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ABSTRACT 

 

 

 

 

The purpose of this paper was to study optimal localization for bioenergy facilities in 

Sweden and identify the locational characteristics. This was done through a multi-

criteria analysis with a GIS approach. A number of influential criteria was identified 

through localization theory and previous research in the discussed area and then 

weighted through an Analytical Hierarchy Process. The theoretical framework consists 

of localization theory developed by mainly Alfred Weber and Paul Krugman, where 

industrial localization is the main focus. The result showed three hot-spots in the areas 

around Piteå, Sundsvall and Småland/Östergötland where it is preferable to locate a 

bioenergy facility. Two locations were given the highest possible potential: Växjö and 

Norrköping. 

 

Keywords: Bioenergy facilities, localization theory, MCDA, GIS, woody biomass, 

bioenergy. 
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SAMMANFATTNING 

 

 

 

 

Syftet med denna studie var att studera optimal lokalisering för bioenergianläggningar i 

Sverige samt identifiera faktorer som påverkar lokaliseringen. Detta gjordes genom en 

multi-kriterier analys i GIS. Ett antal påverkande faktorer identifierades från 

lokaliseringsteori och tidigare studier vilka sedan viktades i en Analytical Hierarchy 

Process. Den valda teorin består mestadels av teorier framtagna av Alfred Weber och 

Paul Krugman, där fokus har legat på industriell lokalisering. Resultatet ledde till tre 

hot-spots i områdena kring Piteå, Sundsvall och Småland/Östergötland vilka är lämpliga 

platser för bioenergianläggningar. Två platser erhöll den högsta möjliga potentialen: 

Växjö och Norrköping. 

 

Nyckelord: Bioenergianläggningar, lokaliseringsteori, MCDA, GIS, 

skogsbiomassa, bioenergi.  
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CHAPTER 1 INTRODUCTION 

 

1.1 Introduction to Bioenergy  

The increasing concentration of greenhouse gases (GHG) has been a hot topic during 

the 21st century. The earth’s average temperature is continuing to rise and scientist and 

political leaders fear the consequences of climate changes, which would increase the sea 

level and change the natural living conditions for all living things on earth. February 

2016 broke previous average monthly temperature measurement with a jaw dropping 

margin according to Stefan Rahmstorf who is the Head of Earth System Analysis at the 

Potsdam Institute for Climate Impact. GHG are waste products which are released when 

e.g., burning fossil fuels. It is chemical processes which releases carbon dioxide into the 

atmosphere and create a layer which generates the same effect as a greenhouse, hence 

the name. The global warming is a real and current threat which the world leaders are 

discussing on how to handle.  

Fossil fuel is not only harmful for the environment but also a finite resource which 

means that at some point given a consumption level, the fossil fuel will be depleted. 

There are several substitutes to fossil fuels for generating energy which are both 

renewable and environmentally friendly. Currently, the most common alternatives are 

hydropower, bioenergy and wind power (Geology, 2016). Sweden is known for being at 

the forefront of environmental issues and has a large endowment of forests, which 

suggest that the country is suitable for bioenergy production. In 2014, 34% of Sweden’s 

total energy usage was from bioenergy (Svebio, 2015) and half of that energy came 

from wood fuels (Bioenergiportalen, 2012). In 1970 Sweden’s oil usage accounted for 

more than 75% of Sweden’s energy usage. This decreased over the years and is now at a 

level of 25% of the total energy usage (Sweden, 2016), which means that Sweden 

should be viewed as a role model in the phasing out process of fossil fuels. As a 

consequence of this, the bioenergy markets have had a significantly increased over the 

past years and is on its’ way to establish itself to be a reliable sustainable energy source. 

Börjesson et al (2015) investigated how system effects of CO2 reduction and fossil fuel 

phase-out policies will affect the future utilization of biomass. The time-line for this 

research extends to 2050 and indicates a higher use of bioenergy in the future. They 

conclude that the CO2 emissions will be reduced by 80% and the total bioenergy 
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utilization will increase by 63% by the year of 2050. This is a development that makes 

the area interesting for the future and for further analysis of the spatial aspects of the 

biomass and bioenergy production. The bioenergy market is a transport intensive 

industry according to Hamelinck et al (2005) and combined with the different 

availability of input factors at different locations, the locational aspect needs to be 

understood and analyzed. Especially during the phasing out of fossil fuel process which 

is currently underway. The localization of a bioenergy facility dependents on which 

feed-stock that will be used and on which product that will be produced. In this thesis, 

the spatial aspects are considered for the bioenergy facilities that are using wood as 

feed-stock and producing electricity. In already published literature there are some 

papers trying to find the optimal localization of bioenergy facilities. This is done with 

help of spatial analyzing tools e.g., GIS (Geographical Information System). There is 

however no paper, to our knowledge, on why bioenergy facilities are located where they 

are according to localization theory, which is an aspect considered in this paper.  

Table 1: Wordlist 

Word Description 

Wood-stock The wood available for production 

MW The effect, how much production 

accessible at a specific moment in time 

GWh Gigawatt hours 

Geographical Information System (GIS) A program to visualize, manage, analyze 

and edit spatial data 

Multi-criteria decision analysis (MCDA) A method for making decisions with 

several influential criteria 

Analytical hierarchy process (AHP) A process were influential criteria are 

weighted against each other to achieve 

consistency and to find which criteria has 

the most influence on the final decision 

Bioheat Heat production 

Biopower Electricity production  

Spatial conditions A broad term used to explain the distance 

conditions of a specific area.  

Dynamic Development over time 
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1.2 The Objective of this Study 

The purpose of this thesis is to identify and analyze the most suitable localizations for 

bioenergy facilities and assess its locational characteristics. In addition, the thesis will 

also analyze the dynamic aspect of the construction of new bioenergy facilities, between 

2009 and 2015, in relation to the identified most suitable locations. With this approach 

we are not only able to conclude if the areas discovered as suitable are also currently 

used for bioenergy production, we will also analyze if there has been any development 

during the last years on these locations.   

 

1.3 Method 

To analyze where the most suitable localization for bioenergy facilities are, we are using 

Multi-Criteria Decision Analysis (MCDA) in GIS. GIS is useful to visualize, manage, 

analyze and edit spatial data. The MCDA will be conducted with factors and constraints 

gathered from the theory and previous literature chapters and weighted with an Analytic 

Hierarchy Process (AHP) to validate the consistency of the weights. The weighted 

factors and constraints will then be constructed in the model builder in GIS where the 

MCDA will be modeled. 

 

1.4 Scope  

The data set will cover Sweden, which also will be our geographical delimitation. This 

analysis will be delimited to biopower facilities. Since bioheat facilities are forced to 

locate close to its consumers due to the heat loss in the transportation system, they are 

not included in the spatial analysis. It is also assumed that the facilities only take use of 

woody biomass as their raw material to produce electricity. The thesis will mainly 

analyze if there is a connection between the location of bioenergy facilities and the 

spatial distribution wood-stock supply. 

 

1.5 Outline 

The thesis is divided into seven chapters. In the next chapter, a background on 

bioenergy will be presented. Followed by chapter three where the theoretical framework 

will be laid out and explained. In chapter four, the relevant previous literature will be 

summarized and discussed. Chapter five will present the methodology adapted in this 
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paper and chapter six present the result. Finally, concluding remarks and discussions 

will be presented in chapter seven.  
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CHAPTER 2 BACKGROUND 

 

Sweden has managed to reduce its dependence on fossil fuel and increase its share of 

renewable energy. The share of renewable energy in 2016 for EU-countries indicate that 

Sweden has a share 52,6% while Latvia and Finland both have a share of 38,7%  

(Eurostat, 2016). The target for 2020, which stipulate of a 20% share, was achieved by 

Sweden in 2013. This demonstrates Sweden’s ambition to be in the front of the work 

towards a more sustainable development.  

There are different sources you can extract renewable energy from. Depending on what 

country we are highlighting, different sources are the most favourable to extract from, 

which might depend on the stock of raw material, technology, human capital and more. 

In Sweden, there are mainly three renewable energy sources that we use: wind power, 

hydropower and bioenergy. There are other sources as well such as solar power, but due 

to weather conditions the potential is not the same as for the other named sources. The 

contribution of solar electricity is relatively small during winter and because of that you 

normally have to supplement with other electricity sources during that time of the year. 

The production of wind power in Sweden is increasing year by year, and the forecasts 

predicts it to continue in the same trend according to Svensk vindenergi (2015). Sweden 

has many sites with good wind conditions that can be used for energy production. Most 

of the wind power is located in the south of Sweden, more specifically Västra Götalands 

län, and that is also where most of the approved wind power will be located according 

to Svensk vindenergi (2015). An advantage with wind power is the possibility of 

localization offshore, which allows easy expansion of the wind park area if needed. 

Hydropower is similar to wind power experiencing a positive forecast where the 

production is expected to increase. The production of electricity is today, and will 

continue to be, dependent on the weather which will lead to an increased demand for 

hydropower according to Gun Åhrling-Rundström, Svensk energi (2015). An advantage 

with hydropower is that you can plan when to extract or not. It is therefore favourable to 

complement hydropower with an energy source such as wind power, which is 

dependent on the weather conditions. The third source is bioenergy, which is today the 

most used renewable energy source in Sweden (Svebio, 2015). It is a renewable energy 

source with high potential, and the usage has increased nearly three times since 1985 
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(Energimyndigheten, 2016) and the forecasts suggest the same trend according to 

Börjesson et al (2015). 

