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Why may not a goose say thus: “All the parts of the universe I have interest in: the earth 
serves me to walk upon, the sun to light me; the stars have their influence upon me; I 
have such an advantage by the winds and such by the waters; there is nothing that yon 
heavenly roof looks upon so favourably as me. I am the darling of nature! Is it not man 
that keeps and serves me?” 

Michel de Montaigne, 1533 – 1592 
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Abstract 

Sustainable development is one of the most influential visions guiding future societies. Encompassed 

within its vision are various domains where improvements are desirable such as, social equity, environ-

mental degradation, climate change. In the work towards sustainable development firms, government 

authorities and individuals face various practical challenges tied to these sustainability domains. When 

facing these challenges, they may implement sustainability solutions, that is, solutions that are framed in 

the context of contributing to sustainable development. This thesis deals with a particular sub-set of such 

sustainability solutions, namely integrative and multi-functional solutions. These solutions are character-

ized by the ability to provide different functions through value creation within several different sustaina-

bility domains and require organisations, or units of organisations, to further integrate material, energy 

and informational flows in order to implement the solution. Integrative and multi-functional solutions 

may play an important part in the transition towards sustainable societies since the integration of material, 

energy and informational flows may bring with it synergistic benefits. Furthermore, the contribution of 

these solutions to several different sustainability domains reduces the risk of problem shifting, and it may 

be more cost-efficient to have one multi-functional sustainability solution than to have one for each sus-

tainability-related challenge. 

However, if integration and multi-functionality are desirable characteristics of future socio-techno-

logical systems, we need ways to systematically assess them and facilitate their implementation. When it 

comes to the assessment, there is a need to find an assessment methodology that can handle capturing 

the synergistic benefits and multiple functions of such solutions. Furthermore, the methodology also has 

to conform to the value pluralism inherent to sustainable development. Dealing with this value pluralism 

when trying to assess which solution, among many, to implement can be challenging as comparative 

judgements have to handle potentially conflicting value orientations, goals, empirics and ontologies. As 

for the facilitation of their implementation, integrative and multi-functional solutions tend to be more 

difficult—or at least different—to implement than traditional single-minded solutions since they require 

traditionally separate organisations to cooperate Therefore, this thesis aims to contribute to understand-

ing the process of implementing integrative and multi-functional solutions. Specifically the thesis explores 

how to select indicators for assessment, how assessments may aid decision-makers to deal with the value 

pluralism of sustainable development when making comparative judgements and how to strengthen the 

internal capacity of groups of actors to engage in collective action. 

Regarding the selection of indicators, the thesis suggests two different pathways. Either one may base 

indicator selections on stakeholder discussions, where stakeholders come to a consensus around which 

indicators are important to assess, or one may base indicators on operationalising pre-defined sustainabil-

ity objectives: namely, sorting, contextualising and reformulating pre-defined sustainability objectives so 

that they fit the purpose of the assessment. A mix of both pathways is also possible, in other words, using 

both stakeholder discussions and the operationalisation of pre-defined sustainability objectives to moti-

vate and justify the selection of indicators. As for how assessments may aid decision-makers, the thesis 

advocates for a discursive approach based on the primacy of decision support tools over decision-making 
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tools. Meaning that the tools should support informed decisions but not make them for the decision-

maker. Here, contributions are made in the form of motivations for the discursive, qualitative approach 

to decision-making and exemplify how decision support tools may be designed, and a method is presented 

and developed that enables this kind of informed comparative judgements. This method builds on multi-

criteria decision analysis methodology but makes a few key contributions to the selection of indicators 

(mentioned previously) and to how to compare different alternatives and judge which of the alternatives 

is the preferred. Finally, contributions are made to the practice of facilitating integrative and multi-func-

tional solutions through showing how the theory of institutional capacity building can be used to guide 

design, development and evaluation of interventions aimed at facilitating such solutions. Institutional 

capacity building represents the ability of groups of actors to engage in collective action, something that 

seems to be often needed to implement integrative and multi-functional solutions. Historically, this theory 

has been used to study how different events influenced the capacity of actors to engage in collective action. 

However, in research performed within the bounds of this thesis, the theory is expanded for use in a 

proactive manner, thereby contributing with insights and inspiration to others that may seek to facilitate 

the implementation process of integrative and multi-functional solutions. 
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1 

Introduction 

Sustainable development, one of the most influential visions of future societies, represents a pluralistic 

value framework. It is comprised of several different domains where improvement is desirable, such as 

living standards, social equity, use of non-renewable materials and fuels and ecosystem health (United 

Nations, 1987). Each of these domains is affected through complex causalities where it is often difficult 

to explain definitively that a certain action has contributed towards a particular sustainability domain 

and, as such, to sustainable development. Nevertheless, many individuals, organisations and nation-states 

claim to be working with sustainable development. In this endeavour, one may employ sustainability so-

lutions, in other words, solutions that aim to contribute towards sustainable development and are that 

framed in a sustainability context1. Implementing sustainability solutions that address several sustainabil-

ity-related challenges2 simultaneously—hence contributing towards several sustainability domains—may 

play a major part in the sustainable development of societies (Korhonen, 2004a; Matson, 2001). The 

reason for this is that if each sustainability-related challenge is addressed in isolation, there is a risk of 

creating sub-optimal solutions. Such solutions may, when the costs of each individual solution are added 

together, become more expensive than what one solution addressing several challenges simultaneously 

would have been. In addition, narrow sustainability solutions bring with them risks of new problems 

arising in other sustainability domains because these domains were not considered when the solution was 

implemented, something known as problem shifting (Korhonen, 2004a).  

Simultaneously addressing several sustainability-related challenges creates multiple functions, both in 

the sense that multiple actors receive some function and because the solution has multiple functions 

through its contribution to various sustainability domains. Furthermore, these solutions may benefit from 

further integration of material, energy and informational flows in their implementation (Frosch and Gal-

lopoulos, 1989; Mirata and Emtairah, 2005; Porter and van der Linde, 1995). Part of the reason for this 

is that integrated implementation may overcome issues with lack of financial means, knowledge or au-

thority since several actors may join forces and pool resources. Another part is that they bring with them 

synergistic benefits (Frosch and Gallopoulos, 1989; Park et al., 2016; van Berkel et al., 2009). Common 

synergistic benefits include the various economic and environmental benefits of utilizing by-product and 

                                                 
1 Note that sustainability solutions do not have to be sustainable solutions, they only aim to be or are framed in such a way. 
2 The specific practical challenges that individuals—or groups of individuals—face when working towards sustainable development. 
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waste flows as input into other manufacturing processes (Porter and van der Linde, 1995), and the 

knowledge sharing and increased innovation capacity stemming from closer collaboration between actors 

(Mirata and Emtairah, 2005). Sustainability solutions that are characterised by both these aspects, namely 

that they create multiple functions and further integrate material, energy and informational flows between 

organisations, are in this thesis referred to as integrative and multi-functional solutions. 

This concept, which is used throughout the thesis, enables discussion and deliberation about a group 

of sustainability solutions that address different sustainability-related challenges simultaneously in an in-

tegrative manner. Since this is a concept widely used in the thesis, understanding what integrative and 

multi-functional solutions entail is important. As such, some short sentences are dedicated to the expla-

nation of the concept here in the introduction. First, there is no defined set of technologies that may or 

may not be thought of as integrative and multi-functional; instead, it is how the technology is designed 

and implemented that decides to what degree it is integrative and multi-functional. Moreover, being inte-

grative and multi-functional is not a binary state but should be thought of as a scale, where solutions can 

be more or less integrative and multi-functional than other sustainability solutions. Furthermore, one 

should not think of it as two separate adjectives but one, meaning that there is not a sub-set of integrative 

solutions, and they have some characteristics and vice versa. Instead, integrative and multi-functional 

solution is one concept, and characteristics that these solutions hold cannot be separated into integrative 

characteristics and multi-functional characteristics. In addition, these solutions exist on the societal level, 

meaning that the concept is concerned with solutions to societal challenges such as how to provide citizens 

with their mobility needs, how to recirculate nutrients from waste to farmlands or how to provide long-

term clean water to a city’s inhabitants. 

To enable the validation of integrative and multi-functional solutions, one may assess these solutions 

to understand their contribution towards various sustainability domains, their short-term economic via-

bility and their feasibility of implementation. This assessment would present knowledge to decision-mak-

ers that enable informed decisions regarding whether to move forward with the implementation process 

or not. Examples of decision-making processes where this could be needed include setting requirements 

for public procurement; prior to decisions on policy implementation; strategic planning of cities; or when 

deciding whether to implement large infrastructure changes. As decision support for these kinds of deci-

sions, assessments of integrative and multi-functional solutions require a broad system perspective, includ-

ing relevant impact areas that systematically depict impacts on different sustainability domains and in-

clude the entire life-cycle of the solution. This is important both to ensure that all benefits and costs of 

the assessed solutions are accounted for and to avoid problem shifting (Korhonen, 2004a; 

UNEP/SETAC, 2005). Today, it is common to focus on a single sustainability domain in isolation, such 

as climate change, equity, health or biodiversity, while one should preferably consider all relevant domains 

to the decision at hand in an integrated manner (Blanc, 2015; Stafford-Smith et al., 2017). Similarly, 

government organisations tend to work in silos, either connected to a certain service provision (e.g., en-

ergy, education and health) or a certain industrial sector (e.g., agriculture, material extraction and forestry) 
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(Healey et al., 2003, p. 60), meaning that integrative and multi-functional solutions may struggle to be-

come attractive options as the narrow mindset constricts these organisations from appreciating the 

broader set of values these solutions bring. This silo idea is not limited to governmental organisations but 

appears in firms (and the division of firms) as well. To exemplify, imagine an organisation with the goal 

of generating as much money as possible by producing metals in the most resource-efficient way. Such an 

organisation will not care if a solution also happened to be an environmental remediation, increases land 

value or increases the amount of recycled materials in society. What is important is simply the value of 

the metals and the cost of producing them. This way of thinking and acting is inherently opposed to the 

value pluralism of sustainable development.  

