
i 
 

 

ENVIRONMENTAL TECHNOLOGY AND MANAGEMENT 

DEPARTMENT OF MANAGEMENT AND ENGINEERING 

 

 

Master’s Thesis 

 

ANALYSIS AND DEVELOPMENT OF POTENTIAL MATERIAL & BY-

PRODUCT SYNERGIES BETWEEN ZERO EMISSIONS INDUSTRIES 

AND URBAN WASTE STREAMS 

 

Submitted by: 

MD. ARAFAT RAHMAN 

 

Supervisor: Leenard Baas 

Examiner: Olof Hjelm 

 

ISRN number: LIU-IEI-TEK-A--12/01539--SE 

 

  



ii 
 

ABSTRACT 

The concept of integration of industries in urban setup is the current trend among researchers and 

engineers in the field of industrial ecology and environmental engineering. Trend of urbanization forces 

an increasing human demand for energy, materials, water and other resources. Urban symbiosis nowadays 

is closely related to the controlling of urban metabolism. Closing material loops works as an effective 

way for a circular economy where theoretically no waste is generated.  

In this thesis work, an investigation has been made for studying current symbiotic activities in the city of 

Linköping and look for any potential energy or by-product synergies from industrial activities and the 

urban waste streams. Some of the companies have been found to be already engaged in such type of 

activities, either directly or indirectly. Hence, uncovering symbiotic activity is also an important task to 

consider while assessing the feasibility of a network of industries and urban settlement. 

Finally, it is concluded that the symbiotic activity in the city of Linköping is developing with discovering 

of new opportunities from waste and by-products from industries and the city area.  The municipal utility 

company Tekniska Verken and its subsidiary Svensk Biogas could play the role as anchor tenants and the 

aeronautics company SAAB, for its huge production line, has good potential to participate in exchange of 

physical materials.    
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1. INTRODUCTION 

It is necessary to develop the urban metabolism of a city to stride towards sustainability. The metabolism 

of an urban area simply describes the flows of material and energy into, within or out of the city. The 

current metabolisms of today’s cities are mainly linear. In order to promote sustainable cities, a circular 

metabolism should come in practice. A closed-loop of resources needs to be established by directing 

waste and by-products from one activity within or around the city to be re-used as an input or raw 

material for another activity; thus allowing circular flow of material or resources and eventually reducing 

waste. In light of this idea, any possible linkages between industrial activities and waste streams from 

cities need to be identified and developed to achieve a society; theoretically free of waste and emissions. 

The concept of “Industrial Symbiosis” came into effect to engage traditionally separate industries, with 

synergistic possibilities and geographic proximity, into a collective approach of exchanging waste, by-

products, water and/or, energy between them (Chertow, 2000). Successful implementation of industrial 

symbiosis results in a cyclic flow of resources that approaches towards a sustainable network of 

industries. It ensures optimal use of energy and minimal generation of waste, with an increase in revenue 

of the companies involved in exchanging and sharing material and by-products. (Chertow, & Lombardi, 

2005). Similarly, urban waste streams from city dwellers’ activities can also be connected with some 

industries within, or around the city boundary. This network is termed as “Urban Symbiosis” and puts 

into effect almost the same idea of industrial symbiosis with an inclusion of the waste stream from the 

city.  (van Berkel et al., 2009) 

Numerical studies, both qualitative and quantitative, have been carried out in recent years to uncover 

existing or establish and develop new symbiosis around the world. Primary feasibility may base on 

explorative study of industrial areas and cities, but for evaluation and establishing of potential synergies 

case study could provide detail and useful information about industries. Jean-Jean (2011), in his master’s 

thesis, has studied and pointed out some existing and potential industrial links for the city of Linköping. 

Now, there is a possibility to look for the development of these future networks by further study of the 

business opportunity and environmental benefits from a material and ecological point of view. The 

potential organizations sought out by Jean-Jean for developing the future synergistic network, should be 

further investigated in detail along with new waste streams from urban activities in the city of Linköping, 

specifically the proposed residential area in West Valla (VallaStaden), under the banner of a unique 

residential and community expo- “LinköpingsBo2016” aims at connecting the city with the adjacent Valla 
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campus of Linköping University and the industrial area (www.linkopingsbo2016.se/). Hundreds of 

apartments are estimated to be ready by 2016 in the area of West Valla near the Valla campus of 

Linkoping University which means more waste streams from the new living place to the city metabolism. 

This development project should be properly integrated with the existing system to further develop 

symbiosis opportunity in the city of Linkoping. The existing symbiotic network among municipality-

owned utility-Tekniska Verken, its subsidiary Svensk Biogas and industries in or around the city will be 

investigated with close collaboration with the city itself to develop a suitable symbiotic network. 

1.1 Aim 

The research work aims at: 

1. Study and investigate the existing (industrial/urban) symbiosis in the city of Linköping. 

2. Find out any potential material and by-product synergies from industries and the city. 

3. Analyze existing synergies between zero emissions industries and urban waste streams for the 

city of Linköping. 

1.2 Limitation 

The strategic limitation in carrying out the research work was access to energy data from companies, 

industries, and institutions. Language barrier also worked as a great obstacle to extract data from many 

Swedish companies’ websites. Moreover, lack of interest for this activity has also been experienced 

among various stakeholders to make such environmental project a success.  
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2. METHODOLOGY 

This chapter discusses about the methodology used to perform the research work. This thesis has tried to 

formulate and develop the ideas from a previous thesis carried out in the division of Environmental 

Technology and Management of Linköping University. 

The methodology used in this thesis work is qualitative that refers to the open-ended data collection 

method, as for example, in-depth interviews (Frechtling, 2002) with the key actors in the form of an open 

discussion. Hence, the research work seeks for quantitative data by a qualitative approach. The city of 

Linköping has been chosen as the case study for its huge potential for a successful symbiotic activity. The 

purpose is to narrow down the vast research arena in industrial symbiosis and to find out the required 

information through an exploratory and qualitative methodology. Hence, the thesis work has evolved 

around the case study to capture the idea of symbiotic activity in and around the city of Linköping. 

2.1 Research Framework 

A research framework (fig 1) has been established to proceed with the thesis work and formulate the data 

collection steps. It starts with the background where secondary data collection has been the sole objective 

in the way of understanding and gaining a deeper theoretical knowledge. The theoretical framework has 

been developed with regards to the concepts of sustainability, zero emissions and industrial ecology.  

 

Figure 1: Research Framework 
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2.2 Secondary Data Collection 

Secondary data sources include scientific journals from ScienceDirect, Scopus, Sage publications, 

EBSCOhost, as well as books and web resources. Literature review has been carried out on various 

topics, as for example, urbanization, modern and future sustainable cities, urban metabolism, material 

synergies and symbiosis to understand the concept of the study. The thesis work of Jean-Jean (2011) has 

also been used as the secondary data source to set up a reference point to extract information and develop 

the idea of urban symbiosis. His research work was carefully investigated to identify the feasible material 

and energy links of various industries to develop an effective symbiotic network. The findings will be 

discussed in the results and discussion section of this report. 

2.3 Primary Data Collection 

Primary data collection has been started after an extensive literature review of the thesis work. Semi-

structured interviews have been carried out with the representatives from the specific companies, 

municipality and related organizations, as per supervisor’s advice, between June and November, 2012. 

The company representatives have been chosen from the top management level with a view to get as 

authentic and detail information as possible; though there were a few exceptions where the mid-level 

managers were also interviewed. A total of twelve companies, or organizations have been contacted by e-

mail and telephone or/cell phone for the interview; whereas nine of them are private companies, two of 

them are the subsidiaries of the regional company Tekniska Verken and the new environmental project 

LinköpingsBo 2016. Six of them responded positively with the intention to join an open discussion; one 

company replied negatively that they do not want to disclose company information and are unwilling to 

arrange such an interview with the author; five did not reply to the request.  

A brief description of the project work along with some sample questions and a recommendation letter on 

behalf of the thesis supervisor was also attached with the e-mail. As a result, the respondents could get an 

idea about the project and get well prepared for the interview session. The interview was started with a 

short description of the thesis work and questions related to that specific company. The interviewer (the 

author) introduced the project in brief and highlighted the importance of the company in engaging, or 

expanding such symbiotic activities. Some pre-defined questions were asked and also some questions 

were arisen during the discussion. Average length of the interviews was 35-40 minutes and most of the 

interviews were audio-recorded. Company persons interviewed by the author, or those, provided the 

author with information by e-mail or telephone/mobile are listed in Appendix 1 at the end of the report. 

2.4 Sample Questionnaire 

The interviewer have been asked a few pre-fixed questions that slightly differ from company to company, 

depending on their business profile, production process, energy use, waste management system and 
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present status in IS network in Linköping. But, the core part of those questions was almost the same. A 

sample questionnaire is given below for an overall idea of the types of interview questions. 

1. Please give me a brief idea about the business, manufacturing processes and waste management 

system of your company. 

2. Please give me an approximate idea of the energy used and amount of waste generated in your 

company 

3. What are the potential material streams in your industry at present and in near future? 

4. Are you currently connected with any industry to share material or by-product? 

5. What types of materials and energy flows from other industries can be useful for your industry? 

6. Are you concerned about symbiosis between industries? How?  

7. What is your opinion about the existing symbiosis in the city of Linköping?  

8. Is it feasible to integrate industries in cities? Please share your idea with me. 

9. Are you interested in such activities? What is your thinking from the company’s perspective? 

10. Can you identify any new synergy that could be linked up with current ones? 

2.5 Analysis of Data 

For analysis of data, at first energy use and waste generation and disposal data from the interviewed 

companies has been compiled. Then, the material and waste or by-product streams which seemed to be 

potential for symbiosis have been tabularized, by considering Jean-Jean’s research work as a reference. 

