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Abstract 11 
This paper contains an analysis of Industrial symbiosis policies to explore how development Industrial symbiosis systems is 12 
influenced by policies and to examine how future policy frameworks can designed to best support the development of Industrial 13 
symbiosis systems. Industrial symbiosis is in the paper defined as the connection of traditionally separate industries in a 14 
collective effort to simultaneously increase competitive advantage and reduce environmental impacts by means of byproduct 15 
exchange and shared infrastructure. The paper is based on three components: First, the paper reviews, journal articles to provide 16 
a policy landscape overview of how such Industrial symbiosis systems are supported by policies and in which areas new policy 17 
needs can be identified. Secondlyt, the paper reviews and discusses policies and framework conditions, provided by the 18 
European Union (EU), the United Nations (UN) and the Organization for Economic Cooperation and Development (OECD) 19 
designed to support the development of Industrial symbiosis systems  The analysis distinguishes between direct and indirect 20 
policies in order to emphasize that the development of Industrial symbiosis systems is influenced nopt only by policies directly 21 
targeting industrial symbiosis but also by general framework conditions that may not have been designed with Industrials 22 
symbiosis in mind.  To improve the understanding of such in direct policies the paper thirdly  includes a case study from 23 
Denmark, Maabjerg Energy Center (MEC). This case provides new insights into the application of Industrial symbiosis 24 
concepts, especially with regards to how framework conditions and indirect policies can influence and shape the development 25 
of industrial symbiosis systems. Based on these three components, this paper analyses obstacles and drivers for a further 26 
dissemination of Industrial symbiosis within the EU, and suggest key points for further assessment and development on a 27 
potential way forward. From the literature review and framework conditions assessed, general recommendations are provided 28 
whereof many relate to the potential benefits of focusing more on development and re-development of indirect incentive 29 
schemes fostering symbiotic behavior in industries as opposed to focusing only on designing policies exclusively based on 30 
direct top-down regulations. From the case analysis, several examples of more context-specific drivers and obstacles were 31 
highlighted as valuable in the given situation including the potential benefit of more flexible funding schemes, the importance 32 
of positive value-based communication to gain political support on the local, regional and national environment, feed-in tariffs 33 
and tax reliefs and the relevance of having centralized legal organs with specialized competencies on regional or national level 34 
to support development and implementation efforts.  35 
 36 
Keywords: Case study, Framework conditions, Industrial Symbiosis, Maabjerg BioEnergy, Policy review. 37 
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1. Introduction 39 

The word symbiosis, means interaction between organisms and the concept is commonly used in 40 
biology to describe interdependencies between species in eco-systems. The concept of symbiosis is 41 
however also applied on industrial systems, where companies exchange waste and by-products in 42 
order to reduce their collective amount of resource usage. The concept of symbiosis is thus used as 43 
an analogue to biological systems, where symbiotic relations between companies refer to 44 
interdependencies created from the exchange of by-products and/or shared infrastructure. The use of 45 
the industrial symbiosis metaphor in academic literature on industrial organization, origin in the 46 
industrial ecology concept, developed in the late 1980s (Frosch and Gallopoulos, 1989). By creating 47 
such systems, environmental- and resource related problems are sought dealt with, while at the same 48 
time improving the economy for companies involved in such material- and energy exchanges.  49 
Research indicate that development of Industrial symbiosis partnerships has the potential to close 50 
material loops, reduce energy usage and thereby provide a more circular economic model for modern 51 
companies (Jelenski et. al., 1991; Gertler, 1995).     52 
Different types of Industrial symbiotic systems exist including; i) ‘classic’ inter-firm connection 53 
between companies, located close to each other within a defined area, ii) inter-firm network of 54 
companies located within the same region with symbiotic relations, and iii) inter-firm collaboration 55 
between companies across longer distances (Chertow, 2007). According to Albino et. al. (2016) and 56 
Chertow (2007), at least three different companies must inter-connect and work together, in 57 
exchanging at least two different resources, before the companies can be recognized as part of an 58 
Industrial symbiosis.  59 
The overall raison d’être of Industrial symbiosis is for companies to simultaneously achieve cost 60 
reductions and environmental benefits, by using by-products and wastes generated by one company, 61 
as raw material inputs for another company. Besides this, Industrial symbiosis may also involve 62 
sharing of infrastructures such as buildings and facilities, energy and water supply and various other 63 
types of resources (Petrikova et. al., 2016). The difference between Industrial symbiosis and 64 
Industrial ecology is that the latter seek to establish sustainable closed-loop systems through a 65 
combination of industrial eco-systems, industrial symbiosis, industrial metabolism and environmental 66 
legislation and regulations. Industrial symbiosis is hence a means and subset to reach this, by its 67 
emphasis on e.g. energy and waste exchanges to create synergies, and hence to be able to reach the 68 
overall goals of ‘industrial ecology’ (Li, 2018).  69 
Over the last ten years, the concept of circular economy has gained increasing popularity in policy 70 
and academia. Circular economy covers many of the same aspects as industrial ecology and Industrial 71 
symbiosis and organizations like the Ellen MacArthur Foundation has successfully managed to 72 
revitalize years of accumulated knowledge and convey this knowledge to policymakers in policy and 73 
businesses under the umbrella concept circular economy (Ellen MacArthur Foundation 2013). A 74 
review by Ghisellini et al. (2016) places Industrial symbiosis as a key component of the circular 75 
economy literature. However, a clear difference between the two concepts is that the literature on 76 
Industrial symbiosis focus (almost) exclusively on the production side, whereas circular economy 77 
covers the full circle from resource extraction, over production to consumption and back into new 78 
products, thereby making Industrial symbiosis a subcategory under circular economy.  79 
To support development and enactment of the Industrial symbiosis concept, numerous policies have 80 
been proposed and implemented by governments across the globe. On the supra-national level, 81 
Industrial symbiosis has found support as a development initiative within the circular economy, 82 



materialized through legal frameworks in the European Union (EU) and the United Nations (UN). 83 
However, it is no simple task to develop generalized policies to support development of industrial 84 
symbiosis systems as these are complex socio-ecological constructions and no two are exactly alike.  85 
To improve the knowledge based for policy development in this area, several academic studies have 86 
been published in recent years (Shi et. al., 2010; Costa et. al., 2010; Behera et. al., 2012) to present 87 
case studies on policies targeting development of industrial symbiosis initiatives and evaluate the 88 
success hereof. Usually, the academic focus has been mainly on efforts that directly articulate and 89 
support the implementation of Industrial symbiosis and such political initiatives are often regarded 90 
as pivotal for a further development. Less focus, has been given to the abundant array of policies 91 
which may not directly aim at supporting development of industrial symbiosis - but which - 92 
nonetheless, can have a massive impact on the success and failure hereof (Lehtoranta et. al., 2011; 93 
Shi et. al., 2010). Another largely overlooked theme of the industrial symbiosis developments is that 94 
of the failed cases. While recent research on industrial symbiosis is generally rich in practical 95 
examples and case studies of successful symbiosis establishment and operation (e.g. Branson 2013; 96 
Martin and Eklund 2011, Sokka et al 2011; Yang and Feng 2008; Mirata and Emtairah 2005), only 97 
limited attention is usually given to the study of how and why some emerging industrial systems fail 98 
and in accordance hereof  identify how policy influence success and failure of such emerging 99 
systems.  100 
This study aim to support future policy development processes within the area of industrial symbiosis 101 
by shedding new light on a less studied part of the policy landscape - namely that of more indirect 102 
policies appropriate for supporting Industrial symbiosis, and how this may relate to the more direct 103 
policy initiatives. Based on an approach that combines a literature review of European policy 104 
frameworks with a new case study of an industrial symbiosis system that has succeeded as well as 105 
failed, the paper deduct valuable learnings to define a potential way forward for development of future 106 
industrial symbiosis policies.     107 
 108 

