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Abstract 
The research field of industrial ecology studies energy and material flows within and between 

different systems in our society while the concept of industrial ecology strives toward mimicking 

similar flows in natural eco-systems. Industrial ecology can be a means of achieving decoupling 

between economic growth and environmental impact within the industry sector. A sub-field of 

industrial ecology is industrial symbiosis which focuses on material, energy and water exchanges 

between traditionally separate actors in order to achieve economic and environmental benefits.  

Energy provider E.ON is a part of the industrial symbiosis network on Händelö outside of Norrköping. 

E.ON also has operations in the Northern Harbour industrial area in Malmö, and sees an opportunity 

for the development of industrial symbiosis in that area which has unexploited land. The aim of this 

thesis is to explore how a private actor can influence the industrial development of an area to 

facilitate the formation of industrial symbiosis connections. This is done by studying the emergence 

and development of industrial symbiosis in Händelö and how different actors have influenced that 

development, as well as the conditions for such development in the Northern Harbour.  

Industrial symbiosis in Händelö has evolved spontaneously because of profitability in each 

connection. This study shows that the establishment of Agroetanol’s ethanol pilot plant next to 

Händelöverket was an enabling event in the development of the industrial symbiosis network. The 

diversity of fuels used in Händelöverket, and the number of energy products that it provides suggest 

that it served as a so called anchor tenant in this development, attracting Agroetanol with its 

availability of steam produced from renewable fuels. This was one important aspect for the 

establishment of Agroetanol. Political instruments such as a tax exemption on Agroetanol’s plant and 

CO2 and energy taxes on fossil fuels have also contributed to this development.  

Conditions for industrial symbiosis in the Northern Harbour in Malmö are quite different from those 

in Norrköping. An important difference is that industrial symbiosis has been recognized as a tool for 

sustainability and might be considered when planning the unexploited land. There are however many 

interest in this land, especially by the port company CMP and the City of Malmö’s Real Estate Office 

who have invested large sums in expanding the port business. They prefer goods intensive businesses 

that utilize the infrastructure provided by the port and railway in the area. Malmö has also set some 

ambitious environmental targets to be fulfilled 2030. They create a need to transition from the partly 

natural gas powered energy system today to one based on renewable fuels. There are also 

opportunities in a gasification plant which is planned by E.ON, and an EU-funded project seeking to 

make use of the biofuels potentials of port sites by using industrial symbiosis.  

The conclusions of the study are that there are ways for a private actor to influence industrial 

symbiosis development. Some that have been identified in this work are:  

 As an anchor tenant with multiple large input and output streams, by attracting businesses

to the area.

 As an enabler of a biorefinery network with multiple end-products and by-products.

 As a part of a coordinating entity that aims to facilitate industrial symbiosis.
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1 Introduction 
In the first chapter the background to this thesis is presented followed by the aim, research questions 

and delimitations of the study. 

1.1 Background 
Industrial activities use resources such as materials, water and energy. Historically, industrial and 

economic growth has been associated with increased environmental impact. The introduction of coal 

and, more importantly, oil as primary energy sources that has enabled this growth the last centuries 

has also lead to environmental problems and concerns. The main issue of concern today is climate 

change from increased CO2 concentrations in the atmosphere but there is also the issue of these 

fuels being finite resources that at some point will no longer be economically available for extraction. 

This calls for a shift to renewable energy resources and an increased efficiency in production. Growth 

and environmental impact must be decoupled, that is, economic growth must not automatically 

imply increased energy and resource use. (Rademaekers, Zaki & Smith, 2011) 

The research field of industrial ecology studies energy and material flows within and between 

different systems in our society while the concept of industrial ecology strives toward mimicking 

similar flows in natural eco-systems (Erkman, 1997). Industrial ecology can be a means of achieving 

decoupling between economic growth and environmental impact within the industry sector. Other 

than increasing the efficiency of internal production processes and shifting towards renewable 

energy use, system boundaries can also be widened. By integrating firms with each other sub-

optimization can be avoided and even greater reduction in environmental impact can be achieved in 

total while also creating a business value and social benefits, or so called triple bottom line benefits 

(Centre of Excellence in Cleaner Production, 2007). Industrial ecology operating on an inter-firm level 

is called industrial symbiosis which is also the main scientific context for this thesis.  

The industrial area of Händelö in Norrköping, Sweden, has received some attention in the last few 

years for its example of a renewable energy driven industrial symbiosis network (Baas, 2011; Martin 

& Eklund, 2011). A central connection in this network is the steam delivery from the CHP plant 

managed by heat provider E.ON Värme to large scale ethanol producer Lantmännen Agroetanol. 

E.ON has realized the potential business and environmental value of this connection and have 

ambitions to develop similar synergistic connections in the industrial area of Northern Harbour 

(Swedish: Norra Hamnen) in Malmö, Sweden where they also operate a natural gas fuelled CHP 

plant. Northern Harbour is still being developed and there is yet unexploited land available. E.ON 

sees an opportunity for attracting businesses to Northern Harbour that could contribute to synergy 

effects from industrial symbiosis. In this thesis the two industrial areas of Händelö and Northern 

Harbour and their conditions for industrial symbiosis are explored and compared. The results are 

condensed into what measures E.ON as a private actor might undertake in order to facilitate the 

development of industrial symbiosis in Northern Harbour.  

1.2 Aim 
The overall aim of this thesis is to explore how a private actor can influence industrial development 

in an area in order to facilitate the formation of industrial symbiosis connections for environmental 

and economic synergy effects.  
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1.3 Objectives 
The objectives of this research are:  

 With industrial symbiosis concepts as an underlying framework, compare the conditions for 

development in the two cases and establish differences and similarities between them.  

 To identify relevant learning from the Händelö case and explore how this can be of use to the 

Northern Harbour.  

 To establish E.ON’s role in the development of Händelö industrial symbiosis network and 

discuss the potential role that E.ON could play in the development of Northern Harbour.  

 To discuss the potential role and implications for other public and private actors in the 

development of the Northern Harbour.  

1.4 Research questions 
The following research questions have been formed in order to achieve the aim and objectives of this 

thesis:  

RQ1. What factors have influenced the development of the industrial symbiosis network in 

Händelö? 

RQ2. How has different actors influenced the development of the Händelö industrial symbiosis 

network?  

RQ3. What experiences from Händelö can be of use in Northern Harbour and how can they be 

taken into account in the development of Northern Harbour? 

RQ4. What concrete measures might E.ON take to steer the development of Northern Harbour 

towards becoming an industrial symbiosis network?  

RQ5. How can different public and private actors influence critical factors in the development 

of the Northern Harbour?  

1.5 Delimitations 
This thesis does not aim to make an inventory of past and present symbiotic connections in the 

Händelö industrial symbiosis network, but rather focuses on why those occurred. A select number of 

symbiotic connections have been studied because of time and resource constraints. The connections 

are those between bioenergy producers E.ON Värme, Lantmännen Agroetanol and Svensk Biogas, 

and Norrköping Municipality as a consumer of energy and provider of fuel. There are more 

connections that could have been explored, however, which would have added to the result of this 

work. Furthermore, the focus is not to quantify environmental or economic gains from said symbiosis 

network, or the potential ones in the Northern Harbour in Malmö.  

The Northern Harbour area contains some 100 companies today. A previous study done by 

consultant firm WSP provides an inventory of a total of 25 energy producers and major consumers, 

waste and recycling companies and transportation providers in the Northern Harbour area. No 

further inventory of companies present in the Northern Harbour will be made. 
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2 Methodology 
The methodology, or research design, describes and motivates the methods and tools used in the 

research done in this thesis work. 

Carrying out this thesis work has not been a linear process, but rather an iterative one. The different 

phases and the intended order, as well as the iterative processes are visualized in Figure 1. The 

practical work carried out in each phase is briefly explained below. The steps taken to answer each of 

the research questions are presented in 2.5.1.  

 

 

Figure 1. Work process.  

2.1 Initial orientation and planning 
The initial phase comprised of writing a planning report as well as obtaining an overview of the 

situation at hand. This was done partly through an inventory of available literature and documents 

and the scanning of this information. Together with a few unstructured interviews with key persons 

involved in the development in Händelö and relevant stakeholders in Northern Harbour this gave the 

background needed for a first attempt at forming aim and objectives for this thesis as well as finding 

other relevant sources of information.  

2.2 Methodology 
Possible methods where researched in this phase. This thesis has a clear focus on two separate cases 

with the same unit of analysis1 that need to be studied in detail and then compared. For this purpose 

qualitative research in the form of a case study is a suitable method. More specifically, this is a 

comparative case study, where the two cases of Händelö industrial symbiosis network in Norrköping 

and Northern Harbour industrial area in Malmö will be examined and compared.  

A case study is an in-depth study of a phenomenon, such as an event, individual, group of people or 

institution, within its real-life context and is one of few research methods that investigate both the 

phenomenon at hand, as well as the influence of the context in which it is situated (Yin, 2009). The 

case study is therefore suitable in situations where the boundaries between the phenomenon and its 

context are diffuse (Yin, 2009). For this thesis both cases need to be studied in their context.  

                                                           
1
 The major entity that is being studied. 

Initial orientation 
and planning 

Methodology Literature review Data collection 
Analysis and 
discussion 

Presen-
tation 

 
Iterative processes 
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2.3  Literature review 
The literature review consisted of an initial scanning of available, primarily industrial ecology and 

industrial symbiosis related literature that could be relevant for this work. As data have been 

collected, there have been indications on what literature may be relevant. This literature has then 

been read more thoroughly. As the data collection and analysis has progressed, some additional 

references in literature have been needed in order to build arguments for the analysis.  

2.4 Data collection 
The data collection in this study has partly consisted of a literature review of the literature available 

on the Händelö industrial symbiosis network. Furthermore, document analysis have been used to 

gather additional information on the cases from public and internal documents, reports and official 

municipal plans and documents such as detailed plans (Swedish: detaljplaner) and comprehensive 

plans (Swedish: översiktsplaner).  

To complete the information available from written sources, complementing unstructured and semi-

structured interviews with key persons from different stakeholder organisations in Händelö and 

Northern Harbour areas have been carried out. Unstructured interviews are very similar to a 

conversation and the interviewer might have just a single question or topic to discuss, letting the 

interviewee answer freely and asking follow-up questions based on the answers (Bryman & Bell, 

2007). Semi-structured interviews are carried out with a list of questions or specific topics to be 

covered, referred to as an interview guide (Bryman & Bell, 2007). The interviewee can still answer 

freely and the interviewer may pose follow-up questions not in the interview guide, and normally all 

questions in the interview guide are asked.  

A complete list of interviews is found in Appendix 1. Since different information was wanted from 

each interviewee no uniform set of questions was used. The information obtained from each 

interview was cross referenced to the extent possible with other interview data and available 

documentation and literature in order to increase objectivity and reliability. The gathered 

information, together with relevant literature and sometimes findings from the analysis, has 

indicated what new data has been needed. This data has then been attempted to find. 

2.5 Analysis and discussion 
In this final phase the collected data has been put in the context of the total data collected and to be 

scrutinized and reviewed based on relevant literature in order to answer the research questions as 

described below. This was then followed by a discussion to further evolve the answers to the 

research questions and to reach conclusions about the aim of this thesis.  

When reviewing the collected data, factors influential for the development of industrial symbiosis 

have been identified. These factors have been categorized according to well-known categories of 

enablers and barriers to industrial symbiosis. These categories are further explained in section 3.4. In 

the analysis chapter, these factors identified in the Händelö case are further analysed within their 

context and with literature to discern in what way they were important for the development of 

industrial symbiosis. Regarding the Northern Harbour case, the factors identified are further analysed 

based on their context and relevant findings in literature as to why and how they might influence the 

development of industrial symbiosis in the Northern Harbour.  
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The findings in the analysis are further discussed in chapter 7, where implications for the Northern 

Harbour case are discussed based on lessons from the Händelö case together with relevant 

literature.  

2.5.1 Practical approach to answering research questions 

In order to reach the aim and objectives of this thesis, several research questions needed answering. 

The processes to answering each of these five research questions are presented below.  

RQ1. What factors have influenced the development of the industrial symbiosis network in 

Händelö? 

This is a broad question that involves many processes and decisions that have taken place during a 

long time span. To identify critical factors that have influenced the development of the Händelö 

industrial symbiosis network, a literary review on academic literature on the Händelö bioenergy 

connections as well as regional industrial symbiosis in Östergötland has been carried out. To 

complete this information, additional interviews were held with people in current or previous 

different stakeholder positions. A complete list of interviews can be found in Appendix 1.  

Based on the collected data and available literature, several crucial occurrences in terms of decisions 

or processes have been identified as especially influential. Processes and decisions deemed 

important were scrutinized to find out why they occurred the way they did. In answering the why-

question, important factors that have facilitated or hindered the development of industrial symbiosis 

connections in Händelö could be identified.  

RQ2. How has different actors influenced the development of the Händelö industrial symbiosis 

network?  

In researching RQ1, the majority of actors that were most influential could be readily identified. The 

roles of these actors sometimes needed further exploration however, which was primarily done 

through interviews and document review.  

RQ3. What experiences from Händelö can be of use in Northern Harbour and how can they be 

taken into account in the development of Northern Harbour? 

For the Northern Harbour case, basic local conditions in terms of actors present, their negotiation 

power, economic and political climates, geography and existing connections to mention a few, first 

needed to be established. This was done through document analysis and interviews with people from 

different stakeholder’s organizations. A complete list of interviews can be seen in Appendix 1. These 

local conditions in comparison to conditions for the Händelö case together with the answers to RQ1 

and RQ2 would serve as a baseline for the possible adaptation of experiences. These needed to be 

further analysed however in order to identify the most useful ones in the settings of the Northern 

Harbour.  

RQ4. What concrete measures can E.ON take to steer the development of Northern Harbour 

towards becoming an industrial symbiosis network?  

Based on the previous research questions and relevant available literature, a discussion on what 

E.ON as a private actor and energy provider can do to facilitate the development of an industrial 



Influencing Industrial Symbiosis Development  Methodology 

6 
 

symbiosis network resulted in implications regarding what role E.ON might take realize such a 

network. 

RQ5. How can different public and private actors influence critical factors in the development 

of the Northern Harbour?  

Based on RQ1-RQ3 and relevant available literature, the potential roles of other actors, private and 

public, that might influence a development of an industrial symbiosis network were discussed to 

result in implications for these actors that could facilitate the development of an industrial symbiosis 

network.  
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3 Scientific context 
This chapter provides the scientific context for this thesis. This is done through an overview of the 

research field industrial ecology and more specifically the branch industrial symbiosis as well as a 

review of relevant previous research in this field. Adjacent research fields relevant for this work are 

also presented.  

3.1 Background 
Industrial ecology (IE) as a concept of material and energy flows through society’s systems mimicking 

those of natural ecosystems has existed for a long time, but it emerged as a research field in the 

1980’s. Over time, industrial ecology has evolved into a multi-disciplinary field of applied research, 

policy and industry practice (CECP, 2007). A common definition of industrial ecology is provided by 

White (1994):  

The study of the flows of materials and energy in industrial and consumer activities, of the effects of 
these flows on the environment, and of the influences of economic, political, regulatory, and social 
factors on the flow, use, and transformation of resources. 

The analogy with the natural ecosystem, where all waste created is reused by other organisms within 

the system, fuelled only by renewable energy from the sun, is the model for industrial ecology. Apart 

from this aspect of the “ecology” part of industrial ecology, it can also be seen in a wider context. The 

industrial system can in fact not be separated from the biosphere since it relies on the resources and 

services of the biosphere. The interactions between the biosphere and the industrial systems are 

therefore another important aspect of IE (Erkman, 1997). 

A basic principle of IE is industrial metabolism, or the study of material and energy flows through a 

system usually on a regional or higher level. As Erkman (1997) points out, IE goes beyond this analytic 

and descriptive approach that uses mass balancing to understand the connections between human 

activities and the throughput of materials and energy. In addition, IE is about understanding how 

industrial systems work and how they interact with the biosphere. Only then can industrial systems 

be remodelled in order to mimic the natural ecosystems.  

IE can operate on different levels, as illustrated by Chertow (2000) in Figure 2. Industrial symbiosis 

(IS) is a branch of industrial ecology that operates on the inter-firm level. Like the name suggests it 

involves mutually beneficial exchanges of energy and materials between firms. The “symbiosis” part 

of the name is a parallel to the symbiotic relationships in nature, more specifically mutualism, the 

type of symbiosis where both parties benefit from the relationship (Chertow, 2000).  
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Figure 2. Industrial ecology operates on three levels. Source: Adapted from Chertow (2000). 

3.2 Industrial symbiosis 
The term industrial symbiosis has its origins in the Danish municipality of Kalundborg, where the first 

recognized and most well-known example of an industrial symbiosis network as an intricate network 

of material and energy exchanges is located (Chertow, 2000). The network that has evolved since the 

early 1970’s was first recognized for its environmental efficiency in the late 80’s. By sharing ground 

water, surface water, steam and fuel as well as exchanging by-products to serve as input materials in 

other firms’ processes, both high financial and environmental efficiency has been achieved (Chertow, 

2000). 

Industrial symbiosis is hard to explicitly define but attempts have been made by many different 

authors, all stating their view of what industrial symbiosis should entail. Valdemar Christensen 

(Christensen in Chertow, 2000), former plant manager at the power plant in Kalundborg, originally 

defined IS as:  

…a cooperation between different industries by which the presence of each ... increases the viability 
of the other(s), and by which the demands [of] society for resource savings and environmental 
protection are considered.  

This is a broad definition that does not limit the type of cooperation (by-product exchanges or utility 

sharing, see 3.2.1 for further explanation of types of synergies) but includes the consideration of 

environmental aspects of industrial activates. For these reasons, this is the definition of industrial 

symbiosis that will be used in this thesis. The most common definition however, is probably that by 

Chertow (2000) which is one of the most referred to definitions is the field of industrial symbiosis:  

The part of industrial ecology known as industrial symbiosis engages traditionally separate entities 
in a collective approach to competitive advantage involving physical exchange of materials, energy, 
water, and by-products. The keys to industrial symbiosis are collaboration and the synergistic 
possibilities offered by geographic proximity. Eco-industrial parks are examined as concrete 
realizations of the industrial symbiosis concept. 

Chertow’s definition is focused on material and energy exchanges for competitive advantage. It is 

notable however that there is no mention of sustainability in this definition, whereas Christensen’s 
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definition includes resource saving and environmental protection. Chertow also touches upon the 

concept of eco-industrial parks (EIP) in this definition, as being the realization of IS.  

3.2.1 Synergistic effects and other benefits of industrial symbiosis 

Industrial symbiosis is often referred to in terms of synergies, which also appears in the definition by 

Chertow (2000). In this thesis, two types of synergies that have direct effects on the involved entities 

will be primarily considered.  

The first type is the by-product synergy that involves the use of a previously unused or undervalued 

by-product as an input material in another facility. This can reduce waste and the extraction of virgin 

materials as well as add economic value to the by-products (CECP, 2007). The second is the utility 

synergy where companies share utility infrastructure such as the production of energy, the handling 

of process water or joint waste and emissions treatment. Utility synergies can lead to economic 

savings due to the economy of scale (CECP, 2007). By the same logic it should be possible to obtain 

environmental benefits from shared utilities. If utility services are outsourced, it also allows for the 

companies to focus on core business, while utilities are handled by expertise in that area. A third 

synergy that is normally considered business as usual is the supply synergy among collocated 

customers and suppliers. It means no or short transport distances (CECP, 2007). 

