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Abstract 

The thesis analyzes the conditions for biogas in the Swedish transport 
sector. Biogas can contribute to the achievement of Sweden’s ambitious 
targets of decreased emissions of greenhouse gases and an increased 
share of renewables in the transport sector, a sector that encompasses the 
major challenges in the phase-out of fossil fuels. 

A bottom-up analysis reveals that the production of conventional 
biogas based on available feedstock can increase fourfold compared to 
current levels. Despite this, development has stagnated during recent 
years and there are several factors that have contributed to this. The use 
of biogas in transport has developed in niches strongly affected by policy 
instruments and in this thesis, the progress is understood as a policy-
driven systemic transition. Biogas has (started to) become established at 
the regime level and has begun to replace fossil fuels. The major obstacles 
for continued biogas development are found to be the stagnated vehicle 
gas demand, the low predictability of Swedish policy instruments, and 
electric car development. Moreover, the current prolonged period of low 
oil prices has also contributed to a lack of top-down pressure. 

A large share of the cheap and easily accessible feedstock for 
conventional biogas production is already utilized and an increased use of 
vehicle gas could enable a commercial introduction of forest-derived 
methane. However, the technologies to produce forest-derived methane 
are still not commercial, although there are industrial actors with 
technological know-how. 

Future biogas development depends on how the policy framework 
develops. Policy makers should consider the dynamics of biogas as a 
young sociotechnical system where different system fronts develop at a 
varying pace. Currently the demand side is lagging behind. However, it is 
necessary to maintain predictable policy support throughout the entire 
biogas value chain, since the system fronts that lag can vary over time. 
The low predictability of Swedish policy instruments indicates that policy 
makers should exercise care in their design to create a more robust policy 
framework moving forward. 

Keywords: Transport biofuels, Biogas, Forest-derived methane, Policy, 
Actors, Multilevel perspective, Barriers and incentives, Biogas production 
potential 
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Sammanfattning 

I denna avhandling analyseras förutsättningarna för biogas i den svenska 
transportsektorn. Biogas kan bidra till att uppfylla Sveriges ambitiösa mål 
om minskade växthusgasutsläpp och en ökad andel förnybara bränslen i 
transportsektorn, den sektor där de största utmaningarna för att fasa ut 
fossila bränslen återfinns. 

En botten-upp-analys visar att produktionen av konventionell biogas 
baserat på tillgängliga råvaror kan öka fyrfaldigt jämfört med nuvarande 
nivåer. Trots detta har utvecklingen stagnerat under de senaste åren och 
det finns flera faktorer som har bidragit till detta. Biogasanvändningen i 
transport har utvecklats i nischer med starkt stöd av politiska styrmedel 
och biogasutvecklingen kan ses som en systemomställning driven av 
politiska målsättningar och styrmedel. Biogas har (börjat) etablera sig på 
en kommersiell marknad där fossila bränslen ersätts. De främsta hindren 
för en fortsatt utveckling av biogasen har funnits vara den stagnerade 
fordonsgasmarknaden, den låga förutsägbarheten för svenska styrmedel 
samt elbilsutvecklingen. Dessutom har den långa perioden av lågt oljepris 
medfört en avsaknad av ett uppifrån-och-ned-tryck för en omställning. 

En hög andel av de billiga och lättillgängliga råvarorna för 
konventionell biogasproduktion används redan och en ökad efterfrågan 
av fordonsgas kan möjliggöra en kommersiell introduktion av metan från 
skogsråvara. Teknikerna för att producera metan från skogsråvara 
emellertid ännu inte kommersiella, även om det finns aktörer med ett 
tekniskt kunnande. 

Biogasens framtid beror på hur det politiska ramverket utvecklas. 
Politiska beslutsfattare bör betrakta biogasens dynamik som ett ungt 
sociotekniskt system med systemfronter som utvecklas i olika takt. För 
närvarande ligger efterfrågan efter i utvecklingen. Dock är det viktigt att 
upprätthålla förutsägbara stöd från politiska styrmedel längs hela 
biogasens värdekedja, eftersom den systemfront som ligger efter kan 
variera över tid. Den låga förutsägbarheten för svenska styrmedel visar på 
vikten av att beslutsfattare framgent utformar ett robust politiskt 
ramverk. 

Nyckelord: Biodrivmedel, Biogas, Metan från skogsråvara, Policy, 
Aktörer, Multilevel perspective, Barriärer och incitament, 
Biogasproduktionspotential 
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1 Introduction 

Human influence on climate change is clear according to the 
Intergovernmental Panel on Climate Change, and climate change has 
already impacted the temperature of the atmosphere and the ocean, as 
well as the sea level (IPCC, 2014). Limiting future climate change requires 
substantial reductions of greenhouse gas (GHG) emissions. GHG 
mitigation options include reduced energy use and a shift towards 
renewable energy sources, as well as changes in agriculture and forestry 
(ibid). 

Sweden has achieved a large share of renewables in its final energy 
use, 53 % in 20141 (SEA, 2016a). However, the share of renewables in the 
domestic transport sector remains low, 15 % (SEA, 2016b). This sector 
represented 23 % of the total final energy use during the same year, 85 of 
368 TWh (ibid). The domestic transport sector also represents one third 
of Sweden’s greenhouse gas (GHG) emissions and is the largest GHG 
emitting sector followed by industry, heat and power generation, and 
agriculture (SEA, 2016a). Sweden is thus promoting renewable transport 
fuels to mitigate climate change. 

1.1 Renewable transport fuels in Sweden 
Modern transport biofuels development in Sweden started in the late 
1990s2 and use has increased quickly due to policy support (SEA, 2016b). 
The use of electrical cars 3  has also received policy support and the 
number of such cars has increased rapidly since around 2012 when 
development accelerated (Power Circle, 2017). Common transport 
biofuels in Sweden are biodiesel 4 , ethanol, and biogas. The use of 
biodiesel has increased quickly since 2006 and it now represents 74 % of 
the total transport biofuel use (SEA, 2016b). The use of ethanol had its 
peak in 2008 and has been decreasing since. It currently represents 17 % 
of the total transport biofuel use (ibid). The use of biogas as vehicle gas in 
transport started in the mid-1990s and it has increased steadily until 
2016 (Statistics Sweden, 2017). Biogas currently represents 9 % of total 

                                                             
1 The Swedish Energy Agency has calculated the share of renewables in final energy use in accordance 
with the definition set in the EU directive 2009/28/EC (European Union, 2009). 
2 This refers to the use of a transport biofuel larger than 0.1 TWh. It also excludes historical periods such 
as the use of wood gas during the Second World War. 
3 The term electrical vehicle refers to both plug-in hybrids and pure electrical vehicles. 
4 Biodiesel refers to either hydrotreated vegetable oils (HVO) or fatty acid methyl esters (FAME). 
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transport biofuel use (ibid). In vehicle gas, biogas is complemented with 
natural gas, and contrary to the development for biogas, the use of vehicle 
gas has remained constant at approximately 1 600 GWhpa between 2014 
and 2016 after a period of continuous growth, thus resulting in a 
decreased use of natural gas in domestic transport after 2014 (Statistics 
Sweden, 2017). 

If vehicle gas demand were to take off again, biogas from other 
sources may be needed. This is because the practical production potential 
for conventional biogas from anaerobic digestion is limited (Lönnqvist et 
al., 2015, 2013). Forest-derived methane is one option; gasification 
converts forest biomass into a syngas that may be converted to methane 
through a methanation process. One demonstration plant has been built 
in Sweden and companies have advanced plans for commercial-scale 
plants. However, these plans have been put on hold, mainly because of 
lacking demand and because the predictability of policy support in 
Sweden is perceived as low, as discussed in Chapters 6 and 7 (Lönnqvist 
et al., 2017; Peck et al., 2016). 

1.2 Policy instruments 
Policy instruments are political tools to achieve policy targets. These 
instruments can be located at a EU, national, or local level. Renewable 
transport fuels in Sweden are supported with general and specific policy 
instruments. General instruments include exemption or reduction of 
energy and CO2 taxes, which are applied on fossil transport fuels. Specific 
instruments have targeted distribution infrastructure as well as the 
supply and demand side. An example of a specific instrument targeting 
distribution infrastructure is the law mandating refueling stations to 
provide at least one renewable fuel (Government of Sweden, 2005). A 
more thorough discussion about policy targets and instruments is found 
in Chapter 3. 

1.3 Systemic transitions and constraints 
Studies of sociotechnical systems emphasize the relationship between 
society and technology and thus apply a wider perspective than a pure 
technological understanding of a system such as biogas (Olsson, 2015). A 
new sociotechnical system may be established through a systemic 
transition and replace fossil transport fuels. A systemic transition 
involves systemic constraints such as techno-economic and institutional 
barriers. Systemic constraints may also relate to competing pathways or 
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path dependency. There are different technical pathways that can convert 
forest biomass into transport fuels. These pathways may compete for raw 
materials, investments, and research and development funds, as well as 
attention from policy makers. Path dependency refers to lock-in effects 
and sunk investments in the incumbent system, e.g. existing 
infrastructure and know-how that may favor the established socio-
technical system over novel systems (Klitkou et al., 2015). 

The multilevel perspective (MLP) by Geels et al. (Geels, 2011, 2004, 
2002; Geels and Schot, 2007; Schot and Geels, 2008) is a theoretical 
framework that aids in understanding the systemic transitions through 
which new socio-technical systems come about. This framework has been 
used in the thesis to understand the ongoing biogas transition. According 
to MLP, transitions involve interaction between three levels: landscape, 
regime and niche. If beneficial conditions coincide at the three levels, 
there is a window of opportunity. Other scenarios may include beneficial 
conditions at the niche level – a mature technology – but less favorable 
conditions at the landscape level – a low oil price. Depending on how the 
levels interact, a transition is likely to follow different patterns. 

1.4 Aim and research questions 
The primary aim of this thesis is to analyze the conditions for biogas in 
the Swedish transport sector, recognizing physical and practical 
limitations related to the production potential from conventional 
feedstock, the role of policy instruments and actors, as well as the 
characteristics of systemic transitions through which a socio-technical 
system is established. The understanding of systemic transitions includes 
the role of established systems – other renewables and fossil fuels – as 
well as other niche innovations that may be complementary or competing 
with the socio-technical system in question. This aim is specified in the 
following three research questions: 

1) What is the biogas potential? 

The first research question concerns both practical biogas production 
potential from waste and energy crops as well as this fuel’s ability to meet 
the vehicle gas demand on both a national and regional level (i.e. Sweden 
and Stockholm County). The question thus also relates to the potential 
role of this fuel in the transport sector. The production potential can be 
divided into resource categories and the research question also concerns 
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the specific barriers and incentives related to the realization of each 
category. 

The role of biogas as a transport fuel is thus mainly analyzed from a 
supply side perspective comparing the production potential with vehicle 
gas demand estimates. An increased understanding of the biogas 
potential – both its production potential and its potential role in the 
transport sector – is used in the following research questions to support 
policy recommendations. 

2) How can policy instruments incentivize actors along the value chain 
to increase biogas production and use in transport? 

The second research question concerns actors along the biogas value 
chain – from feedstock supply and production to use in transport – and 
how policy instruments may foster this development. This research 
question is divided into two parts: i) How to get actors to increase biogas 
production based on their feedstocks and to increase the use of gas 
vehicles? ii) How can policy instruments foster such developments on 
both the supply and demand side? The biogas system is understood as a 
socio-technical system. Actors – present and potential feedstock 
suppliers, biogas producers and users of gas vehicles – are the first 
primary focus. The second main focus is policy instruments, where biogas 
is understood as one of many renewable transport fuels that can be 
supported. The demand side for vehicle gas also relates to the third 
research question concerning vehicle gas from another source than 
anaerobic digestion of residues and energy crops. 

3) How can forest-derived methane complement biogas from anaerobic 
digestion in the Swedish transport sector? 

The third research question concerns forest-derived methane as a 
complement to biogas from anaerobic digestion. The production potential 
for biogas through anaerobic digestion is limited. To a large extent the 
cheapest and most accessible feedstock has already been utilized. 
Methane produced from other resources, e.g. forest biomass, may also be 
used to meet the vehicle gas demand, if this were to increase. 

A commercial introduction of forest-derived methane in the transport 
sector is understood as a systemic transition from the niche to the regime 
level. For this reason, the research question includes techno-economic 
and institutional barriers for a commercial introduction at the socio-
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technical regime level as well as policy support that may facilitate a 
transition.  

Methane is one of several competing pathways from forest biomass to 
transport fuels and this research question considers that there is an 
uncertainty among Swedish industry actors regarding which pathway to 
pursue with regard to conversion technologies, fuels, infrastructure, and 
types of vehicles.  

The relation between the three research questions and the appended 
papers is presented in Table 1. 

  



6 

 

Table 1: Research questions and papers. 

Research question (chapter) Paper Topic 

1 What is the biogas potential? (5) 

1) Swedish resource 
potential from residues 
and energy crops to 
enhance biogas 
generation 

Biogas production 
potential; barriers and 
incentives 

2) Biogas potential for 
sustainable transport – 
a Swedish regional 
case 

Biogas production 
potential; barriers and 
incentives; regional focus; 
matching supply and 
demand 

3) Is natural gas a 
backup fuel against 
shortages of biogas or a 
threat to the Swedish 
vision of pursuing a 
vehicle fleet 
independent of fossil 
fuels? 

Matching supply and 
demand; regional and 
demand side focus 

2 How can policy instruments 
incentivize actors along the value 
chain to increase biogas 
production and use in transport? 
(6) 

4) Stimulating biogas 
in the transport sector 
– an actor and policy 
analysis with supply 
side focus 

Actors; policy instruments; 
regional focus; supply side 
focus 

5) Biogas in the 
transport sector – a 
regional actor and 
policy analysis 
focusing on the 
demand side 

Actors; policy instruments; 
regional focus; demand side 
focus 

3 How can forest-derived methane 
complement biogas from 
anaerobic digestion in the 
Swedish transport sector? (7) 

6) Forest-derived 
methane in the 
Swedish transport 
sector – a closing 
window? 

Forest-derived methane in 
transport; policy 
instruments; systemic 
transition 
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1.5 Definitions 
A few clarifications of the technical terminology used in this thesis may be 
necessary, since alternatives exist. 

The term biogas in this thesis refers to a gas of renewable origin with 
high methane content – typically between 97 and 98 % – that may be 
used as a transport fuel (SEA, 2015b). Biogas is produced through 
anaerobic digestion conversion processes. The term forest-derived 
methane is used in this thesis for biogas from thermal conversion 
processes to stress the origin, forest biomass. An alternative terminology, 
not used in this thesis, is synthetic natural gas (SNG). The term bio-SNG 
is also used by some authors to stress that the fuel is renewable. An 
alternative term for biogas is biomethane. 

The raw gas obtained from anaerobic digestion is also commonly 
referred to as biogas. This gas typically contains 55 – 70 % methane, 30 – 
45 % carbon dioxide and traces of other gases (Deublein and Steinhauser, 
2008). This gas is thus cleaned and upgraded to remove contaminants 
and increase the methane content when used in transport, or injected into 
the natural gas grid (SEA, 2015b).  

Natural gas refers to the energy carrier of fossil origin that mainly 
contains methane (83 – 98 %) and other hydrocarbons such as ethane 
and propane (Deublein and Steinhauser, 2008). The gas composition 
varies with the origin. An alternative term is fossil gas. It can be argued 
that fossil gas is a more appropriate term since it stresses that this energy 
carrier is not renewable. Nevertheless, the term natural gas is more 
frequent and thus also used in the thesis in order to keep the focus on the 
research topic rather than the terminology. 

Vehicle gas refers to the transport fuel in Sweden that is currently 
composed of (upgraded) biogas and natural gas. 
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1.6 Thesis outline 
Following this introduction, Chapter 2 introduces the biogas value chain, 
the multilevel perspective, and the methods used in this thesis. Chapter 3 
provides a background and analysis of the policy framework. Chapter 4 
gives a background to renewable fuels in Swedish transport. Chapter 5 
presents an analysis of the biogas potential from anaerobic digestion of 
residues and energy crops. Chapter 6 contains a case study focusing on 
actors and policy instruments promoting biogas development. In 
Chapter 7, forest-derived methane is analyzed as a complement to biogas. 
Finally, the results are discussed and the conclusions are presented in 
Chapter 8. 
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2 Models and methods 

2.1 Biogas as a value chain 
Biogas can be viewed as a value chain that includes biogas resource 
generation, upstream logistics, biogas generation, biogas upgrading, 
downstream logistics, and end-use of biogas. This is illustrated in Figure 
1. 

	
Figure 1: The value chain of biogas in transport. 

In Figure 1, biogas resource generation refers to the generation of 
waste, residues, and energy crops.  Upstream logistics refers to the 
transport and storage of the biogas resources, e.g. management of 
municipal solid waste and sewage water. Biogas generation refers to the 
pre-treatment of the resources as well as the generation of biogas and 
byproducts. Byproducts are related to the digestate and these may be 
used as biofertilizers, as materials to cover landfills, and in soil 
production. Biogas upgrading refers to the process of cleaning and 
upgrading biogas to vehicle gas quality and in a state that is suitable for 
distribution (Deublein & Steinhauser, 2008). Downstream logistics 
refers to the distribution of biogas to end-users as compressed biogas 
through pipelines or as compressed or liquefied biogas on trucks. End-use 
of biogas refers to the fuel’s use in private passenger cars, in buses for 
public transport, and in commercial heavy-duty vehicles. 

Chapter 5 of this thesis mainly deals with the biogas production 
potential and this corresponds to the first and second steps of the value 
chain. Chapter 5 also compares the production potential to vehicle gas 
demand estimations corresponding to the last step in the value chain. 
Chapter 6 deals with actors along the entire value chain and how biogas 
development may be fostered with policy support. Chapter 7 concerns 

i) Biogas resource 
generation

ii) Upstream 
logistics

iii) Biogas 
generation

iv) Biogas upgrading v) Downstream 
logistics

vi) End-use of 
biogas
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methane and other transport fuels from forest biomass. Forest-derived 
methane is analyzed as a complement to biogas from anaerobic digestion. 
The analysis of barriers for a commercial introduction of forest-derived 
methane focuses mainly on the supply side and only to a lesser extent on 
the demand side.   

