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Abstract 
The industrial sector uses about one third of the energy end-use in the 
world. Since energy use in many cases highly affects both the local and 
global environment negatively, it is of common interest to increase energy 
efficiency within industries. Furthermore, seen from the industrial 
perspective, it is also important to reduce dependency on energy resources 
with unstable prices in order to obtain economic predictability.  
 
In this thesis, the energy-saving potential within the chemical pulp and 
paper sector is analyzed. One market pulp mill and one integrated pulp and 
paper mill were studied as cases. Energy system changes at the mills were 
analyzed through cost minimization. The thesis focuses on principal energy 
issues such as finding the most promising alternatives for use of industrial 
excess heat, possible investments in electricity generation and choice of 
fuel. In order to find synergies, the same system was optimized first from 
the perspective of different operators respectively, and then from a joint 
regional perspective. Also, the prerequisites for a regional heat market in 
the region were analyzed. 
 
This thesis reveals that the use of excess heat from pulp and paper mills for 
district heating does not generally conflict with process integration 
measures. This is partly because of the great availability of industrial 
excess heat and partly because the different purposes require different 
temperatures and thereby do not compete. Rather, the results show that they 
strengthen each other since steam and hot water of higher temperatures are 
made available for district heating when hot water of lower temperature is 
used for process integration. However, there are cases when the conditions 
are complicated by preexisting technical solutions within a system. In these 
cases, a combination of measures could be necessary.  
 
Furthermore, it is concluded that energy cooperation in terms of a heat 
market between municipalities and industries in the studied region gives 
opportunity for positive synergies. Switching from expensive fuels such as 
oil to less expensive biofuel in the region proved to be particularly 
beneficial. Expanding the capacity for combined heat and power generation 
is also beneficial for the region as well as increased use of industrial excess 
heat for district heating. The most financially beneficial scenarios also have 
the greatest potential for CO2 emission reduction; the emissions would be 
reduced by about 700 thousand tonnes CO2/year for the region in those 
scenarios. 



 iv

Sammanfattning 
Den industriella energianvändningen utgör en tredjedel av världens totala 
energianvändning. Eftersom energianvändning i många fall har negativ 
miljöpåverkan både lokalt och globalt är det av allmänt intresse att öka 
industriernas energieffektivitet. Sett ur industriernas perspektiv är det 
dessutom viktigt att minska beroendet av bränslen med osäkra priser för att 
uppnå ekonomisk förutsägbarhet. 
 
I den här avhandlingen analyseras energibesparingspotentialen inom 
massa- och pappersindustrin. Ett fristående kemiskt massabruk och ett 
integrerat kemiskt massa- och pappersbruk har studerats. Förändringar i 
energisystemen på bruken analyserades genom kostnadsminimeringar. 
Avhandlingen fokuserar på principiella energifrågor, som att utvärdera 
olika sätt att använda industriellt spillvärme, investeringar i elgenerering 
och val av bränsle. För att hitta synergier optimerades samma system ur 
olika aktörers perspektiv och sedan ur ett regionalt perspektiv. Även 
förutsättningarna för en regional värmemarknad analyserades. 
 
Avhandlingen visar att användandet av överskottsvärme från massa- och 
pappersindustrin till fjärrvärme generellt sett inte står i konflikt med 
processintegreringsåtgärder inom bruken. Detta beror delvis på att stora 
mängder överskottsvärme finns tillgängliga och delvis på att det är olika 
temperaturnivåer som behövs till de olika syftena som därför inte 
konkurrerar. Resultaten visar snarare att de två åtgärderna stärker varandra 
eftersom processintegrering gör att större mängder varmvatten av högre 
temperatur blir tillgängliga för fjärrvärme. Det finns dock fall då 
förutsättningarna kompliceras av redan befintliga tekniska lösningar inom 
ett system. I dessa fall kan det vara nödvändigt med en kombination av 
åtgärder. 
 
Vidare dras slutsatsen att energisamarbete mellan kommuner och industrier 
i form av en värmemarknad ger möjlighet till positiva synergier i den 
studerade regionen. Särskilt lönsamt visade det sig vara att byta från dyra 
bränslen såsom olja till billigare bränslen som biobränslen. Att utöka 
kraftvärmekapaciteten inom värmemarknaden är också lönsamt liksom 
utökat användande av industriell spillvärme till fjärrvärme. De fall som var 
mest ekonomiskt lönsamma har även störst möjlighet till minskning av 
CO2-utsläpp; utsläppen från regionen skulle kunna minskas med cirka 
700 000 ton CO2/år i dessa fall. 
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1 Introduction 

Within the field of industrial energy systems, environmental concerns are 
of great importance. From being a purely technical matter of providing heat 
and power to support industrial production and other societal functions, 
energy has developed to be a core task in the efforts to prevent climate 
change due to release of greenhouse gases that is one of the most 
challenging tasks that the world faces today.  
 
Greenhouse gases such as CO2 and methane that are released through 
human activities add to the natural warming of the planet and lead to 
changes in the climate (IPCC, 2007). The release of CO2 in particular is 
closely connected to energy use since it is a consequence of using fossil 
fuels. Decreasing the CO2 emissions is a question of switching to CO2 

neutral biofuels and other renewable energy technologies as well as using 
the energy resources in a more efficient way.  
 
In the end, it all comes to striving for a sustainable society with both 
efficient and socially fair resource use. In the Living Planet Report 2006 
(WWF, 2006) it is stated that Sweden has an ecological footprint of 6.1 
global hectares per capita. This means that if all people on earth were to use 
as much resources as the Swedes, almost three planets would be necessary 
in order to supply them, which is an unsustainable situation and would lead 
to fast depletion of resources.  
 
The industrial sector plays an important role in the global effort to obtain a 
sustainable society since the world’s resources to a large extent are used by 
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industries. One third of the energy end-use in the world is used by the 
industrial sector (IEA, 2007). Industrial energy use has a great impact on 
the environment not only in terms of emission of green house gases, but 
also due to the poisonous emissions from for example coal and oil burning, 
such as heavy metals, and NOX and SOX which contribute to the 
acidification of lakes and forests.  
 
The interrelationship between environmental and economical aspects of 
sustainability is apparent in the study of industrial energy systems. Some of 
the energy resources are scarce, oil being the most urgent example, which 
makes the supply unreliable. Oil production has already peaked or will 
soon do so, which will cause a severe energy shortage in a few years 
(Hirsch, 2005). Also, the prices fluctuate unpredictably due to political 
reasons. From an industrial perspective, minimizing oil dependency is 
therefore a question not only of reducing the emission of greenhouse gases, 
but also to achieve economical predictability for the industry.    
 
The pulp and paper industry is an energy-intensive sector, but the chemical 
pulping process which is the most common, followed by mechanical 
pulping, could also be regarded as an energy-supplying process. This is a 
result of the by-products from the process that are used as fuels and cover 
most of the energy demand at the industries. In the most efficient mills this 
even creates an excess of energy. For example, most chemical pulp mills 
have their own electricity generation that sometimes exceeds the internal 
demand. Furthermore, some mills deliver hot water to nearby district 
heating systems and some mills sell part of the fuel they produce.  
 
One possible path towards more efficient resource use is regional 
cooperation. What is considered waste for one actor may be valuable for 
someone else. This can be true regarding energy for companies even when 
they are closely situated geographically. For example, hot water of a certain 
temperature may be considered a problematic waste for one company while 
the neighboring company puts effort into reaching the same temperature. 
Through cooperation a win-win situation could be obtained.  
 
Cooperation between pulp and paper mills and nearby energy companies is 
common but difficulties sometimes block the way. Sometimes, distances 
other than the merely geographical need to be overcome. Often the 
difference in aim of the operators’ activities is one of these difficulties. The 
industrial aim is to maximize economic profit while energy companies 
(which in Sweden are often municipally owned) have dual aims, both to 
service the citizens with energy and to contribute to the municipal 
economy. Because of these differences the understanding between the two 
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parties could fail and the companies may prefer to stay independent of each 
other even though they thereby fail to take advantage of the benefits they 
could have gained through cooperation. Municipal energy companies 
though, could also regard energy cooperation with local industries as a way 
to promote business in the region, bearing labor market and taxes in mind. 

1.1 Purpose 

The purpose of this thesis is to contribute to the understanding of complex 
energy systems such as pulp and paper mills and how they could be 
affected by cooperation with energy companies. The aim is to facilitate 
energy cooperation and thereby create opportunities for more efficient 
resource use, e.g. through using the boilers with the least expensive fuel to 
a higher extent. 
 
The purpose is divided into four tasks: 

• Making energy audits of the industries in order to find energy 
efficiency potentials and to obtain data for the optimization models.  

• Examining how the industries would be affected by changes in the 
energy system, for example if they would be connected to a 
deregulated local heat market.  

• Finding synergies within the energy cooperation that the industries 
have with nearby energy companies.  

• Examining the prerequisites for a deregulated local heat market in 
technical, economic and environmental terms. 

1.2 Delimitation 

In this thesis, only a part of the pulp and paper sector in Sweden is 
considered, i.e. the part that is based on the chemical sulfate pulping 
process. Regarding energy cooperation, only heat cooperation between 
district heating companies and industries is considered. Furthermore, only 
technologies that are available today are considered. Therefore, for 
example black liquor gasification, which is a promising future technology, 
is not considered. Also, since this thesis only concerns energy, resources 
other than energy resources were not studied. 

1.3 Outline of the thesis 

In the first chapter the thesis is introduced, the purpose of the thesis is 
presented, some basic concepts are defined, and a brief overview of the 
appended papers is given along with a co-author statement. Chapter two 
contains the background to the thesis, and gives an overview of the energy 
situation in Sweden with special focus on industrial energy use. An 
introduction to the energy system in the Gävle region, including both 
current and historical aspects is also given. Furthermore, the Regional 
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Energy System Optimization (RESO) project within which framework the 
thesis was made is described. The chapter concludes with an introduction 
to the pulp and paper industry, including a description of the mills 
collaborating in this study.  
 
In chapter three, the theoretical concepts behind this thesis are presented 
along with a presentation of the methods that have been applied. In chapter 
four, related literature is presented regarding efficient energy use at pulp 
and paper mills, energy optimization of industries and regarding energy 
cooperation between industries and municipalities respectively.  
 
Chapter five surveys the general results of the appended papers. In chapter 
six the conclusions are presented followed by suggestions for further work 
in chapter seven.   

1.4 Basic concepts 

In this section some basic concepts that are used in this thesis are 
described. In cases where the concepts could be used in different ways, the 
definitions that are used in this thesis are specified. 

1.4.1 Industrial excess heat 

In this thesis, “industrial excess heat” is defined as the energy that 
originates from an industry but cannot be used within it at its present 
temperature and pressure due to technical or economical reasons. For the 
case of pulp and paper mills it could be energy in sewer water flows of too 
low a temperature to be beneficial to reuse within the industry.  
 
What is “true excess heat”, and not just heat that has not been accounted 
for, even though it would have been beneficial to do so, can be examined 
through heat exchanger network analysis. In addition to the technical 
restrictions on possible measures, there are also other restriction, e.g. in 
economy and lock-in mechanisms due to investments in expensive 
technology. Therefore, in this sense, what heat is in excess is not absolute, 
but depends on fuel and electricity prices and the pay back time policy at a 
company.  

1.4.2 District heating 

District heating is a technology for distributing heat for heating of 
buildings, tap water and sometimes industrial use. Mostly, hot water or 
steam is centrally generated and then distributed through pipelines to 
several costumers. The technology is commonly used in cities in Europe, 
Asia and North America. More than 80% of the district heating deliveries 
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in the world are found in Russia, the former Soviet Union and China 
(Andersson and Werner, 2003).  
 
The fuel for district heating systems varies from place to place and over 
time due to prices and available resources. Often several boilers support the 
same system, which gives a flexibility regarding fuel.  

1.4.3 Combined heat and power processes 

In combined heat and power (CHP) plants, also known as cogeneration 
plants, both electricity and heat are generated. The generated heat can be 
used e.g. to operate a special process in an industrial plant or for the 
purpose of space heating by means of district heating systems; see Figure 1. 
In conventional thermal power plants, i.e. the condensing power plant, the 
generated heat in the condenser has a low temperature, which makes it 
uninteresting for most applications. Thus it will be transferred to the 
environment or cooled with an external water source. The total thermal 

efficiency (
fuel

heatyelectricit + ) is much higher in a CHP plant (normally about 

90%) than in a conventional power plant since the generated heat is used in 

a CHP plant. However, the electricity efficiency (
fuel

yelectricit ) is lower in a 

CHP plant than in a conventional thermal power plant, about 30% instead 
of 40%. The efficiency varies, however, depending on technology. 
 

Fuel

Pump

Generator

Electricity

District heating 
system

Steam to process

Condensate 
from process

Condenser

Steam 
turbine

Condensate tank

Boiler

 
Figure 1. Operation diagram for an industrial CHP system that generates 

electricity, process steam and hot water for district heating. “Steam to 
process” and “Condensate from process” is not applied for CHP systems 

that only produce electricity and district heating. 
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1.4.4 Energy quality 

Energy can be quantified by the SI-unit Joule or the derived unit kWh. The 
same unit is used regardless of what carrier the energy is found in, for 
example electricity, fuels, steam and hot water. The usefulness of the 
different energy carriers varies greatly though, a fact that is not apparent 
from the concept energy. For example, electrical and mechanical energy 
are almost 100% convertible into other energy forms. Electricity could be 
used for several causes, for example to obtain mechanical movement, for 
lighting and for heating. Hot water on the other hand can only be used for 
heating. The exergy content per energy unit in hot water of 100ºC is about 
20% of the exergy content per energy unit in electricity and fuel. That 
means that the convertibility of electricity is about five times higher than 
the convertibility of hot water. It is therefore important to use a concept of 
quality to specify the usefulness of different energy carriers. In order to 
compare energy in terms of usefulness, the entity “exergy” has been 
introduced (Gibbs, 1873 and Rant, 1956) as a quantity that includes both 
energy content and quality. Exergy is the available energy and expresses 
convertibility.  
 
In contrast to energy, exergy can be destroyed. Actually, exergy must be 
destroyed sooner or later, according to the Second Law of 
Thermodynamics, which states that entropy, which is a measure of disorder 
within a closed system, always must increase over time. In a resource use 
perspective it is desirable though to postpone the destruction of exergy as 
long as possible. For example, this can be obtained by using more efficient 
equipment such as energy-efficient lamps1 or through using the right 
energy carrier for the right purpose. The latter means that the use of high 
quality energy for a low energy-quality purpose, for example electricity for 
heating, should be avoided.  
 
In the study of industrial energy systems it is important to keep the 
different energy qualities apart. Electricity, steam of different temperatures 
and pressures, and hot water of different temperatures serve different 
purposes within the industries. Sometimes they can replace each other, but 
more often not.  

1.4.5 Process integration 

Process integration is a way to save energy through reuse of heat. Through 
process integration, energy of low quality is used as far as is technically 

                                                
1 Energy-efficient lamps only make a difference as long as the buildings are not heated 
by electricity. However, even for buildings that are heated by electricity, energy-
efficient lamps are useful during the seasons when no heating is needed.  
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feasible and economically beneficial in order to avoid exergy losses. 
Excess heat from one process in the mill could be used to cover a heat 
demand in another process in the mill. In this way the demand for external 
energy supply for heating and cooling is minimized. 
 
Pinch analysis is a way to find the best practice regarding reuse of hot and 
cold streams of fluids and gases (e.g. steam) within an industry. Through 
pinch analysis, hot and cold flows could be identified within a pulp and 
paper mill and it is calculated to what extent the flows could be heat 
exchanged (Linnhoff et al., 1979). Also, energy optimization could be used 
in order to find process integration opportunities within an industry (Ciric 
and Floudas, 1989; Yee and Grossmann, 1991). 

1.4.6 Energy system cost 

The energy system cost is defined as the cost for fuel and electricity 
purchase and operating boilers etc., minus the revenue from selling fuel and 
electricity. The objective of the optimizations in Paper IV, V and VI was to 
minimize the energy system cost.  

1.4.7 Generic processes 

In this thesis, generic processes are defined as processes which do not 
directly affect production, such as ventilation, lighting, compressed air and 
heating of buildings. Carrying out efficiency measures among the generic 
processes involves fewer risks since they do not affect production. Changes 
in the production processes are always more risky. Causing a production 
stop is prohibitively expensive. 

