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Abstract 

It is agreed that greenhouse gas (GHG) emissions from energy and transport systems 
must be reduced. Technical means exist to reduce GHG emissions from these 
sources. However, these emission-reduction measures are not implemented to a high 
enough degree. In this thesis, it is assumed that this is because the reduction of 
GHG emissions from energy and transport systems is a wicked problem. Unlike a 
tame problem, which has an unambiguous definition and a finite number of well-
defined solutions, a wicked problem is difficult to define, and its solutions are often 
intertwined with the problem. The “wickedness” of a wicked problem lies in the 
extreme difficulty of solving the problem, rather than in the problem itself.  

In this thesis, the wicked problem of reducing GHG emissions from energy and 
transport systems is studied by applying a sociotechnical systems approach to the 
introduction of renewable vehicle fuels, the production and use of biogas, the intro-
duction of electric vehicles, and the sustainability of district heating. In addition, 
this thesis discusses how energy issues are approached in different contexts, and 
what implications different actions can have on GHG emissions.  

The analysis shows that a sociotechnical approach to energy systems analysis can 
offer insights with regard to how system boundaries are handled within GHG-
emission assessments and energy and transport policy. By problematising the use of 
system boundaries in GHG-emission assessments, this thesis explains how attempts 
to reduce GHG emissions could add to the wicked problem of GHG-emission re-
ductions from energy and transport systems. GHG-emission assessments can give 
very different results depending on system boundaries. While these results can be 
used in attempts to solve this wicked problem, they can also contribute to complicat-
ing it. As solutions to wicked problems are mainly found in policy, the use of system 
boundaries in policy is studied. Results show that narrow system boundaries in en-
ergy and transport policy can hamper sustainable development of energy and 
transport systems. The use of wider system boundaries could facilitate approaches to 
solve the wicked problem of reducing GHG emissions from energy and transport 
systems by making the consequences and effects of policy actions more clearly visi-
ble. 
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Sammanfattning 

Det är välkänt att energi- och transportsystemens utsläpp av växthusgaser måste 
minska. Tekniska förutsättningar för att minska utsläppen av växthusgaser från an-
vändning av energi och transporter existerar. Ändå genomförs inte åtgärder för att 
minska utsläpp av växthusgaser i tillräcklig utsträckning. I föreliggande avhandling 
antas detta bero på att minskandet av utsläpp av växthusgaser från energi- och trans-
portsystem är ett ’wicked problem’. Ett sådant problem är svårdefinierat och mot-
ståndskraftigt mot lösningar, eftersom lösningarna ofta är sammanflätade med pro-
blemet. 

I avhandlingen studeras frågan om hur utsläpp av växthusgaser från energi- och 
transportsystem kan minska.  Introduktion av förnybara drivmedel, produktion och 
användning av biogas, introduktion av elbilar, samt hållbarhet i fjärrvärmesystem är 
områden som studeras med hjälp av ett sociotekniskt angreppssätt. Detta innebär att 
teknik studeras som en integrerad del av samhället, där teknik både påverkar och 
påverkas av aktörer och sociala strukturer.  

Analysen visar att ett sociotekniskt angreppssätt kan ge insikter om hur systemgrän-
ser hanteras inom energisystemforskning samt inom energi- och transportpolicy. 
Värderingar av växthusgasutsläpp, som utförs inom energisystemforskning, kan ge 
vitt skilda resultat beroende på hur det studerade systemet avgränsats. Resultaten 
kan användas i försök att minska utsläpp av växthusgaser från energi- och transport-
system, men detta kan leda till att problemet försvåras ytterligare. I avhandlingen 
förklaras detta genom problematisering av systemavgränsningar i värderingar av 
växthusgasutsläpp. Eftersom lösningar på ’wicked problems’ oftast återfinns inom 
policy, studeras även systemavgränsningar i policy. Det visas att snäva systemgränser 
inom energi- och transportpolicy kan hindra hållbar utveckling av energi- och trans-
portsystem. Vidgade systemgränser skulle kunna underlätta ansatser att minska ut-
släpp av växthusgaser från energi- och transportsystem genom att synliggöra konse-
kvenser och effekter av policyåtgärder. 
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1 Introduction 

The sustainable development of energy and transport systems is a topic that is often 
addressed in research, policy and media. Problems are discussed, solutions are sug-
gested and policy is created. The definition of ‘sustainable development’ is debated 
(Holden et al., 2014), and depending on their backgrounds stakeholders can have 
many different ideas about what sustainable development means and how it can be 
achieved. The point of departure for this thesis is that current energy use is a major 
source of anthropogenic climate change, through the emissions of greenhouse gases 
(GHG), and that measures to achieve GHG-emission reductions are not yet imple-
mented to a degree high enough to successfully mitigate climate change (IPCC, 
2014). The reduction of GHG emissions is considered to be one of the major means 
of achieving sustainable development in energy and transport systems, and is the 
focus of this thesis. Sustainable development is a term that encompasses several eco-
logical, economic and social factors, but here, sustainability is considered only in an 
ecological sense and with regard to GHG emissions.  

In 1973, Rittel and Webber formulated a theory of wicked problems. They claimed 

that while the science community had learned how to solve tame problems (such as 
equations and chemical analyses), the truly complex social problems (such as social 
justice and global climate change) remained unsolved. Some of the characteristics of 
a wicked problem are that it is not unequivocally definable, it does not have an 
enumerable set of potential solutions, and its solutions cannot be defined as ‘true or 
false’ but are rather defined as ‘good or bad’ (Rittel and Webber, 1973). The prob-
lem and its solutions are intertwined, and just as the problem determines its solu-
tion, the solutions also affect the problem. Thus, the wickedness can be said to lie in 
solving the problem rather than in the problem itself. 
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Chapter 1 

Energy issues have been described as wicked problems in previous research. Chester 
(2010) likens energy security to a wicked problem. She calls energy security a ‘slip-
pery’ term that may be defined differently depending on which country, energy 
source and time-frame is being considered. She argues that although the concept 
should be brought to discussion, a rigid definition would not be useful. Instead, she 
states that it is “establishe[d] that there can be no one-size-fits-all solution” and that 
the challenges posed by energy security “require new ways of thinking” (Chester, 
2010: p. 893). Fast and McCormick (2012) present an exhaustive analysis of how 
biofuels can be considered a wicked problem. Although biofuels are part of the solu-
tion toward mitigating climate change, they may also become part of the problem. 
Great uncertainty exists as to the environmental benefits of biofuel production, and 
several social and environmental problems could arise from its use. ‘Traditional’ 
science offers solutions to some of these problems, but for others the authors suggest 
that research should be expanded and “enrol more perspectives and more 
knowledge types” (Fast and McCormick, 2012: p. 745).  

In this thesis, the reduction of GHG emissions from energy and transport systems is 
considered to be a wicked problem. What constitutes a GHG-emission reduction is 
not unambiguous, as will be shown in this thesis. Solutions to the problem include a 
reduction of energy use and a fundamental change of energy supply, neither of 
which seems highly desirable among world leaders; thus, these solutions can be la-
belled both ‘good’, as they can help to mitigate climate change, and ‘bad’, as they are 
unwanted. To further complicate the issue, the energy use that has led to climate 
change has also led to technological progress, economic growth and increased quali-
ty of life. There are not only problems, but also great opportunities associated with 
energy use. Studying the reduction of GHG emissions from energy and transport 
systems as a wicked problem allows for problematising solutions and measures to 
reduce GHG emissions. This approach can contribute to our understanding of why 
climate change mitigation seems so difficult to achieve despite all the available 
knowledge and technology.  

The call for additional perspectives and knowledge types to understand wicked prob-
lems is the foundation of this thesis. Here, the reduction of GHG emissions from 
energy and transport systems is studied with different perspectives and methods in a 
sociotechnical systems approach. The appended papers investigate how energy issues 
are approached in different contexts, and what implications different actions can 
have on GHG emissions. System boundaries are studied in all the appended papers. 
The choice of system boundaries shows how problems are approached and how so-
lutions are created. As a wicked problem can be defined through attempts to find 
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Introduction 

solutions, system boundaries can also provide insights into how the wicked problem 
that is the subject of this thesis is defined. The study of system boundaries is thus 
important for understanding GHG emission reductions from energy and transport 
systems as a wicked problem.  

Several of these papers concern transport, which is a major source of GHG emis-
sions because of its high use of fossil fuels. The energy use in transport can be con-
sidered part of a larger energy system, but transport is often regarded as a system 
itself, separate from the energy system. Therefore, I will refer to “energy use in the 
transport system” and also to “transport as an energy user in the energy system” in 
the thesis, depending on the context. 

1.1 Aim and research questions 

The aim of this thesis is to show how the reduction of GHG emissions from energy 
and transport systems can be understood, approached and studied as a wicked prob-
lem. This aim is concretised in three research questions: 

Research question I: How does the choice of system boundaries affect the results of 
energy system research? 

Research question II: How do the system boundaries used in energy and transport pol-
icy affect the sustainable development of energy and transport systems?  
Research question III: How can a sociotechnical systems approach benefit studies of 
GHG-emission reductions from energy and transport systems? 

Table 1 shows which research questions that are addressed in which of the append-
ed papers.  

Table 1. The relationships between papers and research questions (RQs). 

 Paper I Paper II Paper III Paper IV Paper V Paper VI 
RQ I  x  x  x 
RQ II x x x  x  
RQ III x x x x x x 
 

1.2 Scope 

This thesis is based on papers that concern the use of renewable fuels and energy-
efficient vehicles in road transport, with particular focus on biogas and electric vehi-
cles, and district heating. As the high GHG emissions of transport are generally un-
derstood to be difficult to reduce, research into alternative transport technologies is 
needed. District heating is a complicated case in terms of GHG emissions as it in-
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cludes and interacts with several technologies. Thus, it is interesting to study with 
regard to the aim of this thesis. 

