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A B S T R A C T   

It is likely that different industrial symbiosis collaborations will have different sets of winners and losers when it 
comes to benefits or costs. In this study we present an analytical framework intended for evaluating a wide-range 
of industrial symbiosis outcomes that will aid in research design. The framework provide a base for including a 
broader, but also, specific set of effects and outcomes (economic, environmental and social), including a diverse 
set of clearly defined actors. Used consistently, the framework can average out costs and benefits across actors in 
the whole society, so that each actor is more likely to (over time) realize net positive outcomes from a full set of 
industrial symbiosis applications. The analytical framework is developed by combining theory and concepts from 
the system of national accounts, the planetary boundaries, and the social foundation. The analytical framework is 
then applied in a state of the art review, analysing value and benefits in 56 industrial symbiosis research articles. 
Besides providing a robust model for analysing industrial symbiosis, the results show that private market-based 
outcomes are the dominant form of economic value and that nonmarket valuations are completely absent. 
Environmental outcomes mainly consist of decreased CO2 emissions, chemical pollution and water use. Social 
outcomes include private income and work and network effects for the companies involved in the industrial 
symbiosis.   

1. Introduction 

Industrial symbiosis has gained significant attention in the past few 
years, as can be seen both in practice and in the number of research 
articles, which has grown exponentially [1]. Industrial symbiosis is a 
subfield within industrial ecology which studies physical flows of energy 
and materials in society [2]. In the industrial ecology paradigm, in-
dustrial activity is no longer viewed in isolation, but instead as a larger 
system of interconnected industries or processes [2–4]. The essential 
core of industrial symbiosis is cooperative sharing of resources such as 
energy, material by-products, wastes and water [3]. Economic and 
environmental benefits have, by definition, been central concepts in 
industrial symbiosis from its inception [5]. The generally accepted 
definition of industrial symbiosis is that there are ample economic, 
environmental and social benefits originating from material exchanges 
and other shared resource flows, both between and within industries 
[6]. 

In the context of combating climate change, industrial symbiosis is 
closely linked to sustainability and sustainable development [5] and is 
considered an important strategy for transitioning towards a circular 
economy [7]. Sustainable value is often treated as a general phrase to 

express positive effects related to business results [8], although the 
circular economy is trying to steer away from the linear economy, with 
its accompanying unsustainable production and consumption, by 
balancing the three dimensions: society, environment and economy [9]. 
On a practical level, industrial symbiosis has been identified as a 
promising solution for improving environmental sustainability while 
simultaneously achieving economic benefits [10], and the development 
of industrial symbiosis is part of the EU’s sustainable industry policy 
programme [11] and the Green Deal [12]. Achieving the European 
Union’s climate and environmental goals requires an industrial policy 
based on a circular economy [13]. The circular economy, including the 
industrial symbiosis concept, can be considered a global mega trend and 
the EU’s strategy for becoming the world’s first climate neutral conti-
nent by 2050 involves several ambitious policies in which sustainable 
industry plays an important part. Amongst many challenges for 
achieving a sustainable future, one very important one is understanding 
the changing ideas about value [14] and the value creation process [15]. 
Industries will have to respond to environmental, economic and social 
challenges by considering sustainable value in their business models 
[16]. Moreover, the ability to understand and capture sustainable value 
will be a crucial ability for industry in terms of capturing value for itself 
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while also delivering value for multiple stakeholders and the environ-
ment [8]. 

1.1. Measuring industrial symbiosis 

Much effort has been put into identifying common terminology and 
trying to provide a typology for industrial symbiosis; and this has 
resulted in many theoretical and conceptual frameworks such as 
comprehensive reviews [1], taxonomies [3], comparative frameworks 
[17] and bibliometric analyses [18]. In addition to finding a common 
definition of industrial symbiosis, attention has been focused on 
measuring and analysing the performance and outcomes of the practice 
of industrial symbiosis [19]. Frequently studied areas are economic and 
environmental effects [20], were benefits traditionally being the goal in 
industrial symbiosis applications [21], and who the recipient of these 
benefits are [22]. Furthermore, in the closely related research field of 
process integration, much attention have been given to sustainable 
design of energy systems [23], the techno-physical potential of inte-
grated multi-product systems [24] and circular integration processes 
[25]. Recent studies advance the knowledge regarding indicators for 
evaluating and assessing industrial symbiosis synergies, focusing on 
sustainability [26]; where and how to measure industrial symbiosis and 
indeed what to measure [7]; and micro level indicators for a circular 
economy [9]. These studies present valuable contributions central to the 
understanding of how to design a more sustainable industry and pro-
vides essential assessment indicators and evaluation methods. There are 
some examples of literature providing standards for evaluating indus-
trial systems on the meso level. For example, the world Bank framework 
for requirements and performance criteria for eco-industrial parks [27] 
China’s Eco-industrial park standards [28]. Additionally, other frame-
works include measures of stocks and flows in combination with various 
capital concepts e.g. natural- and human capital e.g. Ref. [29]. However, 
the frequent focus on actors and details within the scope of the synergy, 
(e.g. input output models [30]) can potentially exclude important out-
comes and potentially affected actors. Thus, there is need for a frame-
work that can explore outcomes beyond the synergy itself and include 
actors from the whole economy. A framework that can identify winners 
and losers across time and space with regards to economic (costs and 
benefits), environmental and social impacts [31]. To the authors’ 
knowledge, no one has compiled a model for aggregation and analysis of 
outcomes found in industrial symbiosis that also includes the whole 
economy. Much less providing a detailed analytical framework for the 
comprehensive understanding of outcomes and economic benefits based 
on national account principles and taking the lifetime of synergies into 
account. In other words, there are ample studies of indicators for eval-
uating industrial symbiosis synergies and, for example, eco-industrial 
parks, but not for strategically evaluating the overall societal eco-
nomic impacts generated by industrial symbiosis projects. In this paper 
we present an analytical model that helps to understand how outcomes 
in industrial symbiosis literature are derived and what actors in society 
that are included. The analytical framework is based on the concepts of 
economic value rooted in economic theory and the principles of national 
accounts [32], ecological outcomes based on the planetary boundaries 
[33] and social outcomes based on sustainability concepts and practices 
[34] and the sutainable development goals [35]. By applying the 
framework, the study is examining the characteristics of the outcomes in 
industrial symbiosis literature, as well as pointing out research gaps and 
identifying future areas of research. 

