjects they found 
essential. A structure of a few broad questions was formulated and forwarded to all respondents, 
though depending on their background, reformulations occurred. For example, questions 
covered perceived benefits of biogas systems in order to understand the different valuations of 
the technique, current use of biogas and natural gas, and prospects for implementation of biogas 
solutions. Some questions did not apply to all respondents, e.g. questions on electrification 
strategies in public transport. All questions forwarded in the interviews, and their respective 
motivation for the study, are presented in Appendix E. The interviews were performed 
separately and in private, either over phone or at the interviewees’ respective work places. All 
interviews except one (due to technical issues) were recorded with the respondents’ approval, 
and covered time spans of between 40-90 minutes.  

3.2.2 Selection of respondents 
Respondents to the stakeholder interviews were chosen based on a stakeholder analysis 
performed at the beginning of the project and further updated as the work progressed. In total, 
22 interviews were held for the study. A brief description of respondents included in this study 
is presented below, with a detailed list and a description of the selection process accessible in 
Appendix D. In a regional context, interviewees included representatives involved in public 
transport development in each region, i.e. from Trafikförvaltningen at the Stockholm County 
Council, Västtrafik and Skånetrafiken. The regional sector organisations for biogas, i.e. Biogas 
East, Biogas West and Biogas South, were also interviewed for the study, and in the regions 
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Stockholm and Västra Götaland, politicians with the role of decision-makers for public 
transport systems, were also consulted. A representative from the transport operator Keolis, 
operating in Stockholm and Västra Götaland, was further interviewed for the study, and one 
regional biogas producer, the Käppala Association in Stockholm, was included in order to get 
their view on prospects for future biogas sales. From a national perspective, interviewees 
included a representative from the Swedish Government Offices who currently investigate 
strategies for future policy guidance of biogas systems, and an expert on policy instruments 
from the national sector organisation Swedish Energy Gas. Representatives for alternative users 
were included from the sector organisations for road transport companies, sea transport, and for 
the steel and chemical industries, while the food industry was represented by the farmers’ 
association Lantmännen. Clean Vehicles in Stockholm, a department at Stockholm 
municipality which advises the city on renewable transport, was chosen to represent other types 
of vehicles than trucks and public transport. Two large biogas suppliers, Gasum and E.ON, 
were also interviewed for the study. Finally, two experts from IVL Swedish Environmental 
Research Institute with specific knowledge in biogas systems, policy instruments and prospects 
for future production and use of LBG in Sweden, were also consulted.  

3.2.3 Follow up and assessment of results 
All interviews were transcribed afterwards, and answers to each interview question were 
compiled for all respondents. A few interviews were complimented with additional questions 
over phone or email, and all direct references and quotes published in the report were double-
checked through email with the respective respondents. The results were then analysed and 
visualised through tables where the magnitude of perceived benefits with biogas, and identified 
opportunities and barriers for biogas use, were marked in various colours for the respective 
types of users, see Figure 8.  
 

Significantly negative Negative Neutral Positive Significantly positive 

Figure 8. Descriptions of the colours’ meaning in tables presented in the analysis. 

3.3 Limitations  
The study was limited in scope to an outline of opportunities and barriers for continued use and 
production of biogas, in relation to market transformations from the electrification of public 
bus transport. Thus, electric buses were assumed to be implemented according to strategies 
outlined by authorities, and the analysis was limited to succeeding repercussions on the biogas 
market. The study neither discusses whether biogas solutions should be prioritised over 
alternative resources, e.g. biodiesel. Instead, the analysis is restricted to future prospects for the 
Swedish biogas market alone. The study was geographically bounded to the regions Stockholm, 
Västra Götaland and Skåne in Sweden, though in the discussion of alternative uses, a national 
perspective was adopted to limit the amount of detail in the study. Alternative users of biogas 
were restricted to consumers who today use substantial amounts of biogas or natural gas within 
their operation, or where a significant future potential was identified. Consequentially, these 
users comprised various types of road transport, sea transport, industries, and the use of biogas 
for electricity and heat production. The analysis was further based on today’s situation, and e.g. 
possible future technologies or substantial societal transformations were not discussed. For 
example, this entails that hydrogen gas production was not included as an alternative usage. 
Some user segments were also only addressed indirectly in interviews, i.e. electricity and heat 
production. The outline of policy instruments affecting biogas was limited to the ones brought 
up in previous studies and compilations, e.g. Swedish Waste Management Association (2017), 
and in the stakeholder interviews.  
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4 Output from interviews 
Information gathered from the interviews is presented in the following sections. Occasionally, 
the information has been complemented with additional sources in order to improve solidity in 
statements or to reference material brought up in interviews. 

4.1 Benefits of biogas solutions 
A wide range of societal benefits of biogas systems were described in the interviews, which in 
turn to a varying degree increases the willingness among users to pay for biogas solutions. 
Typical for biogas systems are that they generate benefits throughout the value chain, and that 
benefits also differ between substrates, production procedures and uses.2,3  

4.1.1 Biogas production 
Interviewees related to the biogas sector all advocate that much of the biogas’s strength lies in 
that it provides significant societal benefits also in the production process. Biogas substrates in 
Sweden almost exclusively comprise various types of organic wastes, why the production 
additionally constitutes a form of waste treatment.2,3 For some substrates, benefits in waste 
treatment are further described as particularly important. For example, treatment of wastewater 
sludge comprises the main purpose of the digestion4, and for manure, large values may be found 
in avoided methane emissions from conventional treatment.2 As anaerobic digestion 
simultaneously produces a marketable by-product, i.e. biogas, substrates are also often paid for 
by biogas producers, in competition with internal as well as external actors.5,6 Thus, both 
environmental and economic societal benefits are identified in the waste treatment potential 
today. 

The to biogas complementary by-product, i.e. the digestate, can potentially further be used as 
biofertiliser in agriculture.2,5 This in turn imply societal benefits in avoided burdens from 
mineral fertiliser production, and promotes circular systems as nutrients such as nitrogen, 
phosphorus and potassium may be recirculated to croplands.2,4 Use of biofertilisers also 
increases the mould fraction in the soil, and promotes its capability as a carbon sink.2,4 In 
addition to these benefits, availability of biofertilisers are further described as a pre-condition 
for operation of organic agriculture.7 Opportunities to spread digestate, however, depend on 
substrate composition and the subsequent quality of the product, and its profitability for biogas 
producers is currently in level with paying deposit fees at landfills, i.e. net zero.4 It is also 
discussed if certain substrates still after quality checks may imply risks for pollution, and a 
current investigation is run on whether digestate from wastewater plants at all should be allowed 
on croplands, e.g. due to risks in heavy-metals and microplastics.4 Simultaneously though, a 
large potential to enhance values in biofertiliser use is advocated by several interviewees. For 
example, KRAV-certification of more biogas plants’ digestates and higher demands on 
organically produced food could generate profitability also in the biofertiliser product.8 
Moreover, opportunities to in biogas upgrading also extract and recycle the carbon dioxide 
fraction in raw biogas are mentioned as an unexploited potential today.9 

                                                
2 Interview 9, Government Public Inquiry on the Swedish Biogas Market  
3 Interview 7, IVL Swedish Environmental Research Institute 
4 Interview 15, Käppala Association 
5 Interview 10, Swedish Energy Gas 
6 Interview 5, IVL Swedish Environmental Research Institute 
7 Interview 22, E.ON 
8 Interview 14, Biogas South 
9 Interview 3, Biogas West 
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In addition to benefits in waste treatment and biofertilisers, biogas production can also entail 
values for the local and regional economy, e.g. in terms of jobs and employment.10,11 These 
values are further described as especially important for the rural development, e.g. in creation 
of opportunities for additional profits for farmers.10 The implementation and development of 
the technique surrounding biogas systems further provides opportunities to export the technique 
abroad, which in turn may entail economic benefits.12 

4.1.2 Biogas use 
Societal benefits within the use of biogas are found in its promotion of resource provision 
security and climate change mitigation potential.10,11 The fact that biogas comprise a locally 
produced resource is valued by several respondents, as it limits users’ risks for an interrupted 
operation from events occurring outside of the nations borders.11 Though, the biogas’s features 
as a renewable product and its subsequent potential to limit human impacts on Earth’s climate 
system are presented among the respondents as the biogas’s most important attribute. The 
climate impact reduction potential, however, depends on what fuel that is replaced in the end.13 
For example, a substitution of biogas would not imply a substantial climate benefits, if the 
biogas volumes in turn are not used to replace fossil fuels somewhere else in society, in Sweden 
or elsewhere.13 It is therefore stressed that phase-ins or phase-outs of biogas on a systemic level 
should entail a replacement of fossil fuels, in order to optimise the environmental gains from 
the action.13 GHG emissions from biogas itself depend on the substrates used in the production 
of the gas. Biogas from waste products in general entail large climate impact reduction 
potentials, while energy crops imply lesser benefits, since GHG emissions from the substrate 
production also must be accounted for.12 Interviewees within the transport sectors also describe 
additional benefits of gas operation in decreased local emissions, e.g. NOx, SOx, and particles, 
compared to some alternative fuels.14,15 In road transport, further benefits are also identified in 
lower noise levels from vehicle engines, e.g. relative diesel engines, which together with 
limitations in local emissions make biogas vehicles advantageous over certain fuels in 
populated areas.14 However, drawback with biogas operation are for example found in a high 
energy consumption in vehicles, which though is better in regional than urban transport.14 In 
the industry, the upgraded gas’s feature of being close-to pure methane is further appreciated 
for heating as well as material purposes.16,17,18 

4.2 Fuel strategies in public bus transport 
This section presents benefits of electrified bus systems described in the interviews, and then 
outlines the current situation and future prospects for biogas solutions in relation to the 
electrification of public bus transport systems in Stockholm, Västra Götaland and Skåne.  

4.2.1 Benefits of electrified public bus transport 
There is a broad consensus among the interview respondents that a system perspective should 
be adopted in transitions from fossil to renewable energy, and that renewable fuels should be 
used where they provide most benefits to society as a whole. In regards to this reasoning, 
electrified public bus transport solutions are, as one interviewee put it “an additional step in 
                                                
10 Interview 9, Government Public Inquiry on the Swedish Biogas Market 
11 Interview 10, Swedish Energy Gas 
12 Interview 7, IVL Swedish Environmental Research Institute  
13 Interview 22, E.ON 
14 Interview 12, Clean Vehicles in Stockholm 
15 Interview 21, Swedish Shipowners’ Association 
16 Interview 13, Jernkontoret 
17 Interview 20, Lantmännen 
18 Interview 17, IKEM 
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the environmental progress”19, where apart from low greenhouse gas emissions, electrified 
systems also provide benefits in terms of increased energy efficiency, zero-emission operation, 
and decreased noise levels. The benefits were stated by practically all consulted respondents 
within the transport sector, though it was emphasised that benefits related to emissions and 
noise primarily are important in densely populated areas.20,21 These aspects, together with 
restrictions in vehicle supply, where electric buses currently only exist as class I buses 
(permitted to operate at velocities below 70 km/h) entail that the ongoing electrification occurs 
primarily in urban areas.22,23,24 The zero-emission operation was also described to imply 
important values within community planning, as it allows for operation inside buildings, where 
e.g. public bus transport halts could be located within shopping malls.23 Benefits in terms of a 
reduced climate impact are mentioned by some interviewees, though others point out that it 
depends on how the calculations are made, and what type of fuel that is replaced in the end. 
Other benefits with the electrification are that it promotes the public transport agencies’ 
trademark as an attractive and sustainable transport option.22,24 Perhaps due to the social 
benefits with decreased emissions and noise, electrified transport systems are viewed by 
municipalities as well as public bus transport consumers as attractive and modern solutions.  

“From a local perspective, and what the municipalities request, then it is very clear that one 
also in electrified public bus transport sees great benefits. And the customers also think it is 
great with the electric buses. So, that is how it is. And that is the future.” (Interview 11, 
Skånetrafiken) 

4.2.2 Public bus transport in Stockholm  
The public transport system in the Stockholm region comprehends a bus fleet of 2,200 vehicles, 
where 15 % are fuelled by biogas.22 The biogas is primarily provided by two of the city’s 
wastewater treatment plants – Käppala and Henriksdal – and is brought through pipelines to 
four bus depots within the city region.22 All bus depots in Stockholm are owned by Stockholm 
Public Transport, and in the implementation of biogas as a bus fuel in 201022, a similar solution 
was contracted also for the biogas provision. Thus, pipeline systems for biogas provision are 
financed and owned by Stockholm Public Transport, and biogas is procured directly from the 
suppliers through agreements of gas deliveries between 2010-2026.22  

Today, 100 % of the regional public transport runs on renewable fuels.22 In efforts to reach 
additional values of reduced noise and air pollution, and increased energy efficiency, the region 
is currently looking at opportunities in electrified public bus transport systems.19,22 Stockholm 
County Council has therefore performed a two-year-long investigation on prospects to 
implement electric buses in Stockholm, evaluating three scenarios ‘Base’, ‘Medium’ and ‘High’ 
with a rising number of electrified routes. The three alternatives respectively leave room for  
85 %, 72 %, and 44 % of the biogas buses at existing depots with biogas provision to continue 
operation (Stockholm County Council, 2019a). The ‘Base’ scenario is the one currently 
suggested by the investigation, primarily due to implementation costs for the electrification.22 
The investigation though also states that scenario ‘High’ drastically decreases the biogas use 
within the public transport system, and that: “This would in turn strongly affects the regional 
demand for biogas and entail a risk for the biogas market’s development.” (Stockholm County 
Council, 2019a, pp. 99). Regional politicians, who adopted the investigation in February 2019, 
                                                
19 Interview 16, Traffic Committee in Stockholm 
20 Interview 12, Clean Vehicles in Stockholm 
21 Interview 8, Biogas East 
22 Interview 1, Stockholm County Council 
23 Interview 2, Västtrafik 
24 Interview 11, Skånetrafiken 
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however, take a more progressive view on the electrification, and have set a goal of between 
30-70 % electric buses in the Stockholm region in 2030, depending on future technical and 
economical development of electric vehicles and infrastructure.25  

After 2026, when current biogas provision contracts expire, the region has determined that 
biogas no longer will be subsidised compared to other renewable fuels.25,26 Thus, previous 
demands on biogas in contracts at depots with biogas provision will be lifted, and Stockholm 
Public Transport will no longer finance construction of new refuelling infrastructure, in cases 
where biogas are implemented at new depots. The decision is founded in a desire to through 
market competition encourage more cost-effective solutions and open up for other businesses 
and sectors to use biogas.  

“So, we would gladly continue with biogas use, but we do not want to subsidise it. Because the 
most important environmental question for us, that is still to have as much funding as possible 
to attract people to park the car and travel through public transport instead. [...] And then we 
do not want to spend millions on subsidising biogas use when we have renewable fuels 
everywhere all the same.” (Interview 1, Stockholm County Council) 

“If we can free what we have locked in our driveline – different energy types, different fuel 
types – to other sectors in society that have not come as far in the transition [...], then that will 
be owing to the transition at large. And we have to see it like that too.” (Interview 16, The 
Traffic Committee of Stockholm) 

Both Stockholm County Council and politicians in the Traffic Committee further stress that 
they do not see a risk that biogas would not come to use and that regional biogas production 
would be impacted, if it would be transitioned from buses.25,26 Nevertheless, both parties 
believe biogas solutions will continue to play a role in public bus transport. The statement is 
motivated by a current absence of electric alternatives for regional applications, and that e.g. 
implementation of mandatory blend-in of biofuels in fossil fuels, and up-coming regulations on 
the origin of the palm oil by-product PFAD (main substrate for HVO) (Swedish Government 
Offices, 2018c), are expected to raise biodiesel prices in the coming years, which in turn could 
leave room for biogas to compete on the market.25  

4.2.3 Public bus transport in Västra Götaland  
Västra Götaland’s public transport system encompasses a vehicle fleet of 1,880 buses, where  
18 % currently are run on biogas.27 The biogas buses operate mainly within urban regions, and 
the gas provision occurs foremost through connections with the national pipeline network 
covering the south-west regions of Sweden, or through local pipeline networks within cities. 

