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Abstract 
Energy production is undergoing a major transformation as fossil fuels are replaced with renewa-

ble energy sources. Currently most of the DH production in Espoo is based on coal and gas, but the 

production is aimed to be carbon neutral by 2030. There are multiple possibilities how district heat 

will be produced in the future, but the goal is to find combustion free solutions. In this thesis the 

future of combustible production in the Espoo DH system is studied as a combination of a litera-

ture review and a simulation. Two different scenarios are modelled, where in scenario 1 a signifi-

cant amount of waste heat is utilized and in scenario 2 a new multifuel plant is built.  

 
The results show that in scenario 1 the fuel usage does decrease when waste heat utilization begins, 

but both biomass and gas remain as important fuels for DH production during the cooler months. 

In scenario 2 the importance of fuels emphasizes and biomass usage increases substantially be-

cause of the new multifuel plant. Waste is used as part of the fuel mix, but its importance is rather 

small when used only 12 %. With 50 % share its importance increases.  

 

Higher emission allowance price results in a little bit lower gas usage and higher biomass usage. 

However, electricity price has a strong impact as gas CHP production can be the most profitable 

production form during high electricity prices - with lower electricity prices gas usage decreases 

significantly. Still, even then gas remains as a critical fuel for peak demand production. If biomass 

would be taxed it would increase the biomass usage costs so that biomass would be used only as a 

peak load fuel in scenario 1. However, biomass doesn’t work very well for this purpose, as using 

small amounts leads to logistics and storage challenges. Therefore, taxation of biomass could lead 

to even replacing biomass with gas.  

 

The first scenario results in lower emissions and it is more cost-efficient. The new multifuel plant 

is financially competitive against scenario 1 only if waste is used more in the fuel mix. Using more 

waste would also ensure the plant’s profitability better if biomass would be taxed or its price would 

increase. Using waste increases emissions but if the waste would otherwise be placed as a landfill 

site, utilizing it in the energy production is a better option.  

 

With the used production fleets fuels remain as an important part of the production, especially in 

the peak demands. However, to reach the carbon neutrality goal, other solutions will likely be 

needed. During the summer there would be excess carbon neutral capacity available. Hence, uti-

lizing long-term heat storages in Espoo DH network could support the carbon neutral production 

during winter. In addition, as gas is remaining as a critical fuel for peak demands, replacing natural 

gas with biogas could be the most convenient option and it would contribute to achieving the car-

bon neutrality goals.  
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Tiivistelmä 

Energiantuotanto on suuren muutoksen kynnyksellä, kun fossiiliset polttoaineet korvataan uusiu-
tuvilla energialähteillä. Tällä hetkellä suurin osa Espoon kaukolämmöntuotannosta perustuu hii-
len ja kaasun polttamiseen, mutta tavoitteena on hiilineutraali kaukolämmöntuotanto vuoteen 
2030 mennessä. On monia vaihtoehtoja, miten kaukolämpöä tullaan tulevaisuudessa tuottamaan, 
mutta tavoitteena on löytää polttovapaita ratkaisuja. Tässä diplomityössä tutkitaan Espoon kau-
kolämpöjärjestelmän polttavan tuotannon tulevaisuutta kirjallisuuskatsauksen ja simulaation yh-
distelmänä. Simulaatiossa mallinnetaan kahta erilaista skenaariota, jossa skenaariossa 1 hyödyn-
netään merkittävä määrä hukkalämpöä ja skenaariossa 2 rakennetaan uusi monipolttoainelaitos. 
 
Tulokset osoittavat, että skenaariossa 1 polttoaineiden käyttö vähenee, kun hukkalämmön hyödyn-
täminen alkaa, mutta sekä biomassa että kaasu ovat silti tärkeitä polttoaineita lämmöntuotannossa 
viileinä kuukausina. Skenaariossa 2 polttoaineiden tärkeys korostuu ja biomassan käyttö lisääntyy 

merkittävästi uuden monipolttoainelaitoksen myötä. Jätettä käytetään osana polttoaineseosta, 

mutta sen merkitys on melko pieni käytettäessä vain 12 %. 50 % osuudella merkitys kasvaa. 
 
Korkeampi päästöoikeuden hinta johtaa hieman pienempään kaasun käyttöön ja korkeampaan 
biomassan käyttöön. Sähkön hinnalla on kuitenkin voimakas vaikutus, sillä kaasun CHP-tuotanto 
voi olla kannattavin tuotantomuoto korkeiden sähkön hintojen aikana. Alhaisemmilla sähkön hin-
noilla kaasun käyttö vähenee merkittävästi, mutta silloinkin kaasu on kriittinen polttoaine huip-
pukysynnän kattamisessa. Jos biomassaa verotettaisiin, se nostaisi biomassan käytön kustannuk-
sia niin merkittävästi, että biomassaa käytettäisiin vain huippukuormana skenaariossa 1. Biomassa 
ei kuitenkaan toimi kovin hyvin tähän tarkoitukseen, sillä pienet käyttömäärät johtavat logistiikka- 
ja varastointihaasteisiin. Siksi biomassan verotus voisi johtaa biomassan korvaamiseen kaasulla. 
 
Ensimmäisessä skenaariossa päästöt ovat pienemmät ja se on kustannustehokkaampi. Uusi mo-
nipolttoainelaitos on taloudellisesti kilpailukykyinen skenaariota 1 vastaan vain, jos jätettä käytet-
tiin enemmän polttoaineseoksessa. Suurempi jätteen osuus varmistaisi myös laitoksen kannatta-
vuuden paremmin, jos biomassaa verotettaisiin tai sen hinta nousisi. Jätteen käyttö lisää kuitenkin 
päästöjä, mutta jos jäte muuten sijoitettaisiin kaatopaikalle, sen käyttäminen energiantuotannossa 
on parempi vaihtoehto.  
 

Käytetyillä tuotantolaitoksilla polttoaineet pysyvät tärkeänä osana lämmöntuotantoa etenkin 
huippukysynnän kattamisessa. Hiilineutraaliustavoitteen saavuttamiseksi tarvitaan todennäköi-
sesti muita ratkaisuja. Kesällä käytettävissä olisi ylimääräistä hiilineutraalia kapasiteettia, minkä 
vuoksi pitkäaikaisten lämpövarastojen hyödyntäminen Espoon kaukolämpöverkostossa voisi tu-
kea hiilineutraalia tuotantoa talvella. Lisäksi, koska kaasu on edelleen tärkeä turvaamaan lämmön-
tuotanto kysyntäpiikeissä, maakaasun korvaaminen biokaasulla voisi olla kätevin vaihtoehto ja se 
edistäisi hiilineutraaliustavoitteiden saavuttamista.  
 

Avainsanat kaukolämpö, polttava tuotanto, polttoaineet, biomassa, kaasu, jäte 
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1 Introduction 

The world’s energy production has traditionally relied on fossil fuels, but the energy pro-
duction with fossil fuels is the most significant source of anthropogenic greenhouse gases. 
Intergovernmental Panel on Climate Change (IPCC) has stated that to avoid serious damages 
for the entire globe, global warming should be limited under 1,5 ℃ (IPCC, 2018). This 
means that quick reductions in greenhouse gas emissions are needed and in order to do that, 
fossil fuels must be replaced with sustainable and renewable energy sources to cut down the 
emissions. This requires significant changes to the entire energy system. (IPCC, 2014, 2018). 
 
EU has set ambitious targets to mitigate the climate change and EU’s goal is to be climate 
neutral by 2050 (EU, 2018). Finland has also implemented its own national energy and cli-
mate strategy and is moving towards climate neutral energy system. Finland will phase out 
the usage of fossil fuels and as a part of this, the coal combustion will be illegal in Finland 
after 1.5.2029. (Finnish Government, 2019). The goal is that Finland will achieve carbon 
neutrality by 2035 (Finnish Government, 2020). 
 
In Finland the energy consumption has doubled since 1970s but in the 2000s the increase 
has halted. The energy consumption per capita in Finland is the highest in the entire EU. The 
main reasons are energy-intensive industry, a high standard of living, long distances and cold 
climate. (Finnish Environment Institute, 2016). Because of the cold climate, about one fourth 
of the final energy is used in space heating (Statistics Finland, 2020a). In households heating 
amounts for 68 % of energy consumption (Statistics Finland, 2020b). 
 
In district heat production the share of renewables has increased significantly during the last 
ten years in Finland. However, fossil fuels are still an important production form and they 
account for close to a half of the district heat production. Due to the variable temperatures 
during the year, district heat is needed five times more during winter months than during 
summer months. Because of this, different ways to produce heat are needed to ensure that 
there is enough heat for the customers throughout the year. (Finnish Energy, 2020a).  
 
Fortum and the city of Espoo are committed to transforming the district heat production in 
the DH network operating in the Espoo, Kirkkonummi and Kauniainen to carbon neutral 
before 2030. As one milestone, Fortum will stop coal combustion by the end of 2025 at the 
latest. To replace coal, new solutions are needed to secure adequate energy production. For-
tum is trying to find combustion free solutions and possible options include for example 
geothermal heat, electric heat pumps and the utilization of waste heat from datacenters, 
wastewaters and industry. (Fortum, 2019a). However, as the transformation towards carbon 
neutral district heating system takes time, fuels and combustion will likely be needed along-
side new solutions to secure adequate heat production.  
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 Research objective  
The objective of this thesis is to determine what is the future of combustible production in 
the district heating system of Espoo in different scenarios and which combustible fuels 
should be used when technical, environmental and economic aspects are considered.  
 
The research questions could be formulated as: 
 
“How does the future look like for combustible production in the district heating system in 

Espoo?” 
 

“Which combustible fuels should be used in the future energy system in Espoo?” 
 
This thesis has been performed as a combination of a literature review and a simulation. The 
aim of the literature review is to provide information about the district heating and the future 
energy system, especially challenges related to replacing fossil fuels with renewable solu-
tions, and examine the combustible fuels that will likely remain as part of the future energy 
system. The availability of fuels, price development, legislation and taxation are studied.  
 
In the modelling different scenarios are formed and run with the optimization program. The 
purpose of the scenarios is to model different possibilities how the district heating production 
will develop in Espoo during the next decade. In addition, the effects of emission allowance 
price, electricity price and biomass taxation are studied. The simulation results show how 
much combustible capacity is needed in different scenarios and how does the mentioned 
issues affect to the production optimization.  
 
This study is conducted for Fortum Power and Heat Oy to provide insights on how the fuel 
usage will develop during the next decade in different situations.  

 Research scope and limitations 
This study is made from the view of Espoo district heating system. The fuels studied are 
biomass, waste and gas, as these fuels could potentially be important in the future district 
heating production in Espoo. The legislation and taxation that is studied is applicable in 
Finland. The availability of the fuels is studied on the likely procurement area, which is 
different for each fuel. Biomass availability is studied around the Baltic Sea and waste at the 
European level. Gas is mostly imported to Finland from Russia and Baltic countries, but as 
gas markets are rather global especially because the increasing utilization of LNG, the global 
situation of gas is reviewed as well.  
 
The simulation is limited to the Fortum Espoo district heating system. Two main scenarios 
are formed to simulate the future development paths of the district heating: a scenario with 
significant amount of waste heat and a scenario with a new multifuel plant. In both scenarios 
the existing assets in Espoo district heating system are also utilized. These scenarios present 
realistic possibilities of how the district heating production could develop. However, these 
scenarios present only some possible options and are based on the current production fleet 
and probable future DH production methods. The future could be a different kind of combi-
nation of the known solutions or include new technology.  
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The modelling is done at a daily level and the timeline modelled is from year 2021 to the 
year 2030. There are several assumptions made due to the limitations of the daily level mod-
elling and to simplify the model. This are discussed in more detail in chapter 5.3.  

 Structure of the Thesis 
This thesis has three sections: literature review (chapters 2, 3 and 4), empirical part (chapters 
5 and 6) and discussion and conclusions of the results (chapters 7 and 8).  
 
Chapter 2 presents energy policy and chapter 3 the district heating in Finland: the statistics, 
currently used production forms and possible future solutions. In chapter 4 biomass, waste 
and gas are studied. The chapter studies the legislation, taxation, possible subsidies and emis-
sions trading, availability and price development of these fuels. In chapter 5 the case study 
and the scenarios are presented, as well as the modelling software, assumptions and limita-
tions. The modelling results are presented in chapter 6, findings of this thesis are discussed 
in chapter 7 and in chapter 8 conclusions are made.  
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2 Energy policy 

To limit the global warming and control the release of greenhouse gases into the atmosphere, 
energy and climate policies are needed. Energy and climate policies consist of decisions and 
actions related to the usage of renewable energy and cutting down emissions. The policies 
can be divided into three levels: international policy, EU’s policy and national policy. They 
are presented in this chapter, first at the international level and then in Finland. Lastly, energy 
subsidies and taxation are briefly discussed.  
 
The foundation of international climate policy is the United Nation’s Framework Conven-
tion on Climate Change (UNFCCC), which entered into force in 1994. UNFCCC is comple-
mented by the Kyoto protocol and Paris Agreement. Kyoto protocol become into force in 
2005 and it covered the time before 2020. The Paris Agreement was signed in 2015 and it 
came effective in 2016 when for example EU ratified the agreement. Finland approved the 
agreement in November 2016. The goal of the agreement is to mitigate the climate change, 
keep the temperature rise below 2 degrees and work towards limiting the global warming to 
less than 1,5 degrees. (The Ministry of the Environment, 2020a; UNFCCC, 2020a, 2020b, 
2020c).  

 EU’s energy and climate policy 
The European Union’s energy and climate policy is guided by the United Nation’s climate 
agreements and EU’s own climate and energy packages. European Union emits 8,5 % of the 
global greenhouse gas emissions (United Nations Environment Programme, 2019). EU’s 
carbon dioxide emissions emitted by sector are presented in Figure 1. As the figure presents, 
the major causers of carbon dioxide emissions in the EU are energy supply, industry and 
transport sector. However, energy and industry sectors’ emissions have quite substantially 
reduced in 2000s, while transport sector’s emissions have increased. Still, significant reduc-
tions in the greenhouse gas emissions are needed throughout different sectors in order to 
limit the global warming.  
 
In the long-term strategy EU aims to reach climate-neutrality by 2050. In addition, EU has 
also set ambitious mid-term goals. EU’s 2020 climate and energy package set three key tar-
gets: 

- 20 % cut in greenhouse gas emissions compared to levels in 1990  
- 20 % of energy produced with renewables of the final energy consumption 
- 20 % improvement in energy efficiency. 

EU’s climate and energy framework 2030 sets goals for the years 2021-2030. The key targets 
in this framework are: 

- At least 40 % decrease in greenhouse gas emissions compared to levels in 1990 
- At least 32 % of energy produced with renewables of the final energy consumption 
- At least 32,5 % improvement in energy efficiency. (European Commission, 2020a, 

2020b; The Ministry of the Environment, 2018a).  
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Figure 1. Carbon dioxide emissions by aggregated sector in the EU (European Environment Agency, 2019).  
 
EU’s new renewable energy directive, RED II, defines the rules for achieving the goal of 
having 32 % of renewable energy by 2030 and sets a target for having a minimum of 14 % 
of renewable energy in transportation energy consumption (European Commission, 2019). 
The directive also determines EU-level sustainability criteria for biomass that is used in the 
energy production. The previous RED applied only to transportation biofuels and other bi-
oliquids, but the new directive extends the scope of the criteria also to solid and gaseous 
biomasses used in heat and electricity production from July 2021 onwards. (Ministry of Ag-
riculture and Forestry of Finland, 2020a).  
 
An important part of the EU’s energy and climate policies is the Emissions Trading System 
(ETS), which is a market-based approach to limit and reduce pollution. The idea is encourage 
polluters to reduce their emissions through economic incentives. ETS covers over 40 % of 
the greenhouse gas emissions in the EU. The emission allowances are either allocated for 
operator for free or by auctioning: the emission allowances can be sold and bought freely in 
the EU wide market. The price of the emission allowance is determined by the supply and 
demand balance. (Ministry of Economic Affairs and Employment of Finland, 2020). From 
2021 the emission allowances distributed annually will decrease by 2.2 % instead of the 
current 1.74 % (European Commission, 2020a; The Ministry of the Environment, 2018a).  
 
Emission allowance price can have a quite significant impact to the profitability of using 
fossil fuels in energy production. The emission allowance price has increased substantially 
during the past few years after being rather low for a long time, as presented in Figure 2. In 
2017 the emission allowance price was around 5 €/tCO2, while today the price is about 25 
€/tCO2 (Markets Insider, 2020). The emission allowance price is in general expected to in-
crease, yet there are very different expectations how significantly, estimations varying from 
30 €/ton to 70€/ton during 2020s (ÅF-Consult Oy, 2018; Hast et al., 2018; Sitra, 2018). 
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Figure 2. Emission allowance price development 2016-2019. Modified from: (Finnish Energy, 2019a). 

 
There has been discussion of a carbon price floor (CPF) as a potential addition to the emis-
sion trading system. It could support ensuring adequate price of CO2 and reducing the CO2 
price fluctuation, which would then support the investments in low-carbon options. CPF 
could be implemented covering the whole EU area, however, it is more likely that it would 
be used locally as it is already done for example in the UK. If the CPF would be imple-
mented, it could have significant effects to the costs of district heat production with fuels 
that are a part of the ETS. (Makkonen et al., 2019). 

 Finland’s energy and climate policy 
Finnish energy and climate policy comply with the UNFCCC, which Finland ratified in 
1994, and other United Nation’s climate agreements. The EU’s climate and energy legisla-
tions are binding for Finland as well. In addition to this, Finland implements strongly also 
its own climate policy. (The Ministry of the Environment, 2020b).  
 