2. Aim and scope of study 

The main aim of this paper is to (1) present an analytical framework 
that will support the assessment of a wide-range of industrial symbiosis 
outcomes and aid in research design. The process, in which the study 
develops the analytical framework, is inspired by the content analysis 
methodology. And (2), the study will test the analytical framework by 

applying it in a state of the art review of industrial symbiosis research. 
The review examines outcomes found in industrial symbiosis research 
and the process in which outcomes have been identified and derived. 
The reason for delimiting the review to industrial symbiosis, by not 
explicitly including related literature from other research fields such as 
circular economy and process integration, is to first test the framework. 
This opens up for applying the framework on other research fields 
separately (see Fig. 1) whereby increasing the ability to make compar-
isons between them. The purpose of the analytical framework is to 
categorise outcomes, key actors and elements in industrial symbiosis 
research by situating them into well-established concepts. As the spatial 
boundary is vital when assessing an industrial symbiosis, an analytical 
framework is required to operate on any system level. In this regard, the 
framework follows the macroeconomic principles of national accounting 
and provides a bottom up structure for strategic insights into the envi-
ronmental, social and economic outcomes. This will enable for main-
taining consistency and transparency when compiling measures for 
sustainable industrial production. Applying the framework will expand 
the understanding of economic value –– by distinguishing between 
market and nonmarket valuations — and by extension, the possibility to 
assess the alternative cost of establishing synergies. Also, by including 
the social foundation (doughnut economics [34]) and planetary 
boundaries [33], outcomes in the literature are directly linked to vital 
aspects for a thriving society and stable earth systems. The exemplifying 
state of the art review answers the following research questions:  

• What methods, and combination of methods, are used in previous 
research to study industrial symbiosis and what institutional units or 
sectors are studied (for example corporations, industries, plants, 
government, and households)?  

• What types of symbiosis categories (energy, material, by-products, 
waste and water) are studied and what type of outcomes (limited 
to value and benefits) are identified (economic, environmental and 
social) in relation to the symbiosis category and in the analysed 
timeframe? 

Although this study examines positive outcomes – such as economic, 
environmental and social benefits – it should be made clear that the 
industrial symbiosis concept is not without critique. And even though 
the concept is a well-established research field, negative impacts and 
trade-offs from industrial symbiosis have not yet been extensively 
explored [36]. For example, environmental benefits from recovering 
materials may not offset the negative impact generated by waste man-
agement activities [37]; the trade-off, or contradiction, between recy-
cling and energy efficiency, or recovering expensive materials with low 
environmental impact rather than vice versa [38]; trade-offs between 
the potential uses of waste resources based on economic factors rather 
than environmental aspects [39] and the risk of prolonging environ-
mentally detrimental industrial activities that would otherwise have 
discontinued without industrial symbiosis. 

3. Constructing the analytical framwork 

In order to construct the analytical framework used to understand 
the mechanisms of how outcomes are derived in industrial symbiosis, 
there is need to know how effects are identified and measured. In order 
to do this, the study uses a methodology inspired by the content analysis 
method. Content analysis or qualitative content analysis (QCA) is a 
systematic approach that enables researchers to quantify and analyse 
the presence, meanings and relationships of words and concepts in the 
studied data and then draw conclusions about the underlying meaning 
or message [40]. Basically, content analysis is a way to systematise the 
understanding of texts and other material, with the goal of achieving an 
overview of the meaning in the material and, in terms of method, 
increasing the intersubjective understanding of the material [41]. The 
coding and analysis were then carried out in the computer software 
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NVivo 12 pro.1 

The coding framework used in this paper was developed using both 
concept-driven (deductive) and data-driven (inductive) strategies. The 
deductive strategy draws from economic theory and the statistical 
principles of UNSC national accounts [32] in combination with the 
conceptual framework of social boundaries [34], planetary boundaries 
[33,34] and climate tipping points [42]. 

The procedural steps of the analysis include (1) deciding the research 
question, (2) selecting texts and documents, (3) constructing the coding 
frame, (4) dividing the material into units of coding, (5) testing the 
coding frame, (6) evaluating and modifying the coding frame, (7) main 
analysis, (8) interpreting and presenting the findings (for details see 
Fig. 2). 

3.1. Selecting documents for analysis 

Although the analytical framework is capable of analysing a broad 
range of outcomes, both positive and negative, this study focuses on 
value and benefits in current industrial symbiosis literature. The reason 
for this delimitation is to deepen the analysis, centred around the core 
objective in industrial symbiosis, which is to deliver economic, envi-
ronmental and social gains and benefits [3,4,43].Thus, the scope of the 
study includes research outcomes conforming to the defined goals of 
industrial symbiosis. In this paper, the word “value” is considered to be 
any desired and identified effect originating from an industrial symbi-
osis synergy. Furthermore, the concept of value in this paper refers more 
to the economic concept of assigned value, rather than the underlying 

concept of held value [44] that is sometimes manifested in e.g. monetary 
value [45]. Thus, this paper study the occurrences of the broader 
concept of economic value and outcomes in industrial symbiosis 
research, and outcomes can be expressed as a value or as any expressed 
benefit, gain and desired effect. Faced with large amounts of qualitative 
data in the form of text and documents, extracting representative ma-
terial can be notoriously difficult [46]. In order to use the content 
analysis method with validity and reliability, and without over-
interpreting the studied material [47], there is need for actively picking 
studies that uses the terminology value and benefit. Thus, the sample in 
this study is by no means exhaustive and should not be seen as 
all-encompassing. Instead, the study is a first step on a continuous effort 
understanding outcomes and the process of deriving value in developing 
a sustainable industry. Future applications of the framework should 
focus on expanding the sample by including articles from related 
research fields. 

The studied documents (articles) are collected on the Scopus data-
base, one of the largest databases for published academic research. The 
initial search query focuses on the document title, abstract and key-
words (See Fig. 3 for more details). Boolean operators in combination 
with the wildcard function are used to capture all documents that 
contain loose phrase variations of the words value or benefit (e.g. value, 
values, valued, benefit, benefits etc.). The selected articles must also 
contain the words industrial symbiosis and so, the search query will 
contain two OR levels and one AND level.2 In order to qualify for in-
clusion in the study, the articles must be based on cases, real or 

Fig. 1. An overview of the analytical framework capable of analysing a broad range of outcomes. The review in this paper studies industrial symbiosis (focusing on 
value and benefits). 