Jean-Jean, as stated in his thesis report, carried out his analysis of data based only on company report 

found from various sources and did not arrange any interview with the companies. As a result, he could 

not identify how the companies were actually handling waste and by-products streams. On the other hand, 

the author of this thesis work has got information from the company representatives directly about input 

and output data (of energy use and waste management). On the basis of the interviews the waste and by-

products that could be used as a raw material in another company or sent to recycling companies have 

been considered as potential material and by-product for symbiosis. Data from all the interviewed 

companies has been matched to find out whether any by-product could act as a raw material and then 

have been listed in the table for potential material links. Some of the material links from Jean-Jean’s work 

were not found feasible and some not even existing and so were excluded from this study. Finally, a 

symbiotic network has been outlined based on analysis of the potential material and by-product stream 

from various industries in the city of Linköping. 
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3 THEORETICAL FRAMEWORK & LITERATURE REVIEW 

3.1 Theoretical Framework 

3.1.1 Sustainability 

As according to the definition proposed by Brundtland Commission (former World Commission on 

Environment and Development, [WCED]) in 1987, “Sustainable development is the development that 

meets the needs of the present without compromising the ability of future generations to meet their own 

needs”. There is a growing need of energy and resources to cope up with the rapid economic growth 

around the world. Developed countries are trying to be more developed, whilst least developed and 

developing countries are following them to reach at least the standard level of economic development. 

This competition in today’s world are forcing towards depletion of some of the resources, at a much 

quicker rate than estimated. Therefore, it is evident that a substantial shift in human behavior (particularly 

in the consumption pattern of people) is very much necessary to reduce excessive uses of natural and non-

renewable resources and mitigate negative environmental impacts (Department of General Services, City 

of Sacramento, USA, n.d.). 

As defined by Keoleian, & Menerey (1994), sustainability of a society is that vigorous development that 

matches economic activities with ecological processes. When a process or an activity is said to be 

sustainable; meaning that it can be performed over and over again without negative effects on the 

economy and the environment at any level. A sustainable society alters its non-renewable energy based 

economy into a renewable based economy and simultaneously tries to reduce overall energy consumption 

so that the portion of the renewable resources used could be replenished by nature (Department of 

General Services, City of Sacramento, USA). 

Sustainable development is the inclusion of environmental strategies with economic and development 

policy so that it can meet the growing demand of population without any adverse effect on environment. 

Considering the “Triple Bottom Line” concept (see fig. 2, next page) for decision making is very common 

today in a sustainable society. It brings up the idea to include environmental sustainability and social 

inclusion with economic development to consider it as a whole (Department of General Services, City of 

Sacramento, USA, n.d.). 

The environmental issues focus on policies that strict release of waste or emissions into the atmosphere, 

prevent damage to major biological life cycles, and preserve natural ecosystems and sustain biodiversity.  

Economic development urges wise use of resources so that resource consumption is minimized and a 
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transition from non-renewable and fossil resources to renewable resources, which is required also from an 

environmental point of view. To carry out the above mentioned sustainable activities, role of common 

people is important in parallel with policy makers, researchers, business community and industry. (The 

Requirements for Sustainable Energy, n.d.) 

 

Figure 2: Three Spheres of Sustainable Development 

 (Source: “Sustainability”, n.d.) 

Giovanni Fusco (2001) also constructs a framework for urban sustainability, where he identifies five 

major components to achieve sustainable development in society (see fig 3).  

 Satisfaction of needs of the citizens in a city.  

 Urban activities needed in order to satisfy these needs. 

 Consumption of energy and resources by the urban activities. 

 Emission in the environment caused by population and the urban activities. 

 Quality of human ecosystem and urban environment (quality of public spaces etc.). 
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Figure 3: Systematic Framework for Urban Sustainability 

It is apparent from the outline above that all the components are dependent on each other and follows the 

“Triple Bottom Line” concept covering economic, social and ecological sustainability issues. Satisfaction 

of needs of the citizen is directly related to urban activities and the level of satisfaction can be outlined 

from the quality of environment. At the same time, urban activities production and consumption lead to 

pollution of the environment which ultimately defines the quality of the environment. 

3.1.2 Industrial Ecology 

Efficient use of material and resource and minimization of waste and emission have emerged the concept 

of industrial ecology that mimics natural ecosystem in the way that nothing is regarded as waste; as 

effluents from one system become useful product for another system. Actually, this is the concept of 

natural ecosystem, where one species depends on the other for survival and thus keep a balance on the 

overall environment. Frosch and Gallopoulos (1989) describe industrial ecosystems as such a system 

where “consumption of energy and materials is optimized, waste generation is minimized and the 

effluents of one process...........serve as the raw material for another process” (see illustration in fig 4). 

Precisely, industrial ecology represents an innovative paradigm for industrial activities by executing the 

idea of interchange of materials between industries so that waste of one industry can be used as a raw 

material for another (Peck, n.d.). 
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Figure 4: Process Diagram for Industrial Ecology 

(Source: “ISIE”, n.d.) 

Industrial ecology urges that the industrial system be viewed as integrated into the surrounding system 

(environment) and eventually try to optimize the life cycle of materials ; starting from the extraction 

phase of  raw materials, through manufacturing of the products to final disposal. It is a holistic systematic 

approach and considers not only materials but also energy and capital to be optimized (Graedel, & 

Allenby, 1995, as cited in Chertow, 2000). 

Industrial ecology aims at optimizing consumption of material and resources in industry and city with a 

minimization of waste and emission to achieve a sustainable society. It provides a conceptual framework 

to understand and consider the impacts of industrial systems on environment. The framework tries to find 

and implement new methods and strategies, from a sustainable point of view, to minimize the 

environmental effects resulted from industrial systems and make balance between industrial and natural 

ecological systems towards an ultimate goal of sustainable development. The basic goal of industrial 

ecology is to change the conventional linear one-way system of industrial processes into a cyclic system 

so that byproducts and waste from one process can be reused as raw material or energy for another 

process. Hence, (as shown in fig 5) it is basically the transformation of open-loop industrial processes to 

closed-loop processes as an effort to reduce environmental impacts . (Garner, & Keoleian, 1995) 
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Figure 5: Open and Closed-loop Recycling 

      (Source: Keoleian, & Menerey, 1994) 

 

The concept of industrial ecology can be applied for optimizing industrial activities at different levels, 

such as facility or firm level, inter-firm level and regional or global level, as seen from fig 6. It also offers 

the idea of establishing a collective business network where firms can be mutually benefited by exchange 

of raw materials, utility and by-products. If viewed from a social context, industrial ecology makes a 

bridge between different actors in both industrial and societal levels. It is essentially all about 

connections, such as materials and energy connections, and organizational and human connections. It is a 

social construction that organizes people in the way to create more integration within industrial activities 

and between industrial and natural ecosystems through improved use of resources and more recycling of 

material. (Chertow, 2000; Cohen-Rosenthal, 2000) 
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Figure 6: Three Levels of Industrial Ecology 

(Source: Chertow, 2000) 

3.1.3 Symbiosis 

The term symbiosis is associated with the concept of eco-industrial park (EIP) which is “a community of 

firms in a region that exchange and make use of each other’s byproducts, in the process of improving 

their environmental and economic performance”, as defined by Desrochers (2000).Eco-Industrial Parks 

can be useful to companies to improve environmental performance in terms of materials, energy and 

waste. Industrial ecosystem, industrial symbiosis and eco-industrial network are usually used as an 

umbrella for a number of collective entities, e. g. Eco-Industrial Parks, or for higher scales, e. g. at 

national or even at global level. (Fleig, 2000) 

The definition of industrial symbiosis suggested by Chertow (2000) is: 

Industrial symbiosis engages traditionally separate industries in a collective approach to 

competitive advantage involving physical exchange of materials, energy, water, and/or 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. (p.  314) 

Industrial symbiosis offers future benefits from an economic and ecological point of view. It helps in 

reducing both the use of resources and the generation of waste and emission produced from industrial 
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activities by closing the linear flow of resources in industries. Accordingly, it narrows the excessive use 

of virgin materials and non-renewable resources and improves the environment.  

There are two basic structures for achieving industrial symbiosis nowadays, namely engineered and self-

organizing systems (Cohen-Rosenthal, 2000; Hewes, & Lyon, 2008). Engineered system is basically the 

‘pipe-to-pipe’ strategy to find out the connection of optimal flows and thus ensure circular use of 

material. It focuses on finding a correct matching of material supplied and demanded for any industrial 

activity and identifies a proper handling for the waste generated. (Hewes, & Lyon, 2008) 

Self-organizing system involves in forming an eco-industrial network between the local network of firms 

and the surrounding community through bilateral, profitable and environmentally sound linkages (Hewes 

& Lyon, 2008). This approach focuses on developing social relationship and connections with the aim of 

creating effective industrial linkages (Baas, & Boons, 2004). 

A good number of successful industrial symbioses exist around the world; industrial symbiosis at 

Kalundborg in Denmark, Puerto Rico and Kwinana in Australia are some examples (Kurup et al., 2005). 

The self-organizing symbiosis in Kalundborg results in water saving of 3.2 million cubic meters per year, 

provides 170,000 tonnes gypsum per year from the power station to manufacture gypsum-board, saves a 

significant portion of energy for heating through waste heat recovery. The industrial networks in Puerto 

Rico produce steam at a70% reduced cost (from $9.35 to $2.75), save 6.57 million cubic meters of fresh 

water per year for power station, and reduce SO2 & NOx emission by over 84%.The industrial symbioses 

in Kwinana currently employ 106 exchanges between industries that save a total of 6 million cubic meters 

of water per year. It also provides an ‘Education Retention Program’ for secondary schools. (Kurup et al., 

2005) 

The current trend in rapid urbanization forces engineers and researchers to apply industrial symbiosis in 

urban settings so that waste streams from municipality can be directed to the industries. Basically it acts 

as a systematic approach for developing a closed material loop between the city and the industries. Geng 

et al. (2010), in their writing in the Journal of Cleaner production, address urban symbiosis in the 

following way: 

By linking municipal solid waste management (MSWM) with local industries, i.e., urban 

symbiosis, new symbiotic opportunities can be generated from the geographic proximity of urban 
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and industrial areas, transferring physical resources from urban refuse directly to industrial 

applications and improving the overall eco-efficiency of the city as a whole. (p. 993) 

Hence, the idea of industrial symbiosis should not be confined only in the industrial zone; rather it needs 

to incorporate the waste streams resulting from urban activities in the symbiotic networks. Ultimately, it 

helps uncover new economic, social and environmental opportunities and achieve sustainability. van 