Finland’s national energy and climate strategy defines the actions how Finland will achieve 
the energy and climate goals set both in the Finnish government program and in the European 
Union. Finland’s goal is to achieve carbon neutrality by 2035 and as a part of this goal, the 
coal combustion will be illegal in Finland after 1.5.2029. (Finnish Government, 2019; Finn-
ish Government, 2020). 
 
Other key objectives in the national energy and climate strategy for 2030 are: 

- 50 % of renewable energy in final energy consumption  
- 55 % self-sufficiency in energy production  
- Ban the coal usage in energy production 
- 30 % share of biofuels in transportation and an obligation to blend 10 % of bioliquids 

to LFO used in work machines and heating 
- 250 000 electric vehicles and 50 000 gas powered cars. (Ministry of Economic Af-

fairs and Employment of Finland, 2017). 
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Municipalities in Finland implement the national and international climate policies on a local 
level. In addition to this, municipalities can have their own goals and projects. (The Ministry 
of the Environment, 2016). An example of this is Fortum and the city of Espoo’s cooperation 
project, Espoo Clean Heat, where the goal is to have carbon neutral district heating in Espoo 
by 2030 (Fortum, 2019a). This is discussed further in chapter 3.3. 

 Energy subsidies and taxation 
Energy and climate goals are supported with laws and taxation both at the EU and national 
level. EU countries can support the renewable energy production under certain conditions: 
EU has set guidelines in order to minimize the market distortions and the EU Commission 
needs to approve the state aid before the implementation. However, there are still some in-
consistencies in differentiating regulations, taxation and subsidies between countries. (Banja 
et al., 2019). 
 
For heating sector, the used support mechanisms are diverse. These include for example tax 
reliefs, support for district heating energy systems and investment grants. Despite the EU 
guidelines, the differences can be significant between countries. (Banja et al., 2017, 2019). 
As for taxation, EU sets a minimum tax rates for different energy products but other than 
that, member states can freely set their tax levels. Hence, there are very different tax rates 
among the member states. (EU2019.FI, 2019).  
 
Differentiating subsidies and taxations are challenging because they can distort competition 
especially when many fuels have common markets within the EU. Even though the support 
mechanisms have been successful in increasing the share of renewable energy in the Euro-
pean Union, more harmonized support schemes would help avoiding market distortions and 
support the transition towards uniform energy markets. (Banja et al., 2019). In addition to 
this, more harmonized energy taxation could contribute to guiding the economy to a more 
sustainable direction (EU2019.FI, 2019). 
 
In Finland the taxation of heating fuels is regulated by the Act on Excise Duty on Liquid 
Fuel (1472/1994) and the Act on Excise Duty on Electricity and Certain Fuels (1260/1996). 
The taxation of heating fuels was changed to the current form in 2011, when the unit-based 
excise duty was replaced with an energy content tax and a carbon dioxide tax. The law also 
determines the amount of the strategic stockpile fee for heating fuels. If coal or natural gas 
is used in CHP production, energy content tax isn’t applicable. (Wahlström et al., 2019).  
 
The energy content tax is based on the heating value of the fuel. Currently the value used for 
calculation is 0,01631 €/MJ (Ministry of Finance, 2019). The goal of the energy content tax 
is energy saving, energy efficiency and saving natural resources. The carbon dioxide tax is 
calculated based on CO2 emission factor for each fuel and a value of a ton of carbon dioxide. 
The value is currently 53 €/t CO2. (Ministry of Finance, 2020). The value has increased 
almost every year, as presented in Table 1. Year 2019 was exceptional, because the value 
was decreased. However, this was because the carbon dioxide tax was changed to cover the 
average life cycle greenhouse gas emissions of the fuel. (Koljonen et al., 2019). 
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Table 1. Development of the value of a CO2 in Finnish taxation (Koljonen et al., 2019; Ministry of Finance, 
2020). 

 
 
Historically both the energy content tax and carbon dioxide tax have increased, but the in-
crease in energy content tax has been lower (Koljonen et al., 2019). The development of 
taxation for each fuel can be seen in Figure 3. According to the government program, the tax 
level of heating fuels will be increased. Hence, in the future both energy content tax and 
carbon dioxide tax can be expected to increase, but the increase will likely focus more on 
the carbon dioxide tax. (Ministry of Finance, 2019, 2020).  
 

 
Figure 3. Development of energy taxation (Ministry of Finance, 2020). 

 
 
In Finland the heating fuels have currently four subsidies: 

- Lower taxation of peat 
- Tax exemption of solid biomasses 
- Tax exemption of gaseous biomasses 
- Tax subsidy for CHP production. (Wahlström et al., 2019). 

  
Due to the low market price of electricity, the profitability of CHP production has reduced 
compared to the separate heat production. This is expected to lead to replacing CHPs using 
biomass with biomass HOBs. As this will decrease the amount of domestic flexible electric-
ity capacity, the tax subsidies of CHPs are justified because of the security of supply of 
electricity perspective. (Wahlström et al., 2019). 

 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Value of 
a CO2 (€/t 

CO2) 
30 35 35 44 54 58 62 53 53 
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Because solid and gaseous biomasses are tax-free, their usage in CHP production hasn’t been 
more advantageous than in separate heat production. However, due to the electricity produc-
tion subsidies of forest chips, the heat production with forest chips has been cheaper in CHP 
production than in separate heat production despite the low price of electricity. (Wahlström 
et al., 2019). 
 
It is difficult to predict how the taxation and subsidies will change in the future. However, 
government of Finland has received significant incomes from fossil fuel taxes. Decreasing 
use of fossil fuels is of course desired, but it also means decreasing incomes for the govern-
ment. To keep the incomes stable from the energy sector, it is possible that for example 
biomass or waste will be taxed in the future. (Yle, 2020a) 
 
Laws and taxation should also be straightforward and predictable in order to encourage also 
for large investments and new solutions. Currently the challenge is that the taxation and 
subsidy systems can change rather quickly, and it isn’t known how the policies will look like 
in 5 or 10 years. It complicates and can prevent new investments for the renewable produc-
tion as the profitability of the investments can’t be ensured. (Yle, 2020a). 
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3 District heating in Finland 

In this chapter district heating in Finland is presented, first the statistics related to district 
heat production and then the production technologies and the future energy system. The se-
curity of supply issues are also discussed. Finally, Fortum and Fortum’s energy production 
in Espoo are presented.  
 
District heating is used in low-temperature markets like Finland. The main goal of the DH 
is to utilize the synergies which are obtained from connecting local heat demands with local 
heat sources. In DH networks heat is produced in large production plants and then transferred 
to customers as hot water in a closed district heating network. DH is mainly used for space 
heating, heating the domestic hot water and industrial processes. (Frederiksen & Werner, 
2013). 
 
In district heating the production costs needs to be quite low because the investment costs 
for the network infrastructure are high. The required network is also the reason why DH is a 
natural monopoly, but competition authority does monitor them. However, the customers do 
have the possibility to freely choose their heating method between district heating and indi-
vidual heating methods. (Frederiksen & Werner, 2013; Ministry of Economic Affairs and 
Employment, 2019). 

 District heat statistics 
District heating is currently the dominating heating method in residential, commercial and 
public buildings with 46 % market share in 2019 and it is the most popular heating method 
for new buildings. Today the amount of DH customers is over 30 times more than in 1970 
and the amount of district heating is still increasing 1-2 % per year. (Hillamo, 2019). There 
are almost 15 000 kilometers of DH networks in Finland (Finnish Energy, 2020b). 
 
As presented Figure 4, the usage of fossil fuels in DH production has decreased significantly 
over the last two decades. In the beginning of 2000s about 90 % of district heat production 
was based on fossil fuels, but nowadays the climate neutral district heat production accounts 
for over 50 %. However, even though the usage of fossil fuels has decreased, in 2019 the 
share of coal in Finnish DH production was still 18 %, the share of peat 14 % and the share 
of natural gas 11 %, as presented in Figure 5. (Finnish Energy, 2020a). 
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Figure 4. Energy sources used for district heat production in Finland in 1976-2019 (Finnish Energy, 2020a). 
 
 
 
 

 
 

Figure 5. District heating sources in Finland in 2019. Data source: (Finnish Energy, 2020a). 
 
 
The usage of biomass has increased substantially, and it has over doubled during the last 10 
years. In 2019 biomass represented 42 % of the DH production. Utilization of waste heat has 
also over tripled in 2010s, but currently waste heat still accounts for only about a tenth of 
DH production in Finland. (Finnish Energy, 2020a).  
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Even though the share of carbon neutral DH production is over 50 % in Finland, there are 
noteworthy regional differences in the used energy production forms. In Uusimaa region the 
DH production is much more strongly dependent on fossil fuels than in other regions: In 
Uusimaa the share of coal in district heating production and cogeneration in 2018 was over 
40 % and the share of natural gas was over 30 %, while biomass and excess heat represented 
only about 15 %. The differences in used district heat production forms in different regions 
are presented in Figure 6. (Finnish Energy, 2020a).  
 
 

 
Figure 6. District heat production in different regions in 2018 (Finnish Energy, 2020a). 

 
 
As the coal combustion will be illegal in Finland after 1.5.2029 (Finnish Government, 2019), 
there are rather significant changes needed in Uusimaa as over 40 % of its heating production 
needs to be replaced during the next decade. Some of the energy production with coal is 
already decided to be replaced with biomass, however using biomass for example in Helsinki 
city center is challenging because of the biomass logistics and storage. In addition, power 
balance issues need to be considered when determining how the coal will be replaced, as all 
production can’t be moved away from the city center. Other possible solutions include for 
example heat pumps, geothermal heat and waste. (Pöyry Management Consulting Oy, 2018).  
 
Challenge is also that the population increase is expected to continue during the next decades 
in the Helsinki metropolitan area. In the beginning of 2019, there were about 1,5 million 
people living in the area and it is estimated that by 2050 the population in the area will be 
close to 2 million. (Vuori & Kaasila, 2019). This means that more and more energy is needed 
to meet the needs of the growing population. In order to produce enough energy with clean 
energy sources, significant changes to the energy system are needed. 
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 DH production technologies and the future energy system 
Traditionally energy production has been centralized with one or a few large power plants. 
The centralized energy production has been mostly based on combustible production and 
been dependent on fossil fuels imported outside of Finland, like coal, gas and oil. These have 
been easy fuels for energy production, as they are easy to store and they have a great heating 
value. (Pöyry Management Consulting Oy, 2019; Vihanninjoki, 2015). 
 
The most important production technologies in centralized energy production have been 
combined heat and power (CHP) and heat-only-boilers (HOBs). CHP production accounts 
for close to a 70 % of the DH production (Ministry of Economic Affairs and Employment, 
2019). In CHP production the excess heat from producing power with combustion is utilized 
instead of condensing it. The clear advantages of CHP production are the efficiency, relia-
bility and flexibility it offers for both power and heat production. In HOBs instead only heat 
is produced with combustion. Before mostly conventional fuels have been used like gas and 
oil. However, due to lower efficiency than CHPs and higher costs of the fuel, HOBs have 
usually been used as a peak load capacity. (Frederiksen & Werner, 2013).  
 
Now the energy production is moving towards decentralized energy production and carbon 
neutral production. In decentralized energy production the system consists of many small 
energy production units. Decentralized energy production utilizes more local energy sources 
like biomass, solar, wind and geothermal heat. Even though decentralized energy production 
doesn’t mean renewable energy by definition, it is used in many contexts to refer to renew-
able solutions and of course in modern decentralized energy production system sustainability 
and carbon neutrality are very important issues. (Vihanninjoki, 2015). 
 
An important term in the future energy system is sector coupling. Sector coupling means 
connecting separate sectors, like electricity and heat sectors, to an integrated operation. Be-
cause of increasing amount of solar and wind power, the carbon dioxide emissions of elec-
tricity production have decreased. This electricity produced with renewable sources can be 
used to decarbonize other sectors. This is called power-to-x (P2X). In the case of heat, re-
newable electricity is utilized for producing heat which is also called power-to-heat (P2H). 
In practice this is done mostly with electric boilers and heat pumps. (Bernath et al., 2019; 
Skytte et al., 2019).  
 
Because of sector coupling and using electricity to produce heat, it is important to also con-
sider the electricity issues and see the future energy system as a whole, rather than seeing 
heat and electricity production as separate sectors. Therefore, also the electricity issues are 
briefly touched on in this section.  
 
Increasing share of uncontrollable solar and wind power in the energy system causes chal-
lenges for the power system as the supply and demand of electricity must always match. 
(ÅF-Consult Oy, 2019). Balancing supply and demand of electricity in the future is made 
with multiple solutions. One of the most important ways to do this is the adjusting power, 
which means electricity production that can be adjusted based on demand alongside the un-
controllable production. Previously for example coal in CHP production has been great ad-
justable production, but in the future other solutions are naturally needed. From the current 
renewable sources hydro power is the best option for the adjusting power. In Europe also 
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pumped hydro storages are used widely, but in Finland the possibilities are limited due to 
low height differences. (Finnish Energy, 2020c). 
 
In addition to adjusting production, electricity balance is controlled from the other end as 
well: adjusting electricity consumption. This is called demand response and it is utilized in 
district heating as well. The more the demand of heat and electricity can be adjusted, the less 
adjustable production is needed. Traditionally energy producers have adjusted their produc-
tion based on energy demand, but in demand response the energy customer shifts their heat 
or electricity usage to another time. Usually the customer receives a financial incentive. (ÅF-
Consult Oy, 2019). 
 
The supply and demand of electricity can also be controlled with electricity storages. There 
are many different battery technologies, but the lithium batteries are currently the most com-
mon one for electricity storage. The response time is very short in lithium batteries, which 
mean they are well suitable for frequency control of the electrical system. However, cur-
rently these batteries aren’t suitable for long-term adjustments and the price is very high. 
Still, they have potential for the future. (ÅF-Consult Oy, 2019). 
 
Heat on the other hand can be stored with heat accumulators, which are already well devel-
oped and common technology. Heat can be stored for example to a decommissioned rock 
cave which is filled with water. The adjustability is good, but the downside is that large heat 
accumulators can be expensive, and they require a lot of space which needs to be close to 
the district heating network. (ÅF-Consult Oy, 2019). 
 
Electricity can be transmitted for long distances, so the electricity production doesn’t neces-
sarily need to be local. Electricity can be produced where it is available and where it is 
cheapest, even in other countries: electricity importing and exporting have a critical role in 
the electricity markets. Finland is part of the Nord Pool electricity markets. (Finnish Energy 
& Fingrid, 2009). For heating this is a bit more challenging, as heating solutions and district 
heating networks are more local. Heat production needs to be close to the heat demand and 
heat can’t be imported from other countries like electricity. However, on a small-scale heat 
trade can be done for example between cities and companies and it can be an important part 
of the local heating system. Heat trade is done for example in the capital area (Yle, 2019a). 
However, because of sector coupling the locality of heat production can be questioned. Of 
course, for example heat pump or other unit producing the heat needs to be close to the 
utilization place, but the electricity for it can be produced far away.   
 
The open district heating network is also an important part of the future energy system. Open 
DH network means that the DH network works two-ways, where the customers can buy heat 
but also sell the excess heat they produce to the energy company. For example, datacenters 
produce huge amounts of excess heat which can be utilized in district heating. Other build-
ings that generate a lot excess heat are for example hospitals and grocery stores. (Fortum, 
2020a). 
 
Waste heat utilization is expected to be increasingly important in the future DH system. 
However, heat load provided for example by datacenter is quite stable throughout the year 
and it doesn’t vary based on the heat demand, which is why datacenter waste heat suits more 
as a base load in DH production. In general waste heat utilization can contribute significantly 
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to decarbonizing the energy system, however, other solutions are needed to provide heat 
during the peak demands. (Hiltunen & Syri, 2020). 
 
One possible solution for producing energy in the future are the small modular reactors 
(SMR). In addition to electricity, SMR could produce heat. These could be built in factories 
as series production and be delivered to the site as ready for installation – the costs would be 
significantly smaller than in a traditional nuclear power plant. (World Nuclear Association, 
2020). SMR could potentially offer a solution for the energy production in cities like Hel-
sinki. However, even though SMR has potential for the future, there are still many uncer-
tainties and obstacles to overcome, like permits and legislation. (Värri & Syri, 2019). 
 
There is also the question about the public acceptability of the SMR. Nuclear power in gen-
eral has been a subject of debate, but SMR would bring the production even closer to the 
residential areas (Yle, 2019b). Overall, the future energy system and energy solutions raises 
many questions and considerations, as it is impossible to find a perfect solution. For exam-
ple, wind power is in general highly accepted, but as wind farms are high and visible, they 
face local objection (Järvelä et al., 2020). An energy production unit that might categorized 
as disturbing in one place can be seen as a positive addition in the other. There isn’t a uniform 
solution that would please everyone. However, public acceptability and the support for the 
changes are a critical part of transforming the energy system towards more sustainable. (Per-
laviciute et al., 2018).  
 
Challenge is also that the public doesn’t necessarily have the same knowledge about the 
energy production issues as energy technologists have. Therefore, it is very important to 
share knowledge and educate people about the importance of using existing renewable en-
ergy solutions. The government has an important role in promoting renewable energy and 
affecting people’s opinions and attitudes. (E. Moula et al., 2013). 

3.2.1 Security of supply  

When the energy system in changing, also security of supply questions needs to be consid-
ered. English term “security of supply” is used to refer to two concepts: 

1. The ability to maintain the necessary functions of society in the event of serious dis-
turbances and exceptional circumstances 

2. Uninterrupted continuity of supply of goods or services (National Emergency Supply 
Agency, 2020a).  

The first term refers to a statutory requirement which is defined in the law, while the second 
one is more of a promise to the customers. 
 