1 https://www.qsrinternational.com/nvivo-qualitative-data-analysis-softwa 
re/home. 

2 For more details on document search see Scopus: Access and use Support 
Center: https://service.elsevier.com/app/answers/detail/a_id/11213/supporth 
ub/scopus/#tips. 
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hypothetical. Review papers are excluded in order to limit double 
counting outcomes and value. Also, some articles in the related research 
field of the circular economy are inevitable included in the study as the 
terms, industrial symbiosis and circular economy are often used simul-
taneously and interchangeably. Nonetheless, all articles must fulfil the 
scope criteria in order to be included. 

After the initial search, the result is refined. Some industrial symbi-
osis articles do not provide clear evidence of environmental, economic 
or social value as the article do not present any form of causal chain or 
logic with regards to how outcomes are derived. These articles more or 
less assume and discuss the potential benefits of industrial symbiosis 
synergies without presenting any details. And thus, these articles are 
excluded from the study as these do not provide additional information. 
Also excluded by this principle are articles studying the formation of 
industrial symbiosis collaborations, as these study prerequisites for in-
dustrial synergies rather than the outcomes. Articles that evaluate, 
develop and implement industrial symbiosis tools are excluded since the 
studies do not focus on the actual synergy. The exclusion is motivated by 
the fact that the articles consider the value of the tools, not the value of 
industrial symbiosis synergies. Articles studying recycling are outside of 
the scope and are thus excluded. 

3.2. The coding frame 

There is only one main category in this paper as it will only consider 
the outcomes related to the goal of industrial symbiosis, which is to 
deliver various economic, environmental and social benefits [5,43]. As 
mentioned before, the coding frame is general and can be used for 
analysing any effects stemming from industrial symbiosis or closely 
related research fields. However, in this paper, only the desired out-
comes (values and benefits) are studied. Building the general coding 
frame (see Fig. 4) involves deciding the structure of the main category 
(black box), which also acts as the research questions. The main cate-
gory is then broken down into clear segments conceptualised by the 
subcategories (grey and white boxes). The coding frame will be a mixed 
strategy approach, using a dominantly concept-driven (deductive) 
strategy for deciding subcategories. Moreover, subcategories are broken 
down into several detailed coding frames, with a number of additional 
subcategories. From a general point of view, it can be assumed that 
outcomes presented in the research articles to a significant extent 
depend on the choice of method. Thus, the study examine what research 
method or methods are used; what is the studied object or institutional 
unit; the symbiosis category or categories that occur in the articles; the 
outcomes or results from each study; and what time horizon each study 
analyses. The coding frame is constructed with the specific purpose of 
capturing the occurrence of the specified categories presented in this 

Fig. 2. An interpretation of the procedural steps in QCA presented by Margrit Schreier. The research questions in step 1 are presented in the aim of this paper and 
justified in the introduction. Steps 2 to 6 are described in more detail in the method section, while steps 7 and 8 are discussed in connection to the results, discussion 
and conclusion. 

Fig. 3. Step two of the analytical framework: article selection.  
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chapter. And thus, it is presumed that each article may contain many of 
the categories, although the lack of occurrences of certain categories is 
also considered an important result. Detailed information regarding 
each coding frame, including definitions, examples and (when needed) 
coding rules, can be seen in Appendices A to F. 

3.2.1. Methods and temporal distances 
The subcategories Research method and Temporal distance (white 

boxes in Fig. 4). inductively examine what method or combination of 
methods each article is using, and the different time horizons used in the 
analysis in the articles (see Appendix A). For an industrial symbiosis that 
has effects over several years, there is need for a way to aggregate and 
compare outcomes that occur over time. There are several reasons for 
this. First, there is always an opportunity cost to the resources used in 
order to implement and sustain the synergy. Second, people (institu-
tional units) often prefer to consume at the present rather than later. 
Third, there is always uncertainty surrounding the ability to obtain 
future value. Thus, there is need for a framework that can analyse so-
ciety as a whole and the willingness for trade-offs between present and 
future benefits [31]. Choosing research method and timeframe for the 
analysis will to a large extent determine the results. Therefore, these 
subcategories are essential for understanding the fundamentals of 
deriving outcomes and value in the selected literature. 

3.2.2. Institutional unit 
In order to understand where researchers look for benefits or value, 

and where these are generated or realised, there is a need to examine the 
institutional unit in the research articles. In this paper, the institutional 
unit together with the industrial symbiosis synergy form the basis for 
any outcome. The categories in this part of the coding frame (Fig. 5) 
follows the definitions and categorisation in the system of national ac-
counts (SNA). According to these definitions: an institutional unit can be 
defined as an economic entity that is capable, in its own right, of owning 
assets, incurring liabilities and engaging in economic activities and in 
transactions with other entities [32]. Institutional units are grouped 
together in sectors based on similar characteristics and economic 
behaviour. Fig. 5 illustrate the allocation of units into sectors based on 
the definitions in the national accounts. The main advantage using the 
SNA when assessing industrial symbiosis is that the analysis is placed 
directly into one of the most extensive frameworks for measuring eco-
nomic activity. The distinction between market and nonmarket pro-
ducers provide the necessary distinction for the sake of evaluating how 
value is perceived and where in society it is realised. Market producers 
are entities where all or most output is either output for sale or output 
for own use. Any reference to private or public corporations, companies, 
firms and enterprises etc. will be categorised as a market producer. 
Furthermore, there will be a distinction between private and 
public-private market producers (for more details, see Appendix B). A 

Fig. 4. The main category in the analytical framework (Outcomes in industrial symbiosis research) is broken down into the seven subcategories: Research method, 
Institutional unit, Symbiosis category, Economic/Environmental/Social outcomes, and Temporal distance. The deductive subcategories (grey boxes) will also be 
broken down into further subcategories (Fig. 5to 9). The subcategories with inductive coding (white boxes) will only be presented in the results section. 