Biogas comprises not only the activities captured in a value chain but 
also the actors that perform the activities as well as the institutions and 
policy framework that provide the necessary conditions for biogas 
development, as well as other factors that constitute incentives and 
barriers for biogas development. 

2.2 The multilevel perspective 
Biogas development may be understood as a systemic transition using the 
theoretical framework by Geels et al. (2011, 2008, 2004, 2002). A central 
triad concept in this framework is system-actor-institution. The socio-
technical system may be fuel production, distribution, and use in the 
transport sector. Actors in a system may be fuel producers, distributors, 
and end-users. Institutions and rules regulate the system and may 
promote a transition to renewable transport fuels. 

Another central triad concept in the framework is the multilevel 
perspective (MLP). A new socio-technical system may come about 
through a systemic transition (Geels and Schot, 2007). According to MLP, 
a systemic transition involves interaction between the landscape, regime, 
and niche levels. The landscape level entails macro-economic and macro-
political factors, such as energy prices. Changes at this level typically 
happen over decades. However, the oil price drop in 2014 is an example 
of a more rapid change of the landscape conditions. The established 
systems for fuel production, distribution, and use in the transport sector 
are located at the regime level. The regime level also contains 
governmental institutions and regulations, as well as actors and 
infrastructure. The niche level represents protected markets, universities, 
and other environments where technology may develop. The Swedish 
Government has supported renewable energy technologies such as 
gasification of biomass and biogas from anaerobic digestion at this level 
during a long period. 

The socio-technical regime may change through interaction between 
these levels, pressure from the landscape (top-down) and/or technologies 
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emerging from the niche (bottom-up). If the conditions at all levels are 
beneficial for a transition, there is a window of opportunity. 

A transition may follow different transition patterns, depending on 
the interaction between the three levels (Geels and Schot, 2007). If the 
landscape conditions favor a systemic transition and a technology has 
developed at the niche level, this technology may substitute an existing 
system. If, however a technology develops at the niche level but the 
landscape level conditions are not favorable, a transition may instead 
come about as a stepwise reconfiguration. A stepwise reconfiguration is 
normally motivated by performance improvement and as a solution to 
local problems, e.g. waste management. A stepwise reconfiguration does 
not substitute the incumbent system immediately, but innovations are 
instead adopted as add-ons or as component replacements (Berkers and 
Geels, 2011). The sociotechnical system at the regime level is reconfigured 
slowly through new combinations of new and old components.  

MLP may be used to understand a transition by analyzing the 
conditions at landscape, regime, and niche level as well as the interaction 
among these. This analysis may assist in understanding the transition 
pattern that is more likely to occur and the barriers that a transition may 
encounter. An understanding of transition pattern and barriers may 
provide input for an analysis of policy support directed at a transition to 
renewable transport fuels. 

2.3 Methods 
The work in this thesis combines different methods: gathering and 
analysis of waste statistics; review and analysis of policy frameworks; a 
case study including interviews with biogas producers and users 
regarding their perception of Swedish policy instruments and barriers for 
biogas development in the transport sector; as well as interviews with 
industry stakeholders regarding their decision-making process 
concerning production of forest-derived methane. 

The method applied in Chapter 5 to estimate the biogas potential 
from residues and energy crops in Sweden and in Stockholm County 
divides the feedstock in five resource categories as well as into estimates 
of the practical and the theoretical potential. The estimates are based on 
two parameters: i) the amount of substrate that could be available for 
biogas generation and ii) the biogas yield that could be obtained from the 
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substrate though anaerobic digestion. The analysis focuses mainly on the 
first parameter – how to increase the available amount of substrate for 
biogas generation. Estimates of the second parameter from previous 
studies (Nordberg, et al., 1998; SGC and Biomil AB, 2005; Linné, et al., 
2008) have been applied in the thesis. However, in the case of one 
specific resource category – sewage sludge – possible yield improvements 
have been investigated through a survey of all the large-scale sewage 
treatment plants in Stockholm County. This methodology is explained 
further in Chapter 5 as well as in Papers 1 and 2. 

Chapter 6 addresses how policy instruments can incentivize actors 
along the value chain to increase biogas production and its use in 
transport. This research question is addressed from the actors’ 
perspective, i.e. a bottom-up perspective. The work combines a national 
and regional perspective on the vehicle gas system as a young and 
developing Large Technical System. A case study of biogas development 
in Stockholm County included 21 interviews with actors representing 
biogas supply, distribution, and use as transport fuel in the region. 
Official statistics of biogas production and vehicle gas use complemented 
the interview results. 

The selection of interviewees included both present and potential 
actors, e.g. present biogas producers as well as organizations that have 
evaluated but not yet implemented biogas production. Actors 
representing different categories of biogas production, i.e. based on 
different feedstocks, were represented as well as different categories of 
vehicle gas user groups. The actors are described in more detail in Papers 
4 and 5. 

The interviews were semi-structured, i.e. following an interview guide 
but allowing for the interviewees to elaborate their answers and to add 
information. General interview guides were first developed and these 
were later adapted for each interviewee, considering their specific roles. 
The interviews were recorded, transcribed or summarized, and sent to the 
interviewees for approval. 

The actors on the supply, distribution, and user sides have been 
interviewed regarding the role of the organization and the respondent; 
their view of biogas development; view on policy instruments, the 
predictability of these instruments, how these affect the organization’s 
decision making process, and specific suggestions for future policy 
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instruments; as well as specific questions regarding the conditions for 
biogas production, distribution, and use in transport. These interview 
topics are described more in detail in Papers 4 and 5. 

Several characteristics of Stockholm County are typical for biogas 
development in Sweden; patterns of biogas production and consumption 
and the categories of actors on both the supply and demand side are very 
similar to other parts of Sweden. In this regard the case study has 
national relevance. However, the region lacks access to a natural gas 
pipeline, contrary to regions in southwestern Sweden, and the conditions 
for vehicle gas distribution thus differ. 

The method applied in Chapter 7 to analyze the conditions for a 
systemic transition that establishes forest-derived methane at the regime 
level is based on interviews and a survey with industry stakeholders as 
well as a literature review. The identification of industry stakeholders for 
participation in the interviews and surveys started from existing 
compilations (Börjesson et al., 2013; Grahn and Hansson, 2014). The 
interview questions concerned factors that have influenced the industries’ 
decision-making process: whether to make the investment or not, choice 
of fuel to produce, feedstock to use, and plant location. Other questions 
concerned the industries’ perception of policy instruments and their 
specific needs that may be addressed with policy instruments. The 
interviews contained both qualitative and quantitative questions. The 
interviews were complemented with a survey to adjust the scope of the 
questions and further quantify the findings from the interviews. The 
analysis has focused on the projects that produce or plan to produce 
forest-derived methane. 
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3 Policy framework for renewable transport 
fuels 

The policy framework for renewable transport fuels contains targets and 
instruments. Policy targets may express political visions and ambitions in 
quantitative terms. For example, ambitions to mitigate climate change 
and reduce GHG emissions from the transport sector may be expressed 
quantitatively as a share of renewable transport fuels by a certain year 
(European Union, 2009). Policy instruments are the political tools that 
incentivize actors to take actions that contribute to achievement of the 
policy targets. In this thesis, the policy framework is analyzed at a EU, 
national, and a local level (i.e. Swedish counties and municipalities). 

3.1 Policy targets 
EU targets 

The European Union Renewable Energy Sources Directive (RES) 
mandates a 10 % share of renewables in the transport sector in Member 
States (MSs) by 2020 (European Union, 2009). Sweden has already 
achieved this target; the use of renewables in the domestic transport 
sector reached 18.7 % during 2014 (SEA, 2015c). This figure is high 
because RES double counts the contribution for fuels produced from 
waste, e.g. biogas and HVO (SEA, 2014b) and the share of renewable 
energy in domestic transport measured by energy content is 14.8 % 
during the same year (SEA, 2016b). The double counting has no direct 
effect on the fuel producers in Sweden; it is Sweden that benefits from the 
double counting in the pursuit to reach the target (which has been 
exceeded by a substantial margin). 

An amendment of RES was passed in 2015. The amendment limits 
the share of biofuels from energy crops5 for fulfillment of the RES target 
in transport to 7 % (European Parliament, 2015). The amendment also 
sets more stringent demands on estimated GHG emissions reductions for 
biofuels. These demands distinguish between biofuel plants 
commissioned before and after October 5th 2015. Plants commissioned 
after this date must achieve an estimated 60 % GHG emissions reduction; 

                                                             
5 Energy crops refer to “cereal and other starch-rich crops, sugars and oil crops and from crops grown 
primarily for energy purposes on agricultural land”. 
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plants commissioned before this date must achieve an estimated 
reduction of 50 % by 2018 (European Parliament, 2015). 

The EU directive 2014/94 on the deployment of alternative fuels 
infrastructure stipulates that a Member State (MS) shall provide refueling 
and recharging points in a network denoted TEN-T 6  (The European 
Parliament and the Council, 2014). The transport fuel infrastructure 
treated by the directive is for compressed natural gas (CNG) in road 
transport, liquefied natural gas (LNG) in road and maritime transport, 
and electricity. Infrastructure for hydrogen as a transport fuel is also 
mentioned in the directive, but as a voluntary measure. According to the 
directive, MSs shall assure the deployment of refueling and recharging 
points throughout the network, with a maximum distance between these 
points. The stipulated distance is 150 km for CNG and 400 km for LNG 
(The European Parliament and the Council, 2014). These demands are 
essentially already fulfilled in Sweden and the effect of the directive in 
Sweden is thus limited. However, the requirements to provide LNG 
infrastructure for maritime transport may affect the gas demand and 
thereby have an indirect effect on the Swedish vehicle gas development 
(The European Parliament and the Council, 2014). 

National targets 

Member States may set more ambitious targets than the EU. The Swedish 
parliament has accepted the ambitious target of a vehicle fleet that is 
independent of fossil fuels by 2030 (Government of Sweden, 2009a). This 
goal is a first step towards the wide-ranging goal to have no net GHG 
emissions from Sweden by 2050 (ibid). In 2013, a government inquiry 
proposed a definition of a vehicle fleet independent of fossil fuels, as well 
as policy instruments to achieve that target (Government of Sweden, 
2013a). The proposed definition of a vehicle fleet independent of fossil 
fuels was as follows: i) a vehicle fleet that technically can function without 
fossil energy carriers and ii) fossil-free energy carriers should be available 
in sufficient quantities. The definition is vague. A vehicle fleet 
independent of fossil fuels is not necessarily fossil free; nor does the 
definition state a share of renewables in the transport sector that should 
be achieved. Nevertheless, the share of 14.8 % renewables 7  that was 

                                                             
6 Trans-European transport network 
7 Measured by energy content (Government of Sweden, 2013a; Swedish Energy Agency, 2016b). 
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achieved during 2014 is interpreted here as far from the target. The 
inquiry recognizes the importance of both transport biofuels and 
electrical cars to achieve the target. 

The Government has proposed a new climate policy framework 
containing a climate act, new climate goals, and a climate policy council 
(Government of Sweden, 2017a). A government bill was presented to the 
parliament in March 2017 and is expected to pass in June. The bill is 
based on a proposal of a Cross-Party Committee on Environmental 
Objectives, in which seven of eight political parties in the parliament 
participated. The climate goals state that there should be zero net GHG 
emissions from Sweden by 2045 and there are also partial goals for 2030 
and 2040. The emissions from the transport sector should be reduced by 
70 % in 2030 compared to 2010. The bill recognizes the goal from 2009 
of a vehicle fleet independent of fossil fuels. It also recognizes the 
importance of biofuels and states that these will be necessary to achieve 
the targets in the transport sector, since a large part of the current vehicle 
fleet will still be in use by 2030 (p 36). 

Local targets 

Local policy targets may differ from and be more stringent than the 
national targets. Therefore, in many cases, fulfillment of local targets will 
contribute to the fulfillment of national targets. Local policy targets are 
particularly important in Sweden where significant amounts of the fiscal 
resources are managed within the municipalities and counties. 

Stockholm County Council8 (2012) has set a target of a fossil-free 
public transport by 2030. This includes traffic on rails, roads, and water. 
A partial target states that a 90 % share of renewables in the region’s 
public transport should be obtained by 2020 (ibid). By the end of 2016, 
the share of renewables reached 87 %. Rail traffic uses electricity from 
renewable sources and in January 2017 the bus fleet also became fossil 
free (Stockholm County Council, 2017). Remaining challenges to 
becoming completely fossil free are ferry traffic as well as mobility 
services for disabled people. 

                                                             
8 In Swedish: Stockholms läns landsting. 
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3.2 Policy instruments 

Classifications 

Policy instruments are intended to incentivize actors to take actions that 
contribute to the fulfillment of policy targets. These instruments may be 
classified in different ways. One classification is as regulatory, economic, 
and informative instruments, see e.g. Vedung (2009). The Government 
exercises coercive, remunerative, and normative power through these 
instruments and they can also be described as stick, carrot, and 
preaching. The Swedish Energy Agency commonly uses an extended 
version with four categories: administrative, economic, information, and 
research, development and demonstration (RD&D) (SEA, 2008). 
Administrative policy instruments are different types of regulations that 
may imply a sanction if not followed. Examples of such instruments are 
emission limits, demands on fuel choice and energy efficiency, long-term 
agreements between public transport and biofuel suppliers, as well as 
environmental standards. The administrative policy instruments are 
therefore somewhat broader than the legal instruments referred to as 
regulatory (c.f. Vedung, 2009) or command and control mechanisms. 
Economic policy instruments affect the cost and benefit of actions that 
actors may take. Examples of such instruments are taxes on fossil fuels 
and tax exemptions for renewable fuels, subsidies, fees, and trading 
systems. Informative policy instruments intend to convince actors to take 
certain actions through information campaigns, counseling, education, 
and lobbying. Informative instruments imply that actions are voluntary 
and are thus different from economic and administrative instruments. 
Policy instruments directed at supporting RD&D are intended to promote 
technology development. This may be obtained through support to 
research and development at universities and companies as well as 
support to demonstration projects in industry (ibid). 

Another classification of policy instruments is as direct or indirect 
market interventions, see e.g. Peck et al. (2016). Direct market 
interventions may refer to when the Government, a county council, or a 
municipality acts as a buyer or seller of for example biofuels or through 
public procurement of biofueled vehicles. Examples of this are municipal 
wastewater treatment plants and public transport companies that sell and 
buy upgraded biogas. Indirect market interventions are obtained through 
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taxes, subsidies, and regulations that affect actors without involving the 
Government as a buyer or seller. 

A third classification of policy instruments is as general or specific. 
General policy instruments are for example energy and CO2 taxes. These 
two taxes are called transport fuel taxes and they may affect the entire 
transport sector, including both biofuel producers and users. Specific 
policy instruments may be directed at production, distribution, or use of 
one of several transport biofuels. Examples of specific instruments 
include investment support to production plants and premiums or tax 
exemptions for environmental cars. 

Policy instruments may also be sector-overarching, i.e. not directed 
specifically at the transport sector (SEA, 2008). Emission trading 
schemes, wide support to research and development, climate investment 
programs, as well as energy and CO2 taxes are examples of instruments 
that overarch several sectors and have an effect beyond the transport 
sector (ibid). 

Specific policy instruments may be further classified according to the 
biofuel value chain, as illustrated in Figure 1: biogas resource generation, 
upstream logistics, biogas generation, biogas upgrading, downstream 
logistics, and end-use of biogas. A policy instrument that affects the 
degree of food waste sorting may thus be classified as directed at biogas 
resource generation, while a policy instrument that subsidizes the 
purchase of gas vehicles may be classified as directed at end-use. 

Policy instruments may be combined through horizontal and vertical 
packaging (Vedung, 2009). Horizontal packaging is the combination of 
two or more policy instruments to obtain the same objective, e.g. a 
combination of administrative and economic instruments. Vertical 
packaging is when one policy instrument is implemented at a higher level 
to influence a lower level to implement other policy instruments. One 
example of this when the EU implements an instrument or sets a target 
intended to make the MSs implement other instruments in their 
respective countries. The instruments implemented in the respective MSs 
will in its turn incentivize individual actors to take desired actions. 
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EU instruments 

The Energy tax directive 2003/96/EC sets minimum levels for energy 
taxes in the EU (European Union, 2003). The directive does not 
distinguish between fossil and renewable fuels and the tax rate is 
expressed per volume in the case of liquid fuels. Thus, a renewable liquid 
fuel with lower energy content, such as ethanol, is taxed at a higher rate 
per energy unit compared to gasoline. This implies that the directive 
disincentivizes liquid renewables with lower energy content.  

The fuel quality directive, 2009/30/EC, regulates the permitted 
volume shares of blend-in from a technical perspective (The European 
Parliament and the Council, 2009). The directive also stipulates that fuel 
suppliers shall achieve GHG emissions reductions through blend-in of 
biofuels (The European Parliament and the Council, 2009). 

Sweden 

General instruments 

Renewable transport fuels in Sweden are supported through both 
general and specific policy instruments. The most influential general 
policy instruments have been the energy and CO2 taxes, which are listed 
for different fuels in Table 2 (Swedish Petroleum & Biofuels Institute, 
2017; Swedish Tax Agency, 2017). 

In addition to the energy tax and CO2 tax specified in Table 2, a value-
added tax of 25 % applies to each fuel. The total tax is a large share of the 
final price on fossil transport fuels, e.g. 65 % of the final gasoline price in 
20169 (Ekonomifakta, 2017). The energy tax was introduced in the 1950s 
and the CO2 tax was introduced in 1991. Together these two taxes are 
called transport fuel taxes. The transport fuel taxes have several 
functions: to obtain fiscal resources, to promote renewables, and to 
reduce energy consumption and GHG emissions through the reductions 
or exemptions of the taxes. However, there may sometimes be conflicting 
goals, e.g. when the tax exemptions or reductions to promote biofuels 
may cause a loss of fiscal resources. 