2. Research methodology  109 

 110 
2.1 Exploratory literature review 111 
The methodology for the literature review is based on a two-step approach combining an exploratory 112 
review and snowball technique. In our exploratory literature review (see for example Lazona et. al., 113 
2015; Hoppe et. al., 2016; Schiederig et. al., 2012) journal articles from year 2007 to 2020 were - 114 
firstly - identified by using the keywords Industrial symbiosis, circular economy and policy on the 115 
journal search engines Scopus and Science Direct. Only high-ranking journal articles including these 116 
keywords were selected for further review, as for example Journal of Cleaner Production, Journal of 117 
Industrial Ecology, Sustainable Development and Environmental Science and Technology. 118 
Secondly, we applied a snowballing technique (Greenhalgh and Peacock, 2005; D’Ippolito, 2014) to 119 
identify key studies, focusing on policy programs that both 1) investigate a specific single policy 120 
program, 2) evaluate its success in facilitating deployment of Industrial symbiosis, 3) compare 121 
different policy programs or investigate the evolution of policy programs. This implied a thorough 122 
scanning of the reference list of all high-ranking full papers, and consequently a selection of new 123 
papers to study as having a core policy focus.      124 
Using this method helped us to identify journal articles that review Industrial symbiosis research, in 125 
a broad sense, as for example Huang et. al. (2019), as well as more specific policy review articles on 126 



Industrial symbiosis, as provided by e.g. Jiao and Boons (2014) and Tao et. al. (2019). Thus, the 127 
exploratory approach combined with the snowballing techniques applied in this paper, have been 128 
utilized to identify the state-of-the-art of Industrial symbiosis policy research. The aim has therefore 129 
not been to provide a full systematic literature review or policy analysis, but to extract key tendencies 130 
of the nature of the policy landscape supporting the deployment of Industrial symbiosis. The applied 131 
approach has previously been used by scholars within both social science and more transdisciplinary 132 
research fields, reveling trends in e.g. company business models, how sustainable development is 133 
integrated in higher education, and how policy studies are being utilized within energy research 134 
(D´lppolito, 2014; Lazano et. al., 2015 and Hoppe et. al., 2016). The snowballing technique can be 135 
utilized as a pre-study to define and shape further analysis, or to collect detailed knowledge for 136 
research purposes, as in our case. 137 
To supplement data retrieval from journal articles, we have also accessed; i) OECD reports with 138 
emphasis on deploying Industrial symbiosis, ii) European policy frameworks, iii) UN policy 139 
frameworks and iv) publications from dedicated Industrial Symbiosis organizations as e.g. the 140 
Nordregio report 2015. The aim of these activities has been to map current direct policy (see below) 141 
initiatives for supporting Industrial symbiosis on the supra-national governmental level as well as 142 
identify the most recent and relevant recommendations – from the private organizational level, related 143 
to potential  supportive activities in promoting the deployment of Industrial symbiosis.  144 
 145 
2.2 Case study 146 
The Maabjerg Energy Center (MEC) in Denmark is an Industrial symbiosis application, which 147 
revolves around renewable energy production, agriculture and waste utilization. The MEC case is 148 
selected for two main reasons. Firstly, because it is a relatively large and quite new system that is 149 
only sparingly described in scientific literature on Industrial Symbiosis and related policy, and 150 
secondly, because the development of this symbiosis system has a first phase that succeeded and a 151 
second phase that did not. This increase the possibility to identify relevant policy drivers as well as 152 
barriers from the case development. 153 
Data for the case study is based on qualitative interviews with the Chief consultant at Vestforsyning 154 
(one of the owners of Maabjerg Bioenergy Center), plant visits and a document analysis. From this 155 
case study, data retrieval is conducted mainly concerning the more indirect policy landscape (see 156 
below) for supporting Industrial symbiosis.  157 
  158 
2.3 Policy focus and analysis 159 
In our analysis, we distinguish between top-down and bottom up-policies. Top-down policies we 160 
understand as policies formulated by e.g. central governments and the EU, whereas bottom-up 161 
policies are understood as more local incentives, support and initiatives, etc. taken by local 162 
stakeholders and governments at the municipal and regional level. We also distinguish between direct 163 
and indirect policy programs and framework conditions. “Direct policies” we define as policies 164 
formulated by a governmental agency (on national, regional or local level of governance) that are 165 
designed explicitly to support, promote or legally enforce industrial symbiosis and “indirect policies” 166 
are defined as policies that are not explicitly designed for industrial symbiosis but influence industrial 167 
symbiosis systems anyway. The indirect policies cover a very broad spectrum of general framework 168 
conditions such as infrastructure policies, general tax and tariff policies, waste policies and general 169 
policies that regulate market conditions for resources, products or services etc. which share the 170 
common feature that they unintentionally influence industrial symbiosis systems. The market 171 



requirements in the EU for second-generation biofuels can be seen as an example of an indirect policy 172 
as they are designed to support the implementation of the renewable energy directive but indirectly 173 
have a major influence on industrial symbiosis systems linked to bio-refineries as described later in 174 
the assessment of the MEC case.  175 
Framework conditions are broadly understood, as the overall research support, policies and 176 
formulated goals etc. Both (direct) policy programs and indirect policies can influence creation of 177 
Industrial symbiosis systems, through for example policies and regulations. From the data retrieval 178 
described above important issues of relevance for further policy suggestions connected to the 179 
deployment of Industrial symbiosis are identified (policy needs), which are elaborated further in this 180 
paper, with a goal of providing new policy suggestions (drivers) and a way forward for adopting 181 
Industrial symbiosis within society. 182 
 183 

3. Findings from the literature review 184 

In the following section, we divide the findings from the literature review into Policy programs, 185 
Mechanisms to support Industrial symbiosis, Impact of policy programs and Lessons learned to 186 
provide a deeper analysis of each element. Highlight summaries of the main findings of the literature 187 
review and the policy assessment are provided in Table 1 and 2. 188 
 189 
3.1     Journal articles 190 
Policy programs: Several articles like Geng et. al., (2012) and Behera et. al. (2012) evaluates single 191 
policy programs, which emphasize the success of one single policy initiative. Geng et. al., (2012) e.g. 192 
explores the indicator systems guiding the implementation and evaluation of circular economic (CE) 193 
initiatives in China, questioning its impact on economic performance, environmental quality and 194 
hence contributions to sustainable development. Lack of mandatory use of the indicators by 195 
companies, as well as lack of common goals for Industrial symbiosis initiatives, is hence being 196 
problematized (Geng et. al., 2012). Another aspect that can be found in research emphasizing single 197 
policy programs is network development. Here, the importance of appropriate policy instruments, 198 
capable of transforming traditional industrial complexes into Eco Industrial Parks is, for example 199 
emphasized by Behera et. al. (2012). 200 
Research comparing several policy programs emphasize how various policies are adopted in different 201 
contexts. Costa et. al. (2010) have e.g. investigated how supra-national, national and sub-national 202 
Industrial symbiosis governance has been applied in the UK, Denmark, Portugal and Switzerland, as 203 
supportive waste management policies. The research indicates that defining clear government policies 204 
supporting companies, while at the same time allowing flexibility at the local implementing level, is 205 
highly important. Zhang et. al. (2010) analyze two national Chinese policy programs supporting Eco 206 
Industrial Parks and conclude, that there is a need for more coherent policies, better coordination 207 
between programs and better supervision in supporting the development of Industrial symbiosis. Eco 208 
Industrial Parks have been the focus of several other studies to facilitate circular economy initiatives 209 
e.g. (Huang et. al., 2019).     210 
Research with focus on the evolution of policy programs addresses the development of certain 211 
policies over time. This could include e.g. green growth, innovation, eco-efficiency etc., and 212 
European policy targeting Industrial symbiosis initiatives. Here, lack of appropriate policies bridging 213 
and creating synergies between these are identified, as emphasized by Laybourn and Lombardi 214 
(2012). The evolutionary perspective is the focus of Mathews and Tan’s (2011) study, in which they 215 