Geographic system boundaries vary between Stockholm, Sweden and the European 
Union (EU). Sustainable development and climate change mitigation are important 
issues in the Swedish political agenda, wherefore Sweden and Stockholm are inter-
esting to study. Biogas and district heating are established technologies in Sweden, 
and electric vehicles are viewed as a future alternative with great potential. When 
studying electric vehicles, a European perspective is assumed, as the electricity use of 
these vehicles affects the electricity system, which is connected throughout Europe. 
Table 2 presents the distribution of system boundaries in the appended papers. 

Table 2. Overview of system boundaries in the appended papers. 

 Geographic system boundary Technology 
Paper I Local/regional Biofuels & electric vehicles 

Paper II Local/regional Biogas 

Paper III National Biogas 

Paper IV European Electric vehicles 

Paper V European Electric vehicles 

Paper VI Local/regional & European District heating 

 

1.3 Paper overview and research journey 

My first year as a PhD student was spent doing coursework within an interdiscipli-
nary research school: the Energy Systems Programme. In one of these courses, I col-
laborated with three other PhD students, Linnea Eriksson, Mårten Larsson and 
Martina Wikström, in an interdisciplinary project concerning renewable energy use 

in Stockholm’s road transport system – the so-called tvärprojekt. The idea for the pro-
ject came from a political vision of Stockholm as home to a large number of electric 
vehicles. With this as our starting point, we studied the conditions through which 
Stockholm’s road transport could be entirely based on renewable energy by 2030.  

Paper I: Bridging the implementation gap: Combining backcasting and policy analysis to study 
renewable energy in urban road transport 
In paper I, which is a direct outcome of the tvärprojekt, the focus is on the discrepan-
cy between Stockholm’s policy makers’ visions of a sustainable future transport sys-
tem and the ongoing work required to get there. By combining backcasting and pol-
icy integration analysis, a gap between research results and the implementation of 
results in policy is identified. An interdisciplinary approach is shown to be suitable 
for attempts to reduce this gap.  

4 



Introduction 

Stockholm’s policy-makers were found to be particularly interested in biogas and 
electric vehicles. I found their interest notable, and focussed my research on the 
roles of biogas and electric vehicles as means to reduce GHG emissions from energy 
and transport systems. With biogas, I particularly wanted to understand the devel-
opment of biogas production and the political interest in using biogas as a vehicle 
fuel. I found plentiful research on the potential of biogas, but limited literature ex-
plaining how the technology has developed. Therefore, the next two papers deal 
with this knowledge gap. 

Paper II: Policy for biomass utilisation in energy and transport systems – the case of biogas in 
Stockholm, Sweden 
This paper explores what made biogas such an attractive choice for Stockholm’s pol-
icy-makers, and whether it was a good choice from a GHG-emissions point of view. 
The paper concludes that using biogas was not, in fact, the best choice for reducing 
GHG emissions, as electricity production could have reduced emissions more, given 
the chosen system boundaries. Another conclusion is that the choice to use biogas 
as vehicle fuel was driven by powerful actors involved in the policy process, who rec-
ognised opportunities to turn troublesome municipal waste into an environmentally 
beneficial and profitable solution for public transport. 

Paper III: Waste(d) potential: A socio-technical analysis of biogas production and use in Swe-
den 
Paper III was written to fill the knowledge gap of how Swedish biogas production 
has developed. One of the findings is that there is no apparent connection between 
research, policy and biogas production. Most of Sweden’s biogas production started 
as a way of waste management, before biogas became very interesting in itself. With 
recent policy attention on using biogas as a vehicle fuel, the waste management as-
pect of biogas has become less interesting in the political arena, and biogas produc-
tion is increasing slowly. The paper concludes that biogas production would benefit 
from political recognition of the diversity of biogas systems, and that all such systems 
should be targeted by policy.  

Electric vehicles were a hot discussion topic during my time as a PhD student. Most 
people had a highly positive opinion about electric vehicles. For example, in the 

tvärprojekt, we found that electric vehicles were considered to be a vital part of a sus-
tainable future road-transport system in Stockholm. Electric vehicles were said to 
improve the transport system by reducing GHG emissions, traffic noise and local air 
pollution. Usually, no potentially negative side-effects were mentioned. This positivi-
ty motivated me to study electric vehicles with regard to their contribution to GHG-
emission reductions, and how these vehicles are handled in policy.  
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Paper IV: Climate impact of the electrification of road transport in a short-term perspective 
Electric vehicles are often promoted as zero GHG emitters, not only in the media 
but also in scientific literature. When their electricity use is mentioned, renewable 
electricity generation is generally assumed. However, this assumption does not coin-
cide with the current energy situation. Paper IV was written in order to analyse en-
ergy use and GHG emissions from the use of electric vehicles given current Europe-
an electricity production. The results show that in a life-cycle perspective, electric 
vehicles may currently contribute as much to climate change as fossil-fuelled cars. 
Acknowledging this fact could be a powerful incentive to increase renewable electric-
ity generation.  

Paper V: The role of electric vehicles in EU energy and transport policy 
Paper V explores what problems electric vehicles are supposed to solve, according to 
EU policy. Electric vehicles are found to be viewed as instruments to maintain the 
current road transport system with respect to mobility and economic competitive-
ness, while still meeting climate goals. However, as policy fails to include the use and 
users of the vehicle, there is a risk that the encouragement of electric vehicles may 
not have a positive effect on climate change after all. To truly reduce GHG emis-
sions from transport, structural changes in travelling and energy use are required. 

A couple of years into my PhD studies, I was involved in a project concerning the 
allocation of GHG emissions from combined heat and power (CHP) production. As 
I had previously written papers in which GHG emissions from biogas use and elec-
tric vehicles were estimated, I was interested in the implications of using different 
methodological approaches when assessing GHG emissions. With this project, I was 
able to delve deeper into this issue, resulting in a paper that exemplifies and discuss-
es the use of different methodological approaches to GHG-emission assessments. 

Paper VI: Assessing the climate impact of district heating systems with combined heat and 
power production and industrial excess heat 
In paper VI, the choice of system boundaries, input data and methodology is stud-
ied with regard to district heating. GHG-emission assessments for a district heating 
system with CHP production and/or industrial excess heat are analysed and dis-
cussed. The paper concludes that results differ depending on which methods and 
system boundaries are applied, and that it may be advantageous to use a local per-
spective. Paper VI concerns a different technology than the other papers, but the 
discussion of system perspectives is nonetheless similar. 
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2 Studied technologies  

In this chapter, the technical background of the thesis is presented. The technolo-
gies that are studied in the appended papers are described, with focus on their con-
text in the papers and in the thesis. Thus, the relevance of a sociotechnical approach 
is further explained and motivated. 

2.1 Renewable energy use in road transport 

Paper I examines the possibilities for exclusively using renewable energy in road 
transport by 2030. Although several renewable fuels could be considered, only a few 
were selected in paper I. This selection was based on a literature study with the aim 
of identifying the most likely renewable fuels for use in Sweden by 2030. Table 3 
presents the renewable energy carriers that were selected and their main production 
pathway and use.  

Table 3. Fuels deemed possible in Stockholm’s road transport system in 2030. 

Energy carrier Main use in vehicles Main production process 
Biogas & synthetic  
natural gas (SNG) 

Public transport 
Goods transport 

Anaerobic digestion of biomass (biogas) or  
gasification of woody biomass (SNG) 

Ethanol Automobiles Fermentation of biomass 
Biodiesel &  
synthetic diesel 

Automobiles 
Goods transport 

Transesterification of fatty biomass (biodiesel) 
or gasification of woody biomass (synthetic 
diesel) 

Dimethyl ether (DME) Goods transport Gasification of woody biomass 
Electricity Automobiles Solar, wind, hydro and tidal power, and  

combustion of biomass 

Research has shown that the use of biofuels such as those listed in Table 3 could 
reduce GHG emissions from transport (see for example Difs et al., 2010; Mohseni et 
al., 2012; Wetterlund et al., 2010). Great potential has also been identified in the 
amount of renewable energy that could be used in the transport sector. For example, 
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Lindfeldt et al. (2010) found that biofuels and renewably produced electricity could 
meet the energy demands of Swedish transport by 2025. However, biofuels and elec-
tric vehicles are currently not in common use. Despite attention from policy-makers 
and media, electric-vehicle uptake is slow in Stockholm (Nykvist and Nilsson, 2014). 
Ethanol and biodiesel are mainly used for blending with petrol and diesel, and bio-
gas is used in private and public transport on a fairly small scale. In 2012, renewable 
fuels constituted 8% of the total energy use in the Swedish transport sector (SEA, 
2014). Vehicle fuel production based on gasification of biomass is not yet done on a 
commercial scale, so the fuels resulting from that technology are not widely availa-
ble. Hence, realisation of the opportunities identified by research is not imminent.  

Other difficulties affect the implementation of biofuels, such as the debate over 
their sustainability. Although biofuels are assumed to reduce GHG emissions since 
they are based on renewable resources, research has shown that cultivation and pro-
duction processes can be both socially and environmentally unsustainable, and that 
GHG emissions in some cases can increase (Börjesson, 2009; Ekener-Petersen et al., 
2014; Fargione et al., 2008; Searchinger et al., 2008). Previously described as a wick-
ed problem (Fast and McCormick, 2012), biofuels should be studied using several 
methods and perspectives.  

2.2 Biogas  

Papers II and III concern different aspects of biogas production and use. In paper II, 
options for using municipal organic waste in the Stockholm region are studied. In 
paper III, biogas production and use in Sweden are studied. Figure 1 shows a sche-
matic of biogas production and use.  

 

Figure 1. Biogas production and use, as studied in papers II and III. 

biogas upgrading vehicle
fuel

electricity
production

heat 
production

anaerobic
digestion

sewage
sludge

municipal 
organic
waste

digestate
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Biogas can be produced from the anaerobic digestion or gasification of biomass. 
Here, only biogas produced by anaerobic digestion is considered. Common sub-
strates used in this process include sewage sludge, municipal organic waste, manure 
and other farm waste, and waste from food industries. The digestion of these sub-
strates produces a gas that contains methane, carbon dioxide and impurities such as 

hydrogen sulphide (Ryckebosch et al., 2011). This raw biogas may be used in electric-
ity or heat production. If raw biogas is cleaned of carbon dioxide and impurities in 

an upgrading process, it reaches natural-gas quality, which means that its methane 
content is high, over 97%. At this point it may be injected into a natural gas grid 
and used just like natural gas (Åhman, 2010). Using upgraded biogas as a vehicle 
fuel has become common, especially in urban public transport (Fallde, 2011). Yet 
biogas holds a very small share of total energy use. In 2012, only 0.8 TWh of biogas 
was used in road transport, less than 1% of the energy used in all national Swedish 
transport (SEA, 2014).  