Fig. 5. Coding frame for institutional units found in 
industrial symbiosis literature, based on the national 
accounts. Subcategories are a simplification of the five 
mutually exclusive sectors defined in the systems of 
the national accounts framework. Market producers 
can be both public and private units. Nonmarket 
producers are producers that provide most of their 
output to others free or at prices which are not 
economically significant. General government mainly 
contains central, state and local government units. 
NPISH stands for non-profit institutions serving 
households – examples include churches and religious 
societies, sports clubs, trade unions, political parties 
etc. Households consist of individual persons, or 
groups of persons, providing themselves with food or 
other essentials for living.   
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strong indicator that an institutional unit is a market producer is that 
market prices are used for valuation (monetarisation) in the article. 
Nonmarket producers are defined as establishments owned by the gov-
ernment or by non-profit institutions serving households (NPISH) that 
supply goods or services free, or at prices that are not economically 
significant, either to households or the community as a whole. Studying 
households is of vital importance as household comprise a large part of 
the informal global economy. In 2018, the share of women and men 
participating in the informal economy constituted around 60% of the 
global population [48]. 

3.2.3. Symbiosis category 
Fig. 6 presents the part of the coding frame that examines the type of 

symbiosis studied in each article. The coding is rather straightforward, 
assigning units of coding to the three subcategories based on what type 
of industrial symbiosis synergy is included in the articles. All energy- 
related synergies, such as excess heat or steam exchanges and energy 
from the use of waste or other by-products, are assigned to the energy 
subcategory. All physical material flows that are not an energy synergy 
will be assigned to the subcategory material, by-products and waste. 
And finally, all units of coding referring to water synergies will be coded 
in the water subcategory. For more details regarding definitions and 
coding, see Appendix C. 

3.2.4. Economic outcomes 
In this part of the coding frame (Fig. 7) the economic outcomes are 

categorised, as either market-based or nonmarket-based valuation. Any 
outcome based on economically significant prices or market prices [32] 
are considered market-based: for example, a unit of coding containing 
any generation of economic outcomes such as reductions in cost, 
financial benefit, increased or extra revenue, decreased cost, additional 
value, competitive advantages. In this paper, nonmarket valuation is 
defined in line with the concept of Total Economic Value [49], which 
estimates the value for either goods or services that are not traded for 
money but are valued in terms of what people are or would be willing to 
pay rather than go without them [45] for example, fish and wildlife 
value and scenic quality value. For more details regarding definitions 
and coding, see Appendix D. 

3.2.5. Environmental outcomes 
In this part of the coding frame (Fig. 8), outcomes identified as 

environmental are categorised. When focusing on values and benefits, 
such outcomes can for example be reductions in GHG emissions, re-
ductions in waste discharge and decreased water utilisation. Environ-
mental value must originate from an identified symbiosis and be clearly 
distinguished from other effects in the articles. This means that effects 
are either quantified or explicitly mentioned. This part of the coding 
frame consists of nine environmental subcategories based on the sus-
tainability approach of planetary boundaries presented by Rockström, 
Steffen [33]. The motive for this is that it will enable outcomes in in-
dustrial symbiosis research to be directly and clearly linked to Earth’s 
life-supporting systems and its ecological limits. By assigning outcomes 
in industrial symbiosis to these categories, it is possible to analyse them 
in more detail and with clearer implications. For more details regarding 

definitions and coding, see Appendix E. 

3.2.6. Social outcomes 
The outcomes related to social aspects are presented in Fig. 9 and the 

subcategories are based on the standards for human wellbeing [35] and 
the framework of the social foundation [34]. The purpose for using the 
social foundation as categories for the analysis is that it presents a 

Fig. 6. Units of coding containing type of industrial symbiosis synergies will be 
categorised into energy, material, by-products & waste and/or water. 

Fig. 7. Coding frame dividing the economic outcomes in the articles into 
market and nonmarket valuations or benefits, based on the definitions in the 
system of national accounts. 

Fig. 8. Coding frame regarding the environmental outcomes with categories 
based on the planetary boundaries presented by Rockström, Steffen. 

Fig. 9. Coding frame of the social outcomes with subcategories based on the 
framework of the 12 dimensions of the social foundation conceptualised in A 
Doughnut for the Anthropocene: humanity’s compass in the 21st century by 
Raworth. The social priorities are specified in the United Nations Sustainable 
Development Goals from 2015. 
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well-defined structure for assessing social outcomes in industrial sym-
biosis research. By using the planetary and social boundaries as envi-
ronmental and social subcategories; the analysis is able to strategically 
evaluate how outcomes from industrial symbiosis research are meeting 
the environmental and social needs in order to develop a sustainable 
society. For more details regarding definitions and coding, see Appendix 
F. 

3.3. Dividing articles into segments and coding 

The disposition of the content in the studied articles generally fol-
lows established academic styles, with sections such as introduction, 
background, results, analysis and conclusion etc. This will greatly help 
in the segmentation procedure, as the articles will have more or less 
predefined segments, making coding more or less explicit. The coding is 
performed by assigning units of coding from the unit of analysis into the 
coding frame categories (see Fig. 10). The unit of analysis is the research 
articles (not to be confused with institutional unit) and the units of 
coding are the smaller segments within the articles. The coding pro-
cedure uses a mix between formal and thematic assignment criteria. The 
content in the articles is broken down into sections, paragraphs, phrases 
and words, where words are the smallest units of coding possible. The 
formal criterion means that segmentation and coding is done by first 
selecting a section then a paragraph, studying the occurrence of method, 
institutional unit, symbiosis category, outcomes and value and time 
horizon. The thematic part of the criterion means that a unit of coding 
starts with a statement containing the studied category and continues 
until a change of topic. Each coding unit will only fit into one of the 
subcategories under the main category, which means that units of cod-
ing are mutually exclusive when it comes to assigning the segment to 
categories. The analysis will only consider the occurrence of categories 
in each article (e.g. the occurrence of a certain method, institutional unit 
or outcome) and not the frequency of the content (the number of times 
the method or institutional unit occurs in each article). The coding will 
be either deductive or inductive coding, as presented in Fig. 4. 