Table 2: Bioenergy usage per sector, TWh 

År 
Electricity 

production 

District 

heating 
Industry Transport 

Household, service 

mm 
Total 

1985 2 4 41   14 61 

1990 2 5 43   11 61 

1995 3 14 49   11 77 

2000 4 17 52 0,5 10 83,5 

2005 10 27 53 2 13 105 

2010 15 39 54 5 15 128 

2014 13 36 56 11 14 130 

Source: Energimyndigheten 2016 

 

In Sweden, bioenergy is mostly made out of woody biomass, which is either extracted 

from the final felling or a thinning process. Final felling is done when the forest is fully-

grown and thinning is a process in which you select trees to be removed to allow others 

to grow better. The two main wood assortments received from either the final felling or 

thinning are sawlogs and pulpwood. Sawlogs is the most valuable part of the tree due to 

its’ great diameter and its straight shape. It is the part of the tree stem that will be 

processed at sawmills. After the sawlogs has been processed at sawmills, some waste 

wood is captured and chipped, called sawmill chips. The other main assortment is 

pulpwood and is mainly used for paper production. In addition, two other wood 

assortments are stumps and tops and branches, stumps are mostly left in the forest while 

tops and branches are increasingly extracted as feed-stock for energy production. Tops 

and branches are normally not usable as pulpwood or sawlogs. Figure 1 shows the 

distribution of tree biomass. 
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Figure 1: Share of Biomass on Pine and Fir Tree 

Source: Skogsstyrelsen 2009 

 

Börjesson et al (2015) estimates a potential use of bioenergy due to hypothetical phase-

out policies of fossil fuel. The result shows that the total bioenergy utilization will 

increase by 63% by 2050 compared to 2010. This demonstrates high potential of 

bioenergy use in Sweden and the demand is expected to increase. Due to Sweden’s 

large endowment of wood-stock supply there is an opportunity to expand the number of 

production sites to compensate the increasing demand, and that is one of the main 

reasons why bioenergy is more used today in Sweden than any other renewable energy 

source. In Figure 2 we can see the historical trends but also an up going trend of import 

since 2009 for Sweden, which might be because of an increase in bioenergy demand.  

There are several bioenergy facilities that recently have opened in Sweden. Värtaverket 

will according to the Bioenergi (2013) open in 2016 and will become the biggest 

producing bioenergy facility in the country. The cost of the facility investment is 

predicted to be 4,4 billion SEK and will give a yearly production of 750 GWh of 

electricity. Värtaverket is located in Sweden’s capital, Stockholm. That may be 

confusing due to the knowledge there is not a large amount of wood-stock supply near 

Stockholm, which initially means that the supply has to be transported a longer distance 

to get to the facility. In this case, most of Värtaverkets supply will be shipped to 

Stockholm from Finland, which is an alternative way of transporting the feedstock. It is 

therefore important to understand the spatial conditions to be able to find the location 

Pine 

Diameter = 25 cm 

Fir 

Diameter = 25 cm 

Branches without 

needles 20% (44 kg) 

Branches without 

needles 27% (80 kg) 

Needles 10% (28 kg) Needles 5% (10 kg) 

Stemwood 70% (148 kg) Stemwood 57% (167 kg) 

Stem bark  5% (11 kg) 
Stem bark 6% (16 kg) 

Stump (19 kg) Stump (20 kg) 

Roots  > 5 cm 

(31 kg) 

Roots > 5 cm 

(42 kg) 
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with the highest market potential. These conditions have not been the same through the 

years and therefore there have been a development in localization theory to adapt to the 

changing spatial conditions. Krugman (1995b) presents in his book “Development, 

Geography, and Economic Theory” a model where he estimates a market potential of a 

certain location. According to Krugman, the model he enunciated is, because of the 

spatial conditions we have today, the most realistic one due to his modeling skills where 

he allows the assumptions of increasing return to scale and a more complex market 

structure. 

 

Figure 2: Swedish Import and Export Roundwood 

Source: Skogsstyrelsen 2014 
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CHAPTER 3 THEORETICAL FRAMEWORK 

 

In this chapter we will present the theoretical framework which mostly consists of 

localization theory. Localization theory has taken different development directions 

several times through the years. In the early stages of localization theory, developed by 

von Thünen in the first decades of the 1900-century, he assumed an isolated state with 

no external influences briefly explained by Krugman (1995a). Weber took the 

localization theory in a new direction when he enunciated the theory of industrial 

location, which mainly depends on the transportation cost (Smith 1966). Several other 

theories were also developed during the 20
th

 century:  “Central Place Theory” by 

Christaller, “Industrial Location” by Lösch, “The Regional Science” by Isaard and “The 

Urban Systems Theory” by Henderson (Smith 1966). According to Paul Krugman 

(1995b) there are some good aspects from these older theories. These theories 

influenced the theory of Economic Geography where it is possible to assume a more 

complex market structure and possibility to assume increasing return to scale. In a 

similar way as Krugman (1995b), Smith (1966) wrote a theoretical framework review 

heavily based on the work of Weber (1909). We will start this chapter by introducing 

the development of localization theory in a chronological order followed by a 

discussion on which of the theories are applicable and useful to the analysis in this 

paper in.   

 

3.1 The Development of Localization Theory 

The development of localization theory began in the early 19
th

 century when von 

Thünen introduced localization theory with his idea of an Isolated State. He assumed a 

central state that was independent of any external influences (Krugman 1995a). This 

state was placed in the center of a hypothetical area surrounded by four circles with 

different agricultural activities, which are: intensive farming, forest, extensive field 

crops and cattle. Even though this theory has some value to it, according to Krugman 

(1995a), it is too old to use and does not fit into today’s spatial conditions. For example 

the transportation possibility is wildly different today compared to early 19
th

 century.  

 

The development of localization theory was in the early 20
th

 century brought into a new 

direction by Weber. He developed the Theory of Industrial Location. This theory is 



10 
 

based on a least cost approach where there are three forces influencing the siting 

decision, these are labor: material and marketing. Whichever of these forces have the 

greatest share of total cost will influence siting decision the most (Smith, 1966). He 

further assumes that different areas have different costs, largely dependent on 

transportation cost. The demands for those areas are constant and there are no 

possibilities for a single firm to influence the demand.  This theory has taken two 

different approaches since its development: Weber’s initial least cost approach and 

Lösch’s monopolistic competitive approach. The general foundations of the theories are 

the same; however they differ in the assumptions on market structure. Weber assumes 

perfect competition while Lösch assumes monopolistic competition where profit is 

optimized by having the largest market share in a specific area (Smith, 1966). In this 

area the producers are assumed to have a monopoly position, which is not applicable to 

the energy market. Therefore we will not use the monopolistic competitive approach. 

 

A few decades after Weber, Christaller developed the Central Place Theory (Smith, 

1966). The theory seeks to explain urban systems where the number, size and location 

of human settlements are taken into consideration. This theory is not applicable to our 

paper because it is based on urban settling and city development. Isard took the 

localization theory further when he presented the Regional Science Theory (Smith, 

1966). This theory aims to analyze urban, rural or regional problems. In these 

categorizes you can fit almost any spatial problem and the scope of the theory becomes 

way too broad for our purpose. Almost twenty years later, Henderson presented the 

Urban Systems Theory, which, like Christaller seeks to explain urban and city 

development and are not applicable to our paper for the same reasons (Smith, 1966). 

Finally Krugman (1995b) took influence from all these previous theories and presented 

the Economic Geography Theory. This theory aims to estimate the market potential of a 

certain area. It is a dynamic model in which it is possible to assume increasing return to 

scale and a more complex market structure which has not been possible before. 

 

3.2 Discussion on Localization Theory 

Different approaches of localization theory have been used through the years. It is 

important to avoid older theories which not are applicable on today’s spatial conditions, 

but also find an approach that fits our researched question the best. Weber assumes that 
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different areas have different costs, largely dependent on transportation cost. The 

demands for those areas are constant and there are no possibilities for single firms to 

influence the demand. This model allows you to assume a simple market structure 

which makes it a flexible analyzing tool which we find useful and therefore we will take 

use of this approach. 

 

Smith (1966) made, as mentioned in the ingress of Chapter 3, a theoretical framework 

heavily based on Weber’s work on industrial location. This review is very intuitive and 

informative and will help us analyze the localization characteristics of bioenergy 

facilities in Sweden. The New Economic Geography by Krugman (1995b) is inspired by 

Weber and other theorists’ earlier work. With The New Economic Geography it is 

possible to assume more complex market structure. These market structures can assume 

increasing return to scale, which was not possible in the earlier theories due to lack of 

modeling skills. The theoretical appeal adapted in this thesis is based on a combination 

of Weber and Krugman’s theories, this is because of Weber’s flexible models and the 

possibility to deal with a more complex market structure, adapted in Krugman’s models. 

The scope of these theories seeks to explain the industrial location with the greatest 

market potential rather than an urban or city development aspect. Since we are looking 

for the locational characteristics and criteria of the bioenergy industry, a combination of 

these two theories is most applicable because of their industrial nature.  

 

3.3 Localization Theory  

When deciding a production site there is a number of decisions to take into account. 

Smith (1966) assumes the operators to maximize profit and will therefore chose the 

location where the total revenue exceeds the total cost by the greatest amount, which 

means that different locations vary in earnings and costs. In the decision-making there 

are other factors, such as: spatial conditions, market structure and production volume, 

which needs to be accounted for.  

 

Figure 3 shows the optimal location of a production site. Y-axis show monetary value 

and the X-axis show distance. The blue line shows the average cost (AC) of a firm and 

the red line shows the price (P) which the firm is facing. In Figure 3 the spatial cost and 

price are assumed to be fixed, output is constant in space and constant return to scale is 
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assumed. This is the most simplified model that we will be used in the spatial analysis. 

Some of these assumptions are possible to modify or remove during our analysis. For 

example, with a more detailed analysis on the relationship between the cost and price, 

further generalization would be possible. 

 

Figure 3: Basic Spatial Cost Model, Fixed Price 

Source: Smith (1966) 

 

Figure 4: Basic Spatial cost Model, Total Cost & Total Revenue 
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Source: Smith (1966) 

Since the model assumes constant output it is possible to substitute AC with TC (total 

cost) and P with TR (total revenue) and therefore find the optimal spatial location, i.e. 

where the total revenue exceeds the total cost by the greatest amount.  

 

3.4 Least Cost Approach  

The Least Cost Approach is largely developed by the work of Weber (1909) in which a 

least cost location is determined. Weber assumes that different areas have different 

costs, largely dependent on transportation cost. The demands for these areas are 

constant and there are no possibilities for single firms to influence the demand. These 

assumptions are reflected in Figure 3. The reason we chose the least cost approach is 

because it has advantages in the effect of location of spatially variable supplies of 

materials. The Least Cost Approach searches for the most profitable location and 

according to Smith (1966) is the most realistic one because of its adaptability to 

different markets.  