The by-product of biogas, digestate, can be used as fertiliser, which is an excellent 
way of bringing nutrients back into the ecological system. For example, plants take 
up nitrogen from digested manure more easily than from undigested manure; and 
phosphorus, which needs to be mined to produce artificial fertiliser, is recycled in 
digestate (Berglund, 2006).  

Biogas has great potential to reduce GHG emissions when used to replace fossil 
fuels, especially if it is produced from waste products, as is usually the case (Magnus-
son, 2012b). Depending on the raw material and the production processes, biofuel 
use can result in both lower and higher GHG emissions compared to fossil fuels 
(Börjesson, 2009). For example, indirect effects from land use when growing energy 
crops for biofuels can cause high GHG emissions (Fargione et al., 2008; Searchinger 
et al., 2008). Utilising waste as a substrate, however, implies low GHG emissions, as 
no virgin resources are required. The use of digestate as a replacement for artificial 
fertiliser further improves calculations of GHG emissions from biogas, as fossil-fuel 
use can then be avoided in fertiliser production (Berglund, 2006).  

There is currently plenty of research on biogas production. Swedish studies recog-
nise a potential for biogas production of up to 17 TWh, which equals 20% of cur-
rent energy use in the transport sector (Magnusson, 2012b; SEA, 2014). However, 
the potential for biogas production and GHG reductions might not be realised alt-
hough studies show that it exists and suggest how it could be realised. For example, 
Lybæk et al. (2013) have shown how the dynamic and non-linear nature of the de-
velopment process in this field means that basic biogas research does not automati-
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cally lead to technological innovation. This indicates that studying the production 
and use of biogas from more perspectives than purely technical ones is desirable. 

2.3 Electric vehicles 

An automobile powered by electricity falls under the definition of an electric vehi-

cle. This term comprises several automobile technologies. Hybrid electric vehicles may 
switch between an electric motor and a combustion engine. In conventional hybrids, 
electricity is generated while driving, for instance by converting brake energy to elec-

tricity. Plug-in hybrid electric vehicles also have both an electric motor and a combus-

tion engine, but they can be recharged by connection to the electricity grid. Plug-in 

electric vehicles operate only by an electric motor and are recharged by connection to 
the electricity grid (Tie and Tan, 2013). In this thesis, the term ‘electric vehicle’ re-
fers exclusively to a plug-in electric vehicle.  

In papers IV and V, electric vehicles and their energy supply are studied from a Eu-
ropean perspective. These papers discuss implications for GHG emissions, depend-
ing on energy source. An electric motor does not produce exhaust gases, so the vehi-
cle itself has no GHG emissions. However, GHG emissions occur as a result of elec-
tricity production. Including the electricity used by the vehicle in a GHG-emission 
assessment thus gives an estimate of the GHG emissions caused by driving an elec-
tric vehicle. Therefore, papers IV and V essentially focus more on electricity produc-
tion than on electric vehicles.  

Electric vehicles are often considered to be emission-free, either because they lack 
tailpipes or because they are assumed to use renewably produced electricity. Howev-
er, prognoses show that European electricity production will remain largely fossil-
fuel based. By 2050, it is estimated that 50% of European electricity will be pro-
duced renewably (EC, 2014; Klessman et al., 2011; Lise et al., 2013; Möst and 
Fichtner, 2010). Therefore, electric vehicles need to be studied using different per-
spectives, in order to identify how they can contribute to reducing GHG emissions 
from energy and transport systems.  

The relationship between electric vehicles and electricity production is also rather 
intricate. Not only do the GHG emissions caused by electric vehicles depend on the 
means of electricity production, but the electricity production also depends on when 
the electric vehicles are charged. As electricity production always matches electricity 
demand, the production can be managed through demand-side measures. If electric 
vehicles are charged in the early evening, when electricity demand usually peaks, the 
demand peak will rise; thus, this timing might result in a need for new electricity 
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production. If the charging occurs at a time when electricity demand is low, it can 
help to level out the electricity demand curve, and thus help stabilise electricity pro-
duction (Grahn et al., 2012, 2013; van Vliet et al., 2011). Such phenomena should 
be studied from different perspectives, not merely a technical one, in order to un-
derstand the dynamics of the system.  

2.4 District heating with CHP production and industrial excess heat 

In paper VI, methodologies for GHG-emission assessments are studied with regard 
to district heating systems with CHP production and/or industrial excess heat. Fig-
ure 2 shows a schematic of such a system.  

 

Figure 2. Production and use of heat, as studied in paper VI. 

In a district heating system, hot water is distributed to households, companies and 
industries, with an emphasis on multi-family dwellings, with the purpose of provid-
ing space heating and hot tap water. The heat is produced in heat plants, CHP 
plants or provided by certain industries that have excess heat from their production 
processes. Basically, any kind of fuel may be used. In a CHP plant, heat is co-
generated with electricity. Although a CHP plant has a lower electrical efficiency 
than a condensing power plant and a lower heat efficiency than a heat plant, the 
total efficiency of a CHP plant is greater than that of separate heat and electricity 
production (Odenberger et al., 2009).  

District heating has been widely studied with regard to reducing GHG emissions 
from energy systems (e.g., Connolly et al., 2014; Lund et al., 2014; Rezaie and 
Rosen, 2012). Environmental benefits such as GHG-emission reductions are mainly 
caused by more efficient resource use; for example, excess heat can be utilised, and 
CHP production can substitute for the separate production of heat and electricity. 

heat
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grid
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In addition, district heating systems with CHP plants have been shown to reduce 
GHG emissions when the electricity produced by the CHP plants is assumed to re-
place electricity produced separately (Difs, 2010; Henning and Trygg, 2008). The use 
of district heating has also been shown to imply GHG-emission reductions when it 
replaces the use of electricity (Djuric Ilic and Trygg, 2014; Henning and Trygg, 
2008). However, showing opportunities for GHG-emission reductions does not 
mean that these technologies will be implemented. Magnusson (2012a) demonstrat-
ed that the Swedish district heating sector is stagnating. It has also been shown that 
resource and energy-efficient measures, such as choosing district heating instead of 
electricity, are sometimes not implemented in industry or in the building sector, 
even though knowledge is not lacking (Palm, 2013; Palm and Thollander, 2010). 
Reducing GHG emissions by the use of district heating should thus be studied from 
a wider perspective, rather than from a purely technical viewpoint.  

In a European context, industrial excess heat is prevalent, but is not commonly used 
in district heating systems (Persson and Werner, 2012). There is great potential for 
increased use of industrial excess heat (Connolly et al., 2014). For example, in a case 
study of a Swedish county, Broberg Viklund and Johansson (2014) found that 0.8 
TWh, or 8% of the studied companies’ energy use, could be recovered annually and 
used in a district heating system. However, using excess heat in district heating sys-
tems can be problematic both in terms of environmental performance and security 
of supply. A district heating system can be burdened by fossil-fuel use if the industry 
uses fossil fuels in their production processes, and by its dependence on another 
actor. These are two reasons why more than purely technical analyses are needed 
when studying how industrial excess heat can contribute to reducing GHG emis-
sions from energy systems. 
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3 A systems approach 

A system is generally defined as a collection of components that are separated from 

the environment by a system boundary, and the interrelations between these compo-
nents (Ingelstam, 2012). The system concept can be applied at any level of complexi-
ty and in all disciplines. For example, a gas turbine can be considered a system with-
in a power-plant environment, and a community can be considered a system in 

which a power plant is a component. The latter is an example of a sociotechnical sys-

tem, in which society is intertwined with technology (Geels, 2004; Summerton, 
1994). In a sociotechnical system, technical artefacts cannot be separated from the 
society in which they exist, because technology is affected by society and society is 
affected by technology. 

This thesis is based on sociotechnical system studies, but also on a background of 
energy system analysis. Energy systems can be defined as sociotechnical, as they typi-
cally include both technical components, such as energy conversion and distribution 
technologies, and societal components, such as energy users, energy utility managers 
and policy (e.g., taxes and regulations). Depending on the aim of a study, different 
system boundaries are appropriate. In the appended papers, different systems are 
studied with different objectives, and thus different system boundaries are used.  

3.1 Energy systems analysis  

In the mid-20th century, systems theory emerged as a concept in which mathematics 
was used to model interdisciplinary issues. One of its main applications was within 
operations research, in which military missions were planned. In civilian domains, 
systems theory was used to solve optimisation problems such as route-planning and 
store-keeping. Some researchers intended for systems theory to encompass even 
more, such as becoming a scientific skeleton on which to hang disciplinary science 
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(Boulding, 1956), or a framework to solve humankind’s great social problems 
(Churchman, 1968). According to these researchers, using a systems approach im-
plied that different disciplines would come together in solving problems, and that 
the nature of the problem at hand would determine which methods should be used 
– as opposed to disciplinary research, which focuses on specific problems and meth-
ods. 

Energy systems analysis, as understood in this thesis, is largely based on mathemati-
cal models of energy systems. It has been extensively used to identify potential for 
economic gains and GHG-emission reductions. For example, Grahn et al. (2012, 
2013) show how Markov models can be used to identify how electric vehicles can 
reduce user costs and GHG emissions. In a Swedish context, optimising models 
have been used to find the optimal location for biofuel production plants (Leduc et 
al., 2010a, 2010b); to identify the economic and environmental benefits of intro-
ducing biomass gasification in a district heating system (Difs et al., 2010); and to 
link biofuel production, district heating and forest industry in industrial symbiosis 
(Karlsson and Wolf, 2008). In an international outlook, energy system models have 
shown that the projected increase in transport demand necessitates technological 
changes in the transport system in order to reduce GHG emissions (Girod et al., 
2013). Several modelling studies have identified complex dependencies between 
energy and transport systems (e.g., Anable et al., 2012; Bale et al., 2015; Grahn et 
al., 2009; Keirstead et al., 2012), thereby establishing the need for research that 
connects these two systems. 