3.4. Testing, evaluating and modifying the coding frame 

In order to test the coding frame and evaluate validity and reliability, 
a test coding was performed in a pilot phase, and this was done by three 
researchers independently. The pilot test results showed higher con-
formity between two of the coders, calling for adjustments in both the 
coding frame and the coding procedure. In order to increase the accu-
racy of the coding frame, definitions where expanded and clarified and 
detailed examples were provided. Additional adjustment included 
introducing coding rules for further clarification of how to code. The 
coding procedure was adjusted so that only explicit content, strictly 
adhering to the coding criteria, would be allowed to be assigned to 
categories. The combined adjustments increased the coding precision, 
by restricting subjective interpretations involving “reading between the 
lines” or overinterpreting the intended meaning in the articles, while 
simultaneously limiting loss of material richness. After the test coding, 
the main analysis was performed by the main author of this paper. When 
performing a content analysis using a single coder, there should be 
consistency between different points in time. Therefore, a second coding 
was performed two weeks after the first analysis. The comparisons 
showed high consistency and only small changes in the assignments of 
units of coding where done, while the coding frame and coding pro-
cedure were kept unchanged. 

4. Results and analysis 

The result and analysis is presented by first providing a general 
overall view of the study of industrial symbiosis research. This overview 
is created by following the structure of the general coding frame pre-
sented in Fig. 4. The overall view outlines and summarises the study. 
However, its general structure loses some of the important details and 
thus it needs to be complemented by detailed results. Hence, after the 
general results are presented, the findings are described in detail by 
presenting the results in accordance with the subcategories from the 
coding frames presented previously in Figs. 5–9. The order in which the 
results are presented and analysed can be seen in Fig. 11 below, where 

Fig. 10. Coding procedure where deductive coding categories are defined by previously defined theories and concepts, while inductive categories explores the 
content more freely. 
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step 1 presents the components in the overall results and steps 2 to 4 
present the components of the detailed results. Appendices G to M 
present tables linking subcategories with their associated article 
references. 

4.1. Overall results 

The results in Table 1 show the overall results, presented using the 
structure of the general coding frame in Fig. 3. One striking finding from 
these results is the total absence of nonmarket valuation in the studied 

Fig. 11. The figure displays the order in which the results will be presented and analysed. In order to acquire a thorough understanding, the section first presents the 
results from the full perspective of the general coding frame (see Table 1). The result section then present and analyse the detailed results, according to the structure 2 
to 4 in this figure, where the research questions will be answered in full. 

Table 1 
Overall results of the studyOutcomes are limited to desired effects i.e. value and benefits. The general overview of the results 
according to the layout presented in the general coding frame in Fig. 4, where the colour shading ranges from red, indicating no 
occurrences in any articles, to green, indicating the maximum number of articles with occurrences. Methods (row) and the 
incorporated aspects presented (column). In this table, neither rows nor columns should be summarised for totals, as the 
numbers represent occurrences, meaning that the same article can occur in several cells, thus distorting the sums. 
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articles. Furthermore, although outcomes in the articles generally indi-
cate reductions in energy utilisation, decreased virgin material inputs 
and wastes, these were not quantified in a clear manner. Another finding 
is that many articles often provide no or unclear information regarding 
the time horizon (temporal distance) used in their analysis. This is also 
true for the articles applying life cycle analysis (LCA), where the tem-
poral delimitation is an important factor for the analysis. In the articles 
clearly declaring time horizons, the temporal distance mostly varies 
between one and two years. In fact, only two studies have a clear 
timeframe greater than 16 years in their analysis (for details regarding 
temporal distance see Fig. 16 and Appendix M). The dominantly studied 
institutional units are market producers. However, nonmarket pro-
ducers are mentioned in several articles, but mostly as a facilitator unit 
or unit performing a support function for industrial symbiosis collabo-
rations rather than a unit partaking in the benefits or value accrued by 
the collaboration. Energy, material, by-products & waste synergies are 
the most studied symbiosis categories in the studied articles. Water 
synergies also frequently occur in the articles but almost exclusively as 
industrial wastewater synergies. It was revealed that many outcomes 
presented in the articles are related to environmental effects and the 
second most frequent are social effects. Economic outcomes, while 
diligently mentioned in the articles, are mainly descriptive in character, 
expressed in terms such as: increased revenues, decreased costs, 
increased income or in terms of competitive advantages. Very little is 
actually quantified in a structured manner and the economic outcomes 
that are quantified or monetised are exclusively performed using market 
valuation methods. 

4.2. Methods used in industrial symbiosis articles 

Table 2, provide the detailed results regarding what methods and 
combinations of methods are used in the articles and from reading the 
table diagonally, from the top left corner to the bottom right corner, 
there are roughly 25 different methods occurring, applied either by 
themselves or in combination with other methods in the 56 articles. 
Interviews are the most commonly used method, both as the main 
research method, exploring industrial symbiosis qualitatively, and as a 
data collection method for quantitative studies. Also, interviews are the 
method that is most applied in combination with other methods. The 
second most frequently used method is LCA, and some of the articles use 
LCA in combination with either Optimisation, Emergy and exergy 
methods or input-output models (I–O models). The third most 
commonly used method is Case study research, often used in combina-
tion with Interviews. These methods are followed by Optimisation; 
Surveys and questionnaires; Agent based modelling (ABM) and Other 
modelling approaches; Document analysis; Focus groups and work-
shops; Game theory; Network analysis; Business models; Emergy & 
exergy analysis; Input-output models; and Material flow analysis. The 
subcategory Other methods contains methods occurring only once (e.g. 
Sustainable value approach, EPOS methodology, Cost benefit analysis, 
Semantic artificial intelligence machinery and Techno-economic 
assessment). For more details see Appendix G. 

4.3. Method and institutional unit 

Table 3 shows the detailed results for the types of institutional units 
that occur in the articles. Market producers are the most studied insti-
tutional unit, occurring in all articles, whereas nonmarket producers 

Table 2 
Methods and combination of methodsMethods and combination of methods that are applied in the studied articles using 
inductive coding of explicitly stated research methods. The total number of occurrences for each method can be seen by reading 
diagonally (white cells) from the top left corner to the bottom right corner. The colour shading ranges from red, indicating no 
occurrences in any articles, to green, indicating the maximum number of articles containing the combination of categories. 
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occur in some articles (see Fig. 12). The studied market producers can 
roughly be divided into either individual units (such as firms or com-
panies), or groups of units (such as industries). Again, several types of 
studied units can appear simultaneously in the articles, e.g. both market 
producers and nonmarket producers. However, studying the articles in 
greater detail the results show that the inclusion of nonmarket producers 
mainly serves the purpose of providing a background of the various 
actors involved in forming the industrial symbiosis or as a data source. 
Nonmarket producers are not a part of the core analysis quantifying and 
monetising outcomes. From Fig. 12, it is clear that the most frequently 
used terms utilised to define the studied institutional units are com-
panies and firms, and the terms are often used interchangeably. Other 
types of institutional units that are commonly mentioned are factories, 
plants, producers, suppliers and retailers, which occur in several articles 
and in combination with almost all of the methods. Hypothetical and 
named market producers are also used frequently in the articles, with 
hypothetical units mainly appearing in ABM approaches. 