Provision through truck transport also prevail at some depots.27 Västra Götaland has also, 
contrary to Stockholm, adopted an approach where the transport operators are responsible for 
financing bus depots as well as fuel provision infrastructure. Thus, transport operators also 
account for these expenses, together with vehicle and fuel costs, in offers for traffic 
procurements with Västtrafik.27 Electrified public bus transport will be implemented primarily 
in urban areas, with a target of 50 % electric buses in the region by 2035. Though, Västra 
Götaland has simultaneously formulated targets for an increased biogas usage with 25 % biogas 
in 2035, while decreasing the share of liquid biofuels to 25 %27,28 (Region Västra Götaland, 
2018). The fuel strategy has a broad anchoring among the political parties in the Public 
                                                
25 Interview 1, Stockholm County Council 
26 Interview 16, Traffic Committee in Stockholm 
27 Interview 2, Västtrafik 
28 Interview 6, Public Transport Committee of Västra Götaland 
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Transport Committee, and there are ambitions to further develop the strategy to specify in what 
areas and on what routes different fuel options are suitable.29 Past procurements of biogas have 
required specific demands on gas fuel, since even stringent prerequisites on function and 
performance, i.e. large reductions of GHG emissions, have not been enough to rule out the 
alternatives. For example, HVO have similar levels of GHG emissions, and additional low 
operation costs. Simultaneously to requisites on gas fuel, demands on energy efficiency have 
also had to be reduced to allow for biogas vehicles in procurements.30 Regional politicians have 
also occasionally provided supplementary funding for biogas buses.29  

 “If biogas is desired, then we have actually had to write that it should be gas. […] Because 
our experience is that the transport operators... If the possibility exists to choose between liquid 
biofuels and biogas, then they have until now chosen liquid biofuels. So, if one puts open 
demands, then they choose the simplest and cheapest option.” (Interview 2, Västtrafik)  

“And to use biogas has always been a prioritised issue since we also see it as a question of 
regional development. Biogas is connected to benefits in rural development in the production, 
and promotes a circular economy. So, it has happened a few times that Västtrafik finds it too 
expensive. […] And then it has been brought up in the committee, if we are willing to pay, well 
how many millions extra, to prioritise biogas over something else.” (Interview 6, Public 
Transport Committee in Västra Götaland)   

4.2.4 Public bus transport in Skåne 
The public transport system in Skåne includes approximately 1,030 buses, where about 80 % 
are driven by biogas.31 Biogas buses thus comprise the majority of Skåne’s public bus, in urban 
as well as regional traffic. Region Skåne has largely adopted a similar principle as Västra 
Götaland concerning bus depots and fuel provision. Though, within two municipalities, 
publicly owned biogas production facilities are linked directly to bus depots.31 Biogas provision 
occurs foremost from the national pipeline system, and truck transport prevails only to a minor 
extent.31 Region Skåne further has ambitions to become ‘Europe’s leading biogas region by 
2030’, in accordance with a regional strategy for biogas development (Region Skåne, 2015). In 
line with these ambitions, Skåne has in past years explicitly prioritised biogas solutions within 
public bus transport, because one has similarly to Västra Götaland seen that demands on fuel 
have been the only way to ensure biogas is chosen over liquid biofuels, i.e. biodiesel. However, 
the choice to force biogas within practically all routes possible has driven costs for the 
operation.  

“We have put demands on fuels, which when one looks back, may have led to higher biogas 
prices. Because we have seen this in comparisons with Västra Götaland and Stockholm. […] 
So, there is a risk that demands on gas can drive costs. But we have considered that it was 
worth it. From a regional development perspective, where the region has decided that ‘we want 
to be a leading biogas region’, then it should be like that. And then one has also indirectly 
accepted that it can cost more.” (Interview 11, Skånetrafiken) 

Electric buses will currently be implemented in urban areas, and in the long run probably also 
the remainder of the public transport system. Though, an electrification of regional traffic is 
located further away in the future, since it probably would rely on a development of new 
technologies, e.g. electrified roads.31 The ongoing electrification will be performed in a step-
wise manner in consideration of impacts on the regional biogas market. Biogas buses are thus 
                                                
29 Interview 6, Public Transport Committee of Västra Götaland 
30 Interview 2, Västtrafik 
31 Interview 11, Skånetrafiken 
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expected to remain within some urban regions in the coming 10 years, and in regional transport 
for longer than that.32  

“But of course, if we drop the biogas, then there is a need to find alternative uses, in order not 
to kill it. Because we will need biogas. The most important thing today is to find as much 
renewables as possible, and to phase-out the fossil fraction – and biogas has a very important 
role then. So, we are aware that we have to keep the biogas until we have reached thus far that 
it is requested (in other sectors or systems). […] And in order for these investments not to be 
lost, and that when we need biogas in other parts of society – then it does not exist anymore. 
So, we need to act as a bridge there.” (Interview 11, Skånetrafiken) 

Due to the high biogas use within the system today, there is little room to transition biogas 
solutions within the system. The small fraction of liquid biofuels used today are implemented 
on routes where biogas solutions due to technical aspects and availability of vehicles cannot 
compete.32 Skånetrafiken has also, through e.g. specific demands on substrate origin, managed 
to promote foremost local biogas within their operation, and thus there is little room to replace 
imported biogas.32 Therefore, the electrification will undoubtedly to some degree entail changes 
on the demand side of the regional biogas market. 

4.2.5 Views from regional biogas sectors and public bus transport operators 
The three sector organisations Biogas East, Biogas West and Biogas South all agree that biogas 
solutions and electrified systems should complement each other, and that both solutions should 
be utilised where they provide most benefits, e.g. with implementations of electric buses in 
urban areas and biogas buses in regional transport.33,34,35 Though, all three organisations 
emphasise the historical and present importance of public bus transport for the regional biogas 
markets, even if the relative significance has decreased over the past decades. 

“I worked at Fordonsgas (Swedish supplier of vehicle gas) for 20 years before. And there I 
saw… The strategy that you need to have as a company, whatever you work with, is not to put 
all eggs in the same basket. Because it could be fatal to be dependant on just one customer, or 
one type of customers. So that has of course been one of the reasons for why the sector began 
to include also passenger vehicles and light-duty trucks, in order to get more customers. 
Because when we started, approximately 90 % of the business comprised supply to buses, and 
when I quit a year ago, the level was down to below 30 %.” (Interview 3, Biogas West) 

In general, the biogas sector representatives see many potential alternative uses for biogas, but 
that opportunities for transfers between public transport and other segments today are 
limited.33,34,35 Simultaneously, an ongoing transition from biogas is expected in other regional 
uses, e.g. light-duty transport, where actors likewise are looking at possibilities in electric 
solutions.33,35,36 Biogas East is therefore critical to the views within the Stockholm region that 
other sectors automatically will pick up biogas volumes that may be transitioned from public 
transport. 

“A transition from biogas buses to fully electrical buses in the inner-city traffic has several 
benefits, noise reduction being the foremost. It is important, however, to have a plan for how 
to utilize biogas produced in the region. The public transport is the primary biogas user today 
                                                
32 Interview 11, Skånetrafiken 
33 Interview 8, Biogas East 
34 Interview 3, Biogas West 
35 Interview 14, Biogas South 
36 Interview 12, Clean Vehicles in Stockholm 
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and there are few other possible customers that in the short term can match the current 
demand.” (Interview 8, Biogas East) 

In consideration of expected market impacts in rapid transitions from public transport, and the 
societal benefits of biogas fuelled transports, the biogas sector organisations all suggest 
continued procurements of biogas within public bus transport. Biogas East and Biogas West 
propose an active prioritisation of biogas over alternative solutions in regional transport. They 
also argue, in contrast to e.g. arguments presented in the Stockholm region, that market 
conditions for fuel options could entail increased expenses for public transport agencies, since 
they typically take the risk for fuel price fluctuations, and biodiesel prices are expected to 
rise.37,38 The perspective is further shared by the transport operator Keolis, who describes how 
procurements almost exclusively are won by the presently most cost-effective solution which 
meets all prerequisites, even if it in future prognoses may not be the cheapest one.39 Keolis, 
together with various other respondents37,38, also describe further possible difficulties for biogas 
to compete with liquid biofuels. For example, the potential need for new fuel infrastructure 
solutions for biogas pose an in the context minor expense, which though could be significant in 
competition with alternative fuels.39 Biodiesel fuel infrastructure is, on the other hand, 
considered less expensive and more mobile, and also already exists at many depots.39 Biogas 
vehicles in addition consume more fuel, and usually entail higher maintenance costs and a lower 
residual value after operation, compared to biodiesel vehicles.39 Opportunities for biogas to 
compete on market conditions with biodiesel are thus currently viewed as slim, unless biodiesel 
fuel prices increase above biogas at the time for the procurement.39  

In Skåne, where there is limited room to transition biogas to alternative bus routes, the 
discussion is instead focused on how to mitigate market impacts from the electrification. Biogas 
South therefore suggests a consideration of gas hybrid buses in the region, where e.g. Mercedes 
already have models on the market40 (Sustainable Bus, 2019). Gas hybrid solutions could 
potentially be suitable on routes running both within and outside of cities, as it allows for an 
electric operation within urban areas, and biogas utilisation outside city centres. Hybrid gas 
buses also entail usage of smaller batteries in the vehicles, which in turn may limit the need for 
extensions in charging infrastructure and reinforcements in the electricity net. The present 
infrastructure for biogas provision would further be continually used, which could promote 
cost-effectiveness and ensure that previous investments are not lost.40 These benefits of hybrid 
gas vehicles could therefore possibly also aid the transition by limiting costs for the 
electrification, and decrease negative social and environmental impacts from battery 
production40, which is mentioned by public transport planners in all regions as an uncertainty 
and a risk connected with the electrification.  

4.3 Alternative uses of biogas 
Several different sectors are outlined in this study as potential future users of biogas. This 
section presents identified opportunities and barriers for using biogas within these sectors. 

4.3.1 Road transport 
Conversion to vehicle gas comprises the largest use of biogas volumes in Sweden today. In 
addition to buses, biogas vehicles are also found e.g. within taxi and mobility service, dust carts, 
light-duty trucks, and private and company owned passenger cars.41 The implementation of gas 
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vehicles within these applications has been driven by public procurements, customer demands, 
and an increased environmental awareness among companies as well as the public. Different 
investment support, such as economic bonuses in procurements of environmental vehicles have 
further supported this development.41 

In Stockholm, a previous exception to congestion charge among environmental vehicles further 
had a substantial effect on the overall transition from fossil to renewable transport.41 Though, 
the exception was lifted when the vehicles became over-represented within the city, which the 
interviewee from Clean Vehicles describe to be unfortunate, e.g. since the instrument’s effects 
prevailed also on second-hand vehicle markets. Instead, the requisites on vehicles applicable to 
the instrument could have been sharpened.41 A queuing system at the airports in Stockholm, 
Arlanda and Bromma Airport, has further promoted the use of biogas within the regional taxi 
sector.41 In the system, which has existed since 2005, vehicles are ranked by fuel type, and taxis 
running on certain fuels are prioritised in the queue, decreasing their waiting time for customers 
from potentially hours to a few minutes (Åhslund, 2019). The prioritisation system follows 
present environmental car definitions, and biogas vehicles were previously ranked at the top of 
the queue, though competition currently prevail with electric solutions41,42 (Åhslund, 2019). 
The shift, together with an increased vehicle availability and appreciated values in electric 
solutions by customers, entail that biogas taxis, similarly to buses, are being substituted with 
electric solutions.41  

Light-duty vehicles 
In general, light-duty vehicles are described as one of the applications within society that are 
most suitable to electrify, e.g. due to technical availability in vehicles and charging 
opportunities.41 Though, with an overall energy consumption of 90 TWh in the road transport 
sector43, primarily used in passenger cars and light-duty trucks (Statistics Sweden, 2017a; 
2018), and with pressing needs to steer the development away from fossil fuels, some actors 
advocate that we should not put all our hopes in electric vehicles, and that biogas solutions will 
be needed all the same.  

“Depending on how the future development look, I would say that biogas still has a continued 
role to play within light-duty transport. It is probably so that it is competitive for many to drive 
on biogas. The exception may be commercial traffic that drives a lot – there I think one can 
find economical profitability in electricity, which is a cheaper fuel. The problem is rather 
charging times. [...] But then one does not know what happens with even faster charging? And 
if the electricity nets expand fast enough to deliver quicker and larger effects? [...] So, there 
are many questions on how fast this will go. And, simultaneously, I see a great need for a rapid 
transition to renewable fuels, if we are to make the 2030-goal. So, biogas has a role there at 
least within the coming decades.” (Interview 22, EON) 

Continued use of biogas vehicles in light-duty road transport is though expected to be 
aggravated by tightened EU regulations on tailpipe carbon dioxide emissions in light-duty 
transport. The suggestion is grounded in efforts to promote energy efficiency in vehicles. 
Though, as it also applies to vehicles with renewable fuels, biogas vehicles with a large fuel 
consumption may be restricted, even if life cycle emissions are significantly lower than e.g. for 
vehicles with high energy efficiency but run on fossil fuels.43 It is therefore discussed if some 
kind of exception should apply to vehicles run on renewable fuels.43 An expanded use within 
light-duty transport is further supported by the fact that biogas solutions currently exist and 
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function on the market for these vehicles, whereas implementations in new sectors typically 
require a future development of technology and infrastructure.44 Such uses are found e.g. within 
heavy-duty trucks or working vehicles.45  

Heavy-duty trucks 
In exception to some medium size vehicles, e.g. dust carts, heavy-duty trucks have not been 
considered applicable for gas operation, primarily due to limitations in energy content with 
compressed gas, which in turn pose barriers in driving distance and freight weight.46  However, 
with opportunities in liquified gas rising on the market, the road carrier sector is currently 
reconsidering gas vehicles for heavy-duty applications.46 This implementation is also brought 
up by many interviewees as a promising future market opportunity for biogas. The present 
application is restricted to one biogas liquification plant and a few filling stations, though a 
network of about 35 filling stations and some additional LBG production facilities are 
scheduled for operation in the next few years, e.g. by Gasum.47 Several vehicle producers, e.g. 
Volvo and Scania, also already have vehicles operating on liquid gas on the market47, and in 
consideration of their current sales targets, the gas consumption within the sector is estimated 
to increase to 1 TWh by 2025.48 The implementation of liquid gas in heavy-duty trucks will, 
however, occur primarily through LNG, which is viewed as a necessary bridging opportunity 
for a large-scale implementation of LBG.  