Industrial symbiosis among actors can also lead to spin off effects. On a regional level, it can 

strengthen the co-operation between different actors, both public and private (Burström & 

Korhonen, 2001). It has also been known to benefit environmental innovation, and there is room for 

new niche industries that fill the gaps between other industries in processing by-product for example 

(Mirata & Emtairah, 2005; CECP, 2007). That would further increase the regional economy in creating 

new jobs. Industrial symbiosis has also been used as a marketing argument by regional and local 

authorities to attract and retain new businesses in the region (Lombardi & Laybourn, 2012). 

3.3 Planned and unplanned developments 
Two models of how industrial symbioses emerge are often mentioned in literature. One is the 

planned eco-industrial park model, where there have been “conscious efforts to identify companies 

from different industries and locate them together so that they can share resources across and 

among them” (Chertow, 2007). The planning often involves a stakeholder group of diverse actors in 

order to guide the process. Governmental agencies are often represented in the group in order to 

facilitate land planning and grant giving for example (Chertow, 2007).  

The other model is the self-organized, or unplanned, symbiosis model described by Chertow (2007). 

The driving force for the symbiosis in this model is decisions made by private actors for economic 

gains. Each exchange initiative has to be feasible from a market perspective and if one proves to be 

successful, more might follow. Though these initiatives might not be recognized as industrial 

symbiosis at first, it is possible to strengthen and further develop the symbiotic connections in 

retrospect. Since this thesis compares the self-organized development in Händelö with what in some 

respects might be a planned development in Malmö, these concepts seem relevant to explain 

further. 

Chertow (2007) find that attempts to plan industrial symbiosis in the form of eco-industrial parks, 

particularly from scratch, are rarely successful. Instead, the self-organized systems, often developed 

from a single successful exchange, have been more fruitful. According to Chertow and Ehrenfeld 
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(2012) one of the reasons for this might be that by-product exchanges in planned developments are 

often given higher priority than economically motivated and that the focus on technical aspects, 

matching flows, makes the system rigid and less adaptable. They further explore the success of self-

organized symbioses and suggest a three-stage model for the level of maturity of said symbioses:  

1. Sprouting: A single or a few exchanges are formed on a random basis and their feasibility 

tested. Limited networks of exchanges are formed.  

2. Uncovering: The networks are recognized for creating environmental value. Both goals and 

range of membership are broadened. 

3. Embeddedness and institutionalization: Further expansion of the network becomes 

intentionally driven by an institutional actor normally formed during stage 2.  

Upon comparing planned symbiosis projects in the Rotterdam region in the Netherlands with the 

self-organized activities in the Östergötland region however, Baas (2011) found that planned projects 

sometimes can be more fitting, depending on the surroundings and context of the projects. The high 

industry density but low degree of networking activities in a country with a comparatively low 

innovation rate made the Rotterdam region more suitable for a planned development rather than 

self-organized. The planned development can also be the inspiration for new self-organized 

initiatives, and serve as a basis for trust building and a higher focus on sustainable development.  

3.3.1 Evolutionary approaches for the development of IS networks 

Chertow (2000) suggest that successful industrial symbiosis projects are developed organically over 

time, and while there are ways to speed this process up, an evolutionary approach is best when 

trying to move forward with industrial symbiosis projects. She offers three approaches to facilitate 

self-organized industrial symbiosis development, and these are presented below.  

Existing by-product synergies 

There are many examples of single by-product synergies. If one of these are identified and 

recognized for its business value, higher management of companies can be convinced that these 

kinds of synergies are not particularly risky or novel (Chertow, 2000). The single exchange can then 

be used as a springboard to develop other exchanges and which could result in an industrial 

symbiosis network over time.  

Existing organizational relationships 

Existing organizational relationships or networks can be hotbeds for the sprouting of industrial 

symbiosis activities. Chertow (2000) mentions the arch example of Kalundborg where an organization 

was formed to deal with the common problem of water scarcity and later became the source of ideas 

for other symbiotic relationships.  

Anchor tenant model 

The anchor tenant model suggests that one or two large industries with large input and output 

quantities can drive the system and attract other industries to locate in the vicinity (Chertow, 2000). 

Power plants are typical anchor tenants since they often can utilize a range of different fuels and 

provide many different products to a diverse range of customers. Burström & Korhonen (2001) refer 

to these drivers of material and energy flows as physical anchor tenants, as opposed to the concept 

of institutional anchor tenants explained by the same authors.  
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An institutional anchor tenant would instead provide a system with education, information, social 

and economic infrastructure and a discussion forum that is sometimes needed to move forward from 

the linear throughput of industrial systems. The need for such an entity to develop symbiotic 

connections has been highlighted by Baas (1998), Korhonen et al (1999), Brand & de Bruijn (1999) 

and Behera et al (2012). Burström & Korhonen (2001) further states that many European 

municipalities have this role inherently and that in theory any municipality could therefore serve as 

an institutional anchor tenant. Mirata (2005) found that institutional anchor tenants are at least as 

important as the physical dittos and sometimes even more important. He also found a Swedish IS 

network developed without a physical anchor tenant, but with the municipality’s environmental 

department serving as an institutional anchor tenant with strong relationships to local industry.  

3.3.2 Experiences from planning industrial symbiosis 

In contrast to Chertow’s (2000) evolutionary approaches, a successful case of planned developments 

is the Ulsan EIP in South Korea, initiated in 2005 by Korea National Cleaner Production Center 

together with four other EIP developments, and studied by Behera et al (2012). Their findings offer 

some guidelines on how to make planned developments successful.  

The initiative is divided into three stages that span 15 years of time and aims to retrofit existing 

industrial parks into EIPs. Ulsan is a massive industrial centre with over 100 000 employees in total. 

The introduction of industrial symbiosis in the region was made through an EIP centre, guided by a so 

called champion, a member of academia or industry management who has an understanding of the 

local culture and society, and has a track record of industrial innovation. The role of the champion 

was considered very important in the development of the EIP. 

The EIP centre in Ulsan devised and worked after a “research and development into business” 

framework with three major steps and a set of rules when carrying out these steps. The three steps 

and rules by Behera et al (2012) are explained below.  

1. Exploring new connections: Data collection to identify possible connections, and 

encouragement of participation among companies. Companies are chosen according to local 

proximity and willingness to participate  

2. Feasibility study: Feasibility study that results in a business model reflecting different 

stakeholders’ requirements. Financial support might be needed for the study. The business 

model should consist of symbiotic connections that (i) are based on available technology, (ii) 

generate benefits that exceed investments and (iii) are permitted by law.  

3. Commercialization: Overcoming financial and legal barriers and minimizing risks. 

Negotiations from a starting point of benefits proportional to investment for each involved 

actor.  

Behera et al (2012) found that the robust organisation of the EIP centre with a guiding champion was 

essential in the transition from a conventional industrial complex to an EIP. They also highlight the 

importance of public involvement and marketing successful cases in order to build a strong 

foundation for further development of the formed networks. The result of the Ulsan symbiotic 

connections were annual savings of $68.5 million from investments of $64.9 million and research 

support of $1.9 million and annual CO2 savings of 227 000 tonnes.  
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3.4 Critical factors for industrial symbiosis development 
Since the industrial symbiosis in Kalundborg was recognized and “uncovered”, many have tried to 

understand and develop similar systems as the one in Kalundborg which had evolved spontaneously. 

Some of these attempts have been successful but many have failed (Chertow, 2007). This leads to the 

question of critical factors for success and limitation of an industrial symbiosis network. What are the 

major barriers and opportunities for industrial symbiosis?   

In studying how to transform existing industrial parks into eco-industrial parks, Brand & Bruijn (1999) 

suggests five categories of barriers that need be overcome when establishing an industrial ecology 

approach in a region or park. Planning and management can help overcome these barriers. The 

suggested categories of barriers are:  

1. Technical barriers 

2. Informational barriers 

3. Economic barriers 

4. Political barriers 

5. Organizational barriers 

These five categories, or similar ones, have since been used to categorize not only barriers but rather 

all critical factors for industrial symbiosis development (Jacobsen & Anderberg, 2004; Mirata, 2004). 

The categories will be explained further below.  

3.4.1 Technical factors 

The technical factors mostly concern the flows of materials and energy and the technology needed to 

achieve exchanges of said flows. First of all, one actor must have the capacity of producing a by-

product that another actor has the need for. These needs and capacities must match. Not only must 

the quality of the by-product match the need of the receiving actor, but the quantities must also be 

in the same magnitude for an exchange to be feasible. Other important technical factors are the 

continuity of the flows, temperature and pressure of the flows and supply security. (Jacobsen & 

Anderberg, 2004)  

The case of Kalundborg also suggests that demand security is an important factor, even more so than 

supply security. The demand of a material can be filled by the market. The disposal of a by-product is 

often a harder problem to solve and can have negative effects on the upstream production. 

(Jacobsen & Anderberg, 2004) 

If needs and capacities match, there must also be available technology for realizing the exchange in 

practice, or the competence and finances to develop new technology. The geographical location of 

the needs and capacities respectively of course influence what kind of infrastructure is needed for 

the exchange. There may also be a need for additional treatment, such as cleaning of a by-product 

pre or post exchange, or a change in the production process to be able to use a by-product instead of 

virgin raw material. (Jacobsen & Anderberg, 2004; Mirata, 2004) 

3.4.2 Informational factors 

Information about needs and capacities is crucial in identifying possible exchanges or utility 

synergies. This information needs to be reliable and up to date. Other examples of information that 

can facilitate or serve as a barrier in the identification of synergies is that of available technologies for 
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realizing an exchange as well as the possible use of by-products and previous experiences from doing 

so. Awareness of relevant legal issues and the possibilities for alternative funding or subsidies for a 

project could further influence the evolvement of synergistic connections. (Brand & Bruijn, 1999; 

Mirata, 2004) 

In order to sustain a working connection with another actor, there is probably a need to divulge 

sensitive information about production status and volumes to the other actor. Continuous logging of 

the quality and quantity of a by-product flow can be necessary for billing purposes for example 

(Mirata, 2005). This can be a problem if one party is unwilling to share this information.  

3.4.3 Economic factors 

Economic barriers are present throughout the process of establishing industrial symbiosis 

connections. First of all there might be low or little economic incentives for even start looking for 

potential exchanges, if costs for water, energy and disposal of by-products are low (CECP, 2007). 

Second, once possible synergies have been identified, their investments might be too high or have 

too high risks compared to the return on investment. 

3.4.4 Political factors 

Policies and regulations may serve both as drivers and barriers for industrial symbiosis. For example, 

regulations might prohibit the use of by-products in some applications due to levels of contamination 

or quality uncertainties. By-products are sometimes classified as waste and must comply with 

constraints on recovery and reuse set by environmental regulations (Mirata, 2004). Bans on 

landfilling waste or landfill taxes are examples of policies as a driver for industrial symbiosis 

connections (CECP, 2007). It increases the incentives to find uses for waste streams instead of just 

getting rid of the waste. There might also be subsidies or grants available for reducing environmental 

impact through industrial symbiosis (CECP, 2007). In the United States, liability legislation is an 

especially large barrier for industrial symbiosis (Brand & Bruijn, 1999). 

3.4.5 Organizational factors  

Industrial symbiosis literature often stresses the importance of the social and “human” side of 

industrial symbiosis development (Sakr, Baas & El-Haggar, 2011; Gibbs, 2003; Hewes & Lyon, 2008). 

All involved actors, public, private and other organizations must be willing to cooperate and commit 

themselves to the development process. Forming symbiotic connections might be perceived as being 

very far from a firm’s core business and thus not prioritized (CECP, 2007). Trust is a very important 

issue in industrial symbiosis since it often involves sharing more or less sensitive business information 

in the identification of possible symbiosis connections, and the dependence on another actor should 

a connection be developed (Brand & Bruijn, 1999). 

3.5 Business strategy and industrial symbiosis 
Traditional business theory on competitive advantages focuses on internal resources (Barney, 1991) 

or the market the firm acts on (Porter, 1980). Below, two additional theoretical views on competitive 

advantage are presented. First, Dyer & Singh’s (1998) view on competitive advantage as a result of 

alliances or relationships between firms is presented followed by Porter’s (1998) notion that clusters 

of co-located firms within the same business field can generate a competitive advantage.  
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3.5.1 Inter-firm relational rent 

Traditional business theory views competitive advantages primarily based on what industry a certain 

firm belongs to (Porter, 1980), or resource heterogeneity within a firm (Barney, 1991). Dyer & Singh 

(1998) propose a third view however, the relational view, based on the notion that competitive 

advantage can be achieved also by looking across firm boundaries and forming relationship between 

firms. The relational view suggests that a relational rent can be generated if firms combine resources 

in a unique way and get competitive advantage. Relational rent is the extra profit generated when 

two or more firms are in an exchange relationship and that cannot be generated by a single firm in 

isolation.  

The room for competitive advantage lies in the fact that many businesses keep each other at arm’s 

length by low exchanges of information and separate technological systems. By expanding business 

to include inter-firm assets and knowledge, competitive advantages in the form of profits that could 

not otherwise have been generated may occur. Dyer & Singh (1998) name four main sources of 

relational rent and show that there are gains to be made from forming partnerships with other firms, 

as is the case in symbiotic connections. The first point below is especially relevant to industrial 

symbiosis as it deals with joint investments in physical assets and the advantage of being co-located 

with another firm. The four sources are presented below.  

1. Inter-firm Relation-Specific Assets: A specialization of strategic assets by forming business 

relationships. There are three categories for this type of assets:  

a. Site specificity: Production stages are located close to each other which reduce 

transportation and coordinating costs. 

b. Physical specificity: An investment in a physical asset is made, for example a pipeline 

shared by two firms. 

c. Human specificity: Accumulated know how developed through long relationships, for 

example supplier engineers that learn systems of the buyer. 

2. Inter-firm Knowledge-Sharing Routines: Sharing of information and know-how. A firm’s 

alliance partners are often the most important source of new ideas and information that 

result in performance-enhancing technology and innovations.  

3. Complementary Resources and Capabilities: Complementary resources are distinctive 

resources that could not be purchased on a secondary market. 

4. Effective Governance: Control over the relationship, either by third party enforcement such 

as legal contracts, or self-enforcing agreements based on mutual understanding and trust.  

3.5.2 Clusters 

In addition to industrial symbiosis literature, cluster theory provides a discussion about the 

competitive advantages of firms being co-located with other firms within the same area of business. 

Though industrial symbiosis networks do not consist exclusively of firms in one business field, there 

might be several firms within one business field and several in another, sometimes adjacent, field. 

Porter (1998) describe clusters as “geographic concentrations of interconnected companies, 

specialized suppliers, service providers, firms in related industries, and associated institutions in a 

particular field that compete but also cooperate”. Examples of clusters are Silicon Valley computer 

technology cluster and the Italian fashion industry cluster. Even though businesses today operate on 

a global market, Porter concludes that cluster is of importance in the understanding of 

competitiveness in an increasingly advanced and knowledge based economy.  
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Porter (2000) put forward three main ways in which clusters may create a competitive advantage:  

1. Increasing the current productivity of constituent firms or industries. 

2. Increasing the capacity of cluster participants for innovation and productivity growth. 

3. Stimulating new business formation that supports innovation and expands the cluster. 

The fact that companies within a cluster are competitors as well as collaborators in many cases is a 

driver for increased internal efficiency (Porter, 2000). Local rivals have the same basic conditions and 

are therefore easily compared. Furthermore, those conditions make it necessary for individual 

companies to compete with other things than external conditions such as labour costs or local 

resources (Porter, 2000). This drives companies to increase the internal efficiency in order to have an 

advantage compared to its competitors.  

Clusters offer higher potentials for innovation according to Porter (2000). He states that clustered 

companies can easier identify new needs of a buyer due to closer relationships among firms as well 

as the influence of co-ordinating or information-generating entities such as universities and trades 

associations. New available technology and possibilities for such technology might also be more 

easily recognized within clusters according to Porter. He also notes that sheer peer pressure and 

prestige among clustered firms is a driver for both innovation and efficiency.  

New businesses are more prone to be formed within a cluster rather than an isolated location 

according to Porter (1980). One reason is that gaps in products, services or supplies are more easily 

identified from within the cluster. Individuals might leave existing firms to start new ones that fill a 

certain need. Skills and input materials are often readily available within the cluster, and financing 

institutions are more familiar with the industry of the cluster.  

New businesses formed to fill gaps in supply or demand of by-products can be a way of developing 

symbiosis connections. According to Porter’s (2000) arguments presented above, this is more likely 

to happen within a cluster than in connection to an isolated firm.  

3.6 Industrial symbiosis in a biobased economy 

3.6.1 The biobased economy 

A biobased economy has been recognized as a way to reach a sustainable development (van Dam et 

al, 2005; Octave & Thomas, 2009; Clark et al 2006; Patermann, 2012; Preisig & Wittgens, 2012). The 

concept is a contrast to today’s fossil based economy that has emerged during the 20th century and is 

dependent on fossil fuel. A biobased economy is one where growth rather is based on renewable 

biomass from agriculture, forestry, fisheries and aquaculture being used in value-added products in 

the food, feed, industrial and energy industries (Patermann, 2012). 

A tool in the transition to a truly biobased economy is the related concept biorefinery. In a 

biorefinery the biomass serves as feedstock for several end products and by doing so reduce waste 

and contribute to closing loops. An example of biorefineries today is the wet milling process which 

uses corn or grain to produce ethanol, glucose syrup, starch, animal feed and biogas among other 

things (Anex, 2004). Future biorefineries, often referred to as advanced biorefineries, are based on 

more advanced technologies like gasification and hydrolysis, to produce a wider range of end 

products including biofuels, biochemicals and materials, and can use cellulosic materials as a 

feedstock (Eggeman & Verser, 2006). Preisig and Wittgens (2012) state several conditions for 
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achieving a biobased economy from biorefineries. The main condition being that the time scale for 

the usage and regeneration of biomass match. Otherwise there would be an addition of CO2 to the 

atmosphere and the purpose of shifting to a biobased instead of oil based economy would be 

missed.  

Preisig and Wittgens (2012) conclude that “the integration [of new and existing processes needed to 

convert biomass] must aim at utilizing waste streams from other industrial activities, thereby 

generating a symbiotic effect that makes both industrial branches economically more viable” in a 

biobased economy. This would imply that industrial symbiosis could increase the viability of a 

biorefinery and thus facilitate a transition to a bio-based economy. Octave and Thomas (2009) 

conclude that the biorefinery concept can be generalized, and that it could not only involve one, but 

two or more plants using different processes and belonging to different companies, where wastes 

and by-products of one company could serve as the raw material for the second and so on.  

From this, it becomes apparent that industrial symbiosis and biorefineries are partly overlapping 

concepts, and that the biobased economy and biorefineries can benefit from industrial symbiosis and 

industrial symbiosis research and vice versa. According to Mirata2, industrial symbiosis can not only 

increase the economic viability of biorefineries, but also help achieve technical feasibility from by-

product exchanges. Furthermore, industrial symbiosis networks are, like most industry, highly 

dependent on fossil energy. Biorefineries could serve as a tool to further increase the sustainability 

of industrial symbiosis networks says Mirata.  

3.6.2 Barriers and drivers 

There are several barriers for the transition from an economy based on readily available cheap fuel 

to a biobased one, where bulky biomasses that need large areas of land for regeneration are the 

main fuels. The steady supply of such biofuels at a high quality and low price is crucial for the bio 

economy, as is the sustainability and extent of that supply (Denis & Oberman, 2010; Menrad et al, 

2009). Regeneration of biomass, which is needed for a sustainable supply, requires large land areas, 

especially if it is to replace all fossil fuel.  