Berkel et al. (2009) define ‘Urban Symbiosis’ as an extension for industrial symbiosis. Unlike industrial 

symbiosis, it just ensures the use of waste stream from urban area as a raw material or energy source in 

industries. In principle, urban symbiosis creates a network for transfer of physical resources in terms of 

waste, or by-products between industries and cities to exploit the synergistic opportunities arising from 

the geographic proximity of urban waste sources and industries and to avail economic and environmental 

benefits. (van Berkel et al., 2009) 

Nowadays, engineers and city planners are engaged in designing the future sustainable cities from an 

economic, social and environmental point of view so that the dwelling place can be able to cope up with 

the increasing demand of the population. The concept of sustainable cities, as for example, the 

SimbioCity acts as a role model for this endeavor. Most of the today’s sustainable cities have established 

a strong network between cities and industries, where both are benefited directly and indirectly from each 

other in many aspects, such as proper usage of waste generated from the city, sharing of urban transport 

facility, living places for workers engaged in industries, access to the labor market available in the city. 
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3.2 Literature Review 

In this section, an extensive literature review will be carried out on various topics, as for example, 

urbanization, urban metabolism, material synergies and symbiosis to gain a deeper understanding of the 

structure of the thesis work. Urban symbiosis, unlike industrial symbiosis, also considers waste streams 

from urban area and thus it involves proper knowledge in urbanization, problems concerning 

environmental and social problems arising from urbanization, opportunities for material synergies, 

definition and models of future cities. The current linear flow of resource and the recommended circular 

flow is discussed to understand urban metabolism and to realize how closing the material loops tends to a 

reduction in waste generation and less use of raw virgin materials. 

Vertical farming concept is discussed because of its distinct feature in producing plants and vegetables 

from minimal resource. It is more convenient to cultivate by vertical farming and it requires less space 

than the conventional one. It also uses water from urban household activities and fertilizer from kitchen or 

garden rubbish and thus maintains a closed-loop of material and waste. 

3.2.1 Urbanization 

3.2.1.1 Trends for Urbanization 

Urbanization may be defined as the rapid growth/migration of people in an urban area. According to the 

United Nation’s Glossary of Environment Statistics (1997), it refers to the “increase in the proportion of a 

population living in urban areas, or in a broader sense, process by which a large number of people 

becomes permanently concentrated in relatively small areas, forming cities”. 

The world population is projected to increase by 2.3 billion between the years 2009 and 2050 (UN, 2009). 

In the meantime, the urban population is expected to increase by 2.9 billion. Today half of the world’s 

population is living in urban areas. Thus, it may be figured out that the increased population will settle 

down mostly in the urban areas. Less developed regions are expected to experience the largest population 

change in cities. The number of megacities will also increase and is expected to reach 29 by 2050 from 21 

in 2009 and most of the megacities will be in developing countries (UN, 2010). 

3.2.1.2 Environmental and Social Impacts 

Rapid, but uncontrolled urbanization is burdened with an increased pressure on resources, as for example, 

accommodation, transportation, local infrastructure, and ecosystem of the surroundings. In the end, the 

development activities coupled with inefficient use of resources and poor urban management lead to some 

serious socio-economic and environmental problems like unemployment problem, poor housing 
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conditions, poverty, inadequate water supply, insufficient sewage system, urban sprawl, decrease in green 

and natural spaces, land contamination, increase in greenhouse gases ,water pollution, and noise pollution.  

The continuous economic affluence of today’s cities in the industrialized countries is laden with some 

unavoidable environmental problems which result in a decreased quality of life of urban population as 

well as the urban physical environment. The excessive and inefficient use of resources creates 

consumption related problems, such as greenhouse gas pollution, ozone layer depletion, unwanted waste 

production, and eutrophication. In contrast, cities of less developed and developing countries face social 

and environmental problems derived from insufficiency and inefficiency of resources, such as poverty, 

congested and unhealthy accommodation, growth of squatter settlements, need of pure drinking water, 

lack of good sewerage system, lack of healthy sanitary system, and many more. 

3.2.1.3 Opportunities for Synergies 

Urban areas are basically characterized by huge opportunities for business and the society. But, urban 

areas today are exhausted with over-population and centralization of all economic activities. Hence, it 

results in serious social and environmental problems from a sustainable point of view. It is of utmost 

importance to point out the challenges of urbanization and turn them into opportunities through right 

collaboration between cities and industries. Economic disposal of waste towards a green environment is 

one of the great concerns in industrialized cities of developed and developing countries. There are plenty 

of options for waste handling, but the suitable one from an economic and environmental perspective will 

be discussed here in this research paper. 

Waste generation from urban cities is inevitable and it can never be stopped. Mostly, it happens from an 

excessive and unwise use of resources, that actually contradicts the concept of sustainability. Therefore, 

what needs to be done is to minimize waste to the optimum level and establish a close material loop to 

feed the waste from one activity to another activity or process; thus, exposing the opportunity to get rid of 

the waste, simultaneously make sure of the economic use of waste that have little or no environmental 

impact. A symbiotic network can be introduced between industries and waste streams from cities so that a 

circular material flow is achieved and ensures reduction in waste generation and less use of resources. 

Usually, industries in developed and developing countries produce more to cope with increasing demand 

of the citizens and generates enormous amount of waste. A 20-50% of the waste in the cities of 

developing countries cannot be collected for lack of proper waste management facility; whereas 

developed and First World cities have proper infrastructure to waste disposal, but the amount of waste 

generated often exceeds the capacity of the facility (Sadowski et al., n.d.) that ultimately results in an 
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awkward situation for treatment of waste.  However, the potential benefit of waste treatment lies in 

establishing a symbiotic network that deals with transforming waste into useful products.  

3.2.2 Modern and Future Cities 

The concept of “sustainable development” has motivated researchers and scholars to think about and 

design a new urban settlement that will meet the requirements of sustainability and enable built 

environments (urban space) to function more precisely than before. This urgency has made planners, 

governments, NGOs and civil societies to consider different frameworks for redesigning and restructuring 

of urban places to achieve a healthy environment in the society. Seven design concepts have been 

identified that are significant to form a sustainable urban area, such as compactness, sustainable transport, 

density, mixed land uses, diversity, passive solar design, and greening. (Jabareen, 2006) 

Compactness of the built environment is a widely acceptable concept. It refers to the future development 

of urban structures next to the present one so that transport of energy, water, materials, products, and 

people can be minimized (Elkin, McLaren, and Hillman 1991; Wheeler 2002). Policies for sustainable 

transport should include measures to reduce the need for movement. It should also create a renewable 

energy based transport system with energy-efficient vehicles (Jabareen, 2006). Density is a crucial term to 

form a sustainable society, though it has some pros and cons in terms of degree of density. Some scholars 

talk in favor of high density, while some talks against. High density and integrated land use allow 

compactness of the urban space and encourage social interaction. Lower density encourages car travel, 

which is environmentally harmful, but some scholars prefer scattered living patterns with a reduced 

density. Mixed land use has an important role in forming a sustainable urban area, as it allows the 

diversity of functional land uses, as for example, residential, commercial, industrial, official, social 

activities and thus ensuring multiple uses of land and eventually decreases the travel distance. Diversity of 

various urban activities is another important aspect that represents the social and cultural environment of 

the city itself. Diverse development encompasses use of land for different activities, differences in types 

of buildings, and modifications in architectural styles. Passive solar design opts for possibility of reducing 

energy demand in houses in urban areas. A proper passive solar design along with the mixed land use 

policy can improve the energy efficiency. Greening of the city space is the last concept towards 

sustainability which deploys the idea of preserving the ecological diversity of the urban places and its 

surrounding environment. (Jabareen, 2006) 

We are moving very fast towards greater urbanization to pace up economic activities. Hence, cities need 

to be designed from a sustainable point of view to supply necessary needs for economic growth and 

uphold improved quality of life for the citizens. Different combinations of the earlier mentioned concepts 
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can be used to design various types of sustainable cities. Yosef Rafeq Jabareen (2006) has spotted four 

models for sustainable urban forms for creating future cities. These are more related to the planning and 

guidelines to develop the urban forms rather than direct classification of sustainable cities. These are 

described here in brief: 

 Cities with Neo traditional development-offers sustainable transport, diversity of housing types, 

compactness and mixed land uses. 

 Urban containment- gives emphasis to the policies of compactness of urban form. 

 Compact city- proposes the idea of high density and compactness of the urban settlement. It helps 

establish a sustainable transport system, make sustainable use of land through reuse and mixed 

uses of land, encourage diversity and increase social attachment among people. 

 Eco-city-offers urban greening, diversity and passive solar design and thus have low 

environmental impacts. 

The approaches are somehow similar to each other in some context, but the eco-city concept gains more 

interest than any other as stated by Jabareen (2006) because of the environmental benefits it offers.  

3.2.2.1 SymbioCity Concept 

The idea of SymbioCity comes from the concept of symbiosis which integrates two or more organisms 

towards a mutual benefit. SymbioCity is a model designed and developed by Swedish researchers (Envac, 

n.d.). Its background lays in the World Summit on Sustainable Development in Johannesburg in 2002 

where Swedish Government and Swedish Trade Council took the initiation of the Sustainable City 

concept. Since 2008, this concept has been renamed as SymbioCity concept. In the meanwhile, the 

SymbioCity model has been developed by the Swedish Government into an approach based on holistic 

and integrated methods emerged from a Swedish experience. The concept of SymbioCity focuses on the 

potential synergies between different sub-systems which and aims at better solutions in the end, as for 

example, more efficient use of natural resources for sustainable development along with poverty 

alleviation and availability of clean drinking water and healthy sanitation. Parts of the approach have been 

applied in China for green city district development that include integrated land use, sustainable 

transportation and green area planning, sustainable building design and many more. In the Chinese cities 

of Wuhai and Hohhot, the aforesaid approach has been in action by the local and national authorities with 

the help of some Swedish companies and Swedish Trade Council (SIDA, 2010). 