  

                                                             
9 In addition to the transport fuel taxes specified in Table 2, VAT (25 %) applies to each fuel. 
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Table 2:  Energy and CO2 taxes on transport fuels in Sweden by April 2017 (Swedish 
Petroleum & Biofuels Institute, 2017; Swedish Tax Agency, 2017). 

Fuel	 Energy	tax	
	

CO2	tax	 	 Total	

	
SEK/	liter	
SEK/	Nm3	

SEK/	
kWh	

	

SEK/	liter	
SEK/	Nm3	

SEK/	
kg	CO2	

	 SEK/liter	
SEK/	Nm3	

SEK/	
kWh	

Gasoline*	 3.88	 0.43	
	

2.62	 1.11	 	 6.50	 0.71	

Diesel*	 2.49	 0.25	
	

3.24	 1.27	 	 5.73	 0.58	

Natural	gas	 0	 0	
	

2.42	 1.19	 	 2.42	 0.22	

Biogas	 0	 0	
	

0	 0	 	 0	 0	

Ethanol	(E5)	 0.47	 0.08	
	

0	 0	 	 0.47	 0.08	

Ethanol	(E85)		 0.31	 0.05	
	

0	 0	 	 0.31	 0.05	

Ethanol	(ED95)	 0	 0	
	

0	 0	 	 0	 0	

FAME		 1.59	 0.17	
	

0	 0	 	 1.59	 0.17	

FAME	**	 0.92	 0.10	
	

0	 0	 	 0.92	 0.10	

HVO	**	 0	 0	
	

0	 0	 	 0	 0	

* MK1 **Pure or high blend-in 

Table 2 illustrates the degrees of reductions and exemption for 
transport fuel taxes.  This is because overcompensation of biofuels is 
considered as state aid, as explained in the section regarding EU 
instruments. Tax reductions or exemptions may only be granted by MSs if 
biofuels are more expensive to produce than their fossil equivalents. All 
reductions or exemptions must be reviewed at least once per year 
(European Commission, 2014). In Sweden this review is performed by the 
Swedish Energy Agency. The production cost for ethanol, for example, is 
compared to the gasoline price (SEA, 2015a). If the production cost is 
found to be lower than the gasoline price it is considered to be 
overcompensation. Several biofuels – E5, E85 as well as low blend-in and 
pure FAME – were found to be overcompensated during 2014. As a 
consequence, the energy tax reduction was decreased during 2015 
(Ministry of Finance, 2015; SEA, 2015a; Swedish Tax Agency, 2016). 
However, the next comparison in 2015 resulted in an increase of the tax 
reduction in 2016 (Swedish Tax Agency, 2017). The tax reductions and 
also the tax exemptions for transport biofuels may thus be difficult to 
predict, even in the short term. The system of monitoring 
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overcompensation and adjusting the energy tax accordingly may give 
shortsighted and unstable signals to the market (SEA, 2015c).  

Biogas in transport is exempted from energy tax. This is because its 
production cost is twice the market price of natural gas (SEA, 2015d). The 
tax exemption thus does not imply any overcompensation. Nevertheless, 
this exemption has been granted for one year at a time until 2015. The 
latest tax exemption is valid for a longer period: January 1st 2016 – 
December 31st 2020. This longer period may increase the predictability 
and reliability of the policy framework. However, the exemption was 
approved by the EU Commission as late as December 15th 2015, only days 
before the previous tax exemption would expire. This short notice created 
insecurity among industry actors, which is discussed in Chapters 6 and 7. 
The requirement that national and EU legislation must be compatible and 
that national legislation may have to be approved by the EU Commission 
may thus be a constraint for the promotion of renewable transport fuels. 

To obtain a tax exemption, the applicant is required to have a 
sustainability certification that assures that the EU sustainability criteria 
are met (EU 2009). Since January 1st 2016, a production plant decision is 
also required if energy crops have been used in the biofuel production 
(SEA 2015a; EC 2014b). This decision is not given to production based on 
food crops, but certain energy crops are explicitly excluded from the 
definition of food crops, e.g. ley crops. In addition, some exceptions are 
made for plants where the operation started before 2014. 

Specific instruments 

Sweden has also implemented several specific policy instruments to 
support renewable transport fuels. The Government has supported 
environmental cars through cash premiums and tax exemptions that 
provide economic incentives for the end-users. However, these incentives 
have changed over time and the definition of an environmental car has 
also changed. A definition from 2007 was based on CO2 emissions per km 
for vehicles running on fossil fuels. For vehicles running on renewables 
the definition was instead based on fuel consumption. A definition of a 
super-environmental car was launched in 2012. It provided a larger cash 
premium to buyers of the super-environmental cars. This definition 
limited the permitted emissions per km compared to the previous 
definition of environmental cars and was, in practice, directed towards 
electric and plug-in cars. A new definition of environmental cars from 
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2013 relates the emissions limits to the vehicle weight. The permitted tail-
pipe emission level is higher for ethanol and gas vehicles. Not only the 
definition but also the economic incentive has changed over time. From 
2007 to 2009 a cash premium was granted for purchasers of 
environmental cars. This incentive was in 2010 replaced with a five-year 
vehicle tax exemption. The larger cash premium to super-environmental 
cars existed in parallel with the tax exemption for environmental cars.  

The Swedish Government introduced a law in 2006 targeting 
infrastructure for renewable transport fuels. The law mandated 
refueling stations above a certain annual sales volume to provide at least 
one renewable fuel (Government of Sweden, 2005). The result was a very 
rapid increase in the number of filling stations for ethanol (E85), due to a 
significantly lower cost compared to the cost for distribution 
infrastructure for other renewable transport fuels (Government of 
Sweden, 2013a). The initial intention with this law, however, was to be 
technology neutral and not favor a specific renewable transport fuel. The 
Government responded to this development in 2007 by providing 
investment support to all renewable transport fuels infrastructure except 
ethanol (Government of Sweden, 2013a; Swedish Environmental 
Protection Agency, 2012).  

The latter support led to an expansion of vehicle gas infrastructure 
and 57 vehicle gas pumps received support between 2007 and 2010 
(Swedish Environmental Protection Agency, 2012). These vehicle gas 
pumps are located in the south and southwest parts of Sweden10, an area 
that already had a vehicle gas market (ibid). This area was later targeted 
by the EU infrastructure directive in 2014. The EU directive was thus 
predated by the Swedish laws and it had little effect in Sweden. 

The Swedish Government has also implemented investment 
programs to support renewable transport fuels production, distribution, 
and use. One example is the climate investment program Klimp that 
provided almost SEK 400 million to production facilities and SEK 160 
million to gas infrastructure and vehicles between 2003 and 2008 
(Hansson & Grahn 2013). 

  

                                                             
10 More specifically the counties of Stockholm County, Västra Götaland, Skåne, and Östergötland. 
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Local instruments 

Local policy instruments have also been important to promote the use of 
renewable transport fuels, for example through exemptions from 
congestion charges and parking fees (Government of Sweden, 2015, 
2013a). One example is the municipality of Stockholm, which granted an 
exemption from the congestion charge for environmental cars between 
2006 and 200911. This exemption is likely to have stimulated the demand 
for environmental cars. However, the main purpose of the charge is to 
limit congestion and to obtain fiscal resources. For this reason, the 
exemption was removed when the number of environmental cars 
increased, and there are similar reasons behind the withdrawal of 
exemptions from parking fees in many municipalities. 

Discussed instruments 

The government inquiry that proposed a definition of a vehicle fleet 
independent of fossil fuels also suggested policy instruments, most 
notably a mandatory biofuel blend-in quota, a price premium model, and 
a system directed at vehicle buyers denoted bonus-malus (Government of 
Sweden, 2013a). 

The mandatory biofuel blend-in quota was passed as a law by the 
Swedish parliament in 2013. However, it was later abolished since the EU 
Commission did not give the necessary approval (Government of Sweden, 
2014). This is because the EU Commission considered the quota to be an 
illegal state aid in combination with the existing CO2 tax exemption 
(ibid). The European Commission initiated an investigation, which could 
have taken up 18 months. Thus the Swedish Government took the 
decision not to wait for the result of the investigation and decided instead 
to withdraw the law. The Government’s intention was to create stability; 
the consequences of a negative response from the Commission would 
have impacted the fuel providers who would have to retroactively pay 
compensation for the state aid and thus assume a considerable risk (ibid). 
The Swedish Government is thus not free to design policy instruments 
but must consider compatibility with the EU framework. The law 
proposed a blend-in quota for gasoline and diesel that would increase 
gradually (Government of Sweden, 2013b). In addition, the energy tax 

                                                             
11 The exemption lasted until 2012 for some environmental cars. 
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would apply on low blend-in biofuels but not to pure or high blend-in 
biofuels. The instrument would have brought better control over the 
share of renewables through the quota, and even more importantly it 
would have reduced the tax losses for low blend-in fuels, while 
maintaining the market for pure or high blend-in biofuels (Grönkvist et 
al., 2013). 

A similar instrument – a reduction obligation quota system12 – was   
proposed March 17th 2017 by the Government together with another party 
of the parliament (Government of Sweden, 2017b). This instrument is not 
a form of state aid and thus it does not need an approval by the EU 
Commission, according to the memorandum (ibid). The system would 
mandate liquid transport fuel distributors to blend in biofuels. The 
purpose of the instrument is to increase the use of transport biofuels and 
to reduce the GHG emissions from the transport sector. The 
memorandum recognizes that the stability of support for transport 
biofuels has been low and is aiming for increased stability with this new 
instrument. 

The share of biofuels in the blend would be determined through 
estimated GHG emissions reductions. For gasoline these are set to 2.6 % 
by 2018 and 4.2 % by 2020. The corresponding figures for diesel are  
19.3 % by 2018 and 21 % by 2020. An indicated GHG emissions 
reduction, considering both fuels, is set to 40 % by 2030, which would 
correspond to a blend-in of approximately 50 % biofuels. The instrument 
would promote biofuels with low GHG emission, e.g. produced from 
forest biomass. The tax reduction would remain for fuels that are not 
included in the reduction obligation. i.e. biogas, high blend-in ethanol 
(E85 and ED95), as well as pure biodiesel. Fuels that are included in the 
system would be charged with a CO2 tax that takes the share of biofuel 
into account. The instrument would permit trade between distributors; a 
distributor with an emissions reduction surplus can trade with one that 
has a deficit. The intention is a cost effective phase out of fossil fuels. 

The price premium model has not been realized either, but the 
intention with this policy instrument was to support technology 
development with the focus on production of renewable fuels based on 
waste and residues through e.g. gasification. A premium would be 

                                                             
12 In Swedish: reduktionsplikt 
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granted to fuel producers during a twelve-year period. The premium 
would be calculated in accordance with the current diesel production cost 
and the current CO2 tax applied on diesel. The intention was to liberate 
the renewable fuel producer from risks related to the diesel cost (i.e. the 
oil prices) and to changes in the CO2 tax. However, the producer would 
carry the risk related to the demand of the specific transport fuel since the 
premium would not be paid until the fuel is sold on the market. The price 
premium model thus intends to distribute risks. The cost of the model 
would be carried by the fuel distributors and not by the Government, and 
hence it was not believed to be considered as state aid (Government of 
Sweden, 2013a). 

The policy instrument called bonus-malus was first presented in the 
government inquiry regarding a vehicle fleet independent of fossil fuels 
2013 (Government of Sweden, 2013a). After that, two versions of the 
instrument have been proposed in 2016 and 2017 (Government of 
Sweden, 2017c, 2016). 

The first proposal was presented April 29th 2016 and would have 
affected vehicles sold from January 1st 2018 onwards. The instrument 
would incentivize the purchase of certain vehicles through a premium and 
disincentivize the purchase of other vehicles through a vehicle tax. The 
instrument would affect personal vehicles, light buses (up to 3.5 tons), 
and light trucks (up to 3.5 tons), but not heavy vehicles. The name bonus-
malus comes from the Latin words for good and bad. A premium would 
be provided to vehicles with low or no tail-pipe emissions. The premium 
would be differentiated for vehicles with no emissions, vehicles emitting 
less than 35 g CO2 / km, and vehicles that emit less than 50 g CO2 / km. 
The vehicle tax would distinguish between vehicles that run on biofuels 
and on fossil fuels. In addition, the tax would be proportional to the 
estimated CO2 emissions above a certain limit and thus higher for the 
fossil fuels compared to the corresponding biofuel.  

The bonus-malus instrument is expected to increase the number of 
electric vehicles and decrease the number of vehicles that run on fossil 
fuels. The sales of hybrid vehicles and vehicles that run on biofuels are 
not expected to be heavily affected by the instrument. The emission levels 
to obtain the premium are set so low that biofuel vehicles will not qualify. 
The vehicle tax will differentiate between vehicles that run on biofuels 
and fossil fuels, providing a stronger disincentive for the latter. However, 
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the fact that biofuels are located on the malus side could send confusing 
signals to the market. The instrument is expected to be self-financed 
during the first four years. The system is intended to complement existing 
general instruments and is seen as an extension of two existing specific 
instruments: the super-environmental car premium and the vehicle tax. 

The second and modified proposal of a bonus-malus system was 
presented by the Government March 24th 2017 together with another 
party in the parliament (Government of Sweden, 2017c). This 
memorandum considered comments submitted by various interest 
organizations and government agencies regarding the system proposed 
April 29th 2016. 

The proposal from March 2017 would affect vehicles sold from 1st of 
July 2018 and onwards. It would provide a premium (bonus) between 
SEK 45 000 and SEK 7 500 to vehicles with calculated emissions between 
0 and 60 gram of CO2 per km. In addition, gas vehicles would receive a 
premium of SEK 7 500. The premium would be paid six months after the 
purchase of the vehicle, in order to avoid exports of subsidized vehicles. 

The system would increase the vehicle tax during the first three years 
(malus) for gasoline and diesel vehicles: SEK 77 annually per gram of 
calculated CO2 emissions per kilometer above 95 grams and SEK 100 
above 140 grams CO2 emissions per kilometer. After three years, the 
vehicle tax would be lower: SEK 22 annually per gram of calculated CO2 
emissions per kilometer above 95 grams. Gas and ethanol vehicles would 
not be charged with an increased vehicle tax, but tail pipe emissions are 
still weighted in accordance with the current vehicle taxation (SEK 11 
annually per gram of calculated CO2 emissions per kilometer above 95 
grams. April 29th 2017). Gas vehicles would thus not be placed on the 
malus side and would receive a bonus, although limited. The system is 
estimated to provide an annual fiscal surplus: SEK 0.4 billion in 2018, 
SEK 1.15 billion in 2019, and SEK 1.84 billion in 2020. 

National waste management policies 

National waste management policies can facilitate biogas production 
through e.g. regulations on waste sorting. The national environmental 
goals set the ambition that 50 % of the food waste should be sorted out 
and treated biologically by 2018 and that the major part of this, 40 % of 
the total amount, should be treated so that energy and nutrients are 
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recovered (Swedish Environmental protection Agency, 2017). In practical 
terms this means that the major part of the collected food waste should be 
treated through anaerobic digestion and only a small part may be treated 
through composting. Other influential policy instruments include the ban 
on landfilling organic materials from 2002 as well as the tax on 
deposition of all materials in landfills from 2000 (Guziana et al., 2011). 
The intention with these polices is to increase recycling so that all waste 
fractions are taken care of as far as possible and that only waste that 
cannot be dealt with in other ways is deposited at landfills (ibid). 
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4 Renewable fuels in Swedish transport 

The energy use in the domestic transport sector in Sweden was 85 TWh in 
2014, equivalent to nearly one-quarter of the domestic final energy use 
(SEA, 2016b). The share of renewables in domestic transport was 14.8 %13 
during the same year, the highest share in the EU (Eurostat, 2015; SEA, 
2016b). Of this, transport biofuels such as biodiesel, ethanol, and biogas 
amounted 11 TWh or 12.9 % of the total use in domestic transport (SEA, 
2016b). The remaining 1.9 % was renewable electricity, which is used for 
rail transports (ibid). This number considers that rail transport used 2.6 
TWh electricity during 2014 and that the share of renewables in 
electricity end-use during 2014 was 63 % (ibid). The development of 
transport biofuels is illustrated in Figure 2. 

 
Figure 2: Transport biofuel development in Sweden 1998 – 2014 (Swedish Energy Agency, 
2016b). 

The number of electrical cars is increasing rapidly. However, the 
electricity use by these vehicles is not included in the official statistics of 
transport fuels. The number of electrical cars has increased by 73 % 
during a 12-month period between March 2016 and March 2017 and 
there were more than 31 000 chargeable cars in Sweden by March 2017 
(Power Circle, 2017). Of these 34 % were pure electrical cars and 66 % 

                                                             
13 Refers to domestic transport and measured by energy content. 
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plug-in hybrids (ibid). This development has been, and still is, promoted 
by policy instruments specifically directed at electrical cars, see 
Chapter 3. For comparison there were more than twice as many gas 
vehicles by the end of 2015, 53 000, but the increase from the previous 
year was only 6 % (Gasbilen, 2017). The number of gas vehicles and 
electrical cars is, however, still very small in comparison to the total 
number of personal vehicles, 4 700 000 in 2015 (Statistics Sweden, 
2016a). 

4.1 Biofuels development 
The starting year of the modern transport biofuel development in Sweden 
may be seen as 1998, since the use of ethanol reached 100 GWh in that 
year and thereby passed the limit to be visible in official statistics by the 
SEA (2016b). However, previous periods of alternative transport fuels 
include, for example, wood gas and ethanol as emergency fuels during the 
First and Second World Wars (Ekerholm, 2012; Ulmanen, 2013). Ethanol 
was produced from pulp and paper industry residues14 and distributed as 
a 25 % blend in gasoline (Ulmanen, 2013). Methanol was promoted as a 
response to the 1973 and 1979 oil crises and it was used in transport 
between 1979 and 1982 (Sterner et al., 1998; Ulmanen et al., 2009). 
Methanol was mainly distributed as a low blend-in fuel (M15) and it was 
produced from natural gas although the intention was to shift to 
production from renewable sources (Ulmanen et al., 2009).  