”As fast as we can manage, we will start using LBG as a drop-in fuel in the LNG, but in the 
beginning the primary fuel will be LNG. It is important to act now, and that will be done by 
using LNG, in order to then, as soon as possible, start the transition to LBG. […] 2022 we have 
a goal of having more than 50 % of our liquid gas deliveries as LBG, which means that 3-4 
TWh needs to be produced in the coming years.” (Interview 18, Gasum)  

The road carrier sector considers LBG as one alternative among many in the transition towards 
renewable fuels. The technique, e.g. in terms of vehicle function, is described as mature, but a 
more large-scale fuel provision is required to support a future development.49 Fuel 
infrastructure demands does however vary between companies, as a local actor may be satisfied 
with just one filling station near their specific vehicle routes, while long-distance operation 
requires a widely spread network of filling stations across the country. As 92 % of the operation 
further occurs over distances less than 300 kilometres, strategic locations of filling stations are 
considered more important than a great abundance of gas vendors.49 Clean Vehicles further 
point out that a majority of the transport work in cities, e.g. Stockholm, carry low-value goods 
such as excavated soil, gravel and rocks, and that these vehicles comprise a segment where 
biogas together with ethanol could be a favourable option, in order to limit local emissions in 
urban environments.  

In case the fuel availability is solved, opportunities for a transition to gas vehicles within road 
carrier companies primarily depend on the price of liquid vehicle gas, compared to alternative 
solutions.49 In this context, gas vehicles are seen as particularly vulnerable to changes in tax 
policy instruments, as it only relies on one combined market for fuels (LNG and LBG together), 
compared to e.g. diesel operation which provides several separate alternatives (e.g. RME, HVO, 
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and fossil diesel).50 Fluctuations in diesel prices are also viewed as less severe, since diesel 
comprises the main fuel type on the market today, and the majority of the competitors then also 
would be affected.50  

“If you compare to RME, then it is possible to drive heavy-duty vehicles on HVO or fossil diesel 
instead of RME. But what do you do with a gas vehicle if the tax policy changes so it becomes 
unprofitable to drive on gas in relation to other fuels?” (Interview 19, Swedish association for 
road transport companies) 

Since heavy-duty trucks also typically are used for about 8 years, a few years predictability in 
policy instruments work as a barrier for investments. The residual value after operation is 
further considered a significant uncertainty in business calculations, since the implementation 
of heavy-duty gas trucks constitute a new application on the market.50 In general, the possibility 
to invoice a higher price for transports fuelled by renewable energy is also low in the sector. 

“The customers’ will to pay extra for transports by renewable fuels is very low. They want 
everything to the same price. So, they want minimum greenhouse gas emissions, but they do not 
want to pay for it. And many of our companies have come really far in their environmental 
work. So, it is a hard competition, and it is not that easy to get a much higher price because 
you drive a gas vehicle, or an ethanol vehicle, or an HVO vehicle. Instead, the requirements 
are that you have implemented environmental work within the company today, just to be part 
of the market.” (Interview 19, Swedish Association for Road Transport Companies) 

Safety aspects comprise another factor brought up by the road carrier sector, where gas vehicles 
may pose additional safety risks compared to e.g. diesel operation.50 An accident in Stockholm, 
March 2019, where a biogas bus caught fire after a collision between the gas tank and a road 
superstructure (SVT News, 2019), is brought up as an example on the risks with biogas. If the 
highly pressured gas is ignited, the flames may reach several metres away from the fuel tank, 
which in turn can injure the driver and cause damages and injuries on surrounding buildings 
and people.50  

Working machines 
Working machines, e.g. excavators, wheel loaders, etc., are further described by Clean Vehicles 
as a potential segment in which biogas solutions, together with liquid biofuels, could play a 
future role. Biogas solutions could be implemented e.g. since the machines operate at a local 
scale and at short distances.51 Applications of gas vehicles in working machines though 
currently foremost occur in pilot projects (CW Logistikutveckling and Ecoplan, 2014), and are 
also limited, e.g. since gas vehicles are not allowed in construction of spaces below ground. 
Though, the regulations may be lifted in the future (RISE, 2019; Stockholms Stad, 2019).  

4.3.2 Sea transport 
In efforts to reduce emissions of e.g. NOx, SOx and particles, fuel oils are currently being 
replaced by LNG within the sea transport sector. Depending on how calculations are made, the 
transition may also provide advantages in GHG emissions.52 The implementation occurs 
through modifications of present fleets, as well as by procurements of new ships. Today, about 
2,000 of the 90,000 ships in existence world wide are run on LNG.52 In Sweden, two large 
vessels, M/S Viking Grace and M/S Visborg, currently frequent routes in the Baltic Sea.52 One 
more ferry, M/S Thjelvar, is further scheduled for delivery in 2019 (Affärsliv Gotland, 2018). 
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In addition to these, several freight transport vessels run on LNG frequent Swedish waters on a 
more sporadic basis.53  

Even though LNG may not be widely used, the fuel consumption within each ship is substantial. 
This, and the fact that sea transport fuels are exempted to taxes, implies that available volumes 
of LBG together with the price difference between LBG and LNG, are perceived as main 
obstacles for a transition from the fossil to the renewable counterpart.53 Access to fuel 
infrastructure and availability of gas vessels posed previous problems for gas use, which though 
has been supported by EU initiatives to secure LNG provision in the region’s key ports, and to 
provide investment support for procurements of gas vessels.53 Today, Swedish fuel 
infrastructure is considered sufficient to provision the present use, but is described as a limiting 
factor for a more wide spread implementation.53 Gas vessels exist in a range from large tankers 
and cruising ships to road ferries and local passenger transport ships. Though, since the ship 
construction business comprises a lot of small focused firms rather than a few large actors, 
shipping companies have had to take higher risks in funding the more expensive technique.53 
This is still today considered a barrier especially for small companies to transition to gas 
operation, and entails that many actors either has to secure long-term business contracts before 
procurements, or has to depend on funding from non-profit loan institutes, e.g. Svenska 
Skeppshypotek.53 Some actors have though purchased vessels in speculations of future market 
developments.53  

Possibilities to transition additional costs from gas or biogas operation to consumers are 
considered low in general within sea transport, since procurements occur on an international 
market and typically favour the cheapest offer. Though, some examples are brought up of where 
freight consumers have been willing to pay a higher price for LNG operation.53 The price 
difference between LBG and LNG is, however, viewed as a major barrier for an implementation 
of biogas, and a transition of costs to the consumers’ consumers is considered necessary to 
promote renewable operation.  

“One could visualise the sea transport sector’s emissions. So, if I buy a sweater at H&M: What 
emissions did this cause in transports and so on? […] If the whole society shall be green – we 
shall have renewable fuels everywhere – then it will be more expensive. And then, in the end, it 
is the consumer that has to pay. And today, it does not function like this, that the consumer pays 
for the sea transport of the sweater. Instead, it is H&M that pays.” (Interview 21, Swedish 
Shipowners’ Association) 

Costs for transitions towards renewable energy could further be financed by an offering of 
climate compensation for passenger and freight transport, where fossil transport is compensated 
by an optional fee which is reinvested in renewable sea transport. The earnings from such as 
system could be used e.g. to fund an obliged interspersion of renewables in fossil fuels, similar 
to the mandatory blend-in quota in road transport.53 Implementations of taxes in Swedish sea 
transport are viewed as measures which would significantly damage the competitiveness of 
Swedish shipping companies. International taxes would though be a possible yet improbable 
way to support a phase-out of fossil energy. Taxes on sea transport running in Sweden 
geographically have been discussed, but it is stressed that such taxes would almost exclusively 
apply to vessels which are procured through authorities, e.g. Destination Gotland or 
Waxholmsbolaget. Thus, a fuel tax would foremost imply a transition of funding which 
originates from tax income all the same.53 The sea transport sector instead suggests several 
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positive incentives for implementation of vessels with enhanced environmental performance, 
e.g. in form of discounted fairway and docking fees, and cut excise duty.54  

4.3.3 Industry 
Several industries, e.g. the steel, chemical and food industry, use substantial volumes natural 
gas in their operation in Sweden today. Natural gas is utilised within the steel and food industry 
for heating purposes55,56, and within the chemical industry as a product raw material.57 Within 
all these applications, the specific properties of the gas are needed for parts of the processing, 
why it may not be replaced by alternative sources. In the steel industry, natural gas is used for 
heating and heat treatment of steel products where the gas’s high heating value is considered 
favourable to maintain required temperatures of above 1000 °C. The gas further comprises a 
‘clean’ fuel in the sense that it does not contain impurities which could affect the quality of the 
material.55 This property is also considered a main advantage over alternative fuels in the food 
industry.56 In chemical industry, the methane molecules are used as raw material e.g. for plastic 
products, paints, etc.57 In the case upgraded biogas holds a similar quality as natural gas, it 
could therefore technically replace its fossil counterpart. Examples of permanent or occasional 
implementation of biogas solutions are further found within all consulted industries, which 
indicates that requisites on quality can be met.55,56,57 Though all industries also stress that a 
steadiness in gas composition is needed to enable an efficient production, where process 
configurations may be kept over longer periods of time in order to allow for optimisation of 
functions. 

Prospects for a transition from natural gas to biogas varies between the industries. For example, 
the price difference deviate if business occurs within or outside the EU ETS trading system58, 
and the ability and willingness to pay a higher price for biogas operation largely depend on 
opportunities to transition added costs towards consumers. In the steel and chemical industry, 
competition occurs on international scale where price comprises the main determining factor 
on the market, why capability to pay added costs for biogas is limited.55,57 Transactions within 
these sectors foremost also occur business-to-business, and often to consumers in one stage of 
the value chain of a finished product.55,57 For example, the steel industry produces processed 
raw materials for parts of a car, which then are combined with products from other companies 
and processes at the end manufacturer to form the actual car. The steel material may therefore 
only account for a small portion of the end price of the car, even though it constitutes a main 
part for the first-hand consumer’s products. These complex value chains thus aggravate a 
potential transfer of end user costs down to the raw material producer.55,57 Furthermore, market 
opportunities for environmental efforts are viewed as slim, but potentially growing, in both the 
steel and chemical industries.55,57 For example, a system is currently being developed within 
the EU to provide detailed, life-cycle based product information about steel materials, which is 
mentioned as a potential opportunity to receive market advantages, e.g. for lower GHG 
emissions in the production phase.55  

In the food industry, on the other hand, a transition to renewable energy in production processes 
forms a potential market opportunity for both the company brand and individual products.56 
However, it may vary from case to case if marketing of products with a higher environmental 
performance increases the consumers’ will to pay for that product, or if it just allows the 
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company to sell their products at all on a competitive market.59 All the industries view biogas 
solutions as an opportunity for renewable operation. Though, the chemical industry points out 
that since the gas is used as raw material, the contribution of GHG emissions solely occurs if 
the products are incinerated at end of life. The industry therefore stresses that an increased 
recycling of e.g. plastic products could entail that the climate change mitigation potential is 
limited compared to usage of natural gas instead.59 The food industry also draw potential 
advantages from other parts of the biogas system, i.e. its application as a waste treatment 
method and the potentials with biofertiliser use, as biogas solutions then may be introduced as 
circular systems within the industries themselves.59  

4.3.4 Electricity and heat 
When biogas systems were first implemented in Sweden – at the time for sludge treatment 
purposes at wastewater treatment plants – production of electricity and heat comprised the main 
area of application for the gas product.60 Though, in climate change mitigation efforts, biogas 
was through support in policy and public procurements later implemented as vehicle fuel for 
road transport60 (Fallde and Eklund, 2015; Larsson et al., 2016). The transition was grounded 
on the fact that electricity and heat production in Sweden foremost occur through fossil free 
energy already, while there was, and still is, a great need to implement renewable solutions in 
the transport sector.60 In Europe, electricity and heat production in contrary still today comprise 
main uses for biogas.61 The difference can be explained by a deviation in economic instruments 
supporting biogas systems, where Sweden relies on exemptions from taxes for biogas and 
contemporary high taxes on fossil fuels in road transport, while the rest of Europe applies 
various kinds of production support61,62 (Swedish Waste Management Association, 2017). In 
some countries, e.g. Germany, the support also directly steers towards applications in electricity 
and heat, in order to aid a transition towards renewable energy in these sectors62 (ibid). 
It is further brought up in interviews that several studies, e.g. Hagberg et al. (2016), indicate 
that a conversion from biogas to power and later implementations in electric vehicles, is 
beneficial in terms of energy efficiency over using upgraded biogas directly in vehicles.63 
Though, several interviewees argue against such solutions, since a continuous production of 
electricity and heat from biogas in Sweden implies a replacement of energy sources which can 
be made renewable all the same, e.g. from wind and solar power.60,61 Fossil fuels, e.g. natural 
gas, are though to some extent used as balancing power within Sweden today, why a limited 
potential to substitute fossil energy still prevails in the sectors.61 Electricity and heat production 
are further mentioned by the Käppala Association (a wastewater treatment plant and biogas 
producer in Stockholm) as potential ways to maintain biogas use if it is transitioned from public 
transport, and not implemented elsewhere on the market.64 Combined power and heating 
application could then be installed at the facility for internal use of electricity and heat in the 
wastewater treatment. Potentially, electricity and heat could also be sold on markets in 
Stockholm, where especially the electricity market may provide opportunities for higher-than-
average prices since future issues with efficiency are expected in the local net.64 Moreover, 
public transport planners in Skåne point out that other public actors within the region, e.g. some 
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municipalities, still use natural gas for heating purposes, and that they too could shoulder a 
larger responsibility to promote regional biogas development.65 

4.4 Policy instruments  
The respondents consulted in this study present a unified view that policy instruments largely 
influence use as well as production of biogas in Sweden. Though, several actors also express 
that it is desirable that the biogas sector becomes self-reliant in the future. Long-term conditions 
and predictability in policy instruments affecting biogas competitiveness are further described 
by a majority of the respondents as main factors for a well-functioning market. For example, 
current short-term conditions e.g. for the tax exemption on biogas (Swedish Government 
Offices, 2019a), are described across sectors as an important uncertainty and risk in biogas use, 
which counteract implementations and especially long-term sales contracts on the biogas 
market.66,67 These conditions then also comprise significant investment barriers for biogas 
producers, who rely on access to long-term sales opportunities already before investments in 
production facilities are made.68 Since implementation processes then span over several years, 
a few years predictability in especially economic instruments entail important risks in the 
investments.68 
The tax exemption on biogas is further described by all three consulted policy experts as one 
of the most influential instruments on the Swedish biogas sector, and is together with public 
procurements considered a main reason for the comprehensive biogas use in road transport 
today.69,70,71 Though, the tax exemption concurrently poses issues with an uneven competition 
between Swedish biogas and biogas imported from the rest of Europe, where production 
support is widely spread71 (Swedish Waste Management Association, 2017). Imported biogas 
thus receives double subsidies in Sweden, which makes it substantially cheaper than 
domestically produced biogas.71 Swedish Energy Gas describes how this situation has promoted 
a transition from natural gas to biogas, procured through the green gas principle in e.g. 
industries connected to the national gas net, but how the uneven conditions simultaneously 
cause market barriers for biogas producers in the south of Sweden.69 In response to the situation, 
existing production support for biogas produced from manure was temporarily expanded over 
2018 to cover all substrates, and complemented with additional funding (Swedish Government 
Offices, 2018a). A public inquiry on how Swedish biogas may be provided with long-term 
competition conditions was further initiated by order of the Swedish Government.71  
The inquiry, which currently is extended until December 2019, discusses different instruments 
which may support Swedish biogas, and how the various societal benefits of biogas may be 
cherished71 (Dir 2018:45 Långsiktiga konkurrensförutsättningar för biogas). Several possible 
ways forward are discussed, e.g. various kinds of production support which would support even 
market conditions and enable promotion of benefits throughout the value-chain.71 Production 
support could be implemented in substitution for the tax exemption, or be funded e.g. through 
some kind of fee which trickles down to waste and wastewater producers, e.g. households and 
industries.71 Swedish Energy Gas stresses that production support would be welcomed, but not 
in substitution for the tax exemption.69 Multiple reasons are brought up to support the argument. 
For example, a system based on production support alone may entail higher substrate prices 
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instead of lower biogas prices, or that biogas is transitioned from road transport to e.g. 
electricity and heat production, as in most of Europe72 (Swedish Waste Management 
Association, 2017). On the other hand, the use could be somewhat steered towards 
environmentally beneficial applications all the same, e.g. through provision of additional 
production support for biogas upgrading and liquification.71 