compare the development of Chinese Eco-Industrial Parks with other such parks from around the 216 
world. They find it vital that governments are present and provide support in the initial stage of Eco-217 
Industrial Park planning. In the evolutionary research of Industrial symbiosis in general, it has often 218 
been a focus to understand and increase the resilience (stability) of Industrial symbiosis to decrease 219 
their vulnerability (Huang et. al., 2019).  220 
Mechanisms to support Industrial symbiosis: The inherent need for research into policies that 221 
stimulates the creation of Industrial symbiosis and the related governance strategies and supporting 222 
mechanisms has been emphasized (Salmi, et. al., 2011; Shi et. al., 2010).  223 
Research on stimulation of Industrial symbiosis development evaluate the need for financial, 224 
operational and legislative support to promote Eco-Industrial Parks. Salmi, et. al. (2011) find that 225 
barriers for implementation can be rooted in the current marked-based regulatory system. Ohnishi et. 226 
al. (2012) find that policy intervention is crucial for the deployment of re-cycling projects and thus 227 
the creation of Industrial symbiosis initiatives and the number of re-cycling project are far too low, 228 
primarily due to unfavorable or absent subsidy policy. However, according to Huang et. al. (2019) 229 
many policy researcher find in their studies that public policies have supported and promoted the 230 
emergence of self-organized Industrial symbiosis, as is the case for example for Chertow (2007) as 231 
described below. 232 
Governance strategies looks at the policy instruments and subsidies being provided by governments. 233 
Shi et. al. (2010) finds these appropriate in a Chinese context, through the support to cleaner 234 
production, waste management and Industrial symbiosis within industrial areas. The authors however 235 
call for public policies that adjust incentive structures for industrial ‘symbiosis activities’, by 236 
economically recognizing positive environmental results obtained by companies, rather than only 237 
focusing on establishing Industrial symbiosis exchanges. Other studies focus on the lack of legislation 238 
and appropriate governance by officials in guiding companies in their management of waste streams, 239 
and stress that better coordination mechanisms between companies could motivate them to develop 240 
profitable new ways of using their waste stream (Brent et. al., 2008).       241 
Research on mechanisms that favor Industrial symbiosis investigates the underlying reasons for why 242 
Industrial symbiosis emerges. Chertow (2007), for example, stress the reasons being embedded in 243 
economic, social, environmental and regulatory reasons. She points to the self-organization and 244 
planning between networks of companies, as motivation for implementing cooperation by means of 245 
Industrial symbiosis initiatives. Social network analysis (SNA) has widely been utilized to research 246 
such network of companies, identifying symbiotic linkages and organization between industries, 247 
hereunder trust (Huang et. al., 2019).  248 
Other studies - e.g. Boons and Spekkink (2012), conclude that institutional capacity is the underlying 249 
reason and stress that more emphasis should be given to building up such capacity within companies 250 
for them to act. They argue that certain social conditions must be in place before symbiotic relations 251 
will emerge. Elaborated further by Simpson (2012), it is found, that companies often do not know 252 
how to act on the environmental scene, which makes them respond negatively to re-cycling pressure, 253 
as they have inadequate knowledge to comply with requirements.                                                           254 
Impact of policy programs: Research on policy programs and their implications, has often applied 255 
case studies, as a tool to investigate situated cooperation between companies by means of various 256 
symbiotic relations (Huang et. al., 2019). Similarly, cases can be used in quantitative examinations 257 
of policy impact analyzing environmental and economic performances of symbiotic relations, 258 
between symbiotic companies (Jiao and Boons, 2014). Different policy support programs have 259 
different impact on the materialization of specific Industrial symbiosis due to varying effect of  260 
subsidies and legislative conditions as emphasized by Van Berkel (2009).  261 



Also, EU policy support schemes have been investigated, where for example Lehtoranta et. al. (2011) 262 
find - from the analysis of a Finnish pulp and paper factory - that indirect encouragement by national 263 
and local governments to develop materials and energy exchanges, are more favorable than direct 264 
top-down obligations posed on them by the EU. It is thus concluded that incentives-based policy 265 
support at the local level regarding land-use regulation and planning are important for Industrial 266 
symbiosis to develop, and that e.g. indirect waste policies are more valuable for industries that direct 267 
policies targeting Industrial symbiosis (Ibid.). This is in line with Kim (2007) who finds that 268 
governments should focus on local incentives rather than top-down regulation, based on the results 269 
from company interviews with various stakeholders from the industry within the Macheon Industrial 270 
Park in South Korea.                      271 
Lessons learned: Case studies have, as seen above, been utilized to reveal the successes and failures 272 
of programs focusing on policy implications and lessons learned (Jiao and Boons, 2014). As indicated 273 
by Lehtoranta et. al. (2011) and Kim (2007), the main lessons on policy implications is to avoid strict 274 
top-down regulation only, but to more strongly focus on incentives-policy at the local level when 275 
supporting Industrial symbiosis. Adamides and Mouzakitis (2009) further suggest adopting strategic 276 
niche management (SNM) as a tool to facilitate the transition to a more symbiotic society, and stress 277 
that the goal of a symbiotic society, should be integrated in national and regional technology policies, 278 
and thus have overall policy implication for the future.  279 
 280 
3.2     Policy frameworks for Industrial symbiosis              281 
This section provides an overview of the most important political frameworks and initiatives 282 
addressing Industrial symbiosis in the European Union (EU) and the United Nations (UN). 283 
                                                                          284 
EU policy: Within the EU, Industrial symbiosis developments has been highly recognized as a tool 285 
to achieve a more circular economy (Mortensen and Kørnøv, 2019), to obtain green growth and more 286 
efficient business inter-actions across different value chains (EC, 2018), and to disseminate new 287 
business models and strengthen the market for re-cycling of by-products, hereunder to deploy more 288 
sustainable means of manufacturing within European businesses in general (EC, 2014).   289 
In the ‘Resource Efficiency Europe’ flagship initiative of the ‘Europe 2020’ strategy the EU, 290 
recognized the potential contribution of Industrial symbiosis to sustainable consumption and 291 
European industrial competitiveness. A part of the ‘Resource Efficiency Europe’ flagship is the 292 
‘Roadmap to Resource Efficient Europe’ (EC, 2011), which stress that by enhancing the re-use of 293 
raw materials through deployment of Industrial symbiosis it is achievable to save up to 1.4 billion 294 
Euro annually throughout Europe, and earn 1.6 billion Euro in product sales. The Roadmap hence 295 
encourages member states to help companies to cooperate in order to increase their use of waste 296 
energy and by-products, by means of Industrial symbiosis.  297 
Also, ‘A stronger European industry for growth and economy recovery’ (EC, 2012), launched in 2012 298 
as a Communication of the European Commission, foresees that future companies will adopt highly 299 
efficient resource manufacturing processes with focus on minimizing materials and energy usage.  300 
In the Circular Economy Action Plan (EC, 2015), the EU encourages companies to innovate their 301 
production processes, including applying Industrial symbiosis initiatives. In the Action Plan the 302 
Commission is proposing to clarify rules on by-products to assist Europe in deploying a more 303 
systematic approach to eco-innovation and to facilitate innovation to develop cross-sectoral arenas’ 304 
and enhancing closed-loops activities.  305 
Through the research and innovation program Horizon 2020, the EU also seeks to support the 306 



development of ‘industrial symbiosis. This is specifically addressed in the program launched in 2014-307 
2015, where two calls were initiated: ‘Leadership in enabling and industrial technologies’ and 308 
‘Climate actions, environment, resource efficiency and raw materials. In the program launched in 309 
2016-2017 the focus area e.g. ‘Cross-cutting-activities’ can provide funding for Industrial symbiosis 310 
research in the priority area of ‘Industry 2020 in the Circular Economy’.  311 
UN policy: The UN (via UNEP) supports Industrial symbiosis with a focus on resource efficiency, 312 
circular economy and sustainable consumption and production (SCP), which is an integrated part of 313 
the organization’s development goals. Proposed drivers include redirection of investments, more 314 
sustainable technologies, better international and national co-operation (hereunder goal 17 of the 315 
UN’s SDG), capacity building, as well as the reshaping of national economies and the global 316 
economy. UN has promoted the development of Eco-Industrial Parks since the 1990s, with the optic 317 
of such collaborations being superior to other industrial systems by integrating economy, ecology and 318 
social dimensions (Lehtoranta et. al., 2011).   319 
The UN focus on the following four themes in their current work setting up instruments in supporting 320 
relevant schemes for the future: i) Strengthen and communicating the knowledge base for SCP and 321 
resource efficiency. ii) Capacity building within governments. iii) Consolidating and extending 322 
business and industry partnerships and iv) Influence consumers in their purchase choice. UN has 323 
provided an international policy framework for cooperation in creating resource efficiency, and has 324 
been a platform for international exchanges of knowledge between stakeholders and countries, etc. 325 
Besides this, UN has established an International Resource Panel (IRP) with experts working on 326 
resource efficiency, life cycle thinking and decoupling of economic growth from use of energy and 327 
material resources (IRP, 2014 & 2019).  328 
OECD policy: The OECD has published numerous reports on Industrial symbiosis, which this 329 
organization regard as an important concept and a way forward in ‘doing more with less’ (OECD, 330 
2011). They stress that Industrial symbiosis is a systemic innovation vital for future green growth 331 
(Ibid.). In the 2015 report ‘Materials Resources, Productivity and Environment’ they conclude, that 332 
a resource efficient economy is important for achieving green growth and that better policies are 333 
needed to support circular economic initiatives, hereunder Industrial symbiosis. The organization also 334 
argue that resource use should be improved through further use of sustainable natural resources and 335 
enhanced material management, which include reduce, reuse and recycle initiatives; the 3 R’s 336 
(OECD, 2015).  337 
The OECD list the main obstacles to provide relevant policies that promotes sustainable development 338 
and circular economy, hereunder industrial symbiosis initiatives (OECD 2011 & 2015): 339 