The above-mentioned studies contain numeric parameters. Actors, actions and deci-
sion making are represented by costs. This simplified representation of reality can be 
a very useful tool, but it is constrained with respect to behaviour and social struc-
ture. There have been many attempts to include behaviour in models, but more re-
search is needed in order for this inclusion to be useful (Tran, 2014). There is also a 
risk that when reality does not converge with a model, people will be considered 
problematic rather than the model (Moezzi and Janda, 2014).  

3.2 Sociotechnical systems analysis 

While energy systems analyses are typically based on positivism, sociotechnical system 

studies are more or less based on social constructivism (Bijker, 2013; Collins, 2013; 
Radder, 2013). In a positivistic approach, optimal solutions that are identified when 
studying a technical artefact are viewed as optimal regardless of the artefact’s societal 
environment. Within social constructivism, it is assumed that society constructs the 

14 



A systems approach 

artefact, and vice versa; thus, there is no point in studying an artefact outside of its 
societal environment. 

Studies of sociotechnical systems are more or less focussed on the relationship be-

tween society and technology. The theory of large technical systems, which explains the 
different phases of system development as functions of the interaction between 
technology and actors (Hughes, 1983; Summerton, 1994), emphasises that technol-

ogy and society are intertwined. Other theories, such as actor-network theory, find ac-
tors to be of greater importance and emphasise how society constructs technology 

(Latour, 1987). Yet another example of a sociotechnical theory is transition theory, 
which explains technological development by describing a technology’s transition 
through different societal regimes (Geels, 2004).  

The usefulness of sociotechnical systems analysis has been demonstrated in several 
energy system studies. For example, Magnusson (2012a) analysed Stockholm’s dis-
trict heating system using large technical systems theory. He found that the system in 
question was stagnating, due to changes in society. This finding is of interest, be-
cause energy systems analyses have identified great potential for district heating. 
Transition theory has been used not only to explain the development of a technolo-
gy, but also to explain why some technologies are not developing as expected. For 
example, Nykvist and Nilsson (2014) explained the slow uptake of electric vehicles 
in Stockholm despite policy support, and Jacobsson and Karltorp (2013) identified 
organisational barriers against offshore wind power, despite wind power being a 
well-known and uncontroversial technology. Bolton and Foxon (2015) showed how 
an understanding of technology development processes, gained by sociotechnical 
system studies, could be operationalised to encourage investment in renewable ener-
gy. 

By applying a sociotechnical approach, the above-mentioned studies were able to 
incorporate non-numerical parameters, such as norms and relationships between 
decision-makers. Thus, they were well equipped to study processes. While a mathe-
matical energy systems analysis can suggest technological opportunities, a sociotech-
nical systems analysis can explain the role of technology in society. This is not to say 
that sociotechnical system studies only find barriers towards development, or that 
energy systems analyses only identify potential for development. The main implica-
tion is a need to use a variety of different approaches and methods when studying 
complex problems. For example, a sociotechnical approach can provide an under-
standing of how energy issues are handled in policy, industry and research, thus fa-
cilitating the understanding of the wicked problem of reducing GHG emissions 
from energy and transport systems. 
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4 Methodology and material 

In this thesis, different methods are used to study different sociotechnical systems. 
Here, these methods are described with focus on their use in the particular context 
of this thesis. Therefore, this chapter presents the analytical framework that is ap-
plied in the appended papers. This encompasses which methodological choices that 
are made and how the material is interpreted and analysed, and is a relevant founda-
tion for analysing and discussing the research questions.  

An overview of which methods that are used in which papers is provided in Table 4. 
In this chapter, each method is presented with the analytical frameworks that are 
applied in the papers. As research design and data collection are presented in detail 
in the appended papers, it is not repeated here. 

Table 4. Overview of methods used in the appended papers. 

 GHG emission 
assessment 

Document 
studies 

Interviews Backcasting 

Paper I  x x x 
Paper II x  x  
Paper III  x   
Paper IV x    
Paper V  x   
Paper VI x    
 

4.1 Greenhouse gas emission assessments 

Three of the appended papers, namely II, IV and VI, use GHG-emission assess-
ments. A GHG-emission assessment, when performed in an energy systems analysis, 
shows the resulting GHG emissions from energy conversion or use. Such an assess-
ment can be performed within any system boundary. A GHG assessment can, for 
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example, include only the direct GHG emissions from the tailpipe of a vehicle; in-
clude all indirect GHG emissions that may be related to the vehicle, such as GHG 
emissions from fuel production; or, extending even more, include emissions from a 
whole vehicle fleet. Transparency with regard to the system boundary is a require-
ment in order for the results of GHG-emission assessments to be comparable.  

A GHG-emission assessment can be attributional or consequential. An attributional 
assessment calculates GHG emissions of energy conversion or use that have already 
occurred. In a consequential GHG-emission assessment, the consequences of 
changes to a system, such as changes in energy conversion or energy use, are assessed 
(Ekvall et al., 2005; Finnveden, 2008). How far the consequences of change reach 
depends on the system boundary. This thesis primarily uses a consequential ap-
proach.  

4.1.1 System boundaries used in the papers 

Paper II analyses the consequences of the increased demand for biogas as a vehicle 
fuel, and its impact on municipal organic-waste management. GHG emissions are 
assessed with regard to different ways of handling municipal organic waste. Life-cycle 
GHG emissions are considered when using municipal waste as fuel in CHP produc-
tion or in biogas production. The produced biogas is assumed to either be used as 
fuel in CHP production or to be upgraded and used as vehicle fuel. Any electricity 
produced using biogas or municipal organic waste is assumed to replace other elec-
tricity, and any biogas used as vehicle fuel is assumed to replace petrol or diesel. The 
system is illustrated in Figure 3. 
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Figure 3. The system that is studied in paper II. 

Paper IV analyses the increased electricity demand that is the consequence of an 
introduction of electric vehicles. GHG emissions from electric vehicles are assessed 
in a life-cycle perspective and compared to other options for individual road 
transport. The system includes the electric vehicle and the electricity production, 
and the system boundary is varied with respect to electricity production. The electric 
vehicle is assumed to use different options for Swedish or European electricity pro-
duction depending on the system boundary. The system is illustrated in Figure 4. 

 

Figure 4. The system that is studied in paper IV. 
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Paper VI analyses the consequences of changes due to the addition of a CHP plant 
and industrial excess heat to a district heating system. Assessments of GHG emis-
sions in district heating systems with CHP production and industrial excess heat are 
examined. The system includes the district-heating grid, a CHP plant, an industry 
with excess heat and the alternatives that the heat and electricity produced within 
the district heating system are assumed to replace. Several different options for al-
ternative electricity and heat production are considered. The system is illustrated in 
Figure 5. 

 

Figure 5. The system that is studied in paper VI. 

4.1.2 A consequential approach to electricity production and use 

With regard to electricity, this thesis uses different options for marginal and average 
electricity production. These concepts refer to different ways of viewing electricity 
consumption. When accounting for electricity use in an attributional assessment, a 
national or regional average production mix is often used. This is acceptable for 
bookkeeping calculations, when the electricity supply and demand are known (Dot-
zauer, 2010; Sjödin and Grönkvist, 2004). With regard to consequential assess-
ments, where changes in supply and demand are considered, it is not appropriate to 
use average figures. Instead, researchers advocate the use of marginal electricity-
production figures (Dotzauer, 2010; Sjödin and Grönkvist, 2004; WRI, 2007).  
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Changes to supply and demand are assumed to affect the electricity production 
margin, that is, the last produced unit of electricity in the system. Depending on the 
time frame, the marginal production is based on different assumptions. Changes to 

the current system are assumed to affect the operating margin, while changes to a fu-

ture system are assumed to affect the build margin. The latter is constructed based on 
assumptions about future electricity production. Currently, coal condensing power 
is usually assumed to be on the operating margin. Looking ahead, to 2020–2030, 
natural gas or modernised coal condensing power plants are often assumed to be on 
the build margin (Axelsson et al., 2009; Djuric Ilic et al., 2014).  

4.1.3 Industrial symbiosis as an analytical framework 

Paper VI discusses the impact on GHG emissions of resource use in district heating 
systems. For this purpose, the concept of industrial symbiosis is used. This concept 
involves increasing resource efficiency through co-operation between industries 
(Chertow, 2000). In industrial symbiosis, industries exchange resources such as wa-
ter, energy and materials. It is a means of ‘closing the loop’, as one industry’s by-
product or waste can be used as another industry’s raw material. The concept of in-
dustrial symbiosis is considered appropriate with regard to district heating systems, 
as these systems provide arenas where several resource collaborations are possible. 
CHP plants can engage other industries in industrial symbiosis, thus functioning as 
so-called ‘anchor tenants’ (Martin and Eklund, 2011). A CHP plant can either uti-
lise other industries’ waste as fuel, provide other industries with heat, electricity 
and/or steam, or engage in both kinds of symbioses. Industries can collaborate with 
energy utilities by providing excess heat to a district heating system (Broberg Vi-
klund and Johansson, 2014).  

Environmental assessments of industrial symbiosis often compare the benefits of co-
operation around resource use to a reference case without such co-operation, focus-
sing on local opportunities (Martin et al., 2014; Sokka et al., 2011). Thus, environ-
mental benefits (such as GHG-emission reductions) from a particular industrial 
symbiosis can be quantified. In paper VI, such quantifications are not made. In-
stead, this paper discusses the sociotechnical dimension of industrial symbiosis, 
along with possible implications for local opportunities. The feasibility of co-
operation between industries and energy utilities is discussed, not only with regard 
to technical possibilities but also to social and economic factors. Thus, assessments 
of GHG emissions can be performed on a foundation of local conditions and re-
quirements with regard to heat.  
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4.2 Document and interview studies 

Four of the appended papers, namely papers I, II, III and V, are largely based on 
analyses of documents and interviews. This section presents the selection of material 
and describes the use of different theories in analysing the material.  