 

The spatial cost of a certain site is separated into a basic cost and a locational cost. The 

basic cost a fixed cost which has to be paid independently of location and the locational 

cost is connected with the specific area, seen in Figure 5 

 

Figure 5: Basic Spatial Cost Model, Fixed Price 

Source: Smith (1966) 
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The locational cost consists of machinery, materials and power, which are largely in 

accordance with transport cost. Smith (1966) assumes an average cost structure for the 

industry as a whole, which means the difference in profitability will come from 

locational factors. The factors with the largest share of total spatial cost tend to have a 

big influence on location. For example, imagine an industry with a large labor force. In 

this industry the wages will be a large share of the total cost. Therefore, the location 

with the lowest wages should be chosen to increase competitiveness, as stated by 

Krugman (1995b). In this theory, three forces are assumed with different attributes to 

derive the optimal location according to Smith (1966). These three forces are: material, 

marketing and labor. According to Weber the force with the largest share of the spatial 

total cost will have the highest attracting force and the location will therefore be decided 

mainly by this factor.  

 

3.5 Theory Exemplified  

Figure 6 shows how the three forces interact with each other. A, B and C represent the 

three forces, which are given individual attributes. Figure 6 is a derivation made to 

receive the space cost curve. On the Y-axis both price and quantity is displayed. On the 

X-axis the distance is displayed. Material is assumed to be bought in for 40 SEK and 

will increase by one SEK for every kilometer in transportation cost. The labors are 

assumed to have a wage of 30 SEK and will increase by one SEK for every kilometer to 

compensate for the extra distance they have to travel to work. The marketing cost is 

assumed to be 20 SEK and increase with one SEK per kilometers. In this scenario, all 

the spatial costs have the same locational pull force so the optimal location will be 

centered in a position surrounded by the three forces, which will take a triangular form. 

 

Assumptions: 

1. Producers maximize their profit. 

2. Perfect information about spatial cost variations.  

3. Price, demand and output is constant in space 

4. Input factors are fixed and not substitutable  

5. Supply is unlimited.  
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Figure 6: Derivation of Space Cost Curve 

Source: Smith (1966) 
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3.6 New Economic Geography 

As well as Smith (1966), Krugman (1995b) gathered information about five theories.  

Some of them are from previous localization theory such as Weber but also draw insight 

from other social sciences and the physic. The goal of the theory is to model a dynamic 

equilibrium model in an imaginary country with two sectors, manufacturing and 

agricultural. These two sectors are spread out on 12 different locations in a clock format 

with the distance between each other equal to 1 distance unit. This model is more 

comprehensive compared to previous theories. It is possible to assume increasing return 

to scale and an imperfectly competitive market structure. This model might look 

complex and not so intuitive but the final simulations present comprehensive 

conclusions.  

 

Krugman (1995b) bases his theory on the market potential of a certain area, which he 

assumes depend on the income of the location, 𝑌𝑘, and the distance between two areas, j 

and k. 

 

𝑀𝑗 = ∑𝑘  𝑌𝑘  𝑔(𝐷𝑗𝑘) 𝑚𝑎𝑟𝑘𝑒𝑡 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑤ℎ𝑒𝑟𝑒 𝑔(𝑑𝑗𝑘)𝑖𝑠 𝑑𝑒𝑐𝑙𝑖𝑛𝑖𝑛𝑔     

 

As stated above equation 1.1, it is assumed to be two sectors, manufacturing, (𝐶𝑀), and 

agricultural, (𝐶𝐴), in the model which takes a Cobb-Douglas production function,  

 

𝑈 =  𝐶𝑀 
µ

𝐶𝐴
1−µ

     

 

where µ is the share of manufactured goods in the economy. The agricultural goods 

assume to be homogenous. However, the elasticity of substitution between the 

manufactured goods is assumed to be of constant. The agricultural production factor, 

𝐿𝐴𝑗 labor, is assumed to be immobile and the manufacturing production factor, labors, is 

assumed to be mobile. The agricultural sector is facing constant return to scale and 

therefore the labor needed for any given quantity is equal to production, 𝑄𝐴𝐽∗. 

 

𝐿𝐴𝑗 =  𝑄𝐴𝐽∗      

 

(1.1) 

(1.2) 

(1.3) 
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However the manufacturing sector is facing an increasing return to scale given by α and 

β, where 𝐿𝑚𝑖𝑗 is equal to the total manufacturing labor force and 𝑄𝑚𝑖𝑗 is the total 

production of the given workforce, which is shown in equation 1.4: 

𝐿𝑚𝑖𝑗 = 𝛼 + 𝛽𝑄𝑚𝑖𝑗∗ 

 

𝐿𝐴𝑗 and 𝐿𝑚𝑖𝑗 are assumed to be the total supply of labor force in the economy and are 

allocated across different locations. The shares of 𝐿𝑚𝑖𝑗 and 𝐿𝐴𝑗 will change during the 

course of time.  

 

We will now go into the transportation cost in the dynamic model. First we assume that 

it applies only to manufactured goods and secondly that it take the Iceberg form which 

indicates that some of the amount shipped will melt away en route. Z is the amount 

arrived and X the amount shipped. T is the transportation cost and 𝐷𝑗𝑘 is the distance.  

 

𝑍𝑖𝑗𝑘 = 𝑒−𝑇𝐷𝑗𝑘𝑋𝑖𝑗𝑘    

 

Finally, we assume agricultural labor to be immobile and the manufacture labor is 

assumed to be mobile and moves away from locations with below average real wages 

and moves towards locations with higher real wages. The average real wages, �̅�, are 

defined by: 

 

�̅� =  ∑ ƛ𝐽𝑤𝑗∗𝑗     

 

The law of motion in the economy is: 

 

𝑑ƛ𝑗

𝑑𝑡
=  𝜌ƛ𝑗(𝑤𝑗 − �̅�)    

 

The complete model of geographic dynamics is now presented. The input variables are 

µ = shared of manufactured goods, t = transportation cost and Ø = production 

differentiation.  

 

 

(1.4) 

(1.5) 

(1.6) 

(1.7) 
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3.6.1 The Dynamics of the New Geographic Model  

Dynamics is often referred to as changes over time in a model, where we in this case 

randomly allocate the manufacturing works across different locations and then let it 

evolve until it converges. In this simulation, the locations j is equal to 12 and the 

distance between locations is equal to 1. The distance between location 2 and 7 is 

therefore 5. The manufacturing labor force is randomly allocated along the 12 locations 

and the agricultural labor force is evenly distributed along the locations. In the first 

simulation he put the input variables to be µ = 0.2 t = 0,2 Ø = 4.  

 

Figure 7: Dynamic Converge 

Source: Krugman (1995b) 

 

In the Figure 7, we can see the difference between the initial and the final outcome of 

the workforce allocation. We can see that the manufacturing workforce tends to 

agglomerate to two locations, 6 and 11, which are 5 units of distance in between each 

other. Since location 11 had the largest initial share of the manufacturing work force it 

had an advantage in attracting more workers due to higher real wages. Interestingly 

enough, an agglomeration occurred at location 6 even though it didn’t have the second 

largest initial share. This might be because the lack of competition due to its agricultural 

nature. For example, location 10 had a larger initial share than 6 but was located too 

close to location 11 and therefore the workforce moved due to deglomeration forces. 
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The results of almost every simulation he ran, the result showed two agglomerated 

locations with five distance units between them. In rare cases there was three 

agglomerated locations. The model clearly shows multiple equilibria in the final 

distribution and to some extent, spatial structure. If we were to lower the parameter t, 

which is the transportation cost, we would expect fewer agglomeration points and move 

towards a central state.  

 

3.7 Theory Summarize 

As the development of Localization theory through the years were chronologically 

reviewed, we finally can land in what we believe is the most applicable ideas and 

criteria of localization for the purpose of this thesis. Weber (1909) and Krugman 

(1995a, b) are the two theorists that we found most inspiration from and whom ideas we 

believe is the most applicable to this paper. A number of criteria could be identified as 

important for the potential of an industrial localization, where transportation cost might 

be the most mentioned criteria, together with proximity to labor force and consumers 

market. These are criteria that will be further considered in this paper for the multi-

criteria decision analysis. However, the theoretical aspect is not sufficient enough to 

decide what criteria are the most influential ones. Therefore more research was added in 

terms of previous studies. 
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CHAPTER 4 LITERATURE REVIEW 

 

To further confirm the most crucial criteria for localization of bioenergy facilities, 

previous literature was added to this study. The scope of this chapter was not only to 

aim for literature giving a better understanding of which criteria should be used in the 

analysis, but also to get inspiration for the multi-criteria analysis with a GIS-approach 

that will be used as methodology in this study. That means, the content of all literature 

does not necessarily have to be about localization of bioenergy facilities, due to the fact 

a multi-criteria analysis is applicable for any market or industry where the purpose is to 

locate an optimal site. 

 

For simplicity this chapter is divided into two parts where the difference between them 

will be the search strategy. The first part consist of previous literature of optimal 

localization for bioenergy facilities and the second part consist of previous literature that 

have been using the methodology Multi-Criteria Decision Analysis with a GIS 

approach. Part one will be helpful for the decision-making on what criteria are the most 

important to have in mind for the Multi-Criteria Analysis. It will add more validity to 

this study compared to if only aspects from localization theory were used. Part two will 

give inspiration for how to implement the Multi-Criteria Analysis in GIS. For example, 

a study of optimal locations for coffee shops will be presented in part two and one may 

ask oneself what that has to do with locations of bioenergy facilities, but the fact that the 

methodology of the Lin & Yuanyuan (2013) study of potential sites for coffee shops is 

almost identical to the one that will be used in this study. That means you do not have to 

stick to the exact same industry to find inspiration for the methodology. In the end of 

this chapter, the articles from both parts will be summed up in Table 3, follow by a 

discussion on the literature. 