Studying nonmarket producers, all three categories appear in the 
articles. However, government units are the most frequently occurring 
nonmarket institutional unit. It should be noted that even though 
nonmarket producers, such as government and NPISH, do occur the unit 
seldom partake in the outcomes in the sense that the institutional units 
directly contribute to or benefit from outcomes or value from the syn-
ergies. Nonmarket units rather exist as facilitators and perform support 
functions. Exemptions to these findings are Afshari, Tosarkani [50], who 
explicitly include benefits to households, and Fraccascia, Giannoccaro 
[51], who study the impacts of tax and economic subsidies on industrial 
symbiosis synergies. Additionally, there are many terms referring to 
unclear market and nonmarket institutional units, such as words or 
phrases just referring to, for example, private or public entities, actors, 
facilities and local communities. These units can of course be taken into 
consideration but were excluded in this analysis in order to restrict 
interpretation to more explicit content in the articles. References in 
Appendix H. 

Table 3 
Method and institutional unit In this table methods are presented by row and institutional units by column. As several methods 
and institutional units can appear in each article, neither rows nor columns should be summarised for totals. For totals see 
Fig. 12. The colour shading in the table ranges from red, indicating no occurrences in any articles, to green, indicating the 
maximum number of articles containing the combination of categories. 

Fig. 12. The figure shows the total number of articles 
that contain institutional units defined as either 
market or nonmarket producers. All 56 articles con-
tained market producers as the studied unit, 
compared to 13 articles containing nonmarket pro-
ducers. The results show that only some articles 
include nonmarket producers in the analysis, mainly 
to describe the involved actors in an industrial sym-
biosis. Note that numbers of the individual types of 
institutional units do not necessarily correspond to 
number of articles containing market and nonmarket 
producers.   
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4.4. Symbiosis categories and outcomes 

Table 4 and Figs. 13–15 presents the results regarding value and 
benefits in industrial symbiosis research in combination with the sym-
biosis category. The presence of the different symbiosis categories var-
ies, and often two or all types of synergies occur together in the articles. 
Physical material synergies are the most common synergy in the articles, 
then energy synergies, followed by water synergies (Fig. 13). 

The information and details vary regarding the materials and sub-
stances studied, sometimes making it difficult to perform an assessment 
of the outcome. Physical material synergies largely concern waste and 
the most commonly used terms or words describing this synergy cate-
gory are waste, materials and resource synergies. Energy synergies are 
mostly just described as energy synergies, although steam and heat 
synergies are also mentioned. Water synergies almost exclusively 
involve industrial wastewater synergies, although there are a few that 
could be understood as being part of municipal wastewater treatment. 

Economic value and benefits were discussed in almost all the articles, 
and the most frequently used terms for economic outcomes include 
lower input purchase cost, increased revenues, decreased cost from 
substituted materials, selling underlying resource, avoided taxes, lower 
production cost, reduction in waste disposal cost and increased profit 
etc. However, even if economic outcomes are more or less assumed in all 
articles, only 28 of them quantify, monetise or in other ways derive 
economic value in a clear way. In addition, all of the economic outcomes 
presented are market-based quantifications or monetisation (for article 
references, see Appendix J). 

Studying the environmental aspects in the articles (Fig. 14), 

outcomes related to climate change are the most frequently occurring 
category, with quantified CO2 reductions being the typical outcome, 
although landfill and methane reductions are also identified as sources 
of climate change benefits. Freshwater use reductions are the second 
most frequent category of the environmental outcomes. Additionally, 
the study found outcomes in the articles associated with all of the 
defined environmental categories, which could be explained by the 
frequent use of LCA as a research method. 

Fig. 15, present the results regarding social outcomes in the analysed 
articles. The results show that not all categories were found in the 
studied material and that networking outcomes or benefits were the 
most widely occurring social outcome, followed by income and work. 
However, when examining these results in detail, social outcomes con-
cerning networking effects are exclusively related to activities centred 
around the market producer institutional unit (such as a company or 
firm). Thus, the social benefit of networking can be considered more of 
an economic effect for a company than for individuals or society at large. 
Something similar can be observed regarding education, innovation and 
skills, as the knowledge benefits for individuals or society are not the 
focus of the articles. Rather, the outcomes are more or less directly 
connected to market producers and could be considered as an economic 
effect. Although there was one article referring to social equity and 
justice related to labour practices and decent work, no article identified 
outcomes related to gender equality, peace or political influence. 

When studying the results by cross-referencing in Table 4, the results 
show that Material, by-products and waste is the most studied synergy 
category for economic and environmental outcomes and value. Energy 
synergies occur roughly in half the number of articles compared to 

Table 4 
Outcomes and symbiosis categories In this table outcomes are presented by row and symbiosis category by column. As several 
aspects in both row and column can appear in each article, neither rows nor columns should be summarised for totals. For totals 
see Figs. 12–15. The colour shading in the table ranges from red, indicating no occurrences in any articles, to green, indicating 
the maximum number of articles containing the combination of categories. 
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Fig. 13. The figure shows how many articles study the three symbiosis categories. 53 includes physical material synergies, 34 includes energy and 18 includes water 
synergies. Next, each symbiosis category is broken down into inductive categories with the most frequently used terms or words specific to the synergy category. For 
example, the most commonly occurring term for physical material synergy is waste synergies. 

Fig. 14. The figure shows how many articles contain environmental outcomes according to the defined categories in this paper.  