3.2.2.2 The Swedish Experience 

After decades of heavy industrialization, Sweden became one of the top oil-dependent countries in the 

industrialized world with a dreadful impact on society and environment resulted from polluted air and 
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toxic water together with dead forest and wasteland. The law-makers, politicians, and the civil society 

have realized the importance of sustainable growth of urban areas from a combination of economic and 

environmental perspectives. New policies and legislations have been taken into consideration by the local, 

regional and national government bodies for turning sustainable ideas into reality with the help of 

researchers and industry. Eventually, companies have started to treat waste water, insulate buildings, 

recycle industrial waste, and develop and utilize alternative (renewable) fuels. The ultimate result is more 

astonishing than expected- the economy remains strong with a significant reduction in emission. New 

technologies have been proven beneficial not only to the environment, but also to the economy. 

Traditional non-renewable fuel based economy (mainly oil-dependent) has been transformed into a 

sustainable economy with a dependency on alternative fuels mostly coming from biofuels and waste 

energy. (“SymbioCity concept”, n.d.) 

Many cities and municipalities in Sweden are today examples of successful SymbioCity projects and 

many more to come yet. The urban district of Augustenborg at Malmö, Borlänge municipality, Enköping 

municipality, the district of Gårdsten at Gothenburg, the city of Linköping etc. are some examples of how 

the environmental problems from waste and emission have been treated as opportunities for new 

technology to grow up and flourish towards a sustainable society. The development projects in these cities 

includes improved water management, green roof and solar energy, waste recycling, district heating with 

renewable fuel, biofuel based transport. (“SymbioCity cases”, n.d.) 

3.2.2.3 Vertical Farming 

The availability of global farmland has been decreased from an acre per person in 1970 to half of that in 

2000 and is predicted to be decreased by two-third of an acre by 2050, according to the United Nations 

(n.d., as cited in Despommier, 2009). 

Vertical farming or high-rise farming is a new and challenging concept of cultivation of plant or animal 

life (livestock or fishes) in multi-storied building or on vertically inclined surfaces preferably situated in 

the urban center. From an environmental and economic point of view, it is possible to promote vertical 

farming in today’s busy urban areas and city centers and thus create a self-dependent and healthy food 

chain. 

Vertical farming uses the advanced greenhouse technologies, such as aeroponics and hydroponics to 

cultivate plants. These methods are soil-free and use less water than the conventional farming. 

Hydroponics uses a little or no soil for plantation. Plants are grown in a water-nutrient solution. 

Aeroponics is almost similar to hydroponics except that it does not use water as a medium (Turner, 2008). 
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According to Despommier (2009),  

"A vertical farm would behave like a functional ecosystem, in which waste was recycled 

and the water used in hydroponics and aeroponics was recaptured by dehumidification and 

used over and over again". Thus, urban waste water can be recycled and used for farming. 

Residential and kitchen garbage along with the sewage sludge can be used as compost or 

converted to topsoil to be used in the farm. Moreover, recapture of the process water may 

also add a positive feature to the less usage of water in the vertical farming approach 

(“Crop,” n.d.). 

 

Figure 7: Concept of Vertical Farming 

(Source: “Vertical farming”, 2009) 

3.2.3 Urban Metabolism 

The metabolism of a city represents the direct and indirect material and energy flows into, within and out 

of the cities ecosystem. The term ‘Urban Metabolism’ describes the study of material and energy flows 

resulting from urban socioeconomic activities and biogeochemical processes. It is therefore a research 
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approach that describes the anthropogenic processes that convert material and energy in finished products 

or wastes by focusing on the behavior of cities for a more ecologically sustainable future. Thus, as shown 

in fig 8, an urban metabolism study provides a holistic view of an urban area as a consumer of resources 

and a producer of wastes (Marcotullio, Piracha, & King, 2003). 

 

 

Figure 8: Model of Urban Metabolism 

                (Source: Giovanni, 2001) 

Urban metabolism extends its ecological footprint beyond city boundary because of resource inflows 

from, most of the times, outside of the city and waste/pollution creation that affects the surrounding 

environment of the city. At present the metabolism of a city of one million citizens is characterized by the 

consumption of 2000 tons of food, 625,000 tons of water, and 9500 tons of fuel, as well as the generation 

of 500,000 tons of wastewater, 2000 tons of solid waste and 950 tons of air pollutants (Haughton & 

Hunter, 1994, as cited in Marcotullio, Piracha, & King, 2003). 

Today’s modern cities are the example of linear metabolism. But, in order to promote sustainable cities, a 

circular metabolism approach should be adopted by closing the material loops. So, urban metabolism 

requires an in-depth knowledge regarding the material and energy flows of the city. Then with the 

knowledge of urban flows, city planners and other stakeholders can design or redevelop cities to have a 

more circular metabolism. 
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Figure 9: Urban Metabolism Integrated in the Ecosystem 

        (Source: Dakhia & Berezowska, 2005) 

3.2.4 Zero Emissions Concept 

Effective and efficient uses of resources are important for the economic development of a country. 

Economic affluence from over population and over consumption of resources may lead to an imbalanced 

industrial ecosystem that can ultimately impede the benefit of urbanization. Waste reduction and 

recycling or re-use should not be solely dealt with the cleaner production in heavy industries but also 

incorporated in any type of production and manufacturing in medium to small industries, even in 

household activities. But the conventional waste management techniques are still expensive and 

sometimes clumsy to maintain, particularly in the developing countries where industrial revolution has 

just started. Thus, at present the burning question is how and to what extent can knowledge and expertise 

reduce waste and what measures may be effective and economical from a sustainable point of view. 

The concept of zero emissions holds the prospect of answer to the above questions with the feasibility to 

rethink and restructure the cleaner production approach in industrial ecology. G. Pauli (1997) argues in 

the Journal of Cleaner Production, “The ultimate goal of the cleaner production has to be Zero waste, or 

the total use of all biomass and minerals on earth”. Therefore, the ‘Zero Emissions Concept’ is the state-

of-the-art approach that proposes the idea of structuring industrial systems in such a way that the net 

waste produced will amount to zero; very similar to the idea adopted from natural ecosystem where all 

waste generated at one level serves as an input at a different level and eventually waste does not exist 

(Recycling Council of British Columbia, Canada [RCBC], 2002).  
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According to Kuehr (2007), “The Zero emissions concept does not assert that all emission of a set of 

industrial processes can reach precisely zero”. Actually, the zero emissions concept can be interpreted in 

two different aspects. The first one, viewed from a systems perspective, underlines the fact that industrial 

waste is unavoidable but it is possible to reuse waste from one industry in another industry and eventually 

it will have zero impact on the environment. The second aspect refers to the management standards like 

Zero Inventory and Zero Defects. These standards together with zero emissions symbolize the continuous 

improvement of industrial processes in a sustainable way towards decrease of waste and emission (Kuehr, 

2007). 

To achieve a sustainable society, lots of techniques and approaches for ensuring effective and efficient 

use of materials, energy and reduce waste have been invented and proposed by scientists and researchers 

over the years. Cleaner Production, eco-efficient designs, closed-loop recycling, symbiotic possibilities, 

and green chemistry are some of the examples of such methods. But these methods used so far are mainly 

to manage resource and/or waste and have never been the exact answer to the environmental problems 

associated with the consumption and emissions from industrial activities and hence establish a sustainable 

industrial system. Nevertheless, a simultaneous application of these methods has the potential to reduce 

waste to a minimal level (Pirker et al., 2002). Thus the zero emissions concept works in a system 

approach and aims at reducing waste and rejecting one-way linear resource flow and waste disposal as 

shown in fig 10 (Curran, & Williams, 2012). 

 

Figure 10: Linear and Cyclical Resource Flows 

        (Source: Curran & Williams, 2012) 
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3.2.5 Synergies 

The term ‘Synergy’ describes the sharing of material, energy and waste within industries and between 

industries and cities. Martin et al. (2009) define synergy “as the relationship and cooperation between 

industrial activities by the shared consumption, disposal and reuse of products and utilities”. However, the 

actual classification is difficult to realize because synergies and material exchanges have various 

meanings in the disciplines of industrial symbiosis and industrial ecology and are often confusing (Centre 

of Excellence in Cleaner Production [CECP], 2007). 

Synergies are typically engaged in local or regional scale. EIPs are the good example for symbiotic 

activities in the local level. Regional synergy deals with the exchanges of by-products, water, and energy 

between industries or industrial activities (Kazaglis et al., 2007).CECP (2007) defines regional resource 

synergy as “the physical exchange of natural resource flows between different businesses or with other 

sectors to achieve more productive use of the materials, energy or water contained in the resource flows 

exchanged”. 

Synergies can be classified into three principal categories, as stated in their report by Bossilkov et al. 

(2005) and also in the report of CECP (2007): 

 

1. By-product synergies: This type of synergies includes the use of by-products from one facility to 

replace an input in another facility. They may be derived from the processes (waste from 

manufacturing etc.) or from non-process activities (maintenance, warehousing etc.) 

2. Utility synergies: This involves the shared use of utility infrastructure, as for example, for the 

generation of energy carriers (power, steam etc.), production of process water (de-mineralized 

water) or for combined treatment of waste and emission (wastewater treatment facility). 

3. Supply synergies: Supply synergies involve the co-location of a company with its key 

customers, for instance, co-existence of an air separation plant and a major user of nitrogen. 

However, supply synergies do not meet the criterion of traditionally separate industries and 

therefore can be regarded as ‘business as usual’. 

These synergies may have their source in industry, urban area or in both. Present symbiosis in Kawasaki, 

Japan is a practical example of combination of urban and industrial symbioses. During the years 2006 and 

2007, 14 synergies were identified in the symbiotic project in Kawasaki among nine private companies, 

two companies own by the municipality and some waste management and recycling companies and the 

synergies between industries and urban waste streams have been categorized into four different types as 

shown in table 1, as for example, by-product and utility synergies, new recycling industries and traditional 
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recycling operations. The first two exchanges are termed as symbiotic activity, as defined by Chertow 

(2005). The table also shows that 8 out of 14 physical transfers come out of the industries, and 5 from the 

urban sources and one has its origin in both urban and industry. 

Table 1: Classification of Physical Exchanges in Kawasaki 

(Source: van Berkel et al., 2009) 

van Berkel et al. (2009) in their research article measured the quantitative assessment of Kawasaki eco-

industrial park and showed that the recycling business has a great influence and role in creating and 

developing synergies between industries and the city waste streams though they did not consider 

traditional recycling business and new recycling operations as symbiosis.  On the other hand, Chertow 

(2004) has classifies recycling operations under industrial symbiosis cascading and closing of the material 

loop. Geng et al. (2010) have also included traditional recycling operations in urban-industrial symbiosis 

network (as shown in fig 11). Hence, the idea of including or excluding recycling industries from 

symbiosis depends on how symbiosis is defined in that context.  