As part of the first concept and maintaining the necessary functions of society, it is critical 
to ensure the security of supply of energy production and energy distribution also during 
exceptional circumstances. The key legislation is the Act on Ensuring Security of Supply 
(1390/1992). In addition to this, there are several other laws and regulations related to the 
security of supply, like the Government Decision on the Objectives of Security of Supply 
(1038/2018) and The Act on the Compulsory Stockholding of Imported Fuels (20170/1994). 
Coal, gas, oil and peat are under the obligations of security of supply stocks. (National Emer-
gency Supply Agency, 2020b; Pöyry Management Consulting Oy, 2019; Wahlström et al., 
2019).  
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Fossil fuels have been imported from outside of Finland, so changing to renewable energy 
decreases the dependency of imported fuels and in a way increases the security of supply as 
the share of domestic energy sources increases. However, fossil fuels have been relatively 
easy to store for the security of supply purposes but as discussed before, storing renewable 
energy like wind or solar is a lot more difficult. (Wahlström et al., 2019). 
 
Biomass has been seen like a natural option to replace coal in energy production. However, 
the heating value of solid biomass fuels is quite low, which is why storing requires a lot of 
space. Biomass also can’t be stored for a very long time as it rots and dry matter losses can 
be significant. (Wahlström et al., 2019). Coal has also been available from several sources, 
while biomass availability can vary depending for example weather conditions from year to 
year (Pöyry Management Consulting Oy, 2018).  
 
The security of supply legislation hasn’t been updated very frequently and it is outdated as 
the whole security of supply system for energy production still relies on fossil fuels and 
renewable energy doesn’t have any security of supply obligations. As the coal combustion 
will be illegal in Finland before 2030 and Finland aims to reach carbon neutrality by 2035, 
it’s an important question to consider how this will affect to the security of supply. (Pöyry 
Management Consulting Oy, 2019).  
 
Building a security of supply system that relies on renewable energy is challenging and re-
quires very different kind of solutions. Solid biomass as well as liquid biomass fuels and 
biogas could be given mandatory stock requirements. Also heat storages could be used to 
ensure the security of supply. It is also an important question to consider, how much the 
electrification of heating will affect and will there be enough electricity and electricity trans-
mission capacity. (Pöyry Management Consulting Oy, 2019).  
 
The second security of supply concept is used to refer to the reliability of delivery, meaning 
providing enough goods or services without interruptions under normal circumstances. In 
the case of energy this means providing enough heat and electricity throughout the year, also 
during peak demands. The reliability of heat delivery is almost 100 % as sudden or un-
planned interruptions are rare. The reliability of delivery is also improved because most of 
the district heat networks are looped, meaning that heat can be supplied to the customer from 
two different directions. (Finnish Energy, 2020d). 
 
Using fossil fuels for energy production has been an easy way to secure that there is enough 
heat also during peak demands as fossil fuel production is easy to adjust. Like stated earlier, 
when the share of renewables is increasing demand response can have an important role in 
decreasing the need for adjustable production. However, adjustable production is still likely 
needed alongside other solutions. For electricity for example hydropower is a great option, 
but especially for heat production fuels can play a significant role in ensuring adequate 
amount of heat for customers.  
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 Fortum and district heating in Espoo 
Fortum is globally one of the leading heat producers. In the Nordics Fortum is the largest 
electricity retailer and third largest power generator. Key market areas of the company are 
the Nordic and Baltic countries, Poland, Russia and India. The organization is divided into 
four business divisions: City Solutions, Generation, Consumer Solutions and Russia. For-
tum’s DH business is part of City Solutions division. In addition to district heating, City 
Solutions division is also responsible of district cooling, waste-to-energy, biomass and other 
circular economy solutions. (Fortum, 2020b). 
 
Figure 7 presents Fortum strategy. Fortum’s vision is “for a cleaner world” and mission to 
engage the customers and society to drive the change towards a cleaner world. Company’s 
ambition is to speed up this change by transforming the energy system, improving resource 
efficiency and offering smart solutions. Sustainability is at the heart of the strategy. (Fortum, 
2020b). 
 

 
 

Figure 7. Fortum's strategy (Fortum, 2020c). 
 
Fortum and the city of Espoo are committed to changing the Espoo DH production to carbon-
neutral in the 2020s. This carbon-neutral project is called Espoo Clean Heat. As part of the 
carbon neutrality goal, Fortum will stop the coal combustion before the end of 2025. (For-
tum, 2020d). Espoo district heating transformation journey is presented in Figure 8. The goal 
is that in 2022 the share of carbon neutral district heating is 50 %, in 2026 85 % and in the 
end of 2029 95 %. 5 % of natural gas will remain in the capacity to ensure the security of 
supply. (Fortum, 2020e). 
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Figure 8. Espoo district heating transformation (Fortum, 2020e). 
 
Replacing coal combustion is made with multiple solutions like utilizing excess heat, geo-
thermal energy and electricity. Gas, biomass and waste combustion are also used, however, 
in the long term Fortum is focusing on finding combustion free solutions for heating. (For-
tum, 2019a). However, as stated earlier, there are challenges when changing from fossil fuels 
to renewables. The security of supply of electricity and heat always needs to be ensured. 
Flexible, adjustable power is needed to provide enough heat and electricity during the peak 
demands. (Fortum, 2020b).  

3.3.1 Current production fleet and possible future solutions  

In this section Fortum’s current production fleet is presented, which is also summarized in 
the Table 2, and the possible future solutions discussed.  
 
Combustible production 
Fortum decommissioned its other coal fired unit, Suomenoja 3 HOB, in June 2020 (Fortum, 
2020f). The remaining unit using coal, Suomenoja 1, will be decommissioned in 2025. (For-
tum, 2020d). Suomenoja 1 is a CHP plant and it has a heat power of 162 MW which means 
that it will leave a quite significant deficit to the heat production (Fortum Internal Material).  
 
There are currently two gas CHPs, Suomenoja 2 and Suomenoja 6. Suomenoja 2 has a heat 
power of 213 MW and Suomenoja 6 a heat power of 80 MW. In addition to gas CHPs, there 
are multiple gas HOBs. These gas units are expected to stay as a peak load capacity also in 
the future. There are also several HOBs using light fuel oil and one HOB using pyrolysis oil. 
(Finnish Energy, 2019b) (Fortum Internal Material). 
 
Suomenoja 3 coal combustion unit was replaced with a heat-only-boiler using biomass in 
Kivenlahti in 2020 (Fortum, 2020f). The new bio HOB has a heat power of 58 MW. In 
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addition to this, there is another HOB in Kivenlahti which uses pellet as a fuel. It has a heat 
power of 60 MW. (Fortum Internal Material) 
 
In the future one option is to build a new heating plant if there isn’t enough combustion free 
production to cover the heat demand. The new plant would likely be a biomass HOB or a 
multifuel HOB. Fortum has a preliminary agreement with HSY on land lease in Ämmässuo, 
where a new multifuel plant could be built. The multifuel plant would use biomass and waste 
as a fuel and the heating power would be 110 MW. (Fortum, 2018a, 2018b).  
 
Combustion free solutions 
Fortum, together with St1, have built a geothermal heat plant in Otaniemi, which utilizes 
heat from 7 km deep in the ground. It is the first industrial scale geothermal heating plant in 
Finland. The plant is expected to be in operation in 1/2021 and produce heat worth of 20 
MW. (Fortum, 2020e; St1, 2020). 
 
Heat storages can be used to balance peak demands. Currently there is a 20 000 cubic meters 
water tank in Suomenoja, which has a heat storage capacity of 750 MWh. In addition to this, 
the district heating network itself has some heat storage potential. However, these both work 
mainly as an hourly storage. (Fortum Internal Material). In addition to these, heat trading 
provides additional flexible capacity. Heat trading is done between Espoo and Helsinki and 
it covers about 1 % of the Espoo district heating demand. (Finnish Energy, 2019b).  
 
An important part in the journey towards carbon neutrality is the two-way district heating. 
Fortum was the first one in Finland to open two-way district heating network for all clean 
energy producers. Commercial and residential buildings and companies can generate a lot 
excess heat. This excess heat can be utilized for heating by transferring the excess heat to 
two-way district heating network instead of releasing it into the air. The possibilities for the 
waste heat utilization are wide. Fortum is already utilizing waste heat for example in Suome-
noja, where heat pumps gather the waste heat from the treated wastewater. The current ca-
pacity is 40 MW, but in 2021 a new heat pump unit will increase the capacity to 60 MW. 
Currently about 16 % of Espoo’s heat production is produced with excess heat, but Fortum’s 
goal is to increase the amount significantly. (Fortum, 2019b, 2020d, 2020g). 
 
Fortum, together with Neste, Helen, Borealis and Keravan Energia, are exploring opportu-
nities from utilizing the waste heat from Kilpilahti oil refinery. If realized, the excess heat 
from Kilpilahti could cover one quarter of the heat demand in the capital area. The invest-
ment decision concerning Kilpilahti will be done during 2021 and the building could start in 
2023 and be finished in 2025. However, the investment costs would be significant and the 
taxation of excess heat and heat pumps affect to the profitability. Currently the heat pumps 
connected to the district heating system and utilizing excess heat are in the highest electricity 
tax class, which increases the price of district heat produced with excess heat. (Fortum, 
2020h). However, the heat pumps are expected to be transferred to the lower tax class to 
encourage companies for heat pump investments. (Yle, 2020b). 
 
Other significant source of waste heat could be a large datacenter. Fortum is planning pos-
sible datacenter locations to Hepokorpi in Espoo and Kolabacken in Kirkkonummi. In Espoo 
it could be possible to have datacenters that would generate total of 350 MW of waste heat. 
Utilizing waste heat even from one 100 MW datacenter would cut the emissions with 
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250 000 tons per year in Espoo, Kirkkonummi and Kauniainen region and provide heat for 
one third of Espoo citizens. (Fortum, 2020i). 
 
Hiltunen and Syri (2020) studied the utilization possibilities of waste heat in the Espoo DH 
system. It was found that the waste heat utilization leads to substantial decreases in emis-
sions, but electricity price had an impact as high electricity price increases to profitability of 
gas CHP production and decreases the profitability of heat pumps. Hence, prioritizing waste 
heat in the running order of the plants results in higher production costs than with a free 
operation order. Moreover, even though waste heat utilization can help decarbonizing the 
production, it suits more as a baseload as the produced heat is rather stable around the year. 
Hence, other solutions are needed for peak load production. (Hiltunen & Syri, 2020). 
 
The future possibilities and decarbonization in Espoo were also studied in a thesis made by 
Kokkonen (2020). It was found that highly electrified heating, e.g. utilizing significant 
amounts of waste heat, resulted in lower costs and lower CO2 emissions than utilizing more 
biomass, but also led to substantial increase in the electricity demand. Also, with high elec-
tricity price peaks, combustible production could replace heat pump production. Still, with 
high level of electrification, the usage of gas decreased significantly, but gas remained in use 
for peak load production. (Kokkonen, 2020). 
 
 

Table 2. Current production fleet (Finnish Energy, 2019b) (Fortum internal material). 

Heating plant Fuel Heat output (MW) Electricity output 
(MW) 

CHPs    

Suomenoja 1 (SO1) Coal 162 75 

Suomenoja 2 (SO2) Gas 213 234 

Suomenoja 6 (SO6) Gas 80 49 

HOBs    

Suomenoja 7 (SO7) Gas 35 - 

Tapiola Gas, LFO 160 - 

Otaniemi Gas, LFO 120 - 

Juvanmalmi Gas, LFO 15 - 

Kirkkonummi Gas 20 - 

Vermo Gas, LFO 120 - 

Vermo Pyrolysis oil 30 - 

Kaupunginkallio LFO 80 - 

Kivenlahti Bio Bio 58 - 

Kivenlahti Pellet 60 - 

Tapiola Biogas 1 - 

HPs    

Suomenoja 4 (SO4) Wastewater 40 - 
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4 Combustible fuels 

In this chapter combustible fuels that could potentially be an important part of the future DH 
system in Espoo are studied. First biomass, then waste and finally gas. In each fuel’s section 
first legislation, taxation and possible subsidies are studied, then availability and finally price 
development.  

 Biomass 
Biomass products can be divided into three categories: solid biomass products, liquid bio-
mass products and gaseous biomass products. This chapter concentrates on solid biomass, 
however, other forms of biomass are touched on as well. Biogas is discussed in more detail 
in chapter 4.3. 
 
Solid biomass products can be further divided into different categories, but often word “bi-
omass” is used as a general name to refer to various solid biomass products. These include 
for example wood pellets, recycled wood and various forest industry by-products, like saw-
dust and bark. (Ministry of Agriculture and Forestry of Finland, 2020b).  
 
Biomass represented 42 % of district heat production and 18 % of electricity production in 
2019. Biomass’ share has increased significantly during the last decade. (Finnish Energy, 
2020a). About two thirds of solid wood fuels are used in CHP production (Wahlström et al., 
2019). However, most of the new investments for biomass combustion are for heat only 
boilers, as the current electricity prices doesn’t make it profitable to invest in CHP plants 
(Pöyry Management Consulting Oy, 2018).  

4.1.1 Legislation, taxation and subsidies 

Biomass is seen as a renewable energy because even though biomass combustion releases 
carbon dioxide, new growing biomass absorbs carbon dioxide from the atmosphere. How-
ever, there is an ongoing discussion about the issues with biomass sustainability. If new 
biomass isn’t growing enough, biomass isn’t carbon neutral. In addition, biomass supply 
chain can cause significant greenhouse gas emissions related to for example transportation 
and processing but also related to changes in forest carbon stocks. Other issues are for ex-
ample possible impacts to biodiversity, soil and water, and possible competition with other 
uses of biomass like paper industry. (European Commission, 2017). 
 
EU’s new renewable energy directive, RED II, will replace the old 2009 RED (2009/28/EC) 
in 2021. In the old directive the criteria have applied only to transportation biofuels and other 
bioliquids. The new RED includes binding EU-level sustainability criteria and it will expand 
the application area to solid and gaseous biomass fuels used in electricity and heat production 
among other renewable energy goals. The sustainability criteria’s goal is to guarantee that 
the increasing use of bioenergy results in substantial decreases in greenhouse gas emissions 
compared to using fossil fuels. Furthermore, the sustainability criteria include requirements 
for growing new biomass. (Ministry of Agriculture and Forestry of Finland, 2020a). 
 
Solid biomass isn’t currently a part of the emissions trading as the biomass is viewed as 
carbon neutral (European Commission, 2017). However, after the RED II becomes effective 
in 2021, the sustainability criteria will apply also to solid and gaseous biomasses: biomass 
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is categorized as carbon neutral only if it fulfills the sustainability criteria. This means that 
if the sustainability criteria aren’t fulfilled, the biomass is part of the emissions trading. The 
costs of using biomass not fulfilling the criteria could be quite significant if the emission 
allowance price is high. (Wahlström et al., 2019). 
 
Currently biomass usage in heat production isn’t taxed. If biomass combustion would be-
come taxable, it would have significant effects to the production costs, which could increase 
the heat costs for customers. This could weaken the competitiveness of district heat and lead 
customers moving to other heating solutions. Removing the tax subsidies would lead to 
weaken the competitiveness of heat produced with combustion and accelerate the electrifi-
cation of heating, which could weaken the power balance during peak electricity consump-
tion and the security of supply. (Wahlström et al., 2019).  
 
In the EU biomass usage is also supported widely for example with tax reliefs and investment 
grants. However, as stated earlier in this thesis, the challenge is that the subsidies and taxa-
tion can differ significantly between countries, which is also the case with the biomass: de-
spite the EU guidelines, the differences in biomass support systems are significant. (Banja 
et al., 2019). This puts countries in a very different kind of positions, which is problematic 
especially when the biomass markets can be common among many countries. 
 
At the moment biomass doesn’t have any security of supply obligations in Finland, but this 
might change when the Security of Supply Act is renewed and biomass could be included 
under the obligations. Increasing the amount of biomass decreases the dependency of im-
ported fuels, like coal and gas, and in a way increases the security of supply as the share of 
domestic energy sources increases. (Sipilä et al., 2017). However, the heating value of solid 
biomass fuels is quite low, which is why storing them requires a lot of space. Storability 
depends on whether the biomass is stored as wood chips or stems. Round wood is easier to 
store, losses are relatively small and they can be stored for the whole heating season if the 
piles are done correctly. Wood chips on the other hand shouldn’t be stored under the open 
sky other than in short term, because the dry matter losses can increase significantly. How-
ever, if the wood chips are relatively dry and they can be stored in a decked storage, then 
they can be stored for the whole heating season without significant losses. (Pöyry Manage-
ment Consulting Oy, 2019; Raitila et al., 2014; Wahlström et al., 2019).  
 
Biomass is produced around Finland, which is positive for the security of supply, but bio-
mass availability can vary depending for example on weather conditions from year to year. 
It should also be noticed that especially in the capital area biomass consumption is very high 
and because of that biomass is supplied also from abroad. Therefore, the availability of bio-
mass can depend also about the situation abroad. However, including biomass in the Security 
of Supply Act could secure the availability of biomass in crisis situations. (Pöyry Manage-
ment Consulting Oy, 2018; Sipilä et al., 2017).  
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4.1.2 Availability  

In 2019 the demand for solid woody biomass was about 20 Mm3 for heating and power 
production in Finland, which corresponds to an energy content of a little bit over 39 TWh. 
The usage increased 2 % from previous year and it is now more than ever before. Most of 
the used woody biomass was forest chips and forest industry by-products as presented in 
Figure 9. (Luke, 2020a). 

