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Abstract 

Bioenergy is extracted from biomass. What counts as biomass is generally quite diverse, but broadly 

speaking, it is material that previously lived. Today, energy extracted from biofuels make up around 

23% of Stockholm city's total energy consumption. Stockholm city has set a goal to be a fossil-free city 

by 2040, i.e. zero emissions from energy use. Two sectors have been identified where emissions occur 

and these are the transport sector and the electricity and heating sector. This thesis will only address the 

electricity and heating sector. This includes all energy consumption within Stockholm city municipality. 

  When Stockholm is developing towards a fossil fuel free city, it’s interesting to look at how important 

bioenergy will be as an energy source in the future. This thesis has scrutinized the role of bioenergy in 

reaching a fossil fuel free city. Three major policies have been investigated. The carbon dioxide tax and 

the emission rights system have promoted the bioenergy and its deployment in a positive way. The 

system of electricity certificates has shown to indirectly affect the bio energy in a negative way. The key 

finding is that bioenergy will have a great impact in reaching the goal mainly through its contributions 

with negative emissions, but it is also an important substitute to fossil fuels. 

 

Keywords: Bioenergy, Fossil-free Stockholm, Bioenergy carbon capture and storage (BECCS), 

Negative emissions, Biochar. 
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Sammanfattning 

Bioenergi utvinns ur biomassa eller biobränslen. Biomassa och biobränslen är ganska diffusa begrepp 

då definitionen varierar runt om i världen, men generellt sett är det material som tidigare levt. Idag utgör 

energi från biobränslen cirka 23% av Stockholms stads totala energiförbrukning. Stockholms stad har 

satt upp ett mål att vara en fossilfri stad år 2040, det vill säga inga utsläpp från stadens energiförbrukning. 

Det finns två huvudsakliga sektorer där koldioxidutsläpp förekommer, dessa är transportsektorn och el- 

och värmesektorn. Detta inkluderar all energiförbrukning inom Stockholms kommuns gränser, till 

exempel uppvärmning av hushåll och energin de fordon som körs i staden förbrukar. 

  När Stockholm utveckling går mot att bli en fossilbränslefri stad är det intressant att se hur viktig 

bioenergi kommer att vara som energikälla i framtiden. Denna rapport granskar bioenergins roll i att nå 

klimatmålet till 2040. De huvudsakliga slutsaterna är att bioenergi kommer ha en stor och viktig roll i 

att nå målet och att dess största inverkan kommer vara de negativa utsläppen. Vissa lagar har främjat 

bioenergin medans vissa indirekt har påverkat dess utveckling negativt. Bioenergin har en ljus framtid i 

Stockholm. 

 

 

 

 

 

  



-6- 

 

Table of contents 

Abstract ...................................................................................................................................... 4 

Sammanfattning.......................................................................................................................... 5 

Table of Acronyms ..................................................................................................................... 7 

Table of Figures.......................................................................................................................... 8 

1. Introduction ............................................................................................................................ 9 

1.1 Background .................................................................................................................................... 9 

1.2 Aim and significance of study ..................................................................................................... 11 

1.3 Identification of research gap ...................................................................................................... 12 

1.4 Delimitations ................................................................................................................................ 12 

1.5 Thesis structure ............................................................................................................................ 13 

2. Methodology ........................................................................................................................ 13 

2.1 Model ........................................................................................................................................... 13 

2.2 Verification of facts ..................................................................................................................... 14 

3. Bioenergy as a low carbon energy system ........................................................................... 14 

3.1 Bioenergy feedstock .................................................................................................................... 14 

3.2 Production systems and technology using biofuel ....................................................................... 16 

3.3 Government policies and instruments affecting the bioenergy in Sweden .................................. 19 

3.4 Fossil fuel free heating and electricity systems in Stockholm ..................................................... 23 

4. Results and Discussion ......................................................................................................... 28 

4.1 Existing prerequisites for bioenergy in Stockholm...................................................................... 28 

4.2 Possible future scenarios for feedstock and distribution in Stockholm ....................................... 29 

4.3 Policies affecting the bioenergy, implemented after 1990 .......................................................... 30 

4.4 Policies impact on the bioenergy’s deployment in the future ...................................................... 31 

4.5 The role of bioenergy in reaching the 2040 goal ......................................................................... 33 

4.6 The future of BECCS and private boil boilers ............................................................................. 34 

5. Conclusion ............................................................................................................................ 36 

6. References ............................................................................................................................ 37 

 

  



-7- 

 

Table of Acronyms                        

Acronym    Meaning 

EU   European Union 

SEK   Swedish kronor 

BECCS   Bio-energy with Carbon Capture and Storage 

CCS   Carbon Capture Storage 

kWh   Kilo Watt hour 

MWh   Mega Watt hour  

TWh   Terra Watt hour 

CO2   Carbon dioxide 

 

 

 

 

 

  



-8- 

 

Table of Figures 

Figure                          Page 

Figure 1: Importance of the time factor when calculating emissons  10 

Figure 2: Possible future for Stockholms emissions   11 

Figure 3: Steps for thesis methodology                          13 

Figure 4: Different biomasses from cheapest to the most expensive                        16 

Figure 5: Fundamental picture of how the concept of BECCS might look                        18 

Figure 6: Fundamental picture of biochar lifecycle                        19 

Figur 7: Digram showing energy supply by energy commodity in Sweden                       20 

Figure 8: The emissions from the main sectors between 1990 and 2017                          24 

 

 

 

 

 

 

 

 

 

 

  



-9- 

 

1. Introduction 

1.1 Background 

The climate is a frequently debated question and in 2015, Stockholm city set a goal to become a fossil 

fuel free city until the year 2040. In 2015 they released a document including only the goals and not a 

strategy to reach them (Stockholms stad, 2015). The year after, in 2016, Stockholm city presented their 

strategy in each affected sector and who is responsible for the changes. The biggest sectors are the 

heating and-electricity-sector and the transportation sector. To fully reach the goal, all fossil fuels used 

in e.g. heat and power plants and all fuels usesd by vehicles has to be replaced by non fossil fuels. Since 

the aviation sector and shipping sector won’t be able to be completely fossil fuel free, the city should 

rely on negative emissions to reach the goal. The remaining sectors are believed to become completely 

fossil fuel free by 2040. One suggestion to achieve negative emissions is by using a technology called 

BECCS, bioenergy with carbon capture and storage. This technology captures carbon and stores it 

underground which prevents it from being released in the atmosphere and contributing to the greenhouse 

effect (Stockholm Stad, 2016).   

 

Whether the bioenergy is assumed to be carbon-neutral or not depends on which time-frame is used and 

which surrounding factors are taken into consideration, such as transportation and processing of the 

biomass. Since trees and crops needs a considerable to grow, the time period in which the emissions are 

measured in, is important. There are findings stating that bioenergy extracted from wood, results in 

higher greenhouse gas emissions than other alternatives, when looking at a shorter time period (20-50 

years). This occurs if the felling of trees is higher than the planting of new trees every year. A higher 

demand on biomass in terms of felled trees, could therefore result in lower carbon dioxide storage in the 

forests for a long time ahead. When using forest residue or by-products from the forestry, it’s not a 

problem since it doesn’t acquire the felling of extra trees, giving it immediate advantages over fossil 

fuels from the start (Zanchi, Pena and Bird, 2011). Another step in the process from plant to energy is 

the transportation of the biomass where the transport vehicle could be using fossil fuels. Some kinds of 

biomass need to be processed before use, e.g. firewood, which could result in emissions (Kjell 

Andersson, 2015). It’s therefore hard to label bioenergy as carbon-neutral since it varies depending on 

the factors and prerequisites stated above. 