The use of ethanol increased from 1998 until 2008 when it had a peak 
and it has been decreasing since, as shown in Figure 2 (SEA, 2016b). 
Ethanol is distributed as low blend-in with gasoline (E5), high blend-in 
with gasoline (E85), and also as high blend-in with diesel (ED95). E5 
distribution can benefit from the existing infrastructure for gasoline. 
There is also a well-developed infrastructure for E85 as a result of a law 
mandating refueling stations to provide at least one renewable fuel (see 
Chapter 3) (Government of Sweden, 2005). ED95 is distributed directly 
to customers through the company SEKAB 15 . The distribution 
infrastructure is under development and this fuel is currently only 
available at one public refueling station (Municipalities of Stockholm and 
Malmö, 2016). Sweden both imports and exports ethanol. There are three 

                                                             
14 Sulphate lye 
15 SEKAB imports ethanol and also buys domestically from Domsjö Fabriker. The ethanol is blended to 

E85. In addition this company is a technology developer for production of ethanol from cellulose. 
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domestic ethanol producers – Lantmännen Agroetanol, Domsjö Fabriker, 
and St1 – while most of the imported ethanol is from Brazil. 

The use of biodiesel in the Swedish transport sector reached 100 GWh 
in 1998 (SEA, 2016b). The use has increased quickly since 2006 and it 
reached 8 100 GWh during 2014 (ibid). Biodiesel here refers to both 
hydrotreated vegetable oils (HVO) and fatty acid methyl esters (FAME). 
The use of HVO is larger than the use of FAME. One advantage with HVO 
is that it can be blended in diesel to a higher percentage than FAME if 
conventional diesel engines are used (SEA, 2014a). The possibility to 
blend biodiesel in conventional diesel facilitates distribution, because no 
new infrastructure is needed. However, FAME is also distributed as pure 
biodiesel, B100, but the use is then limited to dedicated (adapted) 
vehicles. 

The demand for HVO in Sweden is larger than the domestic 
production. There is only one HVO producer in Sweden, Preem in 
Gothenburg, and the domestic production is based on raw tall oil together 
with vegetable oils and animal fats. Raw tall oil is refined to raw tall 
diesel16, which is used in a refinery to produce HVO. The HVO is finally 
distributed as a blend-in fuel17. HVO produced from other feedstocks is 
imported and distributed as blend-in by other companies in Sweden. 

There are two major producers of FAME in Sweden – Perstorp 
Bioproducts AB and Ecobränsle AB – and several smaller producers. 
FAME production is in Sweden based on rapeseed oil and the fuel is also 
called rapeseed methyl ester (RME). FAME is also imported to meet the 
demand. The fuel is both distributed as low blend-in and as pure 
biodiesel, B100. In 2015 there were 38 public refueling points for this 
pure biofuel (Swedish Petroleum & Biofuels Institute, 2017). 

Vehicle gas was introduced in Sweden in 1995. At first, it was entirely 
based on natural gas but the following year small amounts of upgraded 
biogas were also introduced. The use of biogas in the transport sector 
reached 100 GWh in 2001 (SEA, 2016b) thus becoming visible in national 
statistics. The volume share of upgraded biogas in vehicle gas has 
gradually increased and by 2015 it reached 74 % (Statistics Sweden, 

                                                             
16 Raw tall oil is refined by the company SunPine in Piteå, which is owned by Preem, Sveaskog, Södra 
skogsägarna, KIRAM, and Lawter. 
17 The fuel produced by Preem is distributed as a rather high blend-in with up to 50 % biodiesel. 
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2017). Vehicle gas demand has grown steadily since the introduction and 
it increased rapidly between 2009 and 2011, with 30-35 % per year (ibid). 
However, use has remained fairly constant since 2014. In spite of this, the 
production of biogas has continued to increase and this has resulted in a 
decreased use of natural gas in domestic transport, as illustrated in Figure 
3 (Gasbilen, 2016). 

 
Figure 3: Vehicle gas development in Sweden (Gasbilen, 2016). 

The major part of the upgraded biogas, 79 %, is distributed through 
gas bottles in compressed form while the remaining 21 % is distributed 
through the natural gas grid (SEA, 2014a). Almost no biogas is 
distributed in liquefied form (LBG). When biogas is injected to the 
natural gas grid this is done to the distribution and not the transmission 
grid (SEA, 2013). Local vehicle gas grids exist in Stockholm, Västerås, and 
Linköping. Distribution through a gas grid is more cost efficient 
compared to distribution in gas bottles, especially for longer distances. 
LBG is produced only in Lidköping (SEA, 2014a); the process is expensive 
and energy consuming compared to other distribution forms. 

The Swedish natural-gas grid is located in the southwestern part of 
the country. Since 2011 there is a liquefied natural gas (LNG) harbor in 
Nynäshamn, south of Stockholm and since 2014 there is a terminal in 
Lysekil north of Gothenburg (Energigas Sverige, 2015; The Linde Group, 
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2015). There are also plans of LNG harbors in Gothenburg18, Helsingborg, 
and Gävle (Energigas Sverige, 2015; SwedeGas, 2015). 

The access to natural gas, through a grid or through distribution via 
gas cylinders, can increase security of supply for vehicle gas. During 
2010-2011 there were regional supply problems, e.g. in Stockholm 
(Lönnqvist et al., 2013), and these supply problems were remedied by the 
commissioning of the LNG harbor in Nynäshamn. However, the 
temporary supply problems have affected the trust for the vehicle gas 
market, see Chapter 6. 

By the end of 2015 there were 220 vehicle gas refueling stations 
concentrated in the southern, and most densely populated, part of 
Sweden (Gasbilen, 2017). Of these, 160 refueling stations were available 
for personal vehicles. The other 60 refueling station were only available 
for heavy transport, e.g. public transport that often enjoys a dedicated 
distribution infrastructure, sometimes in connection to bus garages. In 
addition there are five LNG refueling stations (ibid). The use of LNG in 
the road transport has started relatively recently and it is mostly used for 
heavy transport. 

A major share of the 1 560 GWh biogas19 produced in Sweden in 2014, 
65 %, was upgraded and used as vehicle gas (SEA, 2015b). Other uses of 
biogas include heat and power generation, industrial applications, and 
cooking gas. As much as 11 % of the biogas was flared in order to reduce 
GHG emissions. Flaring is done if there is a temporary surplus of biogas. 
Almost all the upgraded biogas, 99 %, was produced at sewage treatment 
plants and co-digestion plants. Biogas produced at farm facilities and in 
connection to industrial activities was used mostly for heat and power 
generation as well as to satisfy internal energy demands (ibid). 
Production at sewage treatment plants is based mainly on sludge, but 
industrial residues and food waste are also used as feedstock. Co-
digestion plants receive manure, industrial residues, food waste, 
slaughterhouse residues, and some energy crops. Farm facilities base 
their production on manure, but some amounts of energy crops, 

                                                             
18 A first step of the LNG harbor has also been realized and LNG may be provided as bunker fuels for 
ships (Swedgas, 2016).  
19 This number excludes landfill gas. Landfill gas contains lower methane content and is thus less 

appropriate to upgrade compared to biogas from anaerobic digestion plants. In addition, the amounts of 

landfill gas are decreasing as a result of a prohibition on depositing organic material at landfills. 
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slaughterhouse residues, and industrial residues are also used in these 
facilities. Biogas production in connection to industrial activities is based 
mainly on industrial residues. 
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5 The biogas potential 

It is important to estimate the biogas production potential to understand 
what role this renewable transport fuel may play in the Swedish transport 
sector. The biogas potential is an estimate of how much biogas that may 
be produced. The main purpose of this estimate is to compare it to 
demand estimates and/or policy targets. A comparison between potential 
and demand estimates may indicate bottlenecks for biogas development. 
If the potential cannot meet the demand it may lead to an increased use 
of natural gas in transport. If, on the contrary, the demand side is the 
bottleneck, it may motivate policy support specifically directed at the user 
side. For this purpose, the potential has been estimated both at a national 
and regional level. The estimate of the Swedish production potential by 
2020 corresponds to Paper 1 (Lönnqvist et al., 2013) and the estimate of 
the production potential in Stockholm County for 2020 and 2030 
corresponds to Paper 2 (Lönnqvist et al., 2015). In addition, the potential 
for 2030 in Sweden has been calculated and presented in this cover essay. 
This is a result of the acquired knowledge in Papers 1 and 2 and may be 
seen as complementary information to Paper 1. 

The difference between the potential estimates for 2020 and 2030 is 
due to the resource category food waste. Implementation of food waste 
segregation, which facilitates biogas generation, is expected to take time. 
This has been quantified and resulted in separate estimates for 2020 and 
2030. Other resource categories have not been estimated separately for 
2020 and 2030. 

5.1 Practical and theoretical potential 
In Papers 1 and 2, two different potentials were estimated, practical and 
theoretical. The practical potential is distinct from the theoretical 
potential. The theoretical potential incorporates all organic matter of a 
resource that can be used for biogas generation, and the theoretical 
potential may be the starting point to estimate the practical potential. The 
practical potential is limited by space, time, social, technical, and 
economic contexts. Thus the practically achievable potential of a resource 
is evaluated in a given geographical area and for a given time period 
under specific conditions (Deublein and Steinhauser, 2008). An example 
of a social factor that affects that the practical resource potential is the 
degree of waste separation by households. Waste separation by 
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households facilitates biogas generation from food waste, which is an 
important resource category. 

5.2 Calculations 
The calculations of the biogas potential are based on two equations. The 
first equation is general and the second is specific for energy crops. 

	 	                                                      1 	

Where: A = Amount of substrate [ton]; Y = Yield [Nm3 CH4 / ton]; E = 
Energy content of methane [GWh / Nm3 CH4]; P = Biogas potential 
[GWh] 

																																																														 2  

Where: A = Area of available land [ha]; Y = Yield [GWh / ha]; P = Biogas 
potential [GWh] 

The analysis has focused especially on the available amount of substrate 
for biogas generation, parameter A in Equation 1. The biogas yield has 
been reused from previous studies (Nordberg, et al., 1998; SGC and 
Biomil AB, 2005; Linné, et al., 2008,). However, in the case of sewage 
sludge possible yield improvments were analyzed. Best Available Practice 
in the region was investigated through a survey and this value is used for 
the parameter Y (yield) when estimating the potential.  

5.3 A bottom-up approach based on resource 
categories 

The estimation of the biogas potential is a bottom-up process based on 
detailed information about five main resource categories: (i) food waste, 
(ii) sewage sludge, (iii) industrial residues, (iv) agricultural residues, and 
(v) energy crops. These main categories have also been divided in 
subcategories. The method developed to estimate the potential contains 
specific assumptions related to each category. The potential that can be 
obtained from e.g. food waste depends on the fulfillment of 
environmental goals regarding food waste sorting and biological 
treatment. Assumptions regarding implementation of food waste sorting 
are thus important. The estimation of the resource category sewage 
sludge is based on a survey with sewage treatment plants evaluating the 
possibilities to increase the biogas yield. The estimation of industrial 
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residues includes assumptions regarding alternative uses of these 
residues, e.g. as fodder. Finally, the evaluation of the potential from 
energy crops contains assumptions regarding land use and it has also 
been updated to reflect new regulations, Section 3.2. For these reasons 
the method and assumptions are described separately for each resource 
category below. The results are summarized and discussed in Section5.4. 
These results are then compared to demand estimates in Section 5.5. 

5.3.1 Food waste 
The potential from food waste derives mainly from households, but an 
important waste stream is also generated in restaurants, large kitchens20 
and supermarkets (Lönnqvist et al., 2015, 2013). The practical potential 
depends largely on the degree of food waste sorting, since waste 
separation makes the resource more accessible and facilitates biogas 
generation. Swedish environmental goals regulate food waste sorting; a 
share (50 %) of the food waste should be sorted out and treated 
biologically and a smaller share of the food waste (40 %) should be 
treated so that energy and nutrients are recovered by the year 2018 
(Waste Sweden, 2016a). “Biological treatment” may refer to both 
composting and biogas production. However, “biological treatment that 
recovers both nutrients and energy” refers to biogas production. The 
obligation – and prerogative – to handle household waste lies with the 
municipality (Waste Sweden, 2016b). The national environmental goals 
increase the level of ambition: previous goals stated that 35 % of the food 
waste should be sorted out and treated biologically by 2010 (Government 
of Sweden, 2009b). Although this may be positive from an environmental 
point of view, it should be noted that more stringent goals do not 
necessarily lead to an increased degree of food waste sorting. For 
example, the goal set for 2010 was still not met by 2012; during this year 
only 30 % of food waste was sorted out and treated biologically 
(Lönnqvist et al., 2015). Nevertheless, the trend is an upward one, and by 
2014 a food waste sorting of 38 % was achieved nationally (Waste 
Sweden, 2016a). The share of food waste that was treated biologically in 
such a way that both energy and nutrients were recovered reached 27 % 
(ibid). This development indicates that it is possible to reach the 
environmental goals by 2018. 

                                                             
20 I.e. restaurants and institutional kitchens. 
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5.3.1.1 Dry digestion of mixed waste 
Biogas generation from sorted household waste contributes to the 
fulfillment of Swedish environmental goals. The most commonly used 
technology to generate biogas in Sweden is wet anaerobic digestion. 
However, another digestion technology, dry digestion, shows interesting 
advantages in some cases. It may be applied on both sorted waste and 
mixed waste (i.e. waste that has not been sorted by households). Dry 
digestion of mixed waste is common in the UK (Wrap, 2013). Separated 
organic material (SOM) is obtained from mixed waste through 
mechanical separation (ibid). SOM may then be applied in dry digestion. 
However, this digestate – i.e. the residue after the biogas process – is 
contaminated and can no longer be used as a biofertilizer21. Instead it is 
used on restored land to manufacture soil. No food production is realized 
on this land because the soil originates from mixed waste and will be 
contaminated (Wrap, 2013). Dry digestion of mixed waste would thus 
provide biogas, but would not contribute to the fulfillment of the Swedish 
environmental goals stating that both nutrients and energy should be 
recovered from food waste. The advantage is that it may be implemented 
quickly, before the share of household waste sorting improves. In a later 
stage the plant may also be used to produce biogas from sorted household 
waste. Dry digestion is evaluated as an option for a limited share of the 
food waste in Stockholm County in Paper 2 for the estimate for 2030. It 
was also considered for the national potential for 2030 in an updated of 
the estimate calculated in Paper 1 presented in Section 5.4. 

5.3.1.2 Assumptions 
Important assumptions for the estimate of the biogas potential from food 
waste are i) the total volume of food waste, ii) the biogas yield that may be 
obtained from anaerobic digestion of food waste, and iii) the degree of 
food waste sorting by 2020 and 2030. 

The total amount of food waste must be estimated. Estimates are 
often based on waste samples and these estimates may vary (Linné et al., 
2008; Waste Sweden, 2016a). This analysis uses the key value 128 kg per 
person and year (Linné et al., 2008). The majority of this amount, 79 kg, 
is generated directly in the households. The rest derives from restaurants, 
big kitchens, and supermarkets. 

                                                             
21 Biofertilizer is a byproduct from biogas generation as mentioned in section 2.1. 
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A yield of 114.5 Nm3 CH4 / ton of food waste measured by wet weight 
has been used for the estimate of the biogas potential (Linné et al., 2008). 
To estimate the practical biogas potential the degree of food waste 
sorting must also be considered. This analysis focuses more on the 
amount of substrate that could be practically available than on the 
theoretical potential. The degree of food waste sorting by 2020 and 2030 
has been evaluated, given the historical development, the increased 
ambition of the environmental goals, as well as different regional 
experiences in Sweden. This is because certain regions in Sweden have 
achieved a high degree of waste sorting much earlier than other regions 
(Lönnqvist et al., 2015). For example the city of Västerås reached over 60 
% food waste sorting as early as 2013 (Västerås Municipality, 2016). 

In the case of Stockholm County the potential has been estimated for 
2020 and 2030. For the 2020 potential it is assumed that the 
environmental goals have been met. This is a reasonable assumption 
given the positive development and given that the targets are set for the 
year 2018. It is thus assumed that 50 % of the food waste is separated and 
that 40 % of the food waste is applied in biogas digestion. As a result, 
100 000 tons of food waste (wet weight) are used in biogas generation. 
The corresponding practical biogas potential by 2020, according to 
Equation 1, is 115 GWh. 

For the 2030 potential, it is first assumed that all separated food 
waste is applied in biogas generation, which implies that 50 % of total 
food waste is available for biogas generation. This is in line with the 
currents efforts in Stockholm Municipality, which prioritizes biogas 
generation over composting. Secondly it is assumed that dry digestion of 
mixed waste may be applied in Stockholm County to an amount that 
corresponds to an additional 20 % of total food waste. Thus 70 % of the 
food waste would be used in biogas production. This opportunity may be 
pursued in parallel with efforts to increase source segregation of food 
waste. The estimated practical biogas potential by 2030 is then 200 GWh. 

For the estimate of the Swedish practical potential by 2020, it was 
assumed that 50 % of the total food waste would be applied in biogas 
generation. This results in a biogas potential of 680 GWhpa. 

It should be noted that Paper 1, which corresponds to the estimate of 
the national potential for 2020, and Paper 2, which corresponds the 
regional potential for 2020 and 2030, were published in 2013 and 2015, 
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respectively. The more developed assumptions in Paper 2 are not only a 
result of gained knowledge from the previous paper but also from the 
societal progress during this period, including improved food waste 
sorting and an increased ambition in the environmental goals. In this 
way, the biogas potential is a moving target and for the sake of this cover 
essay, the national potential from food waste for 2030 has also been 
calculated. The theoretical and practical biogas production potentials in 
Sweden and in Stockholm County for 2020 are presented in Section 5.4. 

5.3.2 Sewage sludge 
Sewage sludge is an important resource for biogas generation. It is also 
the resource category with the highest share used for biogas production22 
in Sweden (Lönnqvist et al., 2013). Anaerobic digestion reduces the 
sludge volume and has been practiced in Stockholm wastewater 
treatment plants since the 1940s (Olsson and Fallde, 2014). Biogas may 
thus be seen as a by-product from wastewater treatment. 