The requirement of handling value pluralism and a broad (and relevant) system perspective presents 

challenges to those seeking to assess integrative and multi-functional solutions. One challenge is tied to 

the difficulty of knowing what set of indicators will be broad enough on which to base the assessment. 

The question of what set of indicators may be broad enough to cover relevant areas without causing 

analytical paralysis3 is a difficult one to answer. Indeed, increased transparency and a more structured 

approach to selecting indicators have been highlighted in a recent literature review on multi-dimensional 

assessments of road transportation (Kügemann and Polatidis, 2020), indicating that this is a question with 

which many researchers struggle. In addition, if one can find a set of indicators that are broad enough 

and agree on what options should be considered as well as what their sustainability impacts are, there is 

still one challenge that remains. How should decision-makers prioritise between different—sometimes 

conflicting—sustainability domains? Because these solutions address several sustainability-related chal-

lenges, it is rare that one organisation has the authority over all areas that are affected by implementing 

the solution. As such, several actors may have to band together to gain the authority and combined re-

sources to implement integrative and multi-functional solutions. These actors then need to decide to-

gether on what actions are desirable. Hence, investigating the processes of selecting indicators and the 

process of deciding whether to move forward with the implementation of a certain solution may provide 

fruitful insights to these actors and to the methodology of multi-dimensional assessments. 

While assessments may play an important role in the process of implementing integrative and multi-

functional solutions, many other challenges remain. Another challenge comes from the increased demand 

for integration between organisations, which creates a potential need to pool resources and engage in 

collective action in order to implement integrative and multi-functional solutions. This is different from 

the traditional way of each organisation implementing their own solution(s) in isolation (see the part 

about silo thinking in organisations earlier in the introduction). This thesis, in order to understand how 

integration and collective action may occur, draws upon ideas from the field of industrial symbiosis. In-

dustrial symbiosis refers to the process of connecting material, water or energy flows between actors 

through the utilization of secondary resources or through utilities and service sharing, often with the co-

benefit of increased environmental performance (Boons et al., 2017). As such, the field is relevant to 

                                                 
3 This is what Hertwich et al. (1997) defines as the inability to use the assessment due to information overload or too large informa-

tional requirements. 
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understanding integrative and multi-functional solutions since these solutions often build upon utilizing 

secondary resources or utility and service sharing in order to enable contribution towards multiple sus-

tainability-related challenges. Industrial symbiosis has a rich history of investigating how one may facilitate 

integration between actors and the coordination and pooling of resources (e.g., Doménech and Davies, 

2011; Jacobsen and Anderberg, 2004; Mirata, 2004; Paquin and Howard Grenville, 2012). To this end, 

Mirata (2004) suggests a categorization of five determinants that may determine the likelihood of success-

ful implementation of industrial symbiosis synergies, namely, technical, political, economic, informa-

tional and organizational determinants. Furthermore, Mirata (2005) highlights that while working on all 

determinants simultaneously provides the most promise for creating a fertile development setting, an 

initial focus on influencing determinants through the internal capacities of the actor group often requires 

fewer resources and provides quicker results. As such, the focus of this thesis is also on how one may 

strengthen the internal capacity of groups of actors to facilitate implementation of integrative and multi-

functional solutions. 

With this introduction, this thesis aims to contribute to understanding the process of implementing 

integrative and multi-functional solutions. Specifically, the thesis explores how to select indicators for 

assessments that ensure a broad, relevant and systematic assessment; how assessments may aid decision-

makers to deal with the value pluralism of sustainable development when making comparative judge-

ments; and how to strengthen the internal capacity of groups of actors to engage in collective action. 

 

Research Question 1: How may indicators be selected to ensure that assessments based on these 

indicators are relevant and broad enough to encompass the impact of integrative and multi-functional 

solutions on different sustainability domains while keeping the assessment practically feasible? 

Research Question 2: How ought assessments of integrative and multi-functional solutions be de-

signed and performed to properly support decisions that affect the process of implementing such 

solutions? 

Research Question 3: How can interventions be designed that enable a strengthening of the internal 

capacities of groups of actors to engage in collective action toward the implementation of integrative 

and multi-functional solutions? 
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2 

Theoretical framework 

The theoretical origin of the concept of integrative and multi-functional solutions brought forward in this 

thesis comes from the field of industrial ecology. While other theories are important to the assessment 

and facilitation of integrative and multi-functional solutions, the concept as such and its characteristics 

have their origin in industrial ecology. The field of industrial ecology is built on the vision of designing 

and operating our industrial systems like ecosystems. Its origin comes from the idea that manufacturing 

industries could be more efficient and less environmentally harmful should they utilize secondary re-

sources as inputs, leading to industrial systems that create less waste (Frosch and Gallopoulos, 1989). 

From this spark, a theory emerged with the central tenant that industrial systems should liken themselves 

to those of natural ecosystems in order to reduce environmental harm and resource consumption (Grae-

del and Allenby, 1995; Korhonen, 2004b). Here, industrial systems are not only manufacturing industries 

but instead all parts that make up an industrialized society. Commonly, the desirable transformation of 

the industrial system according to industrial ecology is envisioned through three types of systems first 

described by Jelinski and colleagues (1992) and shown in Figure 1. The Type I system is characterized by 

linear material and energy flows, where inputs are treated as being unlimited and waste production is 

unchecked. In the Type II system, a few connections between system components are made to enable 

some reuse and recycling. Thus, the resource flow into the system is lowered, and material and energy are 

utilized more efficiently than in a Type I system. Finally, the Type III system, the ideal system, is achieved 

when the only input into the system is solar energy, and nothing other than excess heat leaves the system. 

Ensuring that materials are used time and time again both through downcycling (using materials several 

times before the material is discarded, each time the value of the material reduces, e.g., reselling used but 

functional products) and upcycling (refining materials to create higher value from outputs than inputs, 

e.g., producing clothes from plastic waste). This maximizing of value while reducing material input and 

pollutant output contributes towards both the economic and ecological dimensions of sustainability in a 

win-win sense (see, e.g., Porter and van der Linde, 1995). 

 



6 
 

 
Figure 1. Three types of natural and industrial ecosystems, ranging from linear to cyclic systems. Based on Jelinski et al. 

(1992). 

Because industrial ecology is focused on closing material cycles, the life-cycle perspective is a core part 

of the theory. To have a life-cycle perspective means looking at the entire life-cycle of products, services or 

materials, from cradle to grave, or hopefully, another cradle if the material cycles are closed (Feiz, 2016). 

In order to assess to what extent solutions are integrative and multi-functional, a life-cycle perspective is 

necessary. Otherwise, one risks missing important functions, environmental emissions or negative social 

consequences, which may lead to sub-optimization or problem shifting (Korhonen, 2004a). Furthermore, 

industrial ecology also puts emphasis on the importance of decreasing the toxicity of material flows. This 

is sometimes seen as a given in the pursuit to liken industrial systems to ecosystems (since toxicity levels 

are generally low in ecosystems if they function well). In addition, reducing the toxicity of industrial ma-

terial flows can also provide an additional puzzle piece towards achieving Type III systems, namely, that 

cyclic processes in nature can be used to recycle materials. For example, the by-product of anaerobic di-

gestion—digestate—can be applied in farms and fields (assuming it is not toxic), and new crops can utilize 

the nutrients, trace elements and organic matter to grow (Al Seadi et al., 2013). Hence, recycling of the 

digestate is handled through partly through natural ecosystems. 

However, even achieving a Type II industrial system will not be easy. It will require the integration 

of different sub-systems and sectors as well as a highly effective waste management sector (Korhonen, 

2004a). This is where the concept of integrative and multi-functional solutions appears as a way to char-

acterize and group solutions that contribute towards closing material cycles through further integration 

of material and energy flows and reducing environmental harm through various pro-environmental added 
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values. Furthermore, they may have other sustainability-related benefits in the realms of economic or 

social sustainability (Huber, 2000; Korhonen, 2004a; Porter and van der Linde, 1995). As such, integra-

tive and multi-functional solutions can be seen as solutions based on (some) industrial ecology principles. 

The integration between different industrial sectors that Korhonen (2004a) speaks of will, unfortu-

nately, not happen by itself. It is commonsensical to think that integrative and multi-functional solutions 

are more difficult to implement than non-integrative solutions due to the need to coordinate, overcome 

silo thinking and come to a consensus between actors with sometimes differing opinions, goals and value 

orientations. While it is difficult to prove that integrative and multi-functional solutions are more difficult 

to implement than other sustainability solutions, one thing is for certain, that their integrative nature 

means the process of implementation differs in some ways from conventional solutions. Hence, new ways 

of facilitating implementation are needed. As stated in the introductory chapter, the thesis draws upon 

the industrial symbiosis literature to understand how the facilitation of collective action towards the im-

plementation of integrative and multi-functional solutions can be done. To this end, several industrial 

symbiosis scholars stress the importance of social factors such as trust, shared visions and common norms 

for the successful development of industrial symbiosis initiatives (see, e.g., Ashton, 2008; Boons et al., 

2011; Hewes and Lyons, 2008; Mirata, 2005; Park et al., 2018). Thus, the facilitation of industrial symbi-

osis has to influence these social factors in a positive way. The approach to influencing the social factors 

affecting industrial symbiosis development applied in this thesis builds on an idea put forth by Mirata 

(2005), namely, that an initial focus on the internal capacities of networks to self-organise and develop 

synergies often requires fewer resources and provides quicker results. However, it is important to under-

stand that industrial symbiosis development does not appear in a vacuum; rather, various institutional 

contexts4 shape the ability of groups of actors to develop synergies. Even so, the focus of this thesis is on 

strengthening the internal capacities of networks to engage in industrial symbiosis development under 

various institutional contexts. This means that some aspects of how to influence the institutional context 

and in what direction the context should be influenced in is left outside the scope of the thesis.  