   In figure 1, the importance of the time factor is illustrated with a timeline. The figure shows two 

different ways to calculate the trees compensation of the emissions by capturing carbon dioxide from 

the atmosphere. In the diagram to the left (a), it is assumed that the emissions comes first, and then are 

compensated for by the absorption of carbon dioxide through the regrowth of trees. In the diagram to 

the right (b), it is the opposite. In this case the carbon dioxide is first absorbed and stored then returned 

to the atmosphere via combustion (Svenska miljöinstitutet, 2015). 
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Figure 1. Emissions from combustion of biomass on a timeline. Source: Svenska miljöinstitutet, 2015. 

 

During the second half of this century, the world needs to generate net negative emissions to reach a 

goal called “The Paris agreement” (Fores, 2018 a). This agreement says that the increasing of the 

average world temperature, should stay far under 2 degrees celsius. The desirable goal is to stay below 

1.5 degrees. (United Nations, 2018). Globally, BECCS is generally viewed as a part of the solution to 

reach the 2-degree goal since it generates negative emissions (Mattias Fridahl and Mariliis Lethveer, 

2018).  The greenhouse effect is a phenomenon that is affected by various human activities that causes 

emissions. The earth's surface receives radiation energy from the sunlight where some is absorbed and 

some are irradiated as infrared radiation. The greenhouse effect means that there are gases such as carbon 

dioxide in the air that absorbs heat radiation before it can be radiated back into space. This results in an 

increasing world temperature (S. Schwartz, 2017).  

  Today there are several new technologies for negative emissions in development and two of them are 

BECCS and CCS. These technologies capture the carbon dioxide after processes and stores it in the 

ground as liquid (Fores, 2018 a). Another method is the production of biochar. In this production, e.g. 

garden waste is combusted without oxygen which leaves no emissions (Stockholm Exergi, 2018 a). This 

method has been suggested as a good way to counteract climate change in the future. Its primary 

advantage is that the product slows down the phase in which the carbon dioxide is returned to the 

atmosphere. The product also has a great advantage as a fertilizer. (Woolf, Amonette, Street-Perrott, 

Lehmann & Joseph, 2010).  Stockholms city is dependent on the development of negative emission 

technologies to reach the 2040 goal. In figure 2, one possible future for the heating- and electricity sector 

is shown. This future relies on a high usage of both BECCS and CCS as well as biochar (Fores, 2018 

a). 

 

a) b) 
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Figure 2, A possible future for Stockholms emissions.1(Fores, 2018 a). 

 

1.2 Aim and significance of study 

The goal with this thesis is to present the role of bioenergy in reaching Stockholms climate goal and 

how different major policies has affected the bioenergy and its development since 1990. Restrictions 

regarding access to feedstock, its distribution and prerequisites will be researched. Furthermore, the 

possibility to replace fossil fuels with biomass in the existing heating and electricity sector, will be 

investigated. The objectives are summarized in following research questions: 

 

• What are the current state for access to feedstock with Swedish origin and its distribution? Are 

there any problems in the distribution of district heating and electricity? 

• What are the key policy measures that affects the bioenergy deployment? 

• Is it possible to replace the fossil coal and fossil oil in the heating and electricity sector with 

biofuels or biomass?  

• How important will BECCS and biochar be in the future to reach the 2040 goal and a future 

with negative emissions?  

 

These questions summarize the key question of just how important the bioenergy is in reaching 

Stockholm’s 2040 goal. 

                                                 
1 1In this scenario all fossil coal and oil are removed until 2040 and BECCS, CCS and biochar technology is well 

implemented (Fores, 2018 a). The table on the right shows different fuels. The x-axis shows years from 1980 to 

2040 and the emissions through this time. The y-axis to the left shows the amount of yearly emissions and the right 

shows yearly production of heat and power. 
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This thesis gives e a bioenergy perspective on Stockholms future and evaluates how existing policies 

have impacted its development since 1990. The thesis is relevant because it brings a new perspective on 

the fossil fuel free Stockholm goal until 2040 and evaluates the role of political, environmental, social 

and economical prerequisites.   

 

1.3 Identification of research gap 

After the research on the field was made, it was possible to identify a research gap. It exists broad spectra 

of scientific articles addressing bioenergy, BECCS, CCS and biochar as well as a plan regarding 

Stockholms climate future. Sustainable biochar to mitigate global climate change (2010) by Woolf et 

al. 2010, addresses applications of biochar and evaluates its advantages and role as a climate-mitigation 

tool. Bioenergy with carbon capture and storage (BECCS): Global potential, investment preferences, 

and deployment barriers (2018) by Mattias Fridahl and Mariliis Lethveer discusses BECCS as a 

mitigation tool as well as evaluating the willingness, both globally and domestic, to invest in BECCS. 

It also analyzes the general opinion regarding BECCS and how it’s prioritized by European 

politicians.  Bioenergy with carbon capture and storage: From global potentials to domestic realities 

(2018) Edited by Mattias Fridahl discusses BECCS as a mitigation tool and presents scenarios of the 

future to evaluate BECCS role in reaching “The Paris agreement”. Bioenergy futures in Sweden in 

Sweden - system effects of CO2 reduction and fossil fuel phase-out policies by Börjesson, Athanassiadis, 

Lundmark and Ahlgren (2014) presents different scenarios of carbon dioxide reduction and fossil fuel 

phase‐out policies. Strategi fossilbränslefritt Stockholm 2040 (2016) by Stockholm City is a document 

describing the strategy of how the goal of becoming a fossil fuel free should be achieved. It addresses 

what actions needs to be taken and who is responsible for its implementation.  

 

The articles and documents were analysed and reviewed. There are a lot of research regarding the 

importance of negative emission technologies and as climate mitigation tool. There are also research 

regarding Stockholm and BECCS future in the city and bioenergy in general. The articles summarized 

negative emissions in Stockholm and the usage of bioenergy today. To reach the 2040 goal the city relies 

on negative emissions but there are no research regarding of how important the bioenergy will be in its 

contribution to the negative emissions. There are no research discussing the role of bioenergy in 

Stockholm when fossil fuels have to be replaced. A research gap was found regarding the importance 

of bioenergy in Stockholm and more precise, how important it is in reaching a fossil fuel free city.  

 

1.4 Delimitations 

Delimitations for this thesis is that we will only investigate policies implemented after 1990.  

Since different policies introduced after 1990 are many, the most important ones will be primarily 

investigated. We will only address the heating- and electricity sector and not for instance the 
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transportation sector. This means to mainly look at energy sources providing Stockholm with heat and 

electricity and investigate how changes in this sector helps reaching the 2040 goal.  

Out of the four main areas where fossil fuels are used within the heating- and electricity sector, this 

thesis will not investigate natural gas and its future nor the combustion of fossil plastic in household 

garbage.  

  This thesis will only briefly discuss the realism and prerequisites of BECCS and biochar as a solution 

to achieve negative emissions.  

  The ambition is to always find the newest information as the subject is highly relevant with fast 

changes. It should however be considered that there will not always be reports published every year.  

 

1.5 Thesis structure 

In chapter 1, the background of the study, research questions, thesis objectives and delimitations are 

provided. Chapter 2 deals with the methodology and presents how the facts has been verified. Chapter 

3 contains the literature study and in chapter 4 the results and the discussion are presented. In chapter 5, 

the main conclusion of the study is presented and the references in chapter 6. 

 

2. Methodology 

2.1 Model 

This thesis is written through a number of chronological steps. The first step was to perform a literature 

study to find up to date research. In purpose of being as objective as possible and to capture all 

perspectives, many different sources were used. These sources were scientific research papers, 

newspapers, documents from government and information from companies in the industry. 

 After the research gap was identified, the research questions were designed to cover this research gap. 

In order to obtain a uniform picture of the bioenergy role in Stockholm, it was of great importance to 

look at several perspectives. 

  When analyzating the data, needed information was obtained. This information then was verified via 

industry experts by interviews. During the interviews new fact emerged which needed to be processed. 