 

 
Figure 9. Solid biomass consumption in energy production in Finland in 2019 (Luke, 2020b). 

 
The challenge in Finland is the uneven distribution of supply and demand: most of the solid 
biomass supply is in northern Finland, while major share of the demand focuses on southern 
Finland (Pöyry Management Consulting Oy, 2019). However, as the heating value of bio-
mass is relatively low, large volumes of biomass are needed. This increases the transporta-
tion costs and it isn’t necessarily economically viable to transport biomass for long distances. 
(Sipilä et al., 2017). The profitable biomass procurement distance depends on the size of the 
plant and the quantities of which biomass is used. In small plants with low biomass usage 
the procurement distance needs to be relatively short for the production to be economically 
viable, but in larger plants the procurement distance can be longer. If the power plant is 
located on the coastal area, the procurement distance usually must be larger as there can be 
very limited biomass availability in the surrounding areas. It can be the most profitable to 
import biomass from abroad with ships, as it makes it possible to import large quantities 
either wood chips or roundwood. (Pöyry Management Consulting Oy, 2019; Raitila et al., 
2014). 
 
The supply of forest industry by-products is expected to slightly increase because of the new 
investments in the forest industry, however, the growth in the supply is relatively low com-
pared to the estimated overall growth in final consumption of biomass in energy production. 
In addition to this, it is possible that the by-products are used either directly in the industrial 
processes or as a source of energy. Therefore, the growth in biomass consumption is esti-
mated to focus on the forest chips use. (Pöyry Management Consulting Oy, 2019). 
 
 
The balance of forest chips supply and demand is presented in Figure 10. As can be seen, 
the demand exceeds the supply in southern Finland. In addition to this, there are several new 
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energy production plants planned in southern Finland, which will increase the demand even 
more. (Pöyry Management Consulting Oy, 2019). 
 

 
Figure 10. Forest chips supply and demand balance in Finland. Modified from: (Pöyry Management Con-

sulting Oy, 2019). 
 
 
It is evaluated that there is about 50 TWh/a of unused biomass potential in the entire Finland. 
This includes wood, straws, waste wood, agricultural by-products, industrial biowaste and 
sludge. Most of the biomass potential is in wood, which accounts for about 32 TWh/a. How-
ever, it is not evenly distributed. In Uusimaa, where the demand for biomass is the highest, 
the unused potential is estimated to be 2,63 TWh/a, of which 0,37 TWh/a is in wood and 
most, 1,67 TWh, in waste wood. Most of the unused potential is in Pohjois-Savo, Keski-
Suomi and Pohjois-Pohjanmaa. (Peura et al., 2017). 
 
Wood importing is especially important in the southern Finland where the demand exceeds 
the supply. It is estimated that in Finland in 2019 over 20 % of chips used in heating and 
power plants were imported (Luke, 2020b). In general wood trading is very active around 
the Baltic Sea – about 20 % of the world’s wood imports takes place there. Most of the wood 
is exported from Russia, which controls the timber trade with its large export volumes. Larg-
est importers are Germany, Sweden and Finland, but also Poland and Latvia import large 
quantities of wood. (Mustonen et al., 2017). 
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The availability of wood in different countries is affected by the size of the forest residues, 
their economic utilization possibilities, forest land ownership structures and various re-
strictions and recommendations related to the forest use. In Baltic Sea region there is about 
140 million hectares of forest land available for wood supply. About half of this is in north-
western Russia, while Sweden and Finland together account for about a quarter. However, a 
large part of the available wood in northwestern Russia isn’t necessarily economical to uti-
lize due to the high harvesting costs. (Mustonen et al., 2017).  
 
The high annual calculated growth of forests per hectare and low usage rate provides possi-
bilities to increase the supply of wood if it’s possible to be done without compromising sus-
tainability and other targets set for the use of forests. Forest statistics from the countries 
around the Baltic Sea are presented in Table 3. In Sweden and Germany the usage rate of 
the forests is the highest: in Germany the logging accounts for 80 % of the annual increase 
and in Sweden for over 100 %. In Baltic countries, especially in Latvia and Estonia, the 
logging rate is low, 64-65 %. The lowest rate is in Norway and Northwestern Russia, about 
50 %. In Finland the logging rate of the growth is 75 %, which means it is possible to increase 
the logging also in Finland. (Mustonen et al., 2017). However, as stated earlier, challenge is 
that most of the available wood is in the middle and northern parts of Finland, while the 
demand is in south - it isn’t necessarily economically viable to use this potential.  
 

Table 3. Forest statistics (Mustonen et al., 2017). 

Country Timber  
(million m3) 

Growth (m3/hec-
tares/year) 

Loggings 
(million 
m3/year) 

Loggings out 
of the growth 

(%) 
Denmark 116 11,3 3,9 63 
Estonia 426 5,7 7,3 64 
Finland 2099 4,8 68,2 73 
Germany 3493 10,9 95,2 80 
Latvia 616 6,2 12,8 65 
Lithuania 418 6 8,6 78 
Norway 1033 3,1 12,9 50 
Poland 2190 7,7 46,6 75 
Northwestern Rus-
sia 

7780 1,5 51,9 52 

Sweden 2390 4 80,8 102 
 
 
It is quite likely that the energy production and the future advanced non-energy uses of wood, 
like bioplastics, biofuels and biochemicals, would have to compete of the biomass (Mandley 
et al., 2020). The biomass value pyramid in Figure 11 shows the structure of the competition 
and indicates where biomass could have the highest value added. Lower in the pyramid vol-
umes are higher, but the per-weight value is low. However, technology is well known and 
doesn’t require new innovations. Higher in the pyramid the volumes are lower and the value 
is higher, but also more knowledge is required to use the biomass. Shifting towards more 
biobased society leads to using biomass in other applications than it is traditionally used 
which likely affects to the availability of biomass in the future. (Hoang et al., 2020). 
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Figure 11. Biomass value pyramid (Stegmann, Londo, & Junginger, 2020). 

 
 
The planned liquid biofuel production plants presented in Figure 10 would increase the bio-
mass demand by 9 TWh. However, the implementation of these plants is still unsure. (Pöyry 
Management Consulting Oy, 2019). In addition to this, there are several bioproduct factories 
planned for example in Finland, Sweden, Estonia and Russia. (Mustonen et al., 2017). 
 
In general, there are high uncertainties related to the increasing biomass demand by other 
uses of biomass as the technology is still developing. However, in the long run it can be 
expected that the competition between biomass will be tight. Energy policy will also have 
strong impacts of where the biomass will be used. Early assessments and decisions of the 
future use of biomass would need to be done as the made investments in energy production, 
biorefineries and forest industry production affect to the biomass demand for a long time. 
(Kallio et al., 2018). 

4.1.3 Price development 

Forest biomass price history from 2011 to 2020 is presented in Figure 12. During the last ten 
years the biomass price in Finland has been somewhat stable, although there has been some 
fluctuation between years. During the last few years, a more significant increase can be seen. 
However, it should be noticed that there are some regional differences in the prices: prices 
in Southern Finland are in general a bit higher than in other parts of the country (Luke, 
2020a).  
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Figure 12. Forest biomass price in Finland 2011-2020. Data source: (Fastmarkets FOEX, 2020). 

 
There are many uncertainties and it is difficult to estimate the price of biomass in the future, 
as several things affect to it, e.g. forest industry, prices of other fuels and forms of energy 
production, taxes, subsidies and regulations. The policies with other fuels affect as well: for 
example, if tax subsidy of peat would be removed, it would increase the demand of biomass 
significantly and lead to increasing imports of biomass. (Wahlström et al., 2019).  
 
As the wood is also purchased from abroad, it isn’t only about Finnish regulations and taxes 
that affect the price as other countries’ policies affect as well - the availability and priced are 
dependent also on the development of supply and demand in other countries. Especially in 
the countries around the Baltic Sea, the changes in supply and demand balance in one coun-
try’s wood market can be quickly reflected in other countries’ wood felling and prices. New 
investments for other uses of biomass also increases the demand and even though there are 
still uncertainties related to the development of advanced uses biomass, it is likely that the 
increasing demand both in energy and other uses of biomass will increase the prices of wood 
eventually. (Lauri et al., 2012; Mustonen et al., 2017). However, there is a limit to what 
extent increases in biomass usage is competitive with other alternatives in energy produc-
tion. Therefore, the price increase will eventually halt the increasing use of biomass in en-
ergy production and making other production forms more economically viable. (Kallio et 
al., 2015).  
 
The general conclusion is that the biomass price will increase, but the price development is 
significantly dependent on the other uses of biomass. If the advanced use of biomass in-
creases, the biomass price increase will accelerate. However, the most significant accelera-
tion would happen after 2030. This is because the use of biomass for example in liquid bio-
fuels would gradually increase first as it takes time before the biorefineries etc. are built. 
During the 2020s there would be enough wood also for energy production at a reasonable 
price. (Kallio et al., 2018). Several studies estimate the price of forest chips to increase 30-
40 % from 2020 to 2030. For the pellets the price increase is estimated to be a little bit less, 
25-30 % from 2020 to 2030.  (Hast et al., 2018; Känkänen & Jääskeläinen, 2016; Nordic 
Energy Research, 2016).  
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 Waste 
In waste incineration the energy from waste combustion is used for heat and electricity. 
Waste fuels are usually derived to three categories: REF, RDF and SRF. REF stands for 
Recovered Fuel and it is usually made from homogeneous commercial or industrial waste. 
RDF means Refuse Derived Fuel, which is made from mixed waste, and SRF stands for 
Solid Recovered Fuel, which is made from municipal, business or industry waste. (Laak-
sonen et al., 2017). Waste can be incinerated alone or in co-incineration for example with 
coal or biomass. Co-incineration plants typically use high-quality waste, so-called recycled 
fuels or homogeneous industrial waste. (Suomen Kiertovoima ry, 2020a).  
 
Waste can replace fossil fuels like coal in energy production and hence have a positive effect 
in the carbon dioxide emissions. However, at the level of the entire Finland the share of 
waste in DH production is relatively small, only some percentages (Finnish Energy, 2020a), 
but at a more local level waste incineration can produce a significant amount of the heat 
required: in Vantaa the waste incineration produces about half of the district heat needed 
(Vantaan Energia, 2020). 

4.2.1 Legislation and taxation 

The waste regulation of Finland follows the regulations of European Union. The foundation 
of EU’s waste regulations is the EU’s Waste Framework Directive. In addition to this, there 
are numerous other directives and regulations related to waste management, which for ex-
ample regulate producer responsibility and landfill areas. (Laaksonen et al., 2017). 
 
Waste policies aim to increase the sustainable use of natural resources and guarantee that 
any environmental or health hazards aren’t caused by waste. Finland and EU’s waste poli-
cies’ foundation are the following principles: 

- Prevention: the generation and harmfulness of waste are reduced and, if possible, 
prevented 

- The Polluter Pays: the waste producer is responsible for all waste management costs 
- Producer Responsibility: the manufacturers and importers of certain product types 

are responsible for their products when those products become waste instead of the 
waste producer 

- The Precautionary Principle: the risks of waste and waste management are antici-
pated 

- The Proximity Principle: waste is treated as close as possible of its origin 
- The Self-sufficiency Principle: The EU and each member state are self-sufficient in 

waste management. (The Ministry of the Environment, 2018b). 
 
Another key principle in waste management is the order of priority, which also called waste 
hierarchy. The waste hierarchy is presented in Figure 13. Waste hierarchy defines the order 
for the actions related to waste management from most favorable to least favorable. The 
priority is to prevent waste, but if that isn’t possible, waste must be re-used. If re-using isn’t 
possible, it should be recycled as material and only after that recovered as energy. Waste can 
be disposed at a landfill site only if other options are not technically or economically feasible. 
(The Ministry of the Environment, 2018b).  
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Figure 13. Order of priority. 
 
 

EU’s target is to increase the share of municipal waste recycling to 55 % by 2025, to 60 % 
by 2030 and to 65 % by 2035. 65 % of the packaging waste should be recycled by 2025 and 
70 % by 2030. The goal is also to reduce placing waste in a landfill site and no more than 10 
% should be deposited at a landfill site by 2035. (European Parliament, 2018). 
 
There has been discussion about whether using waste in energy production is a threat to other 
preferred use higher in the hierarchy, especially recycling, and if the increasing waste incin-
eration capacity will lead to lower recycling rates and undermining the waste hierarchy. Be-
cause of this it is important to respect the waste hierarchy, but as long as waste is disposed 
at landfill sites, it is efficient to promote both material and energy recovery. (Sunberg, 2015).  
 
Sometimes when it is not possible, energy recovery has some significant benefits. For ex-
ample, the waste that needs to be destroyed, that includes e.g. organic toxins, mold or bac-
teria, incineration is a good method to ensure that the hazardous substances do not reach the 
society. The material recovery also has its limitations even if the material technically is re-
cyclable. Every time material is recycled, the quality reduces. Some materials can go through 
many cycles of recycling, but some only a few. When eventually the quality is so poor that 
recycling is not viable, the material needs to be either placed at a landfill site or used for 
energy recovery. Material recovery processes can also produce residues that cannot be re-
used and hence it is a good option to use them for energy recovery instead of a landfill. 
(Sunberg, 2015). 
 
The environmental effects of waste incineration are mostly related to air and water emis-
sions, ashes and sludges, energy consumption, and transportation. However, waste incinera-
tion causes more than half less carbon dioxide emissions compared to coal incineration. The 
limits for sulfur dioxide, nitrogen oxides and particulate emissions are in general stricter or 
at the same level as plants using conventional fuels. (Pöyry Management Consulting Oy, 
2015).  
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One way to make waste incineration more environmentally friendly is the Carbon Capture 
and Storage (CCS). Carbon dioxide is captured, cleaned, pressurized and then transported to 
permanent storage by a pipeline or a tanker. The challenges are for example uncertainties 
related to the long-term storage of huge amounts of CO2 and the costs of CCS. However, 
CCS is being researched and developed continuously. (Teir et al., 2011). 
 
In Finland waste incineration is regulated by the Government Decree on waste incineration 
(151/2013). The decree applies to both waste incineration and co-incineration plants, which 
are defined in the Environmental Protection Act (527/2014). Difference between these are 
whether the plant’s main purpose is to produce energy or the thermal treatment of the waste: 

• Waste incineration plants are defined in the act as “a unit dedicated to the thermal 
treatment of waste, with or without recovery of the combustion heat generated, 
through the incineration of waste by oxidation as well as other thermal treatment 
processes, such as pyrolysis, gasification or plasma process, if the substances result-
ing from the treatment are subsequently incinerated”. 

• Waste co-incineration plants are defined in the act as “a unit whose main purpose is 
the generation of energy or production of material products and which uses waste as 
a regular or additional fuel or in which waste is thermally treated for the purpose of 
waste disposal through the incineration by oxidation of waste as well as other thermal 
treatment processes, such as pyrolysis, gasification or plasma process, if the sub-
stances resulting from the treatment are subsequently incinerated”.  

 
Currently waste incineration isn’t subject to waste tax in Finland and waste tax is paid only 
for disposing waste at a landfill site. However, there are numerous options for implementing 
a tax for the energy use of waste. The tax could be based on the amount of waste used for 
energy, the fossil content of the waste or the energy produced with waste. The tax could 
apply to both waste incineration and co-incineration plants or only waste incineration plants. 
If the tax would consist of both energy content tax and a carbon tax, the tax would be signif-
icant compared to the gate-fee. So that the tax would be comparable to the emissions trading 
system, only carbon tax should be implemented for the energy use of waste. However, the 
taxation of the energy use of waste can increase the exporting of waste outside of Finland. 
(Pöyry Management Consulting Oy, 2015). 
 
Currently waste incineration plants are not included in the emission trading system, but co-
incineration plants, which main purpose is to produce energy, are. It is possible that this 
could change in the future. One possibility is that waste incineration plants could be included 
in the emissions trading system by the EU, which would have significant impacts in the 
entire Europe. Other option is that it is possible to change the interpretation of the waste 
incineration regulation in Finland so that the waste incineration plants would be classified 
as co-incineration plants and hence be included in the emissions trading system. This is al-
ready done in some countries, for example in Sweden and Denmark. (Pöyry Management 
Consulting Oy, 2015). 
 
Including waste incineration in the emissions trading would increase the costs of incinerating 
waste because of the emission allowance prices and due to the costs related to the monitoring 
and reporting of the emissions. Of course, waste incinerations plants in Finland can transfer 
the costs to the sold heat and gate-fees. Still, increasing costs would increase the attractive-
ness of recycling and other utilization. (Laine-Ylijoki et al., 2018; Pöyry Management Con-
sulting Oy, 2015).  
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As with biomass, different kind of waste policies, legislation and taxation puts countries in 
different positions. In some European countries it is still allowed to place most of the waste 
at landfill site and in some countries waste incineration is taxed or included in the emissions 
trading system. The interpretations of waste differ as well, as for example with the wood 
waste. In Europe all used wood is classified as waste and have an EWC code (Eurostat, 
2010). However, in Finland used wood is classified into different categories: A, B, C and D. 
The first two categories, A and B, are good quality and don’t contain heavy metals more 
than natural wood. Category C includes wood residues that contain more organic halogen-
ated compounds and heavy metals than natural wood, while category D wood includes also 
wood preservatives. Categories A and B are not categorized as waste but as biomass while 
categories C and D are classified as waste and they are subject to the standards of waste 
incineration regulation. (VTT, 2014).  
 