4.2.1 Policy integration as an analytical framework 

Paper I studies a policy process. Policy documents guiding or governing the policy 
process were studied, and civil servants that were active in the policy process were 
interviewed. Policy documents were selected based on the criteria that they treated 
transport planning in the Stockholm region and were issued between 2007 and 
2011. Interview respondents who worked with issuing such policy documents or 
implementing transport policy were selected, as they could provide information 
about the values and reasoning behind the documents and how the documented 
policy was used and implemented. The documents and the interview material are 
analysed qualitatively, with a view to understanding the policy process. 

Transport and energy policy processes can be described as parallel (Fallde, 2011). 
The same issues are discussed simultaneously but separately in the transport policy 
sector and the energy policy sector, which can lead to contradictory policy decisions 
being made in the parallel policy sectors. Policy integration is important in order to 
prevent policy decisions from being contradictory (Geerlings and Stead, 2003; 
Söderberg, 2011). Paper I studies policy integration between the transport and ener-

gy policy sectors using three concepts: problem definition, policy measure and policy goal 
(cf. Rouillard et al., 2013). A problem definition is the representation of an issue 
that should be addressed by policy-makers. In the policy process, the problem defini-
tion is turned into a concrete policy goal, which policy aims to achieve through the 
implementation of policy measures. By identifying the problem definitions, policy 
measures and policy goals within energy and transport policy, similarities and dis-
crepancies can be found. These show how issues are handled within the transport 
and energy policy sectors. An analysis of how the policy processes in different policy 
sectors manage different issues can display occurrences of parallelism and integra-
tion between the sectors. Thus, the policy integration of transport and energy policy 
can be described. 

4.2.2 Acquiring information through qualitative interviews 

The interview material used in paper I is also used in paper II, where it is comple-
mented by additional interviews. In paper II, interviews are used to explain the polit-
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ical interest in biogas and the development of biogas production in the Stockholm 
region. Therefore, the interviews with civil servants working with transport policy 
are complemented by interviews with a politician and a businessman, who were 
both involved in biogas production. The interview material is analysed qualitatively 
in order to understand opinions, attitudes and actions. 

4.2.3 Large technical systems theory as an analytical framework 

Paper III studies the development of biogas production and use in Sweden. For this 
purpose, documents that contain quantifiable information (e.g., statistics, regula-
tions) about biogas production and use are analysed. In general, scientific publica-
tions and reports from public authorities and trade organisations were selected for 
this study. The content of these documents is analysed in a quantitative manner, 
with a focus on facts such as the year a specific biogas plant was built and which sub-
strate it utilised. Concepts from the theory of large technical systems are used when 
analysing the documents, to explain the development of biogas as a sociotechnical 
system. This theory describes system development by identifying phases (e.g., inven-
tion, expansion, stagnation) and concepts (e.g., system builders, momentum) within 
a sociotechnical process (Hughes, 1983; Magnusson, 2012a; Summerton, 1994). It 
has mainly been used to explain development of systems that have a large infrastruc-
ture, such as electricity grids and railways. 

The suitability of using large technical systems theory to analyse a biogas system may 
be questioned, as this system does not (yet) have one specific infrastructure that gov-
erns the whole system. Therefore, the analysis is limited to the use of two concepts 
that explain how technology adapts to the society in which it is used. These concepts 

are technology transfer and technological style. Technology transfer denotes the spread-
ing of technology from one context to another, for example between different re-
gions or sectors. Different contexts have different social and technological prerequi-
sites, which means that the same technology may develop different features in dif-
ferent contexts. Thus, technology transfer helps shape technology in different ways, 
giving it different technological styles (Hughes, 1983; van der Vleuten, 2009). Using 
the concepts of technology transfer and technological style can help to define and 
categorise aspects of system development, thus explaining characteristics of that spe-
cific system. 

4.2.4 Framing theory as an analytical framework 

Paper V studies the framing of electric vehicles in EU policy through analyses of EU 
policy documents guiding or governing sustainable transport. Comprehensive doc-
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uments, such as directives and strategies, issued between 2009 and 2013, were se-
lected for this study. The selected documents are assumed to provide insight into 
how European transport and energy systems are approached by policy, both now 
and in the near future. The documents are analysed qualitatively, using questions 
about which problems that are solved by electric vehicles and how these vehicles are 
intended to solve them, inspired by Bacchi’s (2008) approach to framing theory. 

The representation of policy issues is central in framing theory, which explains poli-
cy and public debate as a result of the framing of issues (Bacchi, 2008; Chong and 
Druckman, 2007; Peoples, 2014). A problem can be defined, or framed, in different 
ways, and depending on how it is defined it will influence policy and public debate 
differently. The framing of a policy issue can influence how it is handled in the poli-
cy process and thus affect the creation of policy goals and the implementation of 
policy measures. Knowing how electric vehicles are framed is helpful when investi-
gating the future consequences of electric-vehicle policy. 

4.3 Backcasting 

Paper I is partly based on a study of a future road transport system. Therefore, sce-
nario methodology was used. Scenario studies can be divided into three segments: 

forecasting, exploratory and backcasting approaches (Banister and Hickman, 2013). In 
the forecasting approach, predictions about the future are made based on current 
trends. In the exploratory approach, scenarios are created and used together with 
the question “What if?” Thus, different options and their consequences can be ex-
plored. In the backcasting approach, desired future scenarios are constructed and 
the means by which the scenarios may be reached are analysed.  

Paper I uses the backcasting methodology. Two scenarios are constructed, in which 
road transport in the City of Stockholm will exclusively use renewable energy by 
2030. One scenario is dominated by biofuels, and the other is dominated by electric 
vehicles. The main aim of backcasting is usually to identify the actions that are re-
quired in order to reach a future scenario. Backcasting is considered particularly 
useful when radical change is required in order to reach environmental goals (Höjer 
and Mattsson, 2000). Polarised future scenarios are commonly developed and used 
to show the difference in policy implications, depending on which future – and 
which pathway to achieve it – is selected (Dreborg, 1996). Desired future scenarios 
are usually based on technological and economic considerations (Robinson, 1990).  

Although policy implications are often the result of backcasting studies, the plausi-
bility of realising the scenarios is rarely discussed. While backcasting studies show a 
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need for radical change, research on societal development shows that change hap-
pens slowly and incrementally (Hatzopoulou and Miller, 2008; Marsden et al., 
2014). Thus, if implementable scenario studies are desired, there could be a need to 
modify the methodology. Previous research has identified a need to increase the 
pragmatism in backcasting, in order to achieve more implementable results (Banister 
and Hickman, 2013). In paper I, this was attempted by combining backcasting with 
policy analysis. 
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5 Results and discussion 

In this chapter, the research questions are analysed and discussed based on findings 
from the appended papers. Table 5 presents an overview of which research ques-
tions that are addressed by each paper.  

Table 5. The relationships between papers and research questions (RQs). 

 Paper I Paper II Paper III Paper IV Paper V Paper VI 
RQ I  x  x  x 
RQ II x x x  x  
RQ III x x x x x x 

 

5.1 Research question I: How does the choice of system boundaries affect 
the results of energy system research? 

GHG emissions from energy and transport systems are often evaluated in energy 
systems analyses. The figures derived from such analyses can be used in subsequent 
evaluations or as a basis for decision-making. Research has shown that the results of 
GHG-emission assessments differ, depending on which methods are used and which 
assumptions about input data are made (e.g., Borrion et al., 2012; Börjesson, 2009; 
Sjödin and Grönkvist, 2004; Wetterlund et al., 2010). Thus, these results can be 
difficult to use as they are products of their context. Used appropriately, the results 
of GHG-emission assessments can be part of workable solutions to reduce GHG 
emissions; however, if used out of context, they can instead add to the “wickedness” 
of reducing GHG emissions from energy systems.  

The use of GHG-emission assessment results is a complex issue due to the risk that 
these figures may be misleading if used out of context. The complexity of this issue 
is illustrated by examples from the appended papers. Based on the data from these 
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examples, it could be concluded that producing vehicle fuel from municipal waste or 
recycling industrial excess heat could increase GHG emissions, while building a fos-
sil-fuelled CHP plant could reduce GHG emissions. These statements may seem 
strange, but as this section will show, in their particular contexts these conclusions 
are valid. In this section, the choice of system boundaries and methodological ap-
proaches in GHG-emission assessments of energy systems is problematised. This 
discussion is based on the input data, system boundaries and methodology used in 
papers II, IV and VI, and on the results from these papers. This section also identi-
fies and discusses implications for the reduction of GHG emissions from energy and 
transport systems. 

5.1.1 Results from papers II, IV and VI 

Paper II calculates GHG emissions from different usages of municipal organic waste. 
The results show that depending on system boundaries, using the waste as biogas 
substrate and then using the biogas to fuel heavy-duty vehicles either increases or 
reduces GHG emissions from the system. The outcome depends on whether the 
biogas is considered to have an alternative utilisation or not. If it is assumed that the 
only use for biogas is to replace fossil-based vehicle fuel, then GHG emissions are 
shown to be reduced. However, other utilisations exist that may reduce GHG emis-
sions even more. If these more effective utilisations are included within the system 
boundary, using the biogas for vehicle fuel rather than for these applications can 
result in an overall increase in GHG emissions. In paper II, it is assumed that mu-
nicipal organic waste can be used in CHP production, and that the electricity from 
such a CHP plant can replace marginal electricity production (which in this case is 
assumed to be coal-fuelled). These factors result in a reduction of GHG emissions 
that exceeds the reduction from using biogas as a vehicle fuel (which is assumed to 
replace diesel use). Figure 6, which is adapted from paper II, illustrates this compari-
son. 
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Figure 6. GHG emissions from the use of biogas or municipal organic waste (MOW), 
given different system boundaries. The lighter bar on the far left represents GHG emis-
sions from using biogas as a fuel for heavy-duty vehicles (HDVs), thus replacing diesel 
use. In this case, no alternative utilisation of MOW is assumed. The two darker bars on 
the right represent GHG emissions from using MOW in CHP production or biogas in 
HDVs, assuming both to be options. In this case, either biogas replaces diesel as vehicle 
fuel, or CHP-produced electricity replaces electricity from coal-condensing power 
plants. One alternative use is assumed to exclude the other.   