i) Greater coherence between policies dealing with resource utilization and materials 340 
management. This could be coherence between investment and trade policies and 341 
environmental policies, etc. 342 

ii) Stronger partnerships between research and civil society and the private sector. 343 
iii) Better understanding of the materials and energy flows through the national and 344 

international economies and their relation to productivity and environmental risks.  345 
iv) Increase resource efficiency and shared policy principles to secure resource 346 

productivity and investment guidance. 347 
v) Allow different solutions to be applied in different contexts and governance levels, 348 

agreed upon as shared international visions. 349 
 350 
  351 



Table 1: Highlight results from literature review 352 

Review topic Emphasis / findings of literature review 

Policy Program 

Single policy 
program 

-Impact on economic & environmental performance, and contribution to sustainable development (Geng et. al., 2012) 

-Effect of indicators used by industry to promote Industrial symbiosis (Geng et. al., 2012). 

-Success in network development between industries (Behera et. al., 2012). 

-Capability to transform industrial complexes into synergetic parks (Behera, et. al., 2012) 

Several policy 
programs 

-Clear policies supporting companies in their effort to engage in Industrial symbiosis (Costa et. al., 2010). 

-Coherent policies with better administrative supervision (Zhang et. al., 2010). 

-Good coordination between different supportive programs (Huang et. al., 2019). 

Evolution of 
policy programs 

-Bridging appropriate policies to enable synergies (Laybourn and Lombardi, 2012). 

-Governments to be present in the initial stage of activities to support the planning, etc. (Mathew and Tan, 2011). 

-Increase the resilience of industries having a synergetic relation, and thus (Huang et. al., 2019). 

-Decrease the vulnerability of synergetic cooperation. (Huang et. al., 2019). 

Mechanisms supporting industrial symbiosis 

Research on 
stimulating 
Industrial 
symbiosis 

-Establish financial and legislative support to promote synergetic industrial behavior (Selmi et. al., 20111) 

-Favorable operational subsidies provided by governments (Ohnishi et. al., 2012). 

-Policy interventions crucial for industries to engage in Industrial symbiosis (Huang et. al., 2019). overnment supported 
industrial self-organized initiatives favorable (Chertow, 2007).  

Governance 
strategies 

-Appropriate policy instruments and subsidies provided by governments (Shi et. at., 2010). 

-Adjust incentive structures recognizing positive environmental results obtained by industry (Shi et. al., 2010). 

-Guide industries in their waste management, and (Brent et. al., 2008).  

-Develop better coordination mechanisms between industries (Brent et. al., 2008). 

Mechanisms 
that favor 
Industrial 
symbiosis 

-Industrial symbiosis to emerge embedded in economic, social, environmental and regulatory reasons.(Chertow, 2007). 

-Cooperation by companies in networks important mechanism for to support Industrial symbiosis (Huang et. al., 2019) 

-Institutional capacity an underlying cause for cooperation capabilities (Boons and Spekkink, 2012). 

-Social conditions thus vital for the development of Industrial symbiosis (Simpson, 2012). 

Impact of policy programs 

 

-Policy programs have vital impact on the deployment of Industrial symbiosis (Jiao and Boons, 2014).. 

-Subsidies and legislative conditions are necessary (Van Berkel, 2009). 

-National and local policies have more impact than EU policies to promote synergetic cooperation between industries 
Lrhtoranta et. al., 2011). 

-Incentive based indirect-policy support at the local level more powerful than direct policy targeting Industrial symbiosis 
(Kim, 2007). 

Lessons learned 

 

-Lessons learned on policy programs etc. supporting Industrial symbiosis (Jiao and Boons, 2014). 

-Strict top-down regulation only is to be avoided (Lehtorante et. al., 2011; Kim, 2007) 

-Emphasis on incentives-policy at the local level vital (Kim, 2007). 

-The goal of Industrial symbiosis to be adopted into local and regional policies (Adamides and Mouzakitis, 2009). 
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Table 2: Highlight results from assessment of intragovernmental policy frameworks related to development and 354 
operation of industrial symbiosis networks 355 

Policy Frameworks Emphasis / findings of Policy Frameworks 

EU policy 

Resource efficient (RE) 
Europe / Roadmap to 

RE Europe 

-EU member states are encouraged to help industries to cooperate to increase their use of waste energy and 
materials. 

-Extensive savings and earnings are predicted by applying Industrial symbiosis. 

A stronger European 
industry….. 

-Predicting that European industries will rely on highly efficient manufacturing processes in the future. 

-By applying Industrial symbiosis business models, such efficiencies will be facilitated. 

Circular Economy 
Action Plan 

-Encourage waste exchanges within industry by clarifying rules regarding by-products within the EU. 

-Create an arena for implementation of Industrial symbiosis throughout Europe. 

Horizon 2020 -Support research projects in Industrial symbiosis in the 2016-2017 priority area of ‘Industry 2020 in the Circular 
Economy’ focus. 

UN policy 

SCP goal & UNEP -By redirecting investments, apply more efficient technology and better international and national cooperation 
Industrial symbiosis are promoted, and the SCP goals facilitated. 

-Supports the development of Eco-Industrial Parks globally, as regarded superior industrial systems. 

Setting up instruments  Industrial symbiosis is supported by the UN by the following initiatives: 

-Strengthen and communicating the knowledge base for SCP and resource efficiency.  

-Capacity building within governments promoted. 

-Consolidating and extending business and industry partnerships. 

-Influence consumers in their purchase choice.  

Int. Resource Panel -International Resource Panel established to promote resource efficiency and life cycle thinking, through research 
activities and publications, etc.  

OECD  

Materials, Resources, 
Productivity and 

Environment 

-Through stronger cooperation between industries and resource efficiency, enhanced materials management, and 
the use of sustainable natural resources, circular economy and Industrial symbiosis, can evolve. 

-The three R’s are promoted to reach this; the Reduce, Reuse and Recycle initiatives.  

Resource Productivity 
in the G8 and the OECD  

Industrial symbiosis is supported by the OECD by the following initiatives: 

-Greater coherence between different policies. 

-Stronger partnerships between research and civil society and the private sector. 

-Better understanding of the total through-put of materials in our global economy. 

-Increase resource efficiency through shared policies. 