According to Preisig and Wittgens (2012), a major barrier for the emergence of biorefineries is 

economy. So far there is a lack of economic incentives to produce for chemicals and fuel from 

biomass instead of through petrochemical processes for example. To overcome this barrier, the 

authors call for political incentives to make biomass competitive against fossil materials. The 

biorefinery is however a tool to overcome the economic barrier since it enables additional revenue 

streams. This is also true for oil refineries, but there is a vast variety of end products to be made from 

for example sugary building blocks produced in biorefineries, and more are becoming technically 

available.  

The fossil based economy is largely dependent on cheap transport and this has resulted in a 

centralized production system. Biomass is bulky and cannot carry the same transportation costs as its 

fossil counterparts. According to Preisig & Wittgens (2012) this calls for more decentralized 

production when it comes to biorefineries, and they suggest that a transition to a biobased economy 

is more likely if there is focus in realizing viability on a small scale. Richardson (2012) found that there 

are many groups of stakeholders in a potential biobased economy, and attitudes towards it greatly 

                                                           
2
 Murat Mirata, Industrial symbiosis researcher, Linköping University, personal communication, 2013-04-26.  
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diverge. He therefore concludes that a transition to a biobased economy will be heavily dependent 

on politics.  

Ekman (2012) names integration between firms and new business partnerships as one of the keys to 

a transition to a biobased economy. Industrial symbiosis could help overcome some of the barriers 

discussed above. Industrial symbiosis could improve the resource efficiency which would decrease 

the pressure on biomass resources as well as decrease the volumes that need transport and storage. 

This would also result in a better economic outlook for biorefineries. Innovation of new products and 

processes for biobased products is important for the development of a biobased economy. Ekman 

(2012) sees a need for R&D on an inter-firm level in order to better understand integration between 

new and existing technical and organizational infrastructure in order to achieve a high level of 

innovation. 

Ekman (2012) highlights the need to not only consider the production side of a biobased economy, 

but that there must also be implications for the consumer side in order to facilitate the use of 

biobased products. An example is the investment in the development of ethanol fuelled vehicles in 

Brazil in addition to regulatory measures and an efficient production of ethanol. This enabled a 

transition to a less fossil dependent transport sector.   

3.7 Public-private partnerships as a facilitator of sustainable development 
A public-private partnership (PPP) and the benefits of those are described by Ahmed & Ali (2004):  

“PPPs are considered as alternatives to full privatisation in which government and private companies 
assume co-responsibility and co-ownership for the delivery of city services. Through these 
partnerships, the advantages of the private sector - dynamism, access to finance, knowledge of 
technologies, managerial efficiency, and entrepreneurial spirit - are combined with the social 
responsibility, environmental awareness, local knowledge and job generation concerns of the public 
sector. Under mutually favourable circumstances it is advantageous to have both the public and the 
private sectors playing active roles, thus capitalising on the strengths of each sector.” 

In a report by McKinsey & Co (2012), produced for the Global Green Growth Forum 2012, existing 

PPPs have been studied and a framework for assessing PPPs to accelerate green growth has been 

formed. One of the areas studies, partly because of the opportunities in promoting green growth, the 

existing barriers and the suitability for PPPs to overcome these barriers, was advanced biobased fuels 

and chemicals. The advanced biobased fuels and chemicals, defined as “The use of biomass residues 

or dedicated non‐edible crops for the production of biobased products such as biofuels, biochemicals 

and biomaterials” can be readily identified as advanced biorefineries according to the discussion in 

3.6.1. 

The implications for PPP’s in relation to advanced biorefineries differ depending on national and 

regional drivers according to the report by McKinsey & Co (2012). Mentioned examples of drivers are 

energy independence, greenhouse gas mitigation, job creation or development of a competitive high 

technology industry. One of the important questions that are to be asked in the forming of a PPP 

according to the framework is if a PPP is actually the most appropriate way to address the barriers to 

an opportunity to accelerate resource productivity. Some of the barriers where that can be 

overcome with PPPs according to the report are:  

 Lack of policy support to create the proper incentives for actors  

 Lack of access to the capital necessary for implementation 
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 Immature technology to pursue the opportunity 

 Insufficient market participation or infrastructure 

If so, McKinsey & Co (2012) suggest five archetypes of PPPs that can help define the scope and design 

of the partnership. The next step is to identify what stakeholders are to be involved in the PPP by 

understanding the critical barriers that need to be overcome. Stakeholders might then be involved 

for their expertise, political influence or financing capacity. For each of the involved stakeholders, 

there must be an understanding of what the incentives are to participate. The final steps of the 

framework are on how to evolve a PPP to reach a significant scale and to maximize green growth.  
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4 Händelö industrial area, Norrköping 
In this chapter the case of the industrial area of Händelö in Norrköping, Sweden is presented. To 

understand the context of the industrial area, a background of Norrköping as an industrial town is 

presented. This is followed by a presentation of Händelö Island as an industrial area and the key 

actors in the Händelö industrial symbiosis network and their contributions to the development of 

Händelö industrial symbiosis network. 

4.1 Background 
Norrköping is a city in the south east of Sweden, see Figure 3, with roughly 87 000 inhabitants. 

Together with its “twin city” Linköping, it is considered the 4th metropolitan region in Sweden. 

Norrköping is located in the very corner of Bråviken Bay which is a part of the Baltic Sea, and is 

traditionally an industry and trades centre (NE, 2013b). Norrköping has one of Sweden’s best 

logistical conditions by being located close to the most important domestic markets and having great 

road and rail connections as well as an international harbour (Intelligent logistik, 2013).  

 

Figure 3. Norrköping's geographical location. Source: Google (2013). Keyword Norrköping. Available: 
http://maps.google.com [2013-05-19]. 

4.1.1 Industry in Norrköping 

Traditionally, Norrköping has been a manufacturing centre with factories and the textile industry as 

large employers (NE, 2013b; Nilsson, 2000). The textile industry established itself in Norrköping 

during the 16th and 17th centuries and mid-19th century Norrköping produced 80 % of Sweden’s wool 

and was considered one of Sweden’s most prominent industrial towns (Nilsson, 2000). Pulp and 

paper production has also had a stronghold around Norrköping for a long time with its first paper 

producer Fiskeby established in mid-17th century (Fiskeby, 2011). Fiskeby is still active today along 

with two additional major producers of paper products in the area.  

http://maps.google.com/
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Up until 1950 more than 50 % of Norrköping’s inhabitants were factory workers. With the decline of 

the textile industry in the 1960’s however, Norrköping faced a transition into the service industry 

while several public institutions where relocated to Norrköping in order to keep unemployment 

under control (NE, 2013b; Nilsson, 2000). Unemployment was still high, and kept on rising during the 

80’s, reaching unprecedented levels with the recession in the 1990’s when both the public and 

private sectors were forced to rationalize. Telecommunications company Ericsson moved their 

production of circuit cards and made almost 1700 people redundant in 1997 for example (Lindholm, 

2001). The municipality then adopted a strategy to reduce the unemployment by focusing on 

expanding the service sector and using the advantageous geographical position of Norrköping to 

attract new businesses to the municipality. This strategy was one of the reasons that the Norrköping 

Campus of Linköping University was established.  

4.2 Händelö Island 
Händelö industrial area is located on the 600 hectare island of Händelö just outside the city of 

Norrköping. Previously being mainly farm land, Händelö is now an area of both industry and 

protected natural areas. Parts of the island are so called Natura 2000 areas, protected for its oak 

woods by European Union legislation (Länsstyrelsen Östergötand, 2004). The industrial activities in 

the area consist of a variety of businesses; process industries, manufacturing industries and logistic 

centres. Händelö has the advantage of containing the deep water terminal of Norrköping’s harbour. 

There are also railway tracks and good road connections with both E4 and E22 roads in the near 

vicinity. 

4.3 Händelö industrial symbiosis network and its key actors 
In this section a detailed description of those considered to be the most important actors in the 

industrial symbiosis network at Händelö will be provided together with a background of the area and 

Norrköping Municipality.  

There are several symbiotic connections in and around Händelö. An inventory was made by 

Nicklasson in 2007 and is presented in Figure 4 below. It should be noted that some connections 

might be out of date, since the connections have not been confirmed in this work. There may also be 

new connections not presented in the figure. This work has primarily focused on the connections 

between Norrköping Municipality, E.ON, Svensk Biogas, Agroetanol and Norlic. These are the 

coloured blocks in Figure 4 below.  
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Figure 4. The eco-industrial network in Norrköping. The Händelö industrial symbiosis network studied in this work includes 
the actors in the coloured blocks. Source: Adapted from Nicklasson, 2007.  

In 2011, Norrköping municipality was awarded Stora Energipriset by engineering consultant firm 

Sweco for the Eco-industrial network with E.ON, Agroetanol and Svensk Biogas at its core (Dahlin, 

2011). Händelö industrial symbiosis network has received attention on a both national and 

international level.  

4.3.1 Norrköping municipality 

Background 

Händelö is geographically a part of Norrköping Municipality, and the organisation of Norrköping 

Municipality has several roles to play in the symbiotic activities in Händelö. Part of the public 

rationalization during the 1990’s was to sell the publicly owned energy company Norrköping Miljö 

och Energi to Sydkraft which later would become E.ON. The municipality simply did not have the 

funds to develop the company in a way that was needed. Norrköping municipality also owns the local 

waste water treatment plant with an integrated biogas plant.  

The municipality helped create a market for biogas by public procurement of biogas vehicles for 

public transport. The municipality is also responsible for waste handling which in practice is about 

deciding what will happen to different waste fractions. The municipality strives towards following the 
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waste hierarchy according to municipal commissioner Eva Andersson. As a part of that, organic 

household waste is since 2011 fermented into biogas in Svensk Biogas’ plants in Linköping and 

Norrköping. The non-organic household waste is used in E.ON’s waste fuelled boilers to provide 

district heating and electricity.  

The municipality was actively working to establish trade and industry in Norrköping during the period 

of hardship in the 90’s.3 There were two main strategies to do this. To open a higher learning facility 

with research and development was one of the strategies. This was realised with a new campus of 

Linköping University opening in Norrköping in 1996. Another strategy was to take advantage of 

Norrköping’s geographical location and develop infrastructure such as the harbour in order to attract 

businesses such as third part logistics companies.4  

When Lantmännen Agroetanol was looking at possible places to establish their new ethanol plant, 

the municipality were putting efforts into making sure that they were in the running. This was done 

by having a dialogue with Lantmännen representatives and providing necessary help to facilitate the 

establishment process for Agroetanol. The municipality provided necessary contacts and people from 

the planning office to help make surveys of the planned site. Agroetanol was set up with the then 

publicly owned power plant to make feasibility studies on the steam deliveries and was assisted in 

risk assessment by the local fire brigade. The high unemployment was an argument that was used 

towards Agroetanol.  

Since the “uncovering” of the Händelö industrial symbiosis network, the municipality has realized 

that steam is a valuable resource that could be used by industries. The detailed plan of Händelö 

states that there might be reasons to reserve the sites close to E.ON for businesses that use steam in 

their processes, because it is cheaper to deliver steam over short distances (Stadsbyggnadskontoret, 

planenheten, 2006). What this means in practice is that if someone that does not use steam wants to 

establish their business in a site close to E.ON’s CHP plant, the need for them to be in that particular 

site must be evaluated from that perspective and a dialogue with the actors that are influenced by 

the establishment, for example E.ON, will be held. The distance in which steam consumers are a 

priority is informally referred to as steam range (Swedish: ångavstånd). These sites are also close to 

the port which makes them interesting in other perspectives.5 

Needs and capacities  

In terms of physical needs and capacities, Norrköping municipality provides E.ON’s CHP plant with 

household waste and in turn receives energy in the form of district heating and electricity. The 

municipality’s organic household waste is currently being pre-treated by Svensk Biogas in Linköping 

and subsequently fermented in their plant at Händelö together with other substrates. The publicly 

owned waste water treatment plant also produces biogas, but from sludge. This biogas is then 

upgraded by E.ON Gas and used by the public transport fleet as well as inhabitants with biogas 

vehicles.6 

                                                           
3
 Business development manager, Cleantech Östergötland, interview 2013-01-28.   

4
 Former Municipal Chief Executive, Norrköping Municipality. Telephone interview 2013-03-27. 

5
 Municipal commissioner, Norrköping municipality, interview 2013-03-05. 

6
 Public affairs regional manager, E.ON Sverige, personal communication 2013-01-24; Business development 

manager, Cleantech Östergötland, personal communication 2013-01-28.  
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4.3.2 E.ON Värme 

Background 

The then publicly owned utility company Norrköping Miljö och Energi established its combined heat 

and power (CHP) plant Händelöverket in Händelö in 1982. At that time the plant had two coal fired 

boilers, P11 and P12, but was still considered the future of energy supply by then minister of 

environment Birgitta Dahl.7 In 1993, P13, a bio fuelled boiler, was put into operation and a couple of 

years later P11 was converted into a bio fuelled boiler as well. The fuel mix has been very influenced 

by political instruments like CO2 tax, electricity certificate system and carbon credits trading 

according to E.ON. These instruments have reduced the economic viability of fossil fuels and 

increased that of renewable dittos. Furthermore, customers demand cleaner fuels and the general 

belief within E.ON is that a transition to renewable fuels will be required by society in a longer time 

perspective.8  

The most recent boilers are P14 and P15, operational in 2002 and 2010 respectively, both of which 

are fuelled by household and industrial waste. By then, Norrköping municipality had sold its utility 

company (including district heating network and power grid) to the private company Sydkraft which 

acquired 49 % in 1999, and the remaining 51 % in 2001. Sydkraft later changed its name to the group 

name of E.ON. Apart from Händelöverket, E.ON owns a few additional heat plants in the area to cope 

with peak demand.  

The decision about investing in P14 was made in the late 90’s when the energy company was still 

publicly owned and was partly a political decision. The municipality was in need of a new boiler and 

also wished to take care of the household waste produced in the municipality. From this perspective, 

a waste fuelled boiler was a good choice, but furthermore the gate fee that the energy producer 

could demand at this time was very high and made the profitability of waste fuelled boilers very high. 

When the time came to invest in yet another boiler, P15, the publicly owned energy provider had 

become E.ON, and yet again the waste fuelled option for an increased heat capacity was the most 

profitable one.9 In 2010 CO2 and energy taxes were lifted from household waste incineration, which 

further improved the economics of a waste fuelled boiler (Avfall Sverige, 2010). The consensus in the 

energy business at this time was that waste incineration was comparable to biomass regarding CO2 

emissions, because the environmental impact was to be allocated to the use of the product, not the 

disposal, reuse, recycling or energy recovery of the product. In standards to calculate CO2 emissions 

from waste however, the emissions from waste are considerably higher than for biofuels. 

Needs and capacities 

Händelöverket is the main provider of district heating to Norrköping municipality, where district 

heating covers about 97 % of the heat demand (E.ON Försäljning, 2013). From 2011 the district 

heating in the neighbouring municipality of Söderköping is also being supplied by Händelöverket 

through an 11 km district heating pipeline (E.ON Värme, 2011). When producing heat in a CHP plant, 

electricity is normally co-generated. Roughly 15 % of the energy produced at Händelöverket is in the 

                                                           
7
 Public affairs regional manager, E.ON Sverige, personal communication 2013-01-24 

8
 Regional manager E.ON Värme, interview 2013-03-28. 

9
 Regional manager E.ON Värme, interview 2013-03-28. 



Influencing Industrial Symbiosis Development  Händelö industrial area, Norrköping 

24 
 

form of electricity, see Figure 5.10 This compares to about 1/3 of the electricity demand of 

Norrköping municipality.  

Apart from electricity and district heating, Händelöverket also produces process steam used by 

neighbouring company Agroetanol. The need for steam is more or less constant, currently at about 

80-85 MW, which makes it possible for E.ON to use both waste fuelled boilers even in the summer 

when heat demand is low. See E.ON’s fuel mix for Norrköping in Figure 6. The steam demand makes 

it possible to produce more electricity and also keeps waste stocks from accumulating during 

summer time.11 The steam provided to Agroetanol is allocated to the bio fuelled boilers on a yearly 

basis. This means that at a given moment the steam may actually come from another, or several 

other, boilers at Händelöverket. At the end of the year however, the biofuels are allocated to the 

steam provided to Agroetanol.12  

E.ON has the capacity to supply steam to additional customers. Before the financial crisis of 2008, 

there were some discussions with new process industries that were looking to establish themselves 

in Händelö. Because of the financial climate, there have been few investments of process industries 

in general since then. Discussions have also been going on to supply an industry in central Norrköping 

with steam. Due to low electricity prices, however, the industry produce relatively cheap steam in 

house, and these discussions are currently halted. There is also a continuous work with current 

industries in the region to convert oil, gas or electricity fuelled applications to use district heating 

instead.13 One driver for this is the steadily decreasing heat use in buildings due to considerably less 

heat loss in newer buildings. 

 

Figure 5. Annual average of end products at Händelö based on energy content. Source: E.ON Värme (2013a). Internal 
document. 
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 Process engineer at E.ON Värme, Norrköping, presentation of Händelö CHP 2013-02-07. 
11

 Process engineer at E.ON Värme, Norrköping, presentation of Händelö CHP 2013-02-07. 
12

 Regional manager E.ON Värme, interview 2013-03-28. 
13

 Regional manager E.ON Värme, interview 2013-03-28. 
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Figure 6. Fuel mix in E.ON’s production sites in Norrköping 2012. Source: E.ON Värme (2013a). Internal document.  

4.3.3 Agroetanol 

Ethanol producer Lantmännen Agroetanol AB (henceforth Agroetanol) is owned by the Swedish 

agricultural cooperative Lantmännen. The business idea is to make ethanol with high environmental 

performance, and their plant manager names their ethanol’s high sustainability performance as 

essential for business. The plant was initially a pilot plant, first put into operation in 2001. In 2009 

Agroetanol quadrupled its production with a second production line, making Agroetanol the only 

large scale producer of biofuel for transportation in Sweden (Lantmännen, 2009). Agroetanol also 

produces high value protein rich fodder material from stillage, which is a by-product from the 

fermentation process together with biogenic CO2. From mid-2014 the CO2 will also be utilized in a 

new gas upgrading plant currently being built.  

Establishment process 

In order to find a market for the surplus of grain, Lantmännen wanted to explore the business of 

ethanol production. Plans for this had been going on for some time before it was finally made 

possible in 1997 due to tax exemptions for energy and CO2 taxes that were granted to the ethanol 

produced by Agroetanol, by then pro-“green” Social Democratic government. According to company 

representatives it is not certain that there would have been a tax exemption if the environmental 

performance of the ethanol was not good, yet there were no specifics in exact environmental 

requirements in order to receive a tax exemption. The overall idea of the tax exemption, however, 

was to promote fuels with low environmental impact and on a political level show that ethanol could 

be a sustainable alternative to fossil fuels.14 

After an initial screening process there were two main alternatives for the location of Agroetanol’s 

new ethanol plant, Norrköping and Köping. Norrköping was chosen for several reasons but proximity 

to grain suppliers and ethanol customers were important. Both regions had a surplus of wheat before 

Agroetanol’s establishment which could be used for the production of ethanol (Lantmännen Ceralia, 

2009; Benjaminsson & Linné, 2007). Many of Agroetanol’s customers in the beginning were located 
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 Consultant in Agroetanol’s startup project team, telephone interview, 2013-03-27. 
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in the Pampus Harbour at Händelö however. Compared to Köping, Norrköping also had a better 

geographical location, being closer to the Baltic Sea.15  

Another important issue of where to build the plant was the availability of cheap “green” steam with 

high environmental performance which was a precondition for establishment. This was crucial in 

order to achieve a high environmental performance of the ethanol. Internal steam production was 

never an alternative since it would have meant lower reliability but more importantly a large 

investment. E.ON’s several boilers would mean that if there was a problem in one boiler, steam 

production can still continue. Internal production with the same security would have meant investing 

in a boiler as well as a back-up boiler.16 “Green” steam could be provided by E.ON at Händelö who 

had a bio fuelled boiler that could provide steam with low environmental impact. E.ON also made the 

investment in the connecting pipeline. Agroetanol pays for the energy consumed and a fixed charge 

for the use of the pipeline.17   

In Köping the energy would have been provided by industrial surplus heat. The future of this industry 

was uncertain, however, which was another reason for Norrköping being the final choice. Finally, the 

present process and chemical industries in Norrköping as well as the presence of Linköping University 

meant that there was a qualified workforce in the region.18  

The same discussions were held in the planning of the second production line. This time the city of 

Västerås was also considered, but energy prices there were higher than for the other alternatives. 