This research, in order to help understand the internal capacities of industrial symbiosis networks, 

draws upon the theory of institutional capacity building in industrial symbiosis networks proposed by 

Boons and colleagues (2011) and further developed by Boons and Spekkink (2012) and Spekkink (2016, 

2015, 2013). This theory originates in network policy analysis and was originally developed by Healey 

(1998) and Healey and colleagues (2003) to understand how actors come together to address issues of 

common concern and how this complex process may be analysed. Issues of common concern may, for 

example, be how to improve local business performance, local living standards or various governance 

aspects such as policy. Institutional capacity is seen as a “force which is continually emergent, produced 

in the interactive contexts of its use” (Healey et al., 2003, p. 63), meaning that it exists in the interactions 

between actors.  

  

                                                 
4 Institutional contexts  represent external factors that shape interaction within the networks. These may, for example, be subtle 

influences like cultural norms or more tangible ones such as laws or regulations (Spekkink, 2016). 
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Institutional capacity building can be understood through the following three dimensions (Boons et 

al., 2011; Healey et al., 2003): 

 Relational resources, which is characterized by the number of involved actors in the network 

and the quality of interactions between them as well as their trust in each other. 

 Knowledge resources, which represents the knowledge level within the network, the capacity 

of the network to absorb new ideas and how well perceptions of problems, barriers, solutions 

and opportunities are aligned within the network. 

 Mobilization capacity, which is the ability of actors, or the network, to engage additional 

actors who may support the implementation of identified solutions. It also includes the pres-

ence or absence of shared visions and leaders. 

To build institutional capacity, these three dimensions must be strengthened. Boons et al. (2014) suggest 

several basic interactions that may do just that. These are orientation, planning, feasibility studies, imple-

mentation, influencing other actors, declaration, establishing new organisations, strategic visioning and 

influencing the context. These interactions do not necessarily have to include all actors within an indus-

trial symbiosis network. Interactions that occur within projects that include a portion of the network may 

still increase the entire network’s institutional capacity (Spekkink, 2016). Figure 2 describes the theoretical 

framework conceptualised by Spekkink (2016) for how institutional capacity influences and is influenced 

by the development of industrial symbiosis. 

 
Figure 2. The theoretical framework for how institutional capacity is built and how it influences industrial symbiosis 

networks. Based on Spekkink (2016). 
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3 

Research Design 

To cover the implementation process of all possible solutions that may be integrative and multi-functional 

is an impossible task, as there is an infinite number of solutions that may be more or less integrative and 

multi-functional. As such, this research tackles its research questions through an exploratory approach 

based on Wittgenstien’s metaphor for learning philosophy (quoted in Gasking and Jackson, 1962, p. 52). 

Namely, that one should think of the subject matter as a city and if one traverses the city from north to 

south, and from east to west, and continues to take many different journeys through the city, one will, in 

the end, know the city. In this sense, I have traversed the metaphorical streets of how to assess and facili-

tate the implementation of integrative and multi-functional solutions. Nevertheless, I have only made a 

few trips, and as such, I do not claim to be able to cover all aspects, topics and theories related to the 

process of implementing integrative and multi-functional solutions. Instead, based on these journeys, I 

have collected what insights I have induced in this thesis. These theoretical and methodological contribu-

tions are presented alongside—and discussed in relation to—relevant previous theories, methods and em-

pirical knowledge in two chapters (Chapters 4 and 5). In addition, discussions that are relevant for the 

methodology of the licentiate or the entire implementation process of integrative and multi-functional 

solutions are dealt with in Chapter 6. What follows in this chapter are short descriptions of my research 

journeys that have been the empirical basis for the theoretical and methodological contributions of this 

thesis. 

The first journey followed alternative fuels (e.g., HVO, ethanol, electricity and biogas) and how to 

assess their impact on different sustainability domains. This journey started with a research project called 

Sustainable Transportation in Östergötland5 (author’s translation, sv. Hållbara Transporter i Östergöt-

land). The project was conducted together with representatives from the regional authority in Östergöt-

land, the county administration and the regional public transportation company. The aim was to explore 

Östergötland’s potential to increase the production and use of alternative fuels, namely, biofuels and 

electricity. This was done through 1) a study investigating the biomass potential in Östergötland for pro-

duction of biofuels and the ability of the power grid to handle an expansion of electrical vehicles and 2) 

an assessment of each fuel type’s contribution towards sustainable development in Östergötland. A more 

thorough background and explanation of the project can be found in Related Publications I and II. 

                                                 
5 Östergötland is a county in the southeast of Sweden. 
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The second journey continued along the lines of assessing alternative fuels, but with a new focus: 

how to integrate this assessment into the public procurement process in Sweden. Together with Biodriv 

Öst6, research was initiated to support public actors when they procured public transportation. The aim 

was to assess how different fuel systems contributed positively or negatively to the fulfilment of the Swe-

dish environmental quality objectives. Based on the these objectives, a decision-support tool was con-

structed. The tool utilizes six criteria and eight indicators to assess the impact of different fuel systems on 

the Swedish environmental quality objectives. The decision-support tool was continuously presented and 

discussed at workshops, conferences and meetings where feedback was given by procurers, transportation 

solution providers, vehicle manufacturers, fuel suppliers, public officials and civil servants. This led to the 

creation of an excel-based tool that allowed procurers access to data for how 18 different fuels contribute 

to the Swedish environmental quality objectives. The tool also has a built-in function for translating the 

environmental performance to monetary value. Paper II is based on this research. 

Finally, the third journey focused on how to facilitate the implementation of biogas solutions7 in the 

municipality of Norrköping, Sweden. The Biogas Research Center initiated a workshop series, which was 

performed with several different actors, each with a stake in different parts of the biogas value chain. 

During three workshops, these actors, together with researchers from the Biogas Research Center, worked 

to facilitate the implementation of biogas solutions in Norrköping through knowledge building and the 

strengthening of actor relations. Specifically, the first workshop aimed at forming a collective understand-

ing of the current biogas system in Norrköping and getting different actors acquainted with each other. 

During the time in between Workshops 1 and 2, a potential and feasibility study was performed to inves-

tigate the biogas potential from different biomass sources in Norrköping and the feasibility of realizing 

this potential. This material was presented and discussed in Workshop 2. From these discussions, a few 

key barriers, opportunities and key actors were distilled, which allowed Workshop 3 to focus on how the 

key barriers could be overcome, how the key opportunities could be exploited and who were the key actors 

to lead the work. The research performed here provided the basis for Paper III. 

As for how these journeys have contributed to insights detailed in the rest of the thesis, research 

journeys one and two contributed mainly to findings in Chapter 4, while research journey three contrib-

uted primarily to findings in Chapter 5. As the reader might note, these journeys have been following the 

transportation system and especially sustainable transportation, but these journeys branch out to other 

large technical systems like the waste and wastewater management system, the agriculture system and the 

energy system because of the integrative and multi-functional nature of the solutions under study. 

                                                 
6 Biodriv Öst is a network operating in the east of Sweden with the aim of accelerating the transition away from fossil fuels in the 

Swedish transport sector. 
7 A biogas solution refers to socio-technical systems where biogas plays an integral part. This can, for example, be a public transportation 

system running on upgraded biogas generated from household waste. The concept of biogas solution does not imply that the biogas is sourced 
from a certain input material nor that it is used in a certain way. 
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Furthermore, all research journeys—and thus, the research as a whole—originate from real-world chal-

lenges8. As such, the research adopted a transdisciplinary approach, one tailored to real-world based re-

search (Pohl, 2011) and common to research dealing with sustainable development (Brandt et al., 2013). 

Transdisciplinary research means doing research beyond the conventional scientific disciplines; it also 

means doing research that integrates knowledge from several different disciplines and practitioners, as 

well as answering research questions based on real-world challenges (Pohl, 2011).  In practice, this means 

that research questions originate in the real world and that research methods are chosen and developed 

with stakeholders, as well as that result interpretation is done together with stakeholders. It should be 

noted that while the origin of the research comes from real-world challenges, the research itself does not 

necessarily need to address said challenges directly. For example, descriptive research trying to understand 

the origin of a certain real-world problem may be transdisciplinary while not directly contributing any 

potential solutions to the challenge. This real-world origination often means that transdisciplinary science 

needs to utilize knowledge from many disciplines—as the world is unfortunately not divided into orderly 

disciplines—in order to answer posed research questions. That is, the research needs to go beyond tradi-

tional disciplinary partitions, hence the name transdisciplinary. Furthermore, practitioners and stakehold-

ers are often involved throughout the research process to ensure that the basis of the research questions 

is correctly understood and that the relevance of the result is high. Through this inclusion, results are co-

developed, and learning may be shared between the researcher and other participants of the research 

(Blok et al., 2015). 