-Allow different solutions in different contexts and governmental levels. 
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4. MEC case analysis  357 

This case describes the initial development and incomplete implementation of the Maabjerg Industrial 358 
Symbiosis. The first phase includes planning and construction of the Maabjerg BioEnergy biogas 359 
plant as a central unit in a comprehensive industrial symbiosis near the city of Holstebro in rural 360 
Jutland, Denmark. The second phase describes how and why the subsequent plans to develop the 361 



Maabjerg BioEnergy biogas-based symbiosis, into a more advanced Industrial symbiosis, through the 362 
Maabjerg Energy Center, has been unsuccessful to this date.    363 
 364 
4.1     MEC case - phase one  365 
The project takes off in the beginning of 2002, where the initial plans revolves around the building 366 
of a biogas plant in Maabjerg, to treat manure from local piggeries, mink and dairy farms. The main 367 
purpose is to help farmers live up to new regulation related to protection of local aquatic environments 368 
following implementation of Danish law ratifying the EU water framework directive from the late 369 
90’s. In 2004, the process severely picks up speed when a feasibility- and development project is 370 
granted 28 million DKK (3.7 million Euro) in financial support from the EU as part of the 371 
ECOSTILER project (Energy Supply, 2012). An illustration of the developed project is provided in 372 
Figure 1 below, which also show the symbiosis as it looks in operation in 2019. In this constellation 373 
of the bio-refinery and industrial symbiosis, the MEC has the following three symbiotic exchange 374 
flows with the surrounding society: 375 
1) Exchanges with local agriculture: The facility receives manure from approximately 200 local 376 
farmers for the biogas plant and straw from local farmers for the CHP plant. The farmers receive N-377 
rich reject water from dewatering of the biogas plant’s digestate as well as electricity and district 378 
heating from the facility. 379 
2) Exchanges with local dairies: The facility receives whey from local dairies for the biogas plant 380 
and supplies the dairies with electricity and with biogas for process heat. 381 
3) Exchanges with regional energy and waste sectors: Sewage sludge and slaughterhouse waste 382 
for the biogas plant and municipal solid waste and wood for the CHP plant are exchanged with biogas, 383 
electricity and district heating.  384 
 385 

386 
Fig. 1. Maabjerg BioEnergy biogas plant as conceived in 2002 and as operated in 2019. CHP: Combined Heat and Power 387 
station Maabjerg-værket. Numbers refer to policy framework highlights in table 3. 388 
 389 
The development period from 2004 until construction starts in 2010 is dominated by; i) time and 390 



resource consuming administrative processes at the municipal level, ii) changing political support 391 
predominately influenced by general elections in Denmark in 2005 and 2007, and iii) financial 392 
uncertainty related to changing framework conditions and the financial crisis in 2008. The project is 393 
very close to being abandoned during this period, but local support, a dedicated consortium and agile 394 
politicians at municipal and national level, carries it through. The whole process, from initial idea to 395 
operation, took 10 years, whereof eight of them where planning, projecting and problems and the last 396 
two were construction and initiation. 397 
 398 
4.2     MEC case - phase two 399 
During 2009, even before the minister initiated the construction of the biogas plant at Maabjerg, two 400 
important events occurred that would later help shape the near future for the facility: In EU, the first 401 
renewable energy directive (2009/28/EC) is adopted, establishing an overall policy for the production 402 
and promotion of energy from renewable sources in the EU. The new directive requires the EU to 403 
fulfil at least 20 % of its total energy needs with renewables by 2020 and requires that all EU countries 404 
ensure that at least 10 % of their transport fuels come from renewable sources expected to contribute 405 
substantially to reaching this target (European Parliament, 2009). 406 
Also, in 2009 DONG Energy, one of the MEC consortium partners, start production of second 407 
generation bio-ethanol from straw at pilot scale. The project has been in a development process 408 
running parallel with the development of the biogas facility in Maabjerg. Financial support for R&D 409 
and early operation from EU and DK totaling 40 million Euro has been essential for the realization 410 
of the project (Larsen, 2010). 411 
The combinations of these two events spark an interest in the MEC consortium to expand the 412 
symbiosis to encompass production of second-generation bioethanol. The involvement of commercial 413 
partners in the consortium increase substantially and in 2011, the project is granted 19 million DKK 414 
(2.5 million Euro) from DK R&D funds to further develop the project. The resulting symbiosis outline 415 
plan is provided in Figure 2 below. The integration of a bioethanol facility leads to increased straw 416 
requirements, high internal mass and energy integration and a severe increase in the output of energy 417 
products.   418 
A business plan milestone report from the project determines a set of positive societal contributions 419 
from the investigated system, along with some regulatory challenges and framework conditions that 420 
needs to be resolved to realize the project (MEC, 2012). The business plan is positive for a 20-year 421 
investment decision of a 3.6 billion DKK (480 million Euro) project - total incl. the cost of the already 422 
established biogas plant - if the required framework condition changes are met. The new project is 423 
expected to profoundly increase the economic and environmental benefits of the already established 424 
biogas plant due to the symbiotic nature of the proposed system.  425 
During the following eight years the project was further developed, then finally abandoned and then 426 
again recently revived. Today, it has still not been realized. Initially, the project required four major 427 
framework conditional incentives to make a positive investment decision, being i) Danish tax 428 
exemptions, ii) classification dispensations related to Danish law, iii) politically promoted market 429 
conditions and iv) state guaranteed loans for co-financing the construction. During the development 430 
period, the tax exemptions are partially cleared and a market for second-generation biofuels is 431 
promoted by new policies in EU, fixing minimum blend ratios of second-generation biofuels into 432 
diesel and gasoline (López. 2019).  433 
 434 



435 
Fig. 2. Maabjerg Energy Center (MEC) 2013 design. This design is still under development and consideration for 436 
realization. Numbers refer to policy framework highlights in table 3. 437 
 438 
However, the development of these conditions is long and bendy and along the way the consortium 439 
is broken up. The state guaranteed loans for co-financing the construction of the plant is never granted 440 
and despite financial support for establishment and operation from EU NER funds of almost 40 441 
million Euro and the Danish government of almost 19 million Euro  - a positive investment decision 442 
was never realized (MEC, 2018 & Danish Government, 2017). 443 
 444 
4.3 MEC case situated in the Industrial Symbiosis policy framework landscape of indirect 445 
measures 446 
The MEC case is developed in a policy framework landscape dominated by indirect regulation not 447 
specifically aimed towards the area of Industrial Symbiosis. This is supported by a summary of 448 
highlight policy framework impacts provided in Table 3. The first phase of the bio-refinery was 449 
completed despite several significant barriers related to three main areas: 450 

1. Low value of biogas product 451 
2. High cost of project development and construction 452 
3. Tax on incineration of fiber-residues 453 

The first phase of the MEC system was established primarily to support local agriculture in complying 454 
with the new EU water directive framework. The political support to accomplish this task was 455 
substantial and the barriers were overcome via supportive political frameworks in the following areas:  456 

1. New energy regulation increasing biogas value via feed-in tariffs for biogas-based electricity  457 
2. New tax regulation related to the categorization of by-products and the potential incineration 458 

of these without waste incineration taxes 459 



3. Strong financial support for project development and implementation from EU and Danish 460 
funds related to development of renewable energy systems. 461 

It is relevant to notice that none of the barriers – or the political solutions, related directly to the initial 462 
local problem with complying to the EU water framework directive.   463 
The second phase of the MEC system was developed with the ambition to create a new-to-the-world 464 
integrated industrial symbiosis aiming towards many adverse goals including improved utilization of 465 
a local biomass resource (straw), increased value from existing sub-systems (biogas plant and CHP 466 
unit), production of advanced biofuels with lower carbon intensity, creating local jobs and economic 467 
activity etc. The barriers encountered in this part of the project related to the following main aspects: 468 

1. Establishing a domestic/regional market for second generation bioethanol 469 
2. Support for development and implementation of a new-to-the-world bio-refinery concept 470 
3. Indirect regulation related to IS sub-systems blocking the symbiotic benefits of the entity 471 

The process of resolving these issues were very long but relatively fruitful. In the end, a positive 472 
market was established in Denmark and the EU. But the timespan of the secured market was very 473 
short and shorter than the return on investment expected in the MEC case. The project also obtained 474 
substantial financial support for development and operation. Finally, many of the issues with indirect 475 
regulation were also resolved. However, the huge investment required to construct and initiate the 476 
core process of the advanced MEC system was never provided. Insecurity on the long-term feasibility 477 
of second-generation bioethanol combined with wavering political acknowledgement in Denmark of 478 
EU’s proclaimed necessity of biofuels blocked for funding from the sources commonly used in 479 
Denmark for large scale critical infrastructure.  480 
Establishing an Industrial Symbiosis by constructing large-scale core-processes to develop a system 481 
from detached components is a complex task and success may depend strongly on e.g. the support 482 
and robustness of the political landscape and project consortium, long guarantees and increased 483 
flexibility in adapting indirect regulation to fit a cross-sectorial, symbiotic purpose.  484 
It is again relevant to notice that none of the barriers – or the political solutions attempted, in the 485 
failed attempt of establishing the second phase of the MEC system related directly to the central 486 
ambition to create a new-to-the-world integrated industrial symbiosis. 487 
 488 
Table 3: Policy frameworks highlights in the Industrial Symbiosis (IS) Maabjerg Energy Center (MEC) case  489 

Policy framework Incentive Case impact IS 
system* 

Ref. 