The process of the whole study has been iterative meaning all the fact was checked and analyzed through 

time. By using this method, the identified research questions could be answered. In figure 3, the 

described steps are illustated.  
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Figure 3, Chronological steps and layout of methodological approach. 2 

 

2.2 Verification of facts 

Data sources has been obtained from scientific reports, governmental information, newspapers and 

information from companies in the industry (e.g. Fores 2018 a, Svebio 2018, Statens energimyndighet 

2010, Svensksa Dagbladet 2015)  . Interviews were made with people working in the industry with the 

interest of consulting experts (Jonas Tolf, Erik Dotzauer and Kjell Andersson).  The experts consulted 

have partially been used to validate the written sources. They also brought valuable facts and an insight 

view in the industry.  All sources are presented in chapter 6. 

 

3. Bioenergy as a low carbon energy system  

In this section the literature study is presented.  

3.1 Bioenergy feedstock 

The definition of bioenergy is different around the world making it a diffuse concept. Within the 

European standardisation organisation, CEN (TC 335), there are two criterias. The first one is that the 

energy has to be extracted from biomass and the other one that the biomass is material with biological 

origin, except from materials transformed into fossil material (Svebio, 2018 b). 

 

 Different kinds of feedstock 

One source of Biomass is residue from the forestry. It can be residue from e.g. sawmills, pulp factories 

or remaining material from trees after thinning or felling. The remaining material consists of tops and 

branches from trees and are piled and covered with paper to speed up the drying process. There are many 

regulations about harvesting the materials to protect the forests.  As per the expert consultation we found 

                                                 
2 . Note: The steps in the arrows in the middle shows the main activities and the arrows around show the 

iterative steps 
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that this is one of the more expensive biomasses, not due to its actual value, but because of transportation 

and process costs (source: personal communication with Kjell Andersson, head of business policy at 

Svebio).  

  The bark from the trees are also used as fuel. As the trees arrive to their different factories they are 

debarked and the bark can then be used as fuel in bio power plants (Kjell Andersson 2015, Bioenergy - 

the Swedish experience).  

 

As per the expert consultation we found out that there is a biomass called “return wood chips” and that 

there are two different kinds. The black kind comes from wood that has been compromised in some 

way. It could be wallpaper left from teardown buildings or that the wood has been treated in some way. 

This calls for a more controlled combustion than the white kind, to assure there will be no toxic 

emissions. The white kind does not have any obvious contaminations and this wood comes from e.g. 

EU pallets no longer used. These can be used as other pure biomasses, as pellets, and doesn’t need any 

special purification filters (source: personal communication with Kjell Andersson, head of business 

policy at Svebio).  

 

Pellets is another biomass used as fuel to extract energy. They are made from compromised sawdust and 

shavings from the forest industry. Pellets contains much energy and it’s a good way to store energy and 

its also easy to transport (Pelletsförbundet, 2017). As per the expert consultation it was stated that pellets 

are one of the most expensive biomasses and twice as expensive as wood chips. An advantage with 

pellets is that it is a very homogeneous fuel which makes it easier to plan and predict the energy outcome. 

It does not take up as much space as wood chips and can also be used to generate heat in private 

households.  (source: personal communication with Kjell Andersson, head of business policy at Svebio).  

 

Another biofuel used in boilers is bio oil. This could be a substitution to fossil oils that today are used 

in the bioheat industry (Bioenergitidningen, 2018).  As per the expert consultation it was found that bio 

oil has the same advantage as pellets, it is homogeneous and therefore easier to plan. Further, old fossil 

oil boilers often can be used with the bio oil so there is no need for big investments when changing fuel.  

  The different types of biomass have different pros and cons. Some of the fuels are shown in figure 4 

in order of rising price. The two top ones, bio oil and pellets, does not require a lot of storage space and 

are predictable in heat production, but they are expensive. Garbage is the least expensive one. Other 

countries pay Sweden to burn their garbage since they don’t have the capacity on their own. The 

downside is the fossil materials within the garbage, resulting in carbon dioxide emissions. White and 

black wood chips are good but they require more storage than e.g. pellets (source: personal 

communication with Kjell Andersson, head of business policy at Svebio). 
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Figure 4, Different biomass from the cheapest to the most expensive, starting with garbage at the bottom. 

 

 Forestry and biomass 

Forestry is a necessity in the production of biomass. There are disagreements whether an increasing in 

biomass production will threaten the biodiversity in Sweden (Sveriges Natur, 2018). Some organizations 

claim that the harvest of stubs and slash are endangering the biodiversity since the dead trees are 

contributing to a balance in nature (Kjell Andersson, 2015)  

  A newly interest has risen in taking care of stumps after the felling. A study made by the Swedish 

agriculture university showed that the stubs could be a good complementary resource to branches and 

tree tops (Svenska lantbruksuniversitetet, 2017). There are some limitations when harvesting residue 

made to not disorder the biodiversity. For instance, only stumps from final cuts will be used and no 

broadleaf stumps. An estimation has been made that if harvesting 1 out of 6 stubs, it could generate 10 

TWh energy each year. There are also suggestions that the harvesting of slash and thinning could be 

made more efficient and with less waste. An additional 100 TWh could be harvested when using stubs 

and forest materials that aren’t taken care of today. This would be around 1/4 of Sweden’s total annual 

energy usage (Kjell Andersson, 2015). 

 

3.2 Production systems and technology using biofuel  

Bioenergy is received when the energy stored in biofuel is extracted. One way to do this is by 

combustion. Other ways are e.g. combustion without oxygen or vaporization. Combustion is used at e.g. 

power plants where biomass of some kind is combusted and heat and electricity can be produced. 

(Stockholm Exergi, 2018 b).   
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  The total energy use in Stockholm in 2017 was around 18. 338 million MWh. Out of this, a total of 

3.250 million MWh was produced in power plants as district heating and another 993.961 thousand 

MWh of electricity using liquid or solid biofuel. Around 23% of the energy used in Stockholm, is 

provided by bioenergy (Statistikmyndigheten SCB, 2018). 

 

3.2.1 Biomass in Stockholm 

In 2016, a new power plant was opened in Värtan, Stockholm and is called KVV8. This power plant 

uses wood chips as fuel and produces both electricity and district heating. Around three wheelbarrows 

of biomass are combusted every second in this power plant (Stockholm Exergi a, 2018).  

As per the expert consultation we found that biomass has lower energy content than coal and therefore 

a larger volume is needed to extract the same amount of energy. From one ton of fossil coal, 11 MWh 

can be extracted but only 2,5 MWh from one ton of biomass. When using biomass as fuel, bigger storage 

possibilities are required than when fossil fuels is used. The power plant KVV8 has storage space for 

four days. Because of the big volumes passing through the facility, a good way to handle the deliveries 

is vital. This makes the location of the power plant very important (source: personal communication 

with Erik Dotzauer, policy expert at Stockholm Exergy).  

 

3.2.2 BECCS - Bioenergy Carbon Capture and Storage  

In order to achieve a fossil fuel free Stockholm, zero emissions from the heating- and electricity sector 

is not enough. The emissions needs to be negative and one way to achieve them is BECCS. BECCS 

stands for Bioenergy Carbon Capture and Storage and is a concept that’s still under development. There 

hasn’t been a big number of facilities running for a long time and there are still uncertainty regarding 

factors such as storage, fundings, availability of biomass and capacity (Mattias Fridahl and Mariliis 

Lethveer, 2018). 

  The concept encompasses both the capture of carbon dioxide and the transformation from biomass to 

bioenergy. In figure 5 an overview of the system can be seen. The carbon dioxide generated from 

producing energy is captured and stored under the ground. In Stockholm, the prime candidate for this 

concept is KVV8, a power plant in Värtan, which is estimated to capture 800.000 tons of carbon dioxide 

every year if the capture rate is 97% (Fores, 2018 a). Dotzauer says that a test run will take place in the 

fall of 2019 at the facility in Värtan. This is estimated to cost around 1000 SEK per ton which makes up 

an annual cost of 800 million SEK. Sweden does not have an own facility where the carbon dioxide can 

be stored, so they’ll have to transport it to a Norwegian facility. In the annual budget of 2019, the 

government budgeted 100 million SEK towards research regarding negative emissions 

(Regeringskansliet, 2019). 