1.5 Overview of the papers 

The main thread through the papers in this thesis is that they were written 
within the framework of the RESO project, which focuses on energy 
cooperation opportunities in the mid-Swedish region including the three 
municipalities of Gävle, Sandviken and Älvkarleby. In this section the 
papers are presented in the chronological order in which they were written. 
In Figure 2, the work flow chart of the RESO project is found.  
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5.     Optimization

Industries

2nd iteration
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4.    Optimization

Heat market

2nd iteration

Paper VI
2.  Energy audits

Industries

Paper I, II & III

1.   Optimization

Heat market

1st iteration

3.     Optimization

Industries

1st iteration

Paper IV

5.     Optimization

Industries

2nd iteration

Paper V

4.    Optimization

Heat market

2nd iteration

Paper VI
2.  Energy audits

Industries

Paper I, II & III

1.   Optimization

Heat market

1st iteration

3.     Optimization

Industries

1st iteration

Paper IV

 
 

Figure 2. The work flowchart of the RESO project. Papers I, II and III 
belong to node 2, Paper IV belongs to node 3, Paper V belongs to node 5 

and Paper VI belongs to node 4. The work that belongs to node 1 was 
performed by Gebremedhin and Moshfegh (2004) and is not attached in 

this thesis. 
 
Table 1 gives an overview of the methods and perspectives that are used in 
the papers. Papers I, II and IV were written with the perspective of the 
StoraEnso Skutskär pulp mill. Paper I is an energy audit of the Skutskär 
mill, Paper II is an international comparison of mill’s similar to the 
Skutskär mill, and Paper IV is based on computer optimizations of the 
energy system at the Skutskär mill. 
 
Papers III and V were written with the perspective of the Korsnäs pulp and 
paper mill. Paper III is an energy audit of the Korsnäs mill and Paper V 
presents optimizations of the energy system at the Korsnäs mill with 
particular focus on the energy cooperation they have with the industrial 
energy supplier Karskär Energi AB (KEAB) and the district heating 
company Gävle Energi AB (GEAB). Paper VI concludes the total RESO 
project with both a joint regional perspective and analyses from each 
participating company's perspective.  
 
Table 1. Overview of the methods and perspectives that are used in the 
papers 
  Paper   

I 
Paper  

II 
Paper 

III 
Paper 

IV 
Paper 

V 
Paper 

VI 
Method Energy audit ●  ●    
 Comparison  ●     
 Optimization    ● ● ● 
Perspective Industrial ● ● ● ● ● ● 
 Energy company     ● ● 
 Regional     ● ● 
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In addition to the work that is presented in this thesis, including the papers, 
the RESO project also includes work performed by Gebremedhin and 
Moshfegh (2004) that belongs to node 1 in Figure 2, Karlsson (2007a) that 
belongs to node 2 in Figure 2 and Karlsson (2007b) that belongs to node 3 
in Figure 2. Gebremedhin and Moshfegh (2004) analyzed the consequences 
of introducing a heat market in the region. For the analysis they used an 
energy optimization tool and the model was based on preliminary studies of 
the participating industries and the energy companies made by Bäckström 
(2000) and Bergsten and Löfström (2000). Karlsson made energy auditing 
of two buildings at Sandvik that is one of the industries that participates in 
the RESO project (Karlsson, 2007a) and optimizations regarding the 
possibility of converting the steam use at Sandvik to district heating 
(Karlsson, 2007b). 
 
The results of the analysis by Gebremedhin and Moshfegh (2004) show 
that there are positive synergies that could be obtained through connecting 
the three municipalities’ district heating systems. Better use could be made 
of the different operators’ boilers, heat pumps etc. Through integration the 
total energy system cost in the region could be reduced. This is due to the 
fact that it would be possible to replace costly fuels by cheaper ones. 
However, their results do not show that an integrated heat market promotes 
electricity generation through combined heat and power production (CHP). 
In Paper VI, the model used by Gebremedhin and Moshfegh (2004) was 
updated and improved. 
 
Paper I  

Sofia Klugman, Magnus Karlsson, Bahram Moshfegh 
A Scandinavian chemical wood-pulp mill. Part 1. Energy audit aiming 

at efficiency measures 
This paper describes the Skutskär mill regarding energy use and supply. 
The information is based on interviews with staff, the mill’s energy data 
logs and measurements of sewer water temperatures and electricity for 
generic processes. Both electricity and steam are considered. The results of 
this paper were used as background data for the optimization model in 
Paper IV. The generic processes were shown to account for about 5% of 
the electricity use, of which lighting represents the largest share. The 
greatest steam-consuming process is evaporation of black liquor, while the 
greatest electricity-consuming process is the cooking. Besides describing 
the energy system at the mill, focus is also put on energy efficiency 
measures. Some energy-saving potentials are pointed out. The mill could 
be self-sufficient in electricity by applying these measures. Particularly 
interesting is updating old pumps, since pumping is the major electricity 
consumer within the mill. The specific electricity use (per tonne pulp) in 
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the fiber lines’ machines varies largely, particularly among the bleacheries. 
If all the machines were as efficient as the most efficient machines within 
the mill, about 22% of the electricity use would be saved. Furthermore, the 
wasted heat at the mill was substantial: 150 GWh/year of steam was vented 
and in the cooling towers 430 GWh/year was cooled off. 
 
Paper II  
Sofia Klugman, Magnus Karlsson, Bahram Moshfegh 
A Scandinavian chemical wood-pulp mill. Part 2. International and 

model mills comparison 
In this paper, the Skutskär mill is compared to ten similar Swedish and 
Finnish non-integrated sulfate pulp mills and also to two model mills that 
aim to use the most efficient available technology. Comparison is also 
made between Canadian and Scandinavian pulp-mills on a general level. 
The result was that the Scandinavian mills were somewhat more energy 
efficient than the Canadian mills. The closer comparison that was made 
between Scandinavian mills is based on public environmental reports and 
showed that the specific steam use varied remarkably between the mills. 
This indicates that the energy saving potential is great; it is even possible 
for the mills to be self-sufficient in both electricity and steam due to the by-
products that can be used as fuel. The comparison with model mills that 
aim to use the most efficient available technology showed that mills 
already exist which are that efficient. Regarding Skutskär mill, the greatest 
steam-saving potential is found in the evaporation plant, drying machines 
and digesters; in total about 20% of today’s steam use could be saved. This 
is due to the effort that the model mills put into process integration. The 
greatest electricity-saving possibilities are found regarding bleaching and 
cooking; in total about 17% of the electricity use could be saved.  
 
Paper III  
Sofia Klugman, Magnus Karlsson, Bahram Moshfegh 
An integrated chemical pulp and paper mill - Energy audit and 

perspectives on regional cooperation 
In this paper, the integrated chemical pulp and paper mill Korsnäs is 
audited with focus on energy supply and use, and an analysis is performed 
regarding regional cooperation and the effects on the mill of the green 
certificates trading scheme. Furthermore, some electricity-saving measures 
are pointed out. The information originates from interviews with the mill’s 
staff, the mill’s energy data logs, electricity measurements of generic 
processes and temperature measurements of sewage water. The results of 
the energy audit were used as background data for Paper V. Less excess 
heat was found at the Korsnäs mill in comparison to the Skutskär mill; 
since Korsnäs mill is an integrated pulp and paper mill, they have a higher 
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energy demand. The paper machines are even more heat demanding than 
the evaporation of black liquor. The generic processes account for about 
4% of the electricity use at the mill. The Korsnäs mill has an unusual 
construction called “back-pressure evaporation”. In comparison to a 
conventional evaporation plant the steam condensate after the process has a 
higher temperature and the heat could be sold to the local district heating 
company. This causes a higher steam demand and contradicts the common 
effort to process integrate. An effect of the green certificates trading 
scheme is that the mill gets higher revenue from electricity sales. 
Furthermore they get more certificates if they burn more oil. This is due to 
electricity being viewed as a by-product of the paper production and the 
margin fuel is oil.  
 

Paper IV 
Sofia Klugman, Magnus Karlsson, Bahram Moshfegh 
Modeling an industrial energy system: Perspectives on regional heat 

cooperation 
In this paper, optimization calculations are made using mixed integer linear 
programming. A computer model of the Skutskär mill is built and then 
energy system changes are tested. The total system cost, including energy 
costs and revenues for selling heat, bark and electricity, is minimized for 
each case. The optimal operation for each changed system is then 
compared to the optimization result of the model without changes. The 
system changes that are tested are: Connection to a regional heat market for 
selling of more excess heat, selling of hot sewage water for district heating, 
using a heat pump for district heating deliveries, process integration and 
extending the back-pressure turbine with a condensing unit. The results 
show that process integration does not contradict selling of more excess 
heat for district heating; on the contrary it benefits it, since hot water 
replaces steam demand and thereby releases potential for selling steam 
excess. The use of a heat pump to raise the temperature level before selling 
the hot sewage water further increases the benefit. Connection to the heat 
market is beneficial to the Skutskär mill since it gives opportunity to sell 
today’s excess heat. The benefit of extending the turbine with a condensing 
unit was shown not to be beneficial if process integration measures are not 
performed at the same time. 
 
Paper V 

Sofia Klugman, Magnus Karlsson, Bahram Moshfegh 
A Swedish integrated pulp and paper mill – Regional cooperation and 

energy optimization 
In this paper, the Korsnäs mill and two energy companies, KEAB and 
GEAB, are modeled in the same model and optimized regarding energy 
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supply and demand. Cooperation between the Korsnäs mill and the two 
energy companies already exists regarding for example heat exchange. The 
calculations are made using mixed integer linear programming. The total 
system cost, including energy costs and revenues for selling heat and 
electricity, is minimized. The optimizations are performed from five 
different perspectives: Korsnäs, KEAB, GEAB, joint Korsnäs and KEAB 
and joint Korsnäs, KEAB and GEAB. The purpose of this is to find 
synergies within the regional cooperation. Besides examining the different 
perspectives, two system changes were also analyzed. The first was to 
replace the “back pressure evaporation” by a conventional evaporation 
plant, which is a kind of process integration method. The second was to add 
a new biofuel boiler and turbine, which it has been decided to build at 
KEAB. The results show that today’s actual operation within the region is 
very similar to the calculated optimal operation when the joint perspective 
of all companies is used. Replacing the “back pressure evaporation” is 
shown not to be beneficial if it is not combined with investment in more 
biofuel boiler capacity. Extending the biofuel boiler capacity is the most 
beneficial measure both seen from Korsnäs AB’s’ perspective and from the 
three companies’ joint perspective. Furthermore, the benefit for Korsnäs 
and KEAB of connecting to the heat market was analyzed. Korsnäs would 
benefit from connecting to the heat market, but KEAB would not, due to 
decreased heat deliveries. There is a potential to reduce CO2 emissions 
through the investigated energy cooperation. Particularly investing in a new 
biofuel boiler and turbine would reduce the CO2 emissions greatly.  
 
Paper VI 

Magnus Karlsson, Alemayehu Gebremedhin, Sofia Klugman, Dag 
Henning, Bahram Moshfegh  
Regional energy system optimization – Potential for a local heat 

market 
In this paper the RESO project is summarized and final optimizations of 
the regional heat market are performed. The effects of an integrated heat 
market on the energy companies as well as on the industries are analyzed. 
The most promising energy system changes found from the optimization 
results in Paper IV and V are analyzed from the total heat market 
perspective using an optimization tool. The economic potential of a heat 
market is analyzed for increased excess heat deliveries from the industries, 
process integration within the industries, introduction of a waste 
incineration plant, introduction of a new biofuel boiler and turbine, and 
extended electricity generation in CHP plants. The consequences on carbon 
dioxide emissions are also evaluated. The results show that the scenario 
with the largest possible system cost reduction includes a process 
integration measure, new bark boiler and turbine, and increased heat 
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delivery to a steelwork, Sandvik AB. The single energy system change that 
contributes most to the benefit is the introduction of a new biofuel boiler 
and turbine. The main reason is that biofuels then replace more expensive 
fuel. The increased CHP electricity generation only contributes moderately 
to the benefit of the system. It is shown that there is a possible reduction of 
energy cost when connecting the three municipal district heating systems, 
regardless of other investments. However, the net present values for the 
different investments, when using a period of analysis of 10 years and an 
interest rate of 6%, are negative for a few investment combinations, but 
most investment combinations have a positive net present value and some 
even show a great cost reduction. The financially most beneficial scenarios 
also have the greatest potential for CO2 emission reduction; the emissions 
would be reduced by about 700 thousand tonnes CO2/year for the region in 
those scenarios. 

1.6 Co-author statement 

Papers I – V were co-authored with Magnus Karlsson and Bahram 
Moshfegh to varying extent. The planning of these papers, except Paper II, 
was made in cooperation with Bahram Moshfegh, who also commented on 
the papers along the way, including Paper II. The idea for Paper II came 
from the author of this thesis who also wrote the paper. Paper II was 
commented later on in the writing process by Magnus Karlsson and 
Bahram Moshfegh.  
 
The energy audits in Papers I and III were mainly made by the author of 
this thesis but with important assistance from Magnus Karlsson, 
particularly regarding analysis of the auditing results. Most of the writing 
was made by the author of this thesis, but Magnus Karlsson also 
contributed to the writing, particularly in the introductions and method 
sections. 
 
The modeling in Papers IV and V was made by the author of this thesis in 
close cooperation with Magnus Karlsson. Likewise, the analysis of the 
simulation results was made by the author of this thesis together with 
Magnus Karlsson, to an approximately equal extent in Paper IV and to a 
greater extent by the author of this thesis in Paper V. Also in these papers 
most of the writing was done by the author of this thesis. However, Magnus 
Karlsson contributed to the writing, particularly in the introductions and 
method sections, but also by assisting in the other sections. 
 
Paper VI was co-authored with Magnus Karlsson, Alemayehu 
Gebremedhin, Dag Henning and Bahram Moshfegh, and the idea of the 
paper was established jointly. Alemayehu Gebremedhin did all the 
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modeling and optimization of the total regional energy system. The result 
analysis was carried out by Magnus Karlsson, in close cooperation with 
Alemayehu Gebremedhin. Magnus Karlsson wrote most of the paper, 
except the section about current district heating systems that was mainly 
created by Alemayehu Gebremedhin who also contributed with text 
material about the optimization tool. Paper VI was commented in the 
writing process by the author of this thesis, Alemayehu Gebremedhin, Dag 
Henning and Bahram Moshfegh. 
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2 Background 
In this chapter the background to the RESO project within which this thesis 
was made is described. First, the Swedish energy system is presented. The 
main focus is on industrial energy, the pulp and paper industry in 
particular, and municipal energy companies. Thereafter the energy system 
in the Gävle region that has been object for this study is presented, 
including a historical background. Finally the RESO project is described.  

2.1 Energy in Sweden 

In this section an overview of the total energy use in Sweden is presented. 
Energy policy instruments and district heating in Sweden are also 
described. 

2.1.1 The overall picture 

The energy use per capita in Sweden is one of the highest in the world 
(IEA, 2007). Furthermore, Sweden is the fifth most electricity consuming 
country per capita in the world (SEA, 2005). Only Iceland, Norway, 
Finland and Canada have higher electricity consumption per capita. This is 
partly explained by the historically low electricity prices in Sweden due to 
a high share of hydro and nuclear power, which give little incentive for 
electricity saving (Trygg, 2006; Nord-Ågren and Moshfegh, 2003). The 
high energy use is also explained in part by the high concentration of 
energy-intensive industries such as steel production and the paper and pulp 
industry (SEA, 2005). Furthermore, the cold climate through a great part of 
the year increases the heating demand for buildings.  
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In 2005, the total energy supply in Sweden was 630 TWh (SEA, 2007), 
which implies about 70 MWh per capita and year for the Swedish 
population, which is 9 million. The average in EU-15 was 43 MWh per 
capita in 2005 (SEA, 2007). As shown in Figure 3, the total final energy 
use in Sweden was 402 TWh during 2005, of which the industrial energy 
use was 156 TWh (SEA, 2007). Of the industrial energy use, the pulp and 
paper sector accounted for 79 TWh (Statistics Sweden, 2008).  

[TWh/year]

Other 
industrial: 167

Pulp and 
paper 

industry: 79 

Non-industrial: 
156

 
Figure 3. Energy use in Sweden in 2005. 

 
Regarding electricity use, which is a subset of the energy use, the total 
electricity use in Sweden in 2005 was 131 TWh, as shown in Figure 4. Of 
this, the industrial electricity use was 57 TWh, and specifically the 
electricity use in the pulp and paper sector was 24 TWh (Statistics Sweden, 
2008). The main share of the high electricity use in the pulp and paper 
industry is used for grinding in mechanical pulp mills. Chemical mills, 
which are studied in this thesis, are not as electricity intensive; instead they 
use more steam.  
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Figure 4. Electricity use in Sweden in 2005. 

 
In addition to the electricity that is generated by energy companies, 
electricity is also generated by industries. Industrial electricity production 
in CHP plants amounted to 4.7 TWh in 2005 (Statistics Sweden, 2008). 
Most of this was produced by chemical pulp and paper mills. 