EU water framework 
directive (2000/60/EC) 

New initiatives needed to live up to  
requirements on protection of aquatic 
environments 

The new framework is the direct 
motivation for the farmers and 
municipal stakeholders initiating the 
development process 

Figure 1, 
sub-system 

1 

(European 
Parliament 

2000) 

The CONCERTO 
initiative of the 
European Commission 

Very broad opportunities for funding 
of energy- and climate related projects 
involving multiple renewable energy 
resources. 

Provides all funding required for 
initiation of the development and 
construction process 

Figure 1, 
sub-system 

2 

(EU SCIS 
2020) 

 

New political energy 
deal in Denmark 

New, higher feed-in tariff on electricity 
from biogas CHP 

Long-term financial security for 
electricity product from biogas CHP. 
Higher, fixed price and longer subsidy 
period.  

Figure 1, 
sub-system 

2 

(Danish 
Government 

2008) 

New tax regulation in Tax-relief on incineration of fiber- Fibers can be incinerated in waste- Figure 1, (Danish 



Denmark residues from anaerobic digestion incineration CHP of the symbiosis 
without paying waste incineration tax 

sub-system 
2, 3 and 4 

Parliament 
2009) 

EU’s first renewable 
energy directive 
(2009/28/EC) 

Fixed targets for share of renewables 
in national energy systems and 
transport fuels 

Evokes economical and political 
interest in the MEC consortium for 
expansion of the symbiosis 

Figure 2, 
sub-system 

5 

(European 
Parliament 

2009) 

EUDP program for 
energy-related R&D 
funding 

Very consistent program with a long 
history of projects and low-volatility 
support rates applicable for small to 
large projects 

Grant of 2.5 mio euro to develop 
plans for expansion and modification 
of the MEC symbiosis to include 
production of bio-ethanol 

Figure 2, 
sub-system 
5, 6 and 7 

(Thomsen 
2019) 

EU’s NER300 funding 
program 

2 billion euro for innovative low-
carbon technology, including 
innovative renewable energy 
technologies on a commercial scale 
within the EU. 

A potential fund of almost 40 mio 
euro to close financial gaps and 
support operation. 

Figure 2, 
sub-system 

5 

(European 
Commission 
2019; MEC 

2018; Danish 
Ministry of 

Business and 
Growth 2017)  

Dispensations from 
heating- and electricity 
consumption 
regulations 

Flexibility in regulation to 
accommodate new, unforeseen 
business models 

New classification of the entire 
symbiosis opens for new loan 
guarantees. In addition, the symbiosis 
is allowed cost-free use of the 
electricity grid as buffer to balance its 
own production and consumption. 

Figure 2, 
sub-system 
5, 6, 7 and 8 

(Thomsen 
2019) 

EU’s revised renewable 
energy directive 
(2015/1513) 

Include a max cap for first generation 
biofuels and a min cap for advanced 
biofuels in EU member state transport 
energy. 

Increase the feasibility of establishing 
a European market for second 
generation biofuels. 

Figure 2, 
sub-system 

5 

(European 
Parliament 

2015) 

New law related to 
fuel blending and 
biofuels in Denmark 

The law constitutes a requirement of 
minimum 0.9 % advanced biofuels in 
Danish transportation fuels. 

This secures a domestic market for 
the symbiosis’ ethanol product. 

Figure 2, 
sub-system 

5. 

(Danish 
Government 

2016) 

* The different impacts are situated in specific system compartments in figure 1 490 
 491 

5. Discussion 492 

Obstacles and drivers for deploying Industrial symbiosis based on the previous literature review and 493 
the Danish case study MEC are presented in the following section. In the subsequent section, we will 494 
propose guidelines to support the formulation of Industrial symbiosis policies in the future. The 495 
underlined sentences below, are topics that will be discussed further in the ‘way forward’ section that 496 
follows. 497 
 498 
5.1     Suggestions based on literature review & European policy frameworks   499 
Literature review: From the findings in Section 3 (see summaries in Table 1 & 2) it is identified that 500 
governmental reports dealing with Industrial symbiosis often focus on how policies with a top-down 501 
approach and long timeframe, can support such initiatives. Minor emphasis is however on bottom-up 502 
policy instruments to motivate stakeholders at the local/company level. This is also concluded by 503 
Kim (2007) and Jiao and Boons (2014) in their policy analysis where they find a need for more local 504 
and indirect interventions by local governments to create a favorable environment for Industrial 505 
symbiosis to develop. We therefore suggest focusing more on the local/company level, and seek to 506 
design policy instruments that creates synergy between both levels, as stressed by e.g. Kim (2007), 507 
while still acknowledging that properly designed top-down policies including regulation and 508 



taxes/tariffs may also promote Industrial symbiosis. 509 
In Section 3, it was found, that both single and several policy programs supporting Industrial 510 
symbiosis have been investigated - within individual countries and across countries - to identify 511 
appropriate support. The impact of policy programs has had great influence on the development of 512 
Industrial symbiosis. From these studies it is however suggested to provide a clear governmental 513 
policy to support Industrial symbiosis (Van Berkel, 2009; Jiao and Boons, 2014; Costa et. al., 2010; 514 
Huang et. al., 2019).This is found important especially in the initial stage of the development process. 515 
At the same time, flexibility at the local/company level must be provided to adapt to different 516 
solutions (Lehtoranta et. al., 2011; Kim, 2007).  517 
The literature review in general identifies that policy interventions are highly important as 518 
mechanisms to support Industrial symbiosis, especially in the promotion of self-organization 519 
between the stakeholders (Chertow, 2007). But they also stress a lack of appropriate policy 520 
interventions, by for example operational subsidies, and general guidance and support to identify 521 
waste streams within and between companies etc. (Brent et. al., 2008; Ohnishi et. al., 2012). Lack of 522 
such interventions is regarded as obstacles for further development.   523 
The importance of social elements in the development of Industrial symbiosis is also stressed as 524 
important and can e.g. be emphasis on networks of companies and self-organizational initiatives 525 
adopted by companies. Social conditions are pivotal for Industrial symbiosis to emerge, and must be 526 
supported stronger by capacity building within companies (Boons and Spikkink, 2012; Simpson, 527 
2012). Findings from the literature review of case studies in Section 3, lessons learned, suggests 528 
supplementing a top-down regulatory approach with a more incentive-based policy (carrot not stick) 529 
in the future. Such policies should be applied at the regional and local/company level, if the goal of 530 
a more symbiotic society must be reached. Thus, incentive policy at all levels should preferably be 531 
provided (Kim, 2007; Adamides and Mouzakitis, 2009).Policy framework: The EU have supported 532 
the development of Industrial symbiosis by various initiatives focusing on e.g. resource efficiency, 533 
re-cycling of materials and waste, closed-loop activities, circular economy, etc., as well as by funding 534 
opportunities within the Horizon 2020 and the structural funds. This support to deployment of 535 
Industrial symbiosis from the EU (e.g. research funding, Circular Economy Action Plan, etc.) - hence 536 
strong emphasis on materials and energy exchanges - is regarded as valuable incentives, as opposed 537 
to direct top-down regulations posed on companies by national states, also stressed by Lehtoranta et. 538 
al. (2011) and Kim (2007).  539 
The UN holds many of the same visions for Industrial symbiosis as the OECD and have for decades 540 
worked to support the implementation of Eco-Industrial Parks, also in developing countries. They 541 
stress the need for life-cycle thinking and resource efficiency and seek, through the work at IRP, to 542 
de-couple materials and energy consumption from economic growth. This is for example executed 543 
through their promotion of green procurement strategies, which provide a more sustainable marked 544 
pull of goods and products. This tool needs to be adopted stronger by national states.   545 
The OECD recommends better framework conditions for Industrial symbiosis, by e.g. suggest 546 
stronger co-operation between companies, stronger and shared policies, better understanding of 547 
materials and energy flows within companies, as well as more flexible solution applied at the local 548 
level when deploying Industrial symbiosis. 549 
 550 
5.2     Suggestions based on case study MEC 551 
Obstacles in the development of the first phase of the symbiosis included initial local opposition, 552 
slow and resource intensive administrative processes at the municipal level, and uncertainty about 553 