Paper IV calculates GHG emissions and energy use from plug-in electric vehicles, 
and illustrates how the results depend on assumptions about electricity production. 
Several different electricity-production technologies are used as input. The results 
show that if electric vehicles are assumed to use an average mix of Swedish electricity 
production, they cause low GHG emissions. On the other hand, if electric vehicles 
are assumed to use coal-condensing marginal electricity production, they cause 
roughly the same quantity of GHG emissions as conventional, fossil-fuelled vehicles. 
Figure 7, which is adapted from paper IV, illustrates this comparison. In this case, 
the system boundary varies with regard to assumptions about the electricity system.  
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Figure 7. GHG emissions from passenger cars: internal combustion engine vehicles 
(ICEVs) using petrol or biogas, and electric vehicles (EVs) using electricity from different 
production processes.  

Paper VI illustrates the outcomes of using different system boundaries and method-
ologies when assessing GHG emissions from district heating systems with natural-
gas-fuelled CHP production and industrial excess heat. The district heating systems 
discussed in this paper include alternative options for the production of heat and 
electricity; thus, opportunities for GHG-emission reductions depend on assump-
tions about various production processes.  

Assuming that industrial excess heat carries zero GHG emissions, the use of excess 
heat to replace other heat implies GHG-emission reductions. It is also assumed that 
CHP-produced electricity replaces marginal electricity production. GHG emissions 
from district heating systems are thus shown to depend on marginal electricity pro-
duction, just as emissions from electric vehicles are shown to do in paper IV. As-
suming that fossil-fuel-condensing power plants are replaced with CHP plants, 
GHG-emission reductions can be achieved. In addition, if CHP production and 
industrial excess heat are viewed as competitors, it can be shown that CHP plants 
cause greater GHG-emission reductions, since the replacement of fossil-fuel electrici-
ty production overshadows the replacement of heat production. Figure 8, which is 
adapted from paper VI, illustrates this comparison.  
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Figure 8. GHG emissions from district heating, given different system boundaries. The 
lighter bar on the far left represents GHG emissions from industrial excess heat, which 
is assumed to replace individual oil boilers (the system boundary is drawn around heat-
ing). The two darker bars on the right represent GHG emissions from a district heating 
system with either CHP production or industrial excess heat, where the system bounda-
ry is drawn around the electricity system. In this case, CHP-produced electricity is as-
sumed to replace coal-based marginal electricity. Using industrial excess heat in this sys-
tem implies a “loss” of CHP production, which can be shown as an increase in GHG 
emissions.  

5.1.2 Implications for GHG emissions 

In papers II and VI, the system boundary is varied with respect to alternative tech-
nologies in order to show the implications of different technology use on the results. 
These papers show that estimated GHG emissions depend on whether or not alter-
native technologies are included in a system. For example, when CHP production is 
included as an alternative technology in a studied system, the use of biogas and in-
dustrial excess heat instead of CHP may in fact be shown to increase GHG emis-
sions from the system. This effect is largely due to assumptions about electricity pro-
duction that are made in these two papers. The same assumptions are made in paper 
IV. In this paper, a consequential approach is used, and marginal electricity produc-
tion is assumed to be affected by changes in the studied system. Generally, the mar-
ginal electricity production is assumed to occur in coal-condensing power plants, 
although papers IV and VI also include other alternatives.   

The assumption made in paper IV, that a large-scale introduction of electric vehicles 
will result in new European fossil-fuel-powered plants, is not unreasonable. Howev-
er, the effect of electric vehicles also depends on when they are charged – that is, if 
they add to peak load, or if they help to even out the load over the day. Different 
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electricity-production processes could be considered marginal production depending 
on the charging pattern. If smart grids enabled electric vehicles to be used as power 
sources as well as being charged with power from the grid, then electric vehicles 
could help regulate the system, thus enabling a larger share of solar and wind power. 
This regulation would also affect the marginal electricity production. Taking these 
features into account, the assumption that new electric vehicles would use addition-
al coal-condensing power seems a little too simplistic.  

The assumption in papers II and VI, that Swedish CHP production would replace 
European condensing power plants, is also a little simplistic. When required, elec-
tricity is traded between neighbouring countries (SEA, 2014). Sweden usually im-
ports electricity during the winter, when heating demand rises, and exports surplus 
electricity during the summer, when hydropower conditions are good (SEMI, 2014). 
Additional CHP production could thus replace imported electricity in the winter, 
and add to exported electricity during the summer. As a result, Danish, German or 
Polish coal-condensing power plants could be replaced. However, new Swedish CHP 
production could also, for example, replace decommissioned nuclear-power produc-
tion or meet a raised electricity demand. Although the replacement of marginal elec-
tricity production is one effect of a change in the system, it might not be the only 
effect.   

Simplification of GHG-emission assessments can add complexity to the wicked 
problem of reducing GHG emissions from energy systems. A wicked problem can-
not be solved by attempts at a simple solution; these attempts may add to the com-
plexity of the issue and even create new problems (Fast and McCormick, 2012; Rit-
tel and Webber, 1973). In other words, a solution that appears to be a simple way to 
reduce GHG emissions could lead to a new problem that needs to be solved. As pa-
per IV shows, the use of electric vehicles could result in high GHG emissions. How-
ever, electric vehicles are frequently referred to as emission-free, and as such they are 
considered to be an easy solution for the problem of high GHG emissions from 
transport. This assumption could lead to more extensive use of electric vehicles, 
which could increase GHG emissions. Hence, the sustainability of the transport sys-
tem could actually be reduced by the use of electric vehicles. Another simple solu-
tion involves taking for granted that new CHP production always replaces marginal, 
fossil-fuelled electricity production. This assumption places a higher environmental 
value on CHP production than if it were valued on its own – which would not be a 
problem if the assumption were always objectively true.  

New CHP production may appear to be a simple solution, given GHG-emission fig-
ures such as those in Figure 8. However, in comparison with utilising available in-
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dustrial excess heat it adds to resource use and energy conversion, and as a result it 
can add complexity to the wicked problem.  In the GHG-emission assessments in 
papers II and VI, resource use is central. In paper II, there is a choice between using 
municipal organic waste in vehicle fuel production or in CHP production. In paper 
VI, there is a choice between using industrial excess heat or CHP-produced heat. 
Such choices are affected by actual, tangible factors, such as the size of the commu-
nity in question and whether or not it has a district heating grid. The amount of 
available municipal waste could determine its possible uses, and the demand for 
heating could determine appropriate possibilities for heat supply. One of the rea-
sons why tangible factors must affect such decisions is simply that biogas production 
or district heating may not be economically viable in a small system. The need to 
address resource use is recognised in paper VI, in which reflections on resource effi-
ciency are based on an industrial symbiosis framework.  

Paper VI suggests that basing GHG-emissions assessments on evaluations of resource 
efficiency could make these assessments more useful, because they would be more 
nuanced. Taking local prerequisites, conditions and requirements into account 
could reduce the use of generalisations that may not be applicable. For example, in 
the cases discussed here, the actual potential for excess heat collaborations or biogas 
production could be considered, and the question of what the marginal electricity 
production actually is in the specific case could be raised. Although the system 
boundary could still encompass alternatives for energy conversion and use, the al-
ternatives would be more specific.  

As this section shows, the choice of system boundaries matters. Depending on 
where the system boundary is drawn, anything can be shown and its validity moti-
vated. This section also shows that inappropriate selection of system boundaries can 
have a negative effect on sustainable development, adding to the complexity of the 
wicked problem even when results state that massive GHG-emission reductions can 
be achieved. In GHG-emission assessments such as those in papers II, IV and VI, 
the choice of system boundaries should depend on the system under study. Specifi-
cally selecting system boundaries for a studied system could make the results of the 
study more useful and more likely to be a valid part of an approach to reduce GHG 
emissions from energy and transport systems.  
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5.2 Research question II: How do the system boundaries used in energy and 
transport policy affect the sustainable development of energy and transport 
systems? 

The sustainable development of energy and transport systems requires policy sup-
port (e.g., Jacobsson and Karltorp, 2013; Lybaek et al., 2013; Magnusson, 2012a; 
Nykvist and Nilsson, 2014), and at least gets policy attention. National and Europe-
an policy often includes measures to achieve climate goals, such as reaching the 2°C 
target. Thus, policy is obviously concerned with the reduction of GHG emissions 
from energy and transport systems. However, a premise of this thesis is that 
measures to achieve climate goals are not implemented to a high enough degree. 
Thus, it is assumed that the presence of sustainable development issues in policy 
does not automatically mean that policy leads to GHG-emission reductions and thus 
to sustainable development. This section discusses the relationship between energy 
and transport policy and the sustainable development of energy and transport sys-
tems. The focus is on how system boundaries pervade policy and policy-making, and 
how the use of system boundaries can affect the development of energy and 
transport systems.  

5.2.1 System boundaries in energy and transport policy: Findings from pa-
pers I, II and V 

Paper I studies the integration between energy policy and transport policy in the 
Stockholm region. By identifying problem definitions, policy measures and policy 
goals within the two policy sectors, evidence of parallel policy processes was found. 
Energy and transport policy were found to share problem definitions, but to concre-
tise them into separate policy goals, and to suggest separate policy measures to reach 
their respective goals. Both policy sectors found increasing GHG emissions to be 
problematic. Energy policy approached this issue through policy measures regarding 
renewable fuels and energy-efficient vehicles, particularly biogas fuels and electric 
vehicles. On the other hand, transport policy focussed on maintaining mobility 
through policy measures regarding infrastructure and public transport.  