Swedish Energy Gas describes further issues with formulating a tax on biogas. Since the EU 
applies regulations on state aid, member states may not economically support biofuels to more 
than the price level of its fossil counterpart72 (European Commission, 2019a). Simultaneously, 
natural gas carries only carbon dioxide tax in road transport applications, and would probably 
be complemented with an energy tax in the event it is put on biogas. This would increase natural 
gas fuel prices, and in turn increase minimum biogas prices relative today’s level.72 This could 
in turn impact the vehicle gas’s competitiveness, as natural gas and potentially biogas would 
lose competition advantages over e.g. petrol or diesel. Instead, the biogas’s tax could comprise 
a carbon dioxide tax, which though is considered an unlikely political move, as renewable 
energy then would be taxed with instruments intended for fossil fuels.72 The EU regulations 
further entail that Sweden has to apply for applications on economic support on biofuels, which 
in recent years have occurred through as short time periods as a few months72 (Lönnqvist, 
2017). This creates substantial uncertainties in the instrument, though Swedish Energy Gas 
argue that Sweden could obtain allowances for the tax exemption on biogas for as long as 10 
years, if it was only requested72 (Swedish Energy Gas, 2018b). A transition of costs towards 
waste producers is instead welcomed by Swedish Energy Gas as funding for production 
support.72 Though, such a system may be complex to formulate effectively, e.g. since waste 
handling lies within the responsibility of municipalities, and the funding therefore likely would 
have to occur in form of a tax, which in turn cannot be earmarked for biogas production 
support.73 Other influential policy measures mentioned by experts are various investment 
support schemes, e.g. Klimatklivet72,73,74 (Swedish Waste Management Association, 2017), 
which also is put forward by Gasum as a crucial factor to their current investments in LBG 
production and distribution infrastructure.75 
The production support for biogas from manure (Swedish Tax Agency, 2019) is in contrast 
described as a less influential instrument, as it fails to drive other than retroactive investments, 
since it entails large uncertainties in magnitude.72,74 Support for biogas from manure is further 
described as a way to promote large environmental benefits in the system, as methane emissions 
from conventional handling then are avoided.73 Though, it is pointed out that certain support 
for biogas from manure potentially also promotes meat production, which in turn cause 
environmental burdens.76 In terms of cost-effectiveness, opportunities may instead be found in 
increased efficiency at wastewater treatment plants.73 Efforts like these could further be coupled 
with additional demands on organic waste separation and collection, and codigestion of 
substrates. For example, the Käppala Association describes that they have potential in 
infrastructure to increase biogas production, but that current regulations do not allow further 
implementation, at least not until profits from biogas increase. 

“We work under the ‘Law for public water services’ (Lag om allmänna vattentjänster), and 
there it is stated that we are never allowed to bill higher prices than what it actually costs to 
clean the water. So, if you find something else that at least momentarily costs more, then it is 
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not allowed. It has to definitely pay off, so it goes back to the subscriber in form of a decreased 
fee, for us to be able to do it. […] Otherwise, we would probably have implemented codigestion 
of food waste, if these regulations did not exist.” (Interview 15, Käppala Association) 

On the other hand, codigestion with wastewater sludge and e.g. food waste may not be 
beneficial, as the digestate perhaps then is not suitable for biofertiliser use, which it would be 
in codigestion with other substrates.77 Among the various user segments, and given today’s 
policy landscape in Sweden, road transport and customer-oriented industries are seen as most 
realistic and simultaneously beneficial applications in regards to implementation costs and 
different actors’ ability to transfer added expenses for biogas solutions towards consumers.78 
Though, it is underlined that equivalent environmental benefits are also found in sea transport 
and other industries.78,79  

5 Analysis 
An analysis of the interviews is presented in the following sections, where opportunities and 
barriers for continued development of Swedish biogas are assessed. Benefits of biogas solutions 
are further described in general and from the users’ perspective, in order to analyse 
opportunities in promoting also other parts of biogas systems than those directly related to the 
gas itself. 

5.1 Opportunities and barriers for using biogas 
5.1.1 Valuation of societal benefits in biogas 
Societal benefits in biogas 
In summary, the most significant benefits with biogas systems agreed on among interviewees 
include potential for waste treatment, use of sludge by-product as biofertiliser, and the use of 
biogas as a renewable fuel or resource. The fact that biogas production occurs within Sweden, 
and often in the close vicinity to the user, is further described to generate values for the local 
economy and benefits in terms of resource provision security. These societal benefits of biogas 
systems are also described in several studies, e.g. Fallde and Eklund (2015), Hagman and 
Eklund (2016), Fallde (2018), Scarlet et al. (2018), and Mutter (2019). Though, it can be 
mentioned that environmental and economic benefits from additional functions of biogas 
systems depend on alternative scenarios. For example, the significance of avoided burdens in 
waste treatment varies with the technique that is substituted, e.g. incineration, composting, etc. 
(Börjesson and Berglund, 2007). Furthermore, additional benefits may prevail that were not 
mentioned in the interviews. For example, since biogas comprise a local resource, traceability 
and reliance in sustainability assessments may be enhanced compared to e.g. internationally 
produced biodiesel, as biogas production conditions are easily checked upon. 

Perceived benefits in different sectors 
In relation to identified societal benefits, the appreciated benefits in biogas varies among the 
user segments consulted in this study, see Table 1. In general, all sectors find common benefits 
in resource provision security and climate impact mitigation potential with biogas solutions. 
Though, the magnitude of the latter varies, depending on the probability that implementations 
of biogas solutions entail replacements of fossil fuels, or in the case of the chemical industry, 
on whether products are incinerated at end-of-life. For heat and electricity production, biogas 
could be used both continually, in which case foremost renewable sources are replaced, or to 
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phase-out natural gas as balancing power, and thus substitute fossil fuels. However, a 
replacement of natural gas requires a transition to LBG in order to store biogas until occasions 
for efficiency support, or a flexible heat and electricity production directly from raw biogas, 
implemented only when added amounts are needed (Dzene and Romagnoli, 2015; O’Shea et 
al., 2016). For other identified benefits, i.e. values found in waste treatment, biofertilisers, and 
for the local economy, it is only actors related to public transport that connect all these benefits 
to their own operation. The argument is grounded in the fact that public transport operation 
comprises part of the regional authorities’ function, and that regional authorities as a whole 
should work to promote various societal benefits. Though, all public transport planners point 
out that their departments’ function are not to directly promote regional biogas systems, but 
instead to provide an efficient, attractive and sustainable public transport systems. The regions’ 
views on the public transport sector’s role in promoting regional biogas further deviate, e.g. 
between Stockholm and Västra Götaland. 

Potential values in waste treatment and biofertilisers are further identified within the food 
industry, where substrates for biogas production exist e.g. in terms of process waste, which 
motivates external treatment through anaerobic digestion, as well as implementation of internal 
circular systems. Biofertilisers produced concurrently with biogas may also be used for 
agricultural purposes in the sector. For the other sectors, none of these additional benefits 
typically apply to their operation. Though, it should be mentioned that public sectors exist e.g. 
within the various transport applications and among users of electricity and heat, and for these 
actors the reasoning would probable be similar to that within public transport.  

Table 1. Perceived benefits with biogas solutions among considered user segments. 
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5.1.2 Prospects to increase values in biogas systems 
The potential users’ valuation of biogas solutions, presented in the previous section, indicate a 
difference in appraisal of benefits in using biogas. Public transport purchasers, as well as 
presumably other public consumers, to some degree values all different societal benefits of 
biogas solutions, i.e. also secondary values without immediate connection to their operation. 
The private sector, on the other hand, typically just appraises values directly related to their 
specific businesses, e.g. the biogas’s value as a renewable product. The willingness to pay 
additional amounts for other values of the systems than those found in biogas is therefore 
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probably significantly less among these consumers. Simultaneously, biogas producers currently 
have to pay for substrates, and typically also for handling of digestate, which at best entails a 
net zero balance or small profits if used as biofertiliser. This entails that these other functions 
of biogas systems typically today comprise economic burdens rather than profits for biogas 
producers. Issues with a lack of economic profitability in other functions of the system, e.g. 
waste treatment and biofertiliser production, are also identified in other Swedish studies 
(Martin, 2015; Grönkvist et al., 2019).  

Today’s situation implies general opportunities to implement policy instruments to decrease 
costs for substrates and increase values in biofertilisers. Possibly, since biogas systems also 
provide a waste treatment service to society, the costs for waste substrates could even be turned 
around to minor profits, e.g. funded by increased costs among waste producers or promoted by 
demands on treatment and/or anaerobic digestion of organic waste. Measures to increase values 
in other functions of biogas systems would further become more important in a future where 
biogas is transitioned from public consumers, e.g. public transport, to users in the private sector, 
as their willingness to finance additional benefits is limited. Another way to promote the 
collected values of biogas systems could be to visualise their societal benefits, e.g. through 
translations of values to monetary means. Such aspects could then be implemented e.g. as 
standard considerations in public procurements, and could possibly be used as a marketing 
opportunity by private companies to convey messages to customers on environmental and 
social benefits of the energy or resources they use, i.e. biogas solutions. Though, in a cost-
benefit analysis of transport fuels by Hjort et al. (2017), values in e.g. biofertilisers and for the 
regional economy were considered too complex to compare in relative terms to values in noise, 
local emissions and GHG emissions. 

5.1.3 Prospects to use biogas within different sectors 
In consideration of today’s situation, various opportunities and barriers were identified among 
the potential biogas users. In general, these prospects were described in terms of biogas price 
relative those of alternative resources, available volumes of biogas on the Swedish and regional 
markets, availability of technology and infrastructure to allow implementation of biogas 
solutions, and marketing opportunities where some kind of competition advantage is perceived 
in biogas solutions. Also, attitudes among users towards biogas solutions were included. The 
respective views on opportunities and barriers identified in each of the sectors are visualised in 
Table 2, and further discussed in the subsections below. 

Table 2. Identified opportunities and barriers to implement biogas solutions among considered 
user segments. 
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Attitude 
among 
users 

        

Price competitiveness 
Common for all consumer segments, except light-duty transport, are that prices of biogas 
solutions, and especially with Swedish biogas, in general are not competitive compared to 
present alternatives. In public transport, biogas procurements occur through active prioritisation 
of the technique, since it otherwise cannot compete on the market. The situation is though 
expected to change e.g. with rising demands on biodiesel due to the mandatory blend-in quota 
in fossil diesel. In addition to relatively high fuel prices, costs for fuel infrastructure and vehicle 
procurements and maintenance, are perceived as barriers in the competition with biodiesel. In 
heavy-duty transport, prices are yet uncertain as gas-driven trucks currently are not 
implemented at large-scale on the market. Though, expectations are that the technique could 
become competitive for some users, depending on their specific situation, and that LBG may 
begin to phase-out LNG already in the near future. In sea transport, solutions with LNG are 
growing in popularity in substitution of e.g. fuel oils. Though, as fuels in general are exempted 
from taxes, a transition between LNG and LBG is today considered unlikely due to substantially 
higher prices (Swedish Energy Gas, 2019a).  

Within the various industries, natural gas is in general priced lower than biogas (Swedish 
Energy Gas, 2019a). Though, depending on e.g. if specific actors apply to EU ETS, and if 
imported biogas is used (applicable only to industries connected to the national gas net, i.e. 
foremost chemical and food industries), the price difference between biogas and natural gas 
may be insignificant (Swedish Energy Gas, 2019a; Swedish Energy Agency, 2019a). For 
applications in electricity and heat production, biogas and natural gas are priced on similar 
levels (ibid). However, the competitiveness in comparison with alternative sources for 
electricity, e.g. wind power, and heat, e.g. solid biofuels, entails that production typically is not 
profitable (Hagberg et al., 2016; Swedish Energy Agency, 2018b). Light-duty vehicles are 
assessed as the only segment in which biogas solutions generally are competitive in price 
(Swedish Energy Gas, 2019a; Swedish Energy Agency, 2019a). The tax exemption and 
concurrent high taxes on fossil fuels, together with incentives such as environmental car 
bonuses, are described as measures which support affordability. The reasoning is further 
supported by the ample use within the sector today, and the simultaneous perception of price 
as among the most influential factors for fuel choice. Competition with other fuels though 
prevails, e.g. with biodiesel, and uncertainties with economic instruments, e.g. the tax 
exemption’s existence, are further described as influential barriers for investments here, as well 
as among other users. 

Marketing opportunities 
Among all user segments within the private sector consulted in this study, marketing 
opportunities are described as among the most important opportunities to conceive a fossil free 
operation, and e.g. implement biogas solutions. In public transport, the ability to transfer added 
costs for biogas exists by definition within the system, as ticket prices are set by authorities in 
a monopoly position, and as the system partly also is funded by tax revenues. Though, public 
transport actors stress that decisions are made with consideration of the public’s and the 
travellers’ money. Present marketing opportunities described by alternative users vary among 
them. In light-duty transport, consumers are, with exception to the public, largely found among 
companies based on human capital, e.g. within the service industry. For these companies, 
internal transports typically emerge as the most important segment to develop in order to 
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improve the company’s environmental performance.80 Simultaneously, environmental work 
and awareness are by many companies viewed as a marketing opportunity, i.e. a way to attract 
customers and sell services, why biogas vehicles could be competitive here. Though, rising 
opportunities in electric vehicles, and e.g. advantages in noise and zero emissions operation, 
entail that electric solutions often are preferred over biogas.80 The taxi business comprises 
another important segment in light-duty transport, where powerful incentives such as the 
queuing system at Stockholm’s airports, or consumer demands on environmental performance, 
are described to promote biogas, even if competition with electric vehicles prevail also here.  

The road carrier sector – main actor in heavy-duty transport – expresses that some level of 
environmental work within transport companies is required to stay in business today, but that 
competition is harsh, and that consumers are not willing to pay much higher prices for e.g. 
decreased GHG emissions. One possible reason for this, among supposedly many factors, could 
be that transports’ contribution to the consumer companies’ overall environmental performance 
may be limited, since production of goods often cause more burdens from a life cycle 
perspective (Notarnicola et al., 2017; Shaked and Jolliet, 2018). Thus, transports become one 
area among many in which improvements can be made. Examples on demands on performance 
or specific requests on fuels do, however, exist in the sector. For example, some companies, 
e.g. IKEA, have implemented internal biogas systems and therefore also want to use the gas 
internally.81 Advantages in local emissions and noise may further promote biogas operation in 
urban areas. Though, the latest diesel engine technology and use of biodiesel means that LBG’s 
advantages over diesel options are limited.82 The sector also stresses that at least initially, gas 
operation would imply substantial use of fossil gas (LNG), and that e.g. fossil diesel 
simultaneously is mixed up with biofuels in the mandatory blend-in quota. Thus, transitions 
from diesel to gas may not entail improvements in companies’ environmental work (in terms 
of GHG emissions) until LBG is largely implemented in the vehicle gas provision.82 In sea 
transport, a transfer of costs to consumers is described as crucial to promote a transition between 
natural gas and biogas. Several opportunities for how this could be performed are expressed, 
e.g. implementation of climate compensation opportunities. At the same time, the sea transport 
sector underlines that GHG emissions per ton kilometre transported goods are significantly less 
than for e.g. road transport83, which in turn may imply that incentives for companies to pay a 
higher price for renewable operation are even less here. Sea transport is further procured on 
international markets, where price typically comprise the determining factor in procurements.  