framework conditions on the national and supranational level. While the local opposition could be 554 
quickly resolved, by an early effort involving direct communication and constructive meetings, the 555 
administrative and legislative processes were out of the consortium’s control. 556 
Industrial symbiosis systems that span across multiple sectors are commonly described in the 557 
academic literature, and the same cross-sectoral features can be found in the MEC case that integrates 558 
energy production (biogas, heat and power), agriculture (slurry and agricultural waste), food 559 
production (dairies and slaughterhouses) and transport sector (biofuels). As the MEC system 560 
originally was designed as an integrated concept, the project consortium had to deal with several legal 561 
frameworks at the same time: the first phases primarily with agricultural, energy and waste 562 
legislation, associated with construction of the biogas plant and in the later phases of the project, 563 
primarily with energy legislation related to market conditions for second generation biofuels, support 564 
schemes for investments in energy plants as well as various tax and classification issues related to the 565 
incineration of fiber residues and the appropriate categorization of the system.  566 
The sector integration issue may be difficult to handle by local authorities due to unprecedented cases 567 
and inflexible formulation of laws and regulation. Industrial Symbiosis systems are often highly 568 
situated cases that will be unlike any other handled by the local authorities. Inflexibility and sector-569 
division of policy and regulation can be problematic since the responsible political actors may be 570 
hard to identify and unaware of their responsibility. This was experienced in the early stage of the 571 
biogas plant at local level, national level and even at EU level. The delegation was first sent to talk 572 
to officials working with traffic since then to the agricultural section and finally to commerce and 573 
competition. 574 
Also, utilization of by-products and waste resources may often cross the boundaries between public 575 
and private entities and an effort should be made to ensure that the available options and related 576 
regulation is fit for this task. There may be a lack of sufficiently precise and flexible language in the 577 
legal system to develop suitable over-arching regulation that can promote new, cross-sectoral systems 578 
in optimal ways. As it was the case for the MEC system phase 2, there may be e.g. utility production 579 
and use issues, tax issues and financing options that are only developed for private or public entities 580 
and not for hybrid constructions. In the MEC case it was argued that such a system was critical to 581 
society to enact a transition of the transport sector and therefore, it should be a public-private entity 582 
with the same favorable financing options as heat and power stations. However, legislation was not 583 
flexible to adopt new types of systems in pre-established frameworks and it is not easy to pre-conceive 584 
the nature of designs that do not yet exist. Therefore, development of policy and legislation should 585 
include considerations of how this regulation would influence new-to-the-world industrial symbiosis 586 
concepts.    587 
The trans-sectoral nature of the symbiosis concepts is also problematic in relation to contradictive 588 
regulations in the different laws as well as in relation to local municipalities met with unprecedented 589 
legal issues and comprehensive law complexes. The local authorities may become overly cautious 590 
and reluctant to rule and make decisions in cases where the consequences are unclear. We therefore 591 
suggest a potential solution to accommodate these issues being the establishment of centralized 592 
cooperative authorities on regional and national level to run such projects. Such central organs would 593 
facilitate build hands-on experience much faster than is the case in decentralized systems and would 594 
be faster to establish a knowledge base and catalogue on previous cases, procedures and obstacles. It 595 
would be possible to gather more specialized competencies and it would make it easier to collect 596 
input for policy development. 597 
Due to the complexity of symbiosis projects and the potential large scale and reach of the systems, 598 
funding schemes have to be flexible enough to allow for very long term development, increased risk 599 



of unforeseen delays and substantial uncertainties. We therefore suggest to earmark such flexible 600 
long-term funding options for symbiosis projects within the EU. Successful application for such funds 601 
should provide project development with a higher level of security and therefore have very long – 602 
and flexible, deadlines for realization of the funding and support. Presently, the relevant public 603 
funding support is often relatively short-sighted and the lack of flexibility and security may increase 604 
uncertainty and volatility in the project which is very problematic when dealing with development of 605 
large, complex systems.  606 
Finally, a well-founded positive support at the local, regional and national authorities was found in 607 
the MEC case to secure continuity in project development, as the planning and development process 608 
may span across the temporal scope of the average politician’s position. If decisions may change with 609 
the interpretation of the policy framework, then substantial – and unexpected, setbacks may occur in 610 
parts of the development that was otherwise perceived as being settled. 611 
The main policy frameworks governing the outcome of the MEC case are summarized in Table 3. 612 
The findings in the case support the conclusions of e.g. Costa et. al. (2010) regarding the need for 613 
clear governmental policies at the highest level combined with improved options for flexibility on 614 
regulation at the local level. It is also expected that the recommendations by Laybourn and Lombardi 615 
(2012) on new policy frameworks targeting industrial symbiosis, with statutes bridging e.g. green 616 
growth, innovation, eco-efficiency etc., would have supported the development and implementation 617 
process of the MEC case. On the other hand, the case does not support the apparent need to establish 618 
centralized energy- and material exchanges as the stakeholders in the MEC consortium already had a 619 
broad network across academia and industry supplying ideas, information and contacts to support 620 
development of the symbiosis. 621 
 622 
5.3      Way forward  623 
From the literature study a lack of appropriate policy interventions (Brent et. al., 2008; Ohnishi et. 624 
al., 2012) have been identified as an obstacle in a further deployment of Industrial symbiosis. There 625 
is also, as indicated above, a need to develop incentives policy at all levels (Kim, 2007; Adamides 626 
and Mouzakitis, 2009), and to provide valuable incentives as opposed to direct top-down regulations 627 
only, as argued by Lehtoranta et. al. (2011) and Kim (2007), as well as the EU. We thus  suggest a 628 
combination of a firm regulation providing policy interventions together with more incentive-based 629 
initiatives especially at the local level. The analysis in this  paper therefore suggests that both direct 630 
and indirect policies influence the development of industrial symbiosis systems.  631 
The case study, on the other hand,illustrates that development of industrial symbiosis systems is 632 
influenced by policies in complex ways and often influenced by policy frameworks that have been 633 
developed with other aims and targets than industrial symbiosis as such - the success and failure of 634 
the MEC system is for example depending a broad set of rules and regulations spanning from EU 635 
level biofuel market to national Danish regulation of business models in the heating and electricity 636 
sector. Direct and indirect policies should therefore not be two competing forms of regulation but 637 
rather as mutually supporting regulation.  638 
As a way forward for future regulation we suggest that while formulating direct policies to support 639 
industrial symbiosis policy makers and involved stakeholders should pay attention to how existing 640 
regulation may or may not hinder or promote industrial symbiosis. In that respect, alignment of direct 641 
industrial symbiosis policies with the broader framework of indirect policies may an important 642 
challenge to solve. This is emphasized in the following:  643 
Indirect policies: Based on knowledge from the literature review, we suggest to favoring higher and 644 