   One reason BECCS has not been more successful and widely deployed is the lack of policies that 

governs its development. It’s not being prioritized in EU by its members’ governments. Studies shows 
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that there isn’t really a willingness to invest in pilot projects in many countries. There have also been 

protests regarding BECCS as a solution, creating barriers for its future deploymeny. Another reason is 

the low prices on carbon which makes it a preferable fuel compared to biomass (Mattias Fridahl and 

Mariliis Lethveer, 2018) 

 

 

 

Figure 5. A concept of BECCS (Fores, 2018 a) 

 

3.2.3 Biochar 

Producing biochar is a way to capture and storage carbon dioxide 2. Biochar stores the carbon as stable 

carbon compounds in soil. Biochar has its climate-reducing potential mainly in slowing down the speed 

of how quickly coal is returned to the atmosphere (Woolf et al. 2010). 

  The production of biochar can be made in small and big scales, such as farms or industrial installations. 

The concept has been up for testing in Stockholm since 2017, where a pilot biochar plant is operating. 

In this plant, they convert garden waste into both heat and biochar, which contributes with negative 

emissions. For every produced kWh of district heating the biochar plant can remove more than 100 

grams of carbon dioxide2. This is a concept which is still being developed and at the moment the company 

Stockholm Exergi is investigating the possibilities of establishing a biochar plant that could produce 

around 10.000 ton of biochar every year (Fores, 2018 a). When biochar is being stored in the soil, it 

could be stable for several hundred years. When bounded, it contributes to an increasing of biomass by 

improving the soil as a fertilizer. Today the system relies on Stockholms inhabitants to personally hand 

in their garden waste and there is still no large-scale public system (Stockholm Exergi, 2018 a). In figure 

6 a fundamental description of the biochar system can be seen.  
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Figure 6. (Fores, 2018 a) 

3.3 Government policies and instruments affecting the bioenergy in Sweden 

Since 1990, a number of policies have been implemented that in one way or another have affected the 

environment.  By using policies and instruments, governments can steer companies in a chosen direction 

and force them to take greater responsibility for their actions (Naturvårdsverket, 2019 a).  In addition to 

a company's energy costs, laws, regulations and other economic instruments are considered to be one of 

the most important factors to influence the amount of carbon dioxide emissions (Statens 

Energimyndighet, 2010). A law is a regulation that everyone in the concerned country must follow. 

Using legislation is one way of achieving change. A legislative proposal is preceded by an investigation 

that examines the proposal and can be made by e.g. politicians or officials. When the government 

executes the decision to implement a new law, the various ministries assists. These consists of state 

authorities and companies and their task is to practically implementing new decisions (Riksdagen, 2018). 

The Energy Market Inspectorate ensures that Swedish energy companies comply with laws and 

regulations (Energy Market Instorate, 2019). 

  Three major policies and their impact on bioenergy will be presented in this report and these are the 

carbon dioxide tax, electricity certificates and the emission rights system.  

 

In figure 6 a timeline for the three policies covered by this report is presented. Bioenergy is a type of 

renewable energy. Figure 7 shows the development of total energy supply in Sweden between 1970 and 

2015. The figure has been edited with added information in terms of markings with the introduction year 

of three policies. The diagram shows the total energy supply from various energy sources such as 

biomass, hydropower, nuclear, fossil fuels (coal, oil products, natural gas). From the chart, it can be seen 

that the energy supply from biomass has increased while the energy supply from oil products has 

decreased. It can also be seen that the total energy supply from renewable energy has increased and that 
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several new types of energy sources have been introduced, such as hydropower and wind power 

(Swedish Energy Agency, 2018). 

 
Figure 7 Diagram which shows the total energy supply by energy commodity in Sweden between 1970 and 2015. 

The original diagram has been edited with markings for the introduction year for three policies (source, Swedish 

Energy Agency, 2018). 
 
3.3.1 Carbon Dioxide tax 

The carbon dioxide tax was introduced in Sweden in January 1991. Sweden is the country with the 

highest carbon dioxide tax in the world. The purpose of this tax is to reflect the cost of the carbon 

dioxides negative impact on the environment. The negative impact on the environment that various 

emissions causes, will partly be economically compensated by the companies causing the emissions. 

The tax is supposed to encourage companies to reduce their emissions by making the emissions 

expensive. In Sweden, the government believes that this tax has several opportunities to cover other 

costs in the society. It can for instance cover some costs associated with road wear and accidents. Carbon 

dioxide tax promotes the use of bioenergy sources. The emissions from combustion of biomass, which 

generates bioenergy, are not included in the carbon dioxide tax since it is considered to be climate 

neutral, making it an option for companies to avoid great costs (Fores, 2018 b).  

 

The carbon dioxide tax taxes all fossil fuels causing carbon dioxide emissions while combusted. The tax 

rate is depending on the type of fossil fuel and the fuel with the highest tax is coal and oil. In 1991, when 

the carbon dioxide tax was introduced, the tax on coal and oil were 0.25 SEK/kg. One year later, a cost 

reduction was introduced for industries.  This reduction meant that the industry received a lower taxation 

than e.g. heating of houses households. This resulted in a low interest to reduce the use of fossil fuels 

and therefore a low interest in an increasing of renewable energy such as bioenergi. On the other hand, 
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companies that aren’t included in the tax reduction, were motivated to change their fuel to reduce their 

expenses.  

  As earlier stated, bioenergy is not included in the carbon dioxide tax which makes it a favourable choice 

cost wise. Between 1990 and 2015, the emission of carbon dioxide caused from heating homes and 

facilities decreased from 9.483 million tons to 1.317 million tons mainly due to the change of fuel. This 

represent a decrease of 86.1% (Svebio, 2018 a). When it becomes expensive to cause carbon dioxide 

emissions, other energy sources such as bioenergy becomes interesting to develop and invest in. This 

tax is therefore promoting the development of bioenergy in Sweden and contributes to the goal of 

Stockholm becoming a fossil fuel free city by reducing the emissions.  

  The emissions from the industry in Sweden has decreased with 17% between 1990 and 2017 

(Naturvårdsverket, 2018). When comparing the decreasing of emissions from the industry with the 

heating of homes and facilities, there is a big difference in how much they have decreased their 

emissions. Mainly through the change of fossil energy sources to bioenergy and renewable energy. 

   Since 1991, the carbon dioxide tax has been increased gradually every year and is today around 1.15 

SEK/kg (Svebio 2018, a). This is an increasing by 360%. If taxation had only followed the inflation 

since then, the increase would have been 44 % (Ekonomifakta, 2019). 

 

3.3.2 Electricity certificate 

The electricity certificate is a support system that was implemented in Sweden in 2003 with the aim to 

increase the production of renewable electricity. The system is market based and is supposed to work in 

a cost-effective manner. The electricity certificate affects several energy renewable sources, such as 

wind power and solar energy, though not bioenergy. Bioenergy are until today not granted with an 

equally favourable policy.   

  The producers can obtain an electricity certificate from the government for each MWh they produce. 

The producers can after receiving the certificate, sell it on an open market where the buyers have so-

called quota obligations. If a company by law have quota obligations, they must purchase a certain 

amount of certificates (Energimyndigheten, 2017 a). Example of a buyer is electricity suppliers and they 

charge the users via the electricity bill for the certificate cost. Between 2003 and 2017, the average cost 

for the customers have increased from 0.015 SEK to 0,031 SEK/kWh (Energimyndigheten, 2017 b).  

