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ABSTRACT 

The possibilities to develop the industrial ecology in the northern regions of Europe 
are influenced by some common characteristics, e.g.: The regions are rich in natural re-
sources and energy- and material intensive base industries. These industries cover sev-
eral branches, e.g., Mining, Iron and Steel, Metal production, Pulp and Paper. Low popu-
lation density and relatively long distances to the main customers are difficulties espe-
cially for transport and use of rest products. District heating with waste heat from the in-
dustries is an important part of the energy system that reduces the emission of green-
house gases and improves the overall energy efficiency. The problems and possibilities 
connected to the industrial ecology are described for two examples, the energy system in 
Luleå and the Solander science park in Piteå 

Luleå example: The integrated steel plant in Luleå produced a surplus of fuel gas. 
SSAB (Svenskt Stål AB) and the Municipality of Luleå  commissioned  a CHP (Combined 
Heating and Power) plant, which used these energy gases to produce a mix of electric 
power + hot water for district heating. The plant is owned and administered by a separate 
company, Lulekraft AB, owned by the partners. The district -heating network covers al-
most all buildings in the city. The production of heating almost exactly matches the needs 
of the community during the cold part of the year. The production of electric power covers 
the needs of SSAB Tunnplåt AB in Luleå and also gives a surplus to other units within 
SSAB. The system gives profit back to the owners but also to the population: Luleå has 
for many years had the lowest District heating prices in Sweden  

Solander Science Park: The region includes several Pulp and Paper mills.  A devel-
opment can be expected towards a production system where the biomass is used to pro-
duce not only paper but also biofuel, synthetic diesel etc. It has been considered impo r-
tant to do this in an integrated production system.   A network has been formed with the 
aim to develop the pulp mill biorefinery-concept. It includes the regional Pulp and Paper 
mills, Biorefinery actors, Regional universities and the foundation Energy Technology 
Centre in Piteå (ETC).  (ETC is a research institute with pilot plant facilities). Several new 
technologies are or have been developed by the group or group members, e.g. Black liq-
uor gasification, Synthetic diesel.  

For both cases other factors than the technological ones have shown to be of great 
importance, e.g. social parameters and stakeholder preferences etc.  These parameters 
are relatively similar although the cases are from different branches and have different 
background. A European project with a widened scope of case types and backgrounds 
could be of interest. 
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INTRODUCTION 

In this paper “Industrial ecology” is defined as the ecology of organizations In contrast 
to the more common ecology of organisms. 

Characteristic features for the northern areas of Scandinavia are:  

 The region is rich in raw materials 

 a high concentration of energy- and 
material- intensive industries  

 Low population density and long 
distances to the market 

 Northern climate, i.e., District Heat-
ing is important 

The locations in Figure 1 represent both a 
high availability and a high use of energy and 
raw materials. There is a high potential bene-
fit for cooperation and formation of conglome-
rates where these commodities can be ex-
changed. One difficulty is the logistics (long 
distances). Two examples of cooperation are 
described in this paper: The energy system 
around SSAB in Luleå and the Solander 

science park around ETC and the paper mills in Piteå 

LULEÅ ENERGY SYSTEM: SSAB-LULEKRAFT-DISTRICT HEATING 

1. History of development 

SSAB was founded in 1978 through a merger of the steel plants in Luleå, Oxelösund 
and Borlänge. A major restructuring took place after the merger. In the new system the 
role of the Luleå plant was to produce slabs, which were then processed into steel strip in 
the SSAB rolling mill in Borlänge. The steelmaking facilities in Luleå steel plant consisted 
of a coking plant with, two blast furnaces, a basic oxygen steel plant with two BOF con-
verters with suppressed combustion. They were modernized to include BOF gas recovery 
and 100% continuous casting, blooms, billets and slabs.  

Energy rich fuel gases were produced as by-products in the Coke ovens, blast fur-
nace and BOF converters. Normally, in integrated steel plants a major part of that gas is 
used in the heating furnaces of the rolling mill. In the case of Luleå this was not possible 
because of the distance to the rolling mill (800km). This gave rise to a local surplus of 
gas. In 1982 approximately 1.1 TWh/year was flared.   