penalizing lower waste hierarchy waste management. This could e.g. be by requiring high taxes on 645 
landfill and incineration of waste, bans on landfilling organic waste, and ‘pay-as-you-throw’ schemes, 646 
as this will incentivize changes.  647 
Direct policies: We also suggest providing incentives to companies by e.g. government programs, 648 
through for example, an expert travelling teams, who assists companies at the local level, as well as 649 
other local level stakeholders (municipalities), in addressing Industrial symbiosis. Also, co-operation 650 
platforms can be facilitated by government (see later) in which a fruitful environment for inter-651 
company collaboration can be established.   652 
Such governmental interventions can be formulated within the frame of an overall national Industrial 653 
symbiosis strategy and could provide a clearer governmental policy, as requested by Van Berkel 654 
(2009); Jiao and Boons (2014); Costa et. al., (2010) and Huang et. al., (2019)Such governmental 655 
policy should also provide funding for companies to initiate various symbiotic activities. These issues 656 
are also noted by Johnsen et. al. (2015), who stresses that an overall governmental policy including 657 
funding opportunities, can be a strong driver for a further development of Industrial symbiosis. 658 
Stronger and shared policies initiated by governments, addressing both stronger waste management 659 
practices and incentive policy at the low levels (company), are thus, according to the OECD, 660 
important to apply. In the following, we will provide recommendations of which further initiatives 661 
governments could initiate in their incentives policy at the local level. 662 
Cooperation between companies: We find it necessary for companies to have access to platforms 663 
where they can meet and start co-operating, as a need for stronger co-operation between companies 664 
currently are identified as obstacles, by e.g. the OECD. Within such platform’s sellers and buyers of 665 
by-products etc., can be introduced to each other, and provide a communication tool that currently 666 
lack and act as barrier for a further development. When such platforms are in place, they would 667 
facilitate more self-organizing initiatives between companies (Chertow, 2007) and hence constitute a 668 
driver for further development. Municipalities, or other types of important local stakeholders, should 669 
take part in these platforms, and assists in the work of maintaining and developing them further. This 670 
is also stressed by Johnsen et. al., (2015), who point to the importance of local processes, as drivers 671 
in greening the economy.  672 
More focus at the local/company level (Kim, 2007) is therefore a necessity to promote synergy-related 673 
networks. The co-operation platforms, mentioned above, can therefore facilitate such initiatives, in 674 
which, according to the OECD, context specific and flexible solutions are applied. Thus, here can  675 
more generic solutions be  avoided and more emphasis is given to adaptation and flexibility at the 676 
local level (Lehtoranta et. al., 2011; Kim, 2007).  677 
Knowledge gab: The current obstacles for Industrial symbiosis, related to the need better 678 
understanding of materials and energy flows within companies, as stressed by OECD,  a genuine 679 
problem related to stakeholder’s knowledge gabs. It is therefore important to establish and facilitate 680 
environments to learn about symbiosis techniques, valorization of e.g. companies waste streams to 681 
be aware of Industrial symbiosis opportunities within company and between other companies. Such 682 
learning environments could fill out the current gab of know-how regarding appropriate technology, 683 
appropriate types of and re-use opportunities. ‘Speed-dating’ opportunities between companies could 684 
for example be provided, where they meet and join forces. This could be an important future driver. 685 
Noted by Interreg Europe (2017) is the importance of companies to learn about funding opportunities, 686 
various support initiatives and potential investors to back up the materialization of the identified 687 
symbiotic opportunities. This could for example be provided by the platform above and therefore be 688 
an important driver for change through capacity building within companies and hence awareness 689 
rising among the stakeholders involved (Boons and Spikkink, 2012; Simpson, 2012) 690 



Market demand: Another obstacle is the lack of market demand for certain products and goods that 691 
are produced with focus on materials and energy usage. Local businesses, authorities and 692 
governments, etc. must strengthen their support to green procurement or use of certain goods or 693 
services produced within ‘industrial symbiosis, as sustainable products (Intereg Europe, 2017). Thus, 694 
promotion of green procurement strategies could, according to the UN, be a good driver and 695 
opportunity for companies to promote a green profile and gain competitive advantages and increase 696 
access to new markets.  697 
Centralized cooperative authorities: Experience from the MEC case exemplifies how municipal 698 
level legal processes can be prolonged and influenced by high uncertainty when related to unique 699 
complex industrial concepts. It is therefore suggested to establish centralized cooperative authorities 700 
on regional and national level to run such projects. These units could establish competences, 701 
knowledge and networks to deal with unprecedented, complex cases, faster and much more 702 
efficiently, and would better be able to predict and coordinate the process and thereby support the 703 
development of symbiosis and bio-refinery systems. Development, as well as implementation of new 704 
framework packages on e.g. circular bio-economy, bio-resource efficiency and Industrial symbiosis 705 
systems, would also become faster and better. Concentrating these competencies would also enhance 706 
a potential for more international exchange of knowledge and experience and provide more qualified 707 
input for supra-national policy development. 708 
Flexible funding schemes: Ideally, funding granted for development of complex industrial systems 709 
should remain open and available despite substantial delays and changes in the project. The need for 710 
more flexible funding schemes was also exemplified in the MEC case, where uncertainty about the 711 
possibilities to reach development targets to comply with fund-use deadlines induced substantial 712 
uncertainty and nerve in the consortium and development process. Prolonging or removing fund-use 713 
deadlines would to a larger extent contribute to process stability instead of increasing project 714 
volatility. In the present case, it was seen at least twice how funds were granted with a relative short 715 
deadline adding uncertainty on uncertainty around the project’s success when delays or unforseen 716 
changes in the project development occurred.  717 
Local political and public support: From the MEC case it is further revealed, that broad as well as 718 
targeted communication about project driven increased value and job creation potential, can benefit 719 
such projects substantially. Symbiosis project ideas should gain positive position in the local, regional 720 
and national environment. Learnings from the MEC case points out how locally relevant impacts like 721 
e.g. job creation may be a forceful driver on the local political level but less so on the national and 722 
supra-national level. Identifying and promoting political gains on all levels of the governance 723 
structure, may therefore increase the chance of project success.  724 
 725 

6. Conclusion 726 

Departing from the policy analysis we suggest supporting the deployment of Industrial symbiosis 727 
through the following initiatives:  728 
The review of industrial symbiosis literature identified potential policy drivers and suggest that 729 
governments could support industrial symbiosis development by providing economic and policy 730 
instrument. Such policies could for example favor higher- and penalizing lower waste hierarchy waste 731 
management practices within companies. These initiatives could include high taxes on landfill and 732 
incineration of waste, ban landfilling of organic waste, and ‘pay-as-you-through’ schemes, as this 733 
indirectly will create changes.      734 
According to the research findings in this paper an important driver for industrial symbiosis 735 



development is the implementation of incentives-policies and  support to companies at the local level, 736 
hence providing more fertile conditions through bottom-up strategies in the local communities. Here, 737 
indirect policies like land use regulation and planning, and waste policies, can  can work as a vital 738 
driving force (Kim, 2007; Lehtoranta et. al., 2011; Adamides and Mouzakitis, 2009). 739 
Besides this, the analysis indicate that access to platforms where companies can collaborate in some 740 
cases can function as a driving force.  Within such platform’s sellers and buyers of by-products etc., 741 
can be introduced to each other, and provide a communication tool to overcome the obstacle related 742 
to insufficient knowledge about potential symbiotic partners.  743 
The literature indicate that many stakeholder’s have knowledge gabs as far as Industrial symbiosis. 744 
The analysis suggest that establishing and facilitating learning environments related to symbiosis 745 
techniques can act as a driver in the development process. Such learning environments, as e.g. 746 
workshops with company speed-dating, could fill out the current gab of know-how regarding 747 
appropriate technology, appropriate types of and re-use opportunities.  748 
Knowledge about funding opportunities, various support initiatives and potential investors to back 749 
up the materialization of the identified symbiotic opportunities was identified in the literature study 750 
as potential drivers for symbiotic development. Also, according to the analysis on policy programs, 751 
local businesses, authorities and governments, etc. could contribute to symbiotic industrial 752 
developments by adopting green procurement or use of certain goods or services produced by 753 
‘industrial symbiosis. This can strengthen the market demand and pull effects. 754 
The MEC case analysis illustrates how policies and regulation, not focusing specifically on the 755 
implementation of Industrial symbiosis, is often the most important drivers for the plants’ actual 756 
realization, exemplified by e.g. the biogas feed-in tariff scheme. This was seen also in the literature 757 
review, where several studies have recommended more bottom-up incentives, and concluded that 758 
indirect policies may often have a higher impact compared to the direct policies targeting Industrial 759 
symbiosis. 760 
The work with the MEC case exemplifies drivers and obstacles related to the situated context. In the 761 
specific case, these include the potential value of for example; i) more flexible funding schemes with 762 
longer or no fund-use deadlines, ii) establish centralized cooperative authorities on regional and 763 
national level, iii) local political and public support, with special emphasis on identifying and 764 
promoting values on multiple government levels. As the nature of a case is highly context specific, a 765 
more comprehensive effort would be required to unfold the case-based findings into general 766 
recommendations. In such endeavors, the current findings should serve as an indication of relevance 767 
and as inspiration for further studies. 768 
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