5.3.2.1 Survey of sewage treatment plants in Stockholm County 
An important part of the regional potential estimate is a survey of sewage 
treatment plants in Stockholm County. This survey is presented in more 
detail in Paper 2 (Lönnqvist et al., 2015). It contained both qualitative 
and quantitative questions with regard to sludge handling, biogas 
generation and use, as well as management decisions. The survey covered 
18 sewage treatment plants and four of these facilities were defined as 
large-scale because they handle 90 % of the total sludge in the region. 
These four facilities are thus fundamental for biogas generation in the 
region, and of particular importance for the potential estimate was data of 
biogas yield from the large-scale facilities. This data was used for the 
estimate of the practical potential. Information about the co-digestion 
with external feedstock (i.e. other than sludge), available digestion 
capacity, and sludge handling was also obtained, see Sections 5.3.2.2 – 
5.3.2.4. 

5.3.2.2 Practical potential 
The practical potential considers how much sludge is available and the 
yield that can be obtained through anaerobic digestion in practice. The 
practical potential for Sweden considers possibilities to increase yield by 

                                                             
22 A comparison between actual production and the estimated potential. 
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20 % compared to national average, based on process improvements and 
co-digestion with small amounts of external materials (Hellstedt et al., 
2009; Linné et al., 2008). The practical potential for Stockholm County 
is found at four large-scale and 14 small-scale wastewater treatment 
plants. As much as 90 % of the sludge in the county is handled at the four 
large facilities (Stockholm County Administrative Board, 2005). The 
biogas yield varies between these four plants and the analysis considers 
the possibility to transfer the best regional available practice (250 Nm3 
CH4 / ton TSin), found at one of the plants, to all four plants (Lönnqvist et 
al., 2015). However, no yield improvements are assumed for the other 14 
facilities due to reasons linked to economy of scale. Instead, a yield 
corresponding to national average is assumed for these plants (195 Nm3 
CH4 / ton TSin). 

The different assumptions for the national and regional evaluation 
not only reflect the learning process from Paper 1 to Paper 2, but also the 
specific regional conditions of Stockholm County evaluated in Paper 2, 
i.e. a concentration to large-scale facilities that may motivate investments 
due to economy of scale. The potentials were calculated using Equation 1. 
The amount of sewage sludge is expressed as dry substance (also called 
total solids, TS) as opposed to the calculations of the food waste potential 
based on wet weight. 

5.3.2.3 Co-digestion and available digestion capacity 
Biogas production may be increased through co-digestion of sewage 
sludge and other substrates such as food waste. Co-digestion often 
provides increased yield compared to digesting the substrates 
individually, i.e. a form of synergy. Co-digestion is a way to use available 
digestion capacity that generally exists at wastewater treatment plants in 
Sweden (Lantz, et al., 2007). The survey reveals that there is available 
capacity at the large-scale sewage treatment plants in Stockholm County 
(Lönnqvist et al., 2015). To make use of this available capacity, there must 
be available organic substrate apart from sewage sludge and possibilities 
to use or dispose of the additional digestate. Currently two of the large-
scale facilities practice co-digestion of sewage sludge and other 
substrates, e.g., fat sludge, food waste, and brewery residues. One of the 
plants considers the main barrier to increasing this practice to be the 
availability of other substrates (ibid).   
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5.3.2.4 Sludge handling 
Although anaerobic digestion reduces the sludge volume, there are still 
significant volumes of digestate that must be handled. The digestate may 
be used as biofertilizer in agriculture, in soil production, to cover landfills, 
and to cover mining residues. These applications imply costs for the 
sewage treatment plants and none of the plants that participated in the 
survey stated that they could sell the digestate (Lönnqvist et al., 2015). 
Recycling of nutrients is achieved when the digestate is used as a 
biofertilizer in agriculture. However, the use of the digestate as a fertilizer 
in agriculture has decreased. In the 1980s over 80 % of the sludge was 
used in agriculture (Stockholm County Administrative Board 2011). By 
2014 this share was only 25 % (Statistics Sweden, 2016b). The sludge 
handling process can be certified by e.g. the Swedish Water & Wastewater 
Association (2016) to increase the quality of the sludge and increase 
transparency regarding the sludge content and possible contaminants. 
The survey corroborates that a certification facilitates use of the digestate 
as a biofertilizer and a way to decrease sludge handling costs (Lönnqvist 
et al., 2015).  

5.3.3 Industrial residues 
Industrial residues that are attractive for biogas generation in Sweden 
may be found at airports, in production of food and beverages, as well as 
in the pulp and paper industry. The food industry includes meat, dairy, 
brewery, bakery, sugar, potato starch, and flour milling industries. The 
practical potential is limited by alternative uses of the residues, e.g. 
production of fodder or heat generation to satisfy internal demands. 
Biogas production from industrial residues may have logistical 
advantages, gathering large volumes of substrates in connection to the 
industry, in contrast to e.g. food waste that must be collected from 
households. 

Residues from ethanol and biodiesel production may also be suitable 
for biogas production. Ethanol production from wheat generates residues 
such as wet distiller grain and solubles (Murphy and Power, 2008). 
Biodiesel production from rapeseed generates glycerol as a residue (Linné 
et al., 2008). An increased production of these biofuels could thus lead to 
an increased feedstock base for biogas production. 

In contrast to other resource categories, information available on 
industrial residues is well protected and transparency of available 
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evaluations is low due to industrial secrecy. The national potential 
estimate for 2020 is therefore based on previous evaluations (Berglund, 
2006; JTI, 1998; Lantz et al., 2007; Linné et al., 2008; SGC and Biomil 
AB, 2005; Thermal Engineering Research Association, 2006). The 
estimate of the regional potential, on the contrary, is based on a more 
detailed analysis. In Stockholm County residues available for biogas 
generation are generated at Arlanda and Bromma airports as well as in 
the brewery and dairy industry. The potential at airports is related to the 
use of propylene glycol to prevent icing. Residues are also produced at 
dairy industries in Kallhäll and Järna as well as in Spendrups brewery. 
Available amounts of the residues were retrieved from the companies’ 
environmental reports and environmental managers at the companies 
were also contacted. The potential from the industry was adjusted 
compared to previous estimates to reflect a decreasing production in the 
region. The potential from the brewery industry was included in the 
practical potential in Paper 2 that is presented in Section 5.4. In previous 
estimates, this feedstock is considered as purely theoretical, since these 
residues were used as animal fodder (Linné et al., 2008). Since 2012 the 
sewage treatment facility of Himmerfjärden (SYVAB) receives residues 
from Spendrups brewery such as brewer’s spent grain and yeast. 

5.3.4 Agricultural residues 
The estimates of the biogas potential from agricultural residues have been 
divided in dry and wet residues. Dry agricultural residues derive from 
crop cultivation and wet agricultural residues derive from animal 
farming.  

The practical potential from dry residues in Sweden has been 
estimated to 0.98 TWhpa in previous assessments (JTI, 1998; Linné and 
Jönsson, 2005). The practical potential from dry residues in Stockholm 
County is very small since most of the dry agricultural residues in the 
county consist of hay. Hay is costly to collect and needs a long residence 
time in the digester, and thus is not included in the practical potential. 

Wet residues consist of manure generated from animal populations, 
primarily cattle, pigs, horses, poultry, and sheep. These residues are often 
found in rural areas (e.g., livestock), but also in urban areas (e.g., horse 
populations). The key factor when assessing the practical potential from 
wet agricultural residues is the volumes of resources available. Logistical 
aspects become important; the animal population must be large enough 
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and at least part of the manure must be produced in a stable to facilitate 
collection and transportation.  On a national level, 95 % of the resource 
volume is generated by cattle, pig and horses, which puts a ceiling on the 
practical potential. However, an average horse population in Sweden is 
only 5 animals while an average cattle population for milk production and 
an average swine population contain 55 and 487 animals respectively 
(Statistics Sweden and Swedish Board of Agriculture, 2005; Swedish 
Board of Agriculture, 2008). Thus, the estimation of the national 
practical potential from wet residues has been focused on manure from 
swine and cattle. The estimation also considers that the total populations 
of these animals have been decreasing in Sweden and that they are 
expected to decrease further until 2020 (Lantz and Björnsson, 2011).  

The estimate of the practical potential biogas from wet agricultural 
residues in Stockholm County contrasts with the national estimate. A 
large share of this regional potential is horse manure. This is because the 
average horse population in the county is twice as large as the national 
average (Linné et al., 2008; Swedish Board of Agriculture and Statistics 
Sweden, 2011). Although these animal populations may be large enough 
to motivate biogas production they may be too small to produce upgraded 
biogas. For this reason, the potential from horse manure was not included 
in the biogas potential suitable for upgrading in Paper 2. However, it may 
be possible for several small biogas producers to cooperate and use one 
common upgrading facility. Dry agricultural residues were also excluded 
from the potential suitable for upgrading due to very small volumes (2 
GWhpa in total). The regional potential also includes some manure from 
cattle and swine.  

5.3.5 Energy crops 
Energy crops are cultivated with the specific purpose of energy 
production. The analysis is separated into energy crops cultivated on 
arable land and energy crops cultivated on fallow land. Common energy 
crops suitable for biogas generation in Sweden are grass, corn, grain, 
sugar beet, and ley crops.  

The biogas potential was calculated using Equation (2), which 
contains two parameters: (i) the crop yield and (ii) the land area available 
for cultivation. The first parameter was reused from previous 
assessments. The second parameter is more controversial and debated. 
This is because energy crops may compete with production of food crops, 
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if energy crops are cultivated on arable land. However, this debate has 
been less common in Sweden, because the area of arable land has been 
decreasing during recent decades due to a declining agricultural activity 
(Statistics Sweden, 2014). 

5.3.5.1 Recent energy crops development 
Since the completion of Papers 1 and 2, the conditions for energy crops 
cultivation in Sweden have changed substantially, Section 3.2. This 
motivates an update of the results of these papers. A new regulation 
effective from January 1st 2016 changes the requirements for biogas 
facilities to obtain a tax exemption (SEA, 2015e). A so-called production 
plant decision (Swedish: anläggningsbesked) is now required to obtain 
the tax exemption in order to assure that the EU sustainability criteria are 
met. Production plant decisions are not given to food-based production. 
Exceptions are made for plants that started before December 31st 2013. 
These exceptions may be valid until the plant is depreciated or until 2020 
at the longest (SEA, 2015e). The regulation is based on the EU guidelines 
on state aid for environmental protection and energy (European 
Commission, 2014). The regulation provides examples of food-based 
production: wheat, rye, oat, corn, sugar crops, and oil crops. Examples of 
non-food-based production are materials that contain cellulose and lignin 
such as forest biomass. Ley crops are also specifically defined as non-food 
based production (SEA, 2015e). In addition, biogas that is used for other 
purposes than transport fuel, e.g. heat and electricity, is not affected since 
the EU sustainability criteria concerns transport fuels and liquid fuels. 

Thus, the update of the results from Papers 1 and 2 excludes the 
potential from energy crops on arable land since this would be considered 
as food-based production. Although the estimated potential is still 
technically feasible it may not be economically feasible, since the tax 
exemption is very important to obtain profitability. However, cultivation 
of ley crops would still obtain a tax exemption and is thus still included in 
the potential estimate.  

5.3.5.2 Arable land 
A mix of grass, corn, grain, and sugar beet including tops, with an average 
yield of 25.7 MWh/ha was considered for the estimate of the potential 
from energy crops cultivated on arable land (SGC and Biomil AB, 2005). 
Both Papers 1 and 2 assume that 10 % of arable land in Sweden can be 
available for energy crops, of which 25 % can be applied in biogas 
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generation. This assumption implies that 65 000 ha in Sweden and 2 087 
ha in Stockholm County would be available for energy crops production 
(Swedish Board of Agriculture and Statistics of Sweden, 2012, 2009).  

The results are presented in Section 5.4. The potential from crops is not 
included in the total potential, but instead presented separately, to reflect 
the new regulations 

5.3.5.3 Fallow land 
Ley crops with a yield of 19.4 MWh/ha has been assumed for the estimate 
of the potential from energy crops cultivated on fallow land (Nordberg, et 
al., 1998). It has further been assumed that 50 % of fallow land may be 
used for ley crops cultivation dedicated to biogas production. This implies 
that 73 000 ha of fallow land in Sweden and 5 767 ha of fallow land in 
Stockholm County would be available (Swedish Board of Agriculture and 
Statistics of Sweden, 2012, 2009). An advantage of ley crops is their 
ability to fixate nitrogen and improve soil quality. Therefore, they are also 
cultivated for soil improvement purposes. 

5.4 Compilation of results 
The biogas potential from residues and energy crops cultivated on fallow 
land for 2020 is presented in Table 3, Figure 4, and Figure 5. It has been 
estimated to 7 190 GWh in Sweden and 550 GWh in Stockholm County by 
2020. The potential by 2030 is estimated to 7 450 GWh in Sweden and to 
635 GWh in Stockholm County. The estimate for 2030 is higher because 
the potential from food waste is expected to increase over time as the 
degree of food waste sorting improves.  

The potential from energy crops cultivated on arable land is presented 
separately from the total potential to reflect that the conditions to realize 
this potential has changed with the new regulation, see Section 5.3.5.1. In 
addition, a part of the regional potential – 92 GWhpa from horse manure 
and dry agricultural residues – may not be suitable for upgrading. The 
horse populations are relatively small and may motivate biogas 
production but not upgrading since this process requires economy of 
scale. The reason it is still included is that it still may be possible to 
upgrade if several small biogas producers cooperate and use one common 
upgrading facility. This share of the potential is also indicated in Table 3.  
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Table 3: Estimate of the biogas potential in Stockholm County and Sweden for 2020. 

 Sweden  Stockholm County 

Resource category Theoretical 

[GWh] 

Practical 

[GWh] 
 

Theoretical 

[GWh] 

Practical 

[GWh] 
Food waste 1 300 680  285 115 

Sewage sludge 1 000 890  289 164 

Industrial residues 2 000 1 000  67 24 

Wet agricultural residues 4 200 2 220  134 133 

Dry agricultural residues 8 100 980  151 2 

Crops on fallow land  2 840 1 420  224 112 

Total 19 440 7 190  1 150 550** 

Crops on arable land* 66 800 1 670  2 145 54 

* Not included in total  
** 92 GWh corresponds to horse manure and dry agricultural residues, which may not be 
suitable for upgrading due to small volumes 

 
Figure 4:  Distribution of practical potential by 2020 in Sweden. 
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Figure 5: Distribution of practical potential by 2020 in Stockholm County.  

The practical potential for biogas production from residues and crops 
cultivated on fallow land is distributed differently in Stockholm County 
compared to the rest of Sweden, as illustrated in Figure 4 and Figure 5. 
Stockholm County presents a larger potential from food waste and sewage 
sludge and a smaller potential from agricultural residues and energy 
crops cultivated on fallow land compared to the national potential. This 
difference is primarily due to the large population in the county in 
relation to its agricultural activities. 

The estimate of the national potential was compared to twelve 
previous assessments in Paper 1 (Berglund, 2006; Börjesson, 2007; JTI, 
1998; Lantz et al., 2007; Lantz and Björnsson, 2011; Linné et al., 2008; 
LRF, 2005; LRF et al., 2009; SGC and Biomil AB, 2005; SEA, 2010; 
Swedish Environmental Protection Agency, 1997; Thermal Engineering 
Research Association, 2006). The comparison of each resource category 
is presented in Paper 1. In general, it was found that the previous 
estimates were higher than the one presented in Paper 1. The largest 
differences were found for the resource categories agricultural residues 
and energy crops, due to different assumptions regarding availability of 
the residues and land available for energy crops cultivation. The 
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difference is even larger if the update on the potential from energy crops 
made in this cover essay is taken into account. However, one assessment 
estimated a lower potential from food waste and sewage sludge due to 
other assumptions of food waste sorting and biogas yield from digestion 
of sewage sludge (Linné et al., 2008). 

In a more recent study by Dahlgren et al. (2013), the national 
practical potential of biogas from residues and energy crops by 2030 was 
estimated. Their analysis contains three scenarios, reflecting different 
economic conditions, fossil fuel prices, conditions for energy crops, 
energy and carbon taxes, and policy instruments. Scenario 1 is the most 
beneficial and Scenario 3 is the most pessimistic scenario regarding the 
conditions for biogas production. The present situation may best be 
described by Scenario 3. However, the tax exemption granted for biogas 
until 2020 is better described by Scenario 2. The fossil fuel price 
development since 2013 is worse for biofuel production than described in 
Scenario 3 (i.e. the oil price is currently lower). In addition, new 
regulations for energy crops on arable land, described in Section 5.3.5.1, 
are not captured in any of the scenarios by Dahlgren et al. (2013).  
Scenario 3 corresponds to an estimate between 1.2 and 2.5 TWh and 
Scenario 1 corresponds to an estimate between 5.3 and 9.6 TWh, both for 
2030. There is evidently a large span between the scenarios and the 
highest estimate is higher than the one presented in this cover essay. The 
most pessimistic scenario would reflect a situation where there is no 
increase from the current production level of 1.6 TWhpa (excluding 
landfill gas) (SEA, 2015b).  

The estimate of the potential in Stockholm County was also compared 
to previous assessments that generally estimated a much higher potential 
(Dahlgren et al., 2013; JTI, 1998),but two studies also estimated a slightly 
lower potential (Linné et al., 2008; Mårtensson, 2007). Linné et al. have 
estimated a lower potential from sewage sludge because their 
assumptions are based on the national average yield for biogas 
production. However, the actual yield obtained today in the large plant 
with the top performance in Stockholm is higher than the national 
average. Moreover, there are possibilities to increase this yield even 
further (Lönnqvist et al., 2015). 