A focus on mobility and infrastructure with little concern for energy use, as identi-
fied within transport policy, could lead to increased transport and thus higher GHG 
emissions. A focus on energy supply with little concern for its use (which depends 
on infrastructure), as identified within energy policy, could also lead to increased 
transport and thus higher GHG emissions. The lack of integration between 
transport and energy policy sectors can thus be considered an obstacle to reducing 
GHG emissions from transport. Integration between transport and energy policy, 
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including recognition of how infrastructure and fuels can be planned jointly, could 
have led to effective policy measures to reduce GHG emissions from transport. In 
other words, widening the system boundaries to encompass both energy and 
transport could have benefitted sustainable development. Paper I draws the conclu-
sion that when the energy policy sector and the transport policy sector draw separate 
system boundaries that only partially overlap, reductions of GHG emissions from 
Stockholm’s transport system are hindered. 

Paper II explores the question of why the production of biogas as a vehicle fuel was 
popular on Stockholm’s political agenda. Different reasons were found. First, a gap 
existed between biogas supply and demand, which needed to be filled. The demand 
for upgraded biogas meant that sewage treatment plants profited from using munic-
ipal organic waste in the anaerobic digestion process. Other influential actors pro-
moted biogas production for environmental reasons, in part because it turned trou-
blesome municipal waste into an environmentally sound solution for public 
transport. The interview respondents were aware of the gap between biogas supply 
and demand, and suggested that the demand could be reduced by limiting biogas 
supply to public transport. 

In some ways, the respondents gave the impression of applying wide system bounda-
ries, as they reasoned around biogas as a waste management solution and around its 
distribution in the local transport system. However, the gap between biogas supply 
and demand led to the use of natural gas, resulting in a partial loss of the environ-
mental benefits of biogas use. In addition, respondents did not discuss the use of 
municipal waste in existing and planned CHP plants, or the possibility of reducing 
food waste, and how that could affect the system. Furthermore, they viewed biogas 
as an interim solution even though it was highly prioritised. Thus, Stockholm’s long-
term planning policy can be questioned.  

In summary, paper II shows that the system boundaries used in Stockholm’s policy 
regarding biogas were basically drawn around biogas as a vehicle fuel, leaving out 
most aspects of waste management and alternatives to biogas. This choice of system 
boundaries has already led to increased use of natural gas as a vehicle fuel, even 
though the intention was to increase the use of biogas. There is also a risk that this 
policy may encourage food waste, as such waste can be turned into a popular vehicle 
fuel. Assuming that increased resource use is considered unsustainable, a conclusion 
from paper II is that narrow system boundaries could hinder the sustainable devel-
opment of the transport and energy systems in Stockholm.    
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Paper V explores the framing of electric vehicles in EU policy documents. The anal-
ysis suggests that electric vehicles are primarily a solution to maintaining mobility 
and economic growth, which could otherwise be threatened with decline due to 
climate goals and attempts to reduce oil dependency. Electric vehicles are presented 
as clean and energy-efficient innovations, and as such, appear to be assumed to help 
achieve climate goals. In the studied EU policy documents, the focus is on electric 
vehicles as technical artefacts. Their use in the transport system and the conse-
quences of such use are not examined.  

However, the climate impact of electric vehicles depends on how much they are 
used, in which environment they are used and when they are charged. The quantity 
of GHG emissions associated with electric-vehicle use depends on how the electricity 
system is affected by electric-vehicle charging. A positive image of electric vehicles 
could lead to extended use, with electric vehicles replacing not only other automo-
biles but also public transport and cycling. In this situation, not only fossil fuels 
would be replaced by electricity; so would lower-emission alternatives. Paper V con-

cludes that unless the use of electric vehicles is recognised in policy, electric vehicles 
are unlikely to contribute significantly to sustainable road transport. Thus, the sys-
tem boundary used in the studied policy documents – a boundary that is drawn 
tightly around the electric vehicle – is assumed to hinder sustainable development of 
the transport system. Paper V argues that including the electricity system and the 
users of electric vehicles in the system will facilitate GHG-emission reductions.  

5.2.2 System development: Findings from paper III 

Paper III applies concepts from large technical systems theory to explain how biogas 
production and use have evolved in Sweden, and what factors have affected this de-
velopment. For decades, biogas was produced as a by-product of waste management, 
such as sewage treatment. The use of biogas as fuel, mainly in heating, was a side-
effect. However, technological style changed over time. In the 1990s, the idea of 
producing biogas from municipal waste and using it as a fuel in urban public 
transport became popular as a means to reduce local air pollution. Since this shift in 
technological style, opportunities to use biogas as a vehicle fuel in order to reduce 
GHG emissions have gained increasing political interest. 

Paper III argues that a one-sided focus on biogas as a vehicle fuel does not signifi-
cantly increase biogas production. Raw biogas is being upgraded to natural-gas quali-
ty to a greater extent, and the number of biogas-fuelled vehicles is increasing, but the 
actual production of raw biogas is increasing quite slowly. Paper III observes that 
biogas is viewed as a kind of nation-wide system, with the sole objective of reducing 
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GHG emissions from road transport through the use of biogas as a vehicle fuel. This 
paper concludes that there is no single biogas system, but rather a multitude of sys-
tems, each with its own technological style and its own objectives. The aspect of bio-
gas production as a waste-management solution should not be forgotten, as it lies 
behind a large share of biogas production. In order to encourage the development of 
biogas production, policy should support the multitude of biogas systems. This sup-
port cannot be achieved by applying a system boundary that only includes upgrading 
and biogas vehicles. The system boundary applied by policy-makers should include 
all the objectives, problems and solutions that relate to biogas but that are more or 
less visible in different sectors, such as waste management. Thus, biogas could con-
tribute more to GHG-emission reductions from energy and transport systems. 

5.2.3 System boundaries as prerequisites for sustainable development 

It cannot be said that policy-makers consciously apply system boundaries in the same 
sense as theorists apply them in energy systems research, as exemplified in section 
5.1. Yet system boundaries are drawn within policy, and as seen in papers I, II and 
V, these boundaries are often drawn rather tightly around an issue or a technology. 
Paper I shows how policy sectors can be concerned with the same issue, GHG emis-
sions from transport, but still work with only partially overlapping systems. Paper II 
shows how municipal organic waste can be viewed in a biogas production system, 
while other resource-use issues are left outside the system boundary. Paper V shows 
how policy can draw a system boundary around a specific technology, electric vehi-
cles, but leave out the use of this technology. Paper III calls for wide system bounda-
ries in policy, in order to encourage substantial increases in biogas production so 
that it can contribute more to sustainable energy and transport systems. A common 
conclusion from papers I, II, III and V is that narrow system boundaries can hinder 
sustainable development in energy and transport systems.  

Every attempt to solve a wicked problem has consequences that modify the problem 
(Fast and McCormick, 2012; Rittel and Webber, 1973). This section shows that 
with the narrow system boundaries in energy and transport policy, policy measures 
that are promoted as and/or perceived as sustainable development could in fact cre-
ate additional problems that need solutions. The complexity of the wicked problem 
of reducing GHG emissions from energy and transport systems could thus be in-
creased.  Approaches to this wicked problem could be helped by wider system 
boundaries, as the consequences and effects of policy actions would then be more 
clearly visible. Unwanted effects such as the use of natural gas instead of biogas, or 
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the use of electric vehicles instead of public transport, could be discovered before 
becoming part of the problem.  

5.3 Research question III: How can a sociotechnical systems approach bene-
fit studies of GHG-emission reductions from energy and transport systems? 

A sociotechnical approach is used throughout the thesis and in the appended pa-
pers. This takes different shapes in the different papers, but in general the soci-
otechnical approach functions as a framework for the studies. In papers I, II and V, 
the sociotechnical approach forms the foundation for a combination of methods, 
where one method is used to study policy and another is used to study technical 
conditions. By analysing the findings jointly, the intention of papers I, II and V is to 
identify implications for future development of the studied systems. In paper III, the 
sociotechnical analysis revolves around two concepts from the theory of large tech-
nical systems, which was specifically developed for analysing society and technology 
as intertwined. In papers IV and VI, the sociotechnical approach is not actively used 
but rather works as background and motivation for the studies. Although these two 
papers focus on the technical assessment of GHG emissions, an underlying assump-
tion is that the GHG emissions are not a result of technology alone but of a soci-
otechnical system. The intention of papers III, IV and VI is to identify implications 
for the future development of the studied sociotechnical systems. This section anal-
yses and discusses the different ways of using a sociotechnical systems approach in 
the studies that the thesis comprises.  

5.3.1 The combination of methods in papers I, II and V 

In a paper outlining methods for scenario studies, Banister and Hickman (2013: p. 
292) identify an implementation gap between research and policy for sustainable 
transport: “The current research investigates and brings new understanding to the 
problem (e.g. sustainability in transport), but the means by which that knowledge is 
then translated into policy measures is weak.” They suggest ways to improve the use-
fulness of scenario studies, such as developing more realistic backcasting scenarios 
(Banister and Hickman, 2013). While the point of backcasting is to visualise path-
ways to desired future scenarios, which are often radically different from the current 

situation, actually embarking on these pathways takes considerable effort. Showing 

what is required is easier than doing what is required. In order to facilitate policy 
measures directed at reaching a desired future scenario, it might help to aim for a 
future that is not so radically different. 
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The usefulness of backcasting studies forms the background of paper I, in which 
backcasting is combined with policy integration analysis. Two desired future scenar-
ios are constructed, based on the technical feasibility of biofuels and electric vehi-
cles. Policy measures are required in order to reach these future scenarios. To un-
derstand the feasibility of such policy measures, the policy process in the energy and 
transport policy sectors was studied with respect to policy integration, as discussed in 
section 5.2. Paper I concludes that this combination of methods is useful, as it pro-
vides understanding into the difficulties of implementing backcasting research. By 
using policy integration analysis as an input to backcasting, scenarios can be con-
structed based not only on technical feasibility, but also on their rootedness in the 
policy process. Thus, the realisation of backcasting studies could be improved. 

Paper II, which is discussed in sections 5.1 and 5.2, combines interviews with actors 
involved in the regional policy process with a GHG-emission assessment of using 
municipal organic waste to produce biogas for use as a vehicle fuel. The reason for 
this combination is to gain an understanding of the consequences of both political 
decisions and technical implementations. The GHG-emission assessment includes 
different options for the use of municipal organic waste and biogas. The interviews 
show that alternatives were not discussed in the policy process; the focus was exclu-
sively on turning municipal organic waste into vehicle fuel, primarily for use in pub-
lic transport. This combination of methods and their different findings allow for a 
discussion about different options and their implications for future energy and 
transport systems. 