 

A note about part two of this chapter is that the methodologies presented in the articles 

will be only briefly explained due to the fact it will be fundamentally presented later in 

Chapter 5 Methodology and is not needed to fully understand until then. 
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4.1 Previous Literature Bioenergy Localization 

Flisberg et al (2015) analyses alternatives to lower the logistics costs for forest value 

chain. Example of factors the authors analyze are harvesting and chipping operations in 

relation to transportation, but also collaborations and different kinds of deliveries of the 

assortments to customers. The authors chose to delimit the paper to only the 

transportation part of the logistic chain. They studied 200,000 registered transports of 

total 6.1 million tons of forest biomass in 2012 and created a model of optimization 

based on linear programming. A decision support system was then used to obtain the 

result. The savings potential turned out to be 22%, corresponding to 140.6 million SEK. 

These are savings that could have a big impact on the industry but also increase the use 

of bioenergy. 

 

Panichelli & Gnansounou (2008) presents a GIS-based support system for selecting 

least-cost bioenergy locations when there is a significant variability in biomass farm 

gate price. This was done with a location-allocation model for when there is 

competition about the woody resources in one area. According to the authors, bioenergy 

facilities location are highly influenced on its profitability, due to high marginal 

delivery cost and only a few people has treated the allocation-location problem. The 

model uses a least-cost approach to allocate a set amount of biomass between different 

sites to find the best set of locations. The authors based these locations on the marginal 

delivery cost. Nine candidate sites were used to compare the delivery cost. 

 

The authors concluded that a GIS based approach combined with a biomass allocation 

algorithm is in fact an effective way for selecting suitable locations for a bioenergy 

facility, although these locations have to be cleared of the allocation-location problem 

before asserting the potential of the localization. However more research is needed on 

the approach to find the best location based on the marginal delivery cost. 

 

Noon & Daly (1996) set out to estimate the cost of supplying wood fuel to coal-fired 

power plants in Tennessee using BRAVO. The Biomass Resource Assessment Version 

One (BRAVO) is a GIS-based decision support system. This system is designed to 

estimate the cost of transportation and purchases of three types of wood fuel under 

different demand levels, mill residue, logging residue and short-rotation woody crops. 
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The cost estimate was made for nine different plants. With the help of BRAVO the 

authors found that the resource availability and cost differed in a level of great 

magnitude. In an example they illustrate this by restricting the delivery cost to be 150 

SEK per dry ton of mill residues. If this had been the case, the difference in availability 

would be 30 times greater at the best sites compared to the worst. The logging residue 

differed among the nine plants but not to the extent that was expected from the authors. 

The best plant had less than 3 times the volume of the worst plant. The short rotation 

woody crops “displayed a significant variation across the nine plants” and the best 

plants were estimated to have 7 times the volume available compared to the worst plant.  

 

Hamelinck et al (2005) explore the possibility of international bioenergy transport, 

mainly from Latin America to Western Europe. The paper names Sweden as an example 

for long distance import of biomass, e.g. Värtaverket in Stockholm. A method was 

developed to compare different bioenergy supply chains with some key parameters: 

distance, timing and scale on performance. The authors analyzed generic data on chains 

of Europe and Latin America. Due to much lower producing cost and larger scale, the 

Latin American biomass could be possible to ship and use in Western Europe. The 

authors estimate that the European biomass residues can be delivered at 840 SEK per 

ton where the Latin American residues can be as low as 370 SEK per ton. However, the 

truck transport is expensive and therefore restricts the size of the production area. This 

means that the biomass yield per hectare must be high to enable large scale systems. 

The authors also presents detailed data on the transportation cost, reproduced in Table 3.  

 

Table 3: Transportation Cost 

 

Source: Hamelinck et al (2005) 
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In Table 3, the authors present the transportation means for both solid biomass and 

liquid energy carriers. In the second column, we can see the values for transportation by 

truck. According to the authors, these values should hold for the transport of logs, bales, 

chips and pellets on the one hand and liquids on the other. In the third column, we can 

see the values for transportation by train. The cost for transportation by train gets 

relatively cheaper on longer distances. In the fourth column, the authors present the 

values for transportation by ship, where the estimated values hold for solid biomass. 

The authors assume that the ships are owned and the price of these ships is highly 

dependent on the market, but the ship price should correspond with the cargo capacity.  

Lantmäteriet (2014) have done a report on the costs involving forestry in Sweden. The 

costs were estimated through a survey. The Survey was sent to- and answered by seven 

forestry companies and organizations. In this report Lantmäteriet have calculated a 

mean value for the harvesting cost in the north, mid and south Sweden for different type 

of woods.  

 

4.2 Previous Literature MCDA  

In this section the scope were a bit different compared to section 4.1. The scope is no 

longer to find out what criteria are required to explain what location that is optimal for 

bioenergy facilities. Instead, articles are presented that are found inspirational for the 

implementation of the MCDA in GIS. That means the subject does not necessarily have 

to be bioenergy, it could be about potential sites for any market if the MCDA with a 

GIS approach was used. Löken (2007) presents an overview and selection of multi-

criteria evaluation methods. He also explains why MCDA are used and how they are 

best implied into a certain problem with many variables, which cannot be 

mathematically solved. A large part of the articles discuss the problem with criteria 

selection, where he concludes that it is important to not use too many variables with 

little influence on the final decision, otherwise the final result will be inconclusive.  

Lin & Yuanyuan (2013) did a research on how to optimize a coffee shop location in San 

Francisco. The coffee consumption in San Francisco is huge, which makes it a very 

attractive market and therefore as an owner of a shop you have to know where to locate 

to get most customers. In this study, a multi-criteria model with a GIS approach was 
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applied. They started by identifying the criteria with the most influence on the decision, 

which they later on weighted in an Analytical Hierarchy Process (AHP) to find out 

which criteria has the most impact on the final decision on where to locate a coffee shop 

in San Francisco. A few examples of the identified criteria are: bus stops, main roads, 

median household income and parks. These criteria were later used as the base for the 

multi-criteria model, in which they implemented in GIS. The initial result turned out to 

be a number of attractive locations, as can be seen in Figure 8. The orange parts are the 

locations with highest values of the attribute table and therefore considered the most 

feasible for establishing a new café.  

 

Figure 8: Reslut Coffee Shops 

Source: Lin & Yuanyuan (2013) 

 

Another study we found as inspiration for this paper was done by Ohri et.al (2010). 

Their purpose was to identify the most preferable industrial sites in Varanasi City 

(India), which is a very complex problem that requires a lot of different parameters to 

have in mind. The way they did this study was very similar to the one made by Lin & 

Yuanyuan (2013). A multi-criteria decision analysis was made where they first 

identified the criteria with most influence on where to locate an industry, which 

followed up with an AHP to receive the weight of each criterion. In this paper, 12 
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different factors and constraints were used for the analysis and a few of them were: 

settlements area, village, highways and rivers. These were later implemented in GIS as 

the base for the multi-criteria analysis.  

Table 4: Summary of Previous Literature 

Author Publishing 

Year 

Objective Method Results 

Flisberg et al 2015 Analyzing 

alternatives to 

lower the 

transportation 

cost for forest 

value chain  

Formulates an 

optimization model 

based on linear 

programming 

Estimates a 

potential saving of 

22% from changing 

operations.  

Hamelink et 

al 

2005 Explore the 

possibility of 

international 

bioenergy 

transportation.  

Used a method to 

compare different 

bioenergy supply 

chains. 

International 

transportation 

should not be seen 

as an obstacle. 

Presents mean 

values for 

transportation costs. 

Lantmäteriet 2014 Estimate 

harvesting cost 

on forestry in 

Sweden 

Survey to seven 

companies and 

organizations 

Presents mean 

values for different 

parts of Sweden.  

Lin & 

Yuanyuan 

2013 Identifies 

potential sites for 

coffee shops in 

San Fransisco, 

United States. 

Multi-Criteria 

analysis with the 

help of two GIS 

softwares, ArcMap 

and ERDAS. An 

AHP process was 

applied for the 

weighting of the 

different criteria. 

A number of sites 

with high potential 

for coffee shops in 

San Fransisco were 

identified. 

Löken 2007 Presents and 

overview and 

selection of 

multi-criteria 

evaluation 

methods. 

Multi-criteria 

evaluation method. 

Presents 

alternatives to 

choose influential 

factors in a decision 

Noon & 

Daly 

1996 Estimate the cost 

o supplying 

wood fuel to 

coal-fired power 

Using a GIS-based 

support system 

BRAVO, The 

Biomass Resource 

The availability 

could vary 

tremendously 

depending on 
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plants in 

Tennessee.  

Assessment 

Version One 

location.  

Ohri et al 2010 Identified the 

most preferable 

industrial sites in 

Varanasi City, 

India 

GIS-based Multi 

Criteria Analysis. 

The criteria were 

weighted with the 

help of an Analytic 

Hierarchy Process. 

A number of sites 

with high industrial 

potential in 

Varanasi City were 

identified. 

Panichelli & 

Gnansounou 

2008 Selecting least-

cost locations for 

bioenergy 

facilities 

Creates a GIS-

based support 

system and uses a 

location-allocation 

model for woody 

resources 

Concludes that it is 

possible to find an 

optimal location for 

bioenergy facilities 

using a GIS-based 

support system 

combined with a 

allocation 

algorithm.  

 

4.3 Discussion on Previous Literature  

In the article “International bioenergy transport costs and energy balance” Hamelinck et 

al (2005) argues that long transportation of biomass should not be seen as an obstacle. 

Due to a cheaper production on a large scale it is possible to ship biomass from Latin 

America to Western Europe. They do however claim, in accordance to the other articles 

in the literature review that the trucking cost is expensive. It feels contradictory that 

such a transport heavy industry is ship around the earth. However this will also 

influence the siting decision on the bioenergy facilities in Western Europe in the sense 

that you can locate near a harbour and import the supply to a low cost from Latin 

America instead of buying it from a local producer to roughly the same price. In general 

we feel that the other articles follow a red line where transportation is one crucial factor 

with savings potential. Therefore we can conclude that the proximity to wood stock 

supply is not the only factor when analyzing an optimal site but also the proximity to 

efficient transportation e.g. a harbour. 

 

As the currently largest source of renewable energy in Sweden (Börjesson et. al. 2015), 

bioenergy is on it is way to establish itself to be a reliable sustainable energy source. 

The use of bioenergy is predicted to increase in line with a hypothetical strict phasing-

out of fossil fuels. As demand increases, new bioenergy facilities will gradually open to 
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meet the demand. Noon & Daly (1996) estimated the cost of supplying wood fuel to 

coal-fired power plants and concluded that the availability could vary tremendously 

depending on location.  