The biogas potential is a moving target. This is particularly clear 
when estimating the potential from food waste and energy crops. The 
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degree of food waste sorting has improved and this trend is thus 
facilitating biogas generation. Such improvements are the result of the 
municipalities’ active waste management strategies to achieve the 
national environmental goals to recover energy and nutrients from food 
waste. The possibilities to cultivate energy crops on arable land, on the 
contrary, have diminished, with the new regulations described in Section 
5.3.5.1. The other resource categories may also change over time as a 
result of increases/decreases in population as well as agricultural and 
industrial activities. Nevertheless, the main purpose of a biogas potential 
estimate is to compare it to demand estimates and/or policy targets. 

5.5 Comparison of the biogas potential and the vehicle 
gas demand 

5.5.1 Sweden 
The Swedish vehicle gas demand by 2020 was estimated to 1 800 GWh in 
SEA’s (2011) long term forecast from 2011. Upgraded biogas was expected 
to amount to 1 100 GWh while the remaining 700 GWh would be met by 
natural gas. This demand estimate was compared to the potential 
estimate in Paper 1, which is also presented in Section 5.4 (Lönnqvist et 
al., 2013). It was concluded that the supply could meet the demand for 
upgraded biogas. In addition, the entire vehicle gas demand – including 
natural gas – could be met by upgraded biogas, although this is not likely 
to happen, given the sunk investments in natural gas infrastructure 
(Lönnqvist et al., 2013). In principle, this relationship between potential 
and demand estimates would still be accurate even with the updated 
lower value for the practical feedstock potential presented in this cover 
essay (see Section 5.3.5.1). 

SEA (2014c) updated the demand estimates in its long-term forecast 
from 2014. The estimate for 2020 was slightly increased compared to the 
previous forecast: 1 100 GWh biogas and 800 GWh natural gas. The long-
term forecast also included an estimate for 2030: 1 200 GWh of biogas 
and 800 GWh of natural gas. Interestingly, the demand is predicted to 
remain almost constant between 2020 and 2030. These estimates refer to 
SEA reference scenarios for 2020 and 2030. The forecast also contains 
scenarios with different levels of economic growth and different 
development for the price of crude oil during these years. 
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In Papers 2 and 3, the demand in Sweden was estimated to 1 120 
GWh for 2020 and 2 770 GWh for 2030 (Lönnqvist et al., 2015; Sanches-
Pereira et al., 2015). These estimates were based on statistics of the 
vehicle gas development until 2013 (ibid). However, the vehicle gas 
demand has remained constant since 2014 (Statistics Sweden, 2017). It is 
uncertain whether this is a change of trend or if the market will take off 
again. For this reason, a linear regression on historical data might not 
reflect the future development accurately. This may be the reason why the 
estimate for 2030 is high in comparison to the SEA long-term forecast. 
These differences illustrate some of the difficulties with estimating the 
future vehicle gas demand and also that such estimates should be seen as 
a moving target, just like the potential estimate. 

5.5.2 Stockholm County 
The demand for vehicle gas in Stockholm County has been estimated to 
460 GWh by 2020 and 1 200 GWh by 2030 (Lönnqvist et al., 2015; 
Sanches-Pereira et al., 2015). This estimate was used in Paper 2 and 3 to 
compare with the regional biogas potential estimate (Section 5.4) and it 
was concluded that the potential may meet the demand by 2020, but that 
it may cover only approximately 50 % of the demand by 2030 23 
(Lönnqvist et al., 2015). The analysis in Paper 2 led to the conclusion that 
policy support should focus on supply rather than the demand side. The 
motive behind this conclusion was that an increased use of natural gas 
should be avoided. 

Other estimates predict an even higher demand for 2020 in 
Stockholm County; a study from 2009 ordered by the interest 
organization BiogasÖst estimated a demand between 560 and 820 GWh 
by 2020 (Jonerholm and Forsberg, 2009). That estimate includes 
significant demand from the regional public transport company 
Stockholms Lokaltrafik (SL). Later BiogasÖst presented an updated 
version estimating the demand to be even higher, between 800 and 1 200 
GWh by 2020 (Forsberg et al., 2012). However, vehicle gas demand in 
Stockholm County has remained constant since 2013 (Statistics Sweden, 
2017). This recent development may motivate policy support focusing on 
the demand side, contrary to the conclusions of Paper 2. This is discussed 
further in Chapters 6 and 7. 

                                                             
23 This comparison considers the limitations related to the share of the biogas potential that might not be 
suitable for upgrading, as discussed in Section 5.4. 
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5.5.3 Matching supply and demand 
Since the vehicle gas market stagnated in 2014, the demand side appears 
to be a bottleneck (Statistics Sweden, 2017). However previous estimates 
based on statistics until 2013 indicated that the supply side may be a 
bottleneck (Lönnqvist et al., 2015; Sanches-Pereira et al., 2015). It may 
thus be complex to determine how policy support should be focused, i.e. 
primarily on the demand, the supply side, or a combination of both. 

If the vehicle gas demand does not develop sufficiently, it may create 
uncertainty in the whole sector and disincentivize investments on both 
the supply and distribution sides, as discussed in Chapters 6 and 7. 

If, on the contrary, the supply side does not develop sufficiently and 
becomes a bottleneck, it may lead to increased use of natural gas. 
Increased use may incentivize investments in new natural gas 
infrastructure in parts of Sweden and create fossil lock-in effects. An 
increased share of natural gas may also affect the perception of vehicle 
gas as a sustainable fuel. At the same time, natural gas is needed to 
maintain the economic attractiveness of vehicle gas, as discussed in paper 
3 (Sanches-Pereira et al., 2015). The production cost for upgraded biogas 
is almost twice the market price of natural gas, section 3.2 (SEA, 2015d). 
Hence, natural gas acts as price-regulator for vehicle gas (Sanches-Pereira 
et al., 2015). This function is particularly important for users of passenger 
cars (ibid). Private vehicle owners remain a very small user group. 
However, taxi companies – which are an important user group (chapter 
6) – may be sensitive to changes in the price of vehicle gas. 

An insufficient biogas supply may also be remedied through biogas 
imports from neighboring countries/regions or through deployment of 
forest-derived methane. Barriers to the latter energy carrier are discussed 
in Chapter 7. However, the current development indicates that it is the 
vehicle gas demand that is the bottleneck rather than the biogas supply. 
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6 Actors and policy instruments 

This chapter deals with the conditions for biogas development and 
focuses on how policy instruments can support actors along the value 
chain – from production and distribution to use in the transport sector. 
The chapter is built on a case study of Stockholm County reported in 
Papers 4 and 5. Actors along the value chain were interviewed regarding 
incentives and barriers and official statistics were also used, as described 
in Section 2.3. 

6.1 The actors 
Actors along the entire value chain from biogas production to vehicle gas 
use participated in the interview study that was the basis for Papers 4 and 
5: a forest industry that generates residues attractive for biogas 
production, an agricultural interest organization, waste management 
actors, biogas production and upgrading companies, vehicle gas 
distribution companies, different categories of end-users such as a taxi 
company, a public transport company, a private company operating 
public transport, a haulage contractor company, municipalities, a vehicle 
sales organizations, and a vehicle procurement consulting company.  

Most of these actors have a quite specific role in the biogas value 
chain. However, municipalities are active in several parts of this value 
chain: waste management, biogas production, and vehicle gas use. 
Another example of an actor active in the entire value chain is the energy 
utility company E.ON that participates in biogas production, distribution 
and sales to end-users in transport. The interviewees are described in 
more detail in Papers 4 and 5. 

The biogas system has developed in niches and (started to) establish 
at the socio-technical regime level. The interviewed actors are thus 
regime-level actors according to the MLP framework (Geels and Schot, 
2007). However some of these actors have been active in the niche-level 
development; biogas has been produced at wastewater treatment plants 
since the 1930s as a method to reduce the sewage sludge volume (Svärd 
and Jansen, 2003). The regime level also contains institutions and the 
policy framework, Section 2.2. Policy instruments are discussed in the 
interviews with the regime-level actors, but the institutions have not been 
interviewed directly. 
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6.2 The Stockholm context 
Figure 6 illustrates vehicle gas supply, distribution and use in Stockholm 
County 2015. 

 
Figure 6: Supply, distribution, and demand of vehicle gas in Stockholm County 2015 (ap. 
370 GWh) (Statistics Sweden, 2017). 

The total vehicle gas use in Stockholm County in 2015 was 
approximately 370 GWh (Statistics Sweden, 2017). Biogas is produced 
and upgraded at four large-scale sewage treatment plants as well as one 
co-digestion plant, all located in Stockholm County. In addition, biogas 
may be imported from neighboring regions and natural gas is supplied 
from the LNG harbor in Nynäshamn. Upgraded biogas is distributed 
through trucks and grids to refueling stations. There are two vehicle gas 
grids in the region. The first grid is owned by Stockholm County Council24 
and connects two sewage treatment plants – Henriksdal and Käppala – 
with bus depots and supplied 75 GWh upgraded biogas during 2015. The 
second grid is managed by the company Gas Grid Stockholm25 and in the 
same year the company distributed 125 GWh vehicle gas to public 
refueling stations as well as bus depots. The vehicle gas in this grid 
contains a mixture of upgraded biogas and natural gas. LNG is 
transported with trucks to the gas grid where it is gasified, injected and 
complements upgraded biogas. Trucks also distribute vehicle gas to bus 

                                                             
24 Interview with the public transport company SL described in Paper 5. 
25 Interview with Gas Grid Stockholm described in Paper 4. 



55 

 

depots and public refueling stations. This amount corresponded to 170 
GWh or 46 % of the total vehicle gas use in the region in 201526. Vehicle 
gas is available to end-users at 6 bus depots and 28 public refueling 
stations. 

Buses represent 30 % of the vehicle gas use in the region 2015. Other 
end-users are taxi (39 %), companies and municipalities using personal 
vehicles (19 %), cargo companies using light trucks (6 %), and waste 
transport (6 %)27. Privately owned gas vehicles and heavy gas trucks are 
not common (Forsberg et al., 2012). Vehicle gas is thus established at 
some niche markets, such as public transport and waste transport, but 
not as an alternative for private vehicle owners, which is the largest 
potential market (ibid). 

The large share of vehicle gas in taxi services is the result of a regional 
policy at airports that promotes taxi vehicles that run on renewable 
transport fuels over conventional fuel vehicles. Thus, this pattern may not 
be representative for biogas development in Sweden. In addition, the 
vehicle gas distribution infrastructure in Stockholm County differs from 
the rest of Sweden, as described above and in Section 4.1. However, 
several characteristics found in Stockholm County are typical for biogas 
development in Sweden and the type of actors on both the supply and 
demand sides are representative for other parts of Sweden. Thus, the 
results from this case study have relevance for Sweden’s national biogas 
development.  

6.3 Barriers and incentives for biogas development 
The interviewed actors see possibilities for biogas development along the 
value chain related to: an increased use of the practical biogas potential; 
improved digestate management; improved profitability; expanded 
vehicle gas infrastructure; as well as reduced risks. The stagnated vehicle 
gas demand was seen as a major bottleneck for grasping these 
opportunities. Other factors that affect biogas development were also 
discussed in the interviews: the influence of public actors as well as a shift 
from biogas to electric cars. Policy was seen as very influential for biogas 
development, and the interview results regarding Swedish policy 
instruments are treated separately in Section 6.4. A summary of the 

                                                             
26 Source: (Statistics Sweden, 2017) and interviews stated in footnotes 25 and 26. 
27 Sources: (Forsberg et al., 2012; Myhr and Svahn, 2016) and interview described in footnote 25. 
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answers and reflections from the interview study is provided in the 
following sections.   

6.3.1 Increased biogas production  
As mentioned in Chapter 5, the use of different feedstocks in biogas 
production could increase. In principle, there is room to use more of each 
feedstock category discussed in Chapter 5, except sewage sludge. To a 
large extent the potential from this feedstock is already being utilized in 
Stockholm County. However, the interviews revealed possibilities to 
increase biogas production at existing sewage treatment facilities, both 
through increased yields and through co-digestion with other feedstocks. 
One of the interviewed companies is investigating possibilities to increase 
biogas yield through extended retention time. The company estimates 
that the production could increase about 10 % based on the same amount 
of substrate as today. Another interviewed sewage treatment company 
states that it can receive more external organic materials as feedstock and 
thus increase biogas production in the present plant.  

The interviewees also discussed how more food waste could be made 
available for biogas generation. The main obstacle is related to food waste 
sorting by households, restaurants and other generators. The interviewed 
municipalities apply different strategies to achieve increased food waste 
sorting: differentiated waste collection fees providing incentives for the 
households to sort; voluntary commitments to waste sorting, which 
according to the interviewee gives a high substrate quality; as well as 
public outreach and dialogue with large waste generators such as 
restaurants. One of the interviewees, Stockholm Municipality, has 
employed extra staff for this task, and aims at achieving a food waste 
sorting of 50 % by 2018 and 70 % by 2020. The municipality plans to use 
all the sorted and collected food waste in biogas production and thus aims 
at a more ambitious target than what is set by the national environmental 
goals (Swedish Environmental protection Agency, 2017).  

The possibilities to make use of other resource categories – industrial 
residues, agricultural residues, and ley crops cultivated on fallow land – 
were also discussed with the interviewees, who were pessimistic about the 
possibilities to make use of the potential related to agriculture. The 
agricultural interest organization LRF does not recommend its members 
to invest in biogas production because of low profitability in farm-based 
plants. In addition, the interviews revealed that more large-scale 
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producers do not consider energy crops as an option because of increased 
bureaucratic demands related to the sustainability certifications that are 
necessary to obtain the tax exemption, as mentioned in Chapter 3. 

6.3.2 Improved digestate management 
Digestate handling is currently seen as a barrier rather than an 
opportunity. It is costly and according to the interviewees, the benefits of 
nutrients recycling that it brings are not sufficiently reflected in policy 
support. The interviewees discussed possibilities to improve digestate 
management. This includes dry digestion technologies that reduce the 
digestate volume since the water content is lower; reduction of the water 
content after wet digestion to facilitate logistics; and sludge quality 
certification systems that can facilitate the process of finding an output of 
the digestate. In addition, LRF mentioned that ecological farming may 
increase the demand for biofertilizer and thereby make biogas production 
more profitable. 

6.3.3 Improved profitability 
The profitability in biogas production can improve, not only through an 
increased gas price, but also through gate fees and commercialization of 
the digestate. Gate fees may be collected for certain feedstocks such as 
slaughterhouse residues, while other feedstocks may imply a cost. 

6.3.4 Expanded vehicle gas infrastructure 
Private actors – a distribution company and a biogas producer – have 
discussed a pipeline between a plant and one of the existing grids, but the 
gas volumes are currently too small to make it profitable. Increased 
vehicle gas demand could enable an expansion of the vehicle gas 
infrastructure. 

6.3.5 Reduced risks 
Risks in biogas production may be reduced through short and long-term 
contracts. For example, Stockholm Water had agreements with SL and 
other customers that allowed the company to invest in an upgrading 
facility in 2000. Another sewage treatment company expressed that it 
manages risk by limiting its participation in the value chain to biogas 
production. Instead, it has agreements with private companies for 
upgrading and distribution. 
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6.3.6 Stagnated vehicle gas demand  
The vehicle gas demand in Stockholm County has remained fairly 
constant at approximately 400 GWhpa between 2013 and 2016, except 
for 2015 when the use decreased to 370 GWh (Statistics Sweden, 2017). 
This stagnation reflects the national development. Basically, all the 
interviewees perceive this stagnation as a major barrier to biogas 
development and suggested that the demand should be stimulated 
through policy. 

A vehicle sales organization – Volkswagen – stated that gas vehicle 
sales also have slowed down. Taxi Stockholm also reported a decrease of 
gas vehicles, but they still have a large share of gas vehicles – 65 % of 
1 600 vehicles. However, the fleet is renewed by 500 vehicles per year. 

The transport contractor Widriksson Haulage maintains a large fleet 
of light gas trucks. A major incentive to invest in biogas has been a clear 
demand from a large customer regarding traceable renewable transport 
fuels. To satisfy this demand, the company invested in its own refueling 
station providing a transport fuel with 100 % biogas. 

6.3.7 Influence of public actors 
Public actors play an important role and have a strong influence on 
biogas development. They are active in and can control a large part of the 
value chain. For example, Stockholm Municipality is a waste management 
procurer, an owner of biogas production, and an end-user of biogas in its 
vehicle fleet. This municipality has also integrated biogas-related 
activities – waste collection and biogas production – in the same unit, 
Stockholm Water, to improve cooperation along the value chain.  

Stockholm County Council is also a large user of vehicle gas through 
public transport, which has been important for the regional vehicle gas 
development. Public transport procures large volumes of biogas and 
demands that contracted private operators will use this fuel; a typical 
contract with private public transport companies runs for eight years with 
an option of extension (8+2+2). Thus, the public transport company has 
created substantial and predictable demand for biogas in transport. This 
is one way that public actors influence the transition from the niche to the 
regime level.  

The municipalities can influence the type of vehicles and fuels that are 
used in the municipal fleet and to a certain extent, the choices of citizens 
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and companies within the municipality. Among the three interviewed 
municipalities – Stockholm, Huddinge and Lidingö – Stockholm has 
made the most progress. This municipality coordinates its efforts through 
the organization Clean Vehicles in Stockholm28. The municipal vehicle 
fleet of personal cars almost entirely fulfills the environmental car 
definition (see Chapter 3). However, this definition includes efficient 
diesel and gasoline cars, and only 70 % of the fuel used in this vehicle 
fleet is renewable. The other two municipalities that participated in the 
interview study have not progressed as far, although they also have goals 
for environmental cars in their vehicle fleets.  

All the interviewed municipalities expressed that they cannot 
mandate which vehicles that are used within the organizations. Different 
municipal units make these decisions according to the function of the 
vehicle. However, the municipalities can make policies and try to affect 
these decisions. 