  

                                                 
8 Here real-world challenges refer approximately to practical challenges that exist partly beyond the minds of people. Examples of 

challenges that are not real-world challenges are challenges of a purely theoretical nature or that exist within models, simulations or scenarios. 
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4 

Lessons on assessment 

The introduction briefly touched upon the difficulties of assessing in what way and to what extent a 

solution is integrative and multi-functional, in other words, what its contribution towards various sustain-

ability-related challenges is and how it achieves this contribution. The difficulties in focus in this thesis 

arise from two main parts. First, the assessment requires a method capable of handling a wide variety of 

different sustainability domains, namely, a multi-dimensional and value-pluralistic assessment method. 

Second, because we are interested in the eventual implementation of the solution, there is a need to 

understand its feasibility.  

In order to perform multi-dimensional assessments, including both various sustainability domains 

and feasibility aspects, this research builds on soft multi-criteria decision analysis (MCDA), sometimes 

also known as multi-criteria decision-making or multi-criteria assessment. Soft MCDA methods are used 

for knowledge structuring and analysis to support decisions rather than deciding which option is optimal; 

in other words, they are decision support tools rather than decision making tools (Mendoza and Martins, 

2006). As was shown in Paper I, soft MCDA can include a wide variety of aspects that are deemed im-

portant, including multiple sustainability domains and feasibility aspects. Furthermore, they allow assess-

ment even in the presence of differing value orientation and goals (Martinez-Alier et al., 1998), while also 

being able to handle both quantitative and qualitative information (Mendoza et al., 1999), something 

common when assessing sustainability domains and feasibility aspects. The procedure of the MCDA of 

this thesis builds upon the five steps common to many MCDAs (see, e.g., Kumar et al., 2017; Pohekar 

and Ramachandran, 2004), but which was developed further in Feiz (2016), Feiz and Ammenberg (2017) 

and Papers I and II. These steps are: (1) defining the problem to solve, meaning the decision to be decided 

upon or the goal of the assessment; (2) finding the alternatives to assess, meaning, the solutions possible 

to solve the studied problem; (3) setting up the multi-criteria assessment framework, which consists of 

what criteria, key areas and indicators each solution will be assessed based on; (4) gathering data and 

assessing each solution based on each indicator and thus making it possible to assess each key area based 

on the indicator scores; and (5) interpreting the results and making a synthesis judgement on the overall 

performance of each solution. Throughout these five steps, a life-cycle perspective is applied to reduce the 

risk of problem shifting or missing important characteristics that impact sustainability or feasibility (Paper 

I). In Figure 3, the procedure of the MCDA method of the thesis is shown. The contributions of this 
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research are mainly to the process of Steps 3, 4 and 5 and are presented in the following few pages, as 

each step is described in detail. 

 
Figure 3. The procedure of the multi-criteria decision analysis method used in this thesis (Paper I).   

Step 1. The importance of the first step is often neglected, as the problem or goal definition may be 

defined before the method of assessment is chosen and thus may seem set in stone. It may also be that 

the performer of the assessment believes that the problem definition is obvious and thus skips discussing 

this step. The problem definition originates from the sustainability-related challenge(s) that is sought to 

be solved, and what function(s) is needed to solve it. As such, one often asks questions about what solution 

is the most sustainable, how easy it is to implement and what the short-term costs are. Sometimes it is 

said that sustainability-related challenges are wicked (Dijk et al., 2017; Feiz and Ammenberg, 2017). This 

wickedness partly stems from dissensus about what the problem is (Roberts, 2000). This first step in the 

MCDA is thus very important, as it is where this aspect of the “wickedness” of the problem subsides, in 

other words, stakeholders are able to find a consensus around what the problem at hand is. For example, 

it may be that an organisation seeks to become more sustainable; in this case, there is a need to further 

specify the goal or problem. Is it the management and organisational structure that is under assessment? 

Is it the production processes? How to design the products? Or perhaps the purchasing of supplies? It may 

even be all these things, where the first assessment would be to understand where—amongst all of these 

areas—an intervention would give the most impact. 

Step 2. After defining what problem to study, one has to determine what solutions to the problem 

exist, that is, what alternatives to assess. Here, one can think about all kinds of solutions, as both limited 

technological fixes and larger systemic changes may be possible to include in the same assessment, where 
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one may contribute with less in terms of sustainability performance, and the other may be significantly 

more difficult to implement. In addition, it may be fruitful to include a conventional technique or the 

status quo as a reference alternative in the assessment (this reference may sometimes be the source of the 

sustainability-related challenges under study). In some cases, one may only be interested in assessing a 

single solution, for example, if one seeks to understand in what way and to what extent a certain solution 

is integrative and multi-functional. 

Step 3. Next comes the setup of the multi-criteria assessment framework a structure based on Feiz 

and Ammenberg (2017) and further developed in Paper I; it includes defining the elements of the assess-

ment framework, which are the criteria, key areas and indicators. These are used to assess the solutions 

(alternatives) defined in Step 2. The goal is to understand what metrics, characteristics and qualities 

should be used to define if a certain solution is more desirable than the others. Specifically, this means to 

understand what elements are needed to be able to state which solutions have the better sustainability 

performance and how feasible the solutions are to implement. Often including both generic and contex-

tual aspects in the assessment framework is preferable because while sustainability aims to be a generic 

value framework, the particularities of sustainability may differ from community to community (Antwi et 

al., 2017) and stakeholder to stakeholder (Ekener et al., 2018). Furthermore, there is also a need to con-

textualize the generic aspects of sustainability to enable the assessment of a solution contribution towards 

the said generic aspect. For example, when assessing a certain fuel’s contribution towards reducing acidi-

fication, the universal aspect of acidification may become emissions of sulphur dioxide equivalents per 

MJ fuel, and hence, it is contextualized to the context of comparing different fuel systems.  

The process of defining the elements of the assessment framework is not entirely simple. Since sus-

tainability largely builds on normative notions, there is no objective way to test what set of elements is the 

best or most optimal. This is because for norms (for example, what is right and wrong or what is good 

and bad) there is no objective and transcendental judge that can test whether something truly is good or 

bad (Habermas, 2017, p. 42). Compare this to truths of fact that may be tested in the real world. For 

example, if I say that the coffee machine is broken again in the common area, someone can test if this is 

true or not; however, if I say that inequality is morally wrong, there is no way to test whether this is true 

or not. Such moral truth claims must be justified in the social world, amongst interlocutors (Habermas, 

2017, p. 245). As such, I suggest that the selection of what elements to include in an assessment framework 

should be done in unison with stakeholders and be based on a discursive approach, departing from pre-

vious knowledge about how certain solutions interact with society and nature (Paper I). This discursive 

approach ought to strive for the ideal conditions of discussion (even if they are practically unobtainable), 

namely that (1) it is a public debate including all those affected by it, (2) the right to communicate is 

equally distributed, (3) it is nonviolent and non-coercive, where the force of “the better argument” reigns 

supreme and (4) all participants are sincere (Habermas, 2017, p. 37). An important note here is that the 

scientist, researcher or performer of the assessment should be considered a stakeholder and encouraged 

to engage in this discussion. It is also vital to allow for reflection and iteration when choosing elements. 

Sometimes, new information may arise in later steps of the MCDA, or new stakeholders may become 
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interested and want to give their input to the assessment. This may mean that a revision of the elements 

is necessary, which is good, as sustainability assessment (and by extension, the assessment of multi-func-

tional and integrative solutions) should be reflexive to cope with the interconnected and pluralistic nature 

of sustainability-related challenges (Dijk et al., 2017). However, there is another possible way to justify a 

certain selection of elements, namely using pre-defined sustainability objectives. These sets of objectives 

represent a certain body of people’s view on what constitutes sustainability (or a particular dimension of 

sustainability). Thus, the assumption utilized here is that the stakeholder discussions mentioned above 

can be approximated through these sets of objectives. In the case of a national sustainability objective, as 

was the case in Paper II, the parliamentary discussion of public representatives and the formulation and 

constitution of objectives that stakeholders can accept are used instead of holding a stakeholder discussion 

including every citizen in a country (which would be practically unfeasible). Likewise, the sustainability 

objectives may be defined by the board of an organisation or an international body such as the UN, and 

the same assumption can be made. Hence, pre-defined sustainability objectives can be seen as an indirect 

way of accessing stakeholder opinion on what may constitute sustainability for that stakeholder group. 

However, if one bases their assessment framework on pre-defined sustainability objectives, the usefulness 

of this assessment framework depends on the validity of the objectives and how well these encompass 

relevant sustainability dimensions. In Figure 4, the two pathways of justifying the selection of assessment 

framework elements are illustrated. Often, these two ways are combined in hybrid approaches where pre-

defined objectives are considered in the stakeholder discussions about what elements to include. 

 
Figure 4. Suggested pathways for defining the multi-criteria assessment framework and its elements. 

The features of the elements of the multi-criteria framework suggested in this thesis are presented in 

the order of criteria, key areas and indicators. The elements can be developed in a top-down fashion, 

namely, starting with criteria, then expanding these into key areas and finally indicators, which was done 

in the cases described in Paper I. However, one can also use a bottom-up approach starting from a set of 

indicators, then grouping similar indicators into key areas and finally arranging these key areas together 
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to form criteria. This was done in Paper II, although the assessment framework in Paper II only included 

one criterion, environmental performance (in Paper II, the word “criteria” is used instead of key area; 

however, the criteria of Paper II are the equivalent of key areas in this thesis). 