Trade in the steel and chemical industries similarly occur on an international scale with harsh 
competition in price, and also in business-to-business affairs within long production chains, 
why transfers of added costs towards end consumers are viewed as slim. Minor marketing 
opportunities are, however, found in promotion of companies’ environmental work, which in 
turn may attract customers. For example, the chemical company Perstorp has implemented 
biogas solutions in part of their production, which is used to market the company brand, even 
if no added revenues are found for product sales (Swedish Energy Gas, 2019b). The food 
industry, on the other hand, identify larger market opportunities in renewable operation, and for 
example the company Lantmännen has already fully transitioned from natural gas to biogas 
operation within Sweden, in efforts to transition to an entirely fossil free operation within a few 
years.84 Though, they discuss whether their environmental work enable them to charge higher 
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product prices, or just allows them to compete on the market at all. A main factor to these 
opportunities may be that food industry consumers are found directly among the public, where 
comprehensive environmental awareness and interests in environmental burdens from food 
production prevail (Ekelund and Persson, 2012). It should also be noted here that the 
interviewee consulted in this sector represent an actor with an environmental niche, and that 
companies with niches e.g. in low-price products may provide a somewhat different view. For 
electricity and heat applications, market opportunities exist for renewable energy, e.g. in terms 
of the trade of certificates for renewable power production (Swedish Energy Agency, 2017). 
Though, no specific opportunities to market biogas over alternative renewable options, e.g. 
wind and solar power, prevail (Swedish Waste Management Association, 2017). Finally, a 
potential barrier to market biogas procured by the green gas principle has been brought up for 
users in general (Swedish Energy Gas, 2017d). Since the principle entails a virtual trade of 
biogas through certificates, acceptance among consumers may sometimes be lower for these 
kinds of solutions, because the fuel used in operation can be fossil.85 Still, it is hard to say how 
influential this problem is, and if it applies to all or just a few user segments. 

Available biogas volumes on the Swedish market 
Availability of biogas is described by several potential users, e.g. heavy-duty road transport, 
sea transport, and the steel and chemical industries, as a significant barrier for a large-scale 
implementation. Though, it should be mentioned that all these consumers may implement 
fractions of biogas in their operation, if natural gas is used to account for the remaining part. 
The main reason why these segments view accessibility to biogas volumes as a large barrier is 
still that substantial volumes would be needed in each single application within the sectors. For 
example, a network of gas stations is required for an implementation in heavy-duty transport, 
and each of the vessels currently operating in Swedish waters consumes gas volumes in level 
with the studied regions’ whole public bus fleets. Most of the gas consumption within the steel 
and chemical industries further occur in companies with substantial uses of gas.86,87  

Several of these users, e.g. the steel industry and part of the heavy-duty transport applications, 
also operate in places where biogas production and subsequent availability of biogas today is 
limited, e.g. in the north of Sweden. It is therefore discussed if perhaps implementations of 
thermal carburation, i.e. large-scale biogas production from wood materials, would be needed 
to support an implementation in the steel industry86 (Jernkontoret, 2018). Opportunities to 
support regional supplies are also identified in liquification of the gas, as it then can be 
transported over great distances, or, though less probable, an expansion of the current national 
gas distribution net. For public transport and limited electricity and heat production, biogas 
volumes are not assessed to constitute an issue, partly because biogas is largely used here today. 
For applications in light-duty road transport and the food industry, availability of volumes is in 
general found to be sufficient, though for more large-scale implementations, volumes and 
especially the local availability of biogas may act as a limiting factor. 

Availability of technology and infrastructure 
All user segments except those where implementation demand a conversion to LBG, find that 
today’s technology allow a direct transition to biogas use. Though, as availability of LBG 
production and distribution infrastructure are expected to rise in the coming years88, these 
barriers are expected to be lifted soon. In the application of working machines, implementation 
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of gas vehicles occurs foremost in pilot projects, why this use segment was not brought up 
separately in the analysis. 

Attitudes among users towards biogas solutions 
Attitudes towards biogas solutions may be hard to assess from single interviews, since risks for 
subjective opinions prevail, or opinions may deviate a lot within sectors. However, it is brought 
up in several interviews that for applications in road transport, a cluster of issues with biogas 
solutions compared to alternative fuels entail that consumer attitudes may comprise a barrier 
towards biogas here. For example, high demands on vehicle maintenance and potential issues 
with safety if proper precautions are not followed, are brought up for road transport in general, 
and within the road carrier sector and in public transport specifically. Though, for public 
transport, concerns in safety is occasionally communicated by travellers89, while public 
transport planners and decision-makers generally are not concerned. An accident where a public 
biogas bus caught flames in Stockholm, March 2019 (SVT News, 2019), is further not described 
as something that have changed the region’s decision-makers attitude towards biogas solutions, 
but which all the same calls for intensified precautions in the operation.90 Other more diffuse 
barriers in attitudes described in the interviews relate to that vehicle gas comprise a relatively 
small and unknown segment of the available fuels, where procedures for refuelling and 
availability of filling stations may be unknown to especially the public.91 Similar concerns are 
also identified in applications in public boat transport, e.g. Waxholmsbolaget, where transport 
operators and employees are hesitant to biogas as a fuel.92  

5.2 Policy instruments  
5.2.1 Effects of policy instruments today 
Interviewees agree that the Swedish biogas market is strongly influenced by various policy 
measures, foremost support in economic instruments. The view is shared also by a number of 
previous scientific studies, e.g. Fallde and Eklund (2015), Olsson and Fallde (2015), Martin 
(2015), Larsson et al. (2016), Lönnqvist (2017), and Ammenberg et al. (2018). The literature 
review performed in this study shows that a large number of policy instruments affect the 
competitiveness of biogas solutions in multiple ways and throughout biogas systems’ value 
chains, see compilation in Appendix B. Among these instruments, the competitiveness of 
biogas prices is largely determined by the general exemptions from carbon dioxide and energy 
taxes on biogas (Swedish Energy Agency, 2019a), and the respective tax levels on fossil fuels 
in each user segment. The tax exemption and contemporary high taxes on petrol and diesel 
(Swedish Petroleum and Biofuels Institute, 2019) are therefore, together with active 
prioritisations of biogas in public transport procurements, described by interviewees as 
important factors to the development of biogas solutions in the transport sector. The perspective 
is shared also by Larsson et al. (2016), who analysed the effects of policy instruments on biogas 
in the transport sector. Though, the validity of the tax exemption has in the past decade covered 
as short periods as a few months, and in 2015 it was approved by the EU only days before the 
expiration date of the previous exemption (Lönnqvist, 2017; Swedish Energy Gas, 2018b). 
This, together with the uneven competition with countries in Europe that rely on production 
support for biogas, has led to that the tax exemption, currently valid between 2016-2020, may 
be replaced or complemented by a different system (Dir 2018:45 Långsiktiga 
konkurrensförutsättningar för biogas).  
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Other instruments that has promoted renewable energy types overall in the transport sector are 
bonuses and tax discounts for environmental vehicles, such as the Environmental Car Premium 
(2007-2012) (SFS 2007:380 Förordning om miljöbilspremie), the Super-Environmental Car 
Premium (2012-2018) (SFS 2011:1590 Förordning om supermiljöbilspremie) and the Bonus-
Malus system (2018–) (Swedish Government Offices, 2017a). These instruments have been 
described to promote conversions from fossil to renewable fuels, e.g. biogas, foremost in the 
public sector and in company cars, while providing insufficient support for transitions in the 
private sector (Larsson et at., 2016). The environmental car bonuses have further been criticised 
for being focused on tailpipe emissions, while excluding broader benefits in e.g. biogas 
solutions, and for being constantly shifting in setup, and including vehicles run on fossil fuels 
(Lönnqvist, 2017; Grönkvist et al., 2019; Swedish Waste Management Association, 2017). The 
bonuses further do not apply to heavy-duty vehicles, though it is currently discussed if also this 
fraction should be covered by a bonus system (Transport Analysis, 2019). Local policy 
instruments such as environmental zones, or promotions in queuing systems in the taxi business, 
also promote biogas vehicles, as well as other renewable alternatives (Swedish Waste 
Management Association, 2017). Renewable vehicles have also been excepted to congestion 
charges and parking fees (Larsson et al., 2016; Lönnqvist, 2017), and biogas provision 
infrastructure has been promoted through demands and support for refuelling stations to provide 
at least one renewable fuel (SFS 2005:1248 Lag om skyldighet att tillhandahålla förnybara 
drivmedel). The law first resulted in expansions of foremost ethanol (E85) provision 
opportunities, though when the development was followed by support schemes for all 
renewable fuel infrastructure except ethanol, the measures implied expansions of the vehicle 
gas infrastructure (Lönnqvist, 2017).  Moreover, the competitiveness of biogas solutions versus 
biofuels or electric systems is affected by regulations and support affecting the alternative fuels, 
e.g. the tax exemption on liquid biofuels (Swedish Energy Agency, 2019b), the bonus for 
electric buses (Swedish Energy Agency, 2019c), the recently introduced mandatory blend-in 
quota of biofuels in petrol and diesel (Swedish Government Offices, 2017a), and the upcoming 
regulations on PFAD (Swedish Government Offices, 2018c).  

In other user segments, i.e. sea transport, industry and electricity and heat production, biogas is 
likewise exempted to taxes (Swedish Energy Gas, 2019a). Industries may also apply for funding 
of investments leading to reduced process-related GHG emissions (SFS 2017:1319 Förordning 
om statligt stöd till åtgärder för att minska industrins processrelaterade utsläpp av 
växthusgaser och för negativa utsläpp). More general infrastructure investment support 
schemes for reduced climate impact, e.g. the present Klimatklivet (2015:517 Förordning om 
stöd till lokala klimatinvesteringar), are further described by interviewees as well as in literature 
as influential policy instruments for the overall Swedish biogas market, since they promote 
investments and reduce risks in the often cost-intensive facilities surrounding biogas systems 
(Larsson et al., 2016; Grönkvist et al., 2019). Production of liquid biogas is currently also 
promoted in a temporary LBG innovation cluster (Swedish Government Offices, 2018b), and 
the ability to trade biogas virtually through market certificates, i.e. the green gas principle 
(Swedish Energy Gas, 2017d), is described as an important prerequisite among interviewees 
representing e.g. various industries. Other instruments which affect the biogas market in more 
general and diffuse terms are presented in Appendix B.   

5.2.2 The future role of policy instruments 
In addition to public transport, a significant, theoretical potential to utilize biogas is found also 
in other segments of society. For example, only current natural gas uses within Swedish 
industry account for several times the national biogas production. In general, though, biogas 
prices compared to alternative options are today described as a main barrier among potential 
users, while market opportunities are commonly considered a main opportunity. The technique 
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of liquification is further described as an important pre-condition for several actors. In 
consideration of these opportunities to implement biogas solutions in several sectors in society, 
it is important to address the role of policy instruments in the system. What uses and benefits 
should be considered and prioritised? Should biogas be implemented where it is most cost-
effective, or where it entails most societal benefits? Who should fund the benefits that biogas 
systems provide? 

In general, interviewees present a collective view that each renewable resource should be 
implemented where it provides most societal benefits and climate impact reduction from a 
system perspective. Adopting this view, biogas could then be a suitable solution for sea 
transport, where few alternative renewable fuels exist especially for large vessels.93 Similarly, 
for industrial purposes where the gas’s properties are valued, biogas could become an important 
solution towards a fossil free operation. Though, sea transport, together with the steel and 
chemical industries, typically comprise the least cost-effective alternatives. Heavy-duty 
transport is therefore viewed as a more probable and yet environmentally beneficial application. 
At the same time, it is noted that in about 20-30 years from now, e.g. electric solutions in terms 
of electric roads, may have reached the heavy-duty transport sector, and that biogas then may 
be economically feasible in sea transport.93 Related to these scenarios are that transitions of 
biogas between systems are costly procedures, and that it should be brought up how many times 
it should be transitioned between different uses.93 Though, to develop recommendations solely 
for some uses, e.g. sea transport, may also be counter-productive, since the transition from fossil 
to renewable fuels have to occur rapidly on all levels in society, and such recommendations 
may hinder alternative implementations.93 Other uses, which according to the previous analysis 
also are considered beneficial as well as competitive, are light-duty vehicles and the food 
industry. 

As many of the future alternative uses further require a conversion to LBG, promotions of 
liquification could benefit sales opportunities, and increase the mobility of biogas, i.e. make it 
less geographically bound to the production. However, E.ON also argues that it is important 
that an implementation of LBG occurs concurrently with an increased biogas production, since 
opportunities in CBG otherwise are threatened.93 The interviewee from E.ON further advocates 
that since LBG production only is economically feasible at large scales, such a transition from 
CBG to LBG could aggravate conditions for small-scale biogas producers, as they do not have 
the opportunity to liquify their gas, and the user segments for CBG then simultaneously may 
be lost due to the transition in focus.93  

In Sweden, the relatively high targets for environmental efforts, e.g. the 70 % reduction goal in 
the transport sector, are viewed as an important foundation for implementation of instruments 
to promote phase-outs of fossil energy.94 Politicians are also generally positive towards 
supporting biogas, though opinions on what instruments should be used and how these should 
be formulated deviate between parties.94 When looking at biogas systems in isolation, it is clear 
that prominent economic support, e.g. a combined production support and tax exemption for 
biogas, could entail substantial societal benefits, e.g. in terms of reduced domestic climate 
impact. Various measures to turn other functions of biogas systems, i.e. the waste treatment and 
the biofertiliser product, into profit opportunities for biogas producers may further increase 
competitiveness and stability in the sector. Moreover, various measures to promote marketing 
opportunities could be a potential way to create incentives for biogas uses, as it e.g. allows for 
added costs to be transitioned towards consumers. The importance to strengthen 
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competitiveness in biogas also becomes more significant in a transition from public to private 
consumers, as the willingness to pay for the collected societal benefits in biogas solutions then, 
in general, decreases. Though, if funding for economic support should be brought from tax 
income, there are many other parts of society that compete for the prioritisation. Also a system 
where funding is transferred to e.g. waste producers may comprise an unsolicited solution for 
some political parties, as it implies raised taxes. Simultaneously, long-term conditions are 
described as one of the most crucial features of well-functioning instruments, and it should 
therefore be important to base whatever instruments that are implemented on broad agreements 
between preferably a majority of the politicians in the Parliament. 

6 Discussion 
6.1 Discussion of results 
Some, though not all, interviewees consulted in this study mention that potential transitions of 
biogas from public transport, e.g. in relation to electrifications, may entail risks for decreased 
biogas use and production. Since continued and preferably increased biogas production on the 
other hand lies within national as well as regional interests (Swedish Government Offices, 
2010; Region Skåne, 2015; Region Västra Götaland, 2018; Stockholm County Council, 2019b), 
it should be important to address consequences of a transition from the public sector. Currently 
though, e.g. the Stockholm region’s investigation on implementation of electrified public buses 
does not touch upon this subject other than briefly (Stockholm County Council, 2019a). 
Skånetrafiken neither describes effects on regional biogas use and production from the 
electrification of public bus transport in their environment and sustainability program 
(Skånetrafiken, 2016). Region Skåne has, however, developed a roadmap for development of 
the regional biogas sector, where they assume an active role in pursuing strengthened conditions 
for regional biogas production (Region Skåne, 2015). Examples on where effects on regional 
biogas markets are incorporated into assessment of potentials in electric public buses yet 
prevail, e.g. in Region Västmanland (WSP, 2016). Given the consequences that may emerge 
from transitions from biogas use in public transport, it should be important for all regions to 
consider such effects before decisions. 