Fig. 15. The figure shows the number of articles that contain social outcomes as defined in this paper.  
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physical material synergies. Social outcomes are much less explored in 
the articles; however, network effects are the dominating outcome. 
Moreover, income and work outcomes occur in combination with all 
synergy categories. It should, however, be noted that the lack of 
particular outcomes cannot be connected to any symbiosis category 
specifically, because the paper is not studying whether the type of 
symbiosis category influences the presence of certain outcomes and 
value. This would be a task for future research. Thus, the paper is only 
studying the presence of the categories in the articles, not the reasons 
behind the presence. As the articles often contain more than one sym-
biosis category and the outcomes are often aggregated, and not linked to 
a specific synergy, thus it is hard to find clear patterns. Instead, the main 
takeaway from these results is that the attention received by the 
different synergy categories does vary in the articles, with material and 
energy-related synergies being the most studied symbiosis categories 
and (industrial) wastewater synergies frequently also appearing. 
Furthermore, to a large extent, the focus seems to be concentrated 
around certain outcomes and types of value in the articles, something 
that perhaps may affect the richness and diversity of industrial symbiosis 
research. 

Finally, this section presents and analyses the results regarding the 
temporal distance in the articles. Fig. 16 shows that the most frequently 
used time horizon for the analysis is between one and two years, and 
only two articles include timeframes longer than 21 years, with the 
longest time horizon being 33 years (see Appendix M for references). 
Information regarding time horizons used in the articles was generally 
hard to discern, even in the LCA studies. Furthermore, some articles used 
data from other studies and did not provide detailed information besides 
referencing the source. 

5. Discussion 

Industrial symbiosis has been identified as a way for manufacturing 
and industrial production to break with the traditional linear production 
model and include multiple and complex relationships with various 
actors and stakeholders (e.g. private and public firms, other social actors 
and government) [52]. Even though there are multiple expected benefits 
in an industrial symbiosis collaboration, there are also difficulties within 
the concept. Amongst these difficulties are the many definitions [53] 
and the wide range of expected benefits, ranging from environmental 
benefits and monetary gains to positive social outcomes [54]. This 
makes a precise and comprehensive assessment challenging. Several 
informative reviews explore and analyse how to evaluate an industrial 
symbiosis [1,7,53,55]. However, a comprehensible analytical 

framework is still lacking, that can situate a variety of industrial sym-
biosis outcomes and types of value (quantitative and qualitative)for the 
whole economy. This kind of framework will be essential to the under-
standing of how sustainable development is linked to economic growth 
and how actors in industrial symbiosis (institutional units) are linked to 
market and nonmarket effects. A striking example of the need for such a 
framework is when evaluating investments according the EU’s taxon-
omy for sustainable activities [56], and its regulatory framework to 
facilitate sustainable investment [57]. Which will govern future sus-
tainable investments in Europe. Furthermore, even though environ-
mental aspects are commonly studied in industrial symbiosis literature, 
addressing climate change will require considerable further attention. 
Thus, developing methods and procuring new data are vital in the fight 
against climate change and transitioning to a sustainable society. For 
example, machine learning could be a powerful tool [58] examining the 
more unexplored areas pointed out in this study. 

Another topic for discussion is the inherent assumption that indus-
trial synergies invariably bring about advantageous and positive out-
comes. This assumption is however very unlikely as developing an 
interconnected synergetic industrial system involves managing con-
flicting interests and trade-offs leading to both positive and negative 
outcomes. Thus, creating an industrial synergy or designing an indus-
trial symbiosis research approach, can place great informational bur-
dens on practitioners and analysts to include all relevant actors and 
effects. By applying the analytical framework, this study has shown that 
outcomes in industrial symbiosis research are often based on similar 
measurements, and that actors and outcomes often are of the same kind 
regardless of research approach or choice of method. Striking examples 
of this is that economic outcomes in the studied articles are generally 
equated with market value and that benefits are credited to actors in the 
private sector. It is likely that different industrial symbiosis collabora-
tions will have different sets of winners and losers when it comes to 
benefits or costs. This issue makes it important to understand what 
outcomes constitute real effects, providing gains for the whole of soci-
ety, and what are merely transfers of resources between actors. The 
application of the framework provides a base for including a broader, 
but also, specific set of effects and outcomes (economic, environmental 
and social), including a diverse set of clearly defined actors (institutional 
units). Used consistently, the framework can average out costs and 
benefits across institutional units, so that each unit is more likely to 
realize net positive outcomes from a full set of industrial symbiosis ap-
plications. An example of this could be to distribute benefits and costs 
between actors based on distributional goals in society. This may in turn 
incentivise actors from across the whole society, to engage in industrial 

Fig. 16. The figure presents the distribution of the identified time horizons (temporal distance) in the studied material. Information regarding time horizons was 
found in 36 of the 56 articles. The most frequently used time horizons in the studied material were one to two years and the two longest time horizons were 23 years 
and 33 years. 
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symbiosis collaborations and share the costs. 
It can also incorporate any available indicator or measurement, 

including nonmarket valuation and has the capacity to differentiate 
between institutional units and suitable valuation methods This will 
greatly support the ability to broaden research in industrial symbiosis 
and strengthen the procedure of evaluating outcomes. 

By breaking down current industrial symbiosis research into clear 
and detailed categories the results show that, regardless of method, the 
outcomes and value shown in previous research are rather homogenic in 
the sense that the articles study more or less the same things. Economic 
and environmental aspects are relatively well studied compared to social 
aspects – a finding also shown in previous industrial symbiosis literature 
[1,7,9]. 

The findings show that a variety of methodological approaches, both 
qualitative and quantitative, are applied in the articles investigating 
industrial symbiosis. The results are in line with previous research in 
industrial symbiosis and the circular economy. For example, Merli, 
Preziosi, and Acampora [59] present a review of the academic ap-
proaches to the circular economy literature, while Neves et al. [1] pre-
sent the main lines in industrial symbiosis research. Interviews and LCA 
are especially frequent in the material, where the interview method is 
also the method most used in combination with other methods, both as 
the main research method but also as a form of data collection approach. 
The frequent use of LCA is also supported by previous studies [60]. 

The institutional units predominantly studied in the articles are 
market producers in the form of companies, firms or manufacturing 
industries and plants. This is also in line with previous research [7,61]. 
However, in this paper these findings are ascribed to the general focus 
on private actors and firms collaborating in industrial symbiosis. It is 
also found that the nonmarket producers included in the analysis 
(government and households) rarely participate in a capacity other than 
as facilitators or as a support function for forming synergies. Exceptions 
to this include articles studying how taxes and subsidies impact indus-
trial symbiosis collaborations. But then again, the outcomes are still 
connected to the market producing institutional units. 