At the same time, the surrounding community grew to a population of approximately 
70,000. Especially in winter (down to -30 degrees Celsius), a lot of energy was used to 
heat the homes and public buildings. Heating plants and local networks for heating ex-
isted, but they were oil-fired. This gave a high potential for local applications using sur-
plus gas as an energy source. A preliminary pre-study at SSAB showed that a CHP plant 
(combined heat and power plant) in combination with a district -heating network would 
provide better economy.  SSAB contacted LEAB (the municipally-owned supplier of heat-
ing) and the City. The parties carried out a common study. The results of a cooperative 
study were almost identical to the results of the SSAB study.  
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The partners agreed that a CHP plant should be built. A new company, Lulekraft, was 
founded with SSAB and the City of Luleå, as equal partners. The task of that company 
was to convert the excess gas from the steel plant into energy and to produce the hot wa-
ter needed for district heating. A 25 year agreement between SSAB and the City of Luleå 
was formulated and signed in 1982. A new CHP (Combined Heat and Power Plant) was 
commissioned in 1982. The site layout and the resulting energy network can be seen in 
Figure 2. 
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a) Site layout. Photo from METRIA b) Network structure  

Figure 2 Energy Network SSAB – Lulekraft- District heating 

The CHP started operation in 1983 and has been working since that. The develop-
ment of gas use and energy production is illustrated in Figure 3.  

 

a) Consumption of fuel b) Production of Heat and power  

Figure 3: Development of fuel consumption and production at the CHP plant  

A relatively good energy balance was obtained already from start. Since then both the 
steel plant and Lulekraft have been developing. The steel production and consequently 
also the gas delivery to the CHP have almost doubled. Simultaneously the energy ne t-
work of the city has been expanded, and the heat consumption and use of fuel has in-
creased in approximately the same ratio.   A more detailed Heat and Energy balance for 
one year is shown in Table 1. 
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Table 1 Energy balance for Lulekraft in 2006 

Import GWh  Export GWh 

Gas 2118  Heat 
769

  

Oil 38  Power 612 

Total import 2156  Steam 25 

   Drying gas 92 

   Total export 1498 

The experience is good and also economically positive to all parties. Luleå has for 
many years had the lowest heating cost in Sweden.  

2. Interaction with parallel development of science and knowhow 

The inclusion of a CHP and district heating transformed the Luleå system into an inte-
grated network of units that exchanged matter and energy with each other (Figure 2). A 
change in one node in that network affects all its neighbors. Because of these interac-
tions energy efficiency cannot be obtained by energy saving in the individual units, a sys-
tem approach is needed (Process interaction). In the end of the 80’ s SSAB created global 
spreadsheet models of the total energy system and used them successfully as a decision 
tool [1]. A further scientific development was judged to be necessary. Thus SSAB be-
came an active partner in the Swedish national program for Process integration that was 
headed by the Swedish Energy Agency [2, 3]. A concentrated research effort, with partial 
financing from that program, was undertaken of SSAB in cooperation with LTU (Luleå 
University of technology) and the research institute MEFOS. A process integration tool 
and methodology based on MILP (Multiple Integer Linear Programming) was developed, 
validated and implemented at SSAB. Later on, several successful applications led to the 
initiation and start of the intelligence center PRISMA (Process Integration in Steel Mak-
ing).  The center is based at MEFOS with participation of MEFOS, LTU, SSAB and sev-
eral other industrial partners   

3. Success factors for the Luleå case 

1. There were enthusiasts in all parties 

2. Procedure 

a. The governmental and industrial parties had different background, inter-
nal culture and basic needs. A relatively long time was used on discus-
sions to merge the ideas of the parties into a concept that was satisfac-
tory to all parties.  

b. A contract was formed that took all those interests into account. E.g., the 
community had very strong demands on a secure delivery, the supply of 
heat to the inhabitants must be guaranteed independently of  the produc-
tion situation at the plant. In the contract it was stipulated that SSAB 
kept storage of oil, and delivered that to Lulekraft in case of failed gas 
delivery. 

c. A commonly owned production company  

3. Tools to improve system efficiency could be developed within an existing re-
search infrastructure (LTU-MEFOS-company research)  

4. The solution was profitable for all parties  
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SOLANDER SCIENCE PARK 

1. History of development 

Piteå is a city that is dominated by two large pulp mills and several large saw mills. 
The annual intake of biomass to these industries is of the order 2-3 million tons thereby 
making the concentration of forest industries in the region one of the highest in Europe. 
This unusual concentration of large process industries that both consume and  produce 
large quantities of energy inspired the municipality of Piteå and the County Administra-
tion of Norrbotten (a government agency) to create a new energy research institute (ETC) 
in 1989. In 1993, one of the pulp mills (Smurfit Kappa Kraftliner) put their old mill labora-
tory at the disposal of ETC to facilitate experimental energy research. The institute grew 
over the next decade and in 2000 collaboration with the company Chemrec was started in 
the area of black liquor gasification. This collaboration resulted in the erection in the ETC 
laboratory of a 3 MW pilot scale gasifier for black liquor. Black liquor is a by-product from 
pulp production and is available in large quantity at chemical pulp mills. The collaboration 
was very successful and helped to create a large international interest in the research in 
Piteå. In 2005, the municipality of Piteå, IS Piteå and ETC decided to collaborate to 
create a science park with the purpose to stimulate the exploration of research results in 
the ETC laboratory and at affiliated companies. The goal was both to support existing 
companies and to stimulate the creation of new companies or creation of new collabor a-
tions with the ultimate goal to create a new biorefinery industry that converts forest bi o-
mass into green chemicals and transportation fuels. The science park was officially inau-
gurated in 2007. The funding for work related to the science park came from a new EU 
project called “Solander Science Park” within the so called EU Goal 2 program. In 2008 a 
new top floor of the laboratory was built and at the end of 2009 more than 53 researchers 
from several different companies and research organizations are active on a daily basis 
in the science park. The activities within the Solander Science Park involve Luleå Univer-
sity of Technology and Umeå University. Several PhD students from the universities carry 
out the experimental part of their PhD projects as participants in one of the projects at 
ETC. 