It is also sometimes advocated that electric road transport systems decrease GHG emissions in 
comparison to biogas solutions. This, however, varies with adopted calculation procedures and 
biogas systems. A life cycle assessment done as a case-study for a Volvo bus operating in 
Gothenburg shows that battery electric buses slightly reduce climate impacts compared to buses 
driven on biogas, i.e. an approximate reduction from 25 to 15 g CO2-eq./passenger kilometre 
(Nordelöf et al., 2017). If avoided burdens from a use of coproduced biofertilisers are included, 
the climate impact from the biogas fuel though becomes negative (Börjesson et al., 2010; Lyng 
et al., 2018), and overall GHG emissions may be less for biogas versus electric options. Thus, 
benefits of electric solutions related to climate change mitigation potential may be insignificant 
in replacements of renewable fuels, e.g. biogas, unless the transitions entail that substituted 
fuels in turn replaces fossil energy somewhere else in society. On the other hand, if the transition 
implies a stagnation or decline in e.g. biogas use, with subsequent repercussions in biogas 
production, society would lose significant opportunities in a renewable fuel, and the 
electrification may comprise a sub-optimisation from a system perspective. Subsequent impacts 
on biogas production though varies between producer segments. For example, wastewater 
treatment plants’ biogas production may not be significantly impeded as the purpose for 
digestion lies outside gas production. Though, opportunities for e.g. codigestion with added 
substrates or efficiency improvements in the gas production may be aggravated. For businesses 
where biogas production comprises the main purpose, harder conditions to sell biogas may 
greatly impact the biogas producers’ future prospects to remain on the market. In consideration 
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of the long start-up times for biogas production facilities (Fallde and Eklund, 2015), such a 
development would probably impact also future possibilities to use biogas.  

In transitions from public transport, a substantial theoretical potential exists to transfer biogas 
to other uses, foremost in the private sector. Though, as this study shows, several barriers today 
aggravate implementations in these sectors. A close dependence on policy support, and 
simultaneous short-term conditions for critical economic instruments, are identified also in 
previous Swedish studies as conditions which imply significant market barriers for biogas 
(Martin, 2015; Larsson et al., 2016; Lönnqvist, 2017; Karlsson et al., 2017; Grönkvist, 2019). 
The lack of profitability in other functions of the system, i.e. the waste handling and 
biofertilisers (Martin, 2015; Grönkvist, 2019), and an intensified competition with other 
renewable fuels in the transport sector (Ammenberg et al., 2017; Mutter, 2019), further 
aggravates the situation. Grönkvist et al. (2019) describes how the recent development has led 
to a stagnation in biogas use in the Stockholm region, which indicates pressured sales conditions 
on the regional biogas market, even without transitions from public transport.  

Biogas systems are supported also in the rest of Europe by economic policy instruments, 
foremost various kinds of production support (Swedish Waste Management Association, 2017). 
In some countries, e.g. Germany and Italy, comprehensive economic instruments for electricity 
and heat production from biogas have further created strong national markets, which in turn has 
promoted ample implementations of energy crops as substrates (Scarlat et al., 2018; Swedish 
Waste Management Association, 2017). The Swedish biogas market in comparison comprises 
a fraction of that in Germany (91 TWh production/year) and Italy (22 TWh production/year), 
but is unique in that it simultaneously represents 75 % of Europe’s overall use of upgraded 
biogas, while the rest of the region largely focuses on electricity and heat production (Scarlat 
et al., 2018). The Swedish biogas market would perhaps therefore benefit from a transition of 
focus in policy support from transport fuel to electricity and heat, as in the rest of Europe? For 
example, this would entail decreased start-up expenses for biogas producers as upgrading and 
liquification facilities would not be needed, and infrastructure needs for distribution and 
utilisation probably would be significantly less, as pipelines, gas stations, specialised vehicles, 
etc., would be replaced by single sets of gas turbines directly connected to electricity and/or 
district heating nets.  

Though, on the other hand, interviewees in this study agree that renewable resources, including 
biogas, should be used to phase-out fossil energy from a system perspective. Adopting this 
view, continuous heat and electricity production would not imply environmentally beneficial 
applications in Sweden, since implementations entail replacements of foremost renewable 
sources, e.g. water power and solid biofuels, or recycled energy, e.g. from incineration of waste 
(Swedish Energy Agency, 2018c). Several studies though show that energy efficiency increases 
substantially for direct uses of biogas in electricity and heat production, compared to upgrading 
and use in transport (Hagberg et al., 2015; Hakawati et al., 2017). The most beneficial 
application may therefore vary between countries, depending on what the alternative sources 
are in the respective sectors. For example, in other European countries where power and heat 
production largely depend on fossil fuels, electricity and heat production from biogas may turn 
out as uses with greatest GHG savings (Scarlat et al., 2018; Péres-Camacho et al., 2019). In 
Sweden, however, uses where biogas directly or indirectly replaces fossil energy, i.e. road 
transport including working machines, sea transport, industries currently using natural gas, and 
balancing power in electricity and heat production, should instead comprise more beneficial 
uses.  
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6.2 Uncertainties 
Uncertainties in the study originate partly from the delimitations, where potential future uses 
were limited to a few segments in consideration of today’s situation, but where opportunities in 
future techniques were not included. Therefore, e.g. a conversion to hydrogen gas was not 
considered in the results or the analysis, even though it was mentioned in a few interviews. For 
example, one producer mentions that they have noticed interests among users for a conversion 
of their biogas to hydrogen gas for applications in fuel cells within the transport sector. Another 
alternative use mentioned in interviews95 is to use biogas solutions in the refining process of 
biodiesel. Possibly, also other uses yet not considered could play a part in the continued 
development of the Swedish biogas market. Future potential transitions within the biogas 
sector, e.g. implementations of thermic carburation, have neither been considered in this study, 
even if they if implemented would imply substantial effects on the national market. The 
literature review of policy instruments currently affecting the Swedish biogas market further 
contains uncertainties, as certain policy instruments and measures may have been overviewed 
or missed out in the compilation. Other uncertainties are related to the interviews, where 
interviewees may have expressed subjective opinions, incorrect facts, or where the open broad 
questions may have entailed that important points were missed and forgotten in the discussion. 
In the analysis, uncertainties therefore include both classification and magnitude of 
opportunities and barriers, and since the assessment was made for each user segment separately, 
the relationship between them could also possibly be misleading.  

7 Conclusions 
This study assesses stakeholder views on opportunities and barriers for continued use and 
production of biogas in Sweden, in relation to the ongoing electrification of public bus 
transport. Actors among various user segments, as well as actors and experts related to biogas 
systems, have through interviews contributed with their views on prospects for the future 
development.  

The study concludes that a broad consensus prevails among stakeholders and across sectors that 
each renewable resource should function where it provides optimal effects and benefits looking 
at society as a whole. In light of this discussion, the interviewees agree that electric solutions 
are beneficial in urban public transport, and that biogas vehicles comprise a favourable option 
e.g. in regional public transport. Within the studied regions, urban areas will accordingly be 
electrified, with various ensuing prospects for biogas solutions. Stockholm will continue to buy 
biogas through direct agreements with producers until 2026, after which biogas will compete 
on market conditions with alternative fuels, e.g. biodiesel. In Västra Götaland, biogas will be 
transitioned to regional transport through active prioritisations in procurements. In Skåne, 
biogas potential is fully utilised in public transport today, why implementations of electric 
solutions inevitably will entail transitions from the system. Though, the region state that 
electrification will occur with some regard to the competitiveness of regional biogas systems. 
Biogas is further considered a favourable alternative in all three regions, and public transport 
planners and decision-makers all to some degree value the collected societal benefits in biogas.  

Biogas solutions could also be used in a number of applications aside from public transport, 
with a combined potential in volumes several times larger than the national biogas production. 
However, numerous barriers prevent large-scale implementations, why many interviewees 
express beliefs that competitiveness of biogas systems today would be threatened in rapid 

                                                
95 Interview 2, Västtrafik 
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transitions away from public transport. The price of biogas is viewed as a barrier in practically 
all user segments, and market opportunities are considered an important prospect for 
implementations in the private sector. A development of opportunities in LBG also comprise a 
pre-condition for several uses. Heavy-duty transport, together with light-duty vehicles and 
customer-oriented industries, e.g. the food industry, are considered promising alternatives in 
the near future in terms of both costs and environmental benefits. Sea transport and international 
industries, especially those within EU ETS, are found beneficial yet improbable alternatives 
today, foremost due to the price difference between biogas and natural gas in these sectors. 
Electricity and heat production are viewed by some biogas producers as potential 
implementations for internal as well as external use, though an agreement is identified among 
interviewees that applications for continued electricity and heat production in Sweden lack 
significant benefits in climate impact mitigation. 

Biogas systems are promoted by policy instruments in several different ways in Sweden today, 
and extensively depend on support in economic instruments. The tax exemption on biogas is 
together with public procurements and investment support for biogas infrastructure described 
as the most influential instruments within the sector. Though, the tax exemption simultaneously 
causes uneven competition conditions with imported biogas, why future prospects for support 
of Swedish biogas currently are investigated. Production support comprises one potential 
solution to the uneven competition, but it is discussed if it should be implemented at expense 
of the tax exemption. Some interviewees instead advocate that additional support for biogas is 
needed, and that funding instead could occur through transfers of costs towards waste 
producers. Another way to enhance competitiveness and stability in biogas systems is to 
promote profitability in all functions of the system, e.g. in waste treatment and biofertilisers as 
well. Given the influential role that policy instruments play in the biogas sector today, long-
term conditions and predictability in especially economic instruments are stressed by the 
interviewees as important aspects to promote investments and market developments. Another 
consideration put forward by especially actors on international markets are that policy 
instruments should be set in consideration of Swedish companies’ competitiveness. Thus, these 
sectors request instruments in form of incentives rather than demands for transitions to biogas.  
Instruments that in some way promote market opportunities from using biogas could further be 
promoted, as it allows costs to be transferred towards end consumers, e.g. the public. 

This study assesses that transitions of biogas use from the public sector in general entail risks 
for stagnation and possibly decline in biogas use, given today’s situation. However, if policy 
support is reinforced and clarified, and with developments of the market e.g. in heavy-duty road 
transport, these conditions may change. Succeeding impacts on biogas production from 
aggravated sales opportunities also varies, e.g. depending on if biogas production comprises 
the main purpose of operation. Several future studies could be made to further investigate the 
subject presented in this report. For example, such studies could cover opportunities and 
barriers to implement biogas solutions also in new applications, e.g. hydrogen gas production. 
More detailed investigations on opportunities and barriers in uses at a regional scale could also 
be beneficial, e.g. as support for decision-makers within the public sector, as they may then 
assess the probability for continued use of biogas if it would be transitioned from the segment.  
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Appendix A: Biogas production and use 
Statistics for national and regional biogas production and use, and use of digestate as 
biofertilisers, are presented in the sections below. 

A1. Biogas production 
The production shares between different facilities for national and regional biogas production 
is presented for Sweden, Stockholm, Västra Götaland and Skåne in Table A1. The biogas 
production per substrate category is presented in Table A2. 

Table A1. Biogas produced per facility type, national and regional data (Swedish Energy Gas, 
2017a). 
 Sweden Stockholm Västra Götaland Skåne 
Codigestion facilities 48 % 19 % 48 % 65 % 
WWTPs 36 % 71 % 39 % 23 % 
Sanitary landfills 7 % 10 % 4 % 11 % 
Industrial facilities 6 % 0 % 0 % 0 % 
Farm onsite facilities 2 % 0 % 6 % 1 % 
Thermic carburation 0.4 % 0 % 2.6 % 0 % 

 
Table A2. Biogas produced per substrate, national and regional data (Swedish Energy Gas, 
2017a). 
 Sweden Stockholm Västra Götaland Skåne 

 kton 
ww 

% of total 
production 

kton 
ww 

% of total 
production 

kton 
ww 

% of total 
production 

kton 
ww 

% of total 
production 

Wastewater 
sludge 6249 35 % 1713 66 % 921 37 % 931 23 % 

Manure 914 20 % 0 0 % 223 23 % 95 14 % 

Food waste 404 11 % 51 14 % 48 5 % 66 12 % 
Waste from 
food 
industry 

441 10 % 27 5 % 116 15 % 101 18 % 

Sanitary 
landfill gas - 7 % - 10 % - 4 % - 11 % 

Industrial 
wastewater1 2408 6 % 58 2 % 15 1 % 1 4 % 

Abattoir 
waste 169 5 % 0 0 % 39 5 % 45 8 % 

Energy 
crops 60 2 % 0 0 % 2 0 % 37 7 % 

Other 186 4 % 28 2 % 65 9 % 24 4 % 

Total 10831  1877  1429  1300  
1 Often missing data in this category. 

A2. Biogas and biofertiliser use 
The user shares for national and regional uses of biogas are presented for Sweden, Stockholm, 
Västra Götaland and Skåne in Table A3. Regional biogas use in public bus transport is then 
compared in Table A4 with the total regional use of vehicle gas and the total regional biogas 
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production, respectively. The comparison is based on data from 2017, though the data vehicle 
gas used in public bus transport in Skåne and Västra Götaland has been updated to only contain 
biogas, since fossil fuels today have been replaced. Finally, Table A5 shows the use of digestate 
as biofertiliser in Sweden and in the respective regions.  

Table A3. Biogas uses, national and regional data (Swedish Energy Gas, 2017a). 
 Sweden Stockholm Västra Götaland Skåne 
Upgrading 65 % 75 % 77 % 64 % 
Heating (incl. heat losses) 19 % 17 % 13 % 23 % 
Electricity production 3 % - 1 % 6 % 
Industrial uses 2 % - - - 
Flaring 10 % 8 % 8 % 6 % 
Other uses 1 % - - 1 % 
Missing data 1 % - 1 % - 

 
Table A4. Regional biogas production and use in public bus transport in 2017 (Swedish Energy 
Gas, 2017a; Statistics Sweden, 2017b; Swedish Public Transport Association, 2017b). 

 Stockholm Västra Götaland Skåne 

Production  

Total regional biogas 
production [GWh] 346 320 417 

Use Biogas Natural gas Biogas Natural gas Biogas  Natural gas 

Total regional vehicle gas 
consumption [GWh] 342 26 190 36 314 93 

Vehicle gas consumption, 
public bus transport [GWh] 126 0 126 7 232 88 

Public transport’s use vs. 
total production [%] 36 % 59 % 79 % 

Public transport’s share of 
total vehicle gas use [%] 34 % 42 % 77 % 

 
Table A5. Use of digestate, national and regional data (Swedish Energy Gas, 2017a). 
 Sweden Stockholm Västra Götaland Skåne 

 used 
(%) 

used 
(kton ww) 

used 
(%) 

used 
(kton ww) 

used 
(%) 

used 
(kton ww) 

used 
(%) 

used 
(kton ww) 

Codigestion 
facilities 99 % 187 90 % 83 97 % 324 100 % 395 

WWTPs 31 % 1702 41 % 60 18 % 19 52 % 49 
Industrial 
facilities 52 % 5 - - - - - - 

Farm onsite 
facilities 100 % 316 - - 100 % 98 100 % 21 

Total 83 % 2210 60 % 143 82 % 441 91 % 465 
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Appendix B: Policy instruments 
All policy instruments brought up in interviews and found in literature during the study have 
been compiled in the tables below. Table B1 presents recent, current and to be implemented 
instruments with a respective direct and indirect effect on biogas systems. Table B2 presents 
current suggestions or investigations on instruments that may affect biogas systems in the 
future.  