Considering the three types of symbiosis categories defined in this 
paper, physical materials are the most studied synergy category, 
although all three categories frequently occur simultaneously in the 
studied industrial symbiosis research. The results are largely in line with 
other studies of what exchanges are considered [6,7,53,62]. Further-
more, the analysis did not find any clear occurrences of other types of 
non-product resource sharing, as exemplified in Lombardi and Laybourn 
[43]. 

There are many occurrences of economic outcomes in the studied 
articles, much in line with previous literature [9,63]. But the expected or 
actual economic outcomes occur as either purely descriptive, with more 
or less implicit value, or as market-based value. The observed pattern 
from analysing the material is: if there is a market price and clear 
physical unit, then there is measured and monetised value, or other 
forms of quantified outcomes. When market-based valuation is not 
possible, the economic outcomes and value are more or less assumed. 
Also, as time horizons are usually between one and two years, and it is 
not common practise in the articles to discount the resulting cash flows, 
it becomes hard to compare or evaluate the results among the various 
cases or between points in time. 

Environmental aspects are common in the studied articles, and all of 
the categories occur at least once. However, a few categories received 
considerably more attention, e.g. GHG emissions and freshwater use, 
compared to the other environmental categories. This is also in line with 
previous research, as environmental outcomes are at the heart of the 
industrial symbiosis concept [1,59,64]. However, the way in which 
aggregation of outcomes are performed vary greatly in the literature, 
thus there is need for careful interpretations regarding the magnitude of 
the impacts [65]. 

Several of the identified social outcomes and types of value could be 
considered as transfers of benefits rather than social net benefits or 

value. For example, income and work outcomes, which in economic 
theory are economic effects and not value, are more or less described as 
economic activities that benefit market producers. Also, the outcomes 
including learning, knowledge, innovation and skills type are not 
detailed enough to be properly organised, assessed or traced to any 
meaningful economic activity category. For example, some of the out-
comes found in the articles could be considered as investments in human 
capital, but the level of details and necessary methodological consider-
ations are lacking. The market-oriented research also focuses more on 
policy promoting industrial symbiosis [54,66] and the collaboration 
mechanisms rather than the social effects in society at large. The body of 
literature studying societal mechanisms related to collaboration, trust, 
peace and democracy can serve as inspiration for future industrial 
symbiosis research. 

The study is not without limitations. First of all, the results stem from 
a finite and limited sample covering the current industrial symbiosis 
literature and future applications of the framework should include 
related research fields such as circular economy (CE) and process inte-
gration (PI) literature etc. Preferably, each research field should be 
analysed separately to enable meaningful comparisons. Also, there is no 
claim that the results are generalisable enough to explain all situations. 
However, by clearly defining the research questions, considering only 
existing and hypothetical industrial symbiosis cases, the analysis be-
comes transparent, precise and highly informative. Also, the content 
analysis methodology is often considered devoid of a theoretical base for 
the analysis, but this paper use a largely deductive coding frame, with 
the analysis based on clear theoretical perceptions and concepts. Basing 
the coding frame on well-established theories also supports the process 
of reducing the complex issues for analysis. An unavoidable disadvan-
tage is loss of context in the studied articles, due to the fact that not all 
the details surrounding the research are presented in the articles. And 
thus, a third-party analyst will not be able to obtain the full picture from 
the texts. However, these limitations are minor as clearly defined aspects 
are studied through explicit and firmly established concepts, not aiming 
for a total description of everything in the articles. 

Nevertheless, it is the authors belief that the framework presented in 
this paper will point to knowledge gaps and open up for new innovative 
research. By having a clearer picture of all the elements involved in a 
synergy, it becomes easier to incorporate novel ideas as well as devel-
oping already available ones. 

6. Conclusion 

According to the results from the review, a typical case of industrial 
symbiosis research would be either a qualitative study or an LCA – 
studying energy and physical material flows, either within or between 
companies during a year – where the outcomes are measured in reduced 
CO2 emissions, reduced water usage and with market-based economic 
effects for the companies involved. Moreover, when evaluating indus-
trial symbiosis synergies, many of the framework categories can be hard 
to clearly identify in the literature since avoiding interpreting is vital for 
a content analysis. Furthermore, the distinction between real or poten-
tial cases and synergies are often obscure or non-existent, leading to 
limited transparency. Therefore, there is need for future studies to be 
clear on whether the studied synergies are real or hypothetical. 

Thus, there are two important pathways for future research in in-
dustrial symbiosis. On the one hand, revisiting previous research using 
well defined categories specifying all components in the symbiosis will 
extend the knowledge from already available methods and studies, 
while also increasing research transparency. On the other hand, 
expanding knowledge by broadening the scope of industrial symbiosis 
research by including costs, more of environmental and social outcomes. 
For example, future research could fruitfully explore collaborative out-
comes related to peace, gender equality and political voice and how it 
can impact central social issues. Likewise, nonmarket producers 
involved in industrial symbiosis deserve more attention than is currently 
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given. The findings also suggest that existing evaluation methodologies 
need a more rigorous organising structure in order to fixate the analysis 
and explain the causal chain of outcomes and value. Thus, there is a need 
for an analytical framework that can identify and define institutional 
units from an economic perspective, and link and relate the specific 
outcomes to economic activities in a suitable manner. In this regard, the 
ability to include and compare various effects, both within and across 
outcome categories, makes the framework a suitable evaluation tool 
when it comes to ranking different synergy options or symbiosis pro-
jects. Furthermore, the total lack of nonmarket value in the research 
points to a potentially interesting area of future research. In this regard, 
the concept of total economic value combined with research covering 
social outcomes would greatly increase the deficient knowledge of social 
effects stemming from the practice of industrial symbiosis. For example, 
it would be informative to study what impacts industrial symbiosis 
collaborations have on social justice, political voice and gender equality 
aspects in developing nations. Also, there is a need for further devel-
opment of stress tests and evaluation methods that incorporate clear 
timeframes, and that also include longer time horizons, in order to 
explore possible scenarios for future development while limiting myopic 
tendencies and path dependency. 
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