In order to move up the waste hierarchy and reach the environmental targets, European leg-
islation and policy measures, for example aimed at banning landfilling and reducing waste 
generations, should be harmonized (Castillo-Giménez et al., 2019). In addition, cooperation 
between countries should be encouraged, so that for example the waste would be transported 
to countries where is available overcapacity for waste treatment. This would benefit both 
countries. (Malinauskaite et al., 2017).   

4.2.2 Availability  

The green growth is increasingly important in the politics. Green growth basically means 
economic growth that is compatible with environmental issues and sustainable development. 
Therefore, many policymakers drive this agenda and it has an important role in building the 
environmental policies especially in the EU. Unfortunately, a high standard of living and 
growing populations usually results in ever-greater amounts of waste. (Castillo-Giménez et 
al., 2019).  
 
Still, EU’s goal is to move up the waste hierarchy and prevent or minimize the waste. In the 
perfect circular economy future almost all the materials would be recycled and re-used. Only 
little waste fractions should remain available for incineration. Because of this, it is an im-
portant question to consider how much waste will be left for energy recovery in the future. 
(Sunberg, 2015).  
 
Finland aims to increase the recovery of waste in line with EU’s circular economy objectives. 
Using waste for energy production and recycling has increased substantially during the last 
decade in Finland. Only a little bit over ten years ago over 50 % of municipal waste was 
disposed at a landfill site but today a less than a percentage. This is partly due to the organic 
waste landfill ban, which became effective in 2016. (Statistics Finland, 2020c).  
 
The amount of municipal waste and the treatment methods in Finland from 2002-2018 are 
presented in Figure 14. In 2018 the amount of municipal waste in Finland was a little bit 
over 3 million tons. 57 % of the waste was used for energy production, 42 % of waste was 
recovered and 0,7 % was placed at a landfill site. The amount of municipal waste increased 
about 8 % from 2017 to 2018, but before that the amount has been somewhat stable. (Statis-
tics Finland, 2020c). 
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Figure 14. Municipal waste treatment by treatment method in Finland 2002-2018 (Statistics Finland, 2020c). 
 
It is predicted that in Finland the volume of municipal waste will stay quite steady in the 
2020s, but the share of waste recovery will increase and by 2030 be about 60 % - at the same 
time the share of utilizing waste in energy production decreases to about 40 %. (Suomen 
Kiertovoima ry, 2020b). Because of this, it is likely that there won’t be increases in the 
amount of waste available for energy production in Finland.  
 
At the EU level the amount of waste generated has increased slightly every year since 2013, 
being a little bit over 250,6 million tons in 2018. A little bit less than 50 % of this was 
recycled, about 30 % incinerated and a little bit over 20 % landfilled. However, there are 
significant differences between countries in performance in the treatment of MSW as the 
Figure 15 presents. Usually, the countries that have a high recycling rate also incinerate a 
significant amount of the waste. In general, the best situation is in the wealthier Northern 
and Central European countries which have a high recycling and incineration rate. In Ger-
many, Austria, Netherlands, Belgium, Denmark, Sweden, Finland, Switzerland and Norway 
the recycling and incineration rate together reach over 97 % in 2018. (Castillo-Giménez et 
al., 2019; Eurostat, 2020). 
 
The situation is worse in low-income countries in the Eastern Europe which treat most of 
the waste through landfilling. For example, in Greece, Cyprus, Romania and Malta over 80 
% of the waste is placed at a landfill site. Landfilling might still be the cheapest option and 
there might not be any regulatory government policies to restrict landfilling. Government 
could set a high tax and a landfilling fee, so that it would be more profitable to use the waste 
to energy production and other uses higher in the hierarchy. (Castillo-Giménez et al., 2019; 
Eurostat, 2020; Malinauskaite et al., 2017). 
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Figure 15. Municipal waste treatment in EU and a few other countries. Data source: (Eurostat, 2020). 

 
As discussed earlier, as long as waste is disposed at landfill sites, it is efficient to promote 
both material and energy recovery. Waste can be imported from countries that landfill most 
of the waste to the countries with excess capacity for waste incineration. By waste importing 
and utilizing the possible excess waste incineration capacity, it is possible to support the 
landfill phase-out in Europe. (Sunberg, 2015).  
 
Currently the reasonable waste costs in Finland make it possible to control the waste incin-
eration plants’ utilization level with imports. However, the surrounding areas of Finland, 
especially in Sweden, have had an overcapacity for the waste incineration. If the waste in-
cineration costs in Finland will increase, it can decrease the amount of imports as well as 
encourage to waste exporting from Finland. (Pöyry Management Consulting Oy, 2015). 

4.2.3 Price development  

Waste is usually a gate-fee based fuel, meaning that a compensation is received for inciner-
ating the waste. In Finland waste incineration plants can change the gate-fee and transfer 
possible additional costs to the gate-fee. Hence, if the costs of using waste increase, it is 
possible that the gate-fees would be increased to compensate the costs.  
 
There are two main uncertainties related to the costs of using waste: emissions trading and 
possible taxation. Currently waste incineration plants are not included in the emissions trad-
ing, but it is theoretically possible that they will be. However, co-incineration plants are 
already currently part of the emission trading program. This means that if waste is used in 
co-incineration, a price needs to be paid for the emission allowances. The cost that emission 
allowance causes is dependent on the quality of the waste. The lower quality waste has a 
higher emission factor, meaning the costs are higher as presented in Table 4. (Ministry of 
Economic Affairs and Employment, 2012). Usually in co-incineration good quality waste is 
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used, which means the emission allowance price has lesser effect to the usage costs than 
would be with lower quality waste.   
 
Table 4. Effect of the emission allowance price for waste fuels. Modified from: (Ministry of Economic Affairs 

and Employment, 2012). 

The price of the emission al-
lowance 30 €/tCO2 50 €/tCO2 70 €/tCO2 

Recycled waste fuels (heating value 20 GT/t, emission factor 31,8 tCO2/TJ) 

Additional cost €/t 18,9 31,5 44,1 

Additional cost €/MWh 3,4 5,7 8 

Municipal waste (heating value 10 GJ/t, emission factor 40 tCO2/TJ) 

Additional cost €/t 11,9 19,8 27,7 

Additional cost €/MWh 4,3 7,1 9,9 
 
It is possible that the waste incineration would be taxed in the future, which could result in 
high additional cost if the tax would be implemented both as an energy content tax and a 
carbon dioxide tax (Ministry of Economic Affairs and Employment, 2012). The taxes for 
waste incineration at the current tax level is presented in Table 5. As with the carbon price, 
the quality of waste affect to the amount of carbon dioxide tax. As can be seen, the energy 
content tax would be higher than the additional cost caused by the emission allowance prices 
30 and 50 €/tCO2.  
 
However, it should be noted that using waste fuels can cause other additional costs to power 
plants. Waste requires separate fuel reception, storage and supply equipment. The need for 
equipment and boiler maintenance is also higher compared to conventional fuels. The vari-
able quality of waste fuels affects also to the quality of the ashes and sludges, and the quality 
variation and the possible contaminants can limit the utilization possibilities. These can 
cause additional costs if the ash needs to be treated or placed at a landfill site. This is also 
why the quality of the waste is an important aspect especially in co-incineration as it can 
affect significantly to the profitability of using waste in energy production.(Laaksonen et al., 
2017; Laine-Ylijoki et al., 2018).   
 
Table 5. Possible tax levels of waste fuels in energy production. (Ministry of Economic Affairs and Employ-

ment, 2012). 

 Energy content 
tax Carbon dioxide tax 

Recycled waste fuels (heating value 20 GT/t, emission factor 31,8 tCO2/TJ) 

Additional cost €/t 43 9,4 

Additional cost €/MWh 7,7 1,7 

Municipal waste (heating value 10 GJ/t, emission factor 40 tCO2/TJ) 

Additional cost €/t 21,5 5,9 
Additional cost €/MWh 7,7 2,1 
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 Gas 
In this chapter natural gas, liquefied natural gas and biogas are discussed. Natural gas is a 
fossil fuel which consists mostly of methane. The products of natural gas combustion are 
water and carbon dioxide, but the carbon dioxide emissions are only about a half of coal’s 
carbon dioxide emissions. (Gasgrid Finland Oy, 2020a; Gasum, 2020a). Liquefied natural 
gas (LNG) is made from natural gas, but liquefaction reduces the volume of gas 600 times, 
making it easier for storage and transporting. It can be transported with suitable tankers, 
trucks or rails. (Gasum, 2020b). LNG makes it possible to utilize gas also outside of the gas 
grid and to utilize gas deposits where it isn’t profitable to build a gas pipe (Sipilä et al., 
2017). 
 
Biogas consist 30-50 % of carbon dioxide and 50-70 % of methane. It can be produced sep-
arately from gas grid or it is possible to upgrade biogas to biomethane, which can be used as 
a traffic fuel or it can be injected into the natural gas grids as a substitute for natural gas 
(Scarlat et al., 2018). Upgrading biogas to biomethane offers also other additional ad-
vantages like better storage capabilities because of higher energy density of biomethane. 
However, upgrading biogas to biomethane increases costs, energy demand and material us-
age. (Schmid et al., 2019). Basically, biogas can be produced from almost any organic ma-
terial, such as biowaste, sewage sludge, wastewater, manure, industrial by-products and 
plant biomass. The raw materials can be grown specifically for biogas production or waste 
materials and side streams can be utilized. In Finland biogas is made mainly from waste- 
and side-streams – only a small part is produced from energy crops. (Gasum, 2020a; Pöyry 
Management Consulting Oy, 2019; Winquist et al., 2019).  
 
Currently natural gas is used in Finland for heat production in CHP plants and heat boilers, 
but also in industrial steam and process use. The usage of natural gas has decreased signifi-
cantly in 2000s, but although the usage is still assumed to slightly decrease, gas will likely 
remain as an important fuel in several industrial plants and DH networks. (Pöyry Manage-
ment Consulting Oy, 2019). The importance of natural gas is emphasized during the cold 
winter months, when it can be used to offset peaks in energy consumption. Gas is great 
adjustable power and it increases the security of supply of electricity and heat. (Gasum, 
2020b). 
 
Natural gas is described as a bridge technology in the energy system transformation in a 
short and medium term as the carbon dioxide emissions are significantly lower than coal’s 
and oil’s. However, in the long term, where the goal is a fully renewable energy system, 
natural gas should as well be replaced. (Gillessen et al., 2019). In the future it can be possible 
to transfer synthetic methane or hydrogen made with solar or wind power into the gas grid. 
Synthetic gas can be done for example with power-to-gas technology, where hydrogen is 
separated from water with electricity produced with renewable energy sources. Carbon di-
oxide obtained from air or other sources is then used to methanate the hydrogen into me-
thane. Gas is produced for storage and transmission in the gas network when there is lots of 
wind or solar power available. (Gasgrid Finland Oy, 2020b). 
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4.3.1 Legislation and taxation 

In Finland natural gas market is regulated by the Natural Gas Market Act. The act aims to 
guarantee the conditions for secure, efficient and sustainable gas markets, so that the security 
of supply of gas is ensured, it is competitively priced and adequate quality. (Gasgrid Finland 
Oy, 2020c). 
 
The Government Decree on the Settlement and Measurement of Natural Gas Delivery sets 
more detailed regulations of organizing responsibility between gas market participants, on 
notifications concerning natural gas deliveries and switching natural gas suppliers, on bal-
ance settlement and on measuring the natural gas deliveries. The decree is also applied to 
renewable gases, e.g. biogas that are injected to the gas grid. (Gasgrid Finland Oy, 2020c). 
 
Finnish gas market opened for competition on 1.1.2020 and monopoly company Gasum 
Oy’s distribution and sales businesses were separated into different companies. From the 
beginning of 2020, distribution company Gasgrid Finland Oy is responsible for the gas dis-
tribution in Finland and importing of gas. (Energy Authority, 2020a). Gas energy is traded 
through bilateral agreements based on various price indexes or on the gas exchange between 
Finland and the Baltic countries. Gas transmission capacity is reserved separately from the 
Finnish transmission system operator. (Gasum, 2020b). 
 
The Act on Compulsory Storage of Imported Fuels (1070/1994) sets the requirements of the 
storage obligations for natural gas. Natural gas importers and power plants are required to 
store from July 1 of each year the corresponding amount of three-month average purchase 
volume or imports. (Wahlström et al., 2019). However, as it isn’t possible to store large 
amounts of gas in Finland, the compulsory storage is implemented with a substitute fuel, 
usually oil (Jääskeläinen et al., 2018). Currently biogas doesn’t have any security of supply 
obligations. The biogas production and usage are relatively small, so the biogas’ importance 
for security of supply isn’t very significant. However, this might change in the future when 
biogas usage increases. (Pöyry Management Consulting Oy, 2019).  
 
Natural gas taxation consists of an energy content tax, a carbon dioxide tax and an energy 
tax, which rates are presented in Table 6. If natural gas is used in CHP production, energy 
content tax isn’t applicable. Currently biogas isn’t part of The Act on Excise Duty on Elec-
tricity and Certain Fuels (1260/1996), but the future taxation of biogas is uncertain. (Wahl-
ström et al., 2019)  
 

Table 6. Tax rates of natural gas in 2020 (Vero, 2020). 

 Energy content 
tax 

Carbon 
dioxide tax 

Strategic 
stockpile fee In total 

Natural gas 
€/MWh 7,63 12,94 0,084 20,654 

 
 
Natural gas is a part of the EU’s emissions trading program, which means that the price of 
the CO2 affects significantly to the costs of using natural gas. As discussed earlier in the 
thesis, the emission allowance price has gone up during the last years and the increase is 
expected to continue. On one hand the increasing price decreases the gas usage as the costs 
increase, but on the other hand increasing CO2 price causes some companies to switch from 
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coal to natural gas as natural gas’ carbon dioxide emissions are almost half lower and hence 
the emission allowance costs are lower with gas than coal. Therefore, an increase or decrease 
in the CO2 price affects to the usage of natural gas, which then can affect to the price of 
natural gas based on supply and demand.  (Chung et al., 2018). 
 
Finnish biogas production is strongly dependent on economic support of the government. 
Currently there are several subsidy systems for biogas: 

- Feed-in-tariff in electricity generation 
- Investment subsidy for agricultural and industrial plants 
- Tax exemption when biomethane is used as a traffic fuel (Winquist et al., 2019). 

 
EU’s RED II sustainability criteria for biomass apply for heat and electricity production with 
biogas. This means that if the sustainability criteria aren’t fulfilled, biogas would as well be 
a part of the emissions trading program. (Winquist et al., 2019). Currently the biogas usage 
works with certificates and biogas certificates are the only way of purchasing biogas in the 
gas network. The certificates are a way to verify the biogas’ origin and with them it can be 
proven that biogas is used, and hence no tax or emission allowance price needs to be paid.  
Certificates can be issued for a biogas which is produced in Finland and input into the gas 
grid. This way it is also possible to utilize biogas flexibly and choose how much biogas is 
wanted at any given time. (Gasum, 2020c). 

4.3.2 Availability 

Previously Finland was fully dependent on natural gas imports from Russia, but today natu-
ral gas is supplied to Finland also via the interconnector between Finland and Estonia, so 
Finland is connected to the natural gas markets of the Baltic countries. Baltic countries do 
purchase most of their natural gas from Russia, but gas is also supplied through the Klaipeda 
LNG terminal in Lithuania from other producer countries. Utilizing this terminal, it is pos-
sible to cover a significant part of the Baltic region gas demand. There is also a gas pipeline 
connection, GIPL, being built between Lithuania and Poland which would connect Finland’s 
and Baltic countries’ gas grids to the rest of the Europe. GIPL transmission capacity won’t 
be enough to cover the gas demand of the whole region, but the capacity corresponds to the 
annual Lithuanian demand which is the largest of the Baltic countries. Klaipeda LNG termi-
nal and GIPL pipeline connection together will cover a significant part of the demand in 
Finland-Baltic gas area, although not the entire demand. Security of supply can be improved 
by utilizing gas storage in Latvia. (Pöyry Management Consulting Oy, 2019).  
 
The capacity of Balticconnector isn’t enough to cover the peak demand during winter months 
in Finland. In Finnish gas grid also isn’t any gas storages, but gas grid itself acts as a small 
storage. However, sources of gas supply are diversifying as biogas production increases in 
Finland and through local LNG terminals. (Pöyry Management Consulting Oy, 2019). Fin-
land’s first LNG terminal was built to Pori in 2016 and the second one to Tornio in 2019. 
Third LNG terminal in Hamina is estimated to be finished in 2020. LNG terminals mostly 
serve the use outside of the gas grid, like industry and transport, but they can also be used to 
supply gas by truck to the gas network. The Hamina terminal is located close to the existing 
gas network and will be connected to it. However, the size of these storages in terminal is 
small compared to Finland’s gas consumption, less than 1 TWh. (Ministry of Economic Af-
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fairs and Employment, 2019; Pöyry Management Consulting Oy, 2019). Still, LNG and stor-
age are expected to be increasingly important in ensuring the security of supply. (Sesini et 
al., 2020). 
 
On a global scale natural gas represents almost 25 % of primary energy consumption and 
the consumption increased by 2 % from 2018 to 2019. Inter-regional gas trade has also in-
creased, especially LNG’s which reached a new record high last year. The share of the LNG 
exports of the entire gas exports was close to 40 %. (BP, 2020).  
 
The global demand of natural gas is estimated to be increasing almost by 35 % by 2040 
comparing to 2015. The most significant increases will be in Asia, Middle East and North 
America. In Europe the increase in demand will be quite moderate, however, LNG will likely 
significantly replace gas supplied by pipe, which decreases the dependency of Russia. (Pöyry 
Management Consulting Oy, 2019).  
 