  Sweden and Norway has a mutual market for electricity certificates since January 2012. There is a goal 

for this market to increase the production of electricity with 28.4 TWh from 2012 until 2020. There is 

also a goal to increase the renewable electricity with 18 TWh until 2030 (Energimyndigheten, 2017 a). 

 As per the expert consultation we found that the technology of wind power was not highly developed 

and thus expensive to use when the electricity certificates was introduced in 2003. This means that the 

electricity generated from wind power was sold to cheap to pay back the investments made in building 

the power stations. This resulted in the implementation of electricity certificates in order to simulate 

investments in renewable energy sources. Bioenergy is not included in the electricity certificates system. 
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This made other renewable sources cheaper than bioenergy making them more economically justifiable 

to invest in. To extract bioenergy a fuel is needed, creating an additional cost. This makes energy sources 

that have a fuel that is free from nature e.g. wind and water a cheaper alternative comparing to bioenergy 

(source: personal communication with Erik Dotzauer, policy expert at Stockholm Exergy).  

 

3.3.3 Emission rights as a tool to reduce carbon dioxide in the atmosphere 

Carbon dioxide is a greenhouse gas that exists naturally in the atmosphere. The percentage of the air is 

increasing mainly from combustion of fossil fuels. This greenhouse gas affects the climate in a negative 

way and to avoid negative consequences from an increasing greenhouse effect, the amount of carbon 

dioxide must decrease (Börjesson, Athanassiadis, Lundmark and Ahlgren, 2014). 

  Emissions rights is a system where companies annually are given the right to release a certain amount 

of greenhouse gases. Each emission right corresponds to one ton carbon dioxide. It’s also possible to 

purchase emission rights in order not to use them. The purpose of this is to reduce the total number of 

emission rights on the market, which results in increased prices for the remaining ones. This means that 

it would be profitable for companies to switch to environmentally friendly alternatives, such as 

bioenergy, to eliminate the cost of the emission rights. One of the biggest problems with the system is 

the number of emission rights which are considered to be to many (Utsläppsrätt, 2015). In terms of 

emissions, bioenergy is an environmentally friendly alternative. This energy source does not require any 

purchase of emission rights, making it economically favorable over fossil fuels. To cut energy costs, a 

change of fuel to bioenergy could be a profitable alternative. This promotes bioenergy while the cheaper 

prices stimulate the technology’s development (Svebio, 2019 b).  

 

In Sweden there are 770 companies within the electricity, transport and industry sector included in the 

agreement of emission rights. It is the EU that decides which companies that should be included. The 

EU controls the amount of emission rights that the companies in the system are entitled to. For each 

period of time, a number of emission rights are given for free and the rest are sold in an auction. For 

each time period the number of free emissions rights will be reduced with the goal that until 2027 all the 

emissions rights will be sold in an auction. The purpose of this is that the market is controlled by supply 

and demand and a smaller amount of rights than the companies are in need of, would lead to higher 

prices and contribute to pushing the companies to make a difference. Between 2005 and 2020, the 

intention with the emissions maximum is to contribute to an emission reduction of 21% (Vattenfall, 

2019).  The goal is to reduce the amount of carbon dioxide in the atmosphere but the produced energy 

causing the emissions is still needed. There must be a substitute to make this change, such as bioenergy 

(Energimyndigheten, 2014).  

  

The first time period of emission rights started in 2005 and lasted until 2012. During this period the 
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amount of emissions rights was very large, which resulted in low prices. The low prices did not 

encourage companies to change and reduce their emissions. In order to reduce the emissions a second 

period was introduced in 2013. In this period, it was decided that 900 million emission rights between 

2014 and 2016 would be postponed till 2019-2020. The upcoming trading period will last between 2021 

and 2030. During this period, it’s decided that the number of emission rights will decrease by 2.1% per 

year from 2021. Today the rate is 1.74% per year. It is difficult to see the exact effect and measure the 

emission trends, but there are indications that the emissions would have been of greater amount without 

this system (Naturvårdsverket, 2019 b). In Sweden it is not only laws and instruments that affects the 

amount of emissions, but also cyclically in the world and weather conditions. When the economic is 

good and during cold vinters the need and use of energy is at its peak which causes more emissions 

(Naturvårdsverket, 2007).   

 

3.4 Fossil fuel free heating and electricity systems in Stockholm  

In today's society, energy in various forms is a necessity. The city consumed 18.338 million MWh of 

energy in 2017. Around 43% of it was from district heating, using both fossil fuels and biofuels. The 

primary source of local electricity production comes from power plants in Stockholm. Together they 

produced 1.517 million MWh in 2017 and around 65% of it came from using biomass as fuel 

(Statistikmyndigheten SCB, 2018). This electricity is distributed and used in i.e. offices, households and 

public places. 

  The goal set for Stockholm City is to become a fossil fuel free city in year 2040, with sub targets in 

2020 and 2030. In year 2020, the sub target is to have maximum emissions of 2.2 ton CO2 /person which 

corresponds to 57% less than the emissions in 1990 when it was 5.4 ton CO2 /person. In 2017 the number 

was 2.3 ton CO2 /person which is an indicator that the development is going in the right direction 

(Stockholms Stad, 2019 a). The emissions have decreased somewhat linearly since 1990 and Stockholm 

city believes that the development in the near future will stay linear. The estimated emissions in 2020 is 

between 2.15-2.20 ton CO2 /person which means that the goal probably will be reached in time 

(Stockholms Stad, 2019 b). The emissions from the main sectors between 1990 and 2017 are shown in 

figure 8. 
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Figure 8, Emissions from the main sectors between 1990 and 2017 (Stockholms Stad, 2019 b).3   

 

To achieve this goal a lot of changes has to be made. Fossil fuels is used in around 30% of the total 

energy usage and production. Even though the goal is to have zero emissions from fossil fuels, it’s not 

considered a hundred percent possible. The rest emissions are calculated to 0.4 ton CO2 /person a year 

due to the air traffic from Bromma airport and the sea traffic. Without using BECCS technology to 

compensate for the rest emissions, the goal won’t be reached (Stockholm Stad, 2016).  

 

3.4.1 Heating and cooling 

One of the two areas where changes has to be made is the heating sector, the other one being the 

transportation sector. Today, around 80% of buildings are using district heating from thermal power 

stations. Stockholm city believes to eliminate fossil fuels from this sector is one of the most important 

actions to reach the 2040 goal (Stockholm Stad, 2016). In 1990, the emissions from the heating sector 

was 2.9 ton CO2 /person which has decreased to 0.8 ton CO2 /person in 2017 (Stockholms Stad, 2019 a). 

To become a fossil fuel free city, this number has to go down to zero making bioenergy a good substitute 

to fossil fuels.  In 2014, the total usage of energy for heating was 7600 GWh and for cooling 700 GWh 

(Stockholm Stad, 2016). Stockholm city has a big influence on how the district heating is managed since 

Stockholm Exergi, the company running the district heating, is co-owned with Fortum Värme 

(Stockholm Exergi, 2019). 

 

 Private oil boilers 

                                                 
3 The primary energy producing heat are biofuels, coal and waste (Stockholm stad, 2016). The primary sources 

for producing electricity are renewable fuels (Naturskyddsföreningen, 2018). The primary sources for transport 

fuels are gasoline and diesel (Stockholm stad, 2016) 
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There are a few areas where fossil fuels still are being used to produce heating and one of them is oil 

boilers left in private houses and apartment buildings. The total amount in 2016 were estimated to around 

1300 and makes up around 1.5% of the thermal heating in Stockholm city (Stockholm Stad, 2016). There 

are no certain numbers how these emissions contribute to the total emissions in Stockholm, but 

Miljöförvaltningen has made the estimation to around 150 000 ton carbon dioxide  every year (Stockholm 

Stad, 2018). As per expert consultation it was stated that the number of private oil boilers are decreasing 

and are to be phased out. The house owners are replacing the boilers with heat pumps. There are still 

around 600 fossil oil boilers in apartment buildings. The city wants these boilers to be replaced by district 

heating or heat pumps as one step to become fossil fuel free and can make some demands for it to 

happen. It has to be technical possible, be economical and have an environmental gain. The most 

common reason that it’s not happening today, is that it’s not economically justifiable (source: personal 

communication with Jonas Tolf, head of energy and climate unit at Miljöförvaltningen).  