Classification of Physical Exchanges in Kawasaki  

(*Exchanges in bold are only considered as symbiosis) 

   P

                                           physical transfer 

    

  Purpose of 

application 

Industrial origin urban origin industrial& urban 

origin 

total 

1. byproductexchanges alternative cement 

fuel 

alternative BF 

reductant 

  5 

    alternative cement 

raw materials 

synthesis gas 

(ammoniaproduction) 

    

    substitute cement 

clinker 

      

2. utilitysynergies power from BF gas industrial water reuse   2 

3. new recycling 

industries 

mixed paper recycling chemicalrecoveryof 

PET 

fluorescentlights 

recycling 

5 

    plastic reuse in form-

boards 

homeappliances 

dismantling 

    

4. traditional recycling 

operations 

scrap recycling 

(steelproduction) 

    2 

    scrap recycling 

(stainless steel 

production) 

      

  Total 

 

8 5 1 14 
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Figure 11: Urban-Industrial Symbiosis in Kawasaki 

 (Source: Geng et al., 2010) 
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4 RESULT& ANALYSIS 

The aim of the interview was to uncover any existing industrial networks between companies and to 

explore for any possible further energy or material links by investigating the inflows and outflows of the 

companies. As this thesis set the work of Jean-Jean (2011) as the reference, the companies Jean-Jean 

identified as the potential actors for creating the symbiotic network in the city of Linköping were given 

the priority in this regard; though it needs to be mentioned that some of the linkages that Jean-Jean 

established as the new potential synergies might not be practical anymore for some reasons discussed 

later in this report. 

4.1 Result 

In the result section, the potential synergies of the interviewed companies will be reported first in light of 

the open discussion carried out in this study. Then possible symbiotic activities of other companies that 

could not be interviewed will be studied in accordance with the research work of Jean-Jean (2011). For 

the purpose of the study, emphasis will be given only on company activities and the inflows and outflows 

of individual companies; in terms of energy, material or by-product. But, findings of data will start with a 

brief introduction of the companies involved, or will possible be involved in the symbiosis. 

4.1.1 Respondents 

SAAB 

SAAB was founded in 1937 with the aim to meet the need for a domestic aircraft industry in Sweden. 

Today Saab is one of the world’s largest aircraft manufacturing companies and has markets in Europe, 

South Africa, Australia and the US. It serves the global market with products and services, including 

aeronautics, military defense system, and civil security. (SAAB, 2011) 

At present, SAAB is involved in recycling or treatment of some of its wastes or by-products. SAAB is 

conscious about the environment issues and so the management has set two environmental targets for the 

whole group: 1. Climate issue and reduction of CO2 and 2. Minimization of hazardous chemical 

substances. (Algotsson, personal communication, 2012)  

SAAB at Tannefors in Linköping used 68,873 MWh of electricity and 45,489 MWh of district heating in 

2011. Both electricity and heat are supplied from Tekniska Verken. SAAB uses large quantity of water 

for surface treatment applications in workshops. This waste water is usually highly enriched with a lot of 

metals and other chemicals that need to be treated first at SAAB’s own treatment plant and then is 

delivered to the waste water treatment plant at Tekniska Verken for further treatment. The metal sludge 

from the water treatment plant from SAAB is also sent to Tekniska Verken for special treatment. In 2011, 
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water flow through the treatment plant in the finishing shop amounted to 200 cubic meters, or 

approximately 200 000 liter. (SAAB, 2011) 

SAAB maintains a proper sorting, recycling and disposal of waste materials. SAAB uses high quality and 

expensive aluminum for aircrafts manufacture, and in 2011, they sent 1000 tons of very high quality scrap 

aluminum to Stena Recycling AB of the Stena Metall group, situated at Norra Oskarsgatan, for recycling 

the metal and was paid for it. Use of composite materials is very common nowadays in aircraft industry. 

The very expensive composite materials (mostly carbon fiber) are usually bought in large sheets and then 

are cut according to the requirement. The remaining of the composite materials does not match to the 

required size and cannot be used. In 2011, it amounted approximately 16 tons, and sent to Tekniska 

Verken for incineration with energy recovery. (Algotsson, personal communication, 2012) 

  

Table 2: Sorting, Recycling and Disposal of Waste 

Waste 2006 (in 

tons) 

2007 (in 

tons) 

2008 (in 

tons) 

2009 (in 

tons) 

2010 (in 

tons) 

2011 (in 

tons) 

Newspaper 143 126 135 109 106 101 

Board paper 70 83 79 59 48 38 

Plastic 7 6 6 7 6 5 

Wood 

(energyrecovery) 

264 214 282 223 244 220 

Scrapmetal 813 799 812 656 675 755 

Combustible materials 

(energyrecovery) 

632 692 688 555 469 455 

Waste to landfill 22 16 22 24 31 27 

Food waste (biogas) - - 25 27 23 24 

(Source: SAAB, Environmental report, 2011) 

Wood waste from boxes and packages amount to 200 tons per year and was sent to Tekniska Verken for 

incineration with energy recovery. A small portion of plastic (both hard and soft plastics) was also sent to 

Tekniska Verken for recycling. About 101 tons of newspaper and 30-40 tons of board paper (corrugated) 

were sent for recycling to the company IL Recycling AB (situated at Industrigatan). And the food waste 

from the restaurants and canteens at SAAB is sent to Svensk Biogas for biogas production and it amounts 

to nearly 25 tons per year. (Algotsson, personal communication, 2012) 
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Arla 

Arla, Linköping dairy is Scandinavia’s largest dairy for special milk products. Each year about 190,000 

tonnes of milk comes to the Linköping dairy and approximately 50% of production at the dairy consists of 

different kinds of yogurt. It also produces different range of products, for example, sour milk plain and 

flavored, lactose-free skim milk, low-fat milk with added calcium, pucko Light Chocolate, original and 

low-lactose and so on. (Arla Foods, 2012) 

Arla, Linköping dairy used about 22000 MWh of electricity, 10000 MWh of district heating, 500 cubic 

meter of oil in the form of total energy in 2011. The oil was bought from Shell for producing steam at the 

plant. District heating and water were supplied from Tekniska Verken, Linköping. Regarding electricity, 

the interviewer could not provide much information, except that the central authority of Arla had an 

agreement with some other company for supply of electricity. On the other hand, in 2011, Arla sent 

578866 cubic meter of organic waste water to Tekniska Verken, scrap metal amounting to 38 tons and 

plastic weighing 31 tons to Stena Metall, around 800 tons of biological material for biogas production to 

Svensk Biogas and waste amounting 477 tons to Tekniska Verken for incineration with energy recovery, 

of which 308 tons were empty packaging materials. (Nilsson, & Hammarstrom., personal communication, 

2012; Lindstrom, personal communication, 2012.) 

An agreement is signed between Arla and Svensk Biogas recently, under which Arla will supply around 

25000 tons of feed milk (consists of water and milk) every year to Svensk Biogas to get a better slurry in 

the system for biogas production.  From May, 2012, Svensk Biogas has started the operation to use the 

feed milk as a raw material in its biogas plant. (Nilsson, personal communication, 2012; Enockson, 

personal communication, 2012.) 

In 2011, Tekniska Verken has taken over the local production of steam at Arla’s Linköping plant. It can 

be concluded from an environmental point of view that Arla’s diesel-powered steam production has been 

replaced by a biofuel boiler at Tekniska Verken. (Tekniska Verken, 2011) 

 

FnSteel 

FNSteel is one of the leading steel companies in the European industry of high quality wire products and 

it produces and processes wire rod and PC (Pre-stressed Concrete) strand used in reinforced concrete 

structures, and in other engineering works. Production capacity of FNSteel plant at Hjulsbro, Linköping is 

30 000 tons per year and current production is approximately 25 000 tons per year. The plant processes 3 
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or 7 wire PC strand products from the High Carbon Wire Rods in diameters 8.0-12.0 mm from Dalwire 

drawing mill at Dalsbruk, Finland. (Fnsteel, 2012; Knutsson, personal communication, 2012.) 

In the FNSteel plant at Hjulsbro, water for cooling comes from the Stångån River outside the plant. But, 

drinking water is supplied from Tekniska Verken. The water treatment plant own by FNSteel has the 

capacity of 3500 cubic meter of water per year. They have a central contract for electricity supply with 

the electricity and heat distribution company-Vattenfall AB, though district heating is performed by 

Tekniska Verken. (Knutsson, personal communication, 2012) 

The plant does not require high temperature blast furnace as compared to the manufacturing ones for 

smelting process to produce industrial metals, though it uses a high frequency furnace that operates at 

400
0 

C (Knutsson, personal communication, 2012.). FnSteel, Hjulsbro is only a process industry and its 

main operation is to transform the High carbon Rods into 3 or 7 wire PC strand products by the wire-

drawing process. Wire drawing is defined as the process to reduce the cross section of wire by pulling it 

through a die (Vac Aero International Inc. , 2012). 

Thus, In the beginning of the wire drawing process, rust is removed from the wire rods by pickling 

process, which involves use of sulfuric acid (H2SO4), usually 150 000 kg/year. The acid is 95% 

concentrated and is supplied by Kemira from its Norrköping/Helsingborg distribution center. Kemira is a 

water chemistry company serving customers worldwide and offers water treatment chemicals for 

municipalities and industrial customers (“Kemira,” n.d.). During the pickling process, the used sulfuric 

acid becomes a concentration of 7-8 %. The diluted acid mixed with water and ferrous is then sent back to 

Kemira and the volume of the mixture is approximately 1000 cubic meter per year. (Knutsson, personal 

communication, 2012) 

Most of the wastes are either scrap material or construction material. 300 tons/year of scrap material is 

sent to Ovako Steel and the waste construction material is delivered to Stena Metall for recycling.  