 

A consistent conclusion through our papers is that the savings potential of transportation 

costs is a crucial factor when locating new plants. Flisberg et al (2015) studied 200,000 

registered transports in the forest value chain and concluded a savings potential of 22%. 

These are savings that could have a big impact on the industry, and therefore is an 

optimal localization of bioenergy facilities crucial. 

To summarize, we now have the aspects from both the literature review chapter and the 

theoretical framework chapter to choose criteria for the analysis. From the theory we 

know that both transportation as well as proximity to consumers market and work force 

are influential when deciding a production site. From the literature review chapter the 

transportation is heavily weighted, not only by roads and railroads but also the shipping 

possibility, which means that harbours should be considered.   
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CHAPTER 5 METHODOLOGY 

 

5.1 Structure of the Methodology 

To achieve the purpose of this paper we are going to conduct a GIS – multi-criteria 

decision analysis (GIS-MCDA). In order to make an optimal decision a decision maker 

(DM) has to have knowledge about the criteria the decision is based upon. 

Unfortunately, according to Löken (2007) a true optimal decision only exists if you are 

facing one single criterion. This is a scenario that rarely occur in real life since decisions 

based upon one solely criterion is inefficient and unrealistic.  

We are all dependent on making decisions. All our actions are results of decisions we 

make, even though we might not be aware of it. In other words, we are either conscious 

or unconscious about our decisions, but they are both based on the information you have 

gathered to understand the occurrence. The quality of this information is crucial to make 

good decisions, which means that larger quantity of information does not always equal 

to a larger understanding of a certain problem. You have to identify what attributes that 

contribute to the solution, but also consider the environment surrounding the problem, 

because not all information helps us improve our judgements. Too much information 

might be as bad as little information, which is very important to understand in any 

multi-criteria analysis (Saaty, 2008).  

A solution to a problem is often based on a number of criteria, where each criterion has 

a different amount of influence on the main object. It is crucial to be able to understand 

how to prioritize the different criteria in the right way. One way of arranging the criteria 

are to form a hierarchy, where you decide which criteria has the most influence on the 

main objective, but also rate the criteria by doing a pairwise comparison, in which you 

compare the different criteria to find out how they relate to each other. All the criteria 

are assigned a value from a value between 1 and 9, in which 9 is the highest influence. 

If the criterion harbour were to be assigned the value 9 and compared to the criterion, 

railroads assigned with value 1;harbour is nine times more influential in the decision-

making compared to railroads. So, in this case, the criterion harbours have a huge 

influence on the main objective, while roads only have a tiny influence. Both are needed 

for the decision-making to raise the level of significance, but it is crucial that the criteria 

with the most influence shall be weighted more than the other criteria with less 
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influence. Arranging these two steps in a proper way are perhaps, according to Saaty 

(2008), the most critical in the decision-making when facing a several criteria. That is 

because it serves two important purposes: it provides an overview of complex 

relationships in a certain situation and it helps the decision-maker to understand whether 

different elements have the same order of magnitude, so he can compare the elements in 

a proper way and further provide accurate decisions. 

The structure of Chapter 5 is displayed in flowchart 1 and consists of five steps: The 

first step offers an introduction to what GIS and MCDA is and how it is applicable to 

this paper. The second step is the identification of the criteria and factors that have an 

influence on the decision. The third step shows how the database was created with help 

of the criteria and factors. The fourth step shows how the criteria and factors are 

weighted in the analysis and the final step explains how to MCDA is executed.  

 

 

 

 

 

 

 

 

5.2 Introduction to GIS-MCDA 

5.2.1 GIS-MCDA 

MCDA is a method designed to help DM make decisions when they are facing a 

problem with many variables. According to Löken (2007), it can be viewed as a way of 

dealing with complex problems by breaking the problems into smaller pieces. These 

pieces are then weighted against each other and judgments are made about them. They 

are then reassembled to present an overview to the DMs. The general idea about MCDA 

is to aid the DM organize and synthesize the information they have gathered about the 

criterion. By using a MCDA method the DM should feel that all the relevant criteria are 

accounted for and according to Löken (2007) avoid making important decision out of 

Step 1 Step 2 Step 3 

Step 4 Step 5 

Flowchart 1: Methodology 
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habit. The MCDA method is also favored by many on the energy market according to 

Löken (2007), he also says it is quite suitable for energy planning because it is subject 

to many sources of uncertainty and many conflicting criteria. A true calculated decision 

would therefore be impossible to achieve on the energy market and therefore this paper 

will use a MCDA to analyze the optimal location of bioenergy facilities. 

  

5.2.2 GIS 

The MCDA analysis conducted in 

this paper will be conducted in GIS. 

For example, one layer could contain 

data of railroad networks, the next 

layer could contain data about the 

wood stock supply and a third layer 

could contain data about main roads. 

There are a number of ways to 

express the location of a certain 

object. To implement these locations 

you can either add the longitude and latitude for the object, the ZIP-code or the address. 

Different types of information can be added and compared. The system can include 

specific data about the bioenergy facilities e.g. production and type of facility but also 

the system can include information about the surrounding nature of the facilities, such 

as nearby streams and soil. GIS is compatible with lots of different data formats. You 

can import Excel files, satellite images, table forms, raster files, vector files and more. A 

vector file is usually polygons stored with data about location to represent images, see 

Figure 10 for an example where the vector is in a polyline format (yellow lines). A 

raster file on the other side is an image file stored with different type of information, see 

Figure 10 for an example (black shadows). The GIS technology allows all these 

different types of data to be layered on each other. When all the data needed is imported 

into GIS it is possible to create a number of various types of maps. The imported data 

can be shown in numbers and as in density e.g. wood-stock supply in one area. GIS 

have the technology to view and compare data over time. You can see the development 

for example on a yearly basis how the rain forest density is decreasing. 

 

 

Highways 

Harbours 

Railroads 

Composite Layer 

 

Figure 9: GIS Vector Layers 

Source: Mangomap 2016 
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5.2.3 MCDA implement in GIS 

In this paper the MCDA will be made in GIS with an analytic hierarchy process (AHP). 

This means that the chosen variables and criteria have to be implemented in GIS as 

different data layers. Following the data input the criteria then has to be weighed against 

each other in the AHP. With the weighted values it is now possible, with the help of the 

GIS toolbox, to make a MCDA. When you have our weighted values and layers 

implemented in GIS it is now possible to specify the model. The model builder is a 

flexible tool that allows you to make your MCDA exactly the way you like it. The main 

advantage and reason the MCDA in this paper were made in GIS is the spatial nature of 

the purpose and the result becomes very easy to follow due to the visual effect of the 

end product. With a GIS-MCDA you can produce a map over Sweden where more 

suitable locations, depending on your variables, are color coded so good localizations 

can be marked with a deep blue color and areas less suitable are fading to white.  

 

5.3 Criteria and Factors in the MCDA 

In order to make a MCDA there have to be some variables or alternatives which can be 

ranked and measured (Saaty 2008). There is no right or wrong alternatives but the 

analysis result will be depending on which alternatives and variables you choose. These 

alternatives and variables are called criterion or factors. In this paper the factors chosen 

is based upon knowledge drawn from Chapter 3, Theory Framework and Chapter 4, 

Previous Literature. Hamelinck et al (2005) concludes in their paper that shipping of 

biomass should not be considered an obstacle. However, the transportation on land is 

expensive. Therefore the proximity to harbours was added as a factor in our analysis. 

The conclusion about expensive land transportation was shared with both Noon & Daly 

(1996) and Flisberg et al (2015). Noon & Daly (1996) also discovered that the 

availability in biomass as raw material could differ tremendously on location of the 

industry while Flisberg et al (2015) found that the savings potential on transportation on 

biomass were significantly large. Therefore the proximity to biomass was added as a 

factor in our paper. Furthermore proximity to roads and railroads were also included as 

factors in the analysis due to the perception of bioenergy being a transport heavy 

industry and therefore the transport availability should be considered. From Chapter 3, 

Theory Framework both Krugman (1996) and Smith (1966) have some common factors 

in their theories: Transportation, proximity to consumers market and proximity to 
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labors. To make the analysis clearer we combined the proximity to consumers market 

and labors to one factor and used settlements as a proxy. Finally we added Sweden as a 

constraint so our analysis would not show an optimal location in Norway or in the 

Baltic Sea. There are no maximum numbers of factors that can be included in the 

analysis but the general opinion is said to be that around five factors are optimal. The 

factors are influencing the siting decision while the constraint delimits the decision.  

Table 5: Types of Criteria 

Types Element Way of influence 

Transport 

Highways               

Railroads              

Harbours 

Factor              

Factor              

Factor 

Raw material Wood Stock Factor  

Community 
Settlements    

Sweden 

Factor                

Constraint 

 

5.4 GIS Spatial Database/ Empirical Data  

In order to make our analysis, a detailed spatial database is required. In this database we 

added information about the Swedish road networks (Lantmäteriet 2016). The road 

network was implemented for the calculation of transportation cost and distance.  The 

data collected from Lantmäteriet came in a vector polygon line format (see Figure 10). 