 

 Fossil coal as fuel 

The third area that causes emissions are the coal combusted in the thermal power station called KVV6 

which is located in Värtan in north of Stockholm. This power station alone has emissions of 500 000 

ton carbon dioxide    every year, but only half of it counts to Stockholm city since only half of the heating 

is used within municipality limits. This still makes up 0.27 ton CO2 /person every year. To eliminate 

these emissions there are plans to shut down KVV6. Another power plant called Hässelbyverket in 

western Stockholm is also to be shut down in the near future (Stockholm Stad, 2018). The reason for 

closing Hässelbyverket, even though it runs on bio material, is that it’s old and in need of an extensive 

renovation. Also, it doesn’t have an electricity contract and the production is expensive (Stockholm Stad, 

2016). The reason KVV6 is closing is that it uses fossil fuel and also because it’s old and as 

Hässelbyverket, in need of renovation. In 2017 it produced 717 GWh heating and 282 GWh electricity 

which is around 10% of Stockholms heating energy.  

  When closing these two facilities, the lost capacity has to be replaced. It’s not just the loss of energy 

that needs to be taken into consideration, but also the power stations impact on the efficiency balance 

(Stockholm Stad, 2016). With efficiency balance means that it has to be a balance between the electricity 

produced and the electricity needed. Responsible for keeping the balance is Svenska Kraftnät and if it’s 

not upheld, the energy supply in Sweden could collapse (Energimyndigheten, 2016 a). One of the actions 

taken to replace the loss of energy and to help restore the efficiency balance is the building of a new 

power station. This facility is a necessity and is planned in Lövsta, not far from Hässelbyverket and the 

ambition is to use well sorted waste that doesn’t need purifying filters (Stockholm direkt, 2019).   

  There are five power plants owned and operated by Stockholm Exergi, in and around Stockholm. They 

are all connected to the two different district heating systems and are providing Stockholm with heat 

and electricity. In table 1 the power plants feedstock and the heat and power generated are shown 

(Stockholms Exergi a Högdalenverket, 2018). 
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Table 1 Different feedstocks to the power plants and their total generated energy during 2017. Source: 

(Stockholms Exergi a, b, c, d e, 2018)  

Name and location Feedstock Volume of 

feedstock  

Unit Generated Energy 

(GWh) 

Hammarbyverket, 

Hammarby 

Bio-oil 

Heating oil 

Sewage 

Electricity 

23 887 

136 

- 

- 

kNm3 

kNm3 
 

977,2  

Högdalenverket, 

Högdalen 

Household waste 

Bio-oil 

Return fuel 

Heating oil 

535 032  

506 

152 394 

4 146 

ton 

kNm3 

kNm3 

kNm3 
 

2 420 

Hässelbyverket, 

Hässelby 

Wooden pellets  

HFO (Heavy Fuel Oil) 

121 874 

1 830 

ton 

kNm3 
 

498,6 

Bristaverket, Brista Forest slash  

Heating oil 

Unused pellets from 

Hässelby 

260 175 

805 

670 

ton 

kNm3 

ton 

619,5 

Värtaverket, Värtan Coal 

HFO (Heavy Fuel Oil) 

Bio-oil  

Return wood chips 

Crushed olive stones 

Wood 

Thermal energy 

182 000 

5 200 

3 700 

8 900 

12 900 

820 400 

- 

ton 

kNm3 

kNm3 

ton 

ton 

ton 
 

4 256      

 

3.4.2 Distribution 

Distribution is relevant when evaluating the current state of bioenergy. This is to observe if there are 

any restrictions on both receiving raw materials but also the ability to meet an increased need. This 

restriction could be in terms of storage capacity and limitations in production. Electricity and district 
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heating are distributed through two different systems. The electricity is distributed through power grids 

and district heating from pipes dug down in the ground. 

 

 District heating  

Today there are two different systems providing Stockholms buildings with district heating. The north-

west system reaches from Brista in north down to Hässelby and Stockholm Exergi is not the only 

company providing heat to this system. They are collaborating with Sollentuna energi and Eon to be 

able to provide the needed amount of heat. The northwest system needs about 1700 GWh each year. The 

other system is the city-south and it needs around 6500 GWh which makes it a lot bigger than the 

northwest system (Stockholm Stad, 2018). Stockholms city plans to connect the two systems as one of 

the ways to make up for the efficiency loss when closing down the power plant KVV6. In this way they 

can better control the energy flow in the entire system. The district heating system are stable and there 

are rarely faults in production or distribution (Stockholm Stad, 2016). 

 

  Electricity 

The electricity use per square meter in Stockholm has been somewhat stable since 2015. One of the 

climate goals until 2019 was to decrease the usage to 144 kWh/m2 and is not estimated to be reached. 

(Stockholms Stad, 2019 b). Some of the electricity is used to heat homes and water and is called direct 

electricity. In apartment buildings only, 2.1 TWh was used in 2016 just for heating (Energimyndigheten, 

2016 b). 

  Direct electricity has very low investment costs but could get really expensive when electricity prices 

increases during winter time (Vattenfall, 2018).  

  Sweden is expanding and technical development is moving fast. Stockholm is growing and new 

dwelling places are built every year. This development requires electricity from Stockholms power grid. 

A problem that has been addressed lately is if the power grid can meet the demands in critical parts of 

the year (Svenska Dagbladet, 2019). The technological development is moving fast and the power grid 

is falling behind. This is slowing down the development both in the industry and in reaching climate 

goals (Energiföretagen, 2018). As per the expert consultation it was found that Svenska kraftnät, who 

is responsible for the national power grid, has a plan to double the capacity until 2027. The situation 

with a neglected power grid isn’t unique to Stockholm, most big cities are facing the same problem 

(source: personal communication with Jonas Tolf, head of energy and climate unit).  
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4. Results and Discussion 

4.1 Existing prerequisites for bioenergy in Stockholm 

When investigating the importance of bioenergy it’s also interesting to address distribution and the 

access to biomass. There is no use in increasing the production of bioenergy if there is no way to 

distribute it to facilities, and without access to biomass, no bioenergy can be produced. 

 

Access to feedstock and its distribution 

   A conclusion that can be drawn is that there is no lack of biomass from the Swedish forests. The 

research concerning the stubs has been going on since 2008 and the development is going pretty slow. 

Therefore, it’s not to assume the using of stubs will be started any time in the very near future, but it can 

definitely be an option in the future. The research regarding the efficiency in harvesting slash shows that 

there is a lot unused biomass that could be harvested. 

  

Another biomass used in the heat power plants in Stockholm is return wood and industrial waste. When 

the city is developing and new buildings are built there will always be waste. Buildings are getting old 

and needs to be torn down creating more material to use. There are no indications that this source of 

biomass will decrease, rather the opposite while the city and its population is constantly growing. 

  Bio-oil is a product extracted from forestry processes, and there is no indication that the forestry will 

decrease in Sweden. This indicates that there it won’t be a lack of bio-oil in the future if the volumes 

don’t increase rapidly. 

  Therefore, there are no indications that the access to feedstock will decrease in Sweden. There are no 

obvious barriers regarding feedstock. 

  

Another important perspective is how the biomass is distributed to the city where it’s later combusted. 