Meanwhile, during the drawing process, lubrication is needed for smooth surface finish of the processed 

wire rod and longer die life. FnSteel uses Calcium soap (Calcium Stearate) as a dry wire drawing 

lubricant for the high carbon wire. Chemical formation of calcium soap: 

Fatty Acid + Lime  Calcium Soap + H2O 

The waste lubricant, after use, is contained in metal drums and is sent to Stena Recycling for burning.  
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Wastewater Treatment Plant (WTP) 

The water division at Tekniska Verken is responsible for supplying drinking water to the inhabitants of 

the city of Linköping, treatment of sewage and drain rain water out of the city. The wastewater treatment 

plant “Nykvarnsverket” purifies 16 million cubic meter of wastewater annually. (Tekniska Verken, 2012) 

The work flow diagram of the wastewater treatment plant is depicted below: 

 

Figure 12: Wastewater Treatment Process 

(Source: Tekniska Verken, n.d.) 

Water from sewerage system and household and industries is pumped into the WTP and then a 

mechanical treatment takes place that captures most of the solid waste and impurities. Then the water 

undergoes a biological treatment by adding it with a biological agent that contains bacteria. These 

microorganisms eat up the dissolved organic matter and phosphorus, additional nitrogen in the water is 

also converted into nitrite and nitrate and finally to nitrogen gas to remove it from the water. In the final 

stage, a small amount of iron salts is added to the water to capture additional phosphorus. The water is 

then discharged into the river Stångån and Motala stream through Kinda canal to flow on to Roxen and to 

the Baltic Sea. The slurry produced in the treatment process is then processed in digesters where organic 

material in the slurry is broken down into gas and water. The gas is made up of 70% of methane and a 

small portion of the gas is used to run the gas boiler at the plant. The remaining gas is then sent to the 
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Svensk Biogas for further purification and is upgraded to vehicle fuel. The remaining sludge (waste) is 

used as bio-fertilizer in farming. (Tekniska Verken, 2012) 

 

Figure 13: Biogas Production from Wastewater Treatment Plant & Svensk Biogas 

 (Source: Svensk Biogas, n.d.) 

Svensk Biogas 

Svensk Biogas, founded in 2003, is a 100% owned subsidiary company of Tekniska Verken. It has the 

responsibility to convert organic wastes into biogas and distribute it in the region. The solid extract (waste 

product) from biogas production is sold out to farmers as bio-fertilizer. The company has two production 

facilities; one in Linköping and the other in Norrköping. The raw materials used are different types of 

organic waste from household, industry, catering and restaurants, agriculture, and animal manure from the 

local firms around the city. The plant at Linköping uses both solid and liquid raw materials that usually 

include waste from slaughterhouse and food waste. (http://www.tekniskaverken.se/sb/index.xml) 

http://www.tekniskaverken.se/sb/index.xml
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Figure 14: Biogas Production Process 

*In the digester, an anaerobic digestion takes place, without the absence of oxygen and the microorganisms break down the biodegradable materials into biogas* 

(Source: Svensk Biogas, n.d.)
 

Svensk Biogas has invested SEK 200 000 000 during 2010 and 2011 to increase the capacity of 

production and also to allow flexibility in choosing waste. In line with this, a new processing plant has 

been built for food waste to consider a variety of organic waste to be used in biogas production line. 

(Tekniska Verken, 2011). 

Svensk Biogas is currently looking for increasing the portion of organic waste from municipal solid waste 

(MSW) and are now bringing in processed waste (organic substrates) from other municipalities. They are 

also interested in waste with concentrated organic matters from the food processing companies. (Mirata, 

personal communication, 2012) 
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Figure 15 : Svensk Biogas Input-Output 

(Source: Mirata, 2012) 

Linköping City 

The possibility of symbiotic activity between the city of Linköping with industries in and around the city 

is highly dependent on various material and waste streams produced inside the city. These energy and 

waste streams actually come from residents, schools, offices, hospitals, restaurants and cafes, and public 

and private transport. 

In most cases, the input required for the above actors are the essential needs for a citizen-electricity, water 

and district heating. On the other side, household wastes (both organic and inorganic) and wastewater 

through sewerage line are the out streams.  

West Valla-the New District 

In this research work, the project LinköpingsBo 2016 will be in focus for its main purpose to connect and 

develop the university and city. The project has started with the aim to create a sustainable district in 

West Valla, near Linköping University Valla campus. The university itself involves a large number of 

people, including students, faculties, and researchers and provides huge opportunity for cooperation with 
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the industry and the city. LinköpingsBo 2016 is created with the view to implement the idea of “create 

city within city” and this inner-city concept will develop around the university to create an innovative 

meeting place for people to share knowledge and ideas about sustainable living, green and healthy 

environment, resource efficiency, and innovative business.  

The author has collected some information from the Project leader of LinköpingsBo 2016, Jonas Sjölin 

through a semi-structured interview. Mr. Sjölin presented an overall view of the project and highlighted 

how the project would benefit the city. In total, 1000 apartments will be built up in West Valla, of which 

400 will be constructed in the 1
st
 phase. There will be both buildings and villas and they will be built and 

furnished with the best possible eco-friendly materials and equipment. The buildings will be designed in 

such a way that there will be roof-top gardens, covered with glass, on the multi-storied buildings to put on 

the vertical greenhouse concept to meet a reasonable demand of fresh vegetables and fruits of the 

dwellers. (Sjölin, personal communication, 2012) 

For the household waste, an estimated amount of waste per house is 8kg per week is assumed and some 

of it will be used as a raw material in biogas production in Svensk Biogas. A small part of the household 

organic waste from the apartments will be used directly as a fertilizer for gardening. The rest of the 

household waste will be burned in the district heating plant for getting hot water for the district heating 

system, combined with electricity production. Other waste other than organic, as for example, newspaper, 

glass, metal, lighting bulbs, and  electronics,  from households and other business or enterprises in West 

Valla will be deposited in recycling centers and will be treated accordingly. (Rydin, personal 

communication, 2012) 

4.1.2 Non-Respondents/Not nterviewed 

The companies that did not respond to the author’s personal interview session will be discussed in short in 

this sub-section due to their important role for establishing the required urban-industrial symbiosis in 

Linköping. Jean-Jean investigated about potential streams for those companies and for the purpose, his 

work will be referred in a great extent here. 

Scan 

Scan AB has started their journey over 100 years ago (http://www.scan.se/) and today is pioneer in meat 

industry in Sweden. Scan collects cattle from farms and processes them in the slaughterhouse. The 

company uses steam, electricity and heat from Tekniska Verken. Solid waste from slaughterhouse is sent 

to Svensk Biogas for biogas production and organic wastewater is directed to the wastewater treatment 

plant. (Jean-Jean, 2011) 

http://www.scan.se/
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Cloetta 

Cloetta is a leading confectionary company in the Nordic region and its products are sold in more than 50 

markets worldwide. (http://www.cloetta.com/en/Company.aspx). The factory in Linköping uses cooling 

water taken from wells around the plant, but steam and district heating is supplied by Tekniska Verken. 

Organic wastewater from the production processes is directed towards the wastewater treatment plant of 

Tekniska Verken to separate the organic compounds out of the water and then to release the water into the 

canal. (Jean-Jean, 2011) 

Hardford 

It is a cosmetic industry and produces shampoo, perfume and other cosmetic goods in the production 

plant in Linköping. As mentioned by Jean-Jean, the cosmetic industry uses ethanol and oils for the 

manufacture of cosmetics. Organic wastewater from various processes, enriched with a large amount of 

solvents and other organic compounds, is treated at the wastewater treatment plant (Asplund, personal 

communication, 2012). 

Leca 

AB Svensk Leca- is a cement factory owned by the company Weber, Saint-Gobain and the plant at 

Linköping produces a variety of building materials. Usually, a cement factory could be a very good actor 

in realizing symbiosis for the raw materials it uses and the by-products comes out of the production 

processes. But, unfortunately, no information was found about Leca. But it is assumed that it uses heat, 

electricity and steam from Tekniska Verken; similarly, a heat source as high as1500
0
C is required in its 

production line. On the other hand, the combustion process definitely produces CO, NOx, SOx and other 

volatile organic compounds as hazardous by-products. (Jean-Jean, 2011) 

Rosti 

Rosti, a plastic molding company, produces various goods and equipments for agriculture and 

telecommunication. The company has 34 plastic injection machines in its production facility. No data is 

available on energy consumption and waste generation for Rosti, but it is assumed that the company 

produces plastic scraps, as by-products. (Jean-Jean, 2011) 

 

 

http://www.cloetta.com/en/Company.aspx
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ACAB 

ACAB (Applied Composites AB) is a high-tech company who produces equipments and components for 

aerospace, defense, industry and transport industries from composite materials. A composite material is a 

composition of different materials and is often superior to traditional ones. (http://www.acab.se/) 

There is no available data for this company, but it is clear that it uses a large amount of heat in production 

line. Moreover, composite off-cuts should be a by-product and has potential to be recycled and used again 

in other applications.  

Agriculture/Farming 

The city of Linköping is surrounded by many agricultural firms that produces vegetables and fruits and 

meet a portion of food demand for the people of Linköping. The main inputs to these farms are water for 

irrigation, fertilizer and fuel for transportation. Usually, waste and by-products are mainly organic type, as 

for example, crops residue and manure. 

4.2 Data Interpretation & Analysis 

FnSteel 

During the wire drawing process, calcium soap is used as a lubricant. During the lubrication process, the 

physical properties are subject to change and the lubricant soap transforms from a solid state into a 

viscous, elasticized (plastic like) state after which it cannot be used again as a lubricant to the wire 

drawing process.    

There are plenty of uses for calcium stearate, as for example, in manufacturing of tablets and capsules, 

processing of food products, production of paper, cement production, and processing of PVC (Polyvinyl 

Chloride). But here in this research, for its waterproofing property 

(http://www.sagarcements.in/cement.html), use of calcium stearate soap in producing water proof cement 

(similar to ordinary Portland cement that contains limestone, clay and gypsum) is of interest for sending it 

to AB Svensk Leca, the cement factory at Linköping. The author has tried to contact with Leca- to 

investigate the potential material links from and to the plant, but had no response from them. 

Nevertheless, it is possible to use the calcium stearate soap from FnSteel in cement production at Leca. 

FnSteel plant at Hjulsbro uses a high frequency furnace operates at 400
0 
C for the wire drawing process. 