We chose to only use highways in our analysis and in the figure it is only possible to 

view to absolutely largest ones but if you were to zoom in on the map the smaller ones 

would become visible. In order to use it in our MCDA we had to firstly convert it to 

raster format and since it is the proximity to roads that is interesting for good 

transportation possibilities we used GIS to make it into a distance raster. A distance 

raster shows, in a color coded fashion the proximity to the subject as seen in Figure 10.
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Figure 10: Distance Raster Roads, Stockholm 

 

The Swedish railroad network was also added into the database for transportation 

reasons. The railroads were also acquired from Lantmäteriet (2016) in a vector polyline 

format. The same process was made on this data as for the roads, made into a distance 

raster, see Figure 11. 
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Figure 11: Distance Raster Railroads, Götaland   

    

Also from Lantmäteriet we acquired an overview map over Sweden which contains a lot 

of the spatial conditions and labeling of areas. The overview map is downloaded in a 

vector format and since it is probably not going to be used in the analysis itself but is 

only there to simplify and make the final result more visually pleasing, there is no need 

to convert it into any other format.  In Figure 12 the overview map shows: Roads, 

Railroads, Administrative boarders, water, streams, municipalities, counties, 

communities, the sea and land use. However, it is possible to show a lot more, for 

example contours and nature preservation areas where it is not possible to harvest wood.  
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Figure 12: Overview Map 

Source: Lantmäteriet 2016 

 

The wood stock supply data used is from Lundmark et al (2015). The data we acquired 

came in a excel file. This file was converted into a comma separated values file (CSV) 

to be compatible with GIS. The data was also organized in a grid cell fashion and 

measured in energy. For our analysis it would be more suitable to have it in cubic 

meters. In the Lundmark et al (2015) report the values had been recalculated from cubic 

meters to energy by the following assumption: 4.9 MWh per odt, 2.4 m3f per odt, which 

gives 2.04 MWh per m3f.
1
 We reversed the recalculation to get the values in cubic 

meters. The scope of this grid was over Sweden and each cell had a value of different 

types of woods. Each of the cells have values of: Saw logs final felling, pulp wood final 

felling, branches and tops final felling, stumps final felling, saw mill chips, industry by-

products, saw logs thinning, pulp wood thinning and branches and tops thinning.  

To be able to make the MCDA we had to work a bit with this data set. Firstly we cannot 

have all the wood types in the same cell grid point file so we separate the wood types 

into own CSV files. Secondly we needed the data to be in raster format. To do this we 

run an interpolation, which is sort of a heat map, of each wood type in GIS and clipped 

                                                           
 

1
 odt=oven dry tonne and m3f=solid m3 



36 
 

those files with the Sweden border vector file. The result of that can be seen in Figures 

13-15. Figure 13 shows the final felling of the wood stock, Figure 14 shows the industry 

byproduct and saw mill chips and Figure 15 shows the thinning of the wood stock.   

 

 

Figure 13: Final Felling 

The spatial distribution of final felling of four wood assortments in Sweden for 2015 (in 

m3) 
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Figure 14: Others 

The spatial distribution of other wood assortments in Sweden for 2015 (in m3) 

 

 

The bioenergy facilities were added in chronological order from 2009 to 2015 which 

makes it possible to see the development of new facilities over time. The dataset is from 

Svebio (2015) in printed form. The bioenergy facilities were firstly written in an excel 

file were several attributes were included. Each facility had a specific ID, specified in 

which area or county they are located, their yearly production measured in GWh per 

year (gigawatt hour) and their effect which is how much each facility can produce every 

moment, measured in MW (megawatt) and also which production type each facility is, 

Figure 15: Thinning 

The spatial distribution of thinning of three wood assortments in Sweden for 2015 (in m3) 
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cogeneration plant, industry plant or biogas facility but also planned facilities. Finally 

the longitude and latitude for each facility were added. This was done by locating the 

facilities addresses and plugs them into the longitude & latitude engine at 

gpskoordinator.com. This excel file were saved as a CSV file (comma separated value) 

and imported into GIS. In GIS the facilities were categorized, color- and size coded 

where the largest circles signifies a production of more than 300 Gwh per year and 

decreases with the size to 150-299 Gwh per year to 25-149 Gwh per year to 0-24 Gwh 

per year. The yellow circles correspond to biogas production, the orange correspond 

with industrial plants and the red circles correspond with cogeneration plants. Finally 

the blue circles are planned facilities. Figure 16 shows the facilities from 2015. Since 

the facilities are not included in the MCDA we did not have to convert the point vector 

file to a raster file. 

 

 

Figure 16: Bioenergy Production Plants, Sweden 2015 

 

In the same way as the wood-stock, the harbours were identified from 

Transportstyrelsen and written in a excel file. The excel file contained data about 

longitude, latitude, harbour name and which county the harbours are located in. The file 

was then converted into a CSV file and imported into GIS where we did an interpolation 
Figure 5.9 
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on it, see Figure 17. The most preferable area is the white ones and this signifies a 

distant to harbour < 1.3 km. 

 

 

Figure 17: Swedish Harbours, Raster 

 

Finally the proximity to consumers market was acquired from Lantmäteriet (2016) and 

was in a polygon line vector file. In the same fashion as on the wood stock we ran an 

interpolation through it, seen in Figure 18
2
 

                                                           
 

2
 The population density in Åre seems strange to us but we have decided to trust the data from 

Lantmäteriet since it is a reliable source.  
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Figure 18: Population Density, Sweden 

 

5.5 Analytic Hierarchy Process 

The Analytical Hierarchy Process (AHP) is a very commonly used technique when 

making multi-criteria analysis (MCDA) (Lin & Yuanyuan 2013). It is a technique that 

helps you to make strategic decisions when facing numbers of complicated factors. 

With the AHP method you are able to organize these factors into a structured group of 

interconnected criteria, (Saaty 2008). The AHP method is usually divided into 3 steps: 

1. Collection of criteria which are influencing the decision for the main objective. 

2. Pairwise comparison, in which you compare the different criteria to find out how 

they relate to each other. These are later used for the construction of priority of 

each criterion, which will be helpful for answering the main objective. 

3. Creation of a relative weight for each criterion, which identifies which criteria 

that has the biggest impact in the decision making. A rating scale of 1-9 is often 

used, where 9 signifies a factor with a strong influence on the main objective 

and 1 signifies a factor with a weak influence on the main objective  (Saaty 

2008). 

 

In this thesis, the best locations for bioenergy facilities have been decided with the help 

of an AHP method. Based on localization theory and previous studies, five different 

criteria were identified as the most important. These are: wood-stock supply, harbours, 
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railroads, highways and consumers markets. After we had finished the theory- and 

literature chapters we could easily conclude that production of bioenergy is a very 

transport heavy industry. There was a clear belief that transportation is an important 

factor. With that in mind, most of the factors for this multi-criteria analysis might be 

obvious even to someone who is not familiar with the industry. Railroads and roads are 

important factors for the train or truck transportation. Harbour is important for the 

opportunity of shipping the supply. The wood-stock is the supply for bioenergy 

production and consumer markets correspond to demand for bioenergy. These five 

criteria were later rated through a pairwise comparison, as mentioned in step 2. For 

example, we can see in Table 6 that the comparison between wood stock supply and 

railroads shows a relationship of 3 over 0.33 in the (Wood-stock supply/railroads) 

position. That means proximity to wood-stock supply is three times railroads in the 

decision-making, and therefore it is automatic that 1/3 is what is needed in the 

(railroad/wood-stock supply) position. In other words, the criterion wood-stock supply 

has a three times greater influence on the decision of where to locate a bioenergy 

facility, than the criterion railroad. Furthermore, the sum row in the bottom of the 

matrix consists of the weights in the column above it added together.  

 

Table 6: Pairwise Comparison 

Item 

Number Item Name 1 2 3 4 5 

  Item Description 

Wood-stock 

supply Harbours Railroads Highways 

Consumer 

markets 

1 Wood-stock supply 1.00 1.80000 3.00000 4.00000 4.00000 

2 Harbours 0.56 1.00 2.50000 3.00000 3.00000 

3 Railroads 0.33 0.40 1.00 2.00000 3.00000 

4 Highways 0.25 0.33 0.50 1.00 2.00000 

5 Consumer markets 0.25 0.33 0.33 0.50 1.00 

  Sum 2.39 3.87 7.33 10.50 13.00 

 

The results from all the comparisons were later brought together in a priority list to find 

out which of our factors have the biggest impact on the location decision of bioenergy 

facilities. Each individual result from the comparisons was later divided with the sum of 

the comparisons. For example, if we divide the weight 1.80 from the (Wood-

stock/harbour) position with the sum in the bottom of the same column, which is 3.87, 

we receive 0.47, which later will appear in the standardized matrix. When the 
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standardized matrix is completed, we received the relative weight for each of the 

criteria. It is done by first adding the rows for each criterion and secondly dividing the 

total sum by the number of criteria to receive the mean value. We then easily see that 

wood-stock supply is the criterion with most weight, 39.6% and consumers market is 

the criteria with least weight, 7.2%. This is the very important result you get from the 

AHP analysis because it will be the basis for our multi-criteria analysis. 

 

Table 7: Standardized Matrix 

    

Woodstock 

supply Harbours Railroads Highways 

Consumers 

market Weight 

1 Woodstock supply 0.42 0.47 0.41 0.38 0.31 39.6% 

2 Harbours 0.23 0.26 0.34 0.29 0.23 27.0% 

3 Railroads 0.14 0.10 0.14 0.19 0.23 16.0% 

4 Highways 0.10 0.09 0.07 0.10 0.15 10.2% 

5 Consumer markets 0.10 0.09 0.05 0.05 0.08 7.2% 

 

We are not quite through the process yet. We want to make sure that our ratings were 

consistent. This is done by calculating a consistency index, which is a numerical 

measurement of how likely some of the rankings were done randomly. If it results in a 

consistency below a certain value, in our case <= 0.1, then we know our rankings were 

consistent. If it is above a certain value, then we need to go back and put more thought 

into the rankings. So even though we have found out that wood-stock supply is our most 

important criterion, we still need to the consistency check. Fortunately, we got an OK 

consistency ratio of 0.03, which allows us to use these criteria as a basis for our multi-

criteria analysis. 

 

Table 8: CI and CR 

    

Woodstock 

supply Harbours Railroads Highways 

Consumers 

market SUM SUM/Weight 

1 Woodstock supply 0.40 0.49 0.48 0.41 0.29 2.06 5.19 

2 Harbours 0.22 0.27 0.40 0.30 0.22 1.41 5.23 

3 Railroads 0.13 0.11 0.16 0.20 0.22 0.82 5.12 

4 Highways 0.10 0.09 0.08 0.10 0.14 0.52 5.07 

5 Consumer markets 0.10 0.09 0.05 0.05 0.07 0.37 5.06 

 

CI 0.034 

CR 0.03 
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5.6 Multi-Criteria Analysis 

The multi-criteria analysis was made in ArcGIS with help of the Model Builder. Apart 

from that, two tools inside ArcGIS were added: The Reclassify tool and the Weighted 

Overlay tool. The reclassify tool helps you to reclassify the different values from each 

criterion so they are comparable with each other. For example, instead of using the 

amount of wood-stock supply per m3, the greatest amount of a certain site does now 

correspond to the value 9. The same reclassification was done for the consumer 

markets, where the site with the greatest amount of consumers corresponds to the value 

9. With the railroads, roads and harbours the value table is inverted, where 1 is the 

greatest value. This is because here we want to find sites that are proximate to good 

transports. In other words, locations not close to the chosen transport-criteria correspond 

to worse/higher values. The last criterion we are using is the Swedish counties, which is 

the only constraint in our analysis. It is needed for the process of selecting Sweden as 

our delimitation. All the spatial areas apart from Sweden correspond to 0, meaning it is 

not included in the analysis, and Sweden corresponds to 1.  