Criteria are broad and overarching categories that originate from the problem formulation and the 

goal of the assessment. In the context of the thesis, they often take the shape of each sustainability dimen-

sion (e.g., a criterion for good environmental performance) and a criterion covering the feasibility of im-

plementation. In Paper I, the scale or significance of the solution’s potential contribution to different 

sustainability domains is also highlighted as a possible criterion. In many cases, one will find that it is 

difficult to isolate criteria due to the interconnected nature of sustainability and the closeness of feasibility 

to some of the sustainability domains (e.g., economic sustainability may be linked to the feasibility of 

implementation). However, having overlaps between criteria is not necessarily an issue. These overlaps 

do, however, need to be acknowledged and be made explicit during the interpretation step (step 5), so 

that no unintended double counting occurs.  

Next are the key areas, they define the areas of knowledge relevant to each criterion and can be seen 

as the middle way between the broad criteria and the detailed indicators. They make it possible for a 

decision-maker to get an overview of how a certain solution performs within different knowledge domains, 

without overloading the decision-maker with data and unprocessed information. This balancing act of 

defining good key areas requires one to balance between having too many key areas and having too few. 

Too many key areas could lead to it being difficult to thoroughly assess each key area and may make it 

more difficult to assess the parent criterion due to the difficulty of making multi-dimensional judgements. 

Too few key areas on the other hand and you risk missing central issues. There is no golden rule or 

approximate yardstick to use here; instead, the stakeholders included in the assessment have to perform 

this balancing act until a consensus is reached. There is, however, some key areas that are recommend 

including, or at least be discussed before their exclusion. A list of these recommendations, developed in 

Paper I, is found in Table 2 (a more thorough description of each key area can be found in Paper I). The 

key areas can also be formulated as key questions to make it easier to understand what knowledge is 

needed to assess each key area (Feiz and Ammenberg, 2017; Paper I).  
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Table 1. A list of recommended key areas, along with some suggested key questions, to consider when assessing the sustain-
ability performance and feasibility of integrative and multi-functional solutions. 

Key area Suggested key question 

Potential scale of supply Can this alternative supply enough products, services (or functions) relevant 

to contribute in a significant way to solve the considered problem? 

Potential scale of demand Is there significant demand, relevant to the considered problem, for the prod-

ucts, services (or functions) that are delivered in this alternative? 

Greenhouse gas emissions 

reduction 

Considering the life-cycle, is this alternative good (or better than the reference) 

from the perspective of greenhouse gas emissions? 

Primary energy balance Considering the life-cycle, is this alternative good (or better than the reference) 

from the perspective of primary energy use? 

Local and regional environ-

mental impacts 

Considering the life-cycle, is this alternative good (or better than the reference) 

in regard to various local and regional environmental impacts? 

Profitability or cost-efficiency Considering the life-cycle, is this alternative relatively profitable; or if profita-

bility is not the purpose, is it cost-efficient? 

Degree of control and com-

peting applications 

Considering the life-cycle, are there competing solutions to the considered 

alternative? Can the involved actors have a reasonable degree of control over 

the supply of relevant inputs and demand?  

Institutional feasibility Considering the life-cycle, is this alternative relatively supported by existing 

and foreseeable regulations and institutional conditions? 

Technical feasibility Considering the life-cycle, is this alternative relatively feasible from a technical 

perspective? 

Organizational feasibility Considering the life-cycle, is this alternative relatively feasibility from an or-

ganizational perspective? 

The final element of the assessment framework to be presented is the indicators. The indicators are 

used to operationalize each key area by detailing what data is to be gathered to assess the parent key area 

and how this data should be assessed. The suggestion is to define one to three indicators for each key area 

to avoid the risk of analytical paralysis, stemming from having to gather or process too much data to 

systematically assess each key area (Hertwich et al., 1997).  

To assess each indicator, one may use a five-grade scale consisting of ‘very poor’, ‘poor’, ‘fair’, ‘good’ 

and ‘very good’ or similar. In Paper II, it is used to score each indicator in relation to their effect on the 

Swedish environmental quality objectives, thus, modifications to the indicator labels were made (see Ta-

ble 3). One may think of this score as a bridge between the indicators and the key areas. The scale allows 

one to move from the data of the indicators to a normative score and then to assessment of the key areas, 

thus allowing for a more easily comprehendible view of how each solution performs within each key area. 

While it may sound strange to assess whether an area of knowledge is good or bad, one has to remember 

that it is still the alternative that is being assessed. Hence, poor institutional feasibility does not mean that 

the knowledge about institutional feasibility is poor, but that the alternative being assessed is a poor fit to 

the current institutional context. The normative nature of this scale is designed to fit the normative nature 
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of concepts such as sustainability and feasibility. If one would have used an objective scale, a ‘high’ score 

in a certain indicator could be good from one perspective but bad from another, and as such, the inter-

pretation of the results would have been much less intuitive. In Table 3, an example of two scales from 

Paper II is shown to clarify what the scales may look like and what information they give to the performer 

of the assessment. 

Table 2. Examples of normative scales used in the public procurement tool in Paper II. 

 
Large positive 

effect 

Small positive 

effect 

Negligible ef-

fect 

Small negative 

effect 

Large negative 

effect 

Reduced 

climate 

change 

>70 % reduction 

compared to fos-

sil reference 

21-70 % reduc-

tion compared to 

fossil reference 

0-20 % reduction 

or increase com-

pared to fossil 

reference 

21-70 % increase 

compared to fos-

sil reference 

>70 % increase 

compared to fos-

sil reference 

Improved 

air quality 

Significant NOx 

and Particulate 

matter emissions 

reduction (>50 

%) during opera-

tion of the vehi-

cles. 

Significant NOx 

or Particulate 

matter emissions 

reduction (>50 

%) during opera-

tion of the vehi-

cles. 

No difference in 

NOx or Particu-

late matter emis-

sions compared 

to fossil refer-

ence during op-

eration of the ve-

hicles. 

Significant NOx 

or Particulate 

matter emissions 

increase (>50 %) 

during operation 

of the vehicles. 

Significant NOx 

and Particulate 

matter emissions 

increase (>50 %) 

during operation 

of the vehicles. 

Step 4. This step is straightforward, but often requires a lot of time and effort. Here, one gathers data 

in order to assess each solution-indicator couple and assesses them. Data gathering for this assessment can 

be done in multiple ways, everything from literature or document studies to interviews, field experiments 

or simulations. This means that the effort and resources needed are tied to the relationship between the 

quantity and quality of knowledge needed and the quantity and quality of knowledge readily available. If 

one needs to perform extensive field experiments, simulations, interviews or document studies, this will 

require extensive resources and time. If one “only” has to gather and structure already available 

knowledge, less time and resources are needed (although this may still present a considerable challenge, 

depending on the availability of this knowledge). In the cases found in Paper I, data was gathered mainly 

through literature studies when it came to indicators for sustainability performance, and primarily 

through interviews when it came to feasibility aspects. In Paper II, data was gathered solely through a 

literature study (although feasibility aspects were not included in this study). However, one may imagine 

cases where data is entirely missing for certain solution-indicator couples, and therefore a sub-study like a 

simulation or field experiment would be necessary to fill this gap, although in some cases, the identifica-

tion of such a research gap could be a sufficient result. 

Step 5. The final step of the MCDA method proposed in this thesis is the interpretation of the 

results. When finishing step four, one is left with several results for each solution-indicator couple and 
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based on the scales defined for each key area, an assessment within each key area. However, an interpre-

tation of these results is required to be able to judge which solution is preferred in a particular context. 

Here, the so-called hard MCDA often applies stakeholder weighing and some form of algorithm to decide 

which solution is optimal, see, e.g., Diaz-Balteiro et al., (2017) and Kumar et al., (2017) for a review of 

such methods. The soft MCDA, and as such, the method presented here, favours a discursive approach. 

The goal of the discussion is not to find an optimal solution but a consensus, in other words, a solution 

that everyone can accept. Indeed, an optimum is seldom possible to find due to the value plurality of the 

assessment and the different stakeholders’ value orientations (Martinez-Alier et al., 1998). Furthermore, 

different solutions may perform well in different key areas, meaning that synergies, trade-offs and conflicts 

of interest are common. This leads to the second reason why a discursive approach is favoured, acceptance. 

If one hides the conflicts between different key areas, goals and value orientations behind surveys and 

algorithms, it is much less likely that the stakeholders will accept the outcome of this step, as it may lack 

transparency. If one instead opens a discussion to solve conflicts and work towards a consensus alterna-

tive, the acceptance of the assessment may become higher. In addition, such discussion may also change 

the value orientation of the stakeholders towards becoming more altruistic because they gain more insight 

into other stakeholders’ perspectives (Raymond and Kenter, 2016).  

The idea of a discursive approach to deciding which alternative is the preferred one also ties back to 

the discussion about how to select relevant framework elements in step three. Namely, this decision is 

also a moral decision, for example, the decision that a hypothetical alternative q is the preferable alterna-

tive is a moral truth claim, which that can only be justified in the social world, which is discursive in 

nature (Habermas, 2017, pp. 245–247). The question about which alternative is the most sustainable 

while also being feasible to implement (which is a question commonly posed in Step 1 of the MCDA) can 

only be answered with a moral truth claim since it requires knowing the relative importance of the differ-

ent key areas with respect to each other. However, since indicators (and as such key areas) may build on 

truths of facts, for example, how much of a certain pollutant is emitted, these moral truth claims may in 

part build upon a positivistic epistemic core, which is susceptible to fallibility (Habermas, 2017, p. 38). 