Most of the proved reserves of natural gas are in Middle East (38 %) and Russia (19 %). 
Other major reserves are in Asia Pacific (9 %), North America (8 %) and Africa (8 %). To 
Middle and South Europe gas is brought by pipeline from Norway, Russia and North Africa. 
LNG is imported from several areas around the world, for example from Middle East, North 
and South America and Africa. (BP, 2020). Natural gas and LNG trade movements are pre-
sented in Figure 16. Especially the importance of US and Australia in LNG importing to 
Europe is expected to increase (Sesini et al., 2020). 
 
 

 
 

Figure 16. Trade movements of natural gas and LNG in 2019 (BP, 2020). 
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As for biogas, the production has increased substantially in Europe during the last decade. 
In 2015 EU represented half of the entire world’s biogas production. One reason for this is 
the general incentives for biogas production in several EU countries. However, evolution of 
the production has been quite uneven between countries: Germany alone has represented 
about half of the whole EU’s biogas production. The energy crops usage might be limited 
even more in the future, but there is still significant biogas production potential in many EU 
countries which is mostly unused. (Scarlat et al., 2018; Winquist et al., 2019).  
 
In Finland the amount of biogas plants and the production of biogas have increased substan-
tially in 2010s (Winquist et al., 2019) as presented in Figure 17. There are currently five 
production plants that input biogas into the gasgrid: in Kouvola, Espoo, Lahti, Virolahti and 
Riihimäki. However, the share of biogas is still small compared to the usage of natural gas: 
in 2018 about 100 GWh of biogas was input to the grid, while the natural gas consumption 
was 25 TWh. (Energy Authority, 2019). 
 
 

 
 

Figure 17. Biogas production in Finland from 1998 to 2017 (Winquist et al., 2019). 
 
 
Despite the already substantial increase in the biogas production in Finland, there is still 
significant amount of unused potential. Estimation is that only 4 % of the production poten-
tial is utilized and the available production potential, not competing with food production, is 
10 TWh/a. This is a rather significant amount compared to the natural gas usage. Most of 
the potential is in agriculture and the rest in pulp and paper sludge, food industry waste, 
municipal biowaste and sewage sludge. (Gasum, 2020a; Winquist et al., 2019).   
 
Even though there would be various waste and side streams available for biogas production 
in Finland, the logistics can cause difficulties. The fields in Finland can be somewhat small 
and scattered and it might not be economically viable to utilize all potential. In addition, the 
economic support systems affect significantly to the biogas production profitability, as does 
the electricity prices as well. The uncertainty of political decisions also raises the barrier for 
biogas investments. To increase the production of biogas, political support and incentives 
are needed, as well making the support structure simpler. (Winquist et al., 2019).   
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In addition to biogas, in the future wind and solar energy can be used to create synthetic gas 
with power-to-gas technology. Power-to-gas can have significant role in integrating high 
amounts of renewable energy into the energy system and in decarbonization of the energy 
system. Power-to-gas increases flexibility of the energy system and could help ensure there 
is enough energy in peak demands. (Quarton & Samsatli, 2018). 

4.3.3 Price development  

The price of natural gas is affected by several global and local factors, like financial situation, 
the price of oil and market liberalization (Sipilä et al., 2017). The price varies worldwide, 
based for example on oil indexing, long term contract and other trading rules (Pöyry Man-
agement Consulting Oy, 2019). The price development of natural gas in 2009-2019 is pre-
sented in Figure 18. Historically there has been significant variation in the natural gas prices 
between years and between markets, but in the US the price has been lower and the fluctua-
tions also smaller than in Europe. (Nakajima & Toyoshima, 2019).  
 
Natural gas demand is expected to increase significantly globally, especially in Asia, North 
America and Middle east. It is likely that the demand will grow also in Europe, but LNG 
will significantly replace natural gas supplied by pipe. (Pöyry Management Consulting Oy, 
2019). Increasing demand will likely lead to an increasing price of natural gas. (Obadi & 
Korček, 2019). It is also expected that because of the new natural gas pipes the natural gas 
price in Finland will be closer to the price level of the Baltics and Central Europe. (Wahl-
ström et al., 2019).  
 

 
Figure 18. Natural gas prices from 2009-2019. MMBtu =Million British thermal units. HH = Henry Hub, NBP 
= National Balancing Point, TTF = Title Transfer Facility, JKM = Japan/Korea Marker). (Nakajima & Toyo-
shima, 2019). 
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In 2020 the gas price has decreased significantly in Europe, due to several reasons. LNG 
importing to Europe has increased and the weather has been exceptionally warm. Corona 
pandemic has also decreased the gas demand. (Kauppalehti, 2020). In the beginning of 2020, 
the gas markets opened for competition in Finland. This has affected the prices but the price 
statistics for 2020 hasn’t been published yet.  
 
Nordic Energy Technology Perspectives expects the gas price to increase over 40 % between 
2020-2030 (Nordic Energy Research, 2016). Several other studies estimate somewhat simi-
lar price increase, varying between 40-50 % and the price reaching over 30 €/MWh with 
current climate politics. (Hast et al., 2018; Känkänen & Jääskeläinen, 2016; Ministry of Eco-
nomic Affairs and Employment, 2019).  
 
As for biogas and biomethane, there aren’t very much price estimations as the usage is still 
relatively small and it is known how the production will develop.  
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5 Simulation case study: Future of combustible produc-
tion in the Espoo DH system 

In this chapter a simulation case study is conducted for the Espoo district heating system. 
First the aim of the simulation and the scenarios used are presented, then the modelling pro-
gram, the limitations and made assumptions, as well the used fuel prices, heating demand 
and electricity price. 
 
In Espoo about 84 % of the houses are connected to the DH network. (Finnish Energy, 
2019b). As Figure 19 presents, coal has been an important fuel, accounting for over a half 
of the district heat production in 2019. The same year natural gas represented 20 % of the 
production, heat pumps 15 % and biomass 10 %. (Fortum, 2020j). Fortum, together with the 
city of Espoo, are committed to changing the DH system to carbon-neutral in the 2020s and 
as part of this, Fortum will stop coal burning by the end of the 2025. These goals mean that 
significant changes to the production fleet are required. (Fortum, 2019a, 2020e). There are 
different possibilities how the coal will be replaced and carbon neutrality achieved but it is 
critical to ensure adequate heat production at all times. 
 

 
 
 

Figure 19. DH production in Espoo in 2019 and 2030 (Fortum, 2020e, 2020j). 
 
The aim of the modelling is to study different scenarios of how the district heating production 
will develop in Espoo and how this will affect to combustible production. The simulation is 
made by using existing optimization tools in Fortum. 
 
The two main objectives of the simulation are: 

- To determine the future of combustible production in the Espoo district heating 
system in different scenarios and whether the combustible production will be 
needed to ensure adequate heat production 

- To find out which fuels should be used in different scenarios, when the effects of 
electricity price, emissions allowance price and taxation are considered. 
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 Scenarios 
Two main scenarios are made to simulate different possibilities of how the district heating 
production will develop in Espoo during the next decade. In the first scenario a significant 
amount of waste heat is utilized and in the second one a new multifuel plant is built. Under 
the main scenarios there are different sub-scenarios to study the effects of emission allow-
ance price, biomass taxation and electricity price. The main idea is to compare how much 
combustible capacity is needed in different scenarios and what fuels should be used in each 
situation. The scenarios are made to present realistic possibilities of how the district heating 
production could develop. The scenarios are chosen to be different from each other to see 
the differences especially with the electrification of heating, but it is of course possible that 
the future would be something different.  
 
As this thesis aims to study the position of combustible production in different scenarios, it 
isn’t critical what unit the combustion free heat is from, but rather how much there is alter-
native capacity. Hence, in the modelling the capacities of waste heat and AWHPs aren’t tied 
to any certain production units and it isn’t specified in which unit the heat is produced, but 
what is the heat source. 
 
There are some new production units and decisions which are probable and will be used in 
all scenarios. In Table 7, these common expectations are presented. The scenarios are pre-
sented in more detail in the next chapters, but in Table 8 the production fleets of both sce-
narios in 2030 are presented compared to the 2020 production fleet.  
 

Table 7. Common expectations for all scenarios. 
Plant MW In use/Out of use 
SO4 Heat pump + 20 7/2021 
St1 Geothermal + 20 1/2021 
AWHP + 12 7/2022 
SO1 coal CHP - 162 12/2025 

 
 

Table 8. Production fleets in different scenarios in 2030 compared to existing 2020 production fleet. 

Production 
form Fuel 2020 

Scenario 1 
Waste heat 

2030 

Scenario 2 
Multifuel plant 

2030 
CHP Gas 293 293 293 
CHP Coal 162 0 0 
HOB Gas 365 365 365 
HOB Pellet 60 60 60 
HOB Bio + waste 58 58 168 
HOB LFO 205 205 205 
HOB Pyrolysis oil 30 0 0 
HP Electricity 40 210 60 
AWHP Electricity 0 30 12 
Geothermal  0 20 20 
Heat trade   50 0 0 
Total  1213 1241 1183 
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5.1.1 Scenario 1 – Waste heat 

The first scenario presents a scenario where heating is quite electrified and a significant 
amount of waste heat is utilized. The source of waste heat could be for example a few large 
datacenters. In this scenario no additional combustible capacity is built but existing combus-
tible capacity is used. Existing combustible capacity includes biomass and pellet in Kiven-
lahti, gas CHPs and HOBs, LFO HOBs and coal until 2025.  
 
The additional capacity in this scenario is: 

- 18 MW AWHP in 1/2024 
- 50 MW of waste heat in 7/2025 
- 100 MW of waste heat in 7/2026 

 
There are several sub-scenarios for scenario 1, where in the first the effect of emission al-
lowance price is studied, in the second effect of biotax, in third lower electricity price and in 
fourth a disturbance in production.  
 

• Scenario 1.1 – Waste heat & emission allowance price  
In scenario 1.1 the effects of emission allowance price are studied. The scenario is 
run with different carbon price increases: 

o Scenario 1.1a: carbon price increasing from 25 €/tCO2 in 2021 to 30 €/tCO2 
in 2030  

o Scenario 1.1b: carbon price increasing from 25 €/tCO2 in 2021 to 50 €/tCO2 
in 2030   

o Scenario 1.1c: carbon price increasing from 25 €/tCO2 in 2021 to 70 €/tCO2 
in 2030 

 
• Scenario 1.2 – Waste heat & biotax 

To study the effects that taxation of biomass would have for the optimization, a tax 
is added for biomass. This is run with carbon price reaching 30 €/tCO2 in 2030. 

 
• Scenario 1.3 – Waste heat & low electricity price 

In scenario 1.3 the effect of lower electricity price is studied. Electricity price is low-
ered with 30 % to see how the lower price affects to the production optimization. The 
scenario is run with carbon price reaching 30 €/tCO2 in 2030. 

 
• Scenario 1.4 – Waste heat & disturbance in production 

To study a situation of a large disturbance in heat production and how the production 
plants would run then, scenario 1 is run with forcing waste heat production and SO4 
heat pump off during a wintertime with the emission allowance price reaching 30 
€/tCO2 in 2030. 

 
 



45 
 

 

5.1.2 Scenario 2 – Multifuel plant  

In the second scenario a new multifuel plant is built, so in this scenario heat production is 
more strongly based on combustible production. In addition to biomass, waste is also incin-
erated at the multifuel plant. As in previous scenarios, biomass and pellet are used in Kiven-
lahti, gas is used CHPs and HOBs and LFO in HOBs. Coal usage is ended at the end of 2025.  
 
The additional capacity in this scenario is:  

- 110 MW multifuel plant in 1/2025 
 
The second scenario is as well run for different emission allowance price increases. In addi-
tion, this scenario is run with two different fuel mixes to study the effect that a higher share 
of waste would have. In the first situation the share of waste is 12 % and in the second one 
50 %.  
 

• Scenario 2.1 Multifuel plant & emission allowance price 
In scenario 2.1 the fuel mix is 88/12, meaning that 88 % of the fuel is biomass and 
12 % waste. Similar as in scenario 1.1, this is run with different emission allowance 
price increases: 

o Scenario 2.1a: carbon price increasing from 25 €/tCO2 in 2021 to 30 €/tCO2 
in 2030  

o Scenario 2.1b: carbon price increasing from 25 €/tCO2 in 2021 to 50 €/tCO2 
in 2030   

o Scenario 2.1c: carbon price increasing from 25 €/tCO2 in 2021 to 70 €/tCO2 
in 2030 

 
• Scenario 2.2 Multifuel plant with 50 % of waste 

In scenario 2.2 the fuel mix is 50/50, meaning that the share of waste is increased to 
50 % which affects to the fuel price in the multifuel plant. The scenario is run with 
carbon price reaching 30 €/tCO2 in 2030. 

 

 Modelling software 
The modelling is done with MONA, with the help of GAMS and FRED software. MONA is 
a tool developed in Fortum, which is used for modelling the district heat production. In 
MONA users can create mixed integer linear programming models for the GAMS system to 
solve. However, in MONA the modelling is made using graphical elements instead of tradi-
tional text-based coding. This makes modelling easier and allows users with limited coding 
and optimization skills to execute the needed analysis.   
 
MONA transforms the input data and graphical model into a textual GAMS (General Alge-
braic Modeling System) model and the optimization problem is solved in GAMS. GAMS is 
a calculation tool for mathematical optimization, and it consists of a language complier and 
a range of associated solvers. GAMS is scalable algebraic modeling technology for devel-
oping complex and large-scale optimization applications. (GAMS, 2020a, 2020b). With 
MONA modelling the user doesn’t necessarily use GAMS straightly, as MONA runs GAMS 
automatically in the background.   
 



46 
 

 

MONA models are integrated with FRED. FRED is Fortum’s tool for heat production opti-
mization, which manages the data related to electricity and fuel. In this thesis only the input 
data is downloaded from FRED, but FRED can be used also for production forecasts and 
following the realization of production.  

5.2.1 Basic principles in the MONA modelling 

In MONA there are four types of main components: variables, constraints, parameters and 
assertions. The aim is to either minimize or maximize the objective variable: in DH produc-
tion optimization the costs are minimized. Values are found for the variables which comply 
with the constraints. The component properties are defined by the parameters, while asser-
tions responsibility is to make sure that the input values are within an accepted range.  
 
An example of a simple MONA model is presented in Figure 20. The example model in-
cludes for example fuel input, boiler, turbine, electricity market and district heat demand 
components. Money is the objective that is minimized. The interactions between the com-
ponents are defined with connections, which are presented graphically as lines. Furthermore, 
there are several operators connected to the components, for example equations, comparison 
operators and logical operators. As stated earlier, user can easily add components and con-
nections in the model, as they are graphical elements and no text-based coding is needed. 
The components properties are set as numbers in the input data, which could for example be 
values for the minimum and maximum heat output of a heat production unit. 
 

 
 

Figure 20. Example of a MONA model. 
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The real Espoo district heating model is very complex, which is why it isn’t presented in 
detail in this thesis. However, to understand how the modelling of the Espoo DH system 
works, the main components of the Espoo DH model are presented below.  
 
 
Objective 
function 

The objective function sets the objective for the modelling, which is ei-
ther minimize or maximize. In optimizing the district heat production, 
the objective is to minimize the heat production costs, while of course 
meeting the heat demand. The optimization minimizes the costs with 
utilizing available heat production units, i.e. finding the lowest produc-
tion costs.  
 
The objective function sums all incomes and costs of all time steps, and 
returns a positive scalar Z, i.e. the total heat production costs. However, 
it should be noted that the revenues from DH sales are not calculated as 
income when determining the heat production costs. This is because un-
like the sold electricity, the sold heat price is predetermined and hence 
it doesn’t affect how the production is optimized.  
 
In addition, there is a dummy operator which gets a value if the supply 
and demand of heat are not in balance, i.e. there is an error in the model. 
With the dummy operator the model is able to run despite the imbalance 
of supply and demand.  

DH demand 
 

In DH demand module the predetermined DH demand is set as input 
data. The input DH demand includes the network losses. DH demand 
module is connected to the DH balance module, explained next.  

DH balance 
 

DH balance module gathers all heat produced with different production 
forms and it should match the predetermined DH demand. If it doesn’t, 
the dummy value will be used to match the balance, however, it means 
that there is a problem with the input values or in the model.  

Electricity bal-
ance 
 

In electricity balance module all electricity generation in CHP plants and 
own consumption in power plants are calculated together. This is then 
made equal to the purchase and selling of electricity. Electricity balance 
module is connected to the electricity market component, which is pre-
sented below. 

Electricity 
market 
 

Electricity market calculates the costs of electricity consumption and in-
comes from sold electricity based on the data from the electricity bal-
ance module and SPOT prices. SPOT prices are set as an input data. The 
costs and incomes are then added to the model’s total costs and incomes.  

ATW heat 
pump 
 

ATW HP maximum heat output and efficiency is dependent on the tem-
perature. ATW HP produced DH is obtained by multiplying the input 
power with the efficiency (COP value), which varies based on tempera-
ture. The temperature points are divided as below 1, between 1 and 2, 
between 2 or 3 or above 3. Below 1 and above 3 the efficiency is con-
stant, but between it is calculated with a linear model. Received heat is 
added to the DH balance module.  
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Auxiliary cool-
ing 
 

Auxiliary cooling component is utilized if excess heat is produced and 
needs to be removed. The component gathers all the cooling from Su-
omenoja heating plant’s boilers, turbines and reducers.  