The second tool is the Weighted Overlay tool, in which you weight the reclassified 

criteria against each other to be able to run a single raster image of all the criteria, which 

is the result from the multi-criteria analysis. The analysis process starts with an input of 

all the five criteria in rasters into the Model Builder. You see it illustrated in Figure 16, 

corresponding to the five blue circles. What you want to do next is to reclassify all the 

layers so they have the same reference/values. In this case, all the layers were classified 

with a value between 1 and 9. For some of the criteria, 9 is the highest value and for 

some criteria it is inverted as already mentioned. It depends on what criteria we are 

analysing. In the case of wood-stock supply and consumer’s market, 9 is the most 

favourable value and 1 is the least. That is because we want to find locations with a 

large amount of wood-stock supply and a large amount of consumers. In the case of 

roads, railroads and harbours we inverted the scale. That is because we want to find 

locations that are proximate to good transport. Now when we have all the output layers 

as the same files, in terms of categorised values, we take use of our second tool. The 

weighted overlay tool basically takes the inputs and let you give each criterion the right 

amount of weight, as we calculated in the AHP method earlier. Once we run the 

weighted overlay, it puts out one raster image in which we can see where the best 

localizations for bioenergy facilities are.  
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Figure 19: The Model Builder 
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CHAPTER 6 SPATIAL ANALYSIS/RESULTS 

 

6.1 Multi-Criteria Analysis Results 

Figure 20 shows the result from the MCDA-GIS spatial analysis. It is possible to see the 

optimal locations for a bioenergy facility based upon the criteria wood-stock supply 

(40%), harbours (27%), railroads (16%), roads (10 %) and proximity to consumer 

markets (7 %). The scale goes from optimal location (red) to not suitable (blue) and 

avoidable (white). In general the areas with the most suitable locations are in south east 

Sweden, but also a few other areas with high potential, for example Piteå and Sundsvall. 

There are two locations with the absolute highest score, 9. These are areas around 

Norrköping and Växjö.  

 

Figure 20: Suitable Locations for Bioenergy Facilities 

 

2 

9 
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In general the areas with good access to the wood-stock supply are indicated as suitable 

areas. This is because of the high weight the wood-stock was assigned. If these areas, 

furthermore has decent proximity to the other criteria it is seen as a suitable location. In 

south-east Sweden there is not only a large wood-stock supply but also proximity to 

good transportation and inhabitable. Therefore it is not a big surprise that these areas are 

suitable for bioenergy facilities. The further north along Sweden the suitability 

decreases mostly in the west. In the north-west there is no possibility to import through 

harbours, nor good access to wood stock. In the absolute north-west on Figure 17 it is 

possible to identify a line along Malmbanan as possible but however not preferable 

location. The surrounding areas are not suitable at all and this shows the importance of 

good transportation. On the east side of northern Sweden there are some areas with 

proximity to harbours and wood-stock but also good transportation possibilities with the 

railroad and a main highway along the coast, E4. In Figure 17 it is noticeable that there 

are no hot spots in the main cities, Stockholm, Gothenburg and Malmö. This is because 

of the low weighted proximity to consumer markets in the analysis, because of how 

easy it is to transport electricity compared to heavy logs. We did however expect a 

higher suitability in the Malmö region, because there is a decent amount of wood-stock 

not far away from the city, seen in Figures 10-12. Apparently the distance between the 

wood-stock supply and Malmö was longer than we imagined and therefore the region 

was showed as only in the middle of the suitability scale.   

6.2 Sensitivity Analysis 

Since the analysis is depending on how the criteria is weighted it could be of interest to 

know how the result would change if you were to alter the weights. The weight 

allocation was divided into three scenarios were each criteria was centered in the 

analysis. These three scenarios were completed the same way as the main analysis. It is 

noticeable that in two of the three sensitivity analysis the area around Östra 

Götaland/Småland were always suggested as suitable locations. This is probably 

because all of the criteria are available in that area so it does not matter how you alter 

the weights. In Table 9 the weights of the three scenarios are summarized. In the 

Transportation scenario the two criteria railroads and roads were both weighted heavily 

since they can be exchangeable or used together to transport wood-stock.  
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Table 9: Weights Measered in Per Cent 

Weights Consumers market Harbours Transportation 

Wood-stock 15 13 15 

Harbours 14 50 15 

Railroads  14 15 25 

Roads 7 12 30 

Consumer markets 50 10 15 

Sum % 100 100 100 

 

6.2.1 Consumer markets 

One scenario that might be of interest would be for facilities that produce heat out of 

biomass. These facilities are hugely dependent on proximity to consumer markets due to 

the complex transportation of heat. Heat is not as transportable as electricity since it 

loses energy over distance. Therefore the cost of transportation for the production input 

is now relatively cheap compared to the transportation cost of the final product. To 

analyze this hypothetical scenario the weights were reallocated. In the first scenario of 

this sensitivity analysis the weights were: Consumer markets (50%), wood-stock supply 

(15%), railroads (14%), harbours (14%) and roads (7%). The result is shown in Figure 

21. 
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Figure 21: Suitable Locations for Bioenergy Facilities With High Weighted 

Consumer Markets 

 

In figure 21 we can see that the areas with most suitable locations have decreased 

compared to Figure 20. In this scenario the most suitable locations are in the large cities 

where the population density is highest. However there are still plenty of decent 

locations. It is important to have in mind that the scale goes from most suitable to not 

suitable and therefore large areas will appear with lower suitability since the Swedish 

population density is low. This scenario matches quite with the reality, as we can see in 

Figure 22
3
. In the figure all the heat facilities in Stockholm are illustrated. The 

production is as we can see is high and suits Figure 18 quite well. Therefore a scenario 

like this is not to dismiss.  

                                                           
 

3
 Red circles indicate that the facility is using biofuel as fuel, orange indicate wastes and yellow indicate 

peat.  

Figure 18: Suitable locations for bioenergy 

facilities with heat production 
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Figure 22: Heat Production, Stockholm 

Source: Svebio (2016) 

 

6.2.2 Harbours 

Another hypothetical scenario is the price of international biomass would drastically 

decrease. This would make the need to import wood fuel overseas much more desirable. 

This is a scenario discussed by Hamelinck et al (2005). In the article it is stated that 

Eastern-Europe is a high producer of relatively cheap wood compared to Sweden. If the 

international price were to decrease by a significant amount over time, the need to 

locate with good proximity to harbours would suddenly become much more valuable. 

To test this we reallocated the weights to make the proximity to harbours the main 

weighted criteria. The weights were allocated as follow: harbours 50%, railroads 15%, 

roads 12%, wood-stock supply 13%, and proximity to consumer markets 10%.  
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Figure 23: Suitable Locations for Bioenergy Facilities with High Weighted 

Harbours 

As shown in Figure 23, the coast line is now a more suitable location for bioenergy 

facilities. The south-east part of Sweden is still considered the most suitable because all 

of the criteria are still located there no matter how you weight them. It is noticeable that 

along the north-east coast there are now several new spots that are considered more 

attractive. You can almost follow the locations of the harbours in Figure 23. Many of 

the bigger cities are now also considered more attractive. This is because they in general 

are surrounded by several harbours. This scenario is rather unlikely if you look 

historically since Sweden’s import trend for round wood, as we used as a proxy for 

wood fuels (see Figure 2). For the likelihood of this scenario to be realistic the import 

trend should be going upwards and be significantly higher.  

6.2.3 Transportation 

In a final hypothetical scenario the wood-stock are no longer considered heavy and the 

transportation is now no longer the main obstacle, therefore the proximity to wood-

stock is not as heavy weighted as in the initial analysis. In this scenario it is much more 
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attractive to locate near roads and railroads which are displayed in Figure 24. In this 

analysis the weights was allocated as follows: roads 30%, railroads 25%, proximity to 

consumers market 15%, harbours 15% and wood-stock supply 15%. 

 

Figure 24: Suitable Locations for Bioenergy Facilities with High Weighted Roads 

and Railroads 

In the same way as in the previous analysis all the criteria are still located in the south-

east part of the country. This results in a number of suitable spots in that area. We can 

also see a suitable location around Sundsvall. Beyond that, the attractive locations 

follow the roads and railroads which come as no surprise. This scenario may seem 

farfetched but since the transportation industry is under constant development, in the 

future it might not be so expensive to transport wood stock and therefore the 

localization decision is based on the accessibility to roads and railroads instead of 

proximity to the supply.  

6.3 Dynamic Analysis 

We can compare our analysis with the actual facility planning to see if the investors 

have come to the same results. This is done by making a dynamic analysis from the 

facilities and planned facilities from 2009. These areas are then shown with only new 

facilities from 2009 to 2015 to see in which areas the growth have been most 
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significant. The areas with most interest are around Piteå, Sundsvall and 

Östergötland/Småland as seen in the results from Figure 20. In general the yearly 

production and the number of production sites have increased significantly during this 

timeline. The reason we used the timeline 2009-2015 is because it was the data 

available. 