This means that judging the sustainability performance of and the feasibility to implement an alternative 

is fundamentally a discursive decision, but one affected by the epistemic context. This is a context that is 

represented by the score of the indicators and which may change over time. To summarize, this thesis 

puts forth the discursive approach as the favoured one to interpreting and judging the results of MCDAs, 

the reason being that the decision of choosing which solution is preferable from a sustainability and 

feasibility perspective is a process that includes moral truth claims, whose validity can only be tested 

through discussion. 

Some may still be unconvinced, perhaps arguing that other options, such as individual weighing9, 

can be seen as a substitution for discussion, and one that may be faster and avoid “unnecessary” conflicts. 

My answer to this argumentation can be summed up by a quote from Strauss (Strauss, 1953, p. 310): 

                                                 
9 The practice whereby each stakeholder involved in the decision weighs the importance of each criterion in some manner, either by 

cardinal or ordinal scales. 
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“Speculation, being essentially private, is concerned with the truth without any regard for public opinion. But national 

measures or political problems do not primarily concern truth or falsehood [e.g. objective truths, or truths of fact]. 

They relate to good or evil. They relate to peace and mutual convenience, and their satisfactory handling requires 

unsuspecting confidence, consent, agreement and compromise.” Individual weighing is a private affair and is in 

this case equal to speculation since there is no objective truth to be found for the relative importance of 

key areas. Choosing which alternative is preferable from a sustainability perspective is akin to a political 

problem as it requires making explicit one’s own reasons to favour some sustainability domain over others. 

Furthermore, politicians or public authorities are often involved as stakeholders in systemic change, and 

as such, the political nature of this step is even more evident. Therefore, to handle this step in a satisfactory 

way, “unsuspecting confidence, consent, agreement and compromise” is necessary, which can only be 

found in a discursive approach. While such an approach may be more time consuming and more difficult, 

this cannot be the reason why one should at least not attempt the discursive approach. 

Now, when presented with two options, a natural response may be to ask, what about if I do both? 

What about a discursive approach to finding quantitative weights? Such an approach is certainly possible, 

and is the approach put forth in Paper II. The suggested approach of that paper is for the procuring 

organisation to hold discussions on how to quantitatively weigh the environmental performance in rela-

tion to the price of incoming tenders and how to weigh each key area in relation to other key areas. With 

this approach, the stakeholder group comes to a consensus around what the quantitative weights should 

be for each criterion, key area or indicator (depending on what level one aggregates from). This enables 

one to apply hard MCDA methods to find the preferable option based on these weights. Sometimes, such 

quantitative and algorithmic assessment methods may be preferable due to the need for aggregation or 

practical applicability. This was the case in Paper II, since the public procurement directives of the EU 

proclaim that the procurer has to either choose the alternative with the lowest price or the most econom-

ically advantageous alternative (Lundberg and Bergman, 2011). This means that one needs to aggregate 

values into economic value; otherwise, one cannot claim low price nor economic advantage. The hybrid 

approach of group weighing does overcome issues of acceptance and transparency since everyone can be 

involved in the weighing process. It also avoids issues of private speculation because value orientations 

and reasons must be made explicit to hold merit in these discussions. However, there are some issues with 

this approach, which is why the fully discursive approach is favoured above the group weighing approach 

if the choice is possible. First, the weights that may come from such a group weighing process may be 

misused in other contexts. They may be reified and be seen as the definitive weights for the relative (or 

absolute) importance of these sustainability domains. For example, one group may produce weights for a 

certain decision and at a later stage—in order to save time—some individual from an organisation that took 

part in the original discussion uses those weights for another decision instead of forming a new group. 

This reification is problematic since these weights are only valid for the particular epistemic (what 

knowledge to consider) and organisational context (what actors to include) of the decision for which they 

were justified. Other decisions have other contexts, which requires other knowledge and other constella-

tions of actors; therefore, the definition of group weights brings with them the inherent risk that they may 
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be misused. Second, the aggregation of criteria, key areas or indicators through quantitative weighing goes 

against the value pluralistic nature of sustainability decisions, as the values behind the criteria, key areas 

and indicators are incommensurable (Martinez-Alier et al., 1998). The group weighing approach, there-

fore, risks turning the assessment from multi-criteria decision analysis to single-criterion decision analysis. 

Now, when all five steps of the MCDA are completed, the wickedness and complexity of the sustain-

ability-related challenge at hand has been reduced. There should—when this stage is reached—be a consen-

sus on what the problem is and how it should be solved (or what solutions contribute towards solving it 

in the preferred way), thereby providing crucial input to the continuation of the implementation process. 

However, understanding the sustainability values and the feasibility of a certain solution is not enough 

for it to become implemented. Other aspects play a part in the process of implementation, and in the 

next chapter, the internal capacities for collective action and their importance to the process of imple-

menting integrative and multi-functional solutions are described and discussed. 
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5 

Lessons on facilitation 

To implement integrative and multi-functional solutions, collaboration and collective actions will be nec-

essary. Since the sustainability-related challenges that these solutions seek to address are often complex or 

wicked, consensus through discussions and collaboration needs to be formed (Roberts, 2000). Further-

more, it is rare that a single actor has the authority and resources to implement integrative and multi-

functional solutions on their own. Finally, the functions—and thus the values—of these solutions are 

spread across different actors, meaning that proper implementation may require the costs to be spread in 

a similar fashion to how the values are spread. All these aspects mean that integrative and multi-functional 

solutions are solutions that concern many different actors and require further collaboration and more 

direct collective action than what can be expected of other conventional and more single-minded solu-

tions. 

As presented in the introduction and Chapter 2, this thesis draws ideas from the field of industrial 

symbiosis to understand how collective action towards implementing integrative and multi-functional 

solutions can be facilitated. Specifically, the focus is on how the internal capacities of networks to engage 

in collective action can be strengthened. Therefore, the theory of institutional capacity building (Boons 

et al., 2011; Boons and Spekkink, 2012; Healey et al., 2003) is employed as a way of understanding how 

this capacity can be strengthened. As was stated in Chapter 2, institutional capacity is built along the three 

dimensions of relational resources, knowledge resources and mobilization capacity (Boons et al., 2011; 

Boons and Spekkink, 2012; Spekkink, 2016, 2015). All three dimensions can be built through a few basic 

interactions put forth by Boons et al. (2014). The theory of institutional capacity building, and these basic 

interactions, were applied to guide a facilitative intervention in Norrköping, Sweden (research journey 

three from Chapter 3) aimed at facilitating the development of collaborative biogas solutions. Throughout 

three workshops, actors met to discuss and plan how biogas solutions could be facilitated in Norrköping. 

These actors included civil servants from the municipality, the municipal wastewater treatment plant, and 

the regional authority as well as actors from biogas producing companies, biofertilizer companies, a paper 

mill, waste management companies and a zoo. The workshops were split up during the spring of 2019, 

with six-week intervals between each workshop. In Table 4, an overview of the basic interactions suggested 

by Boons et al. (2014) can be seen, alongside descriptions of how interactions held in the workshop series 

in Norrköping were performed. 
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Table 3. The interactions suggested by Boons et al. (2014) as interactions that build institutional capacity within networks. 
How these interactions were performed in the Norrköping workshop series is also briefly described (Paper III). 

Interaction Description Presence in the Norrköping workshop series 

Orientation Exploration and negotiation between 

actors that help them to develop com-

mon definitions of problems and so-

lutions as well as strengthen relations 

between them. 

Most of the first workshop focused on orientation, 

both to explore the subject at hand and for the partic-

ipants to familiarize themselves with each other. This 

was done through both roundtable discussions and 

informal discussions. 

Planning Formulations of concrete plans to re-

alize the implementation of a certain 

common solution. 

The final workshop aimed to plan ways of overcom-

ing various identified barriers and exploit opportuni-

ties to implement biogas solutions.  

Feasibility 

studies 

The process of performing joint re-

search with the aim of exploring the 

feasibility of implementing a certain 

common solution. 

A potential study focusing on the potential to pro-

duce and sell upgraded biogas in Norrköping munici-

pality was performed as a type of feasibility study. 

This was done in between workshops one and two. 

Implemen-

tation 

Actors work together to implement a 

common solution that they have pre-

viously planned. 

― 

Influencing 

other actors 

Activities performed by one actor to 

influence another actor within the 

network to make them more likely to 

engage in future collective action. 

Informal discussions in and around the workshop se-

ries may have had this effect as actors sought to come 

up with new ways to collaborate and to bring more 

relevant actors into the network. 

Declaration An action where an actor, or several 

actors, formally declare(s) the inten-

tion to act to solve a common prob-

lem, often involving the signing and 

publication of formal documents. 

― 

Establishing 

new organi-

zations 

Actors join together and establish a 

new organization devoted, at least in 

part, to furthering the industrial sym-

biosis network. 

― 

Strategic  

visioning 

Actors establish joint strategic visions 

where they describe their common 

goals. 

― 

Influencing 

the context 

Activities performed by one or several 

actors with the aim of influencing the 

contextual factors surrounding the 

network. 

― 
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As can be seen in Table 4, the workshop series included four of the basic interactions proposed by 

Boons et al. (2014). These were orientation, planning, feasibility studies and influencing other actors. The 

participants of the workshop had little to no previous relations with each other. Therefore, much of the 

first and second workshop series was about orientation. This served a dual purpose in both orienting the 

participants with each other and with the subject, as different participants had different knowledge levels, 

but none had knowledge about all the different factors that influence biogas systems’ development in 

Norrköping municipality. The orientation was mainly done through roundtable discussions with the aim 

of mapping the current situation surrounding biogas systems in the municipality. Before the second work-

shop, a feasibility study was performed that assessed the biogas potential in Norrköping municipality and 

the feasibility of different biogas systems. The feasibility was further discussed at the second workshop, 

and a few key barriers and opportunities were identified. From these key barriers and opportunities, a list 

of prioritized actions was distilled and presented at the third workshop, which focused on who could take 

the lead on these prioritized actions and how they could be realized. This final workshop would fall into 

the planning interaction in Boons and colleagues’ (2014) list of interactions. 