2.1.2 Policy instruments 

Energy use involves several policy instruments that aim to reduce the 
negative effect on the environment that is due to emissions from fuel 
burning. The most common policy instruments are taxes and fees. In 
Sweden there are for example taxes on CO2 emission and energy use, and 
fees on the release of SOX and NOX. The tax regulation is different for 
different kinds of activities. Relevant for this thesis is that energy use for 
electricity generation is exempted from energy tax and CO2 emission tax. 
Heat generation in CHP plants is slightly different though: there is still no 
energy tax but at least 21% of the CO2 emission tax needs to be paid for the 
fuel that is used for heat production. Energy use for district heating is fully 
taxed. Industrial energy use is exempted from energy tax but is taxed to 
21% of the CO2 emission tax (SFS, 1994; SFS, 2004).  
 
In recent years two new policy instruments related to energy have been 
introduced in Sweden. The first was the tradable green electricity 
certificates scheme that was introduced in 2003 (Swedish Government 
Energy Bill, 2003) and the second was the tradable CO2 emission permit 
scheme that was introduced in 2005 (European Parliament, 2003). Both of 
these policy instruments aim at reducing CO2 emissions in order to stop the 
enhanced global warming.  
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The green certificates are given to electricity producers who use renewable 
energy sources; one certificate is obtained for each MWh of electricity 
generated from wind, hydro power, solar power, biofuels etc. All end-users 
of electricity are obliged to buy certificates that correspond to a specified 
percentage of their electricity use. This quota changes with time. However, 
energy-intensive industry, for example the pulp and paper industry, is 
exempted. The pulp and paper industry is still affected by the green 
electricity certificate trading scheme though, since most chemical pulp and 
paper mills have their own electricity generation that mainly is supplied by 
biofuels which are by-products of the pulp process. Therefore the mills 
obtain a great amount of certificates that promotes their electricity 
generation.  
 
The CO2 emission permits are given due to historical CO2 emission from an 
industry or energy company. If a company decreases its CO2 emission, it 
can sell the permits to someone who wishes to increase its emission. Since 
the prices of the CO2 emission permits have been low so far, the CO2 
emission permits do not affect the pulp and paper industry as much as the 
green electricity trading scheme does. The effect of the permits has been 
like a slight increase in the oil price. It is suggested that the energy 
intensive industries should be exempted from the CO2 emission permits 
system. The future quota of CO2 emission permits depends on what 
happens after the Kyoto protocol agreement expires in 2012. If a continued 
agreement on reducing the release of greenhouse gases is reached, it is 
possible that the quotas will be reduced over time in order to strengthen the 
efforts to stop global warming.  
 
Knutsson, Werner and Ahlgren (2006) have made simulations of the impact 
of the new policy instruments on the benefit of CHP plant investment in 
Sweden. In their study they simulate the whole country’s CHP capacity and 
consider two kinds of CHP plants: wood fuel CHP and natural gas 
combined cycle (NGCC) CHP. They simulate several price scenarios. Their 
results show that both green certificates and CO2 emission permits 
promoted CHP plant investments in Sweden. Particularly investments in 
wood-fuelled CHP plants are profitable as long as both CO2  tax and CO2  

emission trading schemes exist in parallel. If the CO2 tax is removed the 
investments in NGCC CHP plants become more profitable and start to 
compete with wood-fuelled CHP. They also show that if the most 
profitable investment would be carried out, the Swedish electricity capacity 
would increase greatly and could replace more CO2 intensive electricity 
generation elsewhere.  
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2.1.3 District heating 

Since the winters in Sweden are cold, heating of buildings is a large 
expense. In cities, the most common way to heat buildings and tap water is 
through district heating. District heating is increasing and in 2006 48.6 
TWh district heating was delivered to final consumers (Statistics Sweden, 
2008).  
 
In Sweden, a high share of non-fossil fuels in an international context is 
used for district heating, about 60% of which is solid biomass (Andersson 
and Werner, 2003). The second most-used fuel is municipal waste.  
 
District heating systems are usually municipally owned. Since 1990, 
however, the ownership of district heating systems has changed greatly. In 
1990 98% of the district heating was delivered by municipally owned 
companies, while in 2004 a great part of the district heating companies had 
been sold off to private and state-owned energy companies and only 60% 
of the district heating was delivered by municipally owned companies 
(SEA, 2005). 

CHP for district heating 

CHP plants are often connected to district heating systems, using the heat 
load for cooling. Compared to the neighboring countries Finland and 
Denmark, a low part of the district heating load is produced by CHP 
though; see Table 2. In addition to the electricity generation in CHP plants 
based on district heating that is presented in Table 2, industrial CHP plants 
generated 5.2 TWh in Sweden (Statistics Sweden, 2008) and 5.5 TWh in 
Finland (Statistics Finland, 2007), mainly in chemical pulp mills. The 
potential for electricity production based on district heating was estimated 
in 2004 by Svensk Fjärrvärme (2004) (The Swedish District Heating 
Association) to be between 27 and 41 TWh/year in 2010. The first-
mentioned figure was based on the district heating load in 2004 while the 
latter was based on expected expansion of district heating. If all that 
potential was used for CHP, the electricity generation based on district 
heating would contribute between 20-30% of the electricity use in Sweden.  
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Table 2. Total district heating and electricity production and the shares 
from CHP in Sweden, Finland and Denmark in 2006. Industrial CHP is not 
included 
 Total district 

heating 
production 
[TWh/year] 

District heating 
production in 
CHP plants 

Total electricity 
generation 
[TWh/year] 

Electricity 
generation in 

CHP plants based 
on district heating 

Sweden1 46 58% 159 4% 
Finland2 34 77% 79 35% 
Denmark3 36 82% 46 41% 
1The figures for Sweden are from Statistics Sweden (2008) 
2The figures for Finland are from Statistics Finland (2008) 
3The figures for Denmark are from DEA (2007) 
 
A combination of several reasons explains why CHP is less widespread in 
Sweden in comparison to the neighboring countries. One reason is that the 
electricity price in Sweden for a long period of time was low due to the 
expansion of hydro power and nuclear power. Also, the taxation was 
unbeneficial for CHP plants until 2003 (Swedish Government, 2005). After 
the change in taxation, however, a rapid increase of CHP plants has taken 
place.  
 
Furthermore, the expansion of CHP in Sweden was for decades 
counteracted by the state-owned energy company Vattenfall AB that made 
long-term agreements with municipal energy companies in most of the 
larger Swedish cities during the 1960s and 1970s (Lönnroth, 1978). The 
motive for Vattenfall AB to make these agreements was partly that they 
found it necessary for Sweden’s future as an industrialized country to build 
nuclear power. Bohlin examines this course of events in his thesis (Bohlin, 
2004). Since the electricity demand was not great enough at the present 
time for nuclear power to be beneficial, they regarded it as important to 
stop municipalities from expanding their own power generation (Bohlin, 
2004). In the agreements the municipalities promised not to extend their 
electricity generation and in return they got cheap electricity prices. Often, 
as for example in the case of Gävle municipality, these agreements were 
classified as secret and did not become public knowledge until the 1980s.  
 
Bohlin describes the energy history in two Swedish municipalities that 
chose different paths regarding energy between 1945 and 1983 (Bohlin, 
2004). The two municipalities are Gävle and Helsingborg. He describes the 
decision processes as depending on the relations between different parts of 
the municipal organization and other energy operators in the region and the 
competence within these organizations. One of the hypotheses for which he 
finds evidence is that the reason that the CHP in Sweden is exploited to 
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such a low degree compared to the neighboring countries, is that electricity 
generation and heat generation traditionally have been managed by separate 
organizations.  

Industrial excess heat for district heating 

A small share of the district heating in Sweden is supplied by heat from 
industries. This share has increased in the long run and in 2006 it 
contributed by 4.6 TWh of the total fuel supply to district heating that was 
55.4 TWh (SEA, 2007). However, not all of this heat can qualify as “true 
excess heat” according to the definition used in this thesis. This is because 
that part of the heat that is delivered from industries for district heating 
could have been used for process integration within the industries instead. 
How big this share might have been is unknown.  
 
However, there is still potential for increased heat deliveries from the 
industries for district heating. A rough estimation is that about 1.8 TWh 
heat could be delivered from the Swedish pulp and paper industry 
(Fjärrvärmeföreningen, 2002).   
 
Jönsson, Ottosson and Svensson wrote an essay with focus on excess heat 
from pulp mills (Jönsson et al., 2007). Their combined result from model 
optimizations and interviews was that the use of industrial excess heat is 
beneficial for pulp mills and it does not necessarily conflict with process 
integration since higher temperatures are needed within the mills than for 
district heating. An obstacle to using industrial excess heat is its 
dependability in case the industry has a break in production and therefore 
cannot deliver heat as planned (Jönsson et al., 2007). Also, lack of 
understanding between the operators and unwillingness to become 
dependent on another operator may be an obstacle. Jönsson, Ottosson and 
Svensson also found that the necessary prerequisites for cooperation are 
social in terms of common goals and good communication to a higher 
degree than technical or economical. It is also necessary that the companies 
agree on profit and investment cost division. 

Conflict between industrial excess heat and CHP for district heating 

A common argument against using industrial excess heat for district 
heating is that it conflicts with CHP. Jönsson, Ottosson and Svensson 
(2007) find that from the energy companies’ perspective, and also from the 
joint perspective of energy companies and industries, the benefit of using 
industrial excess heat depends on whether waste combustion or biofuelled 
CHP plants are already in operation in the region. If they are, the use of 
industrial excess heat for district heating is less beneficial and unlikely to 
be taken into operation due to very low fuel costs, particularly if the CHP is 
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based on waste combustion, but also due to the benefit from the green 
certificates trading scheme for the CHP plants if they are fuelled with 
biofuels.  
 
However, Jönsson, Ottosson and Svensson also conclude that, from a 
resource use perspective, it is most efficient is to use industrial excess heat 
instead of biofuelled CHP; it is better use of the biofuel to build the CHP 
plant in a city where it can replace fossil fuels and industrial excess heat is 
not available (Jönsson et al., 2007). This is further confirmed by the 
reasoning of Grönkvist (2001). Grönkvist argues that even though CHP 
plants are more energy efficient than conventional thermal power plants, 
the electricity efficiency is lower in a CHP plant due to the higher 
temperature of the cooling water. Therefore, it needs to be assured that the 
heat is used for a necessary purpose, which district heating is not if there 
already are great amounts of industrial excess heat available for district 
heating. The reason is that the industrial excess heat is tied in time and 
space. Other energy carriers, such as fuel, are more flexible and could with 
advantage be used in regions without industrial excess heat. 
 
In Figure 5 the two cases (industrial excess heat or CHP for district 
heating) are compared in order to illustrate Grönkvist’s argumentation. In a 
modern conventional power plant the electricity efficiency is about 40% 
(Figure 5b) while it is only about 30% in a CHP plant (Figure 5a). Since 
the cooling water in a CHP plant is used for district heating, the total 
energy efficiency in that is about 90%. This is of course much higher than 
the 40% efficiency in a conventional power plant, but the comparison is not 
fully relevant since the qualities of electricity and hot water are 
substantially different.  
 
In Figure 5 it is assumed that industrial excess heat could cover a district 
heating load of 60 MW. The figure shows that the use of industrial excess 
heat makes it possible to generate more electricity without adding more 
fuel; 40 MW electricity is generated in Figure 5b instead of just 30 MW in 
Figure 5a. This is a power increase of 25% which does not cost any extra 
fuel. This shows the benefit regarding efficient resource use of using 
industrial excess heat. However, the economic benefit is affected by prices, 
taxation etc. and not only by the technical efficiency, and hence the 
decisions regarding CHP or industrial excess heat will not always be the 
most resource use efficient. 
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Figure 5. Comparison between a CHP plant (a) and a conventional power 
plant (b) located close to an industry with excess heat that is available for 

district heating. In case (a) the industrial excess heat is not used because of 
the CHP plants district heating production, but in case (b) it is used. The 
frames around each figure show the system boundaries for the regional 
system in which both the power plant and industry is included. The total 
loss in the system is 70 MW with the CHP plant (a) and 60 MW with the 

conventional power plant (b).  

2.2 Energy in the Gävle region 

The region that is the object of this study consists of three municipalities: 
Gävle, Sandviken and Älvkarleby. The region is situated on the east coast 
of Sweden, 170 km north of Stockholm. The location of the municipalities 
is shown in Figure 6. 
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Figure 6. Map of Sweden and the region with the three municipalities 
Gävle, Sandviken and Älvkarleby. The cities of Sandviken, Gävle and 

Skutskär are pointed out as well as the locations of the three industries 
Sandvik AB, Korsnäs AB and StoraEnso AB Skutskär. 

 
The total area of the three municipalities is 3 000 km2 and the total number 
of inhabitants is 138 000. Gävle has the largest number of inhabitants, 
92 000, Sandviken has the second largest, 37 000, and Älvkarleby has the 
smallest number, 9 000. The total heat demand is about 7 TWh/year in the 
Gävle-Sandviken-Älvkarleby region. This includes the steam demand at the 
largest industries and the district heating demand in the three municipalities 
that are part of the RESO project, though exclusive of separate heating of 
buildings. Accordingly, the heat intensity is about 2 300 MWh/km2 and 
50 MWh/citizen. 
 
In all three municipalities there are municipally owned energy companies, 
GEAB, Sandviken Energi AB (SEAB) and Älvkarleby Fjärrvärme AB 
(ÄFAB) respectively. The district heating delivery and electricity 
generation for each company are shown in Table 3. The municipal energy 
companies have different undertakings in the different municipalities. 
While the small company ÄFAB only focuses on heating of buildings and 
tap water, the other two have their own electricity generation and several 
other undertakings as well.  
 
The heat for Älvkarleby’s district heating system in the village Skutskär 
mainly originates from the Skutskär mill, but the district heating company 
has an oil boiler to support peak load as well. SEAB both generates and 
distributes electricity apart from the district heating generation and 
distribution. Peat and sawdust are the main fuels for district heat that is 
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generated in a CHP plant which has an electricity generation capacity of 
5.2 MW. SEAB also has seven hydro power plants with capacities between 
0.15 and 1.3 MW electricity. 
 
GEAB generates and distributes district heating as well as electricity. In 
addition to the heat that GEAB buys from the Korsnäs mill and KEAB, 
they generate most of their district heat in a CHP plant that has an 
electricity generation capacity of 23.9 MW. GEAB also has five hydro 
power plants with capacities between 0.28 and 2.9 MW electricity, and a 
wind power plant with capacity of 0.6 MW. Furthermore, the peak load of 
heat for district heating in Gävle is supported by oil boilers. The energy 
cooperation between GEAB and KEAB originates from the late 1970s. The 
heat deliveries from Korsnäs to GEAB started in 1983.  
 
Table 3. District heating delivery and electricity generation for the three 
municipal energy companies in the RESO project 
 GEAB SEAB ÄFAB 
District heating delivery 
[GWh/year] 

6881 2202 253 

Electricity generation 
[GWh/year] 

1511 472 - 

12006, according to GEAB (2007) 
22006, according to SEAB (2007) 
32003, according to ÄFAB (2008) 
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2.3 The Regional Energy System Optimization project 
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Figure 7. Idea sketch of the regional heat market with seven operators that 
can buy and sell heat from and to it. The three municipal energy companies 
are drawn on the left side and the industries including the energy company 

KEAB are drawn on the right side.  
 
The research has been performed within the framework of the RESO 
project that aims to examine the possibilities of a “heat market” in the 
Gävle-Sandviken-Älvkarleby region. The region was chosen for the study 
because of the high density in energy demand; several highly energy-
intensive industries are found closely situated to each other. As mentioned 
before the total heat demand in the region, both district heating and 
industrial steam demand included, is about 7 TWh.  
 
The idea with a heat market is to connect the district heating systems in 
three municipalities in order to make it possible for several operators to sell 
and buy heat in the system. The idea is illustrated in Figure 7. Normally 
just one operator produces and provides heat within a district heating 
system, in Sweden often a municipally owned company. In the RESO 
project though, both municipal companies and big industries in the region 
are participating. A total of seven companies participate in the RESO 
project as shown in Figure 7, three municipal energy companies (GEAB, 
SEAB and ÄFAB), and three industries: Korsnäs AB, which is a pulp and 
paper mill, StoraEnso AB Skutskär, which is a pulp mill, and Sandvik AB, 
which is a steelworks, and another energy company called KEAB, which is 
located at the same industrial area as Korsnäs AB and supplies energy to 
Korsnäs AB and GEAB. The location of the companies is shown in Figure 
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6. Today the district heating systems of the three municipalities are not 
connected but the distance between them is not that great. To make a heat 
market possible, the systems need to be physically connected. 
 