Emissions 
components 
 

The emissions caused by the heat production are calculated by multiply-
ing the fuel consumption with the fuel’s CO2 emission factor and the 
emission allowance price. The amount of emissions and the cost of the 
emissions is obtained, and the costs are added to the total production 
costs.  

Force 
on/off/free 

Each production unit has a force on/off/free function. In the force-func-
tion it can be determined with values (2,1,0) whether the plant’s opera-
tion is free (2), if it is constantly on (1) or if it constantly off (0). Force 
function can be used to change the production fleet by determining 
whether the plant is off or on/free.  

Fuel units 
 

There are fuel units for coal, oil, gas, biomass/biomix. The units contain 
a fuel power variable, which is set based on optimization. To calculate 
the fuel costs, fuel usage is multiplied with the fuel price. As there isn’t 
a separate fuel unit for waste, the waste costs in the multifuel plant’s fuel 
mix are manually calculated and added to the biomix input data. In ad-
dition, the gas component is in reality quite complicated because of the 
gas markets purchase mechanisms, but it is simplified for the modelling: 
in the modelling gas is purchased only with market price and transmis-
sion price.  

Heat pump In heat pump component produced DH is obtained by multiplying the 
power input with efficiency, which is defined with a linear function. Re-
ceived heat from heat pumps is added to the district heat balance mod-
ule.  

Reducer The input heat has to match the heating and auxiliary cooling output, 
while taking into account the efficiency of the reducer. Min and max 
values are pre-defined.  

Supply firing Supply firing is a linear model which is used to convert fuel to heat. It’s 
linearly dependent on minimum and maximum values of the fuel and 
power input and heat output.  

Time function Some plants operation is limited with minimum up and down times and 
they can have additional features like start-up costs. In the modelling the 
time function takes into account these issues and properties.  

Turbine Turbine component includes an equation where heat input is equal to 
outputs of heat and power. Heat to power efficiency is linearly depend-
ent on the heat and power input min and max values.    

Waste heat 
 

As stated earlier, it isn’t critical that what specific unit the waste heat is 
from, so waste heat sources are modelled as one unit in this modelling. 
An existing heat pump in the model is scaled to match the amount of 
waste heat in the scenarios. Waste heat is limited with a maximum DH 
output value, but other than that the amount of utilized heat is defined 
by optimization. The costs are calculated with total electricity price di-
vided with efficiency. 
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 Limitations and assumptions 
The MONA itself has some limitations and in addition to this, there are some additional 
limitations and assumptions made to simplify the model. In this modelling the calculation 
time for the modelling was limited to 1500 seconds. The optimization program found the 
solutions under 0,5 % of the optimum. Hence, possibly even lower net costs could have been 
found with a longer calculation time, but the differences would have been minimal.  
 
The input data, for example fuel prices and electricity price, have a significant impact to the 
optimization. The input data and values used are based on a literature review, current market 
situation and internal discussions. However, in the modelling the expectations are done for 
the next ten years, which means that naturally there is some uncertainty in the values even 
though they are carefully chosen.  
 
The modelling takes into account the marginal costs of heat production as that is how the 
operation of plants is optimized. Investment costs of new and existing plants are not consid-
ered in the modelling. However, investment cost can be significant and affect to the profits 
of the production company and are naturally a significant factor in determining which new 
production unit is built.  
 
As the modelling optimizes only heat production costs, the results might not be optimal from 
other points of views, e.g. emissions. It is possible that lower emissions could be reached 
with the used production fleets, but it wouldn’t then be the most cost-efficient solution. For 
example, electricity price has a major effect to this as all CHP capacity is gas fired after 
2025.  
 
In MONA the resolution of the modelling is decided based on the objective of the modelling 
and the time scope. In this thesis modelling is done at the daily resolution as the time scope 
is large. For this large time scope the daily resolution is detailed enough to provide accurate 
results for the purposes of this thesis. However, of course when modelling in daily resolution, 
it has some drawbacks, as some issues can’t be modelled very well at the daily level. Because 
of this, the hourly heat storage capacity is excluded from the modelling. The hourly heat 
storage capacity in Espoo DH network is the heat storage in Suomenoja and the network 
storage. As both of these storages work mainly as an hourly storage and the modelling is 
done at a daily level, including them in the modelling isn’t viable as the results wouldn’t be 
realistic. Also, heat trade between Espoo and Helsinki is not taken into account. The share 
of the heat trade of the heat production is relatively small and due to the challenge of esti-
mating future accurate costs of the heat trade, it is chosen the be left out of the modelling in 
order to not distort the results.  
 
In this modelling the waste heat sources are combined and modeled as one unit, except for 
the Suomenoja heat pumps. In other sources of waste heat, it is expected that the DH operator 
pays for the electricity needed for heat pumps and can utilize the heat freely, but in Suome-
noja a price is paid for the heat provider.  
 
There are many input variables, which are listed in Appendix 1. In the Appendix the source 
of the data is also presented. Many of the variables are Fortum’s data, but due to business 
secrets, some of the variables are modified and the data is taken from public sources. Some 
variables are also neglected in the modelling to avoid using confidential information.  
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 Fuel prices and emissions 
In this section the used price scenarios for the fuels and emissions are presented. The prices 
are gathered to Table 9. More detailed discussion for CO2 emissions can be found in chapter 
2.1 and for biomass, waste and natural gas’ in their dedicated sections: biomass in chapter 
4.1, waste in chapter 4.2, natural gas in chapter 4.3.  
 
Biomass price 
In the modelling there are three different biomass using plants: Kivenlahti bio, Kivenlahti 
pellet and the multifuel plant. In Kivenlahti bio recycled wood is used together with forest 
chips. In the modelling the share of recycled wood is set to 40 %. The forest chips price in 
2021 is expected to be 24 €/MWh, which matches the price development and recent prices 
in 2020 (Statistics Finland, 2020d). The price of recycled wood was 14 €/MWh in 2016 
(Latvala, 2016), so with the similar price development to forest chips, the price would be 16 
€/MWh today.  
 
Hence, the price of the fuel in Kivenlahti bio in 2021 is: 
 
 

24
€

𝑀𝑊ℎ
× 0.6 + 16

€

𝑀𝑊ℎ
× 0.4 = 20.8 €/𝑀𝑊ℎ (1) 

 
Forest chips price is expected to increase linearly to 32 €/MWh and the price increase of 
recycled wood is expected to be similar to forest chips (33 %), meaning the price of recycled 
wood in 2030 would be 21.33 €/MWh. For pellets price for 2021 is set to 30 €/MWh and it 
is expected to increase linearly to 38 €/MWh in 2030. These expectations are also in line 
with the several studies (Hast et al., 2018; Känkänen & Jääskeläinen, 2016).  
 
Waste 
In the modelling waste is co-incinerated with biomass. Waste is expected to be good quality 
and hence the heating value used for RDF is 5,56 MWh/t (Ministry of Economic Affairs and 
Employment, 2012). It is expected that the gate-fee would be -25 €/t and it will stay the same 
for the whole time period of the modelling. This would mean that when incinerating RDF 
4,5 €/MWh is received. However, co-incineration is a part of the emissions trading program 
so a price for the emission allowances needs to be paid as discussed in chapter 4.2.3. 
 
In the modelling two different scenarios for multifuel plant’s fuel mix are made. In other the 
share of biomass is 88 % and waste 12 %, and in other one 50 % is biomass and 50 % waste.  
The biomass price is expected to be same as in Kivenlahti, meaning 40 % of recycled wood 
is used.  
 
For simplification the ash costs and other additional costs for waste are not included in the 
modelling.  
 
Gas price 
As stated in the chapter 4.3.3, there isn’t price data available from 2020 from Finnish gas 
markets. However, at the end of 2019 the gas price was about 27 €/MWh (Statistics Finland, 
2020d). As the prices have decreased in Europe, the price can be expected to be lower also 
in Finland. Hence, for 2021 gas price of 24 €/MWh is used. For 2030 the price is expected 
to increase by 40 %, reaching 33,6 €/MWh, which matches the estimation of several studies.  
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The transmission cost used is based on the statistics provided by Energy Authority. The cost 
depends on the total natural gas usage – the bigger the total yearly gas consumption is, the 
lower is the transmission cost. The transmission cost is chosen from the example plants in 
the statistics: in Espoo DH system the total usage is close to 1000 GWh per year, which 
corresponds to the example plant with the transmission price of 5.28 €/MWh. (Energy Au-
thority, 2020b). However, the statistics is from 2019, before the gas market was open for 
competition. At the time of writing this thesis, newer data wasn’t available, but it is known 
that gas transmission prices are decreasing. 4,5 €/MWh transmission cost is used in the mod-
elling, which is also used in other research (Kokkonen, 2020; Talouselämä, 2019). The trans-
mission cost is assumed to remain at the same level during the entire time scope of the mod-
elling.  
 
Coal price 
Various studies indicate a slight increase in the coal price during the next decade (Hast et 
al., 2018; Känkänen & Jääskeläinen, 2016; Wahlström et al., 2019). Based on the studies, 
about 20 % increase in the coal price is expected from 2020-2025. In this modelling a starting 
price of 9,5 €/MWh is used, price rising linearly to 11,38 €/MWh during the next five years 
as estimated by the Ministry of Economic Affairs and Employment (Ministry of Economic 
Affairs and Employment, 2019). As coal incineration will be stopped in Espoo after 2025, it 
isn’t necessary to study the price development after 2025.  
 
Oil price 
Oil usage isn’t desirable, but it is chosen to be a part of the modelling to see if in some 
scenarios oil is needed to cover the heat demand in peak loads. Oil prices can vary quite 
significantly yearly, but in general the price level is expected to go up in the future. However, 
the estimations of how steep the increase will be differ. (Hast et al., 2018; Ministry of Eco-
nomic Affairs and Employment, 2019; Nordic Energy Research, 2016). In this thesis Min-
istry of Economic Affairs and Employment estimation is used, which seems to be a quite 
average comparing with other studies. Oil price in 2021 is set to 51,15 €/MWh, increasing 
linearly to 62,4 €/MWh in 2030. (Ministry of Economic Affairs and Employment, 2019).  
 
Taxation of the fuels 
The taxation of heating fuels consists of an energy content tax, carbon dioxide tax and the 
strategic stockpile fee. However, if the fuel is used in combined heat and power production, 
energy content tax isn’t applicable. (Vero, 2020). 
 
Currently gas’ energy content tax is 7,63 €/MWh, carbon dioxide tax 12,94 €/MWh and the 
strategic stockpile fee 0,084 €/MWh. As for coal, it is used only in combined heat and power 
production in Espoo, so energy content tax isn’t applicable. Currently the carbon dioxide tax 
for coal is 21,37 €/MWh and the strategic stockpile fee 0,17 €/MWh. LFO’s energy content 
tax is 8,44 €/MWh, carbon dioxide tax 18,70 €/MWh and the strategic stockpile fee 0,39 
€/MWh. (Vero, 2020). 
 
As discussed earlier in the thesis, it is possible that biomass will be taxed in the future. To 
study the effect of the possible taxation, one scenario is run with a tax added for biomass. 
As biomass is seen as a sustainable fuel, it is likely that the taxation would consists only of 
the energy content tax. If the biomass tax would be determined similar to coal and gas, the 
tax of biomass would be 7,63 €/MWh at the current tax level. (Wahlström et al., 2019). 
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As discussed in chapter 2.3, accurate level of the increases in the future is difficult to predict. 
However, based on historical review assumptions can be made. The energy content tax the 
increase is expected to be 2 % per year and for carbon dioxide tax 7 % per year, which mostly 
match the historical development of the past five years.  
 
Geothermal heat 
For geothermal heat there isn’t very much data available about the costs, as the technology 
is relatively new and there aren’t plants operating yet in Finland. However, the costs for the 
Fortum and St1’s plant is estimated in the thesis made by Kokkonen in 2020. Kokkonen has 
made an estimation of the O&M and fixed costs of the plant based on information available 
of the particular plant, literature and internal knowledge. Kokkonen estimates the variable 
O&M costs to be 16,4 €/MWh and fixed cost 132 €/h. (Kokkonen, 2020). These costs are 
used in the modelling for the whole time period.  
 
 

Table 9. Fuel prices used in the modelling. 

Fuel Price 2021 
(€/MWh) 

Price 2030 
(€/MWh) 

Tax 
€/MWh Tax increase 

Coal 9,5 
 

11,38 (2025), in-
creasing linearly 

Carbon dioxide tax: 
21,37 

Strategic stockpile fee: 
0,17 

Energy content tax:  2 
% per year 

Carbon dioxide tax: 7 
% per year 

Strategic stockpile fee: 
no increase 

 

LFO 51,15 
 

62,4, increasing lin-
early 

Energy content tax: 
8,44 

Carbon dioxide tax: 
18,70 

Strategic stockpile fee: 
0,39 

Natural 
gas 

24 
 

Transmis-
sion cost: 

4,5 

33,6, increasing lin-
early 

 
Transmission price: 

no changes 

Energy content tax: 
7,63 

Carbon dioxide tax: 
12,94 

Strategic stockpile fee: 
0,084 

Biomix 20,8 
 

27,7, increasing lin-
early Scenario 1: not appli-

cable 
Scenario 2: Energy 
content tax: 7,63 

Scenario 1: not appli-
cable 

Scenario 2: Energy 
content tax increasing 

2 % per year Pellet 30 
38, increasing line-

arly 

Waste -4,5 -4,5 - - 

Geother-
mal heat 

O&M: 16,4 
Fixed cost: 

132 €/h 
- - - 
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Emissions 
The common assumption is that the carbon price will increase, however, there are very dif-
ferentiating estimations how steep the increase will be. The estimates vary that carbon price 
will reach 30 € /tonne to over 70 €/tonne by 2030, for example in several studies (European 
Commission, 2016; Hast et al., 2018; Känkänen & Jääskeläinen, 2016; Nordic Energy Re-
search, 2016; Sitra, 2018). 
 
The price of CO2 is expected to have significant effects to the modelling, as the price of CO2 
can form a large part of costs especially when using coal and gas. As the price of CO2 is 
difficult to predict, three different scenarios are made for the carbon price development, pre-
sented in chapter 5.1. 
 
As for free CO2 allowances, the allowances for 2026-2030 aren’t allocated yet. However, 
based on historical review and internal discussions assumptions can be made. For the mod-
elling it is expected that the free allowances will decrease every year as they have averagely 
decreased in 2021-2025.  
 
For waste the effects of emission allowances are presented in chapter 4.2.3. The emission 
factors used are from a report by Join Research Centre’s (JRC) report, which is the European 
Commissions’ science and knowledge service. The emission factor for natural gas is 0.202 
tCO2/MWh, for coal 0.341 tCO2/MWh and for oil 0.264 tCO2/MWh. (Koffi et al., 2017). 

 Heating demand 
The current heating demand is obtained using the heating degree day (HDD) model. The 
HDD describes the energy needed to heat the buildings and it is calculated by deducting the 
difference between the indoor and outside temperature. Usually heating degree day S17 is 
used, as is in this thesis as well, which is calculated by difference between the expected 
indoor temperature 17 °C and the outside temperature. (Finnish Meteorological Institute, 
2020a). The model includes also base heat demand, which models the constant demand for 
water heating as the demand for hot water isn’t very much dependent on the temperatures 
and is needed throughout the year.  
 
As Fortum supplies heat also to Kauniainen and Kirkkonummi in the same network, these 
demands are added to the total heat demand. In 2018 the heat demand in Fortum’s Espoo, 
Kauniainen and Kirkkonummi network together was 2 220 GWh (Finnish Energy, 2019b).  
 
Temperature data used is year’s 2018 realized temperature in Espoo Tapiola measurements 
station (Finnish Meteorological Institute, 2020b). The base heat demand, i.e. demand for hot 
water, is set to 90 MW based on the heat demand of previous summers.  
 
The hourly heat demand is calculated as presented in the following equation 2 and the scaling 
factor f is obtained using solver tool in Excel to set equation 3, where the total yearly heating 
demand 𝐷𝑡𝑜𝑡 is set as true. After this, as the modelling is done at a daily level, daily average 
hourly heat demand is calculated. 
 
 
 𝐷𝐻(𝑡) = 𝐷𝐻𝐵 + 𝑓𝐻 ∙ 𝑚𝑎𝑥[(𝑇0 − 𝑇(𝑡)); 0] 

 
(2) 
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∑ 𝐷𝐻(𝑡) =  𝐷𝑡𝑜𝑡

8760

𝑡=1

 

 

(3) 

where 
 
𝐷𝐻            Hourly heat demand 
𝐷𝐻𝐵          Base heat demand 
𝐷𝑡𝑜𝑡          Total yearly heating demand 
𝑓𝐻             Scaling factor for heat 
𝑇0            Reference indoor temperature 
𝑇(𝑡)        Hourly remperature 
𝑡               Hours of the year  
 
 
In MONA the input heat demand is the total needed heat, including network losses. DH 
network losses depend based on the outside temperature and the supply temperature, but for 
simplification, one value is used. The network loss used in the modelling is 8 % (Finnish 
Energy, 2015).  
 
The heat demand for 2021-2030 is attained by scaling the current heat demand to match the 
expected future demand. The total district heat demand in Espoo has increased slightly al-
most every year for the past five years. As the population growth in Espoo is expected in-
crease, a yearly 0,5 % growth in heat demand assumed in the modelling, which is similar to 
the yearly growth during the last five years. (Helsinki Region Infoshare, 2020).  
 

 Electricity price 
Finland and other Nordic countries will merge increasingly more into the Central European 
electricity market because of the growing transmission capacity between the Nordic coun-
tries and Central Europe and hence the Central European electricity price development will 
affect increasingly to the Nordic markets. The electricity price is expected to increase due to 
the expected price increase in emission allowances and fuels but also because of the decreas-
ing capacity of central European nuclear and heat power due to aging plants and plant shut-
downs for climate reasons. However, the increasing share of solar and wind production in 
Europe will balance the electricity price increase. (SKM Market Predictor, 2019). 
 