 

6.3.1 Dynamic Analysis, Piteå 

In Figure 25 we can see all the existing facilities from 2009. There were seven facilities 

operating in total 2009. Three of those are cogeneration power plants, represented by 

the red circles. Two are industrial plants, represented by the orange circles and two 

biogas facilities, represented by the yellow circles. Their yearly production is shown by 

the size of the circles in GWh. We can see that the area is dominated by industrial 

bioenergy production, with one large, producing 310 GWh per year and one medium 

sized producing 170 GWh per year. In nearby settlements we can also identify a couple 

of cogeneration power plants, which together produce 178 GWh per year and two 

biogas facilities producing 3.2 GWh per year. In the area including and north of Umeå 

consist of a total bioenergy production of 1,309 GWh per year, that means that nearly 

half (48%) of the bioenergy production is located in the area in Figure 23, which is a 

considerable amount since the area north of Umeå consist of almost a third of the 

country. This is according to our analysis a suitable solution for the location of 

bioenergy production. In Piteå the population density is quite low and yet the 

production of bioenergy is high. This contributes to the assumption that proximity to 

consumers market should not be highly weighted in the location decision in an 

empirical perspective. This might be because the labor force has no difficulty commute 

to Piteå from around the nearby settlements and the production provides energy for 

larger cities such as Luleå.  
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During the six years, four new facilities have been built and one cogeneration plant in 

Boden has had an extension with a production increase. This is seen in Figure 24.  

 

 

 

 

 

 

 

 

 

 

Figure 26 displays only the new facilities from 2009-2015 which means that the existing 

facilities are not shown. It is noticeable that the extension of production sites continues 

Figure 25: Existing Bioenergy Facilities in the Area 

Around Piteå 2009 

Figure 26: New bioenergy facilities from 

2009-2015 
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to increase. This proves that the demand is not saturated and the supply of wood-stock 

is still accessible for new facilities. Provided that this still applies, it is preferable to 

locate in this area, according to our analysis. Therefore these new facilities are good 

located. If you look at the numbers of facilities, from seven to 11, it is a large 

development in only six years, almost the double amount of facilities. The production 

however has not increased as much relatively to the production sites but these facilities 

should be able to increase in size if the demand allows it.  

6.3.2 Dynamic Analysis, Sundsvall 

In this area there are nine existing facilities and two planned, where one of the planned 

facilities are an extension of an existing industrial plant. There are no biogas facilities in 

this area but it is instead dominated by industrial and cogeneration plants. It is an even 

mix where no type is dominant in numbers. However the production is in favor of the 

industrial type. The total production per year is 1,690 GWh where the industrial type 

stands for 1,040 GWh per year and the cogeneration plants produce 650 GWh per year. 

The facilities are located along the coast line, in the same way it was in the more 

northern parts of Sweden. The total production for the area above Gävle to Umeå is 

2,420, so 70% of the total bioenergy production comes from the area in Figure 27. This 

is an even more concentrated production area than the one in Figure 25. It is possible to 

identify a connection between the localization and the coast line. All the large facilities 

in both Figure 25 and Figure 27 are located along the coast and this pattern seems to be 

consistent through all of Norrland. This is also consistent with our analysis where all the 

suitable areas are spotted along the coast because of the proximity the railroad along the 

coast, the road network ie, E4, harbours and the wood-stock. This argues that the 

investors may have the same assumptions as the one presented in this paper when 

deciding where to locate a bioenergy facility. If you compare the production from the 

areas from Figure 25 and Figure 27, you will see that the industrial type is dominant in 

both cases. If we compare that to the right hand side of Figure 11, Industrial by-product 

it is possible to see some sort of clustering effect as presented by Krugman (1995) 

where similar industries, in terms of heavy transports, tend to locate near each other.  

 

 

 



55 
 

 

 

 

 

 

 

 

 

 

During these six years three biogas facilities have opened, the cogeneration plant in 

Örnsköldsvik has increased its’ production as well as the industrial plants in Kramfors 

and an planned production increase in Timrå. However the cogeneration plant in central 

Sundsvall has had a small decrease in production. In general though, the amount of 

energy produce has increased 

a lot.  

 

 

Figure 27: Existing Bioenergy Facilities in 

the Area Around Sundsvall 2009 

Figure 28: New Bioenergy 

Facilities from 2009-2015 
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A difference between Figure 26 and Figure 28 is there tends to be more new production 

sites in Piteå, whereas in Sundsvall it tends to be more extension of production on 

existing facilities. A relatively large industrial plant in Timrå with a production of 468 

GWh per year is planning an extension of the production with an additional 100 GWh 

per year. As seen earlier in Figure 26, an increasing production has occurred in another 

hotspot, Sundsvall, from the initial analysis. 

 

6.3.3 Dynamic Analysis, Östergötland/Småland  

The initial glance over the area reveals a much higher production compared to the rest 

of the country. Here we can see several settlements with large facilities producing a 

high amount of yearly bioenergy. The area is recognizable by its large industrial 

facilities along the coast line but also a number of small cogeneration plants spread 

throughout Småland. There are also some large cogeneration plants in Norrköping, 

Linköping and Växjö. However, production wise, it is dominated by the industrial 

facilities located in Norrköping, Mönsterås just south of Oskarshamn, and Mörrum. 

Where the industrial bioenergy stands for 1,485 GWh per year (58%) and the 

cogeneration bioenergy produce 1,067 GWh per year (42%).  

In Figure 29 it is noticeable that in two hot-spots near Växjö and Norrköping, found in 

the initial analysis, we can identify existing facilities. There is also one planned 

industrial facility in the hot-spot near Norrköping. As shown in Figure 29 there are 

already a lot of existing facilities along the coast and also several planned facilities. 

However, there seems to be room for and extension of the bioenergy production inland, 

mostly between Ryd, Vetlanda and Västervik. At the time, 2009, there is only one 

existing relatively large bioenergy facility in that area which is in Växjö.  
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At first sight, the extension of both new facilities and extended production has been 

significantly large. This extension seems to be over the whole area in Figure 30. The 

triangle area between Ryd, Vetlanda and Västervik seems to be filling out with mostly 

cogeneration plants.  

 

 

 

 

 

 

 

 

 

 

 

Figure 29: Existing Bioenergy Facilities in 

the Area Around Östergötland/Småland 

2009 

Figure 30: New Bioenergy Facilities from 

2009-2015 
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If you compare the three dynamic analyses in section 6.3.1-6.3.3 it is clear that the most 

significant expansions have been developed in Östergötland/Småland. The most growth 

seems to be inland this is probably because the demand for bioenergy at the cities by the 

coast is already saturated and therefore there is no room for extensions. The overall 

result is what could be expected from the situation on the bioenergy market from 2009 

according to our initial analysis. Apart from the triangle already mentioned a large 

cogeneration facility is planned in Linköping with the yearly production of 500 GWh. It 

is noticeable because the area is already occupied by large existing facilities in both 

Linköping and Norrköping. This might be to saturate the demand from the capital and 

nearby cities such as Västerås, Uppsala and Örebro which together consist of Sweden’s 

biggest market. The area around Linköping and Norrköping also has good proximity to 

wood stock supply which is not accessible in the Stockholm area. You might conclude 

that Linköping and Norrköping work as a bridge between the wood stock in Småland 

and the large market in the Stockholm area. With this said, there still are bioenergy 

facilities in Stockholm but these facilities import their supply from abroad by ships. 

This supply is from Finland and Eastern Europe which produces cheap biomass 

according to Hamelink et al (2005).  

 

6.4 Dynamic Overview on Bioenergy in Sweden 

Apart from the three hot-spot that were identified in the analysis, the rest of Sweden 

follows a similar positive trend with new facilities opening yearly, however, not in the 

same rate as in the hot-spots. There is no specific location worth mentioning with a high 

rate since it is evenly distributed across Sweden. An honorable mention goes to 

Stockholm were a few plants are planned but however no concrete finalized production 

sites. In Gothenburg and Malmö there has been no development worth mentioning. The 

development of bioenergy production sites in Sweden reflects the positive trends 

mentioned in chapter 1, Introduction and 2, Background. Börjesson et al (2015) predicts 

a phasing-out process of fossil fuels by a 80% reduction in CO2 emissions by 2050 and 

an increase in the bioenergy usage by 63% and it seems like the production in Sweden 

today is moving in that direction. This can be further supported by the fact Sweden have 

already achieved the EU climate goals for 2020 and it seems like Sweden will continue 

to be at forefront when it comes to renewably energy sources.  
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CHAPTER 7 CONDLUDING REMARKS 

 

The purpose of this thesis was to study optimal localization for bioenergy facilities and 

identify the locational characteristics. This was done through a multi-criteria analysis 

with a GIS approach. A number of influential criteria were identified but also high 

potential sites where it is preferable to locate a bioenergy facility. Apart from that, a 

sensitivity analysis was made to see how the result would differ if the criteria were 

weighed in a different way and finally a dynamic analysis was made to see if there has 

been any development in production sites the last years. 

 

The outcome of this thesis was three hot-spot were the potential for bioenergy 

production sites. These sites were located in the area around Piteå, Sundsvall and large 

parts of Småland/Östergötland. Two locations were given the highest possible potential: 

Växjö and Norrköping. The results of the multi-criteria analysis conducted are 

dependent on the weighting of the criteria used. These criteria were identified by a 

thorough process of localization theory and previous research, and then weighted in an 

analytical hierarchy process. The criteria identified were proximity to wood-stock 

supply, which accounted for 40% of the decision, proximity to harbours, which 

accounted for 27% of the decision, proximity to rail roads, which accounted for 16% of 

the decision, proximity to roads 10% and proximity to consumers markets 7%.  

 

On the hot-spots located a dynamic analysis was conducted. We analyzed the 

development in production from 2009-2015. In these areas a very high development 

trend were discovered. This trend is visible through most of the country although not 

nearly as high as in the hot-spots.  

 

Since the result is depending on the weighting and selection of criteria there are always 

room for evaluation for how it was conducted. From our knowledge and competence the 

chosen method was the way to go. It could however been done more in depth with a few 

qualitative interviews with the owners of production facilities to perhaps contribute to a 

broader view of the locational characteristics. This was however scrapped because the 

time limit.  
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For further research we would like to suggest optimal location for bioenergy facilities 

with heat production. It would be interesting because the weighting process and criteria 

selection will differ a lot since the heat facilities faces a higher transportation cost for 

the final product.  

 

Another aspect that unfortunately was scrapped due to the time limit is the competition 

of the wood-stock supply. In this study, there was assumed to be no competition for the 

wood-stock, which is probably not the case in reality. There are other markets 

competing on the wood-stock as well as for bioenergy production and that would 

probably be of interest to add as an aspect for the weights of the criteria 
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