Beside the municipal energy companies that are described in last section 
and the pulp and paper industries described in the following section, the 
steel company Sandvik AB also participate in the RESO project. The 
products of Sandvik AB are cutting tools, equipment for mining and 
construction, advanced alloys and ceramic materials. The steam demand at 
the industrial area of Sandvik AB in Sandviken is about 200 GWh/year, of 
which about 80% is used for heating of buildings. Depending on what is 
currently most cost efficient, the vast majority of the steam is produced 
from either electricity or oil. In this thesis, heating of buildings is the only 
energy aspect that is analyzed concerning Sandvik AB. The analyzed 
system change is the conversion from steam to district heating.  

2.4 The pulp and paper industry 

The world’s wood-pulp production is dominated by Canada and the United 
States. However, Finland and Sweden are found in third and fourth places 
in the production league, closely followed by Japan. The total wood-pulp 
production in the world in 2003 was 169 million tonnes (FAO, 2005). 
 
Chemical pulp is the most common kind of wood pulp, accounting for 72% 
of the world’s total pulp production, and sulfate pulp dominates within that 
category. Of the sulfate pulp produced in the world, 71% was bleached 
(FAO, 2005). A schematic of the sulfate pulp process is found in Paper I. 
The difference between a stand-alone pulp mill like Skutskär and an 
integrated pulp and paper mill like Korsnäs is that instead of a drying 
machine as the last process in the fiber line there is a paper machine. 

2.4.1 The studied mills 

Both of the studied mills are situated close to the city of Gävle. Both are 
also producing sulfate pulp, mainly from pine wood. The pulp production 
at the mills started in the early 20th century and had its greatest expansion 
during the 1960s.  
 
A difference between the mills is that the Korsnäs mill produces paper 
from the pulp while the Skutskär mill sells the pulp after drying it. Another 
difference is that the Korsnäs mill is connected to the rather large district 
heating system in Gävle, while the Skutskär mill is only connected to the 
small district heating system of the town of Skutskär.  
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Since both mills have primary pulp production from wood logs, they are 
self-sufficient regarding energy to a high degree. The black liquor that is a 
by-product of the cooking process in the digesters is the main fuel. Another 
by-product that can be used as fuel is bark. The oil use at the mills is small 
in comparison to other fuels. The main fuel is black liquor, which 
accounted for 83% of the fuel use, both at Skutskär 2002 and at Korsnäs 
2004. The remaining part of the fuel demand is satisfied by waste gases, 
bark and pitch oil. The production level at the mills is constant around the 
clock with minor fluctuations and it has no regular seasonal variation, 
except for one to two weeks of total production stop for annual 
maintenance during fall. 
 
However, paper-making demands more steam in comparison to just 
producing pulp. Combined with the smaller opportunity to sell excess heat, 
the Skutskär mill has greater excess of heat than the Korsnäs mill; the 
Skutskär mill sells bark and they even have cooling towers to cool off heat 
in the sewage water before releasing it to the Baltic Sea. Recently, Skutskär 
has introduced electricity generation from excess heat as well.  

The Skutskär mill 

Sulfate pulp and so-called fluff pulp that is used for sanitary purposes such 
as diapers, are produced at the Skutskär mill. The total production was 
about 550 000 metric tonnes pulp per year in 2005. The raw material is 
about 70% coniferous wood and 30% birch. The present number of 
employees at the mill is about 500.  
 
Of the total fuel use at Skutskär, which was 3 500 GWh/year in 2002, oil 
use accounted for 198 GWh/year. The electricity generation was 
298 GWh/year while the electricity use was 413 GWh/year. The heat 
delivery for district heating from Skutskär to ÄFAB was 23 GWh/year in 
2002. 

The Korsnäs mill 

The products of the Korsnäs mill are liquid packaging board, white top 
kraft liner, folding carton board, kraft and sack paper, and fluff pulp. In 
2004 the total board and paper production was 634 000 metric tonnes, the 
fluff pulp production 69 000 tonnes that are for sale and the sulfate pulp 
production was 707 000 tonnes that is used within the mill, of which 
362 000 was bleached. The raw material is 70% coniferous wood and 30% 
birch. The mill employs about 1 050 people.  
 
In 1927 the Korsnäs mill became part owner of Krångede Kraftbolag, 
which later became KEAB, in order to make the energy supply secure. 
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KEAB burns the bark from Korsnäs and delivers steam back in return. 
KEAB also utilizes flue gas condensation, oil boilers, an electric boiler and 
heat pumps for production of heat for district heating to GEAB. During 
2004 KEAB delivered 178 GWh of heat for district heating, of which 60% 
was flue gas heat recovery, 18% was produced from oil, 12% from 
biofuels, 9% from heat pumps and the remaining 1% from electricity. 
KEAB has a back-pressure turbine that uses the steam both from its own 
boilers and the recovery boilers at Korsnäs. In 2004, 342 GWh of 
electricity was generated by KEAB. Since January 2008, Korsnäs is the 
100% owner of KEAB.  
 
Of the total fuel use at Korsnäs, which was 3 900 GWh/year in 2004, the 
oil use accounted for 14 GWh/year. The electricity use was 896 GWh/year. 
Through its unconventional construction, the so-called back-pressure 
evaporation plant, Korsnäs delivers heat for district heating to GEAB. The 
heat delivery was 299 GWh/year in 2004. In the back-pressure evaporation 
plant, the heat integration is limited in order to obtain secondary heat of 
sufficiently high temperature to be used for district heating. The secondary 
heat temperature varies between 80 – 85ºC. 
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3 Theory and method 
In this chapter the approach, strategy and tools that have been applied in 
this thesis are presented. First, the overall approach, which is based on 
system theory, is described. Then the general strategy, which was case 
studies, is presented. Finally, the tools that have been used in order to 
accomplish the case studies are described. The tools were energy auditing, 
comparison study and modeling. 

3.1 System theory 

The general approach in this thesis is based on system theory. Each system 
theorist has his or her own definition of “system”, depending on the focus 
of study. Below, the definition of “system” that has been used in this thesis 
is presented along with the concepts of system boundaries and system aim 
that also are relevant for this study. The implementation of system theory 
as it was made in this thesis is described in each section. 

3.1.1 Definition of “system” 

The definition of a system that is used in this thesis is the definition that 
Lars Ingelstam uses in his book about system thinking (Ingelstam, 2002). 
As illustrated in Figure 8, Ingelstam’s definition consists of four parts: 1) A 
system consists of components and the relations between them; 2) the set of 
components and relations are chosen for a reason and constitute a whole; 3) 
this whole can be separated from the rest of the world through a system 
boundary; and 4) the rest of the world constitutes the system’s surrounding. 
A central task according to Ingelstam is to identify the connections between 
the system and its surrounding. 
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Figure 8. The concepts of system theory according to Ingelstam (2002). 
 
Ingelstam’s definition of a system is chosen since it is well suited for 
industrial application. Regarding the pulp and paper industries that are the 
main focus of this thesis, the components that are considered are only the 
energy-related facilities, such as boilers, turbines and heat pumps. The pulp 
and paper production processes are simplified in order to only illustrate the 
steam and electricity demand within them. The system boundary is put 
between where the pulp and paper mills can, and cannot, affect the system 
themselves. The system surrounding is the rest of the world in terms of 
legislation, fuel and electricity prices and other companies that the mills 
cooperate with.  

3.1.2 System boundaries 

The system approach that is described by Ingelstam (2002) was originally 
founded by Churchman (1968). Churchman proclaims that a system 
approach makes it possible to avoid sub-optimizations that could be the 
result of analyzing separate units within a system one by one. Also, through 
widening system boundaries it is possible to find synergies that would not 
have been possible to see from one separate unit of the industry or one 
operator’s perspective at a time. The benefit of widening system boundaries 
was for example proved by Sandberg (2004) in his study of an integrated 
steel works. Through regarding the whole process at the same time 
synergies are found in comparison to if the different sub-processes are 
regarded one by one. 
 
In this thesis, effort was put on making a holistic analysis of the mills rather 
than a study of separate parts of the mills by themselves. Not only technical 
aspects but also economic aspects such as energy prices and governmental 
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policy instruments, environmental aspects in terms of efficient resource use 
and reduction of CO2 emissions are taken into account. Furthermore, 
aspects of cooperation and management are considered.  
 
In addition to regarding the industries as systems, the system boundaries 
were widened in order to find synergies from energy cooperation within the 
region in which the industries are situated. Discussing the effect of 
changing system boundaries is a central theme in this thesis. In the analysis 
of the Korsnäs mill that has existing energy cooperation with two other 
companies the energy system was analyzed from each company's 
perspective individually and then from their joint perspective as if they 
were one single operator (Paper V). Thereby, it is studied how the 
economically optimal solution for the region varies depending on from 
which operator’s perspective the energy system is regarded. Also, in Paper 
VI the system boundaries are further extended in order to include both the 
industries and energy companies within three municipalities. 
 
Furthermore, the reduction of CO2 emissions depends on which system 
boundary is used for the analysis. In this thesis, the effect of widening the 
system boundaries is analyzed. Even wider system boundaries than the 
studied region are used in order to reflect the CO2 emissions outside the 
operators’ domains, i.e. when they use electricity that was generated 
elsewhere and hence the emissions are released elsewhere.  
 
Biofuel may be regarded as a resource that could replace carbon in plants 
elsewhere if it is not used within the studied system and thereby reduce the 
CO2 emissions elsewhere. This way to regard biofuel is relevant since even 
though it is “CO2 neutral”, at least theoretically speaking, and can be called 
an infinite resource since it grows back rather quickly, the available amount 
of biofuel at each time is still limited by the land that it is grown on. 
Grönkvist et al. (2003) argue that regarding biofuel as a scarce resource is 
particularly relevant when international CO2 trading schemes have been 
established. In CO2 emission calculations, biofuel would then be debited 
with the same CO2 emission as coal. The direct comparison with coal is apt 
because biofuel may replace coal in many applications without any 
extensive technical modifications (Grönkvist et al., 2003). To regard 
biofuel as a scarce resource gives more incentive to use the biofuel as 
efficiently as possible. 

3.1.3 System aim 

In addition to the components and boundaries of a system that are 
mentioned above Churchman (1968) points out the importance of analyzing 
the aim of a system. Without analyzing the aim, there is a risk that an 
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optimization or other system analysis is made with the wrong objective 
function; an aspect other than the most important one may be optimized 
instead. 
 
In this thesis, organizations, such as industries and municipal companies, 
are the operators of the systems that are under consideration. The aim of 
these operators may differ somewhat. Analyzing the aim of the energy 
system for the different operators is a way to put the advantages and 
disadvantages of cooperation into perspective.  
 
The main aim of industries is to increase profit, while municipal companies 
have the twofold aim of contributing to the municipal economy and 
supplying service for the inhabitants. However, the aim of the energy 
system within an industry is primarily to be reliable; it is a support system 
for production. Secondarily, the aim of an industrial energy system is to be 
cheap or even generate revenue to the industry. The price an industry is 
willing to pay for reliability may vary but for pulp and paper mills, 
reliability is far more important than energy cost due to the high cost of 
production stops.  
 
Because of the support system character of the energy system, changes to 
the energy system that do not affect production are prioritized in this study. 
None of the studied changes should affect the primary aim of the energy 
system as a support system, its reliability. Since the primary aim of the 
system thereby is secured, the objective function that is used in the 
optimization is set as the second aim: minimizing the cost of the energy 
system.  
 
Also for the energy companies, the objective function was set to 
minimizing the cost, even though they also have the aim of serving the 
inhabitants. In this study, the district heating network is part of the system’s 
surrounding in which no changes are assumed. The aim of serving the 
inhabitants is assumed to be fulfilled through the existing district heating 
networks that are built and maintained by the municipal companies.  

3.2 Case studies  

The overall strategy that is used in this thesis is case study. The case study 
theory presented in this section is mainly based on Yin’s Case Study 
Research – Design and Method (Yin, 1994), since Yin gives a thorough 
description of case studies as research method. In this chapter it will be 
described how case studies are relevant for technical research, particularly 
energy system research, how to achieve trustworthiness, and how to draw 
general conclusions from case studies.   
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3.2.1 Case study as strategy for industrial energy systems research 

When studying industrial energy systems, case study research is a common 
approach. According to Yin (1994), three conditions decide which research 
strategy is the most appropriate: a) the type of question; b) the extent of 
control an investigator has over the actual behavioral events; and c) the 
degree of focus on contemporary as opposed to historical events.  
 
Typical for the study of industrial energy systems is that the study objects 
are large and complex and it would therefore be impossible to perform 
controlled experiments. One way, however, to get around this problem is to 
perform computer simulations, but then the aspects that can be analyzed are 
limited to what can be quantified, i.e. mainly technical, physical and 
economic aspects. Some of the questions in the study of industrial energy 
systems are of the “what”, “how much” etc. kind that are suited for a 
survey, since a survey mainly answers nominal questions. However, more 
complex questions such as “how” and “why” are the other part, and they 
can only be answered through a case study and not by a survey. Therefore, 
case study is a suitable strategy for industrial energy systems research. 
 
Yin’s book on case studies is written for the social sciences, and could 
therefore seem to be irrelevant for technical research. But taking a closer 
look at the research field of energy systems explains why it still is relevant. 
The study objects in the energy system research area could be categorized 
as “socio-technical”, i.e. technical and social aspects are integrated. In 
order to understand one part, you cannot disregard the other. Besides the 
technical aspects of energy systems, there are equally important aspects of 
governmental regulations, economy and organization structure, etc. For 
example, to understand why a turbine was purchased and given a certain 
capacity, you need to know the electricity prices and taxation during the 
year of purchase. The organizational position and financial constraints of 
the department responsible for the purchase must also be considered.  

3.2.2 Validity of case studies  

Yin emphasizes the importance of making case studies trustworthy, and 
points out four aspects that are essential in order to achieve this: Construct 
validity, internal validity, external validity and reliability.  
 

• Construct validity is to establish correct operational measures for the 
concept being used, as opposed to subjective judging at data 
collection. It is achieved through using multiple sources of evidence, 
establishing a chain of evidence and letting key informants review 
draft versions of the report. 
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• Internal validity is how well the causality between events is 
established in explanatory or causal studies. This is achieved through 
pattern matching, explanation building, addressing rival explanations 
and using logic models during the data analysis.  

 
• External validity is to establish the domain to which a study can be 

generalized. If it is possible to conduct multiple case studies, the 
external validity is improved.  

 
• Reliability is that another case study, following the same procedures, 

will achieve the same results. A protocol that describes the sequence 
of the method and organizes data in a manner which enables 
independent inspectors, increases the reliability.  

 
In this thesis, the data collection was made both through interviews with 
staff at the mills, combined with analysis of different energy data logs that 
are collected at the mills, and through measurements regarding electricity 
use for generic processes, in this thesis defined as processes which do not 
directly affect production, such as ventilation, lighting, compressed air and 
heating of buildings. Also, the results have been reviewed by staff at the 
mills that are the key informants.  
 
The data analysis was mainly pattern-matching and time-series analysis in 
order to answer questions about how energy is used within the mills. 
Explanation building was performed in order to answer questions about 
why the energy systems and cooperation look the way they do, e.g. how the 
mills are affected by policy instruments. Furthermore, programming of 
logic models was used in order to analyze how the energy systems would 
be affected by certain changes in the energy system. 
 
Some of the research questions in this thesis are looked into for both of the 
studied mills, as a multiple case study that improves the validity. These 
questions concern energy system changes such as connection to a local 
district heating market, process integration, biofuel use and electricity 
generation. The domain to which the study regarding the industries (Papers 
I-V) can be generalized is similar Scandinavian sulfate pulp and paper 
mills. The results from Paper VI regarding a district heating market could 
be used for other Scandinavian regions with high density of energy-
intensive industries.  
 
As part of the cooperation between the participants in the RESO project, 
the data was organized to make analysis by several researchers together 
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possible. The reliability is further established in the papers that are written 
with the intention that independent inspectors, e.g. scientific reviewers, 
shall be able to follow the procedures. 

3.2.3 General conclusions from case studies 

Yin states that it is not possible to make statistical generalizations from 
case studies, even if it is a multiple case study, since the selection of cases 
is not made as statistical samples, representing a larger pool (Yin, 2004). 
But instead it is possible to develop general theories from case studies, 
analogical to theory development from experiments. Analytic 
generalizations can be made from a particular set of results, and result in a 
broader theory. The theory can then contradict or agree with other case 
studies.  
 
The study question in a case study could be explanatory but also 
descriptive or exploratory. Yin states that even if the case study is 
descriptive or exploratory, it is important to form a theory. A descriptive 
theory should include: a) the purpose of the description; b) what will make 
the description complete; and c) what will be the essence of the description. 
An exploratory theory should include: a) what will be explored; b) the 
purpose of the exploration; and c) the criteria for the study to be judged 
successfully.  
 