This makes the location of the facility very important. The bioenergy power plant KVV8 in Värtan is 

located close to a harbor in Stockholm. This makes the distribution by ship easy and since the power 

plant needs huge amounts of biomass, ships are a good transportation method since because it has large 

capacity. The distribution to the other power plants in Stockholm are by trucks and the household waste 

comes from Stockholm inhabitants. The waste is transported directly from the households to its 

combustion place. This makes its position not as important as the power plants needing huge quantities 

of biomass many times a week. Though, they are somewhat centrally placed and transportation by truck, 

is probably the most effective way. 

 There are no considerable barriers when distributing the biomass to the facilities. The power plants are 

strategically placed and are not making distribution a big problem.  
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Distribution 

When the energy is extracted from power plants it needs to be distributed to households, factories 

or public buildings. The district heating is distributed as hot water through pipes in the ground and are 

today separated into two different systems. The electricity distribution is managed by Svenska Kraftnät. 

  

 District heating 

Today, there are no obvious problems with the distribution system and there are possibilities to expand 

it if needed. Since there rarely are faults in the power plants production or in the distribution, there is no 

risk for large malfunctions resulting in big parts of the city having no access to heating. 

 

  Electricity 

There are some different opinions regarding the power grid in Stockholm. It seems like the common 

opinion is that the grid is falling behind in expansion and maintenance, but in the question of just how 

serious the issue is, opinions differs. Some mean that the power grid is in need of maintenance and 

expansion, but the issue isn’t very serious and some that it’s very urgent and should be a top priority. 

   Regardless how urgent the problems with Stockholm’s power grid is, it has to be fixed to reach 

Stockholm’s electricity needs now and in the future. Today, there aren’t any problems as big as parts 

of the city having blackouts, but it’s too weak to manage the futures electricity needs. 

 

4.2 Possible future scenarios for feedstock and distribution in Stockholm 

 Access to feedstock and its distribution 

Around one third of the biomass used in the power plant in Värtan, Stockholm (KVV8) is imported. The 

transportation road from Baltic is preferable since import of biomass is in this case cheaper. A more 

open biomass market creates competition and the prices could drop. This could be one motivating factor 

making others replacing coal with biomass. 

 Since different kinds of return wood chips and slash are cheaper than pellets which is used at 

Hässelbyverket, it is not a preferable type of biomass. The high price on pellets contributes to increased 

prices for the final consumer. The new power plant planned in Lövsta will probably use a cheaper 

alternative which could possibly lead to a drop in prices, making district heating an even better choice. 

If this happens it might be economically preferable over e.g. private oil boilers or direct electricity which 

is a step in the right direction for Stockholm. This could also make it cheaper to produce electricity 

locally in power plants which could relieve Stockholm’s power grid which is highly neglected. 
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District heating 

When the coal power plant in Värtan, KVV6, is closed down in 2022, one of the ways to compensate is 

to build the two district heating systems into one. With one bigger system it’s easier to control the 

efficiency and to compensate for lower production in some places. The system would have to be 

expanded if additional buildings were to be connected to the system. The very few faults in the system 

makes it a reliable system for distributing heat and there should not be any problems when two systems 

become one. 

 

   Electricity 

The opinions differ in the question regarding the electricity consumption in the city. Stockholm city 

believes that it will stay around 140 KWh in the next 20 years due to efficiency improvements in 

buildings and household devices. Others mean it will increase to around 180 KWh. When looking at 

Stockholm city’s report from February 2019, the results were not positive in order of electricity use. In 

2015, the consumption was around 622 thousand MWh within the city’s own organization and this 

increased to around 649 thousand MWh in 2018. The usage of district heating had decreased a bit due 

to energy efficient improvements, but the total energy usage has increased since 2015. This indicates 

that the electricity use is in fact increasing. If the 2040 goal is to be reached, all vehicles in the 

transportation sector has to be fossil fuel free and electric cars is one solution. These would need to be 

charged with electricity, increasing the consumption further, along with an increasing population. This 

would put even more pressure on the power grids in Stockholm, making the electricity distribution a 

more urgent problem in the near future. 

   If it were more profitable to produce electricity in power plants locally, it could relieve the power 

grids. It would also help during cold winters when the efficiency need is at its peak. Since bioenergy is 

plannable, it could be a good solution. Replacing the direct electricity with e.g. district heating or heat 

pumps, would also help relieving the power grids of Stockholm. 

   

4.3 Policies affecting the bioenergy, implemented after 1990 

The three major policies are presented in this thesis; the carbon dioxide tax, electricity certificates and 

the system of emission rights. They have all made a difference to the environment and affected the 

development of bioenergy.  

 

Carbon dioxide tax 

The carbon dioxide tax indicates how costs affects companies’ choice of energy source. This tax does 

not force companies to make a change of fuel, but it makes it economically favorable with alternatives 

which does not cause carbon dioxide emissions. In this case the policies control the direction of the 

development without actually banning any alternatives.   
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  In the diagram in figure 7, earlier presented in this rapport, it can be seen that since the tax was 

introduced in 1991 the amount of biomass has increased over time in relation to the total amount of 

energy sources.  

Through the carbon dioxide tax, bioenergy has become an energy alternative that doesn’t require 

emission rights, and therefore lower costs. This gives it an economical advantage over fossil fuels, 

making it a more favorable choice for companies. When bioenergy become more widely deployed, it is 

to believe that the development of the technology has increased and its been affected in a positive way.  

 

Electricity certificates  

Electricity certificates is an example of a policy that has played a vital role in the development of 

renewable energy. The policy itself has not been favorable for the bioenergy since it’s been promoting 

the production of renewable energy with no need of added fuel. This has resulted in an increased interest 

in investing and developing of renewable energy sources since it has been economically favorable. The 

bioenergy has not been granted with an equally favourable policy. A conclusion drawn from this is that 

the bioenergy has not been affected in a positive way by electricity certificates and this policy might 

even have been a disadvantage for this technology’s development. 

  

Emission rights 

The emission rights system favors all non fossil fuel energy sources. This is a policy that by law forces 

companies to decrease their emissions or to buy emission rights from other companies resulting in extra 

costs. By choosing other energy sources than fossil fuels, great costs can be avoided. Bioenergy is one 

of these alternatives that isn’t taxed. 

  Since the number of emissions rights has decreased annually, it has put pressure on companies to make 

investments in energy non fossil energy sources. A conclusion drawn from this is that the emissions 

rights policy has contributed to the development and deployment of bioenergy in a positive way by 

making it economically favourable. 

 

4.4 Policies impact on the bioenergy’s deployment in the future 

  Carbon dioxide tax 

The heating- and electricity sector are somewhat dependent on geographical position and needs to be 

produced in the local area. This means that they won’t have a choice other than to make investments in 

new technology since they can’t move their production to countries with lower taxes and more favorable 

laws. Therefore, the risk of industries moving to other parts of the world due to high taxes does not 

affect the heating- and electricity sector. 

   Even though bioenergy isn’t affected by emission taxes today, it’s possible that it could be in the 

future. The government has a great income every year in emission taxes and if it were to disappear, 
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something might have to take its place. It’s possible that all processes not resulting in net negative 

emissions could be taxed, just as fossil fuels are today. This could be a contributing factor to the 

development of negative emissions technology. It could be the next step in the development of a better 

environment with less carbon dioxide in the atmosphere. 

 

 Electricity certificates 

Today, wind- and hydropower producers can take advantage of this system. They have no cost of fuel 

and they receive certificates even though the electricity is not needed. This results in unnecessary 

produced energy so that the producers can sell their received certificates. Despite this, the electricity 

certificates have been an effective instrument that has favored energy systems that are better for the 

environment using non fossil fuels. 

 

In 2003, it was expensive to build wind power since the technology wasn’t established. The first 10 

years required a policy instrument that made it possible to invest despite the fact that the profit from the 

electricity production were lower than the cost of building the wind power stations. Today, the 

technology has developed and it’s a lot cheaper. Electricity certificates are therefore no longer a 

necessary instrument for wind power to be a profitable investment. 