An incomplete list of companies that are active within the science park is: 

 Chemrec – develops black liquor gasification for production of power and 
transportation fuels. In parallel to the research within the science park this 
company is working on several commercial projects both in Sweden and 
abroad. 

 Sunpine – now a commercial company that has developed a process for con-
version of tall oil from pulp mills into a synthetic diesel. The diesel will be sold 
to commercial customers starting in 2010. 

 Meva Innovation – explores a cyclone gasification technology that has been 
developed at ETC and Luleå University of Technology. The gasifier is used for 
small scale combined heat and power production. A demo project is planned 
together with Pite Energi. 

 IVAB – develops a new entrained flow gasifier together with ETC. The fuel for 
the gasifier is wood powder and the goal is to develop a fuel flexible gasifier 
that can be used for transportation fuel production.  
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Figure 1: Aerial view of Solander Science Park in the foreground (immediately to the right 
of the car park) and the Smurfit Kappa Kraftliner mill in the background. 

2. Success factors for the Solander case 

The process towards a science park has passed in several steps over time:  

 Develop a successful research program in an important technical area  

 Develop good relations with both public organizations and private companies 

 Create good infrastructure for research and office work 

 Anchor the idea of a science park both at neighboring universities and at public 
organizations that can help realize the idea of a science park 

 Find enthusiastic people who can carry the idea to realization  

 Find funding for an initial test period and start developing the working proce-
dures 

DISCUSSION  

1. Comparison  with a Jernkontoret study on waste energy cooperation [4] 

 In 2003 study was carried out to analyze the background for success and failure. 
Four success stories and one less successful case were studied. The following key fac-
tors for successful co-operation were found  

 Good background data: Background information in the form of energy surveys 
describing equipment and energy flows in the relevant parts of the industry and 
in district heating network must be available for effective information exchange 
and meaningful discussions. All facts must be available to all parties. It is a 
great advantage if senior management is the originator of these energy invest i-
gations. It gives a signal that this work is a priority.  
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 Allow all parties to make money. However, even if this is important, economics 
should not be discussed at an early stage. Begin by finding a common vision 
before discussion on profit sharing. 

 Designing stable heat Agreement: The agreement must be stable in the sense 
that parties can view a longer period of time, at least 5-10 years, and under-
stand the economic model for the contract period.  

 Involve experienced people in the work  

 Train operational staff  

 Be open and trust each other 

 Focus on the overall benefits of cooperation  

 The process from concept to actual delivery of waste heat always takes longer 
time than you think. 5-10 years are not uncommon 

These conclusions are formulated differently but do not disagree with the experiences 
described in this paper 

2. Common success factors  

Both examples can be considered successful. There are some factors that seem to 
have been decisive. 

 The presence of enthusiasts both in the startup and development stages.  

 Begin by forming a common vision. Avoid haggling about money at that stage 

 There must be a need for cooperation and profit for all parties. 

 There must be an active management support throughout the process.  

 An interaction between the industrial, community and research spheres has 
been essential. The order can vary.  

o In Luleå a scientific infrastructure already existed. The process started 
as a creation of the physical infrastructure. This was followed by a para l-
lel development of both structures.  

o In Piteå the community and the regional plants started the process with 
the forming of the research laboratory (ETC). This led to the creat ion of 
the science park environment that followed.   

 The main parameters determining failure or success are a combination of tech-
nical and non-technical factors. A study involving process integration of the 
technical system, regional economics and conjoint  evaluation of social factors 
is in progress and will be f inished this year [5].  

FUTURE  WORK 

The cases referred to in this study are from different branches and they have different 
background. In spite of this the important technical, economical and social parameters 
are similar. It could be of interest to make a study with a widened geographical scope 
and of other industry areas. This could lead to more far reaching and generalized conclu-
sions that could be of help to decisions makers who aim to stimulate public-private part-
nerships.  A European project could be of great interest. 
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