In this thesis, all three kinds of study questions as stated above are found. 
However, the most fundamental questions are explanatory, e.g. “How will 
the energy systems be affected by different changes?” The purpose of the 
descriptive questions in this thesis is to describe the energy system at the 
industries and the cooperation they have with other energy operators. The 
descriptions are considered complete when the energy use in the different 
parts of the mills is quantified regarding both electricity and steam, and the 
energy supply is described in terms of fuel use. The aggregation level 
depends on what information is already well documented at the mills and 
how many complementary measurements are necessary and what is 
required for analyzing energy system changes under consideration.  
 
The explorative questions are to find energy-saving possibilities within the 
mills. The study is to be judged successful when the greatest energy-saving 
possibilities and saving measures that are particularly easy to perform are 
identified. The descriptive and explorative parts are found in energy audits 
in Paper I, II and III, while the explanatory questions mainly are found in 
Paper IV, V and VI, which include the computer optimizations. 



 38

3.2.4 Application of case study strategy 

One of the main purposes of the studies in this thesis is to examine how the 
industries would be affected by a deregulated local heat market. The 
benefit of other changes in the energy system is analyzed with and without 
the deregulated heat market. Hence, the studies answer such questions as: 
“How does a deregulated local heat market affect a pulp mill?” and “Could 
process integration measures within the mills contradict the benefit of a 
deregulated local heat market?”.  
 
The studies have multiple purposes, however. Besides answering the 
questions of how the industries would be affected by a deregulated local 
heat market, the studies of the two industries are also part of a case study 
made for the heat delivery system in a region including three municipalities 
and four industries (Paper VI). The purpose of that study is to examine the 
prerequisites for a deregulated local heat market in general terms. The 
studies of the two industries are thus to be seen as surveys of embedded 
units within a single-case study. 

3.2.5 Relation to the sponsors 

The research questions were partly defined by the sponsors, which are the 
Swedish Energy Agency (SEA) together with the municipal energy 
companies and the studied industries. SEA wishes to evaluate the 
possibilities of deregulating heat markets. The industries’ participation is 
both based on the wish to evaluate how they would be affected by a 
deregulated heat market and also to be helped in finding energy efficiency 
measures. The relation to the sponsors is somewhat problematic since 
definition of the research questions is partly defined by them and thereby 
less freely chosen by the group of researchers. On the other hand, since the 
questions are partly defined by the studied industries, their interest in the 
study is greater, which helps in the data collection. Also, the relevance of 
the questions is increased due to their involvement since they know their 
system well and also know what changes in the system are coming up. 
Their involvement could also lead to a greater likelihood of successful 
implementation of the results in the future. 

3.3 Energy auditing 

One of the tools that was used for the case studies was energy auditing 
which aims at identifying the energy flows within a system. The analysis 
that results from energy auditing of industries aims at identifying energy-
saving possibilities and could be performed in several ways. For example, 
the division of energy into unit processes (Nord-Ågren and Moshfegh, 
2003) and pinch analysis (Linnhoff et al., 1979) are methods for analysis. 
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In this thesis the energy use at the pulp and paper mills was audited (Papers 
I and III). The purpose of the auditing was twofold and the auditing method 
was adapted to each purpose. The first purpose was to collect data which 
was then used for building the model of each mill. The second purpose was 
to find energy-saving possibilities within the mills. 
 
A top-down approach was applied in the sense that the analysis starts from 
a high aggregation level and move towards a more detailed level when it 
was found necessary and possible. The collection of data for the models 
started on a process level, meaning greater processes such as cooking and 
black liquor evaporation. Electricity and steam demand for each process 
within the mills were obtained from the mills’ own data collection. 
Furthermore, the specific energy use at days with different production 
levels was looked up in the mills’ data collection as well.  In addition, the 
temperature of the major sewer water flows was measured at each mill.  
 
Measurements of momentary electricity demand were made for generic 
processes such as ventilation, lighting, compressed air and heating of 
buildings. The measurements of generic processes were partly made in 
order to investigate how large a portion of the electricity use was used for 
generic processes. Partly it was made in order to identify electricity saving 
possibilities among them since it involves fewer risks to carry out 
efficiency measures among the processes that do not affect production. 
Changes in the production processes are always more risky; if they cause a 
production stop it would be highly expensive. Because of that risk, energy-
efficiency measures are often not carried out even though great saving 
opportunities are calculated for them (Rohdin et al., 2007; Thollander and 
Ottosson, 2007). Furthermore, idling electricity use was measured for 
buildings that had no production units but only generic function, e.g. 
offices. 

3.4 Comparison study 

A comparison study was performed in Paper II. Energy-saving potential at 
the Skutskär mill was estimated through a comparison with other mills in 
Canada, Sweden and Finland. Both the use and the production of electricity 
and heat per tonne of produced pulp were compared. The selection of mills 
was based on availability of information; only mills with published 
environmental reports were compared. The reports were examined for 
comparable energy data. Information about all the compared parameters 
was not available for all the selected mills; therefore, the number of mills 
being compared varied. For heat use, the values for some of the mills were 
calculated from fuel use data. Since existing mills were compared, only 
technically available solutions were considered and hence a practically 
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achievable energy-saving potential for the mill was found. The result was 
analyzed from the site-specific data in an attempt to explain the differences. 
 
Furthermore, a comparison with two model mills with the aim of using the 
most efficient available technology is performed. One model mill is 
Canadian and one is Swedish. Two model mills are used in order to 
increase the generalizability. The specific energy use for some production 
units at the Skutskär mill was compared with the model mills’ equipment 
data in order to find energy-saving points. 

3.5 Energy system modeling 

Besides energy auditing and the comparison study, energy system 
modeling was also used in order to perform the cases studies (Papers IV, V 
and VI). Energy systems at an industry or an energy company are large 
technical systems that are not suitable for experimentation. It would be too 
expensive if the production needed to be stopped for the experiments. 
Sometimes experiments are not even feasible, particularly if new 
technology that is not yet available is to be tested. The alternative to 
experiments is simulations. The most common way to simulate is through 
computer simulations.  
 
The changes in the energy systems at the pulp and paper mills were 
simulated through optimizations with reMIND (Papers IV and V). The 
reMIND code is an optimization tool that uses mixed integer and linear 
programming (MILP) and is based on the MIND method (Nilsson, 1993; 
Karlsson and Sandberg, 2007). The MIND method has been used as the 
basis for analyses in more than 30 scientific articles, ranging from dairies to 
steelworks (Gong et al., 2002). 
 
The code reMIND is suitable to use for optimization of industrial energy 
systems since the level of accuracy is optional and the time division is 
flexible. Also, both energy flows and material flows may be represented 
and the objective function is optional, e.g. the cost of the system or the CO2 
emissions could be minimized. The models in reMIND are pictured by 
nodes and branches (see Figure 9), where nodes represent components and 
the branches represent flows of any kind. The relations between the flows 
are defined through equations that are specified in each node. Running 
reMIND generates a set of equations that are solved using the optimization 
code CPLEX (2005), that minimizes the objective function.  
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Figure 9. Screen dump of the reMIND interface. The modeled system is the 

Korsnäs-KEAB-GEAB system that is analyzed in Paper V. The different 
colors of the branches represent different kinds of flows, e.g. fuel, 

electricity, steam and hot water. 
 
The energy systems were first optimized economically with reMIND; one 
optimization for each system change. The optimization results for each 
system change were then compared to each other. Through analysis of the 
changes between the optimization results, each simulated system change 
was evaluated. Besides analysis of energy system changes, different system 
perspectives were also analyzed through optimizations with reMIND, that 
is, the viewpoints of one or more operators. 
 
The models were based on data from the energy audits. The major energy-
related equipment was modeled, e.g. boilers, turbines and heat pumps. The 
steam and electricity loads were modeled as fixed loads corresponding to a 
predefined pulp and/or paper production. It was then up to the optimization 
to choose how to support in the cheapest way.  
 
The disadvantage with modeling is that the model can never fully represent 
the real system. How well a model describes the real system needs to be 
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validated. The disadvantage concerning validation of an optimization 
model is that even if the system is modeled correctly the output of the 
optimization may differ from the real operation of the system, since it may 
not be optimally run. If a discrepancy is found, it has to be thoroughly 
examined. The models that were used in this thesis were validated against 
the actual operation of each mill.  
 
Furthermore, sensitivity analysis was performed regarding fuel and 
electricity prices in order to evaluate how valid the results of the 
optimizations were. The fuel and electricity prices were altered one by one 
and an optimization was performed for each alteration in price. It was then 
validated that the effect on the optimization result was correct, e.g. that the 
use of one kind of fuel was reduced when the price for it was increased.  
 
Besides modeling of the industries with reMIND, the regional energy 
system including three municipalities was modeled (Paper VI) with another 
optimization tool: MODEST (Model for Optimization of Dynamic Energy 
Systems with Time-dependent components and boundary conditions) that 
uses linear programming for cost minimization (Henning, 1999; 
Gebremedhin, 2003). Also, the paper written by Gebremedhin and 
Moshfegh (2004) used MODEST as optimization tool. Like reMIND, 
MODEST also has a flexible time division. MODEST has been used for 
analyses of more than 50 Swedish district heating systems (e.g. Henning et 
al, 2006) but also for electricity supply and energy saving (e.g. Henning 
and Trygg, 2007). 

3.6 Research process 

Since this thesis was carried out within a project (RESO) in which several 
researchers cooperated, the combination of perspectives played an 
important part. The cooperation was an iterative process, which also is 
illustrated in Figure 2. The results from the first optimizations of the total 
regional energy system (Gebremedhin and Moshfegh, 2004) were used as 
input data to the modeling of one of the industrial energy systems (Paper 
IV). The results from the energy audits of the industries were then used in 
order to improve the total regional models that are used in Paper VI. The 
new results were then used for more industrial energy models. Then again 
the results from the industrial energy simulations were used for choosing 
which scenarios to focus on in the final regional energy system 
optimizations, in Paper VI. 
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4 Literature study 
In this chapter, the results of other researchers’ work from the research 
fields are reviewed in order to put this thesis into context. First, research 
about energy efficiency within the pulp and paper industry is presented 
including a study of barriers and driving forces for energy efficiency 
measures. Then energy optimizations of the pulp and paper industry are 
reviewed. Optimizations performed with the MIND method in particular 
are described. Finally, studies of cooperation between industries and 
municipalities are presented as well. 

4.1 Research about energy efficiency measures in the pulp and 
paper industry 

Several studies focus on the pulp and paper industry from an equipment 
level. However, in this literature review the choice of studies are the ones 
that strive to extend the system level to include the whole mill. 
 
A Swedish national research program called The Eco-cyclic Pulp Mill 
aimed at minimizing the environmental impact of the pulp industry through 
identifying solutions for closure of water loops and utilization of energy-
efficient technology (KAM, 2000). Through closure of water loops the 
excess heat will be of higher temperature than in today’s mills. A great deal 
of focus was on process integration and thereby a great potential of excess 
heat could be achieved. 
 
As a continuation of the work in The Eco-cyclic Pulp Mill Program, 
Wising et al. analyzed the energy-saving potential when reducing the water 
consumption in a pulp mill (Wising at al., 2005). They found that an excess 
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heat potential of 4 GJ/tonne of pulp could be obtained if process integration 
measures are performed within a pulp mill with low water consumption.  
 
In her thesis, Algehed analyzes a chemical pulp mill and its process 
integration possibilities (Algehed, 2002). In particular she focuses on the 
evaporation plant and finds that it is beneficial to use hot water of about 
100ºC in order to replace steam demand. 
 
The energy-saving potential in integrated pulp and paper mills differs in 
comparison to market pulp mills that the studies described above concern. 
Axelsson and Berntsson (2008) make a comparison between the two kinds 
of mills through a model mills study and find that the steam-saving 
potential in the market pulp mill was about 16% and would enable either 
increased electricity production or fuel savings. Regarding the integrated 
pulp and paper mill, the energy-saving opportunity would be less 
economically beneficial than in the market pulp mill in combination with 
increased electricity production. However, it would be more beneficial in 
combination with fuel saving.  
 
In her thesis, Bengtsson focuses on identification of what amounts of 
excess heat there are in a typical chemical pulp mill with low water demand 
(Bengtsson, 2004). She finds that the amounts of warm and hot water are 
extensive and she then compares different ways of using this excess heat. 
Process integration in the evaporation plant is compared to selling the heat 
as district heating or using a heat pump to upgrade the excess heat for 
applications within the mill. Her result is that process integration in the 
evaporation plant is the most beneficial. Due to relative high investment 
cost in the studied case, the district heating alternative was not 
economically beneficial in comparison to internal use of excess heat. 
However, regarding CO2 emission reduction, the district heating alternative 
has a greater potential than using a heat pump.  
 
The mills that are studied in this thesis do not have low water consumption 
and therefore the results of Bengtsson can not be directly applied. The 
water consumption level is particularly defined by the water flow in the 
bleacheries since it is the largest contributor of wastewater in a pulp mill. 
At Korsnäs there is an old bleachery with high water consumption in which 
about half of the pulp is bleached. The remaining pulp is not bleached. At 
Skutskär there are three bleacheries of which two are old and one is new 
and has low water consumption. However, it would be possible to update 
the old bleacheries and then the results of Bengtsson could be applied. 
 



 45

The energy efficiency studies that are described so far mainly focus on 
steam saving. However, there are also studies regarding electricity saving 
potentials within the pulp and paper industry that also point out big saving 
potentials. A Finnish study reveals an electricity saving potential of 1 – 4% 
and a heat and fuel saving potential of 10 – 15% with an average payback 
period of 2 years in the Finnish pulp and paper industry (Hietaniemi and 
Ahtila, 2007). The result originates from the energy analyses performed 
within the Energy Conservation Programme 1998-2003 that was associated 
with Finland’s National Climate Strategy. An American study shows that 
great electricity saving potential is found regarding pumping in particular; 
about 30% of total electricity use could be reduced through updating old 
pumps (Nilsson et al., 1996). Reducing electricity use for pumping works 
well with minimizing water use that is mentioned above since there will be 
less water that needs to be pumped. 

4.2 Energy optimizations of industries 

Computer optimization is a widely used way to study industrial energy 
systems that has been applied to all kinds of industries including the pulp 
and paper industry. The system level in the studies varies from process 
level via whole mills to regional systems where the mills are just one 
component of many.   
 
Sarimveis et al. (2003) have developed a MILP method for economic 
optimization of the boilers and turbines at a chemical pulp and paper mill 
with the aim of optimal energy management. The result could be used by 
staff of the mill in order to find the optimal operation of boilers and 
turbines at given conditions. The time period for the optimization is 24 
hours. The method could be used for any amount of steam and electricity 
demand at a pulp and paper mill. Also, fuel and electricity prices as well as 
shutdown periods are input that needs to be supplied.  
 
The MIND method that is used for the optimization calculations in Papers 
IV and V in this thesis has been used before in several other industrial 
research projects. Often cost minimizations are preformed but also other 
aspects e.g. CO2 emissions and energy use have been optimized through 
MIND. Ryman (2007) has used the MIND method for energy, CO2 and 
cost minimizations for two processes at a steel plant. Sandberg (2004) also 
studied a steel plant, but in this case the whole plant as one system. 
Multiple objectives are used in his analysis: cost, CO2, sulphur and energy 
use are minimized separately for the plant and then jointly evaluated. 
 
Nilsson and Söderström (1992) used the MIND method for economic 
optimization of the energy operating strategy at a pulp and paper mill. The 
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use of an electric steam boiler and the possibility to let part of the steam 
bypass the back pressure turbine were tested in four different cases. Also, 
the percentage of fibre recycle was varied in the cases. The result was that 
it is beneficial to use the electric steam boiler or let steam bypass the 
turbine at times when black liquor and bark is not sufficient to cover the 
steam demand. This is in order to avoid purchase of more expensive fuel. 
Since the fibre recycle affects how much black liquor is available, it also 
affects the optimal energy operation.  
 
MIND has also been combined with other methods such as pinch analysis 
(Nilsson and Sundén, 1992; Bengtsson et al., 2002) and exergy analysis 
(Gong and Karlsson, 2004). The latter two of these studies were made 
within the pulp and paper industry. As already mentioned, in this thesis 
MIND is partly combined with MODEST (Section 3.4).  
 
In his thesis, Karlsson (2002) used the MIND method for the study of 
energy-related investment at a pulp and board mill. The investments 
concern the evaporation plant and a new bark boiler. General changes in 
steam and electricity demand are also analyzed as well as adaptation to 
higher electricity prices through increased electricity generation and using 
hedging instruments in the electricity market. The MIND method is 
combined with pinch analysis and systematic sensitivity analysis. The 
results are that both investments in the evaporation plant and a new bark 
boiler should be considered at the mill. Also, increased electricity 
generation is profitable. However, the results also show that fuel and 
electricity prices as well as the steam demand at the mill greatly affect 
which investments are beneficial. 
 