In Paper V, two methods are used to study the introduction of electric vehicles in 
the EU. This paper explores the consequences of using different system boundaries 
in a sociotechnical systems approach to analysing the climate impact of electric vehi-
cles. In addition, the reasons for introducing electric vehicles are explored in an 
analysis of policy framing, as discussed in section 5.2. As in paper II, the combina-
tion of methods is an attempt to illuminate different aspects of the issue, and thus 
gain an understanding of the complexities with regard to sustainable development. 
By combining two methods, it is possible to problematise the reasons behind the 
electric-vehicle introduction and show that this introduction could have a negative 
impact on the sustainability of the transport system. Also, the two methods make it 
possible to suggest how electric-vehicle policy might be developed in order to con-
tribute more to reducing GHG emissions from the transport system. 
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5.3.2 The sociotechnical systems approach as used in papers III, IV and VI 

In paper III, biogas production and use is studied using two concepts from large 
technical systems theory; technology transfer and technological style. As a whole, 
large technical systems theory describes system development as a process where 
technology shapes society and society constructs technology. The specific concepts, 
as described in section 4.2.3, symbolise technology in different contexts; how differ-
ent social settings affect technology. In paper III, this is useful for explaining the 
ongoing development of biogas production and use, a process that has many differ-
ent features depending on its social context. 

In papers IV and VI, the sociotechnical approach is not as visible. There, the focus is 
on GHG emissions given different system boundaries, the effects of which are 
shown in purely technical terms. Yet, an underlying assumption is that the studied 
systems are sociotechnical. In paper IV, GHG emissions from electric vehicles are 
analysed in a context where there is a choice of vehicles and electricity production 
processes; technological choices which of course are influenced by policy. In paper 
VI the underlying sociotechnical framework is a little more visible, with the choice 
between different heat supply alternatives shown not just to be a choice between two 
technologies but a choice affected by several social and economic factors.  

5.3.3 Using different approaches and methods to understand sociotechnical 
systems 

A sociotechnical approach is applied throughout this thesis, albeit differently in 
each of the appended papers. Viewing a technology as inherently integrated with 
society, as in paper III, is shown to be a good way of analysing system development. 
It shows how technical development, policy-makers, producers and consumers inter-
act and what consequences that different actions have had on the development. By 
gaining a greater understanding of consequences, GHG emission reductions can be 
facilitated. Using a sociotechnical approach as an underlying framework, as in paper 
IV and VI, is proven to be an interesting point of departure for problematising as-
sumptions and results, even when a sociotechnical approach is not explicitly used in 
the analysis. Society affects technology; thus it affects the study and the system 
boundaries. The sociotechnical framework enables problematisation.  

The use of different methods and approaches allows the issue of GHG emission 
reductions from energy and transport systems to be illuminated from different an-
gles. Complex relationships can be identified and examined, the use of different 
system boundaries can be studied, implications for the future can be discussed, and 
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possible improvements can be suggested. Thus, a greater understanding of GHG 
emission reductions from energy and transport systems can be achieved than if a 
single method had been used in the thesis and if the analytical framework had been 
the same in all the appended papers.  

The specific combination of methods, where some are used to study policy and oth-
ers to study technical conditions, also contributes to a deeper understanding of the 
research area. Methods that yield numerical results are often viewed as more accu-
rate and less biased than interpretations of texts and interviews (Lélé and Norgaard, 
2005). A calculation must be done according to a defined method, and regardless of 
who performs the calculation, the outcome is the same, provided that it is correctly 
done. Analyses of documents and interviews are of course also based on defined 
methodologies, but as both the methods and the texts are open for interpretation by 
the researcher, the outcome may differ depending on who performs the analysis. 
GHG-emission assessments also have a layer of interpretation. However, the possi-
bility of bias is more often accounted for in text analyses than in GHG-emission cal-
culations (Lélé and Norgaard, 2005). Using a combination of methods may increase 
reflections on methodology and its impact on research and results. If one method 
requires reflection on how it is realised, it seems likely that all methods require simi-
lar reflection. Such reflection could increase understanding of the wicked problem 
of GHG-emission reductions from energy and transport systems, as it would show 
how the problem becomes more complex instead of being solved by imperfect solu-
tions. As discussed in sections 5.1 and 5.2, attempts to solve a wicked problem can 
result in modifications to the problem or in new problems that require new solu-

tions. Thus, the use of methodology without reflection in attempts to solve wicked 
problems could have dire consequences. 

Paper I offers suggestions for methodological improvement. Backcasting studies 
could become more useful and more likely to contribute to reducing GHG emis-
sions from energy and transport systems, if the recipe in paper I is followed. Com-
bining backcasting and policy analysis is a concept based on a pragmatic regard of 
what can be achieved. In paper I, it is considered that a minor achievement is pref-
erable to failure to achieve a highly set goal. In this case, the limitations are political 
rather than technical. The technical prerequisites to reach the desired future scenar-
ios have already been identified as existing; it is the political prerequisites that are 
lacking. This is one of the characteristics of a wicked problem: that it is a matter of 
policy and planning, rather than a technical issue (Fast and McCormick, 2012; Rit-
tel and Webber, 1973). By using a combination of methods, paper I helps to display 
the wicked problem of reducing GHG emissions from energy and transport systems, 
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and clearly shows that the core of the problem lies within policy. This example 
shows how combining methods helps to demonstrate that the reduction of GHG 
emissions from energy and transport systems is problematic.   

In this thesis, the sociotechnical approach is exemplified in all the appended papers 
and in the synthesis of the papers. Combinations of methods and analytical frame-
works are applied both in individual papers and in the thesis as a whole. The bene-
fits of illuminating different aspects of an issue by viewing it from different angles 
and using different tools is discussed. The sociotechnical systems approach is shown 
useful for the study of the wicked problem of reducing GHG emissions from energy 
and transport systems.  
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6 Concluding remarks  

6.1 Conclusions 

The aim of this thesis is to show how GHG-emission reductions from energy and 
transport systems can be understood, approached and studied as a wicked problem. 
This aim is addressed by three research questions, each of which has led to a conclu-
sion.  

Research question I: How does the choice of system boundaries affect the results of 
energy system research? 

Conclusion: The choice of system boundaries matters, and that choice should depend 
on the system under study. GHG-emission assessments can give very different results 
depending on system boundaries, and these results can significantly complicate the 
wicked problem of reducing GHG emissions from energy systems. Therefore, system 
boundaries should be chosen carefully. 

Research question II: How do the system boundaries used in energy and transport pol-
icy affect the sustainable development of energy and transport systems?  
Conclusion: Narrow system boundaries in energy and transport policy can hinder 
reductions of GHG emissions from energy and transport systems. Wider system 
boundaries can make consequences and effects of policy actions more clearly visible, 
thus facilitating approaches to solve the wicked problem of reducing GHG emis-
sions from energy and transport systems, which is inherently a policy problem. 

Research question III: How can a sociotechnical systems approach benefit studies of 
GHG-emission reductions from energy and transport systems? 

Conclusion: A sociotechnical approach can be useful as a platform for problematising 
issues, thus illuminating complexities of a wicked problem. Combining different 
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methods can illuminate different aspects of an issue, thus adding to the understand-
ing of that issue and of its characteristics as a wicked problem. Therefore, it is useful 
to combine different methods when studying GHG-emission reductions from energy 
and transport systems, since this issue encompasses several technical and policy-
related issues, and has been explained as a wicked problem. 

This thesis shows how the reduction of GHG emissions from energy and transport 
systems can be understood as a wicked problem by explaining how attempts at solu-
tions can increase the complexity of the problem and modify it so that new solutions 
are required. The “wickedness” is revealed by problematising the handling of the 
reduction of GHG emissions from energy and transport systems within energy sys-
tems research and within energy and transport policy, using a sociotechnical ap-
proach. It is suggested that approaches to contribute to solving this wicked problem 
should include transparency, carefully chosen system boundaries and awareness of 
consequences of different actions. Awareness that the reduction of GHG emissions 
from energy and transport systems is a wicked problem, and thus is not easily solved 
– and moreover, that attempts at solutions can add to the complexity of the wicked 
problem – can be a useful point of departure for research and policy.  

6.2 Contribution to the research field 

This thesis studies GHG-emission reductions from energy and transport systems as a 
wicked problem. It contributes to energy and transport systems research by explain-
ing how attempts to reduce GHG emissions can create additional similar problems 
that also need solutions, since inadequate solutions simply add to the “wickedness” 
of the problem. This thesis also points out the importance of understanding policy, 
as the solutions to wicked problems are mainly found in policy rather than in tech-
nology. 

This thesis shows how a sociotechnical approach to energy systems analysis can offer 
insights on how system boundaries are handled within energy systems research and 
within energy and transport policy. It also shows how a combination of methods 
within a sociotechnical systems framework can contribute to a greater understanding 
of the system under study. In these ways, it contributes to the field of sociotechnical 
system studies of energy and transport systems.  

6.3 Further work 

Sociotechnical systems are complex. In order for the complexity of GHG emission 
reductions in energy and transport systems to be better understood, additional stud-
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ies of this issue would be beneficial. In this thesis, the issue is approached broadly. 
While this has the benefit of illuminating a wide range of complexities, a more lim-
ited but deeper approach could be useful for further problematising the issue and 
identifying the roots of the wicked problem. Studying the issue in other settings 
than a Swedish/European one could also be beneficial, as the relevance of the soci-
otechnical context means that a wicked problem has different characteristics in dif-
ferent contexts.   

The implementation of measures to reduce GHG emissions from energy and 
transport systems is an interesting topic. Studies of how and why measures are im-
plemented, and evaluations of the implementation, could contribute to the under-
standing of the wicked problem and its persistence. These suggestions for further 
research include research that is already being undertaken. However, connecting 
that research to the approach of GHG emission reductions from energy and 
transport systems as a wicked problem could add usefulness and provide further in-
sights. 
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