Mostly due to the economy of scale and already having the relevant competence in place, 

Norrköping was chosen again.19  

Needs and capacities  

Agroetanol’s main business is to produce ethanol from grains, mainly wheat, for low blending in 

petrol. With the two production lines in operation, Agroetanol has a capacity of 200 million litres of 

ethanol per year from roughly 600 000 tonnes of grain. A by-product of the ethanol production, 

which uses the starch part of the wheat, is the protein rich stillage. This can be dried and made into a 

high value protein rich fodder cake called DDGS20 used to produce animal feed. About 175 000 

tonnes (dry weight) of feed is produced annually. (Agroetanol, 2013) The animal feed improves the 

economy as well as the environmental performance of the ethanol production. Because the animal 

feed produced by Agroetanol’s by-products can replace imported soy meal based animal feed, total 

CO2 emissions are reduced.  

The pilot plant, or first production line, has the fodder production as a limiting factor for the ethanol 

production. This means that there is a surplus of stillage that cannot be made into fodder. Agroetanol 

was trying to find a market for this stillage as well, and discussions about the feasibility of biogas 

production from the stillage were taking place from the start. From 2006 to 2012 a contract to 

deliver this stillage to neighbouring biogas plant operated by Svensk Biogas was in place. The price of 
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 Plant manager, Lantmännen Agroetanol, interview 2013-03-19. 
16

 Consultant in Agroetanol’s startup project team, telephone interview, 2013-03-27. 
17

 Regional manager E.ON Värme, interview 2013-03-28. 
18

 Plant manager, Lantmännen Agroetanol, interview 2013-03-19; Consultant in Agroetanol’s startup project 
team, telephone interview, 2013-03-27. 
19

 Plant manager, Lantmännen Agroetanol, interview 2013-03-19. 
20

 DDGS=Dried distillers grain with solubles.  
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the stillage was indexed by grain prices which resulted in a doubling of the stillage price in the 

duration of the contract. Since the end of 2012 the stillage is sold as wet animal feed mostly for pigs 

or to be used as an adhesive agent in the fodder production. Some stillage is also given away to be 

used as fertilizer or in the biogas plant.21   

In March 2013 Agroetanol announced plans to build a new fodder line which would be able to 

produce several different end products instead of only DDGS, which is primarily suitable for cattle 

(Odelius, 2013). 

From one part grain put into the production process, roughly 1/3 becomes ethanol, DDGS and CO2 

respectively (Agroetanol, 2013). The CO2 is currently released into the atmosphere, but with a gas 

upgrading plant currently being built together with AGA, roughly half of the CO2, or about 100 000 

tonnes, will be upgraded and used in carbonated drinks. Planning for collecting the biogenic CO2 

produced in the fermentation process to produce quality CO2 for industrial applications has been 

going on for some time. The motive is to be able to sell another product and making the economic 

results less sensitive to grain and fuel prices.  

It was first discussed when the first production line was being built, but no agreement was reached 

between Agroetanol and AGA and the plans were put on hold. Discussions were resumed in 2011, 

when the second production line had been operational a couple of years. In January 2013 it was 

announced that Agroetanol and Swedish gas producer AGA Gas AB has agreed to build a CO2 

upgrading plant in connection to the current ethanol plant. The plant is being built by the company 

Norlic AB that is a joint venture between AGA and Agroetanol. Agroetanol’s first delivery of CO2 is set 

to mid-2014.22 The plant will be fully automatized and remotely controlled from AGA’s office, and 

have a few employees on site for maintenance.  

Agroetanol is the sole steam customer of E.ON’s production plant Händelöverket, and a 700 m meter 

steam pipeline connects the two companies (Nicklasson, 2007). The steam is produced with 

renewable energy from biofuels and waste. This is one of the main contributing factors to the 

ethanol’s high environmental performance, together with the grain being produced in a sustainable 

way.23 The annual steam demand is about 430 GWh which accounts for about 85% of Agroetanol’s 

total energy demand (E.ON Värme, 2013a). The steam is used in the distillery and when drying 

stillage to make fodder. Electricity and propane are also used in the production and accounts for 

about 13-14 % and 2 % respectively. The propane is used to burn off odorous gases from the 

production.  

The plant has an integrated waste water treatment plant where biogas is produced. This biogas is 

currently being burned in a flare. There are plans for using this biogas as a substitute for the propane 

in the production process however. It is estimated that it could cover half of the propane demand.24  
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 Plant manager, Lantmännen Agroetanol, interview 2013-03-19. 
22

 Plant manager, Lantmännen Agroetanol, interview 2013-03-19. 
23

 Plant manager, Lantmännen Agroetanol, interview 2013-03-19. 
24

 Plant manager, Lantmännen Agroetanol, interview 2013-03-19. 
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4.3.4 Svensk biogas 

Background 

Svensk Biogas i Linköping AB is owned by the utility company of Linköping, Tekniska Verken i 

Linköping AB. The company started producing biogas in Linköping in 1996 partly due to high pollution 

in the centre of Linköping which could be improved by a biogas fuelled public transport fleet. There 

was also a surplus of slaughterhouse waste in the area which could serve as a substrate for the 

production (Svensk Biogas, 2012). The production plant in Norrköping consists of digesters and an 

upgrading facility, and was put into operation in 2007 in the plot just next to Agroetanol at Händelö. 

Before this, Svensk Biogas had been testing stillage from Agroetanol in the fermentation process in a 

laboratory environment.25 A contract was set up regulating the price of the stillage that Svensk 

Biogas was to receive from Agroetanol. The stillage was to be delivered by truck. When the contract 

ended in 2012, a new agreement on the delivery of stillage could not be reached between 

Agroetanol and Svensk Biogas.26 Despite this, Svensk Biogas doubled their production capacity in the 

Händelö plant in 2009 and are still increased the capacity in 2012 and 2013 (Svensk Biogas, 2009; 

Svensk Biogas, 2011a). Organic household waste was first collected for biogas production in late 2011 

in Norrköping and early 2012 in Linköping (Tekniska kontoret, 2012). 

Needs and capacities 

There are still deliveries of stillage from Agroetanol from time to time when there is a surplus of 

stillage and Svensk Biogas can get it more or less for free.27 The plants main substrate since 2013 is 

household waste from Norrköping and Linköping municipality that has been pre-treated in 

Linköping.28 Other substrates include grain residues and grain unfit for food production for various 

reasons.  

A by-product from biogas production is the digestate which can be used as biofertilizer. In 

Norrköping the biofertilizer is certified according to Swedish organic farming standard, KRAV, which 

means that it can be used in organic farming (Svensk Biogas, 2011b). In 2011 the production plant in 

Norrköping produced 1.2 million Nm3 of vehicle grade biogas and 20 000 tonnes of biofertilizer 

(Svensk Biogas, 2011c). 

4.3.5 Cleantech Östergötland 

In 2008 the municipalities of Norrköping and Linköping, together with Linköping University, started 

up a regional business arena for environmental technology, or cleantech in order to further 

strengthen the region as a Cleantech region. This was done after the “uncovering” of the connections 

between the industries in and around Norrköping by Nicklasson (2007) followed by an investigation 

commissioned by the municipalities with the conclusion that it would be profitable with a Cleantech 

centre in the region. Linköping has Cleantech competence in the service sector as well as at the 

university, making a great complement to the producing Cleantech businesses in Norrköping. The 

two municipalities recognized the potential benefit from a knowledge exchange. Cleantech 

Östergötland incorporated the local environmental network that was present in Norrköping at the 
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 Plant manager, Lantmännen Agroetanol, interview 2013-03-19. 
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 Substrate procurer, Svensk Biogas, telephone interview, 2013-03-28. 
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 Plant manager, Lantmännen Agroetanol, interview 2013-03-19. 
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 Substrate procurer, Svensk Biogas, telephone interview, 2013-03-28. 
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time to a regional one. The network is one part of Cleantech Östergötland, and the company is one 

part.29  

The initial plan was to hand over the organization to be fully operated by the businesses in the area. 

It became apparent after a while however that this would probably not be possible, since there is no 

clear business value in Cleantech Östergötland’s activities of coordination and marketing the region 

externally. While there are other activities such as grant applications and attracting new 

establishments for possible symbiotic connections and so on, that businesses are more willing to 

engage in, the municipalities and the university is still in charge of the operation of Cleantech 

Östergötland.30  

Cleantech Östergötland serves as a showcase for the Cleantech business in the region and 

coordinates field visits for both national and international delegations and representatives from 

Cleantech have accompanied Swedish officials on international trips to promote Swedish 

Cleantech.31  

By incorporating the local networks into a regional one, collaboration on a local level has been 

perceived as being reduced after Cleantech Östergötland started. This has been identified as a 

problem by the municipality, and is currently being addressed according to a municipal 

commissioner. Representatives from Agroetanol have seen a decline in networking activities since 

Cleantech Östergötland started.  
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 Municipal commissioner, Norrköping municipality, interview 2013-03-05. 
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 Municipal commissioner, Norrköping municipality, interview 2013-03-05. 
31

 Municipal commissioner, Norrköping municipality, interview 2013-03-05. 
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5 Northern Harbour, Malmö 
In this chapter the case of the industrial area of Northern Harbour in Malmö, Sweden is presented. To 

understand the context of the industrial area, a background of Malmö as an industrial town is 

presented. This is followed by a presentation of Northern Harbour as an industrial area and the key 

actors present in the Northern Harbour. 

5.1 Background 
Malmö is the third largest city in Sweden with roughly 280 000 inhabitants. Located in the densely 

populated southernmost region of Sweden as seen in Figure 7, Scania (Swedish: Skåne), Malmö is the 

commuter centre in the region. Malmö’s geographical location together with its road and rail 

connections and harbour activities, as well as the connection to Copenhagen through the Öresund 

Bridge makes Malmö an important transport centre. Traditionally Malmö has been one of Sweden’s 

most important industry and trade centres. (NE, 2013a) 

 

Figure 7. Malmö's geographical location. Source: Google (2013). Keyword Malmö. Available: http://maps.google.com [2013-
05-19]. 

Malmö had a rapid growth as a trades and harbour town during the 19th century and became the 

economic centre of south Sweden of that time. The traded goods, mostly agricultural goods such as 

grain, cattle and butter, were traded both domestically but also internationally from the 1850’s. 

Imports were also increasing during this time and Malmö’s road and rail connections expanded and 

the harbour was modernized. Malmö has also been an important industrial town with manufacturing 

textile and food industry as the major sectors.  

The shipyard industry, specifically the company Kockums, had a stronghold in Malmö and was 

blooming up until the 1970’s when a gradual downsizing began. In the 80’s and 90’s, Malmö faced 

further downsizing and loss of manufacturing industries. For example, a Saab vehicle factory opened 

up in a closed factory of Kockums’ in 1989 and was closed down again two years later. During the 

same period, Malmö had a high immigration rate which together with the industrial downsizing led 

http://maps.google.com/
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to a great economic strain on Malmö. During the 1990’s and 2000’s, Malmö has redefined itself as a 

knowledge city rather than an industrial city to regain its former strength.  

5.1.1 Geography and logistics 

In 2011 Malmö was recognized as a node in the core network of the Trans-European Transport 

Network, both as a harbour and as a railway node in the Helsinki-Valletta railway corridor (Fredholm 

et al, 2012). This means that Malmö will be a priority in the expansion of EU’s infrastructural 

networks between 2014 and 2020. Malmö harbour is also of national interest since it is the fifth 

largest in the country.  

5.2 Northern Harbour 

5.2.1 Background 

Northern Harbour is a land area off the coastal line of Malmö artificially constructed from different 

excavation waste of industrial and harbour activities, see Figure 8. Construction started in the 1950’s 

and expansions are still being made in Northern Harbour to create more land for exploitation 

(Malmö stad, 2006). As the name suggests there are a lot of harbour activities in the Northern 

harbour, there is a bulk port, a container terminal and a ferry service in place today. The ports, as 

well as other ports in Malmö Harbour, are all operated by the port company Copenhagen and Malmö 

Port, or CMP. Other activities include recycling and handling of most waste fractions, chemical and 

petrochemical industries and energy production. Most of Malmö’s energy production takes place in 

Northern Harbour, with production of electricity, district heating and biogas. 

Parts of Northern Harbour are still under development and there is land available for development. 

Detailed planning for the area is being made at the time of this thesis being written. The 

comprehensive plan for the Northern Harbour is from 2006 and states the following as overarching 

aims for the area (Malmö Stad, 2006).  

 Creating job opportunities by offering attractive locations for establishing new businesses 

 Strengthening Malmö as an attractive city among citizens and thereby indirectly for new 

businesses 

 Strengthening Malmö as a regional centre 

 Bring attention to the possibilities to develop a robust and sustainable community by 

keeping Malmö a compact city, promoting an environmentally sustainable traffic system, 

limit the exploitation of natural resources and strengthen biological diversity 

A feasibility study initiated by E.ON and commissioned by E.ON together with the City of Malmö and 

CMP was carried out in 2012 by technical consultant firm WSP (WSP Environmental, 2013). The aim 

was to explore the conditions for industrial collaborations in the Northern Harbour, and an inventory 

of energy, recycling and transporting firms and their flows was made. The result was a number of 

recommendations on how to proceed in order to achieve industrial collaboration and a time plan 

with measures to be undertaken. These recommendations have not been revisited to a large extent 

in the continued planning of the area and no further studies were made in this area.32  
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Figure 8. The Northern Harbour as defined in this work. Sites marked with H are reserved for harbour activities, J for 
industrial activities and N for nature areas according to the comprehensive plan for the area. Source: Malmö Stad, 2006.  

5.2.2 Present day 

Apart from the land that has been made for further exploitation and that leased by CMP for port 

activities, the Northern Harbour is crowded with roughly 100 companies in many different businesses 

leaving limited room for new establishments. The businesses range from small manufacturing 

industries and third party logistics to large recycling and energy production plants to real estate 

offices.  

Northern Harbour has well developed infrastructure for district heating, electricity, gas and waste 

water due to the actors that are present. There are also very good logistics conditions with a port 

that offers most maritime services, a combi terminal with double rail tracks for loading containers to 

the railway and vicinity to the motorway. There are some infrastructural limitations however. The 

roundabout Spillepengsrondellen through which all road traffic to and from Northern Harbour pass is 

a bottleneck during rush hours. There are plans to increase the capacity of the roundabout. Another 

limitation is the railway that connects the Northern Harbour to the main network as well as the 

general limitations of the Swedish rail network. Investments in the rail network need to be done on a 

national level and the City of Malmö and CMP are having discussions with governmental entities 

about increasing rail capacity.33 

5.2.3 Future 

The City of Malmö’s vision for the unexploited parts of Northern Harbour is to make Malmö an 

advanced logistics centre and a Nordic and European hub for international businesses. This would 

mean attracting goods intensive businesses that require goods entering and exiting at least partly 

through the port. A large part of the unexploited part is to become a business park, Malmö Northern 

Harbour Business Park (MNHBP) with a smart logistics focus. The park is currently being marketed by 
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the City of Malmö and CMP together on an international level (see 5.3.4 for more information).34 A 

total area of 900 000 m2 is to be exploited, starting with 200 000 m2 available for leasing in 2014 

(MNHBP, 2013).  

Today there is a great vehicle import and export in the harbour area and Malmö is the Nordic hub for 

Toyota for example. The vehicles enter the Northern Harbour and are customized to fit the Nordic 

and to some extent Russian markets. The vehicles then leave Malmö by ship, rail or road depending 

on destination, having brought business both in entering and exiting the port and in the 

customization. The city of Malmö want to bring more international businesses to MNHBP that have 

intermediate products that need finalizing to then might exit through the port. The overall 

competition for industrial land in Malmö is high, and the City of Malmö is picky in what new 

establishments will be approved for Northern Harbour.35  

The land available for exploitation is limited and while the main goal is to attract businesses that take 

advantage of the port, there are also other strategic interests for the land use. For example, it is 

necessary to have the city’s utility functions located close to the city and this is also a role that 

Northern Harbour area can take since it is considered to be the only reasonable location in Malmö to 

have these kinds of activities. Many new job opportunities are also a priority when it comes to new 

establishments. There are also plans for several new wind turbines to be located in the Northern 

Harbour. Because the Northern Harbour is built on waste materials, it would be unlikely, and very 

expensive, to turn Northern Harbour into a residential area, which is what happened in the centrally 

located Western Harbour that previously had shipyard and vehicle industry.36 

5.3 Key Actors in the Northern Harbour 

5.3.1 The city of Malmö 

The City of Malmö has several roles to play in the development of the Northern Harbour. In the plans 

that are currently being worked out by the City Planning Office, several of the City’s offices and 

administrations have a say. The City of Malmö also serves as a customer for energy produced in the 

Northern Harbour today, especially district heating, and for future energy production. Waste and 

wastewater from the city are also being treated in the Northern Harbour.  

The City of Malmö is owner or part owner in several businesses that are important actors in the 

Northern Harbour. Waste from the city is used in the production of electricity and district heating in 

the CHP plant located in Northern Harbour run by Sysav. Sysav is a waste handling company owned 

by the City of Malmö and 13 other municipalities in the region (see 5.3.3 for more information) 

(Sysav, 2013). The household waste in Malmö is collected by VA SYD (see 0), a waste and water 

company that Malmö owns together with neighbouring municipalities of Lund, Burlöv and Eslöv (VA 

SYD, 2013b). In addition, the City of Malmö is part owner (27 %) of Copenhagen and Malmö Port 

together with Copenhagen (50 %) and private investors (23 %) (CMP, 2012a). 

Malmö has invested large sums, SEK 1 billion, in to the expansion of the harbour area. The Real 

Estate Office is responsible for this investment, and of course wants to see revenue generated from 

leasing the land. This is done through marketing the future business park, MNHBP, together with the 
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Trade & Industry Office and CMP.37 According to a municipal commissioner of Malmö, the Real Estate 

Office and CMP are influential when it comes to the development of the Northern Harbour, but all 

involved departments have influence of the development and have to work together in established 

structures.  

The City of Malmö has very ambitious environmental targets of a 100 % renewable energy system in 

2030 (Malmö Stadsbyggnadskontor, 2009). In order to reach these targets, sub-targets of a 100 % 

renewable energy use within the municipality’s departments and companies, and a 20 % decreased 

energy use per capita by 2020 are in place.  

The public transport vehicle fleet in Malmö is comprised of gas driven vehicles that are driven by a 

mix of biogas and natural gas where at least 50 % is biogas (VA SYD, 2013a). The municipal 

organisation’s vehicle fleet is partly fuelled by biogas, together with electricity fuelled vehicles 

(Miljöförvaltningen Malmö Stad, 2012). The share of biogas in the public transportation fleet is to be 

100 % in 2015. By the same year, the municipal organisation has set a target to have a minimum of 

75 % renewable vehicle fuel.  