Gong (2004) studies exergy loss within the pulp and paper industry through 
a combination of the MIND method and exergy analysis. In a case study of 
a Swedish chemical pulp and board mill she finds that the greatest exergy 
loss within the mill is in the recovery boiler and the bark and oil boiler, 
followed by the digester and the evaporation plant. Through improvements 
to the recovery boiler, investment in a new bark and oil boiler and changes 
in the evaporation plant energy cost, exergy loss and CO2 emissions could 
be reduced. Gong found even more benefit when the evaporation plant is 
replaced by a new evaporation plant with unconventional design in which 
excess heat is used to replace steam demand according to the suggestion of 
Bengtsson et al. (2002). 
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4.3 Research about energy cooperation between industries 
and municipalities 

Of the energy-saving studies in the first sub-chapter above, only Bengtsson 
(2004) considers the cooperation that the pulp and paper industries have 
with other energy operators. In this sub-section, research that has 
cooperation as its main focus of study is presented. 
 
Tveit et al. (2006) use a combination of methods in order to study energy 
system integration between a pulp mill and the municipality where it is 
situated. Optimization of heat exchanger networks is used as well as other 
simulations, experimental design and mathematical programming. The 
cases they studied include heat delivery from the pulp mill to the district 
heating system during the summer and an investment in a fluidized bed 
boiler. The result is that the investments would only be economically 
reasonable if the electricity price is 7 to 8 times more expensive than the 
fuel, which is an unlikely ratio according to Tveit et al. (2006). 
 
Industrial ecology is a discipline that attempts to face the environmental 
problems of industrial activity through using a system view and closing 
material and energy cycles using natural ecosystems as a model. Wolf 
(2007) studies industrial symbiosis in the Swedish forest industry within 
the field of industrial ecology. Wolf investigates obstacles and success 
factors for forming biofuel combines including a pulp mill amongst other 
solutions, which are studied through interviews. The result is that the 
driving forces for forming such biofuel combines include an excess of by-
products and waste heat, together with an existing need for investments. 
Also, the market and ownership structures are important factors.  
 
Wolf also investigates the economic and environmental benefits of 
industrial symbiosis through MIND modeling. In this investigation a pulp 
mill is included as well as a sawmill, a district heating system and a biofuel 
upgrade plant. It is found that there are financial benefits to industrial 
symbiosis compared to the same system operated in stand-alone mode. 
Also, the symbiosis configuration generates a more stable system in terms 
of being less sensitive to changes in fuel prices. The CO2 emissions are 
reduced in the industrial symbiosis configuration. However, Wolf stresses 
the importance of having the benefits evaluated from case to case and that 
there are large variations in the results for different boundary conditions.  
 
In his thesis, Gebremedhin (2003) studies regional and industrial 
cooperation in district heating systems. Through modeling in MODEST, 
Gebremedhin analyzes two regions regarding energy cooperation. One of 
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the regions is the Gävle region that also is the object of this thesis. That 
analysis was made within the same research project as this thesis, the 
RESO project. The results from the other region that includes a mechanical 
pulp and paper industry, was that industrial CHP was encouraged by the 
cooperation and also that the use of electricity for heat production could be 
replaced by CHP heat if electricity prices rose. The main result from 
Gebremedhin’s analysis is that there are great opportunities for energy 
saving in cooperation between energy companies and industries.  
 
The perspective regarding the cooperation in Gebremedhin’s thesis is 
mainly the total regions’ or the energy companies’ perspective. The 
industries are modeled on a high aggregation level. In this thesis, the main 
focus is the industries’ perspective and the industries’ energy systems are 
modeled in more detail. 
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5 Results and analysis 
In the following, the results are presented according to three different 
system perspectives: the industrial, energy company and regional 
perspective. For each perspective, only the issues that are relevant for the 
operators in question for that perspective are regarded. The cost of the 
energy systems, energy saving potentials, investment opportunities and 
policy instruments are some of the tasks that are explored. The main focus 
is on the industrial perspective and secondarily the regional perspective. 
The energy company perspective is briefly reflected on. In the final 
subsection, the environmental impact in terms of CO2 emissions is 
analyzed.  

5.1 The industrial perspective 

Regarding the results from the industrial perspective, focus is on energy 
saving potentials and the effects of changes in the energy system. The 
cooperation with nearby energy companies and the effect of tradable green 
certificates are also analyzed.  
 
First, energy saving potentials at the studied pulp and paper mills are 
pointed out in this chapter (Paper I and Paper III). An international 
comparison regarding energy efficiency at pulp mills is also presented 
(Paper II). The purpose of this is to find some general principles of energy 
efficiency and to discuss energy management in general terms. The two 
Swedish mills that are the object of the analysis are considered as case 
studies for this purpose.  
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Secondly, the simulation results from the industrial perspective are 
presented (Paper IV and Paper V). The different changes in the energy 
systems that were simulated through optimizations are analyzed. 

5.1.1 Energy auditing and saving potentials 

General findings about the pulp industry from the comparison made 
between eleven Scandinavian pulp mills similar to the Skutskär mill (Paper 
II) are that the specific energy use and production, i.e. the energy per tonne 
of produced pulp, varies greatly from mill to mill, Particularly great 
variation was found regarding steam use, without any obvious explanation 
such as age of the mill or size of production. The mill with the lowest 
specific steam demand only used 60% as much steam as the mill with the 
highest specific steam demand. A probable explanation of the great 
variation is that the mills have expanded their production repeatedly over 
time and the energy systems have been adapted to the changes along the 
way. Therefore, old solutions may have lingered even though they are no 
longer optimal. Also, the construction of the energy systems depended on 
the energy prices and policies at the time of each expansion. In any event, 
the variation in efficiency indicates a great potential for energy saving in 
the pulp industry in general.  
 
According to the comparison study in Paper II, the Skutskär mill is one of 
the least energy-efficient sulfate pulp mills in Scandinavia. The specific 
and total energy use for both Skutskär and Korsnäs is shown in Table 4.  
 
Table 4. Specific and total electricity and steam use at the Skutskär and 
Korsnäs mills 
 Specific 

electricity use 
[kWh/tonne3] 

Specific steam 
use 

[kWh/tonne3] 

Total electricity 
use  

[GWh/year] 

Total steam use 
[GWh/year] 

Skutskär1 830 4 470 411 2 054 
Korsnäs2 1 275 4 509 896 3 170 
1 Figures for 2002 
2 Figures for 2004 
3 Pulp for Skutskär, pulp and paper for Korsnäs 
 
In the comparison to Canadian mills (Paper II), it was found that 
Scandinavian mills are somewhat more efficient. In a Canadian 
benchmarking report from 2002 (Francis et al., 2002), a model pulp mill 
aiming to use the best existing technology is compared with 23 existing 
mills. For both electricity use and heat use, on average the Canadian mills 
are found to be less efficient than the least efficient Scandinavian mills. For 
the Canadian mills, heat use varies between 4 400 and 8 000 kWh/tonne 
pulp and electricity use varies between 650 and 1 190 kWh/tonne pulp. 
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Among the Scandinavian mills, heat use varies between 3 000 and 
6 000 kWh/tonne pulp and electricity use varies between 680 and 820 
kWh/tonne pulp. 
 
Comparison was also made with two model mills that aim to use the most 
efficient available technology (Paper II): The Canadian model mill 
mentioned above and the Ecocyclic pulp mill (Delin, 1998). This 
comparison indicates a great potential for steam saving at the Skutskär mill, 
particularly in the evaporation plant. Process integration of the evaporation 
plant is a major steam-saving possibility that also could release steam 
capacity for electricity generation.  
 
The specific electricity production varies even more among the eleven 
compared mills than the specific steam use (Paper II). The highest specific 
electricity production was twice as high as the lowest. However, the 
difference in specific electricity use is much smaller than the difference in 
specific steam use. The most electricity-efficient mill used about 80% as 
much specific electricity as the least efficient mill (Paper II).  
 
At Skutskär, the energy demand varies greatly within the mill among 
different machines of the same kind, which is a sign of great opportunity 
for energy savings (Paper I). The greatest electricity-saving potential based 
on such a comparison is found in the bleacheries, while the greatest steam-
saving potential is in the digesters. However, an even greater steam-saving 
potential is found in the evaporation plant, as stated above. Also, there is a 
great difference in specific electricity and steam demand between days with 
high pulp production and days with low; it is lower when the pulp 
production is higher. This is partly explained by the energy use for generic 
processes, such as lighting and ventilation, which is spread over a greater 
amount of produced pulp when the pulp production is higher. Apart from 
that, it also indicates that an even and high production level is preferred 
from an energy efficiency point of view. An increase of production level is 
not necessarily a way to achieve higher energy efficiency, but since the 
energy system at a mill is dimensioned to support a maximum production 
level there will be greater idling energy use when the production is low. 
 
Energy mapping at the Skutskär mill showed that 5% of the electricity was 
used for generic processes (Paper I). This is more than what was expected 
by the mill’s staff, who had expected it to be about 1%. But it is still low in 
comparison to other types of industries such as manufacturing industries, 
which often use about 40% of the electricity for generic processes such as 
lighting, ventilation and compressed air (Henning and Trygg, 2007). Even 
though the energy use for generic processes is just a small part of the total 
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energy use at a pulp mill, it may still be a good opportunity for energy 
saving since the generic processes do not affect the pulp production. Little 
economic risk is involved in making changes in the generic processes. At 
least 3 GWh/year electricity usage could be saved at Skutskär through, for 
example, replacing compressed air tools by electric tools, using more 
efficient lamps, installing motion detectors for lighting and replacing 
electric heating of buildings with the mill’s excess heat (Paper I). 
 
The total steam and electricity demand at the Korsnäs mill during 2004 is 
shown in Table 4. Energy mapping at Korsnäs showed that about 4% of the 
electricity was used for generic processes. Just as at Skutskär, there is an 
energy-saving potential at Korsnäs regarding generic processes. About 
6 GWh/year electricity usage could be saved through reducing idling 
electricity use, installing more efficient lighting, and replacing compressed 
air tools by electric tools (Paper III). 
 
At both mills, pumping is the single most electricity-consuming process. 
Water, paper pulp and chemicals are pumped to and from the various 
processes within the mills. At Skutskär the water use is about 5 000 m3/h 
and at Korsnäs it is about 7 000 m3/h. The electricity use for pumping is 
accordingly high; at Skutskär, for example, there are about 900 pumps 
totally, and at Korsnäs there are more than 300 pumps larger than 75 MW. 
A closer study of the pumps in Skutskär’s evaporation plant, where many 
old pumps were used, showed that about 30% of the electricity use in the 
plant could be avoided by replacing old pumps with new ones that have the 
right capacity (Paper I). This corresponds well with other studies (Nilsson 
et al., 1996). Therefore, updating old pumps is one of the most important 
electricity-saving measures within the pulp and paper sector. 
Correspondingly, minimizing water use saves electricity as well 
(Bengtsson, 2004).  

Excess heat 

At both the studied mills, several hot sewage water flows of temperatures 
above 60 ºC were found, as presented in Table 5. The sewage flow from the 
evaporation plant is in addition to the hot water flows that are used for 
district heating deliveries, i.e. from the back-pressure evaporation plant at 
Korsnäs. The possibility of using the sewage-water heat differs between the 
mills however. At Skutskär, part of the steam condensate is used to preheat 
the water for district heating delivery. Nevertheless, 430 GWh/year is 
cooled off in the cooling towers (Paper I). Since the Korsnäs mill is 
situated on the same industrial area as KEAB, which uses flue gas 
condensation for preheating of the district heating water flow, there is little 
possibility to use Korsnäs’ sewage water heat for more preheating of the 
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same district heating flow; sewage water flows of higher temperatures 
would then be needed. At any rate, the opportunity of using the heat for 
process integration still remains for both mills (Paper I and Paper III). 
 
Table 5. Sewage water flows and temperatures for five particularly hot 
flows at Skutskär and Korsnäs mill respectively 
  Flow (m3/h) Temperature (ºC) 
Skutskär: Bleacheries 1 and 3 1 000 60-65 
 Bleachery 4 180 70-75 
 Steam condensate 200 65-80 
Korsnäs: Bleacheries 1 100 60-65 
 Evaporation plant 400 70-75 
 
Besides the heat in sewer water flows, both mills dump steam, particularly 
during the summer. In 2002, Skutskär dumped 147 GWh/year and Korsnäs 
dumped 20 GWh/year in 2004. A consequence of lack of flexibility in 
storage is that black liquor needs to be burnt independent of the steam 
demand at the moment. This is one of the reasons for steam dumping. It is 
symptomatic that Skutskär, which is a free-standing pulp mill has more 
steam dumping than Korsnäs, which also has paper production that 
demands more of both steam and electricity. 

Green certificates 

The green certificates trading scheme that has been introduced in Sweden 
and a few other countries in order to promote electricity generation from 
renewable resources (see Section 2.1.2) has been beneficial for the pulp and 
paper industry, since they have back-pressure electricity generation and 
most of the fuels they use are biofuels that are byproducts of the pulping 
process.  
 
A side effect of the scheme, though, is that the pulp and paper industry 
gains more green certificates if they burn more oil, at least seen from their 
own perspective (Paper IV). In Figure 10, a diagram explains the principles 
of how adding oil promotes electricity generation for which green 
certificates are obtained. In square a (Figure 10), a situation is illustrated 
where the internal biofuels (black liquor and bark) cover the heat demand 
at the mill and no turbine is used. In square b (Figure 10), a back-pressure 
turbine is introduced and thereby the biofuels are no longer sufficient for 
the mill. Extra fuel, in this case oil, needs to be added in order to cover the 
extra demand that arises when the turbine is introduced. However, most of 
the fuel is still biofuel and hence the mill will obtain green certificates for 
most of the electricity generated. The consequence is that the mill obtains 
more green certificates when more oil is burnt since the electricity 
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generation is not necessary for the mill; it is just a byproduct and oil is their 
marginal fuel. Note that the energy losses are not included in the Figure 10. 
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Figure 10. Diagram of how adding oil promotes electricity generation for 

which green certificates are obtained. Above the broken line the flowcharts 
are shown and below the broken line the energy balances are shown, 

exclusive of losses. 
 
In any event, it is still important to make efficient use of the high exergy 
content in steam from the recovery boilers. Destroying the exergy content 
through direct heat use in the mill’s processes would be inefficient use of 
resources. Regarded from that perspective it is more resource efficient to 
introduce turbines despite that this will demand some extra oil. Therefore, 
even though the green electricity certificate scheme promotes electricity 
generation from oil in the case of pulp and paper mills, which was not the 
intention of the scheme, it may still promote efficient resource use since the 
use of back-pressure turbines at the mills will become more beneficial. 

5.1.2 Simulation results 

In the following, the result of each system change that was analyzed 
through optimization in Papers IV, V and VI is presented and analyzed 
from the industrial perspective. In Paper IV only Skutskär is analyzed and 
the economic benefit for the studied scenarios is presented in Figure 11. In 
Paper V, Korsnäs is the industry which is analyzed and the economic 
influence of the studied scenarios is presented in Figure 12. Analysis of the 
results in Paper VI shows how both Skutskär and Korsnäs would be 
influenced by a regional heat market. The influence on Skutskär is 
presented in Figure 13 and the influence on Korsnäs is presented in Figure 
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14. For all papers, the comparisons are made to the optimization results of 
today’s energy systems without any changes. The variation in economic 
benefit depends on scenario and operator. Investment costs are not included 
in these results in any of the papers.  
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Figure 11. Annual change of system benefit for Skutskär in comparison to 
the optimized system without system changes in Paper IV. In all cases the 

mill is connected to the heat market. The first column, at the far left, 
includes only connection to the heat market as a system change. 
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Figure 12. Annual change of system benefit for Korsnäs in comparison to 
the optimized system without system changes in Paper V. Negative values 

indicate a loss. 
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Figure 13. Annual change of system benefit for Skutskär in comparison to 
the optimized system without system changes in Paper VI. In all cases the 

mill is connected to the heat market. Negative values indicate a loss. 
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Figure 14. Annual change of system benefit for Korsnäs in comparison to 
the optimized system without system changes in Paper VI. In all cases the 

mill is connected to the heat market. Negative values indicate a loss.  

Heat market  

The absolute values in the result of the optimizations in Paper V and Paper 
VI correspond well to each other. However, the conclusions in the two 
papers depend on how the comparison is made. In Paper VI, Scenario 0 to 
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which the other scenarios are compared is based on the average marginal 
heat price of the unconnected municipal district heating systems, which is 
calculated in an optimization of the regional energy system without system 
changes. In Paper V, the comparison is made with a base case using the 
heat prices from the current agreement between the companies. The agreed 
heat prices depend on which fuel is used. Therefore, the results differ 
between Paper V and Paper VI.  
 