In addition, there appears to be a lack of coordination among the 
efforts within the municipalities; Huddinge has only a few biogas 
vehicles, although the municipality has invested in biogas pretreatment 
and facilitated the establishment of a vehicle gas refueling station. 
Lidingö does not have any gas vehicles within its fleet, since there is no 
gas refueling station in the municipality, which is located on the island of 
Lidingö. However, the municipality does demand that waste collection 
companies use gas vehicles. As a consequence, these vehicles have to be 
fueled outside the municipality. Lidingö Municipality is also active in 
biogas production through the Käppala Association. This association is 
owned by several municipalities and has a large-scale biogas production 
facility located on Lidingö. The municipality recognizes the need for a 
vehicle gas refueling station, but does not consider this as a municipal 
responsibility, but rather as an opportunity for private companies. 

Another public actor that has influenced the regional biogas 
development is the government company Swedavia, which operates two 
airports in the county. Swedavia has a queuing system for taxis that gives 
priority to certain vehicles, e.g. gas vehicles. This means that a vehicle gas 
taxi may pass a diesel taxi in the queue and attend a customer earlier. 

                                                             
28 In Swedish: Miljöbilar i Stockholm  
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This has strongly influenced the vehicle choices of taxi companies, which 
constitute a large group of vehicle gas users – as indicated in Figure 6. 

6.3.8 Shift from biogas to electric vehicles 
Several actors expressed that there is an electric vehicle trend. This 
statement can be supported by the statistics presented in Section 4; the 
number of chargeable cars is growing quickly although the total number 
is still small (Power Circle, 2017). Some interviewees expressed a fear that 
decision makers are focusing on only one solution/renewable transport 
fuel at a time, i.e. currently electric vehicles. This would mean that biogas, 
other biofuels, and electric vehicles compete for the attention of policy 
makers. However, several of the interviewees, including the public 
transport company SL, the international energy company E.ON, the 
international public transport operator Keolis, and the municipal 
organization Clean Vehicles in Stockholm, stated that several solutions – 
biofuels and electric vehicles – are needed to substantially increase the 
share of renewables in transport. The government inquiry regarding a 
vehicle fleet independent of fossil fuels also suggests that several 
solutions are needed to reach the ambitious policy target (Government of 
Sweden, 2013a). 

The role of public actors in biogas development was discussed in 
Section 6.3.7, where it was put forward that public actors are active in 
biogas production and are important end-users of this transport fuel. 
Other important users are e.g. taxi companies, as illustrated in Figure 6. 
However, private vehicle owners are not common gas users and the future 
biogas development still relies on public actors. Thus, a shift of focus 
from biogas and other biofuels to electric vehicles could harm biogas 
development and stop the establishment at the regime level. 

6.4 Policy instruments 
The interviewees agreed that policy instruments are very influential for 
biogas development. They also perceive that the national goals regarding 
reduced greenhouse gas emissions and phase-out of fossil fuels as clear, 
although it is less clear how these goals will be achieved, i.e. what the 
long-term strategy is.  Most of these interviewees – with the exception of 
waste management actors – perceive that the predictability of Swedish 
policy instruments is very low. They specifically mentioned the late 
approval of the tax exemption, the changed definitions of environmental 
cars, the late approval of reduced fringe benefit for environmental cars, 
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and the uncertainty of how the new bonus-malus system will treat gas 
vehicles. 

The tax exemption is perceived as essential for the profitability. Its 
late approval in December 2015 – only two weeks before expiration – has 
strongly contributed to the perception of a low predictability of Swedish 
policy instruments. One of the interviewed companies expressed that it 
considered shifting from upgrading of biogas for use in transport to 
electricity generation with raw biogas because of these uncertainties. 

The concept of environmental cars was criticized for being constantly 
shifting, for not considering the multiple benefits of biogas since it 
focuses on tailpipe emissions, and for including vehicles that run on fossil 
fuels. The policy support directed at environmental cars has led to an 
increase of diesel vehicles in Sweden, according to the interviewees. This 
perception is supported by research of Kågeson (2013).  However, it was 
recognized that the environmental-car definition has been influential for 
vehicle choices, especially in public procurement.  

Several of the interviewees suggested an environmental truck 
definition and premium, similar to the support given to environmental 
cars. The respondent Clean Vehicles in Stockholm is proposing such an 
instrument in collaboration with a government agency, the Swedish 
Transport Association. 

The proposed bonus-malus instrument was also criticized. The 
criticism did not concern the mechanism itself, which provides incentives 
(bonus) to low-emissions cars and disincentives (malus) to high-
emissions cars, but the focus on tailpipe emission and the fact that gas 
vehicles are placed on the malus side, which would send the wrong 
signals to the market. 

A low second-hand value of gas vehicles was also mentioned as a 
barrier and it was suggested that policy instrument could address this 
barrier by providing incentives to gas vehicles for a longer period of time. 

The low predictability is a result of the dynamic and quickly changing 
policy landscape. The changing policy landscape does not provide a long 
enough planning horizon for a vehicle purchase and even more so for 
investments in biogas production, since the conditions may change 
during the lifetime of an investment.  



62 

 

The interview results suggest that important actors are waiting for 
policy instruments to be clearer and more stable before taking investment 
decisions. One interviewee described the current state of biogas 
development as “hibernation”. Another interviewee, an international 
biogas company, stated that there are no investment plans for Sweden, 
but that there are investment plans for Norway. Some interviewees were 
even more skeptical towards biogas development and expressed a fear 
that it will decline and follow the ethanol trend29.  

6.5 Concluding remarks 
The main barriers for biogas development are, firstly, related to the 
stagnating vehicle gas demand and, secondly, to the perception of that the 
predictability of Swedish policy instruments is low. These two system 
fronts are lagging behind and thus are bottlenecks for the development of 
the entire vehicle gas system. Predictable policy support directed at the 
demand side could thus provide incentives for the development of the 
entire biogas value chain. However, the system front that is lagging 
behind can vary over time when a Large Technical System develops. It is 
thus necessary to maintain predictable policy support along the entire 
value chain. 

Public actors have been very influential for biogas development – 
from waste management and biogas production to end-use in transport. 
What appears to be a shift of focus from biogas and other biofuels to 
electric vehicles among public actors can thus be harmful for biogas 
development and its establishment at the socio-technical regime level. 
The use of this transport fuel is common in public transport, among taxi 
companies and waste collectors, but not (yet) among private vehicle 
owners. To continue the growth of biogas in transport, it is thus necessary 
that public actors, e.g. Stockholm County Council, maintain their support 
to biogas. Such a support may also lead to a use of biogas in other user 
groups through e.g. the second-hand vehicle market. 

 

                                                             
29 The use of ethanol had a peak in 2008 and it has been decreasing after that, see section 4.1. 
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7 Complementary and competing pathways 

This chapter discusses the conditions for a commercial breakthrough of 
forest-derived methane. Forest-derived methane could complement 
biogas from anaerobic digestion as a transport fuel in a scenario of an 
increased vehicle gas demand.  

7.1 Systemic transitions 
The technologies for forest-derived methane – gasification and 
methanation – have developed at the niche level at universities and 
companies. However, its competitiveness could improve further through 
learning-by-doing (Hellsmark and Jacobsson, 2012; Kirkels, 2014; 
Åhman, 2010). This technology has not yet established at the 
sociotechnical regime level and the commercial breakthrough has not 
taken place despite relatively favorable conditions for a systemic 
transition: presence of commercial actors with technological know-how, 
infrastructure for feedstock supply and biofuels distribution, as well as 
policy support. 

An establishment of forest-derived methane at the regime level may 
come about as a substitution (Geels and Schot, 2007). Substitution is a 
different transition pattern than stepwise reconfiguration, which can 
describe the establishment of biogas from anaerobic digestion and HVO. 
Stepwise reconfiguration is a gradual process which often provides a 
solution to a local problem, e.g. biogas in waste management (Geels and 
Schot, 2007). Stepwise reconfiguration may be described as “many small 
steps” in contrast to substitution, which may be described as “a few large 
steps” for forest-derived methane. So far, stepwise reconfiguration has 
been more successful than substitution for renewable fuels in the 
transport sector in Sweden. A transition characterized as a substitution 
typically comes about under landscape pressure, e.g. a high oil price. 
Currently there is a lack of landscape pressure for a transition that 
establishes forest-derived methane at the regime level in Sweden. 

7.2 Production potential and competing uses of forest 
biomass 

Swedish forests hold a significant resource potential for transport fuels 
(Staffas et al., 2013). The potential increased use of forest biomass for 
energy production has been estimated to between 24 and 53 TWhpa 
(Swedish Energy Agency, 2013b; Swedish Forest Agency, 2008; WWF 
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and IVL, 2011)30. The most attractive feedstock for transportation biofuel 
production include forest industry residues and the parts of trees which 
are not used today. Residues from pulp mills include black liquor, tall oil, 
bark, and methanol condensate (ibid). Saw mills generate residues like 
wood chips, bark, saw dust, and harvesting residues, such as twigs, tops 
and stumps, that also can be used as feedstock in transport biofuel 
production. 

Forrest biomass is also the feedstock for large industry sectors, e.g. 
pulp and paper, sawn wood products, and solid biofuels. Other potential 
products from forest biomass include textiles and bioplastics. The use of 
forest biomass in transport fuels production must thus compete with both 
incumbent and upcoming industries, at least partly because all forms of 
forest biomass cannot be used by all industries.  However, Sweden has a 
net growth of forest biomass and the use could thus increase(Staffas et al., 
2013). 

There are different and sometimes competing production pathways 
for biomass to biofuels (Hellsmark and Jacobsson, 2012; Kirkels, 2014). 
The variety of transport fuels that could be produced from forest biomass 
encompass hydrogen, Fischer-Tropsch diesel, methanol, dimethyl ether 
(DME), synthetic gasoline, methane, hydrogenated vegetable oils (HVO), 
and ethanol (Bojler Görling et al., 2013; Grönkvist et al., 2010; Zhang, 
2010). Examples of conversion processes involved in the production of 
these fuels include gasification, pyrolysis, hydrotreatment, hydrolysis, 
and fermentation (ibid). 

Twelve plants and projects in Sweden to produce transport fuels from 
forest biomass were presented in Paper 6 (Lönnqvist et al., 2017). Three 
projects aim at producing methane, while the other nine aim at producing 
other transport fuels, e.g. DME or methanol. The analysis in this chapter 
focuses on the three methane projects and the other nine are considered 
as competing pathways. 

7.3 Method 
Industry stakeholders that have evaluated investments in forest-derived 
methane production facilities were interviewed, as described in 

                                                             
30 For comparison the biomass supply for energy purposes in Sweden amounted 130 TWh in 2014, most 

of which was forest biomass (Swedish Energy Agency, 2016b). This figure refers to the energy carrier 

and not to the primary energy. 
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Chapter 2. The interviews concerned factors that have influenced the 
stakeholders’ decision-making process, including Swedish policy 
instruments and the existence of infrastructure for the feedstock and 
biofuel in question.  

7.4 Case studies of forest-derived methane 

7.4.1 Gobigas 
Gobigas Phase 1 is a 20 MW methane output gasification plant in 
Gothenburg, owned by Göteborg Energi where methane is produced from 
forest-derived feedstock. The methane is injected into the natural gas grid 
and surplus heat from the plant is distributed through the district-heating 
grid in Gothenburg. Wood pellets are currently used as feedstock, but the 
company plans to use chopped wood of lower quality, e.g. branches and 
tops, which is a cheaper feedstock. The main reason why pellets are used 
is that it is easier to operate the plant on pellets, since a terminal to 
receive pellets was already located on the site. The technology was tested 
in a pilot plant before constructing the demonstration plant. The 
demonstration plant is intended to prove the technology on a larger scale 
and a successful outcome may enable an investment in Gobigas Phase 2, a 
full-scale commercial plant of 100 MW methane output. The feedstock to 
methane efficiency is 65 %31 and the total efficiency is over 90 % due to 
the district heating deliveries. The interviewees stated that the 
determining factors for the realization of Phase 2 are: sufficient 
performance of the operations, a demand for the product, the presence of 
beneficial policy instruments, and adequate financing. Göteborg Energi 
received an R&D support of SEK 222 million from the Swedish Energy 
Agency in 2009 (15 % of the total investment) for Phase 1. The 
interviewees stated that this was a determining factor for the investment 
decision. However, since the final investment decision was taken in 2010, 
the conditions for profitability of Gobigas have changed, mainly because 
the oil price has dropped dramatically since 201032 and because policy 
support has not developed as Göteborg Energi expected. The interviewees 
stated that they counted on rather stable, or even increasing, oil prices. 
The owner of Göteborg Energi, Gothenburg Municipality, has decided to: 

                                                             
31 Measured by the lower heating value of the feedstock and the fuel. 
32 The Brent crude oil price was approximately 93 USD/barrel by the end of 2010 compared to 54 USD 

/barrel April 17th 2017 (US Energy Information Administration, 2017). 
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postpone Phase 2, investigate how biogas production costs could be 
reduced, and investigate the consequences of canceling all biogas 
activities (including anaerobic digestion). Göteborg Energi (2015) has in a 
statement responded that Phase 2 will not be built during current 
conditions (low oil price). Thus, according to Göteborg Energi, the 
political decision has had no direct effect. 

When asked about policy instruments that could support the 
development of forest-derived methane, the interviewees highlight that 
the price premium model would fit the current situation well, considering 
the oil price drop and changes in biofuels taxation (Government of 
Sweden, 2013a). The quota obligation, on the other hand, is believed to 
mainly favor low blend-in and thus would not be very appropriate for 
producers of pure biofuels like Göteborg Energi. When the interview was 
performed, October 2015, the exemption from CO2 and energy tax was 
only guaranteed until December the same year. The interviewees stressed 
that investment decisions cannot be made under such uncertainties. They 
also mention that end-user support, e.g. the environmental car premium, 
has been substantial but unpredictable. The interviewees state that “sticks 
are better than carrots”, i.e. taxes are more predictable and reliable. 

The decision to locate the plant in central Gothenburg was influenced 
by the access to railways, a harbor, a natural gas pipeline, a demand for 
methane, available land owned by the company, valid environmental 
permits in connection to the site, an existing terminal to receive pellets, 
as well as the demand for heat and distribution possibilities through the 
district heating grid. 

7.4.2 Bio2G 
E.ON is an international energy company active in the electricity, heat, 
and gas sectors. The company’s vehicle gas activities in Sweden are 
focused on the urban areas in the southern parts of the country. E.ON has 
rather advanced plans for a large-scale gasification plant, Bio2G. The 
company was involved in the Gobigas project at an early stage but 
decided to continue with its own plant. The planned capacity of Bio2G is 
200 MW methane. The investment is estimated to be between SEK 4 and 
5 billion and EU funding of SEK 1.9 billion has been approved. The 
company also discusses co-financing with local heat producers, gas 
distributors, forest owners, forest industry, and technology suppliers with 
an interest in a reference plant. 
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There are currently two main location alternatives for the plant – 
Landskrona and Malmö – both in the south of Sweden. These locations 
have access to a harbor and infrastructure for biomass supply and 
storage. Furthermore, the alternatives receive local political support and 
have land available. However, the demand for district heating is already 
satisfied in these locations. A third alternative that is discussed is Värö 
Bruk, a pulp mill located south of Gothenburg. 

When the Bio2G project was initiated in 2007, vehicle gas demand 
was increasing steadily, as discussed in Section 4.1. E.ON predicted that 
vehicle gas demand would continue to increase and reach twice the 
current volume by 2025. In such a scenario, there would be a need for 
forest-derived methane, since biogas from anaerobic digestion would not 
suffice, and thus there would be a possible business case for a plant like 
Bio2G. However, vehicle gas demand is stagnating and the Bio2G project 
has been put on hold. E.ON is currently focusing on stimulating the 
demand side and for example it has opened five new vehicle gas stations 
in the county of Stockholm. The interviewee emphasizes the need to both 
increase existing market segments and to create new ones. 

When asked about policy instruments that could support the 
development of forest-derived methane, the interviewee stresses that 
policy instrument should focus on the demand side. He suggests that 
policy support should incentivize new user segments – e.g. heavy 
transport using liquefied biogas – and that this could be achieved through 
an environmental truck premium, similar to the environmental car 
premium. The vehicle gas use by existing user segments – e.g. taxi 
vehicles as well as company and private cars – may also be stimulated by 
policy instruments. The interview was performed at the end of 2015, 
shortly before the tax exemption for biogas was approved, and the 
interviewee points out that policy instruments must be reliable and 
predictable. However, Bio2G could be ready at the earliest four years 
from an investment decision. Thus, a tax exemption for biogas until 2020 
is not perceived as sufficient. He suggests a quota obligation, which would 
include both low and high blend-in biofuels, as discussed in the FFF 
inquiry. There is, however, a risk that a quota obligation would mostly 
benefit low blend-in fuels and exclude fuels such as biogas, according to 
the interviewee. 
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7.4.3 Biorefinery Norrtorp 
Biorefinery Norrtorp aims at producing methanol and/or methane. A 
feasibility study was conducted, with financial support of the Swedish 
Energy Agency (SEA) (Fredriksson Möller et al., 2013). It was based on 
the hypothesis that combined methanol and methane production may 
present certain synergies. Heat would also be obtained as a by-product. 
The project has not reached a clear conclusion of which fuel to produce. 
Liquefied biogas (LBG) was considered for the biogas option, because 
there is no access to a natural gas pipeline near the site. The plans 
concern a large-scale plant, 250 MW. The project involves many actors, 
e.g. Sakab, E.ON, Kumla Municipality, and Värmlandsmetanol. Many of 
the project participants have been involved in other large-scale methane 
and methanol projects: Gobigas, Bio2G, and Värmlandsmetanol. The 
project also evaluated possibilities to sell methanol to the chemical 
industry, e.g. Perstorp, although transport fuels are still the focus.  

The planned location is Kumla, where the main actor Sakab is based. 
This is an old industrial area with good infrastructure, not least railway 
terminals. Initially there were plans to provide district heating to 
Örebro33. However, there was competition from another heat supplier 
and it was determined to use the surplus heat to dry the incoming 
biomass instead. 

The project is currently on hold. The interviewee stated that the 
reasons for this are the low predictability of Swedish policy instruments 
and low oil prices. He perceives that the predictability of policy 
instruments is too low to make any investment decisions. The oil price 
was more than twice as high when the pre-study was finalized compared 
to when the interview was performed34 (Nasdaq, 2017). Furthermore, 
Biorefinery Norrtorp has not applied for the investment support NER 
300 because it requires knowledge-sharing. This may be related to 
patents that the technology provider holds.  