  

An equally favorable instrument for the bioenergy as the electricity certificates has been for wind- and 

hydropower would be in order. Bioenergy need, unlike e.g. wind power, some sort of fuel which results 

in an increased cost for producers. Today, bioenergy producers are lacking the support that makes the 

economic sustainable even during low-demand parts of the year. Since the electricity certificates are no 

longer an ideal instrument, its economical resources could make a greater impact in another area. It 

could instead being used to promote bioenergy. Since BECCS is seen as a necessity to reach the Paris 

agreement and the 2040 goal, it should be highly prioritized.   

 

 Emission rights 

The system of emission rights is considered a less efficient policy, but the general opinion is that the 

emissions would have been even higher if the system of emission rights wasn’t introduced. Since this 

policy was introduced in 2005 it could be considered to have made an impact on the environment, even 

though the development has been rather slow and the emission rights many.  Although the number of 

emission rights has been considered too many, especially when the system was introduced, one can now 

begin to see its effect. The emission maximum is decreasing and the prices are rising. This indicates that 

policies and laws have a great impact on the direction in which development takes place. If the amount 

would decrease even more and the price would rise it could affect the countries that haven’t made an 

effort to make a change and contribute.  
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The situation with emission rights is complex since it’s a policy that has a great impact on the EU’s 

development in several areas, e.g. industries and tradingmarkets. It’s easy believe that the development 

would accelerate even faster if the the number of emission rights would decrease faster to force fast 

changes. But it should however be considered that the prices cannot increase too fast because this could 

lead to companies not being able to stay and conduct their business in the EU due to too high taxes. 

These companies would have to move their businesses elsewhere, along with their emissions, job 

opportunities and the concerned country’s income in terms of tax money. It is therefore a fine line 

between how hard you can push companies to make changes and still allow it to be financially justifiable. 

  

In Sweden, the net emissions vary annually and factors that affects the emissions could be recession and 

weather conditions. This also shows the complexity since the environment and global warming effects 

the whole planet, but so does the recession. It is difficult for companies to make great investments during 

difficult economics times and still being able to not fire people or go bankrupt. On the other hand, natural 

disasters due to global warming, also affects the whole world. 

 

4.5 The role of bioenergy in reaching the 2040 goal 

There are four different main areas where fossil fuels are used today: private oil boilers, coal and fossil 

oil used in power plants, natural gas and the plastic combusted with household waste. As stated in the 

delimitations, natural gas and combustion of fossil plastic in waste won’t be addressed in this thesis.  

 

 Fossil fuels in power plants 

Stockholm has only one remaining power plant that solely runs on fossil coal and it’s one of the two 

power plants in Värtan, Stockholm, which is called KVV6. Except from KVV6, fossil oil is used in 

boilers when extra capacity is needed. Since there are plans to shut it down until 2020, this part of the 

fossil emissions today won’t be a problem in 2040. The problem remaining is the fossil oil used in 

boilers. Since there are no need for great investments to adjust the fuel in the current fossil oil boilers to 

bio oil, it is reasonable to believe that this also will be adjusted until 2040. 

 

Private oil boilers 

A third area where fossil fuels are used today is in oil boilers in private houses and apartment buildings. 

The reason these aren’t replaced with other, emission free, alternatives is because it’s too expensive. 

The landlord or the house owner has to pay for this replacement themselves and the government can 

only offer advice and suggestions and can’t force them to act. One way bioenergy could make a 

difference in this area is if apartment buildings were to be connected to the district heating system. 
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Another way to eliminate the emissions is to replace the boilers with heat pumps or geothermal solutions. 

In this area, bioenergy could make a big difference. There’s also a possibility to replace the fossil oil 

with bio-oil. 

 

  BECCS  

When the government presented the annual budget for 2019, 100 million SEK was granted research 

about negative emissions. This indicated that BECCS is something that is prioritized by the politicians. 

The conditions for BECCS at the power plant in Värtan, Stockholm (KVV8) are really good and if they 

got the funds needed, they could begin the process. 

   Since BECCS is a part of the strategy and a generally seen as a necessity in reaching climate goals, 

it’s likely to soon be implemented. Since some sectors, i.e. shipping and aviation sectors, won’t reach 

the goal, BECCS will be essential to become net fossil fuel free until 2040. 

 

  Biochar 

Today, there are ongoing biochar projects in Stockholm where the city’s inhabitants can give their 

garden waste to different collection stations. This can become a part of a negative emissions solution, 

but won’t be the bigger part. Its main benefit is that it is used as an efficient fertilizer. To expand this 

production funds and or control means would be preferable. There are a lot of garden waste in Stockholm 

that could come to better use if there were regulations about its landfill. But since biochar doesn’t have 

a central role in reaching the 2040 goal, this probably won’t be the first thing prioritized.  

 

4.6 The future of BECCS and private boil boilers 

   Fossil oil boilers 

The replacement of the fossil oil boilers, or its fuel, has to be made until 2040 for the goal to be reached. 

Since the main reason why it’s not happening today is that it’s too expensive, some kind of control mean 

could speed up the process. If there are oil boilers left when 2040 is approaching, it’s believable that the 

government will introduce some sort of compulsion to make the replacement happen. 

  This area of fossil fuels could also be compensated through BECCS. If the BECCS production is going 

well, it could become a way to compensate for areas that won’t reach the goal. 

 

    BECCS 

The biggest issue with the BECCS technology is the funds. Harvesting the emissions from the power 

plant in Värtan, Stockholm (KVV8) would cost around 800 million SEK every year. Since BECCS isn’t 

a technology that will raise any money, the cost will have to be covered by the city which is funded by 

its inhabitants. In 2040, it’s estimated to live approximately 1 million people in Stockholm so the cost 
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for BECCS would be around 800 SEK per person annually. This would be if all inhabitants paid taxes 

and since that isn’t the case, it is reasonable to believe that the cost would be higher for those paying 

local taxes. This will be a political decision for the future, but probably not in a too far away future since 

the prerequisites to implement the technology exists. But to reach the 2040 goal, negative emissions are 

vital which makes it more of a question when, than if. 
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5. Conclusion 

In this chapter, the key findings of the research questions are presented. 

 

What are the current state for access to feedstock with Swedish origin and its distribution? Are 

there any problems in the distribution of district heating and electricity? 

There are a lot of unused biomass in the forests so there is no risk in shortage of supply. The plants are 

strategically placed, making distribution easy. There are no apparent problems regarding distribution of 

the district heating. The issues lie within the electricity sector and its power grids which are falling 

behind in expansion and maintenance.  

  The conclusion to this question is that there are no obvious holdbacks for today’s bioenergy nor an 

increasing in the future. 

What are the key policy measures that affects the bioenergy deployment? 

The study showed that the carbon dioxide tax and the emission rights have had a positive impact in the 

development of bioenergy since it has made fossil fuels more expensive in comparison to bioenergy. 

The electricity certificates have affected the bioenergy in a negative way and might have been a 

disadvantage for this technology’s development.  

Is it possible to replace fossil coal and fossil oil used in the heating and electricity sector with 

biofuels or biomass?  

In the two investigated areas, fossil fuels in power plants and private oil boilers, the thesis result shows 

that it is possible to replace the fossil fuels with biofuels or biomass. It is not the only option, but it is 

possible. 

How important will BECCS and biochar be in the future to reach the 2040 goal and a future with 

negative emissions?  

BECCS will be very important in the future due to the city’s calculated rest emissions. To cover those 

areas, negative emissions is a necessity to reach net zero emissions. Biochar is not considered to be as 

important as BECCS and its development in Stockholm is moving slow in comparison. 

 

The conclusion of this thesis is that bioenergy will play a big part in reaching the fossil fuel free 2040 

goal in Stockholm due to the reasons mentioned above. It will be important in the replacement of fossil 

fuels, but its biggest impact will be its contribution with negative emissions. This makes it possible to 

believe that the bioenergy will become even more central in energy questions in the future.  
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