In Paper VI, which only includes scenarios within the heat market, Korsnäs 
loses revenue in all cases, while in Paper V, Korsnäs benefits from 
connecting to the heat market (Figures 12 and 14). However, the total 
region, which is studied in Paper VI, benefits from connecting through a 
heat market. How the benefit is distributed is a matter of negotiation. In 
Paper V, the size of the heat delivery from Korsnäs does not change since 
they already have a large heat delivery to the city of Gävle, but since the 
heat market price would be higher in comparison to the agreed price within 
today’s cooperation with GEAB they still benefit from connection to the 
heat market. 
 
These two different ways of comparing the results could be used for 
sensitivity analysis. The benefit for Korsnäs of connecting to the heat 
market depends on the heat price in the heat market. If the heat price in the 
heat market is about half of today’s agreed prices, the breakpoint between 
winning and losing on connecting to the heat market for Korsnäs is found. 
If the heat market price is lower than half of today’s agreed prices, Korsnäs 
does not benefit from the heat market. 
 
For the Skutskär mill, which today only delivers heat to the small district 
heating system in the town of Skutskär, connection to the heat market 
would increase their revenue according to Paper IV (Figure 11). Both the 
size of delivery and the price they obtain for selling heat would increase for 
them.  
 
Comparison between Paper IV and Paper VI regarding Skutskär cannot be 
made the same way as for Korsnäs in Paper V and Paper VI. This is 
because the data regarding heat deliveries and marginal heat prices on the 
heat market that were used in Paper IV originate from earlier analysis of 
the heat market (Gebremedhin and Moshfegh, 2004). The heat delivery 
from Skutskär that was used in Paper IV is higher than the corresponding 
value in Paper VI; about 60 GWh/year and 40 GWh/year respectively. 
However, the price for selling heat to the heat market is about the same in 
the two papers.  
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For Skutskär, the result analysis is made differently in Paper IV compared 
to Paper VI, in analogy to the result analysis concerning Korsnäs in Papers 
V and VI. In Paper IV, the current agreed prices are used in the base case to 
which the other cases are compared. The agreed prices are lower than the 
price on the heat market. Scenario 0, which is used as the base case in 
Paper VI, is based on the calculated marginal price from the optimization 
without system changes. The latter price is higher than the heat price in the 
connected heat market optimizations. 
 
In contrast to the result in Paper IV, the result regarding Skutskär in Paper 
VI is that the mill loses somewhat on connecting to the heat market, except 
in the cases in which process integration also is implemented at Skutskär 
and Korsnäs (Figure 13). This is because of the different prices that are 
used in the comparisons. In any event, process integration is shown to be 
beneficial in both papers.  
 
Besides the pulp and paper mills, the steel company Sandvik AB was 
analyzed in Paper VI. The result is that Sandvik benefits from replacing its 
heat generation for its present heating of offices and industrial premises by 
heat purchased from the heat market. The reason is that Sandvik AB 
currently use electricity and oil, which are more expensive, for heat 
generation. 

Sewage heat for district heating 

According to the simulations, using the sewage heat at the Skutskär mill for 
external delivery is of little use unless the mill is connected to the heat 
market, since the heat demand is small in the town of Skutskär and 
therefore the market to sell heat from the Skutskär mill is small (Paper IV). 
Adding a heat pump for the sewage water would increase the benefit even 
more, provided that the mill is connected to the heat market (Figure 11). 
The Korsnäs mill was not analyzed regarding the use of sewage heat for 
district heating delivery in Paper V.  
 
In Paper VI, both Korsnäs and Skutskär mills are analyzed regarding this 
change of the energy system. The result from Paper VI revealed that direct 
use of sewage heat for district heating is beneficial for both Korsnäs and 
Skutskär (Figures 13 and 14).   
 
The heat pump alternative is not analyzed at Korsnäs or Skutskär in either 
Paper V or Paper VI. However, the present heat pump at KEAB, which 
uses a part of the sewage heat from the Korsnäs mill, is modeled. The heat 
pump is used to a varying extent in the different scenarios in Paper VI. It is 
not used at all in the scenario in which a waste incineration plant is 
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introduced at GEAB. In the scenarios in which the back-pressure 
evaporation plant is replaced, the heat pump is used to the highest extent. 

Process integration 

For both Skutskär and Korsnäs, process integration reduces the use of bark 
and in the cases that oil has been used it also reduces the oil use. For 
Korsnäs it also reduces the electricity use in electric boilers. 
 
In the Skutskär mill’s case, there is no conflict between process integration 
and selling excess heat for district heating (Paper IV). Rather, the two 
measures strengthen each other. Without a heat pump, the hot water in the 
sewage could only be used for preheating of district heating water, since its 
temperature is too low. When hot water is used to replace steam through 
process integration, steam capacity is released and could be used for district 
heating. The example of a process integration measure that is used in Paper 
IV is to add hot water from one of the steps in the evaporation plant to the 
water in the chemical cleaning, which is later used in the bleach plants. The 
effect of that measure will be a decrease in the steam demand in the bleach 
plants during fall, winter and spring, i.e. from September to April. 
 
By contrast, in Korsnäs’ case there is a direct conflict between the proposed 
process integration and selling heat for district heating according to Paper 
V (Figure 12). The reason for this is that the process integration measure 
that was analyzed was to replace the back-pressure evaporation plant by a 
conventional and more efficient evaporation plant. The opportunity to sell 
heat from the back-pressure evaporation is thereby removed. The cost 
reduction due to decreased steam demand to the mill does not cover the 
loss of revenue from district heating sale. However, the optimized model of 
the mill in Paper V uses less oil than the mill does in the current actual 
operation. Because of the possible reduction of oil demand, the loss of 
replacing the back pressure evaporation plant would be reduced if the 
current operation was considered instead.  
 
Corresponding to the results found in Paper IV and Paper V, the proposed 
process integration measures in Paper VI are shown to be beneficial for 
Skutskär but not for Korsnäs, (Figure 13 and Figure 14). 

Electricity generation 

According to the simulations, electricity generation at the Skutskär mill is 
promoted by the heat market since more steam is required and thereby the 
back-pressure turbine could be used to a higher degree (Paper IV). 
Electricity generation would be reduced by all steam-saving measures, such 
as process integration or using sewage heat for district heating. However, 
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the electricity generation at the Korsnäs-KEAB complex is not greatly 
affected by steam-saving measures within the mill. This is because KEAB 
has a large district heating delivery and could let steam pass through the 
turbine before using it for district heating (Paper V). 
 
Adding a condensing turbine, which is connected after the back-pressure 
turbine as a condensing unit to extend the expansion of the steam to 
produce more electricity, at Skutskär is shown to create little benefit 
according to the simulations in Paper IV (Figure 11). A condensing unit 
could be interesting though, if it is combined with process integration 
measures. In such case the pulp processes’ steam demand is decreased and 
the condensing unit could be used more (Paper IV).  
 
For the Korsnäs-KEAB cooperation a condensing unit was not analyzed 
explicitly, but the opportunity to use the back-pressure turbine in a 
condensing turbine manner, i.e. through dumping the back-pressure steam, 
was never used in any of the optimized cases (Paper V). A condensing unit 
was not analyzed in Paper VI either. 
 
In Paper VI, free dimensioning of the turbine capacities at Skutskär and 
KEAB was analyzed through optimizations. A remarkable increase in 
electricity generation of about 200 GWh/year is seen both for Skutskär and 
KEAB.  

Biofuel boiler capacity 

From the optimization results it is found that the Skutskär mill does not use 
the bark capacity it has, except in cases where they can sell more heat to 
the heat market (Paper IV). The reason for not using the bark capacity is 
that the mill has enough fuel already, namely the black liquor. When a 
small amount of extra fuel is needed during the winter, it is less expensive 
to use oil, since the initial cost for starting the bark boiler is high.   
 
Extending the biofuel boiler capacity at KEAB proves to be the most 
beneficial measure within the Korsnäs, KEAB and GEAB cooperation 
(Paper V). Seen from the Korsnäs perspective it is beneficial as well, since 
the biofuel boiler replaces oil and electricity demand (Figure 12).  
 
In Paper VI, extending the biofuel boiler capacity at KEAB proves not to 
influence the system costs for Korsnäs and Skutskär (Figure 13 and Figure 
14). The discrepancy to Paper V is due to the difference in how the 
comparison is made in the two papers, as mentioned earlier. Even though 
Korsnäs’ electricity demand is decreased due to the fact that the new 
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biofuel boiler replaces the electric boiler, the revenue for selling heat is 
reduced in Paper VI. Thereby, the total system cost is counterbalanced.  

5.2 Energy company perspective 

Four energy companies are analyzed in this thesis: KEAB, GEAB, SEAB 
and ÄFAB. Of these four, KEAB is closely connected to, and owned by, 
the Korsnäs mill, while the others are municipally owned companies with 
varying degrees of cooperation with the industries. Due to the connection 
with Korsnäs, KEAB is the company that is most closely looked at in this 
thesis (Paper IV and Paper V). The perspective of GEAB is briefly handled 
in Paper V. Furthermore, all four energy companies are handled in Paper 
VI.  
 
In Figures 15–18 the economic benefit for each energy company according 
to the results in Paper V and Paper VI is presented. These figures will be 
used in the subchapters below. ÄFAB is only marginally influenced by the 
different scenarios and is therefore not visualised in a figure. 
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Figure 15. Annual change of system benefit for KEAB in comparison to the 

optimized system without system changes in Paper V. Negative values 
indicate a loss. 
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Figure 16. Annual change of system benefit for KEAB in comparison to the 

optimized system without system changes in Paper VI. In all cases the 
company is connected to the heat market. 
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Figure 17. Annual change of system benefit for GEAB in comparison to the 

optimized system without system changes in Paper VI. In all cases the 
company is connected to the heat market. 
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Figure 18. Annual change of system benefit for SEAB in comparison to the 

optimized system without system changes in Paper VI. In all cases the 
company is connected to the heat market. Negative values indicate a loss. 

5.2.1 Heat market 

Connecting the three municipalities’ district heating systems through a heat 
market would affect the four energy companies differently. Both GEAB 
and KEAB benefit from the heat market in most of the cases that were 
analyzed in Paper VI (Figure 16 and Figure 17). SEAB on the other hand, 
are only marginally affected (Figure 18).  
 
However, this result depends on the way the comparison is made, just as 
mentioned above regarding the industries. Of the energy companies, only 
KEAB was analyzed regarding the heat market in both Paper V and Paper 
VI. In KEAB’s case, the price levels for selling heat in the comparisons in 
Paper V and Paper VI correspond well to each other. The present average 
price for sale of heat for district heating for KEAB, which was used for the 
base case in Paper V, is higher than the average heat market price, which 
was used both in Paper V in the cases with the heat market and in Paper VI.  
 
Due to the price reduction for selling heat, KEAB does not gain much from 
the heat market, neither in Paper V nor in Paper VI. In addition, in Paper V 
the heat delivery decreases from KEAB in the heat market compared to 
today’s delivery. Therefore, it is found that KEAB only benefits from the 
heat market if it invests in new boiler and turbine, because of the additional 
electricity revenue in those cases (Figure 15). In those scenarios the district 
heating delivery from KEAB is higher, which promotes the electricity 
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generation in the new back-pressure turbine. Accordingly, in Paper VI, 
KEAB is only marginally influenced by connecting to the heat market if it 
is not combined with a new biofuel boiler and turbine (Figure 16). 
 
Using these different results in a sensitivity analysis shows that KEAB is 
only marginally affected by the price in the heat market. Because of the 
extended electricity generation with the new boiler and turbine, at a low 
heat price they would still benefit from connecting to the heat market.  

5.2.2 Waste incineration plant 

As mentioned above, the benefit of the heat market for GEAB is great in all 
the analyzed scenarios in Paper VI (Figure 17). The greatest benefit for 
GEAB is found in the scenario in which they install a waste incineration 
plant. In that case they could sell instead of buy heat in the heat market, and 
they would also get revenue from waste reception and increased electricity 
generation.  
 
Installation of a waste incineration plant at GEAB does not affect SEAB 
very much (Figure 18). On the other hand, for KEAB it would not be 
beneficial, since they lose a great part of the opportunity to deliver heat to 
the market as waste is an inexpensive fuel that drives KEAB’s plants out of 
competition (Figure 16). 

5.2.3 Biofuel boiler capacity 

In the model that is used in Paper V and VI, a new biofuel boiler at the 
energy company KEAB is tested. Seen from KEAB’s perspective, the 
investment is beneficial both when they deliver heat to the heat market and, 
as today, to GEAB (Figure 15 and Figure 16). This is due to the extended 
opportunities to deliver heat and to generate electricity.  
 
GEAB and SEAB also benefit from the biofuel boiler capacity expansion at 
KEAB (Figure 17 and Figure 18). This is because of the lower price at the 
heat market due to the fact that biofuel replaces more expensive fossil fuel. 
SEAB replaces part of its own heat production by buying heat from the 
heat market, while GEAB buys about the same amount of heat but at a 
lower price.  

5.3 The regional perspective 

Extension of the system perspective from the perspective of separate 
industries or energy companies to a wider, regional perspective was made 
in order to find synergies. The joint perspective of three companies is 
studied in Paper V and the joint perspective of all three municipalities 
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including the seven companies that participate in the RESO project is 
studied in Paper VI.  
 
The results show that synergies may be found when regarding a joint 
perspective of several companies in a region. Energy savings are also found 
this way. The benefit for each company may differ, however. Through 
comparison of separate and joint perspective optimization, an indication of 
which companies should compensate others or be compensated in extended 
cooperation is seen. 

5.3.1 Synergies of cooperation 

A heat market in the Gävle-Sandviken-Älvkarleby region would create 
opportunity to use boilers with cheap fuel to a higher extent, which would 
be beneficial for the region as a whole (Paper VI). The possible decrease in 
system cost depends on which optimization scenario is looked at. Simply 
connecting the companies through a heat market, without any other system 
changes, would benefit the total system by five million EUR/year. The best 
scenario, which includes process integration at Skutskär and Korsnäs, a 
new biofuel boiler and turbine at KEAB and conversion to district heating 
at Sandvik, creates a benefit of 26 million EUR/year. These figures are the 
annual system benefit, without considering investment costs. Calculation of 
the net present values for the investments in the different scenarios was 
also made in Paper VI, assuming that the investments are made at the 
beginning of the ten-year analysis interval. The net present values 
correspond to payback times ranging from two to eleven years for the 
different scenarios. 
 
By considering the energy complex in Gävle including Korsnäs, KEAB and 
GEAB as a joint operator, energy system cost reduction could be achieved 
compared to if the companies are considered separately (Paper V). It is 
interesting to see that the result of the joint optimization is close to the 
current operation. Compared to the separate optimizations, oil use is 
replaced by biofuel, which offers opportunities to utilize less expensive 
fuel. It is also observed that the total electricity generation in the region is 
the highest in the joint optimization compared to the separate.  

5.3.2 Biofuel boiler capacity 

The result from the heat market optimizations in Paper VI shows that 
expanded biofuel boiler capacity is the most profitable in the region if the 
connection of the three district heating systems is carried through. This is 
because it may replace expensive heat production from oil or electricity. 
Also in Paper V, extending the biofuel boiler capacity proves to be the 
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most beneficial measure within the Korsnäs, KEAB and GEAB 
cooperation.  

5.3.3 Electricity generation 

The electricity generation increases in the region for the best scenarios that 
are more closely examined in Paper VI. This is due to the extended biofuel 
boiler capacity along with extended turbine capacity at KEAB that is 
introduced in most of the best scenarios. That measure increases the 
electricity generation by about 200 GWh/year. In one scenario, the 
electricity generation is increased even more, by about 400 GWh/year. That 
is due to the additional turbine capacity that is installed at Skutskär in that 
scenario. However, in that scenario additional oil is also used at Skutskär 
and KEAB. 

5.3.4 Industrial excess heat or CHP for district heating 

In the heat market scenarios in Paper VI, it is found that both CHP and 
industrial excess heat are enabled due to the increased basis for heat 
deliveries. However, the priority proves to be industrial excess before CHP, 
even though the electricity generation is reduced because of that.  

5.3.5 Process integration 

Process integration through replacing the back-pressure evaporation plant 
at the Korsnäs mill does not benefit the Gävle region (Paper V), since the 
basic heat supplier is removed and the district heating demand needs to be 
satisfied in some other way. The biofuel boiler capacity at the other 
operators is not enough to cover this demand and therefore oil needs to be 
used during the cold months.  
 
In Paper VI, process integration is analyzed for Skutskär and Korsnäs 
simultaneously. The result reveals that process integration is beneficial for 
the total region. However, it cannot be analyzed whether the benefit 
depends more on process integration at Skutskär or Korsnäs. One of them 
might even not be beneficial, but is compensated for by the other. 