5.3.2 E.ON 

E.ON has several interests in the Northern Harbour. In addition to today’s heat and electricity 

production from E.ON’s two power plants, E.ON also owns a wind turbine, Boel, a gas upgrading 

plant and extensive infrastructure in the form of district heating and gas pipelines and power lines 

(Hauksson, 2013). There are also plans of building a gasification plant in the Northern Harbour, see 

Bio2G for further information. E.ON owns and manages the power, district heating and gas grids in 

Malmö. 

Needs and capacities 

Malmö requires about 2 TWh of district heating each year. E.ON owns the district heating grid and 

provides the heat. Sysav’s CHP plant is covering the base load together with gas-powered 

Heleneholmsverket whereas primarily Öresundsverket cover peak demands. Natural gas powered 

combined cycle gas turbine plant Öresundsverket (ÖVT) and bio fuelled heat plant Flintrännan are 

both located in the Northern Harbour, and are to undergo development in the medium and long run. 

Heleneholmsverket, Öresundsverket and Flintrännan are all owned and operated by E.ON.  

Öresundsverket was built in 1953 and was then oil and coal powered. After being taken out of 

production in 1993, the plant had a modernization and remake in 2007-2009, and was controversially 

(Widman & Bertz, 2009; Pitkä-Kangas, 2009; Bergström, 2007) upgraded to a natural gas powered 

plant (E.ON Värme, 2013b). Öresundsverket was initially rebuilt to cover the electricity demand when 

the nuclear power plant of Barsebäck outside of Malmö was shut down.38 Öresundsverket has a 

capacity of 250 MW heat and 440 MW electricity, but due to high gas prices and low electricity 

prices, ÖVT does not run continuously (E.ON Värme, 2010; Hauksson, 2013). In 2011 0,5 TWh of heat 

and 1,5 TWh of electricity was produced in ÖVT, which compares to about half of the capacity (E.ON 

Värmekraft, 2012; E.ON Värme, 2010). 

Flintrännan, built in 1995, is a bio fuelled heat plant with a 55 MW heat capacity. Today it is used for 

the production of an alternative product called green district heating as there has been a demand for 
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this product in Malmö, primarily for buildings that are certified according to environmental 

standards. Flintrännan produce the amount of green district heating sold, which is about 30 GWh 

annually.  

There are long term plans to convert or replace Öresundsverket with a bio fuelled alternative in 

order to reduce climate impact and reach the City of Malmö’s environmental goals of 100 % 

renewable energy in 2030 (Malmö stad, 2009).39 To cover the future needs of heating and electricity 

in Malmö, there is also need to expand the operations. There are three main alternatives for doing 

this, each of which will influence the future of the Northern Harbour. The official plans for Northern 

Harbour might limit these alternatives. The alternatives, described by Hauksson (2013) are presented 

below.  

1. Bio fuelled boiler co-located with ÖVT: An additional wood chip fuelled boiler with the same 

heat capacity as ÖVT that can use the infrastructure in place at the ÖVT site.  

2. Increased capacity in current plant Flintrännan: A new wood chip boiler at Flintrännan site 

that would result in a 200 GWh annual capacity.  

3. Bio2G co-location: Increase the capacity of the bio fuelled support boiler required in the 

planned gasification plant.  

Bio2G 

E.ON has an on-going project, called Bio2G, to build a gasification plant, either in Malmö or 

neighbouring town Landskrona, to make biogas from cellulosic biomass. These two locations were 

chosen after a screening of 60 different locations in proximity to the natural gas grid along the south 

west coast of Sweden.40  

The plant would have a capacity of 1.6 TWh of biogas produced from 2.6 TWh or about 1 million 

tonnes of biofuels and requires investments of about SEK 4-5 billion (Larsson, 2011). The process 

energy would come from an integrated 40 MW boiler fuelled by biofuels, unburned ashes from the 

gasification process and combustible gases from the gas upgrading process. Co-generated electricity 

will cover about half of the internal demand. About 60 MW of excess heat can be delivered to the 

district heating network (Andersson & Liberg Kristiansson, 2011). 

There are very few sites available for new industrial establishments in Malmö, leaving Northern 

Harbour as the suitable option. This is also the location that has been investigated further for 

establishment. The plant requires a total land area of 150 000 m2 which would be a considerable part 

of the unexploited land in the Northern Harbour, and access to a separate quay that would be run by 

CMP (Andersson & Liberg Kristiansson, 2011). Because of the city’s ambitious environmental targets, 

to have a 100 % renewable energy supply by 2030, there is a strategic importance in finding a 

location for the gasification plant.  

Bio2G would be a reference plant which could bring much positive attention to both Malmö and 

E.ON according to the municipal commissioner, and also help fulfilling the demand for renewable 

energy in the transport sector. The gasification plant would bring in part of the substrates through 

the port, and though a considerable amount, this would not constitute an amount that would make 

Bio2G an ideal actor in the Northern Harbour from CMP’s point of view. However, there are strategic 
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implications in a gasification plant since it could greatly contribute to a fossil free transport sector in 

Malmö.41 In November 2012 E.ON announced that the project had been put on hold because of 

financial uncertainties as well as unclear directions on a national level on which role biogas will have 

in a transition to a fossil free transport system. This makes the future biogas market uncertain and 

the project too much of a business risk to move forward (Hennuis, 2012). It is yet to be decided if the 

plant will be located in Malmö or Landskrona, and if the project will be initiated at all (Hennuis, 

2012). It is a critical time for Bio2G and a decision about starting construction needs to be made 

before early 2014 or a new environmental impact assessment has to be done. If so, it is probable that 

the project is terminated altogether (Hauksson, 2013). 

5.3.3 CMP 

CMP, Copenhagen and Malmö Port, operates the terminals in the harbour in Malmö. Malmö Harbour 

is comprised of several harbour areas where the Northern Harbour is one. CMP is leasing the land in 

the ports from the City of Malmö, and CMP in turn lease unused land and office buildings to other 

actors.  

In 2011 CMP’s ro-ro and ferry terminal was moved from Nyhamnen to Northern Harbour for a 

regeneration of the centrally located Nyhamnen and the container terminal was moved from 

Frihamnen to Northern Harbour, allowing an expansion of the area for imported cars (CMP, 2012b). 

There is room for a lot of expansion of the port business in the Northern Harbour. While many other 

ports are crowded and unable to expand because of their locations in city centres, CMP’s land assets 

in the Northern Harbour makes it possible for CMP’s business to grow for at least 50 years before 

running out of space according to the marketing coordinator at CMP.  
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5.3.4 Malmö Northern Harbour Business Park 

 

Figure 9. The sites reserved for the Northern Harbour Business Park are orange marked with red outline. Source: MNHPB 
website. Available: http://www.mnhbp.com/content/images/pages/right_column/northernharbour_plan_big.jpg [2013-05-
20]. 

Malmö Northern Harbour Business Park (MNHBP) is the name of the future business park to be 

established in the unexploited parts of Northern Harbour (see Figure 9). The park is being marketed 

by the City of Malmö and CMP together. CMP markets their services in the port and the City of 

Malmö markets the possibility to be established in Northern Harbour. By the time of writing, the 

main purpose of MNHBP is set to be to serve as a marketing platform to attract new businesses to 

the Northern Harbour. This is done through dialogues with potential businesses and sending 

delegations. An information base that can be used in these dialogues or where interested businesses 

can find more information is a website42 managed by the Trade & Industry and Real Estate offices of 

the City of Malmö, and by CMP. The website is mainly targeted at international companies and 

contains basic information about the plans for the park as well as about doing business in Sweden.  

As mentioned earlier, the vision is to bring in businesses that make use of the port, preferably as a 

hub for international companies. In addition, all new establishments will be offered a connection to 

the railway track that is present in the Northern Harbour today.43 The website of MNHBP describes 

the type of companies desired in the park with the following words, as one of five bullet points to 

define the park:  

[MNHBP] aims to attract companies operating in manufacturing, processing or logistics that are 
looking for access to quayside land with port services, state-of-the-art cargo terminals and 
intermodal transport solutions. 
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There are also indications of collaboration within the park and with the surrounding businesses in the 

final bullet:  

[MNHBP] provides a high level of coordination among businesses in the area with the aim of creating 
common solutions for energy supply, security, transports, waste management and recycling, which 
benefits tenants and cuts costs. 

While this description might suggest collaborations that could lead to symbiotic connections among 

companies, there are currently no plans to profile the park as a “green” business park in anyway 

according to Trade & Industry Office representatives. Both Trade & Industry Office and CMP 

representatives state that they are open to establishment of Cleantech businesses and low 

environmental impact of the park respectively. While the City of Malmö owns the land in the park 

and are responsible for securing new establishments, CMP’s business operations are greatly 

influenced by what companies are established in the park. CMP therefore has a veto on the 

companies that the City suggests for establishment.44 

There are currently plans to create a network among the present companies in the Northern Harbour 

in order to market their services in order to attract new business. The idea is to be able to supply 

most services from by the local companies already present in the Northern Harbour. The marketing 

of these services would also be done through the website of MNHBP by each company stating the 

services they can provide together with contact information. The publishing of provided services on 

the website would be free for the companies in Northern Harbour and CMP representatives hope 

that the companies will see the potential for a win-win situation for each of the companies present in 

the Northern Harbour area today and for the public entities that are trying to bring new businesses 

to the Northern Harbour.  

The marketing coordinator at CMP has initiated this network together with a representative from the 

Cleantech division of the Trade & Industry office. So far there have been three meetings where some 

ideas have been formed, but when calling to a meeting to make these ideas more concrete in 

December 2012, only three out of 90 invited companies replied and the meeting was cancelled. The 

invitations were general and not targeted at a specific person within each company. In order to move 

forward with the network there is now work to embed the concept of the network further within the 

companies in the Northern Harbour, in part by identifying the person responsible for these matters 

in each company.  

The evolvement of this network is not prioritized within the Trade & Industry Office at the moment 

because of other activities being undertaken in the area. Another reason that the work has slowed 

down could be that the Cleantech representative involved has been on parental leave for some time.  

5.3.5 EPIC 2020 

EPIC 2020 (Symbiotic bio-Energy Port Integration with Cities by 2020) is a project under the 

Intelligent Energy Europe programme that “aims at promoting the use of untapped bioenergy 

resource potential of ports and surrounding areas by applying the industrial symbiosis approach” 

(Intelligent Energy-Europe, 2013b). Five port cities in Europe are participating in the project that is 

being carried out from April 2013 and three years onwards together with representatives from 
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academia and energy companies. The City of Malmö acts as the co-ordinating participant (Intelligent 

Energy-Europe, 2013a).  

The project has its starting point in that ports and port areas are natural crossing points for goods 

and resources on their way to industries in the port area or in the region, and in the same time being 

closely connected to a city, which most ports are. The interaction between bioenergy supply chains 

in ports are therefore seen as an “untapped potential” which can be used to promote urban 

economic growth from bioenergy resources. (Intelligent Energy-Europe, 2013a) 

One of the project’s anticipated results is to trigger bioenergy resource exchanges, which is to be 

done both by triggering the establishment of new biomass conversion industries to utilize existing 

biomass streams, and by promoting Cleantech industries and products that make use of by-products 

from the conversion industries. Included in the project is also assessment of bioenergy resource 

potentials and of energy flows in each of the port areas and assessing potentials for symbiotic 

connections from these flows. (Intelligent Energy-Europe, 2013a) 

5.3.6 Other energy producers in Northern Harbour 

Sysav 

Sysav is owned by 14 municipalities in the south of Scania, one of which is the City of Malmö, and 

handles municipal waste from the owner municipalities. Sysav also receives industrial waste and 

household waste from other municipalities. The company handles most waste fractions and a total of 

98 % of received waste is recovered, either through recycling of materials or energy recovery.  

Sysav runs a waste fuelled CHP plant in the Northern Harbour which in 2011 delivered about 1,4 TWh 

of heat to Malmö’s district heating system, and 130 GWh electricity to the grid (Sysav, 2013). Sysav’s 

CHP plant covers the base load of Malmö’s district heating system. There is also a biogas plant being 

built in the Northern Harbour, set to be in production in 2015.45 The plant would have organic 

household waste as main substrate and have a capacity of 35 GWh or 3,7 million Nm3 (Biogas Syd, 

2012).  

VA SYD 

VA SYD is responsible for collecting household waste in Malmö and Burlöv. The waste is then handled 

by Sysav. VA SYD is also responsible for providing water and handling waste water in its owner 

municipalities of Malmö, Lund, Burlöv and Eslöv. VA SYD produces biogas in the waste water 

treatment plant Sjölundaverket in the Northern Harbour. In 2011 5.3 million Nm3 biogas was 

produced and most of it was sold to E.ON for upgrading. Some was also used internally in gas engines 

to produce electricity and gas fuelled boilers to produce heat. (VA SYD, 2012) 

Evonik Norcarb 

Evonik Norcarb produces carbon black, which is a chemical used as a pigment in inks and plastics 

with petroleum products as raw material. The process generates steam, heat and electricity. The 

electricity and heat are sold to E.ON and amount to about 1 GWh and 80 GWh respectively. The 

steam, a total of 17 GWh, is sold to neighbouring oil storage companies which use the steam for 

keeping oil warm. (WSP Environmental, 2013)  
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6 Analysis 
In this chapter the results of each case study are presented and connected to the development of 

industrial symbiosis. First, a summary of the key factors from each case, categorized according to the 

framework presented in section 3.4, are presented in a table. The most important factors and their 

implications are further analysed in different topics within their context, together with other findings 

and relevant literature. The factors influencing the analysed topics are presented in the beginning of 

each section.  

6.1 The development of industrial symbiosis in Händelö industrial area 
The establishment of Agroetanol in Händelö can be considered a crucial contribution to the 

development and also uncovering of the Händelö symbiosis network since it both created a need for 

steam and the availability of fodder, stillage and CO2 as by-products and co-products. In other words, 

Agroetanol started an elementary form of a biorefinery, which was later expanded by the 

establishment of Svensk Biogas and will be further expanded when the CO2-plant is in operation. 

E.ON contributes to this biorefinery by providing steam produced from renewable fuels. In Table 1 

below, the results of the Händelö case study are presented.  

Table 1. Factors influencing the development of industrial symbiosis in Händelö. 

Category Key findings What was influenced Actors with influence 

Technical 
 

Norrköping has an advantageous 
geographical location 

Attractiveness of Norrköping as a 
location for business 

- 

Händelöverket handles a wide range of 
fuels 

Increases potential for symbiotic 
connections 

E.ON, Municipality, other fuel 
providers 

Händelöverket provides multiple energy 
products 

Increases potential for symbiotic 
connections 

E.ON, Municipality, other fuel 
providers 

District heating network available Enables different kinds of synergies Municipality, E.ON 
Secured availability of “green” steam  Norrköping as a candidate for 

Agroetanol 
E.ON 

Diverse output streams from Agroetanol Increases potential for symbiotic 
connections. 
Economic resilience.  

Agroetanol  

Surplus thin stillage limiting production 
capacity 

Substrate available for biogas plant Agroetanol, Svensk Biogas 

Biogas produced in Agroetanol’s plant 
currently unused resource 

Potential for future symbiotic 
connections or decreased internal 
fossil fuel use 

Agroetanol 

Diversity of waste streams locally 
available 

Increases potential for symbiotic 
connections 

 

Logistical infrastructure in place for road, 
rail and sea transport on Händelö 

Attractiveness of Norrköping as a 
location for business 

Municipality 

Land available for new industrial 
establishments 

Possibility of new businesses  Municipality 

Economic 
 

Steam demand enables electricity 
production by waste incineration during 
the summer 

Higher profitability of Händelöverket E.ON, Agroetanol 

E.ON invested in pipeline to Agroetanol  Reduced economic risk for Agroetanol E.ON 
Agroetanol avoided investing in a boiler 
by using external steam 

Economic savings 
Reduced economic risk 

Agroetanol, E.ON 

High value fodder can be produced from 
stillage 

Increases economic viability of ethanol 
plant 

Agroetanol 

Selling thin stillage adds revenue stream 
to Agroetanol 

Increases viability of ethanol plant Agroetanol, Svensk Biogas 

Selling CO2 adds revenue stream for 
Agroetanol 

Increases viability of ethanol plant Agroetanol, AGA Gas 

    

Political 
 

Public procurement of biogas vehicles The demand for biogas increased  Municipality 
Organic household waste for biogas 
production 

Substrates for biogas locally available Municipality 
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Political decision on boiler for household 
waste  

Fuel diversity in Händelöverket Municipality 

Policy instruments influenced viability of 
different fuels for energy production 

The fuel mix at Händelöverket moved 
towards less fossil fuels 

National government, E.ON 

Tax exemption on ethanol pilot plant The possibility to establish an 
economically viable ethanol plant 

National government 

Active work to establish new businesses Possibly the attractiveness of 
Norrköping as a place for 
establishment 

Municipality 

Political pressure made “green” steam a 
priority for ethanol plant 

Possible places to locate for Agroetanol National government, 
Agroetanol 

Organizational 
 

Publicly owned energy company was sold 
to E.ON 

Decision-making dynamics and 
financial power of energy company.  

Municipality, E.ON 

Steam delivered within a short range 
from E.ON was considered a resource by 
municipality 

Possibility for future symbiotic 
connections 

Municipality, E.ON 

External steam wanted for Agroetanol 
plant  

Need to connect with another actor.  
Supply security.  
Lower investment costs. 
Ability to focus on core processes 

Agroetanol 

E.ON willing to establish steam 
connection 

Enabled connection to Agroetanol E.ON 

No pipeline between Agroetanol and 
Svensk Biogas 

Flexibility in future substrate supply.  
Continuous deliveries ceased when 
transaction no longer viable. 

Svensk Biogas, Agroetanol 

Agroetanol and AGA Gas form joint 
investment company Norlic 

Future symbiotic connection. 
Additional revenue stream. 

Agroetanol, AGA Gas 

Municipality granted Norlic site adjacent 
to Agroetanol’s  

Facilitates symbiotic connection Municipality 

Local network was incorporated in 
regional Cleantech Östergötland 

Local networking was affected Municipality, Cleantech 
Östergötland 

 

6.1.1 Secure “green” steam 

The availability and need for secure “green” steam was influenced by multiple factors:  

 

Agroetanol being powered by steam produced by renewable fuels at E.ON’s CHP plant is an 

important aspect in which Händelö IS network is outstanding in relation to other industrial 

developments as well as other industrial symbiosis developments. The fact that E.ON could and was 

willing to provide steam from biofuels was also one of the reasons that Norrköping and, more 

specifically, Händelö was even considered as a location for the establishment of Agroetanol. The 

“green” steam was, and still is, crucial for Agroetanol’s product and could be provided in what was 

considered secure supply by E.ON’s CHP plant in Händelö. In contrast, the main alternative for 

establishment, Köping, would have had excess steam from a chemical process industry whose future 

was not certain at the time.  

The requirement of the ethanol having low environmental impact, however, was a political one, but 

that could have been met with an internal bio fuelled energy production. Increased security in having 

Technical 

Händelöverket handles a 
wide range of fuels 

Händelöverket provides 
multiple energy products 

Political 

Green steam was 
wanted for ethanol 

plant 

Organizational 

External steam wanted 
for Agroetanol plant  

E.ON willing to establish 
steam connection 
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several boilers available at E.ON CHP plant, instead of one internal ditto and the need to focus on the 

core processes of making ethanol instead of producing steam were contributing factors in this 

decision. The most important one however, was to avoid the large investment that an internal boiler 

would have required.  

A processing industry such as Agroetanol loses a lot of revenue during production downtime, which 

would be the case if steam deliveries stopped. Agroetanol’s choice of locating next to E.ON, who has 

several boilers available should one fail, instead of having an internal steam production or locating in 

Köping supports the importance of a secure steam delivery. Jacobsen & Anderberg (2004) also 

highlight supply security as an important factor in industrial symbiosis development.  