From observations made during and after the workshop series, and through a survey sent out to 

participants, it was clear that institutional capacity had been built through these interactions (Paper III). 

Regarding relational resources, most respondents stated that the workshop series had led to new relations 

forming (89 %) or the strengthening of old relations (67 %). As for knowledge resources, the survey 

followed a similar trend, with 90 % of respondents stating some increase of knowledge. Of these, 33 % 

stated a large increase in knowledge regarding biogas solutions in Norrköping. As for mobilization capac-

ity, respondents answered that the workshop series had increased their interest and willingness to act to 

develop biogas solutions in Norrköping. Moreover, the establishment of leaders for how to overcome each 

key barrier and exploit each key opportunity should also help to increase the mobilization capacity of the 

network. Furthermore, some initiatives are already underway towards the implementation of biogas solu-

tions in Norrköping, such as further meetings, funding applications and focused feasibility studies. A 

minor conclusion from the Norrköping study was that universities might play key roles in setting up 

arenas that build institutional capacity. This is because universities have the financial resources, relational 

networks and knowledge required to create these arenas (Paper III). However, it is unlikely that universi-

ties can sustain the network, as they are generally not involved in the building or operation of integrative 

and multi-functional solutions. In the workshops in Norrköping, the local authority (the municipal or-

ganisation) instead took the role of sustaining the network. Previous literature has highlighted the possi-

bility of municipalities working as network brokers in industrial symbiosis networks due to their inherent 

legitimacy, relational network and interest in local sustainable development and business performance 

(Burström and Korhonen, 2001). 

Another contribution was made to the use of the theory of institutional capacity building. In Paper 

III, it was shown that the theory could be used to guide interventions aiming to facilitate the implemen-

tation of integrative and multi-functional solutions (and industrial symbiosis development in general). 

Previously, the theory had been used to investigate and analyse historical programmes and developments 
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to understand what actions and events influenced the industrial symbiosis development and how institu-

tional capacity was built by these actions and events (Abreu and Ceglia, 2018; Boons and Spekkink, 2012; 

Spekkink, 2015, 2013). The study in Paper III shows that it is possible to utilize the theory to guide 

interventions and give insight into the process of developing such facilitative interventions. Furthermore, 

the theory can also be used to evaluate how interventions affected the internal capacities of networks and 

help to improve the effectiveness of any forthcoming potential interventions in a formative manner. This 

contributes to future interventions so they may have a larger impact, and that the chance of integrative 

and multi-functional solutions being implemented is increased.  
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6 

Methodological discussion 

This chapter is dedicated to discussing different topics of relevance to all the research performed and 

described in this licentiate thesis. The first topic of discussion is how the MCDA method presented in 

Chapter 4 fits into the process of implementing integrative and multi-functional solutions. Throughout 

the thesis the importance of broad, relevant and systematic assessments of integrative and multi-functional 

solutions have been touched upon in order to motivate why they should be implemented. However, this 

is a simplification of the relation between the MCDA method of the thesis and the process of implemen-

tation. In practice, the MCDA method can be further integrated within the implementation process. For 

example, the knowledge gained throughout the process of completing the MCDA and from the results of 

MCDAs, contributes to showing the many values that an integrative and multi-functional solution may 

have, thereby possibly increasing the willingness to implement such solutions. This can also be seen in 

the light of institutional capacity building as enhancing the knowledge resources of the participants. Fur-

thermore, the participatory and discursive aspects of the MCDA method require stakeholder groups to 

form around the assessment. These groups may be able to play key roles in the continued implementation 

process after the assessment is done, thereby strengthening the relational resources within that group. The 

stakeholder discussions and group judgements needed to define the goal, identify alternatives, define the 

assessment framework and finally judge which alternative is preferable may also help the stakeholder 

group to align their norms, values, language and visions (Ranger et al., 2016; Raymond and Kenter, 2016), 

which increase their mobilization capacity. 

An important note may also be that the process of implementing integrative and multi-functional 

solutions is in practice an iterative approach, which does not necessarily have to follow the primacy of 

thought over action. For example, a group of actors may form a network around a particular idea and 

attempt to realize it. They then hit some roadblocks and are forced to analyse, assess and evaluate the 

idea, perhaps in a rudimentary way at first. After some thought, another try is made, which is more suc-

cessful but does not materialise in any tangible outputs. Other actors may be invited to fill the necessary 

roles and functions that the network had been missing, and perhaps another try is made. However, this 

time the institutional context may not be favourable enough to allow implementation, so the network 

does a more thorough assessment to show the value of the idea in hopes of influencing other actors and 

changing the context. This may continue for quite some time—with various iterations of group members, 

various assessments and various implementation attempts of varying intensity—before an actual tangible 
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systematic change is implemented. As such, the MCDA method may become relevant very early in the 

implementation process as a screening tool to select a few interesting ideas with which to continue work-

ing. On the other hand, it may be used as decision support and motivation for the actual decision to 

implement a solution, or it may be used to assess how a certain solution performs after its implementation. 

When it comes to assessments as decision support tools, the MCDA method presented here is, of 

course, not the only method. Another method used to capture a solution’s broader set of benefits and 

costs, and that is commonly used to assess policy measures and large infrastructure investments, is cost-

benefit analysis (Boardman et al., 2018). In a cost-benefit analysis, the aim is to translate all tangible and 

intangible costs and benefits into monetary terms. Most impacts on sustainability domains, such as pollu-

tion, ecosystem degradation, equity change or health matters, are benefits for which there exists no market 

and thus no direct pricing mechanisms to use to convert these into money. In these cases, various survey 

methods or indirect pricing mechanism are employed to try to gauge the monetary value of these benefits 

(Boardman et al., 2018). Through this, one can eventually reach a monetary value for the costs and ben-

efits of the solution, and if the benefits outweigh the costs, one implements the solution (a somewhat 

simplified description). However, there are a few reasons why this approach was not chosen in this partic-

ular thesis. First, cost-benefit analysis is a purely quantitative method, which means that benefits that 

cannot be quantified (or require too many resources to enable their quantification) in monetary terms are 

left out of the analysis. Even if these benefits are qualitatively discussed and explicitly omitted (from the 

quantitative assessment), decision-makers and result interpreters may only focus on the result and thus 

miss other important non-quantifiable benefits. Furthermore, cost-benefit analyses tend to only include 

economic feasibility when assessing the feasibility of solutions, which means that the significance of this 

method for the implementation process is lower than that of methods that can integrate a broader set of 

feasibility aspects. Finally—and most importantly—I argue that cost-benefit analysis is insufficient as deci-

sion support when it comes to decisions with the aim of contributing to sustainable development. This 

insufficiency comes from the value pluralism inherent to sustainable development (see, for example, the 

description of sustainable development in United Nations, 1987). Within value pluralism, different 

things that one may find valuable are inherently separate, and there exists no one value that all other 

values may be expressed in terms of. Therefore, these values cannot be properly expressed solely in eco-

nomic terms (Martinez-Alier et al., 1998). In addition, values are conditional in value pluralism, meaning 

that the relative importance of values depends on the context and case where these values are employed. 

For example, imagine a simple hypothetical case where a choice between a and b is based on two values, 

environmental harm and price. Something is deemed more valuable if it has a lower price and does less 

environmental harm. Depending on how large the difference in environmental harm is and what type of 

harm it is, the relative importance of environmental harm and price may differ, the same for changes in 

the price. While conditional values are compatible with cost-benefit analysis if these are re-measured for 

each cost-benefit analysis, it is all too common to use prices calculated for entirely different contexts when 

performing such analysis. For these reasons, the cost-benefit method is not enough to satisfy the aim and 

research questions (1 and 2) of this thesis and, as such, was not chosen. However, depending on the 
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indicators chosen, results and knowledge gained through cost-benefit analysis may be used within the 

framework of the MCDA method. For example, if one seeks to show the economic value of a certain 

solution, cost-benefit analysis is a suitable method to employ in order to assess that particular indicator. 

While this has not been done within this thesis, it is perfectly possible. 

In Chapter 3, the reasons why the research chose a transdisciplinary research approach and the ben-

efits of this approach to the thesis were discussed. However, a transdisciplinary research approach does 

not only bring with it positive traits. The fact that the research questions and research objects are chosen 

from real-world challenges often leads to favouring usability and practical criteria of viability when evalu-

ating the results. This can, in turn, lead to a preference for showing that something works in this specific 

case, rather than answering why something works or if it works in general. Furthermore, transdisciplinary 

research tends to produce case-specific knowledge because the primary goal is often to solve—or contribute 

towards solving—the specific real-world challenge from which the research originated. As such, it can prove 

difficult to generalise the results and improve upon disciplinary theories. If such general insights are put 

forth, it is often due to insights gained from combining theories from traditionally separate fields, for 

example, business models and industrial ecology (Short et al., 2014), organisational theory and industrial 

ecology (Magnusson et al., 2019) and theories of the firm and corporate sustainability (Lozano et al., 

2015). This dependency on case-specific results could be part of the reason why transdisciplinary science 

often has trouble generating high scientific impact in bibliometric terms, a challenge noted by Brandt et 

al. (2013). This challenge of transdisciplinary science can also be seen in the research performed in this 

thesis. Each research journey (described in Chapter 3) originated from questions and challenges of real-

world actors, and ultimately the practicality and usability of the results were often prioritized higher than 

generalisability or transferability. Instead, general and abstract insights were sought after on the method-

ological and theoretical level, which is why the thesis mainly deals with methodology and method devel-

opments.  