The set of policy instruments presented in this section may not comprise a complete collection 
of all instruments with effects on the biogas sector. Instead, all instruments described in the 
interviews, or otherwise considered in the study, have been compiled and referenced here to 
provide transparency and solidity for the analysis.  

Table B1. Recent, current and to be implemented instruments with direct and indirect effects 
on biogas systems. 

Instrument Current time 
limitation Description 

Instruments with a direct effect on biogas systems  

Tax exemption on 
biogas  2020 

Biogas is exempted to both energy and carbon dioxide taxes 
when used as fuel in the transport sector. The allowance 
from EU regarding state aid currently stretch until 2020, 
though the exemption may be renewed after that.1,2 The 
Swedish Government is though currently applying for an 
extension of the allowances from the EU after 2021.3 Biogas 
is further exempted to taxes also for other purposes, i.e. 
power and heat production, and industrial use.1 

Tax exemption on 
electricity in biogas 
production 

N/A 
No taxes apply for the power needed to produce energy, e.g. 
biogas.2 The tax exemption covers the production, as well as 
processing after that, e.g. upgrading.4 

Production support for 
biogas from manure 2023 

In a project stretching between 2014-2023, biogas producers 
with manure substrates can apply for production support on a 
yearly basis. The support is given per produced unit from a 
fund with a set value of 360 million SEK, and the received 
funding therefore varies with the number of applicants and 
the biogas volume they produce. Maximum funding is set to 
0.40 SEK/kWh.4  

Temporary production 
support for all biogas  2018 

To compensate for uneven market conditions where 
imported biogas gets double subsidies when sold in Sweden, 
the Swedish Government decided to implement a temporary 
production support for biogas in 2018. During this year, the 
production support for biogas from manure was widened to 
also include other substrates, and an additional 280 million 
SEK was added to the budget.5 Though, the support is 
currently expired, and no suggestions exist on an extension. 
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Investment support for 
infrastructure which 
entail decreased GHG 
emissions 

N/A 

Different kinds of multisectoral investment support schemes 
have been implemented in Sweden, e.g. KLIMP (2003-
2008)6 and Klimatklivet (2015–)4, where companies and 
authorities may apply for investment support for projects 
which support national environmental and climate targets. 
Similar investment support may also be granted e.g. from 
EU funds such as LIFE.4 

Demands and support 
for provision of 
renewable fuels at 
petrol stations 

 N/A 

Since 2005, Swedish petrol stations (i.e. public suppliers of 
fossil petrol or diesel for road transport) with annual sales 
above certain volumes are obliged to also supply at least one 
renewable alternative fuel.7,8 When the law was implemented 
in 2005, it resulted in an extension of foremost ethanol (E85) 
provision, due to low infrastructure costs compared to 
alternative renewable fuels. Though, the intension of the law 
was to increase availability of multiple renewable fuels, and 
the Swedish Government responded in 2007 by providing 
investment support for all renewable fuels except ethanol. 
This resulted in that 57 vehicle gas pumps received 
economic support between 2007-2010.6 

Innovation cluster for 
LBG 2021 

Between 2018-2021, an innovation cluster of 200 million 
SEK is implemented in Sweden to promote the development 
of LBG. In the project, different actors may apply for 
funding of investments and research projects concerning 
LBG.9 

Bonuses for biogas 
vehicles N/A 

Different investment support and bonuses for environmental 
vehicles have been implemented in Sweden. Currently, 
biogas vehicles have reduced benefit values for company 
cars, until 2020.4 In 2018, a Bonus-Malus system was 
implemented in substitution for previous vehicle bonuses. 
The system tax new vehicles with high GHG emissions, and 
provides a bonus of maximum 60,000 SEK in procurements 
of new vehicles with low emissions.10 

Green gas principle N/A 

The green gas principle comprises a system that allows 
biogas producers and consumers to trade biogas virtually 
through market certificates in gas distribution nets. Thus, 
customers can purchase any biogas volumes fed to the net, 
e.g. abroad, and then account this biogas in their operation, 
even if the actual gas molecules which are used originate 
comprise different biogas or natural gas.11 

Environmental zones N/A 

Environmental zones currently exist in several Swedish 
cities, and imply that heavy-duty vehicles have to meet 
certain demands on emissions to be allowed within the 
zones. Current proposals though exist to extend the practice 
to also include light-duty vehicles, and to implement zero-
emissions zones.4 
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Exceptions to 
congestion charges and 
parking fees 

N/A 

Biogas vehicles have been promoted through exceptions of 
congestion charges and parking fees.6 The exception of 
congestion charge earlier applied to vehicles driven on 
biogas, as well as other renewable fuels, in Stockholm city 
until 2012.12 Exceptions or reductions of parking fees were 
implemented by various Swedish municipalities until 2014, 
when the prime administrative court found the benefits to be 
illegal.13 

Public procurements N/A 

Public procurements do not comprise an instrument as such, 
but still constitute an important mean for political steering of 
the biogas sector. For example, public procurements may 
directly purchase biogas, e.g. in public bus transport, or 
influence the development indirectly, e.g. by putting 
stringent requisites on environmental performance in 
procurements of products and services.4 Though, public 
procurements may not directly prioritise local or regional 
biogas over e.g. imported biogas.14 

Instruments with a significant indirect effect on biogas systems 

Taxes on fossil fuels N/A 

Energy and/or carbon dioxide taxes of various amplitude 
apply to fossil resources, e.g. natural gas, petrol, diesel, etc. 
The taxes vary between sectors and applications. These taxes 
may be lifted in a transition to biogas.1 

Emissions trading for 
fossil fuels N/A 

Certain industries are included in the EU Emissions Trading 
System (EU ETS), where companies sell and buy GHG 
emission allowances. After each year, companies must 
ensure that all their emissions are covered by their 
allowances, or face heavy fines.15 The costs for these 
emission allowances may be lifted in a transition to biogas.1 

Common market with 
Norway for renewable 
electricity certificates 

N/A 
Sweden and Norway have since 2012 developed a common 
market for trade of certificates in renewable electricity, 
where e.g. electricity from biogas is included.16 

Mandatory low blend-in 
of biofuels in fossil 
vehicle fuels 

N/A 

In 2018, a mandatory blend-in of biofuels in petrol and 
diesel was implemented in Sweden. This e.g. entails that 
currently 20 % of the diesel consist of biodiesel, with an 
increase to 21 % in 2020, and possible further increases after 
that.8 This entails that biodiesel prices may increase with the 
increased demand.  

Investment support for 
electric buses 2023 

In 2016, a bonus for electric buses was implemented. The 
bonuses will be provided until 2023, and for public transport 
actors cover 20 % of the vehicle procurement costs.17 

Investment support for 
measures towards 
reduced process related 
GHG emissions in 
Swedish industries  

2040 

Each year between 2018 and 2040, industries in Sweden may 
apply for funding of measures to reduce their process related 
GHG emissions, and to produce negative GHG emissions. 
The yearly overall available funding is 300 million SEK.18 
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New regulations on 
PFAD N/A 

From 1 July 2019, the raw material palm fatty acid distillate 
(PFAD) which is a palm oil by-product will no longer be 
treated as a residual product, i.e. as waste.19 This implies that 
GHG emissions from PFAD production then are included in 
calculations for fuels produced from these substrates 
(currently 27 % of the substrates in HVO). In reality this 
entails that PFAD will be removed as a substrate to HVO, 
and that HVO fuel prices are expected to increase.20 

Law for public water 
services N/A 

Regulates activities of wastewater treatment plants, and 
among other regulations implies restrictions on how 
investments are made. For example, investments outside the 
treatment processes, e.g. to improve biogas yields, must be 
profitable for the consumers of the water treatment service.21 

1(Swedish Energy Gas, 2019a). 2(Swedish Tax Agency, 2019). 3(VA. Insights, 2019).  4(Swedish Waste Management 
Association, 2017). 5(Swedish Government Offices, 2018a) 6(Lönnqvist, 2017). 7(SFS 2005:1248 Lag om skyldighet att 
tillhandahålla förnybara drivmedel). 8(SFS 2005:1248 Lag om ändring i lagen om skyldighet att tillhandahålla förnybara 
drivmedel). 9(Swedish Government Offices, 2018b). 10(Swedish Government Offices, 2017a). 11(Swedish Energy Gas, 2017d).   
12(Swedish Transport Agency, 2019). 13(Svenska Dagbladet, 2014). 14(Losman, 2018). 15(European Commission, 2019b). 
16(Swedish Energy Agency, 2017). 17(Swedish Energy Agency, 2019c). 18(Swedish Energy Agency, 2018). 19(ATL Lantbrukets 
Affärstidning, 2018). 20(Swedish Government Offices, 2018c). 21(SFS 2006:412 Lag om allmänna vattentjänster). 

Table B2. Suggested instruments with effects on biogas systems. 

Policy/Instrument Time for 
implementation Description 

Improved access to the 
gas distribution net for 
biogas producers 

N/A 
The Swedish Government currently suggest that biogas 
producers’ access to the national gas distribution net 
should be improved.22 

Increased taxes on 
fossil fuels for 
combined power and 
heat production 

2019 

The Swedish Government currently suggest that the 
existing reduction of the energy tax should be lifted and 
that the carbon dioxide tax should be raised on fossil fuels 
within combined heat and power production.23 This would 
in turn increase the competitiveness for biogas products in 
the sector, but the changes would also apply to biogas if it 
would be complemented with taxes. 

Ban of biofertiliser use 
of digestate produced 
from wastewater sludge 

N/A 

The Swedish Government currently investigates if 
biofertiliser use of digestate from wastewater substrates 
should be banned, and instead substituted with 
incineration treatment and recycling of nutrients from 
ashes.24 

Bonuses for heavy-duty 
vehicles run on biogas N/A 

Transport Analysis has by order of the Swedish 
Government investigated how an introduction of low-
emission vehicles can supported in heavy-duty transport. 
In response to the investigation, an implementation of 
bonuses also for heavy-duty trucks run on renewable fuels 
is suggested. The bonus would then apply to procurements 
of new vehicles powered by gas, ethanol and electricity.25 
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Sharpened requisites 
for tailpipe emissions 
from light-duty 
vehicles 

2025 / 2030 

The EU suggests that tailpipe carbon dioxide emissions 
from passenger cars and vans should be decreased by 15 % 
in 2025 and 30 % in 2030, compared to 2021 targets.26 
This would for example imply a reduction from 95 g 
CO2/km to about 67 g CO2/km between 2021-2030. As the 
targets also apply for vehicles run on renewable fuels, 
biogas vehicles may be affected since they typically have a 
large fuel consumption. 

22(Swedish Government Offices, 2017b). 23(Swedish Government Offices, 2019). 24(Swedish Government Offices, 2018d). 
25(Transport Analysis, 2019). 26(European Commission, 2019c). 
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Appendix C: Fuel prices  
Currently in Sweden, no national collection system exists for statistics on biogas prices. The 
assessment of prices presented in this report is therefore based on estimations of average 
production and distribution costs offered by the Swedish Energy Agency in their surveillance 
reports for state aid of upgraded biogas used as vehicle gas and liquid biofuels (Swedish Energy 
Agency, 2019a; Swedish Energy Agency, 2019b). The price on raw biogas used for electricity 
and heat production was gathered from the surveillance report for heating fuels from 2015 
(Swedish Energy Agency, 2016). Prices on reference fuels presented in these reports were 
further used to compare biogas with applicable alternatives, i.e. for petrol, diesel, liquid biofuels 
and natural gas. Though, taxes were altered to match current levels, from 1st of January 2019, 
according to Swedish Energy Gas (2019a). Since biogas prices may also vary significantly 
between e.g. different substrates, a brief discussion and some alternative sources are also 
obtainable below. 

C1. Assessed fuel prices 
C1.1 Fuel costs 
Energy content used to calculate fuel costs are presented in Table C1. Calculated fuel costs for 
upgraded and raw biogas, natural gas, petrol, diesel, ethanol, and biodiesel (i.e. FAME and 
HVO), are presented in Table C2-Table C9.  

Table C1. Energy content in various fuels (Swedish Energy Agency, 2019a; 2019b). 
 Energy content Unit 

Upgraded biogas 9.7 kWh/Nm3 
Natural gas 11.05 kWh/Nm3 
Petrol 9.1 kWh/litre 
Diesel 9.8 kWh/litre 
Ethanol 5.9 kWh/litre 
FAME 9.2 kWh/litre 
HVO 9.4 kWh/litre 

 
Table C2. Average fuel costs for upgraded biogas sold in Sweden (Swedish Energy Agency, 
2019a). 

 Upgraded biogas  

SEK/Nm3 SEK/MWh 
Substrates costs 4.96 511 
Labour costs 0.61 63 
Capital costs 0.77 79 
Processing and other costs 2.95 304 
Transport costs 0.73 75 
Revenue from sales of by-products 0 0 

Production and distribution costs 10.02 1033 
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Table C3. Average fuel costs for raw biogas sold in Sweden (Swedish Energy Agency, 2016). 

 Raw biogas 

SEK/MWh 
Production and distribution costs 727 

 
Table C4. Average fuel costs for natural gas sold in Sweden (Swedish Energy Agency, 2019b). 

 Natural gas  

SEK/Nm3 SEK/MWh 
Trading price 2.36 214 
Distribution net fee 2.46 224 

Acquirement and distribution costs 4.83 437 

 
Table C5. Average fuel for petrol sold in Sweden (Swedish Energy Agency, 2019b). 

 Petrol  

SEK/litre SEK/MWh 
Production costs 4.23 465 
Gross margin 1.46 160 

Acquirement and distribution costs 5.69 625 

 
Table C6. Average fuel costs for diesel sold in Sweden (Swedish Energy Agency, 2019b). 

 Diesel  

SEK/litre SEK/MWh 
Production costs 4.54 463 
Gross margin 1.03 105 

Acquirement and distribution costs 5.57 568 

 
Table C7. Average fuel costs for ethanol sold in Sweden (Swedish Energy Agency, 2019a). 

 Ethanol  

SEK/litre SEK/MWh 
Substrates costs 5.24 888 
Labour costs 0.04 7 
Capital costs 0.06 10 
Processing and other costs 3.87 656 
Transport costs 0.08 14 
Revenue from sales of by-products 0 0 

Production and distribution costs 9.29 1575 
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Table C8. Average fuel costs for FAME (biodiesel) sold in Sweden (Swedish Energy Agency, 
2019a). 

 FAME  

SEK/litre SEK/MWh 
Substrates costs 8.26 898 
Labour costs 0.30 33 
Capital costs 0.10 11 
Processing and other costs 3.31 360 
Transport costs 0.17 18 
Revenue from sales of by-products 0 0 

Production and distribution costs 12.14 1320 

 
Table C9. Average fuel costs for HVO (biodiesel) sold in Sweden (Swedish Energy Agency, 
2019a). 

 HVO  

SEK/litre SEK/MWh 
Substrates costs 10.28 1094 
Labour costs 0.05 5 
Capital costs 0.04 4 
Processing and other costs 3.28 349 
Transport costs 0.06 6 
Revenue from sales of by-products 0 0 

Production and distribution costs 13.71 1459 

 
C1.2 Taxes and emission allowances 
Energy and carbon dioxide taxes are gathered for each fuel from a compilation by Swedish 
Energy Gas (2019a), and the price for emission allowances is collected average price from 
European Energy Exchange (European Commission, 2019d), see Table C10. The total fuel 
price, including energy and carbon dioxide taxes and emissions allowances, but excluding value 
added tax (VAT), is presented for each user segment in Table C11-Table C14 below.  