6.1.2 The green biorefinery 

 

The Händelö industrial symbiosis network can be viewed as a form of biorefinery network as 

discussed by Octave & Thomas (2009). The Agroetanol plant in itself is a biorefinery according to the 

broad definition provided by for example Anex (2004), since there are multiple end products created 

from biomass through different processes. What is especially interesting in this case is that not only 

is the material source biomass, but the energy driving the biorefinery is also produced from biomass. 

Initially two main products, ethanol and animal feed, were produced with stillage and CO2 as by-

products. The stillage as a by-product was a result of limited capacity in the fodder production where 

stillage is dried into animal feed.  

When Svensk Biogas was established, biogas and biofertilizer was added as products the biorefinery 

network was expanded. Though not an advanced biorefinery as described by literature, the network 

does produce several end products with biomass as a feedstock. The future CO2 upgrading plant will 

result in another product in the network, and though Agroetanol’s is not sending all stillage to Svensk 

Biogas anymore, this connection is not entirely broken.  

The fact that a biomass material, such as wheat in this case, allows for several products, co-products 

and by-products generates a number of material flows that can be used within the same facility or by 

other actors. Diversity and a high number of material flows increase the technical feasibility for 

industrial symbiosis since the possibilities to match inputs and outputs increase. However, quantities 

should be of the same magnitude to make an exchange economically interesting for all actors 

involved as mentioned by Jacobsen & Anderberg (2004).  

Technical factors 

Diverse output streams 
from Agroetanol 

Availability of green 
steam  
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6.1.3 Operational anchor tenant 

 

Chertow (2000) suggest that an actor with large input and output quantities, a so called anchor 

tenant, can attract new actors to the area and form symbiotic connections with them, and that this 

actor can be a driver of an industrial symbiosis network. This can be said to be the case in Händelö, 

where E.ON’s diversity in fuel and possible energy outputs attracted Agroetanol to the area.  

The availability of a diverse range of fuels in the vicinity of Händelöverket has made it possible for 

E.ON to utilize bulky fuels as forestry, construction waste and used tyres. Bulky materials cannot 

carry the same transport costs as more compact fuels as coal and oil and having biofuels like forestry 

waste available in the area from local sawmills increases the economic viability for biofuels for 

incineration. Waste transports are paid for by the disposer, and industries and municipalities in the 

vicinity therefore have economic incentives to sending the waste to Händelöverket compared to a 

more remote waste incineration plant. This has contributed to the diversity in E.ON’s boilers and that 

E.ON now can handle variety in different fuels. The biofuels contributed to the establishment of 

Agroetanol and the fuel diversity might be an important aspect in the future development of the 

Händelö industrial symbiosis network.  

6.1.4 Increased production capacity 

 

In the case of Agroetanol, the capacity of the drying in the fodder production was a bottle neck in the 

production line. This resulted in a surplus of stillage which in time was delivered to Svensk Biogas. 

This meant that there was a secure demand of stillage, and Agroetanol did not have to spend 

resources on finding ways to rid themselves of the surplus stillage. According to Jacobsen & 

Anderberg (1994), a secure demand is an important part of a symbiotic connection since demand 

shortages may cause problems in upstream production. In this case, getting paid for the stillage 

rather than paying for the disposal of it also increased the economy of Agroetanol’s plant.  

6.1.5 Economically beneficial synergies 

The following factors influenced the economic viability of the symbiotic connections in the Händelö 

industrial symbiosis network, are further analysed below.  

Technical factors 

Händelöverket handles a 
wide range of fuels 

Händelöverket provides 
multiple energy products 

Technical factors 

Surplus thin stillage 
limiting production 

capacity 
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Engaging in a symbiotic connection can be a way of avoiding a large investment. This was the case for 

Agroetanol whose main reason for wanting an external steam source was to avoid a large investment 

in a boiler. Apart from this E.ON made the investment in the pipeline. Supplying Agroetanol with 

steam enables E.ON to run the waste fuelled boilers with a high load in summertime too. Since there 

is a gate fee on waste, E.ON profits from this and the electricity that can be co-generated and sold. 

Both E.ON and Agroetanol could profit from the connection, which is a condition for a self-organized 

industrial symbiosis network to emerge according to Chertow (2007).  

As discussed earlier, the limited capacity to make fodder out of stillage at Agroetanol’s plant resulted 

in a need to get rid of stillage in order to keep production at full capacity. By selling the stillage to 

Svensk Biogas, this problem was solved and another revenue stream was created. Though this 

connection did not prove to be economically sustainable, Svensk Biogas has continued to expand 

their production in Norrköping, especially since organic household waste is collected for biogas 

production in both Norrköping and Linköping since early 2012. There was probably better economy 

in expanding the existing plant than it would have been building an entirely new plant in Norrköping 

in order to utilize household waste for biogas.  

In regards to the CO2 upgrading plant, Agroetanol saw yet another potential revenue stream, which is 

to be regarded as the driver for this future connection.  

6.1.6 Diverse end-products with market potential 

The following findings have influenced the diversity of end-products:  

 

Agroetanol’s connections to E.ON, Svensk Biogas, and Norlic in the future have all arisen because it 

would improve the economics of Agroetanol. And while the making of fodder from dried stillage is 

Technical 

Surplus thin stillage 
limiting production 

capacity 

Diverse output streams 
from Agroetanol 

Economic 

E.ON invested in pipeline to 
Agroetanol  

Selling thin stillage adds 
revenue stream to 

Agroetanol 

Steam demand enables 
increased electricity prod. 

Organizational 

External steam wanted for 
Agroetanol plant  

Agroetanol and AGA Gas 
start joint investment 

company Norlic 

Technical 

Diverse output streams 
from Agroetanol 

Surplus thin stillage 
limiting production 

capacity 

Economic 

High value fodder can be 
produced from stillage 

Selling thin stillage adds 
revenue stream to 

Agroetanol 

Organizational 

Agroetanol and AGA 
Gas form joint 

investment company 
Norlic 



Influencing Industrial Symbiosis Development  Analysis 

45 
 

not a symbiotic connection in itself, it is definitely an output of the Händelö biorefinery network. 

Making fodder, selling thin stillage to Svensk Biogas and the future selling of CO2 to Norlic and AGA 

all generate new revenue streams to Agroetanol. Ethanol production is not in itself viable, and the 

by-products are important sources of income. Especially the last few years with high grain prices and 

low oil prices have been tough on Agroetanol. Multiple and diverse end products such as CO2 and 

fodder in addition to ethanol increases the resilience of the plant, making it less sensitive to for 

example high grain prices or uncertainties in future subsidies and tax regulations.  

Preisig & Wittgens (2012) have found that economy is the most important barrier for a biobased 

economy, but that a biorefinery can be the tool to add value to the initial material and increase 

profits and make biobased products more viable. Agroetanol has made use of this tool in order to 

increase profitability of the ethanol production.  

6.1.7 Tax exemption for bioethanol 

 

The possibility to produce ethanol from wheat was something Lantmännen had considered for some 

time, but the tax exemption granted to the pilot plant of Agroetanol’s was necessary for the 

production to be economically viable. In this particular case this seems to be a result of the pro-

“green” government and the political climate at the time. There were no particular environmental 

requirements on the ethanol, but the aim was to show that biofuels could be produced as an 

alternative to fossil fuels. The political climate therefore had a significant impact on the 

establishment of Agroetanol and the subsequent synergistic connections in Händelö.  

6.1.8 National policy instruments for reduced CO2 emissions in energy production 

 

Different policy instruments like energy tax, CO2 tax, electricity certificates and carbon credits have 

influenced the economic viability of biofuels and waste fuels compared to coal and oil. Though 

containing fossil materials, household waste incineration is exempted from energy and CO2 tax. 

When installing new boilers at Händelöverket, this has in turn had great impact on what type of 

boilers that were chosen.  
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6.1.9 Biogas supply and demand 

 

The Municipality of Norrköping has promoted biogas production and thereby the establishment of 

Svensk Biogas in Norrköping mainly in two ways. First, there was a policy decision to use biogas buses 

and vehicles for public transport. This helped create a demand for biogas, which is produced in the 

municipalities waste water treatment plant as well as by Svensk Biogas. Secondly, the Municipality of 

Norrköping made a decision to collect organic household waste for biogas production in 2011, 

instead of composting it as was done earlier. This means that Svensk Biogas’s main substrate now is 

organic household waste.  

6.1.10 Joint investments 

 

According to Dyer & Singh (1998), competitive advantages can arise if companies join forces, 

combine their competence and capacities and enter in a joint investment. By investing in a gas 

upgrading plant together with gas producer AGA by forming the joint venture company Norlic, 

Agroetanol does not only get paid for the raw gas from their fermentation process, but also get 

revenue from the value added in the upgrading process. Apart from this, the incentive to cooperative 

and make the business relationship work smoothly is greater when both actors have invested in the 

relationship. This is also a risk however, since the profitability of the gas upgrading plant cannot be 

completely predicted. To have AGA as a business partner is presumably a great advantage in that 

aspect, since their core business is selling gases of different kinds.  
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6.1.11 Flexible contracts 

 

An interesting contrast to the joint investment in Norlic is the fact that there were no joint 

investments made in the establishment of Svensk Biogas in a neighbouring site of Agroetanol’s, 

neither in the plant, nor infrastructure that could have connected the two plants physically. Instead, 

Agroetanol’s excess stillage was delivered by truck continuously throughout the contract of seven 

years, and is still delivered this way occasionally after the end of the contract. Truck deliveries were 

used even though it probably would have been more economical for Svensk Biogas to build a pipeline 

according to Agroetanol representatives.  

The flexibility that was enabled by truck deliveries rather than a more economically viable pipeline 

gave Svensk Biogas flexibility so as to not be locked in with Agroetanol as a main supplier. A pipeline 

would have given Svensk Biogas a weaker position in renegotiations of the contract with Agroetanol 

and the contract was not renewed simply because an agreement could not be reached where both 

parties profited from the exchange. Without the flexibility of the truck deliveries in contrast to a 

pipeline, there might not have been an agreement in the first place. Though not economically 

optimal, the agreement with truck deliveries was still beneficial for both actors. 

As Chertow (2007) discusses, self-organized industrial symbiosis networks such as Händelö emerge 

due to the economic viability of each individual exchange. Applying this logic, it would seem natural 

that an unprofitable exchange would cease to exist. However, it is possible that the overall 

profitability of the connection could have been improved through a pipeline, and moreover, a joint 

investment in a pipeline. If so, Agroetanol would also have had an incentive to accept a lower price 

for the stillage. That would still have been preferable before giving the stillage away for free just to 

be rid of it, which happens occasionally today. Agroetanol’s plans to build a new fodder production 

line for more diverse products and also increased capacity could have impacted this decision 

however.  

All in all, there is a lower risk for each separate actor in not making a joint investment in 

infrastructure like a pipeline, which might be necessary for a certain exchange to emerge. If such a 

risk is taken however, it might be possible to increase the overall profitability of a certain exchange, 

like in the case of Agroetanol’s stillage being sent by truck to Svensk Biogas even though a pipeline 

would have been profitable in a short term. Had there been a connection through pipeline and 

thereby a relation-specific asset, there would have been a competitive advantage for the companies 

involved following the reasoning of Dyer & Singh (1998). Both parties might have profited from a 

sustained exchange even though an agreement on continued exchange could not be reached in the 

absence of a pipeline. If a pipeline that both parties had invested money in had existed at 

renegotiations however, both parties would have an incentive in making use of this investment. In 

addition, an asset like a pipeline to co-join the two plants might have been an incentive for closer 
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collaboration and dialogue between the two companies which could have resulted in new ideas and 

further business development. 

6.1.12 Land management and steam range 

 

The Municipality of Norrköping was helpful in the planning and surveying of possible sites for 

Agroetanol’s establishment. Availability of sites for new industries was a non-issue in Norrköping 

since there was, and still is, land available for exploitation according to the municipality’s website46. 

Furthermore, the municipality actively tried to attract new business at the time Agroetanol was 

looking for a place to be established, especially for unskilled labour since much industry providing 

those jobs had been shut down in Norrköping. In a later stage, when AGA and Agroetanol was 

looking to establish the CO2 upgrading plant, they were granted the one available neighbouring site 

by the municipality, despite the fact that the new plant would generate very few new jobs in 

Norrköping.  

An interesting development that could have implications for the Northern Harbour development is 

that the Municipality of Norrköping has since the uncovering of the Händelö IS network recognized 

the steam as a resource of E.ON’s, and has included this in the formal plan of the area with the 

notion of steam range. It states that there might be reasons to reserve the sites close to E.ON for 

businesses that use steam in their processes. This implies that the intentions of the Municipality of 

Norrköping are to facilitate new steam exchanges which would mean an expansion of the IS network. 

This could be a way in which the municipality initiates future industrial symbiosis projects.  

6.1.13 Cleantech Östergötland: Institutionalization of regional industrial ecology? 

 

The establishment of Cleantech Östergötland was a kind of institutionalization of the “uncovered” 

industrial symbiosis and regional industrial ecology networks in the region as suggested by Chertow 

and Ehrenfeld (2012) as the highest level of maturity for a self-organized symbiosis network. Thus, it 
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was not a part of the initial development of the Händelö industrial symbiosis network. Cleantech 

Östergötland has helped showcase the region and also the Händelö industrial symbiosis network 

nationally and internationally. The questions is whether they have “intentionally driven the 

expansion of the network” as the authors suggest for this stage of industrial symbiosis development. 

The company describe their mission to  

“…gather and promote business and development opportunities in the region by supporting market, business 

and product development and showcase regional competence and applications […] and stimulate cooperation 

between researchers, students and actors in the region.” (Cleantech Östergötland, 2013) 

This suggests that the main focus of Cleantech Östergötland lies in developing the region and 

Cleantech development in the region rather that specifically industrial symbiosis or industrial ecology 

for that matter, even if it was established as a result of the “uncovering” of industrial ecology in 

Norrköping among other things. Cleantech Östergötland is currently undertaking a study, together 

with Linköping University, to properly map needs and capacities of a wide set of actors in and around 

Händelö. This can identify further collaboration possibilities and can catalyse network expansion. 

After the industrial activities in and around Händelö were recognized for its environmental 

contribution, the spontaneously developed network in Händelö was incorporated in the newly 

formed regional business arena Cleantech Östergötland. The local network, which had previously 

included local actors in Händelö together with the municipality and Linköping University, had about 

three meetings annually where the interconnectedness among the industries was discussed as one 

topic. After Cleantech Östergötland was formed, these meetings have stopped according to business 

representatives, and this form of local dialogue has diminished.  

While institutionalization denotes the highest level of maturity within a self-organized industrial 

symbiosis network such as that on Händelö (Chertow & Ehrenfeld, 2012), early developments in this 

case indicate limited contribution and potential counter productivity. The institution is still young 

however and the potential problem of decreased local dialogue has been identified by the 

municipality.  

6.2 Conditions for industrial symbiosis in Northern Harbour 
The conditions for industrial symbiosis in the Northern Harbour are quite different from those in 

Norrköping at the time of the development of the Händelö industrial symbiosis network. The key 

factors that might influence the development of industrial symbiosis are presented in Table 2 below.  

Table 2. Factors that might influence the development of industrial symbiosis in the Northern Harbour. 

Category Key findings What is influenced Actors with influence 

Technical 
 

Malmö is a recognized transport node Future infrastructural investments  EU, national government 
Extensive logistical infrastructural assets Use of land.  

Attractiveness of NH. 
City, CMP, National 
government 

Extensive utility infrastructural assets  Use of land.  
Attractiveness of NH. 

E.ON 

District heating and gas grids available in 
Malmö 

Increases potential for symbiotic 
connections 

E.ON 

Gasification plant would enable a diverse 
range of input fuels and outputs 

Increases potential for symbiotic 
connections 

E.ON 

900 000 m2 of unused land Increases potential for symbiotic 
connections 

Real Estate Office, CMP 

Future biogas plant build in NH Increases potential for symbiotic 
connections 

Sysav 

Most waste fractions and waste water Increases potential for symbiotic Sysav, VA SYD, recycling 
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are handled connections businesses in NH 
    
Informational 
 

EPIC 2020 project might increase 
knowledge about industrial symbiosis 

Increases potential for symbiotic 
connections 

EPIC 2020, City, E.ON  

EPIC 2020 aim to do an inventory of 
potential synergistic connections 

Information of potential synergies 
readily available  

EPIC 2020, City, E.ON 

    
Economic 
 

Large investment needed for gasification 
plant 

Risks and viability of gasification plant E.ON 

Return on large investments are expected 
in NH 

Use of land Real Estate Office, CMP 

    
Political 
 

Unclear political directives on the future 
of biogas 

Risks and viability of gasification plant National government 

Malmö has set ambitious environmental 
targets 

Need for renewables and resource 
efficiency 
Increases potential for symbiotic 
connections 
Type of new businesses wanted in NH 

City 

    
Organizational 
 

Diverging interests within and outside the 
City’s organisation regarding future of NH 

Smoothness of development City depts., businesses in NH, 
EPIC 2020 

Losing heavy industry in the 90’s has 
made decision-makers hesitant to new 
such industry 

Type of new businesses wanted City of Malmö 

Pressure to replace natural gas in ÖVT Need for new plant or upgrade existing 
plants 

City, E.ON 

MNHBP is used as a marketing platform Attractiveness of NH. CMP, Real Estate Office, Trade 
& Industry Office 

“High level of coordination” defining 
MNHBP 

Increases potential for symbiotic 
connections 

CMP, Real Estate Office, Trade 
& Industry Office 

CMP has veto on the establishments in 
NH 

Use of land.  CMP, Sysav 

Network in NH to market MNHBP Opportunities for cooperation CMP, Trade & Industry Office 
Land priorities in NH favour logistical 
hubs  

Type of new businesses wanted. Real Estate Office, Trade & 
Industry Office, CMP 

6.2.1 Infrastructural assets 

 

The Northern Harbour has infrastructural assets both in the form of logistical infrastructure and 

utility infrastructure. The port has expanded their business in the Northern Harbour and provides 

most maritime services, and there are also train and road connections. The utility infrastructure is to 

a large part owned and managed by E.ON who owns and manages district heating, gas and electricity 

grids. There are also steam pipelines connecting chemical processing industry Evonik Norcarb with 

steam customers. Infrastructure within plants can also be used, for example connecting additional 

boilers to existing turbines and heat exchangers. How to best utilize the existing infrastructure is 

something that needs to be considered when moving forward with the plans of Northern Harbour.  
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6.2.2 Biorefinery potential 

 

The realization of the Bio2G project in Northern Harbour would open up opportunities for a 

biorefinery in the Northern Harbour. That could also increase the possibilities for industrial symbiosis 

connections as discussed in 3.6. The planned gasification plant would use cellulosic biomass as 

feedstock to produce the intermediate product syngas which is to be upgraded to biogas. The by-

products of heat and electricity would be used both internally and externally. The sulphur separated 

in the gas upgrading can serve as a feedstock for the production of sulphuric acid. The syngas can 

also be used to produce other fuels and chemicals, and though that is not in the current plans, it 

could be an option in the future in order to increase the viability of the gasification plant.  

The Bio2G plans have been halted due to the economic risks that such a billion SEK investment 

implies when a clear biogas strategy on a national level is missing. This means that the future market 

and applications for biogas, depending of policy instruments like subsidies and tax reliefs, is hard to 

predict which increases the risk of a pioneering project like Bio2G would be.  