5.4 Sustainable energy use 

In order to reach a sustainable energy use within the region it is preferable 
to reduce the use of non-renewable resources and also to make more 
efficient use of renewable resources. Furthermore, the emissions from 
energy use need to be reduced to a level that the environment can handle. 
 
The resource use in terms of fuel and electricity varies greatly between the 
different scenarios that are studied through optimization in Papers IV, V 
and VI. For example, energy cooperation gives the opportunity to use less 
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expensive fuel to a higher extent; biofuel boilers replace oil and electric 
boilers. Since both fossil fuel and electricity are more expensive than 
biofuels at present, the economic optimizations correspond well with a 
sustainable resource use. 
 
Furthermore, extending the biofuel boiler capacity proves to be beneficial 
within the region. This would further reduce the use of finite energy 
resources. However, even though biofuel is a renewable resource, supplies 
are limited at any given time depending on the rate at which it can be 
grown. The limitation in biofuel supplies is considered in the calculation of 
CO2 emissions in the following section. 
 
A result of a more efficient resource use is that less CO2 will be emitted. In 
the following, the CO2 emission reduction is analyzed from different 
perspectives. The result depends on which system boundaries are chosen 
and thereby how electricity and biofuel is regarded. 

5.4.1 CO2 emission reduction 

The oil use at the mills is low in comparison to other fuel use. Therefore, 
CO2 emissions may only be reduced to a small extent through reducing oil 
use. There are greater opportunities in measures that affect other energy 
operators to reduce their use of fossil fuels. That could for example be 
achieved if the mills reduce their electricity use which in turn reduces the 
margin electricity generation that often is coal fuelled (SEA, 2002). It could 
also be obtained if the mills release biofuel boiler capacity that instead 
could be used for district heating production. Furthermore, increased 
electricity generation could reduce the CO2 emissions as long as it is based 
on renewable energy sources.  
 
The scenarios with the greatest potential for CO2 emission reduction are 
those with the greatest cost reduction potential as well. This is due to the 
fact that the use of fossil fuels and electricity use, which add most to the 
CO2 emission, are also expensive. 
 
Release of biofuel boiler capacity could be obtained through process 
integration measures at the Skutskär mill (Paper IV). Process integration at 
the Korsnäs mill also reduces fuel demand, but the major process 
integration opportunity in replacing the back-pressure evaporation plant 
includes less heat delivery to the district heating system. The heat delivery 
then needs to be supplied in other ways, and the results from Paper V show 
that more oil is needed if the biofuel boiler capacity is not extended at the 
same time. 
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The example of the Korsnäs mill indicates the importance of choosing the 
right system boundaries when analyzing environmental impact. If only the 
Korsnäs mill is considered, replacing the back-pressure evaporation plant 
reduces fossil fuel demand and hence also the CO2 emissions from the mill. 
But if the mill’s connection to the surrounding energy systems is taken into 
account, the result is increased CO2 emission. This is due to the fact that the 
district heating that was delivered from the back-pressure evaporation 
needs to be supported by fuel burning from another operator and the 
current biofuel boiler capacity is not sufficient. Therefore, fossil fuel use 
would increase, which add to the CO2 emissions. 
 
Furthermore, the manner of considering the use of electricity and biofuel 
also depends on the system perspective. Electricity use as such does not 
add to the CO2 emission at the site where it is used. But depending on how 
the electricity was generated it may have caused CO2 emissions elsewhere, 
outside the system. This illustrates the importance of extending the system 
boundaries in order to enable a relevant environmental analysis. Even if the 
electricity that is used is generated on site in a CO2 neutral way, the 
connection to the world outside needs to be considered. This is because 
CO2 neutrally generated electricity could replace CO2 intensive electricity 
elsewhere as long as there is grid connection.  
 
In this thesis, electricity use is regarded in three alternative ways: The 
marginal electricity generation of today in Northern Europe, which is coal 
condensing power (SEA, 2002); the marginal electricity in the future, 
which is assumed to be natural gas combined cycle (NGCC) (SEA, 2002); 
and the average Swedish power production, which was 44% hydro power 
and 46% nuclear power in 2006, with the remaining part CHP powered by 
fossil or biofuel (SEA, 2007). The latter way to regard electricity reflect the 
traditional accounting method used in Sweden. The CO2 emissions from 
electricity, depending on the assumed model for alternative power 
production, is shown in Table 6.  
 
Table 6. CO2 emission from external electricity for different accounting 
models 
Model CO2 emissions (kg CO2/MWh of electricity) 
Marginal coal  974a 
Marginal new technology (NGCC) 337a 
Average Swedish power production  11b 

a Calculated from Grönkvist et al. (2003) 
b SEA (2000) 
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The corresponding reasoning may be applied for biofuel. Even though 
biofuel use may be regarded as CO2 neutral, it should be taken into 
consideration that biofuel could replace fossil fuel use. The CO2 emissions 
from different fuels that were used in the analysis is presented in Table 7. 
 
Table 7. CO2 emission from different fuels (Statistics Sweden, 2008) 
Fuel CO2 emissions (kg CO2/MWh of fuel) 
Bituminous coal 335 
Residual fuel oil 267 
LPG 234 
Biofuel 0 
Waste 90 
Peat 386 
 
In Paper V and Paper VI, CO2 emissions were calculated for the different 
scenarios. Two and three ways of regarding electricity use were applied 
respectively. Biofuel was regarded as CO2 neutral in both papers. This way 
to regard biofuel is relevant only if the system where the biofuel is used is 
regarded. However, if the system boundaries are extended and biofuel is 
regarded as a scarce resource, the use of biofuel does add to the CO2 
emissions. This is because of the possibility of using biofuel to replace coal 
in other heat and power production plants (Grönkvist et al., 2003). In the 
following the results from Paper V and VI are presented along with 
complementary calculations for the Korsnäs-KEAB-GEAB cooperation, in 
which biofuel is regarded as able to replace coal elsewhere. From that 
viewpoint, biofuel use causes the CO2 emissions from the coal that the 
biofuel could have replaced. 
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Figure 19. Average reduction of CO2 emission for the scenarios in Paper 
VI when the origin of electricity is regarded in three different ways. The 

total heat market is included in the calculation. Negative values indicate a 
reduction of CO2 emission. 
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Figure 19 shows the importance of how the origin of electricity is regarded 
in CO2 calculations. The reduction of CO2 emissions is compared to a 
reference scenario in Paper VI in which the CO2 emissions were 
1 600 thousand tonnes/year for coal condensing power as the marginal 
electricity production, 620 thousand tonnes/year for NGCC as the marginal 
electricity production, and 120 thousand tonnes/year for average Swedish 
power production. The calculations with the average Swedish power 
production give small effect regarding CO2 for all scenarios, and the 
emissions even increase in the scenario that includes extended turbine 
capacity at Skutskär and KEAB. This is mainly because oil is combusted to 
increase the electricity production. 
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Figure 20. Reduction of CO2 emission for the in-depth studied scenarios in 
Paper VI. The total heat market is included in the calculation. Electricity 
use regarded as marginal coal. Negative values indicate a reduction of 

CO2 emission. 
 
The calculations in which electricity is regarded as marginally produced in 
coal-fuelled plants provide great CO2 emission reduction potentials for all 
scenarios (Figure 20). The scenarios in which investments are made in a 
new biofuel boiler and turbine at KEAB combined with conversion to 
district heating at Sandvik AB give the greatest potential. In those cases, 
the electrical and oil-fuelled steam boilers at Sandvik AB are not used and 
less fossil fuels are used in the total region. However, there is not enough 
biofuel boiler capacity in the region to cover the additional district heating 
demand at Sandvik AB in those scenarios, not even when the new biofuel 
boiler and turbine are introduced at KEAB. In addition to the biofuel 
boilers, electric boilers and the heat pumps are taken into operation at 
KEAB and Korsnäs and the peat boiler at SEAB is used to a higher extent. 
This indicates that there would be even further potential for CHP in the 
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region than what was simulated in this thesis provided that Sandvik AB 
converts to district heating. At a rough estimate, in this way additional 
electricity of 25 GWh/year could be generated within the region. 
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Figure 21. CO2 emission reduction according to Paper V. The optimized 

scenarios are compared to an optimization of the present system. The joint 
perspective of Korsnäs, KEAB and GEAB is considered except for the 

cases with the heat market in which the joint perspective of Korsnäs and 
KEAB only is considered. Biofuel is considered an unlimited resource. 

Negative values indicate a reduction in CO2 emission. 
 

In Figure 21, biofuel is considered an unlimited resource and the origin of 
electricity is considered to be coal condensing power production, which is 
the marginal power production in Northern Europe. The reduction of CO2 
emissions is compared to a reference scenario in Paper V in which the CO2 
emissions were -122 thousand tonnes/year for the joint perspective of 
Korsnäs, KEAB and GEAB and -35 thousand tonnes/year for the joint 
perspective of Korsnäs and KEAB. The negative values are due to 
electricity generation within the systems. The most efficient way to reduce 
CO2 emission within the Korsnäs-KEAB-GEAB cooperation is found to be 
investment in more biofuel boiler and turbine capacity. To replace the 
back-pressure evaporation plant does affect CO2 emissions very slightly. 
To connect KEAB and Korsnäs to the heat market would reduce the CO2 
emissions from KEAB and Korsnäs due to the decreased heat deliveries in 
the studied cases. 
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Figure 22. CO2 emission reduction calculated from the results in Paper V. 

The optimized scenarios are compared to an optimization of the present 
system. The joint perspective of Korsnäs, KEAB and GEAB is considered 
except for the cases with the heat market in which the joint perspective of 

Korsnäs and KEAB only is considered. Biofuel is considered a limited 
resource that could replace coal elsewhere. Negative values indicate a 

reduction in CO2 emission. 
 
In Figure 22, biofuel is considered a limited resource that could replace 
coal elsewhere and the origin of electricity is considered to be coal 
condensing power production. The reduction of CO2 emissions is compared 
to a reference scenario in Paper V in which the CO2 emissions were 226 
thousand tonnes/year for the joint perspective of Korsnäs, KEAB and 
GEAB and 165 thousand tonnes/year for the joint perspective of Korsnäs 
and KEAB. The negative values in the figure are due to electricity 
generation within the systems. The result regarding CO2 emission is not as 
positive as in Figure 21 because biofuel is calculated to emit the same 
amount of CO2 as coal. Still, increased biofuel boiler and turbine capacity 
reduces the CO2 emissions within the Korsnäs-KEAB-GEAB cooperation 
if marginal electricity production is regarded to be coal condensing power 
plant. This CO2 emission reduction is due to the additional electricity that is 
generated by the new biofuel CHP plant in those cases. 
 
However, when biofuel is considered a limited resource, replacing the 
back-pressure evaporation plant no longer reduces the CO2 emission. This 
is because both more biofuel and oil need to be added in order to cover the 
district heating demand. When biofuel is regarded as a limited resource, the 
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use of biofuel is negative for the CO2 emission. Hence, the additional 
biofuel that is needed to replace the heat delivery from the back-pressure 
evaporation plant, will increase the CO2 emission for that case. 
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6 Conclusions 

In this thesis a new combination of methods is used that have proved to be 
useful. In an iterative process, simulations of individual industrial energy 
systems were integrated in the simulation of a regional energy system. The 
cooperation within the project, where different researchers have used 
different perspectives, was particularly fruitful. 
 
Furthermore, this thesis contributes to case studies of existing pulp and 
paper mills regarding excess heat use for district heating in comparison and 
in combination with other energy system changes. The results of the case 
studies in this thesis confirm earlier research regarding use of industrial 
excess heat and also regarding the usefulness of extending the system 
perspective. In general, internal and external use of industrial excess heat 
are not conflicting. Excess heat from the pulp and paper industry is a great 
resource for district heating, and heat deliveries for district heating do not 
conflict with internal use for process integration within the mills. Both 
measures are found to be beneficial both from an economic and an efficient 
use of resources point of view.  
 
However, depending on the prerequisites in each mill’s case, there could be 
a conflict between internal and external use of industrial excess heat. This 
is the case for the Korsnäs mill because of the unconventional construction 
of the evaporation plant. Conventional construction of evaporation plants 
strives to reuse heat as much as possible. The heat integration at the 
evaporation plant at Korsnäs is limited in order to obtain secondary heat of 
sufficiently high temperature to be used for district heating. This means 
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that the heat delivery from Korsnäs only partly is “true” excess heat and 
further heat integration is an important concern. Replacing the evaporation 
plant at Korsnäs with a more energy-efficient plant would remove half of 
the district heating supply to the city of Gävle. That would cause more fuel 
use for district heating. Without investments in biofuel boiler capacity, oil 
use would increase within the region, which makes the system more 
expensive and less environmentally friendly. The conclusion is that even 
though process integration normally does not conflict with industrial excess 
heat use for district heating, there are exceptions in cases when already 
existing technical solutions complicate the situation. A combination of 
investments would be necessary to solve the conflict. 
 
From the industrial perspective it is important to decrease dependency on 
external energy supply. This is the best way to handle the instability of 
energy prices. According to the international comparison and comparison 
with model mills that use the best available technology, there are great 
possibilities for making energy efficiency measures in pulp and paper mills. 
Steam use in particular has great savings potential and there is also a large 
potential for increased electricity generation within pulp and paper mills. 
 
The analysis of the effects of the Swedish green electricity certificates 
trading scheme on the pulp and paper industry shows that the pulp and 
paper industry benefits greatly from the scheme. The scheme gives 
incentive to greater degree of utilization of the turbines at the mills. 
However, it also promotes the use of oil for electricity generation at pulp 
and paper mills. The latter is in conflict with the intention of the scheme, 
which is to promote electricity generation from renewable fuels. 
 
Extending the system boundaries in order to include a whole region in the 
analysis instead of just a single industry or municipality, creates an opening 
for more efficient resource usage. The boilers that use the least expensive 
fuel could be utilized to a higher degree. Also, CHP power generation 
increases. 
 
Furthermore, the consequences of introducing a heat market in a region 
with energy-intensive industries were studied in this thesis through 
economic optimizations. Introducing a heat market would open up for 
better use of the existing boiler capacity at the mills and the energy 
companies. That will lead to less use of expensive fossil fuels and 
electricity to the advantage of biofuels. For example, the pulp mill that 
participated in this study, which today only delivers heat for district heating 
to the small town close by, could get an opportunity to use more of its 
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capacity, both regarding biofuel boilers and turbines for electricity 
generation.  
 
Also, in the heat market it was found that the use of industrial excess heat 
for district heating was more beneficial than the use of CHP, even though 
electricity generation was reduced due to that. This result confirms earlier 
research that focuses on efficient resource use (Grönkvist, 2001; Jönsson et 
al., 2007). At any rate, it was also found that there is great potential for 
investments in CHP in the heat market. 
 
At the time of this study, the most expensive fuels are also the fuels that 
add most to CO2 emissions. Therefore, in the economically most beneficial 
scenarios, CO2 emissions would be reduced. A CO2 emission reduction 
potential of about 700 thousand tonnes CO2/year for the studied region is 
found in the financially most beneficial scenarios. 
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7 Further work 
Because of the unconventional evaporation plant at Korsnäs that produces 
district heating for Gävle Energi AB, process integration in terms of 
replacing the evaporation plant involves increased fuel use within the 
region. Therefore, it would be interesting to investigate a reconstruction of 
the evaporation plant to be energy efficient but still produce secondary heat 
of sufficiently high temperature to be used for district heating. 
 
Since all the optimizations that are performed within the RESO project are 
only made from an economic perspective, it would be an interesting 
completion to make analysis from a resource use perspective, for example 
exergy analysis. Exergy analysis of the same systems could be made in 
order to find the best energy system operation of the industries and in the 
region. Such optimizations could show whether the results from the 
economic optimizations correspond to the optimal operation from a 
resource perspective. Correspondingly, optimizations regarding CO2 
emissions would be of interest. A possibility is to set a maximum cost limit 
for the energy system within which the CO2 emissions should be 
minimized.  
  
A number of scenarios have shown promising results for the RESO project. 
Future investigations need to be done with refined models for the most 
favorable possibilities. It could be of interest to include additional 
industries within the region as well. Other regions with similarly high 
energy use intensity could also be studied in a similar way. 
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Even though energy cooperation is calculated to be profitable, it is not a 
certainty that the cooperation really will happen. There are several other 
aspects besides the economy that are necessary to take into account. 
Obstacles and driving forces for energy cooperation between industry and 
local energy companies need to be investigated. Also, pricing mechanisms, 
investment cost distribution, business agreements among the operators and 
how a heat market would affect the inhabitants of the region, are issues that 
are interesting for further studies. 
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