Table C10. Emission allowance price, based on average numbers from December 2018. 
 Amount Reference 
Emissions from natural gas (ton CO2/MWh) 0.205 Swedish Energy Gas, 2019a 

Emission allowance cost (€/ton CO2) 20.7 Average price in December 2018 
(European Commission, 2019d) 

Emission allowance cost (€/MWh) 4.2 - 

Emission allowance cost (SEK/MWh) 43 Exchange rate: 10.23 SEK/€  
(28 December 2018)  
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Table C11. Total cost for different fuels in the road transport sector (Swedish Energy Gas, 
2019a; Swedish Energy Agency, 2019b). 

 
Petrol Diesel Natural gas Ethanol FAME HVO Upgraded 

biogas 

Fuel cost 625 568 437 1575 1320 1459 1033 
Energy tax 448 253 0 0 0 0 0 
Carbon dioxide tax 288 228 229 0 0 0 0 

Sum (SEK/MWh) 1361 1050 666 1575 1320 1459 1033 

 
Table C12. Total cost for different fuels in the sea transport sector (Swedish Energy Gas, 
2019a). 

 Natural gas Upgraded biogas 

Fuel cost 437 1033 
Energy tax 0 0 
Carbon dioxide tax 0 0 

Sum (SEK/MWh) 437 1033 

 
Table C13. Total cost for different fuels for applications in various industries (Swedish Energy 
Gas, 2019a). 

 
Natural gas, 

Inside EU ETS 
Natural gas,  

Outside EU ETS Upgraded biogas 

Fuel cost 437 437 1033 
Energy tax 27 27 0 
Carbon dioxide tax 0 229 0 
Emission allowance 43 0 - 

Sum (SEK/MWh) 507 693 1033 

 
Table C14. Total cost for different fuels for electricity and heat production (Swedish Energy 
Gas, 2019a). 

 

Natural gas,  
Combined power 

and heat,  
Inside EU ETS 

Natural gas, 
Heat,  

Inside EU ETS 

Natural gas, 
Heat,  

Outside EU ETS 
Raw biogas 

Fuel cost 437 437 437 729 
Energy tax 25 89 89 0 
Carbon dioxide tax 27 209 229 0 
Emission allowance 43 43 0 - 

Sum (SEK/MWh) 532 778 756 729 

 

C2. Discussion and alternative sources 
Several of the applications, i.e. sea transport, heavy-duty road transport and some industries, 
require conversion to LBG for implementation of biogas solutions. Though, no assessment of 
liquification costs have been made in this report, since it was mentioned in one of the interviews 
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that the liquification expenses are compensated by cheaper transport costs when distribution 
occurs through truck transport and over longer distances (Hjort, 2019). The estimation of raw 
biogas costs are a few years older than the other data. Though when comparing the current price 
on vehicle gas without ‘Processing and other costs’, the prices are nearly similar, i.e. 729 
SEK/MWh (Swedish Energy Agency, 2019a), compared to 727 SEK/MWh. 

The price on vehicle gas, where biogas today comprise 90 %, is further not determined by 
supply and demand, but is rather priced based on reference prices, i.e. 20 % below petrol prices. 
Though, much of the vehicle gas is also sold through bilateral, non-public contracts, and the 
actual price on vehicle gas does therefore differ between consumers (Swedish Energy Gas, 
2014). Production and distribution costs for biogas may also vary between different substrates, 
production scales and e.g. if transport of the gas occurs through pipeline or truck transport. Two 
alternative sources were therefore gathered from a compilation by Swedish Energy Gas (2014) 
and presented in Table C15-Table C16 below. It should further be noted that uncertainties also 
prevail for alternative fuel costs, though these are not discussed here. 

Table C15. Assessment of fuel costs for biogas in vehicle gas by Vestman et al. (2014). 
 Biogas fuel costs 
Raw gas production  540-860 
Upgrading  310-320 
Gas net distribution  60-80 
Truck distribution  120-150 
Refuelling  40-70 
Sum (SEK/MWh) 970-1350 

 
Table C16. Assessment of fuel costs for biogas in vehicle gas (Utredningen om Fossilfrihet på 
väg, 2013, pp. 481). The numbers are based on data from E.ON, and are have been recalculated 
to SEK/kWh by Swedish Energy Gas (2014). 

 Production Gas transport Filling station Sum 

Organic household waste 380-500 90-140 110-170 580-820 
Wastewater sludge 500 90-140 110-170 700-820 
Agricultural wastes 580-900 90-140 110-170 790-1210 
Industrial waste 650-800 90-140 110-170 860-1110 
Thermic carburation of wood 650-810 90-140 110-170 860-1120 
Energy crops 710-800 90-140 110-170 920-1110 
Manure 780-1030 90-140 110-170 980-1350 

Total costs (SEK/MWh) 380-1030 90-140 110-170 580-1350 
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Appendix D: Interview respondents 

D1. Selection process 
The selection of interview respondents developed over time in this project, and included 
suggestions of future respondents given by the interviewees. A brief outline of the overall order 
in which interviews were selected is presented in Figure D1. In short, the project begun with 
an interview with the public transport authorities in Stockholm, which then lead to an inclusion 
also of the regions Västra Götaland and Skåne in the study. In the public transport segment, 
public transport decision-makers, i.e. regional politicians, and one public transport operator, 
were also included. Regional biogas sector organisations were then consulted after interviews 
with the respective public transport planners, and in addition biogas experts and researchers, 
and experts on policy instruments in the sector, were included in the study.  

After this image of the current situation was formed, and future prospects had been discussed, 
potential future users of biogas, i.e. light and heavy-duty road transport, sea transport, and 
various industries with natural gas applications, were interviewed for the study. Electricity and 
heat production were though only discussed indirectly in interviews. Finally, one regional and 
two national biogas producers and distributors were included in the study, to also incorporate 
their view on the future development. The order in which interviews were made, however, 
deviates from the general selection process as scheduling time differs between the respective 
interviews. 

 
Figure D1. Selection process of interview respondents starting from the top. 
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D2. Interview respondents 
All interviewees consulted for this study are presented in Table D1, together with a brief 
motivation for why they were selected. 

Table D1. Interview respondents. 
Interview 

no. Respondent Organisation Position Motivation for participation 

1 Johan 
Böhlin 

Trafikförvaltningen 
at Stockholm 
County Council 

Fuel and energy 
strategist 

Involved in the planning of 
Stockholm’s public transport 
system, with specific knowledge 
in environmental aspects 

2 Hanna Björk Västtrafik Head of 
sustainability 

Involved in the planning of 
Västra Götaland’s public 
transport system, with specific 
knowledge in environmental 
aspects 

3 Bo Ramberg Biogas West 
(Biogas Väst) Process manager 

Representative for the biogas 
sector organisation in Västra 
Götaland 

4 Karl Orton Keolis Head of business 
support 

Representative for a bus public 
transport supplier, operating in 
e.g. Stockholm and Västra 
Götaland 

5 Anders Hjort 

IVL Swedish 
Environmental 
Research Institute 
(IVL Svenska 
Miljöinstitutet) 

Project manager 

Expert on biogas systems, and 
manager of the ongoing project 
"Prospects for renewable LBG 
in Sweden in 2030” 

6 Ulrika Frick The Environmental 
Party (Miljöpartiet) 

Moderator of the 
Public Transport 
Committee in  
Västra Götaland 

Decision-maker for the public 
transport system in Västra 
Götaland  

7 Tomas 
Lönnqvist 

IVL Swedish 
Environmental 
Research Institute 
(IVL Svenska 
Miljöinstitutet) 

Researcher at the 
Climate and 
Energy 
department 

Expert in policy guidance for 
the biogas sector 

8 Martin 
Ahrne 

Biogas East  
(Biogas Öst) 

Senior project 
manager 

Representative for the biogas 
sector organisation in 
Stockholm 

9 Roger 
Berggren 

Government Public 
Inquiry on the 
Swedish Biogas 
Market at the 
Swedish 
Government 
Offices 
(Regeringskansliet) 

Principal secretary 

Participant in the ongoing 
investigation “Long-term 
competitive conditions for 
biogas in Sweden”  
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10 Ellenor 
Grundfeldt 

Swedish Energy 
Gas (Energigas 
Sverige) 

Head of strategy, 
Responsible for 
instruments 

Expert on instruments and 
policy guidance in relation to 
energy gases 

11 Iris 
Rehnström Skånetrafiken 

Environmental 
and sustainability 
strategist 

Involved in the planning of 
Skåne’s public transport system, 
with specific knowledge in 
environmental aspects 

12 Eva 
Sunnerstedt 

Clean Vehicles in 
Stockholm 
(Miljöbilar i 
Stockholm) 

Executive 
manager 

Expert on fossil free alternatives 
in the transport sector 

13 Helén 
Axelsson Jernkontoret  

Energy and 
environment 
director 

Representative for the Swedish 
sector organisation for the steel 
industry, with knowledge in 
energy and environmental 
aspects 

14 Sabine 
Täuber  

Biogas South 
(Biogas Syd) 

Executive 
manager 

Representative for the biogas 
sector organisation in Skåne 

15 Tord 
Andersson 

Käppala 
Association 
(Käppalaförbundet) 

Economic 
manager 

Strategist for the future usage of 
biogas within the Käppala 
Association  

16 Kristoffer 
Tamsons  

The Moderate Party 
(Moderaterna) 

Moderator of the 
Transport 
Committee in the 
Stockholm region 
// Moderator of 
Stockholm Public 
Transport 

Decision-maker for the public 
transport system in Stockholm 

17 Mikael 
Möller 

IKEM – Innovation 
and Chemical 
Industries in 
Sweden 

Industrial policy 
director 

Representative for the Swedish 
sector organisation for the 
chemical industry, with 
knowledge in energy and 
environmental aspects 

18 Erik Woode Gasum 
Senior manager, 
Business 
development 

Strategist for the future usage of 
biogas within Gasum 

19 Mårten 
Johansson 

The Swedish 
association for road 
transport 
companies 
(Sveriges 
Åkeriföretag) 

Technical 
manager 

Representative for the Swedish 
sector organisation for road 
carriers, with knowledge in 
energy and environmental 
aspects 
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20 Hans 
Fredriksson Lantmännen  Energy strategist 

Energy and environmental 
strategist at the farmers 
cooperative Lantmännen, who 
among other things produce and 
market food products 

21 Fredrik 
Larsson 

Swedish 
Shipowners’ 
Association  
(Svensk Sjöfart) 

Senior policy 
advisor, Safety 
and environment 

Representative for the Swedish 
sector organisation for sea 
transport, with knowledge in 
energy and environmental 
aspects 

22 
Björn 
Fredriksson 
Möller 

E.ON Senior specialist Strategist for the future usage of 
biogas within EON 
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Appendix E: Interview topics  
The outline of the interview topics is presented in Table E1 below, where the main interview questions are given together with the project 
description and some additional questions.  

Table E1. Interview topics and main questions. 

Question/topic Respondent Purpose of question/topic 

Project description 

• The project is a master thesis written in 
cooperation with the Royal Institute of 
Technology and IVL Swedish Environmental 
Research Institute.  

 
• The purpose with the project is to outline 

possibilities and barriers for a future use of 
biogas in Sweden, in relation to the ongoing 
electrification of public bus transport systems.  

 
• The analysis is primarily based on interviews 

with stakeholders and actors in the transport 
and the biogas sector, representatives for 
alternative users of biogas, politicians, 
researchers, and experts on instrumental 
guidance.  

 
• The purpose with each specific interview is to 

understand what the sector or the actors that 
each interviewee represents perceive as 
opportunities and barriers for a future use of 
biogas in Sweden, related to their specific 
area of interest.  

All respondents 
 
 
 
 
All respondents 
 
 
 
 
All respondents 
 
 
 
 
 
 
All respondents 

To describe the setting of the project.  
 
 
 
 
To describe the overall aim of the project. 
 
 
 
 
To describe the main methodology of the project. 
 
 
 
 
 
 
To describe the purpose with the specific 
interview.  
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Introductory questions   

• Is it okay if I record the interview for the 
purpose of the analysis?  

 
• Could you give a short description of yourself 

and your working role? 

All respondents  
 
 
All respondents 
 

To get the interviewee’s consent to record the 
interview for the purpose of the analysis.  
 
To get an introduction of each interviewee and 
what he/she does that is related to this project. 

Questions related to values and benefits of biogas systems and electrified transport systems  

• What values and benefits do you see in the 
production and use of biogas? 

 
 

 
• What values and benefits do you see in the use 

of biogas, related to your specific sector? 
 
 
 
 
 
 
• What values and benefits do you see in the use 

of electric vehicles/buses? 
 

Representatives for the biogas sector, biogas 
producers and suppliers, researchers and experts 
on biogas systems, and experts on instrumental 
guidance of biogas 
 
Representatives for regional public bus transport 
planning, politicians who act as decision-makers 
for regional transport systems, public bus 
transport operators, experts on environmental 
vehicles, and alternative users of biogas (i.e. road 
transport except buses, sea transport and various 
industries) 
 
All respondents, except the alternative users of 
biogas (i.e. road transport except buses, sea 
transport and various industries) 

To understand what the societal benefits of biogas 
are.  
 
 
 
To understand what each of the sectors and 
stakeholders see as values and benefits in the use 
of biogas.  
 
 
 
 
 
To understand what values and benefits the 
representatives see in electrified road transport 
systems.   
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Questions related to the previous and current situation 

• How has the production and/or use of biogas 
developed in the region/sector/company and 
how does it look today? 

 
 
 
 
• How has the use of natural gas and biogas 

developed in the sector/industry and how does 
it look today? 

 
• Which previous and current instruments 

would you say have affected the development 
of biogas most significantly in Sweden? What 
problems do you see in previous and current 
instruments? 

Representatives for the biogas sector, biogas 
producers and suppliers, representatives for 
regional public bus transport planning, politicians 
who act as decision-makers for regional public 
transport systems, public bus transport operators, 
experts on environmental vehicles 
 
Alternative users of biogas (i.e. road transport 
except buses, sea transport and various industries) 
 
 
Experts on instrumental guidance of biogas 

To understand how production and/or use of 
biogas has developed in each 
region/sector/company. 
 
 
 
 
To understand how the use of biogas and/or 
natural gas has developed in the sector/industry. 
 
 
To understand how decisions on instrumental 
guidance previously and currently have affected 
the development of biogas production and usage 
in Sweden. 

Questions related to the future situation 

• What are the opportunities and barriers for a 
continued development of biogas production 
and/or use in the specific 
region/sector/industry/company? 

 
• How should future instruments be constructed 

in order to promote a continued production 
and use of biogas in Sweden? How could this 
be done to optimise benefits/cost-
effectiveness? 

All respondents, except experts on instrumental 
guidance of biogas 
 
 
 
Experts on instrumental guidance of biogas 
 

To understand what the interviewees perceive as 
possibilities and barriers related to a continued 
development of the biogas production and/or 
usage. 
 
To understand different possibilities and barriers 
in instrumental guidance of biogas production and 
use, and how instruments could be used to 
optimise climate change mitigation effect and 
cost-effectiveness.  
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Other questions 

• Is there anything else that you have thought 
about during the interview, or any questions 
that you felt were missing? 

 
• Do you have any recommendations on future 

interviewees? 
 

 
• Is it okay if I write your name in the report? 

Direct references or quotes will be double-
checked beforehand. 

All respondents 
 
 
 
All respondents 
 
 
 
All respondents 

To give the interviewee an opportunity to address 
questions or topics outside the interview 
questions. 
 
To get suggestions on future sectors and specific 
interviewees that whose perspective would be 
interesting to include in the project. 
 
To get the interviewee’s consent to appear by 
name in the report, and to clarify that no direct 
references to the interview will occur without 
their consent.  
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