6.2.3 Ambitious environmental targets 

 

The City of Malmö has set some ambitious environmental targets. The aims are that the municipality 

as a whole should be 100 % fossil free in the year of 2030 and that the municipal organization should 

be fossil free in 2020. If these targets are to be reached, Malmö needs a clear strategy to move from 

a partly natural gas basted district heating and electricity system. It is not exactly clear how this 

energy will be accounted for, for example if self-sufficiency is part of the target. This is especially 

complex for the electricity supply and demand, because of the deregulated and integrated market. 

For example, producing the same amount of electricity as is used in Malmö does not necessarily 

result in the same environmental benefits as Malmö being self-sufficient in electricity, because of 

marginal electricity having most environmental impact. Malmö has considerable amounts of wind 

and solar power and increasing its capacity is a part of the strategy to reach the environmental 

targets. While it might not be plausible to be entirely self-sufficient in electricity at all times, there is 
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also a need for a fossil free base load power source that can be used when the intermittent wind and 

solar power contributions are low, if these targets are to be considered serious.  

There is definitely a need for fossil free heating to reach the targets since the district heating system 

is a closed system. A strategy to transition from natural gas to more renewables in the district 

heating fuel mix is therefore needed. E.ON currently has three investment alternatives that could 

contribute to the transition to fossil free district heating, as presented in section 5.3.2. All of the 

alternatives are for establishment in Northern Harbour, mostly because of the infrastructural assets 

in place. The district heating produced from waste in Sysav’s CHP plant also has a certain amount of 

non-renewables in the mix. On the other hand, the heat from Sysav could be viewed as excess 

process heat. How this is accounted for in the energy mix is an important issue that needs addressing 

by the City of Malmö.   

The transports are very fossil dependent, and part of Malmö’s strategy to replace fossil fuels is a 

transitional period of biogas use while electrical cars and electrical hybrids are developed and 

renewable electricity is available to power those. Large scale production of biogas is planned in the 

Bio2G project. The City of Malmö has ambitions to profile itself as a biogas city, like they have done 

in other sustainability projects, such as the large off shore wind farm in Lillgrund off Malmö’s coast 

and the sustainable district of Western Harbour. The Bio2G project would be another part of Malmö 

being a pioneer city for sustainable solutions. The municipal commissioner does not consider the 

halted plans for Bio2G a major setback in the City’s work towards a 100 % renewable energy system, 

but believes that there sooner or later, inevitably, will be the right policy instruments in place to 

make renewable energy production, such as gasification, economically viable.  

6.2.4 Industrial development priorities and land management 

 

The competition for industrial land in Malmö puts the city and CMP in a position where they more or 

less can pick and choose in the businesses they want to bring to Malmö and the Northern Harbour. 

As can be seen on the City of Malmö’s website47, there is little available land for new establishments, 

especially large industrial dittos. Naturally there is a wish to make use of the infrastructure for 

transport that is provided by the port and CMP in the Northern Harbour. The City of Malmö also has 

an interest in bringing new job opportunities to the city. A municipal commissioner in Malmö 

highlights the question of instability in manufacturing industry and that because of tough 

competition from low income countries, jobs created in this sector cannot be trusted to stay. It is not 

a surprising point since Malmö has a history of losing heavy manufacturing industry. Malmö wants to 
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expand their logistics businesses and the focus lies on companies that require large quantities of 

goods transported, not in attracting a certain type of industry. The City certainly sees the advantages 

for adding value to imported goods in the Northern Harbour before exporting them again, however.  

A study was made by WSP for E.ON, The City of Malmö and CMP to identify the needs, expectations 

and drivers for the development of industrial symbiosis and cooperation within the Northern 

Harbour Area. The conclusions of this report were not further developed or taken into account in the 

continuing work with the development of the Northern Harbour. There may be several reasons for 

this, but either way it suggests that in order to achieve further industrial symbiosis development in 

the Northern Harbour, more work is needed before the window of opportunity closes and the City 

Planning Office finalized their detailed plans of the area and E.ON has to make a final decision on the 

Bio2G project.  

6.2.5 Diverging interests in the Northern Harbour 

 

There are several stakeholders with different views on the best views for the Northern Harbour. As 

discussed above, Malmö’s Real Estate Office and CMP are prone on utilizing the infrastructure in 

place for goods intensive businesses in the Northern Harbour. That would generate business for CMP 

and paybacks on investments made by the Real Estate Office in the Northern Harbour. Industries that 

add value to products in the Northern Harbour to export them again are prioritized since they also 

create job opportunities in Malmö. The Trades & Industry Office seems to share this view. The City of 

Malmö has also set some very ambitious environmental targets, discussed in section 6.2.3. The 

development of the Northern Harbour can greatly influence the possibilities to fulfil these targets. 

Furthermore, the EPIC 2020 project, which both the City of Malmö and E.ON are a part of, have 

interests in developing Cleantech businesses and symbiotic connections in the Northern Harbour. 

E.ON have interests in expanding biomass based operations in the Northern Harbour and utilize their 

existing gas, electricity and district heating infrastructural assets there.  
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7 Discussion and conclusions 
In this section, three main topics from chapter 6 that are relevant for both cases have been chosen to 

dissect further. These are discussed further to result in lessons from the Händelö case and what 

implications these lessons might have for the Northern Harbour case.  

7.1 Divergent priorities 
Divergent priorities among different actors, both public and private can be an obstacle that needs to 

be overcome in order for industrial symbiosis to develop.  

7.1.1 Lessons from Händelö industrial symbiosis network 

The Municipality of Norrköping was working towards lowering the unemployment rate in Norrköping 

at the time when Agroetanol was looking for a place to be established. Unemployment levels were 

unprecedented and generating new job opportunities in the municipality was probably the top 

priority within the municipality at the time. It might have been to the extent that unemployment was 

seen as a “common enemy” at the time, resulting in a coherent view within the municipality. This 

may have facilitated the process of Agroetanol’s establishment. Even though they were not a third 

party logistics company, wanted according to the municipal strategy, they made use of the harbour 

and steam from E.ON.  

Since then, the availability of steam in sites close to E.ON’s CHP plant is a recognized strength for the 

municipality in the comprehensive plan of Händelö. A local term for this phenomenon has emerged 

which points to a familiarity of the plans among both businesses and public servants. Those sites are 

also of interest for actors utilizing the Pampus Harbour, and this conflict is also acknowledged, yet 

not addressed, in the plan. The municipal commissioner mentions that possible conflicts are 

addressed and discussed with all parties involved as to not oversee any opportunities in terms of 

what type of business is established. Opportunities for future efficient synergies might be eliminated 

if land for establishment is not available in vicinity to a by-product source for example. Starting 

Cleantech Östergötland together with the Municipality of Linköping and Linköping University also 

points to the acknowledging of the benefits of industrial ecology as a whole, and also the 

cooperation among businesses in industrial symbiosis and may result in new symbiotic connections 

in the future.  

There may however be many different interests to consider if there is a competition or future 

competition for land when allotting industrial land sites. Händelö is advantageous from a logistical 

point of view with extensive transport infrastructure and a harbour. There is also a consideration of 

how many new job opportunities that can be generated in a certain amount of land. All of these 

things should be considered in order to maximize the use of the land from a triple bottom line 

perspective. An example is that both infrastructural (logistical and utility) and material resources 

have been considered in the establishment of the gas upgrading factory next to Agroetanol, 

especially considering that it might not bring many jobs to the area.  

7.1.2 Implications for industrial symbiosis development in the Northern Harbour 

As discussed in section 6.2.5, there are different interests in regards to the development of the 

Northern Harbour.  
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The Northern Harbour is a crowded industrial area today, with quite specific directives for what 

businesses are wanted in the unexploited land. There is very little land available for industrial 

establishments in Malmö other than that in the Northern Harbour. New job opportunities are one of 

the overall aims for the Northern Harbour according to the comprehensive plan of the Northern 

Harbour from 2006. The other aims are strengthening Malmö as an attractive city and regional 

centre and develop a robust and sustainable community by keeping Malmö a compact city, 

promoting an environmentally sustainable traffic system, limit the exploitation of natural resources 

and strengthen biological diversity. Malmö has set a clear strategy to utilize the logistical 

infrastructural assets in the Northern Harbour area when planning for the unexploited land. In 

practice the focus in Northern Harbour seem to be on job opportunities and generating business for 

the port company. It might be that public servants in Malmö sees the logistics business as sustainable 

in terms of stability of the business, as opposed to the manufacturing industry which previously had a 

stronghold in Malmö but was more or less completely closed down.  

To fulfil the future energy needs of Malmö, regarding heat and electricity, new production facilities 

are needed, and the strategic place for those are in the Northern Harbour. There might also be an 

opportunity in the development of the next generation of biofuels and biorefineries which would be 

a related research field that could emerge in the presence of a gasification plant, such as E.ON’s 

Bio2G project. This could further strengthen Malmö’s position as a knowledge city and spur 

innovation and the emergence of new Cleantech businesses. This is further discussed in 7.2. 

Establishments of such new businesses may or may not be aligned with the City’s wishes to expand 

logistics businesses in the Northern Harbour, depending on what type of business that are 

considered.  

In the end, diverging interest might be healthy for the development of Northern Harbour in this 

respect. Interests seem to come down to a matter of establishing a triple bottom line, where 

financial, social and environmental benefits all are considered and realized. The financial interests 

are primarily with CMP and the Real Estate Department of Malmö. Goods intensive businesses in the 

Northern Harbour would generate more business for CMP which in turn would give the Real Estate 

Department a better return on their investments in the Northern Harbour. Job opportunities are 

always an important political aspect, and many new jobs are probably in the Trade & Industry 

Department’s interests. The environmental benefits from the development in Northern Harbour are 

also of political interest because of the environmental targets set by the City of Malmö and primarily 

managed by the Environmental Department. The EPIC 2020’s interests in developing industrial 

symbiosis connections and Cleantech businesses also have a strong environmental dimension. E.ON 

is also interested in exploring possibilities for economic and environmental synergistic effects in 

relations to their assets in the Northern Harbour. A triple bottom line focus is desired in order to 

achieve sustainability, and it should also be the desired outcome of the Northern Harbour 

development. 

In order to manage these diverging interests however, a shared view is needed. Working towards a 

common goal or vision of the future of the Northern Harbour is likely to facilitate a sustainable 

development of the Northern Harbour, even if not all individual interests are met, and might also 

prevent individual stakeholders from working in different directions and thereby not fulfil any 

interests. The process of forming this collective vision about the future of the Northern Harbour is 

also of importance. The involved actors should be able to see individual benefits as well as collective 
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ones in order to adhere to the vision. If influenced actors are a part of this process, it might be easier 

for each of them to see these benefits.  

7.1.3 Conclusions and implications 

The most important lessons from Händelö regarding divergent priorities are presented below. 

 Taking many different types of assets and resources available in an area into consideration in 

managing industrial land has led to industrial symbiosis development 

 Steam recognized as a resource in the comprehensive plan will most probably facilitate the 

establishment of new process industries in the area 

Based on the conditions in the Northern Harbour together with lessons from the Händelö case, the 

following implications for the Northern Harbour have been identified in the discussion above:  

 All opportunities to utilize existing assets and resources should be considered when 

managing industrial land in order to maximize triple bottom line gains 

 The future needs of heat and electricity in the region should be considered when managing 

industrial land in order to utilize infrastructural assets 

 The many interests in the development of the Northern Harbour are an opportunity to make 

use of the competence, financial resources and decision-making power within the different 

stakeholders.  

 A coherent view of the future of the Northern Harbour would facilitate the development of 

triple bottom line benefits in the Northern Harbour. 

7.2 Biorefinery potentials 
An advanced biorefinery in the Northern Harbour would be aligned with several interests in relation 

to the development of the Northern Harbour together with implications from the Händelö case and 

literature. The biorefinery network in Händelö, as discussed in 6.1.2, has enabled several synergies in 

the Händelö industrial symbiosis network. Furthermore, a biorefinery can be a tool for transitioning 

to a biobased economy which could be a step in the direction of the City of Malmö’s environmental 

targets of 100 % renewable energy in 2030. A biorefinery would be aligned with the EPIC 2020 

project’s goal of utilizing biomass potential through industrial symbiosis. E.ON’s Bio2G projects could 

be an enabler of a biorefinery or biorefinery network and industrial symbiosis could be a way to 

increase the viability of such a biorefinery. The interplay between these matters is discussed below.  

7.2.1 Lessons from Händelö industrial symbiosis network 

Though not an advanced biorefinery, as described by Eggeman & Verser (2006), the Händelö 

industrial symbiosis network has several end products from a biomass source which fits the broad 

definition of a biorefinery. This has made available several material streams that previously had little 

value. They now serve as input material in other processes, internally and externally. As discussed in 

section 6.1.6, diversity in end products also has economic benefits. Selling animal feed in addition to 

ethanol is crucial for the economy of Agroetanol. Selling stillage and CO2 further increases the 

economic viability and increases resilience towards regulatory changes and grain prices. Taxes, 

subsidies and ethanol policies have great influence on the ethanol market. While grain prices are 

unsteady, it is more or less necessary to have multiple sources of income, and not put all eggs in one 

basket.  
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Another interesting aspect about the Händelö industrial symbiosis network is that it is powered by 

renewable energy to a large extent. For example, the energy ratio of a biorefinery is defined by the 

renewable energy output divided by fossil energy input by Eggeman & Verser (2006) which gives 

Agroetanol’s ethanol a very high energy ratio. E.ON’s capacity to provide steam produced from 

biofuels is essential in this respect, and also one of the reasons Agroetanol chose to locate in 

Norrköping. Though not all energy in the ethanol’s life cycle is provided by biofuels, cultivation is 

strongly dependent on fossil fuels for both in farming and the production of fertilizer, renewable 

process energy in biorefineries would be a step towards an entirely biobased economy. The right 

political measures however, as highlighted by Richardson (2012), in the form of policy instruments 

were very much critical for the establishment of Agroetanol and the bio refinery at Händelö. Without 

the economic incentives in form of a tax exemption, the Agroetanol pilot plant might not have been 

built in the first place. 

7.2.2 Implications for industrial symbiosis development in the Northern Harbour 

The development in Händelö and literature (Ekman, 2012; Preisig and Wittgens, 2012; Octave & 

Thomas, 2009) suggest that a biorefinery can lead to the development of new synergistic 

connections, as these will be essential for the technical and economic viability of the refinery. The 

development of industrial symbiosis in Northern Harbour could greatly benefit from the 

establishment of an advanced biorefinery such as E.ONs planned Bio2G plant. If Bio2G were to 

become reality, it would naturally be beneficial for industrial symbiosis in the Northern Harbour if the 

gasification plant was located in Malmö and not in Landskrona. Though the plans for Bio2G have 

currently been halted due to regulatory uncertainties, there may be opportunities in the not too 

distant future if political and regulatory conditions change.  

A biorefinery could benefit several of the stakeholders in the Northern Harbour. A gasification plant 

with biogas production would have significant impact on the City of Malmö’s possibilities to reach a 

fossil free transport sector. A pilot plant like Bio2G could generate innovation in this emerging field 

and further strengthen Malmö’s position as a knowledge city and generate spin off biomass and 

biomaterial businesses to form clusters as described by Porter (2000).  

Preisig and Wittgens (2012) call for a more decentralized production system for a transition to a 

biobased economy. Sea transport can handle large volumes to low costs and with low environmental 

impact compared to other transport modes. The EPIC project has identified ports as an untapped 

source of biomaterials, and ports could also serve as production points in a more decentralized 

economic system. It also enables a wider market to act upon, if the demand and supply is not large 

enough in the vicinity of the port.  

The EPIC 2020 projects targets would benefit from Bio2G in Malmö for the same reasons; increased 

opportunities for industrial symbiosis development, innovation and new businesses in the Cleantech 

area. Bio2G could also benefit from the work of EPIC 2020 since they are also striving towards 

realizing industrial symbiosis and Cleantech development. An advanced biorefinery, especially if 

expanded to produce other products than biogas, would generate a considerable amount of business 

for CMP. Malmö’s profile as pioneers in the Cleantech area would also benefit from an advanced 

biorefinery.  

There are, however, some barriers to overcome if Bio2G is to become reality. The project has been 

halted due to the financial risks brought on by regulatory uncertainties. Clearer indications for the 
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future of biogas are needed to understand the future biogas market depending on tax reliefs and 

subsidies. As seen in the Händelö case, regulation and politics can greatly impact biofuel 

development. Regardless of national politics, which are hard to influence, there could be an 

opportunity for E.ON and the City of Malmö to work together in this matter in a public-private 

partnership as described by Ahmed & Ali (2004). E.ON needs a secure demand for the gas produced 

and Malmö need a fossil free transport sector in order to fulfil the environmental targets set to 2030.  

A parallel to Norrköping in this matter is that the municipality created a demand for the biogas 

produced in Svensk Biogas by public procurement of biogas buses. Though Malmö’s public 

transportation fleet is mostly comprised of gas buses, the share of biogas in the vehicle gas mix could 

be increased. The economic feasibility and design of such a transaction needs to be investigated 

further, however. Apart from opportunities for biogas in public transportation and the municipal 

vehicle pool, there are also ways to create incentives for the public to consider biogas vehicles. This 

could be done on a local or regional level by the City of Malmö and E.ON together since it would fulfil 

both parties’ interests.  

7.2.3 Conclusions and implications 

The most important lessons from Händelö regarding biorefineries as a tool for the development of 

industrial symbiosis are presented below. 

 A biorefinery can increase the potential for industrial symbiosis development. 

 A biorefinery can produce a diversity of products which increases the economic viability and 

resilience of the main product, ethanol in this case. 

 Politics and policy instruments can greatly influence the development of biofuels. 

 Steam from renewable sources was an enabler of the biorefinery network in Händelö.  

Based on the lessons learnt from the Händelö case and the local conditions in the Northern Harbour, 

the implications for developing industrial symbiosis in Northern Harbour are presented below.  

 Locating Bio2G in the Northern Harbour rather than Landskrona would benefit the 

development of industrial symbiosis in the Northern Harbour.  

 The opportunity to generate synergistic effects between the EPIC 2020 project and Bio2G 

should be considered when moving forward with each of the projects respectively.  

 An advanced biorefinery in combination with industrial symbiosis could generate innovation 

and new businesses to the area.  

 There might be alternative possibilities to decrease financial risks of Bio2G by securing a 

demand within the public sector. 

7.3 Planning industrial symbiosis in Northern Harbour 
An important thing to consider when extracting knowledge from the Händelö case in order to apply it 

in the Northern Harbour, apart from the differences in conditions described in chapter 4 and 5, is the 

fundamental difference in planned and unplanned industrial symbiosis developments as discussed in 

3.3. While the Händelö industrial symbiosis network has up until now followed an altogether self-

organized development path, the fact that the opportunities of industrial symbiosis have been 

recognized and sought after in Malmö means that, chances are, there will be planning in one form or 

another in an industrial symbiosis development in the Northern Harbour. This difference, and what 

might be of importance from the Händelö case despite this difference, is discussed below.  
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7.3.1 Lessons from Händelö industrial symbiosis network 

The Händelö industrial symbiosis network has evolved spontaneously because of the business 

benefits generated by each exchange and is a so called self-organized development as described by 

Chertow (2007). In addition, there were no major barriers, like those described in 3.4, that were not 

possible to overcome for the connections studied in this work. An important conclusion from this 

might be that there must be sustained economic incentives in order for a single connection to evolve 

and be maintained.  

Based on the discussion in section 6.1.3, E.ON can be regarded as an anchor tenant in the Händelö 

industrial symbiosis network. E.ON’s ability to provide steam from a renewable source was a very 

important factor in the development. An important driver for this fuel mix has been policy 

instruments, making biofuels and waste more economically viable than fossil fuels. Though the steam 

exchange had many economic benefits for E.ON, there were also risks involved in connecting the 

plant to another business, and a number of technical difficulties to overcome, since this was the first 

time Händelöverket was connected to another process plant. Despite these barriers, E.ON was open 

to the idea of providing another product.  