However, one should not forget that there are reasons why a transdisciplinary research approach was 

needed in this research. The transdisciplinary approach allowed the researchers to understand societal 

needs and discuss necessary value judgements. In research about human society, there are always value 

judgements to be made, and in research about sustainability, this is especially obvious. For example, one 

has to decide what contributes to sustainable development in specific situations. In addition, it is common 

that conflicts between different domains of sustainability occurs, and in these cases, one needs to resolve 

these conflicts through value judgements. As such, the access to other stakeholders’ input becomes crucial 

in order to integrate these value judgements in a valid way; otherwise, the researchers’ own value orienta-

tion may skew the results, or stakeholders may perceive the result as illegitimate and reject its recommen-

dations.  

Furthermore, the involvement of stakeholders throughout the research process means that the results 

produced have a high transparency to stakeholders, since key concepts, assumptions, methods and value 

judgements have been developed or made in unison with stakeholders. As such, it is often easier for 

stakeholders to use and accept the results of transdisciplinary research (Lang et al., 2012). Moreover, 
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because the research questions often originate with some (or all) of the involved stakeholders, the research 

has high relevance to these actors, and as such, they are more likely to act on the result. 

However, due to the integration between different disciplines and between scientists and non-scien-

tists, transdisciplinary science may have even more fundamental methodological challenges than previ-

ously discussed. Since transdisciplinary science builds a “will to integrate” where commonly the idea is 

that the synthesis of different knowledge domains, methods and theories will grant new knowledge, one 

often has to deal with conflicting epistemologies and ontologies (Donaldson et al., 2010; Klenk and 

Meehan, 2015). This makes it very difficult to judge the quality of transdisciplinary research, because some 

parts of the research must be evaluated on, for example, constructivist grounds, while others must be 

evaluated on positivistic grounds. For example, in the multi-criteria decision analysis of this thesis, the 

data used to assess the indicators may be emissions from a certain industry, which is dealt with in a posi-

tivistic manner, but it may also be reflections on the suitability of existing infrastructure to accommodate 

a new socio-technological system, which builds on constructivist epistemology. This presents a challenge 

because the quality of constructivist science is evaluated on different grounds than positivistic science 

(Guba and Lincoln, 1989). For example, it becomes difficult to talk about validity and generalisability in 

the classical natural science sense when it comes to constructivist science. Validity—that ideas reflect what 

occurs in the real world—faces the issue that there cannot be any non-human knowledge about the real 

world upon which to test the validity of social constructs. True generalisability, on the other hand, is 

impossible because of the assumption that worldviews are constructed between individuals, which means 

that true generalisability is impossible because of the possibly infinite number of different worldviews that 

may exist. In addition, the alluring idea of objectivity must be dismissed with a constructivist approach 

since knowledge is built between interacting subjects, and thereby knowledge is inherently subjective. As 

the main contributions of this thesis are constructivist (e.g., the discursive approach to indicator selection 

and the workshops that built institutional capacity), the discussion that follows on the quality of this 

research will be from a constructivist perspective.  

The discussion will be based around three of the four criteria for evaluating quality in Guba and 

Lincoln (1989), namely transferability, dependability and confirmability10. Guba and Lincoln (1989) explain 

that there are some parallels between these criteria and classical positivistic criteria (i.e., validity, objectivity 

and generalisability). The first criteria, transferability, may be seen as a parallel to generalisability as it deals 

with what contexts and conditions research findings may be transferred to and used in. Here, a hallmark 

of high quality is that it should be clear under what conditions the methods, theories or results can be 

transferred from one person, group or context to another (Guba and Lincoln, 1989). Descriptions of the 

contexts and participants in each study has been given to ensure this, along with reflections on what the 

possible limits of the methodology presented in the thesis are. In addition, underlying assumptions that 

are known to the author of this thesis have also been stated to aid readers in understanding the limits of 

its transferability. Moving on to dependability, which is one of two the parallel criteria to objectivity (the 

                                                 
10 The fourth criterion is credibility and is excluded from this discussion due to its focus on the evaluator’s perception of how credible 

the work is. As such, the entirety of the thesis is the basis for evaluating this criterion. 
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other being confirmability), all constructivist research will depend on the input of the participants of the 

research, however, the criteria of dependability is not evaluated based on whether the research is depend-

ent or not. Instead, the evaluation is done qualitatively based on how the research is dependent on its 

participants (Guba and Lincoln, 1989). Indeed, in transdisciplinary research, the fact that participants 

actively influence the research is seen as a strength and an important part of the collective learning that 

is so desirable in such research (Pohl and Hirsch Hadorn, 2008). In order to evaluate the research de-

pendability, the research needs to be transparent when it comes to how the research was affected by each 

participant (Guba and Lincoln, 1989). To this end, Guba and Lincoln suggest keeping a dependability 

journal to keep track of how different participants influenced the research. This was not done to its full 

extent, although for key assumptions, methodological choices and collective definitions, it is stated how 

these were reached and on what logical grounds. While a more thorough dependability journal would 

have made it easier for readers to evaluate the research’s dependability, it is argued that what is presented 

in the thesis still provides enough insight to understand how the research depended upon its participants. 

Finally, confirmability concerns the ability of readers to understand where data was found and how it was 

processed. It is the second parallel criterion to objectivity. For this criterion, one should refer to the ref-

erences made throughout the thesis and its appended papers. These detail where data was gathered, and 

the origin of theories and methods applied. How processing and analysis of data were done is at the core 

of this thesis, namely the multi-criteria decision analysis method, which has been thoroughly presented 

and discussed. 
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7 

Conclusions and Outlook 

Integrative and multi-functional solutions will play an important part in sustainable development through 

their ability to contribute towards different sustainability-related challenges simultaneously and the syner-

gistic benefits that may come from linking traditionally separate organisations together. However, as-

sessing to what extent solutions are integrative and multi-functional requires assessment methods capable 

of including a variety of knowledge domains, both quantitative and qualitative data, and dealing with 

differing goals and value frameworks. This thesis suggests an MCDA method as a way of systematically 

assessing to what extent solutions are integrative and multi-functional, in other words, how large their 

impact on various sustainability domains is and how they may be implemented. This assessment builds 

on traditional MCDA procedure with contributions mainly to the steps of selecting criteria, key areas and 

indicators as well as how to comparatively judge alternatives. In these steps of the assessment procedure, 

the MCDA of this thesis favours a discursive approach, contributing with motivations for this and exam-

ples of how decision support tools may be designed to enable a comparative and discursive judgement. As 

for the process of selecting indicators by which to assess integrative and multi-functional solutions, the 

thesis puts forth two pathways for this, using stakeholder discussions, or operationalising pre-defined sus-

tainability objectives. A mix of both pathways is also a viable alternative.  

If one is able to come to a consensus about what solution is deemed preferable to continue the 

implementation process with, other challenges of implementing said solution still remain. Because of its 

integrative and multi-functional nature, successful implementation usually requires the collaboration of 

several actors. Interventions aimed at increasing the internal capacities of networks of actors to engage in 

collective action may be performed to facilitate such collaboration. Here, the theory of institutional ca-

pacity building promises to be a good support when designing and performing the formative evaluation 

of such interventions. The theory of institutional capacity building stipulates that the capacity of networks 

of actors to engage in collective actions is built along three dimensions: relational resources, knowledge 

resources and mobilization capacity. Furthermore, several interactions have been suggested in the litera-

ture to build institutional capacity, and while this thesis did not include studies of all of them, the inter-

actions of orientation, planning, influencing other actors and performing feasibility studies were seen to 

influence institutional capacity in a positive manner. In this area, the thesis contributed with insights into 

how institutional capacity building can be used as a guide to both designing and evaluating interventions 

aimed at facilitating the implementation of integrative and multi-functional solutions. As such, actors 



32 
 

who seek to facilitate the implementation of integrative and multi-functional solutions may draw inspira-

tion from the way interactions were performed and how the intervention was evaluated when designing 

their own interventions.  

There are some questions, looking at the continuation of this research, that remain somewhat unex-

plored. For example: how can the assessment of integrative and multi-functional solutions aid the imple-

mentation of such solutions? One may imagine that a systematic assessment of a solution would ease the 

decision of whether to implement a solution or not. Furthermore, such an assessment may favour inte-

grative and multi-functional solutions because their many functions are captured. However, performing 

an assessment of the kind presented in this thesis requires a lot of knowledge and time, something that 

might slow down the process of implementation. Moreover, it is not entirely clear what type of knowledge 

is needed—and how it should be presented—when it comes to stimulating networks of actors to engage in 

collective actions. As such, a potential future study would be to perform an MCDA on a specific integra-

tive and multi-functional solution where the actors needed for its implementation are already (somewhat) 

known and the network established. Thus, one may be able to see the effects of such an assessment on 

the decision-making process and infer how such knowledge is best used. 

In addition, much remains to be studied about the use of the theory of institutional capacity building 

to guide the design and evaluation of industrial symbiosis interventions. The study in Norrköping was 

only able to state what dimensions had been affected and glean how they might have been affected. More 

research into how to better capture the changes in institutional capacity is needed, for example, in order 

for a comparison between different interventions and interactions to be possible. 
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