When asked about how policy instruments better could support the 
development of forest-derived methane, the interviewee proposes a quota 
obligation that is guaranteed for a longer period of time, as long as 15 to 

                                                             
33 E.ON owns a heat and power plant in Örebro. 
34 The pre-study is dated 2013-09-17 and the interview was conducted 2015-09-22. 
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20 years. He also mentions green electricity certificates35 as an example of 
an efficient quota obligation that is compatible with EU legislation. The 
interviewee perceives that policymakers are fond of supporting the “next 
big thing”, right now which is electric vehicles and to some extent fuel 
cells. This adds to the low predictability of policy instruments. The 
interviewee expressed skepticism towards the general possibilities of 
producing transport fuels from forest biomass in Sweden as well as 
towards the specific possibilities of Biorefinery Norrtorp.  

7.5 Influential factors for the industrial stakeholders’ 
decision making process 

The interviews with the industrial stakeholders reveal that determining 
factors for their decision-making process have been the low predictability 
of Swedish policy instruments and the oil price drop. Investment support 
has also been an influential factor. Support has been granted to a 
demonstration plant and approved for the planned commercial-scale 
plants. The decision-making process has also been influenced by the 
availability of established infrastructure at the sociotechnical regime level 
(Geels and Schot, 2007). Different locations present different 
infrastructural advantages for feedstock supply and biofuels distribution. 
The southwestern parts of Sweden – where Gobigas is located and where 
Bio2G is planned – may benefit from the natural gas pipeline for methane 
distribution. However, Bio2G is in an area without large forest resources, 
implying increased logistical costs, although a harbor and railroad may 
facilitate feedstock supply to that location. Other locations – such as 
Kumla where Biorefinery Norrtorp is planned – lack access to a gas 
pipeline and are also further away from the vehicle gas end-users. Biogas 
may however be distributed in liquefied form (LBG) from such locations. 
Infrastructure development is thus an important but always not 
determining factor; infrastructure for both feedstock supply and biofuels 
distribution exists, although it may improve. 

Another important factor is the combination of large-scale facilities 
for forest-derived methane and a relatively small and stagnated vehicle 

                                                             
35 The certificate system was implemented in 2003 and it has successfully supported electricity producers 
by giving them a certificate for each MWh produced renewable electricity up to 15 years from start of 
operations. A market for these certificates is generated since the electricity supplier has a quota 
obligation. In the end it is the electricity consumer who pays for the support, which is probably why the 
EU Commission has not considered the system as illegal state aid. 
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gas demand. It was shown in Paper 6 that there is sensitivity to 
economies of scale and that the specific investment decreases as the 
capacity increases. An example is the capacity of Gobigas Phase 2 that is 
five times larger than Phase 1, but the investment is only twice as large. 
The specific investment for Phase 1 is 75 million SEK/MW and 30 million 
SEK/MW for Phase 2. The annual output from a plant of the size of 
Gobigas Phase 2 (100 MW) would be about 800 GWhpa methane, i.e. 
equivalent to half the current vehicle gas market. The annual about from 
Bio2G, with a capacity of 200 MW methane, would be 1.6 TWhpa and thus 
equivalent to the entire current vehicle gas demand. The vehicle gas 
demand must thus increase substantially to permit for investments in 
such large-scale plants. 

7.6 Policy recommendations 
Forest-derived methane has not yet emerged from the niche and 
established at the sociotechnical regime level, despite relatively favorable 
conditions: presence of commercial actors with technological know-how, 
established infrastructure, and policy support. A major barrier at the 
regime level has been the low predictability of Swedish policy 
instruments. In addition, there is a lack of landscape pressure that 
partially can be attributed to the low oil price. The type of transition that 
may establish this technology – substitution – would require a strong 
landscape pressure. 

The demonstration plant Gobigas Phase 1 has received investment 
support from the Swedish Energy Agency. This support strongly 
influenced the investment decision. Göteborg Energi has with this plant 
demonstrated that the technology works. Supporting more demonstration 
plants could be a way to increase technological know-how among the 
commercial actors at the regime level. Demonstration plants may help 
bridging the gap to commercial scale and establish the technology at the 
regime level (Frishammar et al., 2014; Hellsmark and Jacobsson, 2012).  

Different conversion pathways – from forest biomass to transport fuel 
– may compete for raw materials, investments, end-users, research and 
development funds, and attention from policy makers. In addition, the 
interviewees mention electrical cars as a competing pathway. The number 
of electrical cars is increasing rapidly, although the vehicle fleet is still 
small in comparison to other renewable transport fuels such as gas 
vehicles (Gasbilen, 2017; Power Circle, 2017). Policy makers must 
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maneuver among these different pathways and provide support 
efficiently. 

The interviewees have suggested different policy instruments: a price-
premium model, a mandatory blend-in quota, and a system similar the 
tradable green certificate system. However, more important than the 
exact design of the policy instrument is that the support is substantial and 
predictable, according to the interviewees.  

Several factors have contributed to the perception of the low 
predictability of Swedish policy support. The Swedish parliament passed 
a law to make a blend-in quota of biofuels mandatory. It was later 
withdrawn because the EU commission considered it as state aid in 
combination with the existing CO2 tax. This example shows that the 
Swedish Government is not free to design and implement policy 
instruments that promote renewable transport fuels, since it must 
consider compatibility with the EU framework. In addition, the late 
approval of the tax reduction/exemption for transport biofuels has also 
contributed to low predictability. This delay is related to the fact that 
according to EU regulations, the Government must avoid 
overcompensating biofuels through the tax reductions. This means that 
the market price for biofuels should not be lower than its fossil equivalent 
due to tax reductions. The latest tax exemption for biogas, valid 2016 – 
2020, was approved by the EU Commission as late as mid-December 
2015. It was also stressed during the interviews – that were performed 
before the approval – that investment decisions cannot be made in such 
uncertainty. However, the Swedish Government has also added to the low 
predictability for reasons not related to the EU framework; it has e.g. 
changed the support to, and definition of, environmental cars several 
times. These examples illustrate the difficulties in designing the 
predictable and efficient policy instruments that could support a 
development of forest-derived methane. 

The interview results have shown that infrastructure development is 
an important albeit not determining factor for forest-derived methane. 
The proximity to established infrastructure at the regime level has 
affected investment and location decisions. Gobigas feeds methane to the 
natural gas grid and Bio2G plans to do the same. Biorefinery Norrtorp 
lacks access to a gas pipeline and would rely on liquefaction of methane 
(LBG) for distribution. A demand for heat and proximity to a district-
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heating grid are also important factors. Other infrastructural needs that 
were mentioned were access to railways and a port for feedstock supply. 

Forest-derived methane could complement biogas from anaerobic 
digestion and be used as vehicle gas in the transport sector. The plans for 
commercial-scale plants were initiated during a period of increasing 
vehicle gas demand. However, the vehicle gas demand is stagnating and 
has remained at 1.6 TWhpa since 2014 (Statistics Sweden, 2017). The 
vehicle gas market is small compared to the size of a gasification plant; 
one plant of the size of Bio2G may meet the entire vehicle gas demand in 
Sweden. This is because the technology for forest-derived methane is 
sensitive to economies of scale. 

Efficient policy support to forest-derived methane should thus 
consider: the dynamics of a transition characterized as substitution; large 
plants compared to the current market; a stagnated vehicle gas market; a 
low oil price; and the perception among industry stakeholders that the 
predictability of Swedish policy instruments has been low. If policy 
support fails to consider these factors, there is a risk that a future 
increased demand for vehicle gas will be met by natural gas – a 
development that may imply fossil lock-in effects. Generally the 
Government cannot affect landscape factors such as international oil 
prices. However, it can improve the conditions at the regime level, 
increase the predictability of policy instruments, and stimulate the vehicle 
gas market. Such improvements could open a window of opportunity for 
a systemic transition. 
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8 Conclusions and discussion  

A policy-driven systemic transition 

The development of biogas in the Swedish transport sector is a policy- 
driven transition. The use of biogas in the transport sector has increased 
steadily since its introduction in the mid-1990s as a result of policy 
support. However, vehicle gas use stagnated in 2014 (Figure 3, Section 
4.1) and there is currently a need for predictable policy support directed 
at the demand side. The aim of this thesis is to analyze the conditions for 
biogas in the Swedish transport sector. The work with this thesis has 
shown that the conditions are strongly affected by policy instruments. 

The parliament has passed ambitious targets of zero net GHG 
emissions from Sweden by 2050 and a vehicle fleet independent of fossil 
fuels by 2030. Even more ambitious targets were proposed together with 
the new climate policy framework in March 2017: zero net GHG 
emissions by 2045 and reduced emissions from the transport sector by 70 
% in 2030 compared to 2010. The government bill that proposes the new 
climate policy framework recognizes the importance of biofuels to achieve 
these targets, arguing that a large share of the current vehicle fleet will 
still be in use by 2030. 

Although the policy support to renewable transport fuels has been 
very influential and contributed to Sweden’s frontrunner position in the 
EU, Swedish policy instruments are also perceived as unstable.  The low 
predictability of these instruments can hinder the (ongoing) 
establishment at the regime level, since actors – especially on the 
production side – perceive that the economic conditions can change 
during the lifetime of an investment.  

Several factors have contributed to the low predictability – among 
others the late approval of the tax exemption for biogas in transport, the 
withdrawal of the biofuels blend-in quota, and the different proposals for 
a bonus-malus instrument. The bonus-malus instrument proposed in 
April 2016 would provide incentives to vehicles with low or no tail-pipe 
emissions and disincentives to other vehicles. The disincentives would be 
higher for vehicles that run on fossil fuels compared to vehicles that run 
on biofuels. However, placing biofuel vehicles on the malus side and thus 
giving them disincentives can send confusing signals to the market, 
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especially if biofuels are to play an important role to achieve the targets 
by 2030. 

The revised bonus-malus proposal from March 2017 is more positive 
for vehicle gas development, compared to the proposal from 2016. The 
fact that gas vehicles are placed on the bonus side is an important signal 
to the market. However, the premium that is granted to gas vehicles is 
even smaller than the environmental cars premium that existed between 
2007 and 2009. In addition, the abrupt changes – first placing gas 
vehicles on the malus side and then on the bonus side – intensifies the 
perception that the predictability of Swedish policy instruments is low. 

The relation between EU, national, and local policy instruments can 
sometimes be understood through the concept of vertical packing; a 
policy instrument is implemented at a higher level in order to influence a 
lower level to implement other policy instruments (Section 3.2). 
Examples of this are the EU targets and instruments that can influence 
Sweden and other Member States to implement national policy 
instruments. Similarly, targets and instruments accepted by the Swedish 
parliament can be intended to influence the actions of county councils 
and municipalities. These regional and local authorities are influential for 
the renewable transport fuels development since they manage a large 
share of Sweden’s fiscal resources. 

Biogas in the Swedish transport sector has developed from the niche 
level and has (started to) become established at the socio-technical 
regime level.  However, this systemic transition may be slowed by regime-
level conditions – mainly the quickly changing policy instruments, but 
also the development for electric cars. In addition, the landscape-level 
conditions, foremost the recent years’ low oil prices, are not favorable for 
a transition.  

Biogas is a bottom-up transition emerging from the niche level 
following the stepwise reconfiguration pattern; it is a waste management 
solution that subsequently is incorporated into an incumbent transport 
system. This type of transition does not require a strong landscape 
pressure, as opposed to a substitution process that is a top-down 
transition, which replaces an incumbent system. 
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The role of biogas 

Biogas production based on residues and ley crops cultivated on fallow 
land in Sweden could increase more than four times (Sections 4.1 and 
5.4). In Stockholm County, the production could increase almost 
threefold. Biogas could thus play an important role to achieve the targets 
of reduced GHG emissions and an increased share of renewables in the 
transport sector. However, the magnitude of the practical production 
potential is affected by both policy instruments and public actors. 
Examples of feedstock for which this is particularly obvious are energy 
crops on arable land and food waste. 

Since January 2016, biogas production based on food crops is no 
longer tax-exempt. This is the result of new regulations that assure that 
the EU sustainability criteria are met. Without a tax exemption, energy 
crops are not an economically attractive feedstock for biogas production, 
as discussed in Section 5.3.5.1. The new regulations have also increased 
the bureaucracy involved in obtaining a tax exemption for biogas 
production based on ley crops, and this is perceived as a barrier by biogas 
producers. 

Public actors work towards national and local targets for increased 
food waste sorting, thus improving the availability of food waste as a 
feedstock for biogas production. The municipal targets may be even more 
ambitious than the national environmental targets and municipalities 
dedicate economic resources to achieve these targets (Section 6.3.1). The 
share of food waste that is sorted is improving in Sweden and public 
actors and policy targets are important for this development. 

Actors and policy instruments 

The main barriers for biogas development are according to the case study 
presented in Chapter 6: stagnated vehicle gas demand, low predictability 
of Swedish policy instruments, and the shift of focus from biogas and 
other biofuels to electric vehicles by public actors. These are all regime-
level conditions according to the multilevel perspective (Section 2.2). The 
stagnated vehicle gas demand is perceived by almost all the interviewees 
in the case study as a major bottleneck for biogas development. The 
respondents suggested that policy instruments should stimulate the 
demand side, e.g. through premiums given to new user segments of 
vehicle gas. The stagnated vehicle gas demand is related to another major 



76 

 

barrier for biogas development – the low predictability of policy 
instruments. On the one hand, this uncertainty is the result of the 
Swedish Government’s actions, e.g. the changed definition of 
environmental cars and the different proposals for a bonus-malus 
instrument. On the other hand, the Swedish Government is not free to 
design policy instruments but must consider compatibility with the EU 
framework, and this factor increases the uncertainty. The Swedish 
Government withdrew a law mandating a biofuel quota because it did not 
receive the necessary permission from the EU Commission. In addition, 
the Swedish Government awaited the approval from the EU Commission 
for the tax exemption for biogas in transport that was given very late, only 
two weeks before the previous exemption expired. 

Public actors have been very influential for biogas development, since 
they are active in and can control a large part of the biogas value chain: 
waste management procurement, production, and end-use. Public 
transport has been a large and reliable end-user of biogas. The recent 
shift of focus towards to electric vehicles among public actors in Sweden 
may dampen the development for biogas. Another influential actor is 
Swedavia, which has implemented a queuing system at Arlanda airport to 
give strong incentives to taxi vehicles that run on renewable transport 
fuels (Section 6.3.7). This system has created a large demand for gas 
vehicles among taxi companies in the Stockholm region.  

Several interviewees expressed that decision makers tend to focus on 
one solution at a time – currently, electric vehicles. They also expressed 
that several solutions are needed to achieve targets of reduced GHG 
emissions and an increased share of renewables in transport. This 
statement is in line with the conclusions of the government inquiry of a 
vehicle fleet independent of fossil fuels.  

Biogas has not (yet) become established as a common transport fuel 
among private vehicle owners and as a result, biogas development still 
firmly relies on public actors. A shift of focus may thus stop the transition 
and the (ongoing) establishment at the regime level. 

A complementing technological pathway 

Forest-derived methane can complement biogas from anaerobic digestion 
in transport. The potential for biogas from anaerobic digestion is limited 
and to some extent the “low-hanging fruit” has already been picked. Thus, 
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this technological pathway can be relevant in a future with increasing 
vehicle gas demand. 

The gasification technologies for production of forest-derived 
methane have developed at the niche level and are not (yet) established at 
the regime level. Sufficient landscape pressure is currently lacking, 
mainly because of the low oil price. A major barrier at the regime level is 
the stagnating vehicle gas demand. Furthermore, the production of 
forest-derived methane requires economy of scale; the commercial 
projects that have been evaluated in Sweden would have a yearly 
production equivalent to the entire current vehicle gas market. 

Several other conditions at the regime level are sufficiently beneficial: 
there are commercial actors with technological know-how; substantial 
policy support is available through e.g. investment support; and a basic 
infrastructure for feedstock supply and biofuels distribution already 
exists. Important infrastructure for this development is a natural gas grid, 
a district heating grid, railways, and ports. The interviews with 
commercial actors revealed that an improved infrastructure is an 
important but not a determining factor for their investment decisions. 
The interviews also revealed that a major barrier to a commercial 
introduction and a transition to the regime level is the predictability of 
Swedish policy instruments. These interviewees thus concur with the 
interviewees from the biogas case study. 

Thus, gasification of forest-derived biomass can complement biogas 
in the transport sector and contribute to the achievement of policy goals. 
However, in line with the conclusions about the development of 
conventional biogas, the low predictability of policy instruments and the 
stagnated vehicle gas demand are perceived as major barriers. Another 
barrier to transition is the current low oil price. This could be 
compensated for, e.g. through production support that compensates for 
the volatility of oil prices. 

The future of biogas depends on policy 

The future of role of biogas in the Swedish transport sector depends on 
how the policy framework develops. Policy support has driven the 
development and policy support is also needed to activate stagnated 
demand. 
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Biogas from anaerobic digestion can play an important role in 
fulfilling policy targets of decreased emissions from the transport sector. 
Based on the available feedstock for conventional biogas production in 
Sweden, production could increase fourfold compared to current levels. 
Increased use of vehicle gas could also enable commercial introduction of 
forest-derived methane. The stagnated demand is a major barrier to the 
development of both biogas and forest-derived methane. In addition, 
both these biofuels suffer from the low predictability of policy 
instruments and low oil prices.  

Predictable policy support should be directed at the demand side, 
since this system front is lagging behind others in the system for biogas as 
a transportation fuel. However, predictable policy support should be 
maintained throughout the entire biogas value chain, since the system 
front that is lagging can vary over time in the development of a young 
sociotechnical system. The fact that predictability of policy instruments is 
perceived as low indicates that the policy framework is another system 
front lagging behind. In addition, it is important that public actors 
maintain an active role in biogas development to support the (ongoing) 
establishment of biogas at the regime level. 
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