The regular exchange of stillage between Agroetanol and Svensk Biogas ceased because there was no 

longer business incentives for both actors to keep the connection going. However, there is still a flow 

of stillage between the two actors. Since the biogas plant was put into operation in 2007, the plant 

has been expanded to use other substrates. With the plant already in place, and expanding, other 

symbiotic connections were enabled, especially with the municipality who decided to collect organic 

household waste for fermenting instead of composting in 2011. This has in turn contributed to an 

increased production of biogas in Norrköping and in the region of Östergötland, who is profiled as a 

biogas region. The university in the region, Linköping University, initiated Biogas Research Center to 

improve conditions for biogas as a renewable fuel in 2012 (Westman Svenselius, 2012). The research 

is on a national and interdisciplinary level and has connections industry. The Biogas Research Center 

is likely to provide further biogas knowledge and business to the region.  

Whether or not the regional business arena Cleantech Östergötland is to be regarded as an 

institutionalization of the Händelö industrial symbiosis network, which denotes the highest level of 

maturity in a self-organized network according to Chertow & Ehrenfeld (2012), is subject to 

discussion. Either way, the emergence of Cleantech Östergötland after the Händelö symbiosis 

network was uncovered has not had exclusively positive effects to this date. The local dialogue 

between actors was reduced after incorporating the local network in the regional networking 

activities managed by Cleantech Östergötland.  

7.3.2 Implications for industrial symbiosis development in the Northern Harbour 

Development 

In the case of possible development of industrial symbiosis in the Northern Harbour, chances are that 

this will be planned in some respects. At least, it will not be altogether unrecognized since there are 

already awareness of industrial symbiosis and an initial survey of existing companies and some 

implications regarding what is needed for industrial symbiosis to evolve in the Northern Harbour. The 

EPIC 2020 project aims to identify some potential symbiotic connections and to use industrial 

symbiosis as a tool to better utilize the biomass potential of harbours. This points in the direction of, 

if not a completely planned development, at least a guided one.  
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Though Chertow (2007) find that planned developments have a lower rate of success than self-

organized dittos, there are also situations where planned developments might be more successful. 

Baas (2011) notes that planned developments might be more suited for dense industrial regions 

where little natural networking takes place and Behera et al (2012) describe several successful cases 

of turning large existing industrial complexes into EIPs.  

There is no evident anchor tenant in the Northern Harbour today, like there was in the development 

of the Händelö industrial symbiosis network. If a gasification plant is established, however, a variety 

of cellulosic feedstock could be used and a number of end-products could be created from the 

output syngas in addition to the energy outputs of electricity and heat. A plant like this would have 

the capacity to serve as an anchor tenant as discussed by Chertow (2000).   

In regards to unplanned developments, Chertow (2000) mentions that existing synergies in an area 

can serve as a springboard for new ones by showcasing the benefits and feasibility of symbiotic 

connections. There is potential for this in the Northern Harbour since there are already some existing 

synergies such as heat and steam sharing. In addition, Chertow mentions existing business 

relationships as a starting point for industrial symbiosis, which is further discussed below. 

Coordinating actor 

Despite that the Händelö industrial symbiosis network developed without an institutional anchor 

tenant or coordinating actor, there is literature (Behera et al, 2012; Baas, 1998; Korhonen et al, 1999; 

Brand & de Bruijn, 1999) that supports that an institutional actor is an important coordinator and 

facilitator of industrial symbiosis development. Chertow (2000) suggest that previous business 

relationships can be a hotbed for industrial symbiosis activities, as was the case of the self-organized 

symbiosis network in Kalundborg.  

There might be an opportunity in incorporating the role as a coordinating institutional actor in one 

the existing networking entities in the Northern Harbour. This could prevent low participation rate 

due to unwillingness among present firms to engage time and money in yet another network, and 

also prevent a reduction of existing networking activities as has been observed in the Händelö case. A 

challenge will be to reach out to actors in the Northern Harbour and inform them about possibilities 

of industrial symbiosis so that there is an interest in participating in networking activities that could 

promote industrial symbiosis.  

To do that in an effective way it might be helpful if a clear and collective vision about industrial 

symbiosis in the Northern Harbour is in place. The coordinating actor could be a platform for aligning 

the key stakeholders involved and their different priorities to a coherent understanding of the future 

of the Northern Harbour, as discussed in 7.1.2. The EPIC project’s assessments about flows and 

potential synergies can be important information that will facilitate the work of this coordinating 

entity. There might still be a need for inventories of non-biobased material flows and needs and 

capacities in the Northern Harbour, however.  

Behera et al (2012) further suggest that a champion, meaning an individual from academia or local 

industry management that have knowledge of the local society and also have a track record of 

innovation, is important for the success of the development. There is a possibility for a 

representative from E.ON to grow into the role of a champion since E.ON has previously been a part 

of innovative sustainability projects and have established connections with the City of Malmö and 
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industries in the Northern Harbour. Based on these arguments, a possible formation is to establish a 

certain group or committee led by a champion within an existing network. During this research, some 

present and future networks have been identified. There might still be a need for an inventory of 

additional existing networks and other institutional actors that are active in the Northern Harbour to 

discern if there is a suitable candidate for integrating the role as an industrial symbiosis coordinator 

as well.  

A possible opportunity to form such a coordinating actor is linked to the development of the MNHBP 

network that is in the process of being put together by CMP and representatives from the City of 

Malmö’s Trade & Industry Office. Though this process seems to have halted somewhat, this might be 

an opportunity to influence the development of the network to not only serve as a marketing 

platform towards possible new businesses in the Northern Harbour. In addition to stating provided 

services and products, existing businesses could provide information of their needs and capacities in 

wider terms to include by-products, wastes, water, wastewater and energy carriers. If this 

information is compiled to a comprehensible database, both existing and potential businesses can 

easily identify possible synergistic connections. The low interest in the network when calling to the 

last meeting suggest that there might be a challenge to reach out to the companies and make them 

see the potential benefits of the network.  

For the current “owners” of the network, CMP and the Trades & Industry Office, this ought to be a 

mostly beneficial future development since both existing and potential businesses can gain from the 

symbiotic connections between companies. If connections are established companies might achieve 

a competitive advantage based on the discussions by Dyer & Singh (1998) and Porter (1998) which 

means they are more likely to be profitable in the long run and stay on as tenants. To efficiently 

manage such a network, a group or committee with industrial symbiosis as one of the goals together 

with a champion that takes on a role as a leader for the industrial symbiosis coordination might be a 

beneficial.  

Economic viability 

Chertow (2007) argues that the main benefit of self-organized networks is that they have emerged 

because of economic gains from each connection for the businesses involved, which is also a 

motivator to sustain each connection. Learning from the Händelö industrial symbiosis networks 

confirm these notions to a great extent. Behera et al (2012) also include that economic benefits 

should exceed investments in their framework for facilitating planned developments. The benefits 

for each actor involved should be proportional to the investment of each actor according to the 

authors.  

Though it might seem obvious that a symbiotic connection should result in some kind of profit for the 

actors involved in order to emerge, it is important to consider that not all possible exchanges are 

economically viable for different reasons. However, corporate short term payoff requirements can be 

a hindrance for connections with investments that might be viable in a longer time perspective. In a 

planned development it might be possible to also consider non-obvious spin off effects of a symbiotic 

connection that can generate profits in a longer time perspective, such as tighter cooperation among 

businesses, increased innovation and new businesses emerging to fill existing “gaps” (Burström & 

Korhonen, 2001; Mirata & Emtairah, 2005; CECP, 2007). In a planned development, the coordinating 

actor could work with identifying and highlighting these gaps.  
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A parallel from the Händelö case is the stillage connection between Agroetanol and Svensk Biogas, 

which although not sustained, contributed to an increased biogas production and further synergy 

development. The Biogas Research Center, as a result of biogas production in the region, might 

expand biogas business in the region, resulting in regional economic benefits. The economic benefits 

of such development might not be for individual firms, but on a regional level. Public-private 

partnerships could be a way to handle this since the public generally have longer term interests than 

the private sector, but the private sector could provide the financial means and specific competence 

that might be needed. Creating a biogas demand in public transport for the biogas produced by 

Svensk Biogas and E.ON upgrading biogas produced in the municipality’s WWTP plant are examples 

of a public-private partnership in the Händelö case. How and if this can be managed in planned 

industrial symbiosis developments need to be further researched in the settings of the Northern 

Harbour, however.  

7.3.3 Conclusions and implications 

In regarding the similarities and differences between the self-organized development of Händelö 

industrial symbiosis network and the possibly planned development in the Northern Harbour, the 

most important findings based on the discussions above are summarized here.  

Based on the discussion above, the following lessons can be extracted from the Händelö case: 

 Self-organizing has been successful in this case. 

 E.ON’s CHP plant served as an anchor tenant. 

 Each symbiotic connection or synergy should be economically viable in itself in order to 

sustain the connection. 

 All actors involved in a symbiotic connection should benefit economically from it.  

 Local networking activities have been perceived as reduced after the incorporation of the 

local network into a regional one.  

Based on the conditions in the Northern Harbour together with lessons from the Händelö case and 

relevant literature, the following implications for the Northern Harbour have been identified in the 

discussion above:  

 A coordinating entity could facilitate the development of industrial symbiosis. 

 There are opportunities to use existing synergies as a springboard for new synergies.  

 There is a possible opportunity in using the MNHBP network as a platform for such a 

coordinating entity. 

 The inventory and assessment of potential symbiotic connections to be made in the EPIC 

project will be valuable information  

 A champion as a self-appointed informal leader of the coordinating entity could facilitate 

industrial symbiosis development. 

 In a short term perspective, all connections should be economically beneficial for all actors 

involved in the connection. 

 In a long term perspective, it might be interesting to consider other benefits than purely 

short term economic benefits in order to achieve higher long term triple bottom line 

sustainability.  
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 Public-private partnerships can be a powerful tool to achieve regional economic benefits that 

are not obvious from a microeconomic perspective.  
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8 Summary and final remarks 
In this section, the most important findings of this theses work will be summed up in regards to aim 

and then in regards to the research questions used to fulfil the aim of this thesis. In addition, topics 

that might need to be researched further will be suggested. 

8.1 Revisiting the aim 
The aim of this thesis was to explore how a private actor can influence the development of industrial 

symbiosis. As shown in this thesis, industrial symbiosis development is complex and depends on a 

variety of factors. These local contexts and conditions are very influential and might facilitate or 

obstruct such a development, but it has been shown in this thesis that a private actor can play a 

crucial role in assisting the development of an industrial symbiosis network, primarily as a so called 

anchor tenant or as an enabler of a biorefinery network. Coordinating entities are proven to be a 

facilitator of industrial symbiosis developments in literature. One or more representatives from a 

private actor could also be a part of such coordinator and thereby influence the development.  

8.2 Revisiting the research questions 
In this thesis work, the existing industrial symbiosis network in Händelö, Norrköping was explored in 

order to find what factors most influenced the development of industrial symbiosis. In regards to 

RQ1 and RQ2, many factors have influenced this development. A complete list of influential factors 

and who has influenced them is displayed in Table 1 and some are further scrutinized in chapters 6. 

Some factors worth noting are presented below. 

 Tax exemption on ethanol pilot plant made Agroetanol economically viable. 

 Policy instruments had great influence on the viability of waste and biomass as fuels in 

Händelöverket. 

 Availability of “green” steam from E.ON enabled Agroetanol to be established in Norrköping. 

 Diversity of outputs in Agroetanol’s plant increases the economic viability and resilience of 

the plant. 

RQ3 regarding the lessons extracted from the Händelö case, and how they can be useful in moving 

forward with the development of the Northern Harbour are discussed in chapter 7. Some notable 

lessons from the Händelö case are presented below. 

 Taking many different types of assets and resources available in an area into consideration in 

managing industrial land might facilitate industrial symbiosis development. 

 A biorefinery can increase the potential for industrial symbiosis development.  

 Politics and policy instruments can greatly influence the development of biofuels. 

 E.ON’s CHP plant served as an anchor tenant.  

 Each symbiotic connection or synergy should be economically viable in itself in order to 

sustain the connection.  

 Local networking activities have been perceived as reduced after the incorporation of the 

local network into a regional one.   

In the light of the lessons from industrial symbiosis development in Händelö and considering the 

local conditions in the Northern Harbour, some implications for the development of industrial 
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symbiosis in the Northern Harbour has been identified. RQ5 relates to how these implications in turn 

can be influenced by different actors in the Northern Harbour. This is further discussed in chapter 7. 

Some notable implications are presented below:  

 All opportunities to utilize existing assets and resources should be considered when 

managing industrial land in order to maximize triple bottom line gains.  

 The many interests in the development of the Northern Harbour are an opportunity to make 

use of the competence, financial resources and decision-making power within the different 

stakeholders.  

 A coherent view of the future of the Northern Harbour would facilitate the development of 

triple bottom line benefits in the Northern Harbour. 

 A coordinating entity could facilitate the development of industrial symbiosis.  

 Locating Bio2G in the Northern Harbour rather than Landskrona would benefit the 

development of industrial symbiosis in the Northern Harbour.  

 The opportunity to generate synergistic effects between the EPIC 2020 project and Bio2G 

should be considered when moving forward with each of the projects respectively.  

 There might be alternative possibilities to decrease financial risks of Bio2G by securing a 

demand within the public sector.  

 In a short term perspective, all connections should be economically beneficial for all actors 

involved in the connection. 

 In a long term perspective, it might be interesting to consider other benefits than purely 

short term economic benefits in order to achieve higher long term triple bottom line 

sustainability.  

 Public-private partnerships can be a powerful tool to achieve regional economic benefits that 

are not obvious from a microeconomic perspective.   

E.ON’s role in Händelö is mainly as an operational anchor tenant, who can provide a variety of energy 

products generated from different input materials. This was one of the main reasons that Agroetanol 

chose to locate their plant in Händelö. To answer RQ4 about E.ON’s role in the potential 

development of industrial symbiosis in the northern Harbour, further highlighting and summing up of 

the findings might be needed.  

E.ON’s role in the Northern Harbour today is quite different than that of Händelöverket when the 

Händelö industrial symbiosis network started developing. Öresundsverket is a gas powered plant 

operated when gas and electricity prices are favourable and bio fuelled boiler Flintrännan is only 

operated to cover the demand for green district heating. There are a few alternatives for E.ON’s 

future in the Northern Harbour, and those may also influence the potential development of industrial 

symbiosis. A gasification plant, like that in the Bio2G could greatly facilitate the emergence of 

symbiotic connections in the Northern Harbour. Working to ensure a future gasification plant in the 

Northern Harbour, whether in the Bio2G project or a future one, could open up for synergistic 

connections.  

There is also an opportunity in the participation in the EPIC 2020 project to influence the future 

biomass operations in the Northern Harbour. Increased volumes and number of biomass flows could 

facilitate synergy effects with the potential establishment of the gasification plant or alternatives of 

bio fuelled plants. E.ON could have a major role to play in a potential coordinating entity for 
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industrial symbiosis. A representative that have a technical background and is familiar with the local 

conditions could grow into the role of a so called champion in the development of industrial 

symbiosis. E.ON has been a part of several sustainability innovation projects, and a key person from 

such a project that also has an extensive network among local industries and organisations might be 

suitable for this role. E.ON’s assets in the Northern Harbour and importance for the energy supply in 

Malmö also suggest that E.ON could play a major role in this development.  

The fact that E.ON initiated the feasibility study made by WSP in 2012 and also formulated the 

background to this thesis suggest that E.ON has an interest in developing symbiotic connections. 

E.ON also has experiences from being part of symbiotic connections, both in Händelö and in the 

Northern harbour, and could therefore be well suited to inform about the economic and 

environmental benefits of such connections. This could be done to increase the knowledge of 

industrial symbiosis within the work of a coordinating entity or the EPIC 2020 project for example. 

Another opportunity is to use this as marketing to possible synergistic partners based on clear 

business cases that E.ON has identified.   

8.3 Further research 
During this research, several research topics, that have either been out of scope or had to be 

excluded due to time and resource constraints, have been identified. Some might be suitable to 

include in the scope of the EPIC 2020 project in regards to the development of industrial symbiosis in 

the Northern Harbour. Some can also be further researched in an academic environment. The 

suggested areas for further research are presented below in the hope that research may continue. 

Research suggested for E.ON to undertake:  

 Quantify economic and environmental benefits generated by the industrial symbiosis in 

Händelö.  

Research suggested to be undertaken in the EPIC 2020 project:  

 Complete inventory of material, energy and water flows in the Northern Harbour in order to 

identify possible synergies. This work has been initiated.  

o Quantify potential economic and environmental benefits by generated by readily 

identified synergies.   

 Inventory of existing networking entities that might be suitable to serve as a platform for an 

entity coordinating industrial symbiosis activities.  

 Further explore potentials for public-private partnerships regarding biomass conversion in 

the Northern Harbour. 

Research suggested for academia:  

 Further explore the governing mechanisms of the connections in the present connection in 

the Händelö industrial symbiosis network more thoroughly. For example, how are the 

contracts formed and how is pricing of the exchanged resources managed? 

 Further explore the development of the connections in the Händelö industrial symbiosis 

network that have not been included in this work.  
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 Further examine the social aspect of industrial symbiosis. Does industrial symbiosis generate 

job opportunities?  
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Appendix 1 

Date Name Organisation Title Interview type  Interview location 

2013-01-24 Björn Persson E.ON Sverige Public affairs regional manager Unstructured E.ON Office, Norrköping  

2013-01-28 Emma Campbell Cleantech Östergötland Business development manager Unstructured 
Cleantech Östergötland, 
Norrköping Office 

2013-02-04 Björn Persson E.ON Sverige Public affairs regional manager Unstructured E.ON Office, Norrköping  

2013-02-07 
Christian 
Strandberg 

E.ON Värme Process engineer Unstructured Händelöverket, Norrköping 

2013-02-08 Mattias Örtenvik E.ON Sverige Head of Sustainable City Unstructured E.ON Office, Malmö  

2013-02-08 Per-Arne Nilsson 
Environment Department, 
City of Malmö 

Head of Urban development and 
Climate 

Unstructured E.ON Office, Malmö  

2013-03-05 Eva Andersson Norrköping Municipality Municipal commissioner Semi-structured Rådhuset, Norrköping 

2013-03-19 Peter Nimrodsson Agroetanol Plant manager Semi-structured Agroetanol, Norrköping 

2013-03-21 Anders Rubin City of Malmö Municipal Commissioner Semi-structured Rådhuset, Malmö 

2013-03-27 Anders Elam Atrax, formerly Agroetanol Consultant Semi-structured Telephone interview 

2013-03-27 Björn Johansson Norrköping Municipality Former Municipal Chief Executive Semi-structured Telephone interview 

2013-03-28 
Henrik Johansson 
Casimiro 

E.ON Värme Regional Manager Semi-structured E.ON Office, Norrköping  

2013-03-28 Patrik Aronsson Svensk biogas Substrate procurer Semi-structured Telephone interview 

2013-04-09 Göran Sjöström CMP Marketing coordinator Semi-structured CMP office 

2013-04-10 Stig Edner Sysav Utveckling CEO Semi-structured Sysav Office, Malmö 

2013-04-17 
Björn Fredriksson 
Möller 

E.ON Gasification 
Development 

Project manager Semi-structured Telephone interview 

2013-04-18 Agneta Möller 
Trade & Industry Office, City 
of Malmö 

Deputy Managing Director Unstructured Telephone interview 
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