The excess heat produced from the high frequency furnace is not used any way at present; rather the heat 

is just taken away by the cooling water. This heat can be sent to Tekniska Verken to be reused in district 

heating application. 

http://www.acab.se/
http://www.sagarcements.in/cement.html
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During the pickling process, a large amount of sulfuric acid is used to remove rust from the wire rods. 

After use, the mixture of acid, ferrous and water is sent to the supplier for treatment. But, it can be sent to 

the wastewater treatment plant at Tekniska Verken, where the acid-mixture can be treated and the ferrous 

sulphate could be separated and used later in other applications. 

FnSteel sends around 300 tons of scrap material every year to its former owner, Ovako Steel- the largest 

consumer of steel scrap in the Nordics. It is noted here that this exchange cannot be considered as a 

symbiotic activity for the absence of geographic proximity between FnSteel and Ovako Steel. 

SAAB 

The aeronautics industry SAAB uses high quality and expensive aluminum for the aircrafts and sends 

1000 tons of scrap aluminum to Stena Recycling annually. The scrap aluminum is then recycled and is 

sent to Stena Aluminium, the leading Nordic producer of recycled aluminum. (www.stenarecycling.se) 

But, it is not possible again for SAAB to re-purchase the recycled aluminum from Stena Aluminium, as 

the recycled aluminum is not as fine in quality as the virgin product. 

The unused carbon-fiber sheets are sent to Tekniska Verken for incineration with energy recovery; a total 

waste of a costly resource. As according to the CEO of recycling firm “Materials Innovation 

Technologies” (North Carolina, USA), recycling of carbon fiber is the best option for the waste material; 

it prevents the waste disposal of the virgin material, and also products made from the recycled carbon 

fiber are themselves recyclable. It is due to the fact that carbon can retain a substantial portion of the 

properties of the virgin material after recycling. Moreover, the recycling process also uses less energy 

compared to the virgin product. Less than 5 percent of the electricity is required to produce the recovered 

carbon fiber at approximately 70 percent of the cost to produce virgin carbon fiber.  “Firebird Advanced 

Materials” Company (North Carolina, USA) has reclaimed of recovering carbon fiber that more closely 

resembles the virgin fiber. (Wood, 2010) 

Hence, this business opportunity should be initiated by SAAB or Tekniska Verken to recover carbon 

fibers and thus create a useful industrial link. 

Wood and combustible materials are sent to Tekniska Verken for incineration with recovery of thermal 

energy. The heat is used in the district heating network to provide heat to the city.  

SAAB is currently connected to the biogas production line of Svensk Biogas and the biogas produced is 

used as a vehicle fuel in the city of Linköping.  

  

http://www.stenarecycling.se/
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Arla, Linköping dairy 

Arla -Linköping dairy depends on Tekniska Verken for supply of district heating and water. On the other 

hand, the company discharges large amount of organic waste water to the wastewater treatment plant at 

Tekniska Verken, where the water is treated and the organic compounds separated and can be used as to 

produce biogas. Sometimes large amount of nitrogen and phosphorus is present in the wastewater; the 

sediment can be used as fertilizer in agriculture. 

In parallel, Arla sends 800 tons of biological material to Svensk Biogas along with 25000 tons of feed 

milk for biogas production. The huge amount of feed milk was previously used in the pig industry as pig 

feed. Hence, at present, Arla is maintaining a close co-operation with Svensk Biogas and also playing a 

vital role to provide vehicle fuel for the people of Linköping. Arla supplies about 500 tons of combustible 

materials to Tekniska Verken that is converted to heat and is added to the district heating network.  

Arla’s local production of steam from an oil-based boiler has been replaced by a bio-fuel boiler at 

Tekniska Verken. It not only replaced a fossil fuel with a renewable and clean fuel, but also stopped use 

of diesel oil and reduced release of CO2  in the atmosphere.  

Svensk Biogas 

The biogas plant Svensk Biogas is working as the most important actor, next to Tekniska Verken, in 

realizing urban symbiosis in the city of Linkoping. Production of biogas takes place in two distinct ways:  

1. Raw material is directly taken to the production facility to produce biogas. No intermediate 

processing and treatment is needed. Examples are slaughterhouse waste, solid organic waste from 

households or restaurants, animal manure. 

2. Raw material is first processed and then directed to Svensk Biogas for biogas production. Some 

examples are organic wastewater from food processing industry, and sewage wastewater. In both 

cases, the wastewater is first taken to the wastewater treatment plant Nykvarnsverket, treated 

there and then supplied to the biogas plant as final raw material. 

The biogas company has increased investment in biogas production and expanded their market up to 

Katrineholm. The company has also adopted the policy to widen the choice of raw material. Under the 

new policy, a deal is sign with Arla-Linköping dairy who are now supplying feed milk as a new raw 

material for biogas production.  

Biogas as a vehicle fuel is very popular in Linköping nowadays, and with this positive response from 

people urges Svensk Biogas in carrying out more research and development in biogas sector. As a step 

towards this, the company has taken initiative to increase the organic portion of Municipal Solid Waste 
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(MSW) into biogas production and thus has involved other municipalities in sending their solid organic 

waste to Linköping biogas plant. (Mirata, personal communication, 2012; Enockson, personal 

communication, 2012) 

Nykvarnsverket 

The wastewater treatment plant could act as an important actor to implement symbiotic network in the 

city of Linköping. Today, sewage water from the city and waste water from industries comes to 

Nykvarnsverket plant, and treated there before being released to the Kinda canal. The slurry deposited in 

the treatment process is usually a rich content of many organic materials that are dissolved in water from 

variety of industries.  

The wastewater treatment plant do not process waste water mixed with heavy metal directly, because it 

requires initial treatment of the water at the producer’s end and then the water comes to the 

Nykvarnsverket plant for final treatment.  

The City  

The city of Linköping has achieved many sustainable targets from an economic and environmental point 

of view in becoming one of the greenest cities in Sweden, and still working towards sustainability.  

Resource optimization and sustainable transport are the two major successes that lead the way towards 

sustainability of the region. Today, only 5% of the municipal solid waste is land filled in Sweden as 

compared to 44 % in Europe and Linköping leads the way with about 1% of the MSW land filled (L. 

Baas, personal communication, November 27, 2012). In 2008, 90 % of total heating came from district 

heating in Linköping and less than 20 % of the fuel used for district heating was fossil fuel (oil and coal).  

The city fulfills its electricity demand from the CHP plants of Tekniska Verken and heat is produced 

simultaneously used for district heating. 700 Gigawatthours (GWh) of electricity was produced in 2011 

about 2000 GWh of total heat production (Usitall, n.d.).  

The public bus service in Linköping is powered by biogas and the consumption of biogas is increasing 

day by day. With the biggest campus of Linköping University as neighborhood, West Valla is going to be 

turned out to be a sustainable district and will be centered for further extension of Linköping city. 

The new residential district, West Valla, will be occupied with around 400 apartments in the first phase. 

There will also be schools, houses for elderly persons, library, restaurants and cafés, parks, and offices in 

the district. It will create large amount of waste, most of which will be household waste and will be 

carried to the combined heating and power (CHP) plant and the biogas facility. Consequently, increase in 
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demand of district heating and electricity together with vehicle fuel for the city will be compensated by 

waste streams from the new area. The wastewater from the sewerage system will be directed to the 

wastewater treatment, where the organic material from the water will be separated and used to produce 

biogas and bio-fertilizer. 

The exclusive feature of the new project will be the use of eco-friendly building materials for the 

construction work. In addition, there will be provision of roof-top gardening to create a self-dependent 

food chain and it can be integrated with the latest method of vertical farming. This “Vertical Framing” 

concept is effective in multi-storied buildings where plants are grown in water nutrient solution with the 

aid of aeroponics or, and hydroponics- two advanced greenhouse technologies. 

The concept of SymbioCity coincides with uncovering of the symbiotic activities offered by the existing 

industrial links in the city of Linköping. The criteria of a sustainable city are met by the activities 

undertaken and implemented by the local authority.  From this context, Linköping has already turned into 

a SymbioCity where sustainability is practiced from waste management up to transportation. As a 

continual process, Linköping Kommun (municipality) has also considered all the necessary measures to 

create West Valla as a “Green” and “Sustainable” district with the aim to develop and flourish the place 

as an “inner-city” in the city of Linköping. The only thing that the planners and policy makers could still 

consider to shape the new environmental project is trying to link up the new town with the city and the 

industries in and around the city for resource efficiency, waste minimization, healthy and dynamic 

environment with an urge of cooperation and exchange of ideas. 

4.3 Urban-Industrial Symbiosis in Linköping 

The following diagram is adapted from Jean-Jean’s (2011) thesis work (included in Appendix 2) and it 

depicts the network for industrial symbiosis in Linköping. Some modifications have been carried out; 

some links are not feasible at all and dropped out of the network, while one company is not interested in 

symbiosis, more specifically reluctant to share energy or waste generation data. 
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Figure 16 : Urban-Industrial Symbiotic Network for Linköping 

 (Source: Adapted from Jean-Jean, 2011) 

As mentioned earlier, five companies didn’t respond to the author’s request for an interview and leveled 

as red in font color; and one company responded negative and excluded out of the new diagram. 

Therefore, new diagram has been adapted with the changes in physical exchanges. The solid lines 

represent existing synergies; while the dash lines stands for potential or uncovered synergies identified by 

Jean-jean (2011). The round-dotted lines represent potential symbiosis identified by this research work. 

Recycling companies- Stena Recycling AB and IL Recycling- have been given priority due to their 

involvement with the interviewed companies and so, is included into the diagram. In total, eleven new 

connections have been identified and included in the industrial-urban symbiosis network. 

The potential synergies are mostly by-product exchanges that can be transformed into valuable products. 

Wood and other combustible materials from SAAB and Arla are taken to the Combined Heat and Power 

plant of Tekniska Verken to produce heat used for district heating purpose of the city. Most of the 
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household waste that will be generated from the future West Valla project will also be directed to 

TekniskaVerken for producing heat. Food waste, biological extracts and feed milk from SAAB and Arla 

are used for biogas production in Svensk Biogas. Metal sludge from SAAB can be taken to separate the 

metals and use it in other industrial applications. At present, organic wastewater from Arla is treated in 

the wastewater treatment plant and the organic matters then used for biogas production. Nitrogen and 

phosphorus present in the wastewater are also used as biofertilizer. The calcium soap by-product from 

FnSteel can be used in cement production at AB Svensk Leca; and also the used and diluted sulfuric acid 

mixture (ferrous sulphate) might be treated at Tekniska Verken to separate ferrous and use it in iron 

production. 

4.4 Classification of Physical Exchanges 

The existing and potential synergies that are uncovered by this thesis work and shown by round-dotted 

lines in the figure above are tabularized below as according to the classification of synergy: 

Table 3: Categorization of Potential Material/By-product Links in Linköping 

Material/by-product Source Destination Type of  

synergy 

Composite material (Carbon 

fiber) 

SAAB Tekniska Verken Recycling 

Combustible material (Wood 

etc.) 

SAAB Tekniska Verken by-product 

Food waste SAAB Svensk Biogas by-product 

Metal sludge SAAB Tekniska Verken by-product 

Scrap aluminum SAAB Stena Recycling Recycling 

Newspaper, board paper etc. SAAB IL Recycling Recycling 

    

Organic wastewater Arla Tekniska Verken by-product 

Biological material Arla Svensk Biogas by-product 

Combustible material Arla Tekniska Verken by-product 

Feed milk Arla Svensk Biogas by-product 

    

Calcium soap (wire-drawing 

lubricant) 

FnSteel Leca  by-product 

Heat from furnace FnSteel Tekniska Verken by-product 

Sulfuricacid mixture FnSteel Tekniska Verken by-product 

Scrap construction material FnSteel Stena Recycling Recycling 

    

Household waste West Valla Tekniska Verken 

and Svensk Biogas 

by-product 

Combustible material West Valla Tekniska Verken by-product 
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5 DISCUSSION 

In the discussion part, results will be explained briefly to give an overall view of the possibility of 

uncovering urban symbiosis in the city of Linköping with the aim to develop any potential material, 

or/and by-product synergies between zero emissions industries and urban waste streams. 

 The city of Linköping is on its way towards sustainable development (Linköping Mayor, n.d.) and 

working hard for the last few years in implementing state of the art waste management system and 

sustainable transportation. The municipality is always investigating new opportunities to cope up with the 

new challenges and to meet citizen’s demand in a sustainable approach. A local agenda was developed in 

1995 termed as - Plan of action for a sustainable Linköping (Linköping Mayor, n.d).  

From the result and analysis section, it can be easily understood that the city of Linköping maintains a 

strong network of materials and energy in the city. The municipality utility company Tekniska Verken 

today has extended its biogas business up to Katrineholm and also associates other municipalities by 

adding their solid waste to the biogas production line (Mirata, personal communication, 2012).   

In Linköping, it might be difficult to look for a structured urban-industrial symbiotic network, but many 

industries exchange their by-products or waste with each other and with the municipality and thus get 

benefited from an economic and environmental point of view. The city is extensively involved in waste 

synergy with the municipality and in turn gets benefited from district heating produced from that waste. 

The local authority has adopted many green projects, most of which are being implemented by the city 

utility-Tekniska Verken, to achieve the environmental targets of reducing waste and pollution.  Tekniska 

Verken and some of its subsidiaries are working as anchor tenants and most of the industrial and urban 

material streams are somehow connected to theses municipality-owned companies. The residential and 

environmental project being carried out by Linköping Kommun in West Valla is a proper example of how 

the city is heading towards a sustainable city. The idea of vertical farming is not only a day-dream 

nowadays. If daily household demand for vegetables and fruits can be met by the roof-top gardens or 

kitchen gardens using less soil and fertilizer from household waste, it will benefit us in two ways- 

decrease in land use for producing crops and utilization of household waste. Simultaneously, the waste 

can also be used for producing electricity and district heating. 

This research also reveals the fact that some of the potential synergies from the industries or the city may 

be developed around the utility company. SAAB, FnSteel, and Arla- all three companies produce large 

amount of waste that can be used in other industrial applications and these companies are also interested 

in such activities. Two recycling companies- Stena Recycling and IL Recycling AB- are involved in 
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processing some of the waste from the companies. According to Chertow’s (2006) definition, recycling 

activities do not meet the criterion of “traditionally separate business”, but still the recycling companies 

have very important role in establishing a symbiotic network, as can be seen from Kalundborg or 

Kawasaki industrial symbiosis projects. Hence, introduction of the recycling companies in the symbiotic 

network enhances the possibility for a successful symbiosis.   

Some information gap has been experienced while further investigating the research work of Jean-Jean 

about the potential synergies. Some material or by-product links are not feasible and some outflows are 

not in practice, as in the case of Arla-Hardford, or FnSteel-ACAB/Rosti. Nilsson (2012) of Arla 

confirmed the author in the interview that Arla is not considering to send lactose powder or ethanol to the 

cosmetic company, Hardford, rather they are planning to send it to some other company outside 

Linköping (refused to provide detail information). FnSteel at Hjulsbro is only a processing unit that 

converts wire rod into PC Strands and so they do not have any blust furnace in the plant; no fly ash is 

generated from the system. Therefore, there is no possibility to send fly ash for cement production in AB 

Svensk Leca, or to be used in agriculture as mentioned in Jean-Jean’s thesis work. But, still the work of 

Jean-Jean should be considered as a foundation to further develop the existing symbiosis in the city of 

Linköping and for identifying new ones. 

During the interviews, some of the respondents have expressed their great interest in symbiosis and urged 

local authority to move forward with local people, public and private companies, academics, chamber of 

commerce and other organizations working for environment and sustainability to motivate the industries 

and to raise their interest in transferring material or by-products with each other. As a result, an effective 

symbiotic network will be developed that will ultimately achieve optimization of energy use and 

reduction of waste from industry and city activities. It will also transform the linear metabolism of today’s 

city into circular flow and thus will head us towards sustainability. 
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6 CONCLUSION 

The finding of this thesis work represents the possibilities to establish urban symbiosis in the city of 

Linköping. Data from various companies and the utility owned by municipality ensure that symbiotic 

activity is possible only if the active actors are concerned about the benefit that could be realized from 

sharing utility, by-product and waste between them.  

However, a combination of industrial and urban symbioses might be the best suitable approach for 

uncovering and developing an effective material and by-product chain around the city. The city itself 

produces a large amount of waste and can actively participate in retaining the already existing cycling 

flow of material and waste in and around the city. The approach of SymbioCity is well suited for 

Linköping since it has met environmental targets set by the Swedish government; but further development 

is possible in this regard. 

The concept of Zero Emissions has its significance in closing the material loops and ensuring generation 

of less waste; thus reduce use of resources and reduce pollution that will eventually develop a sustainable 

urban structure. The existing symbiotic network seems to be well-established where energy is being 

optimized and waste generation is being minimized and effluents from one industry or the city act as raw 

materials in another industry. Hence, the essence of symbiosis has turned the linear flow of resources of 

the involved industries into circular flow and at the same time, reducing environmental pollution and 

degradation of the atmosphere. But, the ultimate goal of industrial/urban symbiosis is to sustain the 

environment with minimal consumption of energy and waste generation. Hence, it should not be the 

ultimate solution to a greener environment, rather a technique or tool to re-organize the waste streams. 
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7 FUTURE WORK 

A qualitative research methodology has been used in this report to study the existing material and by-

product synergies in the city of Linköping. But further research can be carried out for a quantitative 

assessment of data from various actors. More companies from diverse sectors could be chosen to broaden 

the symbiosis network. Non-responsive attitude from companies might be handled with other approaches, 

as for example, stakeholder information meeting or socio-ecological assessment. In addition, an 

environmental impact assessment and economic value of the synergies could also be studied to get the 

overall idea of establishing urban symbiosis. 
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APPENDIX 1 

Appendix 1 contains detail information about the persons, interviewed or questioned for the thesis work. 

Serial 

No. 

Name of the 

Interviewee 

Designation Company Name Mode of 

Communication 

Date Duration 

1.  Kenth Algotsson  Director, Environmental 

Affairs 

(Group Quality & 

Environment) 

SAAB Group Personal interview June 7, 2012 Approx. 

45min; 

recorded 

2.  Murat Mirata, PhD Expert Linköping University 

(IEI Department) 

Personal interview June 8, 2012 Approx. 

30min; 

recorded 

3.  Thomas Nilsson QEHS Manager  (Linköping 

Dairy) 

Arla Foods 

(Linköping Dairy) 

Personal interview 

as well as E-mail 

contact & 

Telephone 

conversation 

September 6, 

2012 

Approx. 

50min;  

Not allowed 

to record 

4.  Lars Hammarstrom Technical Manager 

(Linköping Dairy) 

Arla Foods 

(Linköping Dairy) 

Personal interview September 6, 

2012 

Approx. 

50min;  

Not allowed 

to record 
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Serial 

No. 

Name of the 

Interviewee 

Designation Company Name Mode of 

Communication 

Date Duration 

5.  Conny Knutsson Plant Manager FNsteel Hjulsbro AB Personal interview September 20, 

2012 

Approx. 

45min; 

recorded 

6.  Pia Lindstrom Environmental Co-ordinator Arla Foods 

(Linköping Dairy) 

E-mail November 23, 

2012 

n/a 

7.  Malin Asplund Head, 

Process and Environmental 

Wastewater treatment 

plant, 

Tekniska Verken 

Personal interview October 18, 

2012 

Approx. 

35min; 

recorded 

8.  Jonas Sjölin  Project Leader Linköping Kommun 

(LinköpingsBo 2016) 

Personal interview November 9, 

2012 

Approx. 

30min; 

recorded 

9.  Malin Enockson Vice President & Production 

Manager 

Svensk Biogas 

(Linköping Plant) 

E-mail November 21, 

2012 

n/a 

10.  Gunnar Rydin Measurement Manager Tekniska Verken AB, 

Linköping 

E-mail November 21, 

2012 

n/a 
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APPENDIX 2 

Appendix 2 includes the diagram of industrial symbiosis potential as mentioned in Jean-Jean’s thesis 

work. 

 

Fig 1 Industrial symbiosis potential  

 (Source: Jean-Jean, 2011) 

 

 