Electricity price forecast for 2021-2030 is obtained by scaling the hourly Nordpool electric-
ity price data in Finland from 2019 to the NETP 2030 hourly electricity price duration curve.  
The used Nordpool electricity price data are SPOT prices but in reality Fortum hedges the 
power prices and the actual purchase price can differ from the SPOT prices. However, SPOT 
prices are used to avoid using confidential information.  
 
Nordpool data is sorted to a similar price duration curve format and then finding appropriate 
scaling factor f by using Excel solver tool by setting the equation 4 as true. Then the scaling 
factor is used to scale the average daily prices. Between 2021-2030 the electricity price in-
crease is expected to be linear.  
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∑ (𝑃2019(𝑡)𝑓𝑒 − 𝑃2030(𝑡)) = 0

8760

𝑡=1

 (4) 

 
 
𝑃2019         Hourly electricity price in 2019 
𝑃2030         Hourly electricity price in 2030 
𝑓𝑒               Scaling factor for electricity 
𝑡                 Hours of the year  
 
In addition to electricity spot price, an electricity tax and a distribution fee needs to be paid.  
Heat pumps have previously been classified in electricity tax class I, which has significantly 
higher tax than the class II. However, recent government decisions are indicating that the 
heat pumps will be moved to tax class II and EU’s minimum tax level. Hence, the used tax 
for heat pumps is 0,5 €/MWh and it is expected to stay the same for the whole time scope. 
(European Commission, 2020c; Yle, 2020b). 
 
Caruna’s distribution fee for industrial size heat pumps depends on the connection type. As 
several heat pumps are already located at the Suomenoja plant’s, Suomenoja plant’s connec-
tion type is used, which is 110 kV. The distribution fee consists in addition to fixed monthly 
fee, also of a power fee and energy fee. For Suomenoja heat pumps the unit price is 5,83 
€/MWh. In addition, a distribution fee needs to be paid for the produced electricity. The load 
fee is 0,72 €/MWh and the capacity cost 3,2 MWh, which together form distribution fee of 
3,92 €/MWh. (Caruna, 2020; Kokkonen, 2020). The same distribution fee is used for the 
whole time period, as only one value can be entered for the model.  
 
 

Table 10. Electricity costs. 
Cost Price  

Distribution cost consumption 5,83 €/MWh 

production 3,92 €/MWh 

Electricity tax (class II) 0,5 €/MWh 
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6 Simulation results 

In this chapter the results of the modelling are presented. First optimal heat production in 
different scenarios in 2030 is compared and then development of optimal heat production in 
each scenario in 2021-2030. After that the fuel usage of gas, waste, biomass and pellet are 
presented and finally the CO2 emissions and costs are compared.  

 Optimal heat production 
The optimal heat production in 2030 in each scenario is presented in Figure 21. Heat pumps 
include waste heat, SO4 heat pumps and AWHPs. Bio includes all used biomass and pellet 
in Kivenlahti and in scenario 2 also the biomass used in the multifuel plant.  
 

 
Figure 21. Heat production in each scenario in 2030 by heat source. 

 
As expected, the most significant differences in the used production forms can be seen be-
tween scenario 1 and 2. In the first scenario a significant amount of waste heat is utilized, 
which naturally increases the share of heat pumps. In scenario 1 the share of heat pumps is 
close to 65 % in all sub-scenarios, while in scenario 2 heat pumps account for 20-28 % 
depending on the sub-scenario.  
 
In the second scenario the new multifuel plant raises the share of biomass considerably and 
adds waste to the used fuels. However, the share of waste in the whole production is minimal 
when the share of waste in the multifuel plant’s fuel mix is 12 %, but the importance of waste 
emphasizes when the share of waste in the fuel mix is increased to 50 % in scenario 2.2.   
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Higher amounts of carbon neutral production are reached in scenario 1. However, in both 
scenarios 1.1 and 2.1 the effect of emission allowance price can clearly be seen, higher emis-
sion allowance price resulting in higher amounts of carbon neutral production. Still, the ef-
fect of even significantly higher CO2 price is surprisingly small, leading to only some per-
centage points smaller gas usage. However, when looking at the scenario 1.3 where the used 
electricity price is lower, it can be noticed that the electricity price has a strong effect for the 
gas usage: low electricity price results in lower gas usage. This is because in 2030 all CHP 
capacity in the Espoo DH network is gas fired and when the electricity price is high, it is 
more profitable to produce electricity at the same time to receive incomes from electricity 
sales. 

6.1.1 Scenario 1.1 – Waste heat & the effect of emission allowance price 

Scenario 1.1 was driven with multiple emission allowance price increases: emission allow-
ance price increasing from 25 €/tCO2 in 2021 to 30, 50 and 70 €/tCO2 in 2030. The devel-
opment of optimal heat production in scenario 1.1.a with the carbon price reaching 30 €/t in 
2030 can be seen in Figure 22. At the beginning of the decade fossil fuel-based production 
accounts for over half of the production. The share of carbon neutral production increases 
slightly from 2021 to 2025 and when the waste heat utilization begins, there is a steep in-
crease in the amount of carbon neutral production. After 2026 there aren’t any significant 
changes in the production as the production fleet stays the same, however, a slight increase 
in carbon neutral production can be seen due to the increasing emission allowance price and 
decreasing gas usage caused by it.  
 
In 2030 the carbon neutral production reaches 81% in scenario 1.1.a. Waste heat represents 
a significant part of the carbon neutral production, 45 %. SO4 heat pump represents 14 %, 
geothermal heat 7 % and AWHP 4 %. Biomass accounts for 11 % of the production, of 
which 3 % is pellets. The remaining 19 % of the production is gas, which is a lot lower than 
in 2021 but still quite significantly higher than the 5 % goal.  
 

 
Figure 22. Scenario 1.1a – optimal heat production with CO2 price reaching 30 €/tCO2 in 2030. 
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The development of optimal heat production with the carbon price reaching 50 €/t is pre-
sented in Figure 23 and 70 €/t in Figure 24. The carbon neutral production increases more 
quickly in these cases especially at the beginning of the decade because the emission allow-
ance price increase is steeper. However, it can be seen in Figure 24 that between 2026 and 
2030, the changes in production are quite minimal even though emission allowance price 
increases from 50 €/t to 70 €/t during that time.  
 

 
Figure 23. Scenario 1.1b - optimal heat production with CO2 price reaching 50 €/tCO2 in 2030. 

 
 

 
Figure 24. Scenario 1.1c - optimal heat production with CO2 price reaching 70 €/tCO2 in 2030. 
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With the emission allowance price 70 €/t in 2030, the gas production accounts for 16 % 
which is only 3 percentage points lower than with the emission allowance price 30 €/tCO2 
in 2030. The carbon neutral production represents 84 %, and as with the carbon price 30 €/t, 
the share of waste heat is 45 %, SO4 heat pump 14 %, geothermal 7 % and AWHP 4 %. 
Heat pump production is the most cost effective even with the lower emission allowance 
price that almost the maximum capacity is in use already then. The share of biomass on the 
other hand increases to 14 % of which pellets account for 5 %. Hence, the increases in emis-
sion allowance price affect especially to the biomass usage and biomass production replacing 
gas production. 
 
Figure 25, Figure 26 and Figure 27 are the production figures in 2021-2030 with different 
emission allowance price increases. Geothermal heat was forced as a baseload, but other 
than that, the plants operation was free. However, the production figures show that after 
2025 waste heat also serves as a baseload and except for the summers, it mostly produces 
the maximum amount of heat available from the waste heat sources. Before 2025, SO4 drives 
the baseload and after 2025, SO4 runs almost continuously expect for the summer months. 
 
Biomass and pellet usage decreases after 2025. Utilizing waste heat sources is more profit-
able, which it why it moves biomass further in the running order of the plants. Biomass is 
used only during colder months when waste heat capacity isn’t enough to cover the heat 
demand. 
 
During the highest peak demands all carbon neutral production is in use and fossil fuels are 
needed to produce heat. In all scenarios coal is used to cover the peak demands before 2025, 
but coal usage does decrease a little bit when the emission allowance price is higher. In 
addition to coal, and especially after 2025, gas is an important fuel to produce adequate 
amount of heat during the colder months and heat peak demands. Mostly gas CHPs are used, 
mainly SO2 but sometimes SO6 as well, as the somewhat high electricity prices make it 
more profitable to produce electricity at the same time. Gas HOBs are used mostly only in 
the highest heat demand peaks. Therefore, even though the gas usage does decrease when 
the emission allowance price increases, gas also remains as an important fuel to provide 
adequate amount of heat during wintertime with this production fleet.  
 
In addition to gas usage in peak demands, sometimes gas CHP production replaces other 
production, especially biomass and pellet but also occasionally AWHPs and in some cases 
even SO4 or HP waste heat. In these cases the electricity price has that significant peaks that 
it is more profitable to use gas CHPs to produce electricity at the same time as heat to receive 
incomes from electricity sales and run down other production even though the gas usage 
costs are in general higher than biomass’ or heat pumps’. Therefore, the electricity price has 
a strong impact on the running order of the plants. However, when the emission allowance 
price increases, the gas CHP production decreases and it is rarer that gas would run down 
other production. Hence, when the emission allowance price is higher, electricity price also 
needs to be higher for the CHP gas production to replace other production.  
 
 



60 
 

 

 
Figure 25. Scenario 1.1a - production figure with CO2 price reaching 30 €/tCO2 in 2030. 

 

 
Figure 26. Scenario 1.1b - production figure with CO2 price reaching 50 €/tCO2 in 2030. 
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Figure 27. Scenario 1.1c - production figure with CO2 price reaching 70 €/tCO2 in 2030.
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6.1.2 Scenario 1.2 – Waste heat & biotax 

Scenario 1.2, where a tax was added for biomass, was run for the emission allowance price 
reaching 30 €/tCO2 in 2030. In Figure 28 the optimal production in this scenario is compared 
against scenario 1.1a (no biotax and emission allowance price reaching 30 €/tCO2).  
 
The biomass usage, especially pellet usage, is notably lower throughout the decade in sce-
nario 1.2 than in scenario 1.1a. In 2030 carbon neutral production reaches 74 % in scenario 
1.2, which is 7 percentage points lower than in scenario 1.1a. Biomass and pellet usage ac-
count only a little bit over 4 % of the production in scenario 1.2, while in scenario 1.1a they 
represent 11 %. Hence, gas replaces biomass production when biomass is taxed. 
 

 
Figure 28. Scenario 1.2 – optimal heat production with biotax compared to scenario 1.1a. 

 
As Figure 29 presents, when biomass is taxed biomass is actually used more as a peak load 
capacity and biomass and pellet plants are mainly running when the heat demand is very 
high. Hence, the taxation of biomass increases the costs of using biomass that significantly, 
that it isn’t very competitive against other production forms. 
 
It should also be noted that if the amount of used biomass decreases that significantly, it can 
cause further costs. Purchasing smaller amounts of biomass usually results to higher pur-
chasing prices, which further increase the costs of using biomass. In addition, only occa-
sional deliveries or storing biomass for heat demand peaks can be challenging and not nec-
essarily profitable.  
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Figure 29. Scenario 1.2 – production figure with biotax. 

 

 
 

Figure 30. Scenario 1.3 – production figure with lower electricity price.
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6.1.3 Scenario 1.3 – Waste heat & lower electricity price 

Scenario 1.3 was run with lowering the electricity price by 30 % to study the effect that the 
electricity price has for the production optimization.  
 
Optimal heat production in scenario 1.3 with low electricity price and carbon price reaching 
30 €/t in 2030 is compared against scenario 1.1.a (higher electricity price and carbon price 
reaching 30 €/t in 2030) in Figure 31. As can be seen, the differences are significant between 
low and high electricity price especially at the beginning of the decade. Biomass is utilized 
substantially more with lower electricity price, however, when the waste heat utilization be-
gins, the difference levels a little bit. In 2030 the share of carbon neutral production reaches 
85 % in scenario 1.3. Remaining 15 % is gas, which is 4 percentage points lower than with 
the higher electricity price in scenario 1.1.a. 
 

 
 

Figure 31. Scenario 1.3 – optimal heat production with low electricity price compared to scenario 1.1a. 
 
The production figure for scenario 1.3 in 2021-2030 is presented in Figure 30. The lower 
electricity price makes it less profitable to use gas CHPs: gas usage costs are high and if 
there isn’t received high incomes from electricity sales to compensate the usage costs, other 
production forms are more profitable. Because of this, gas is used more for just peak demand 
production. Therefore, especially biomass is more competitive against gas CHP production 
with low electricity prices, even if the emission allowance isn’t that high.   
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6.1.4 Scenario 1.4 – Disturbance in production 

To simulate a situation of a large disturbance in heat production and how the production 
plants would run then, scenario 1.4 was run with forcing waste heat production and SO4 heat 
pump off during winter. This meant over 200 MW deficit to the production capacity.  
 
In the Figure 32 it can be seen that biomass plants and AWHPs run at the full capacity during 
the peaks. The remaining production is covered with gas. CHP gas units are utilized first and 
when the production has its highest peaks, also HOB gas units. However, even though a 
significant part of the capacity is in use, there is still available capacity as oil HOBs are still 
not needed to cover the heat demand. 
 
As can be seen, if there would be a major disturbance in the production and the waste heat 
sources wouldn’t be available, biomass and gas would have a crucial role in ensuring ade-
quate heat production and ensuring the security of supply. However, it should be noted that 
as stated earlier, biomass doesn’t suit very well as a peak demand fuel or as back-up power 
because of storage and logistics issues. Because of this, biomass needs to be used rather 
continuously. Hence, if biomass isn’t used as a base load fuel, the security of supply would 
need to be ensured with gas or LFO.  
 

 
 

Figure 32. Scenario 1.4 with SO4 and waste heat forced off in the first half of 2028. 
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6.1.5 Scenario 2.1 – Multifuel plant & the effect of emission allowance 
price 

In scenario 2 a new multifuel plant was built and there was no additional waste heat utiliza-
tion. In scenario 2.1 the multifuel plant’s fuel mix was 88 % of biomass and 12 % of waste.  
 
As scenario 1.1, scenario 2.1 was run for different emission allowance price increases: emis-
sion allowance price increasing from 25€/tCO2 in 2021 to 30, 50 and 70 €/tCO2 in 2030. 
Figure 33 presents optimal heat production with the emission allowance price reaching 30 
€/tCO2 in 2030, Figure 34 emission allowance price 50 €/tCO2 and Figure 35 emission al-
lowance price 70 €/tCO2.  
 
As Figure 33 shows, the share of carbon neutral production does increase quite significantly 
from 2021 to 2030, but gas accounts still for 28 % of the production in 2030. Multifuel 
plant’s biomix, including the waste, accounts for 27 % of the production and biomass and 
biomix together for 38 % of the production. SO4 heat pump represents 21 % of the produc-
tion, and geothermal and AWHP both a little bit under 7 % each. 

 
Figure 33. Scenario 2.1a - optimal heat production with CO2 price reaching 30 €/tCO2 in 2030. 

 
As can be seen in Figure 34 and Figure 35,the share of carbon neutral production increases 
more steeply especially at the beginning of the decade when the emission allowance price 
increase is more steep. However, in Figure 35 it can be seen that similar to scenario 1.1, the 
changes in the production are rather small after 2025, even though the carbon price increases 
from 50 €/t to 70 €/t. 
 
With carbon price 70 €/t, gas production accounts still for 21 % of the production. Similar 
as in scenario 1, geothermal, SO4 heat pump and AWHPs shares are rather similar as with 
lower emission allowance prices, because they are mostly running with the full capacity 
already then due to the lowest production costs. Biomass and biomix’s total share increase 
from 38 to 44 % compared to 30 €/t emission allowance price. However, the most significant 
changes happen with the Kivenlahti biomass and pellet production, which increase the most.  
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Figure 34. Scenario 2.1b - optimal heat production with CO2 price reaching 50 €/tCO2 in 2030. 
 

 

 
 

Figure 35. Scenario 2.1c - optimal heat production with CO2 price reaching 70 €/tCO2 in 2030. 
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The production figures for scenario 2.1 can be found in Figure 36, Figure 37 and Figure 38. 
Geothermal heat was forced as a baseload, but in addition SO4 runs the base load. Multifuel 
plant also runs almost continuously except for the summer months. 
 
Kivenlahti biomass and pellet usage decrease after the new multifuel plant is built, as the 
multifuel plant goes ahead in the running order. This is because the fuel costs of the multifuel 
plant are lower because waste is used in the fuel mix. However, with the higher emission 
allowance price Kivenlahti biomass and pellet is used more, as the multifuel plant runs al-
ready at the full capacity and hence Kivenlahti is used to replace gas production.  
 
As in scenario 1, during the highest peak demands all carbon neutral capacity is in use and 
fossil fuels are needed to produce enough heat. Coal is used before 2025 as well as gas. After 
2025 gas is the most important fuel in covering the peak demands. CHP gas units are utilized 
first, SO2 and then SO6. Gas HOBs are mostly only running during the highest peaks. As in 
scenario 1, occasionally gas CHP production replaces other production when electricity price 
has peaks. However, with the higher CO2 price, gas is used more only as a peak load capacity 
and the electricity price needs to be higher for the gas CHP production to replace biomass 
and other production. 
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Figure 36. Scenario 2.1a - production figure with CO2 price reaching 30 €/tCO2 in 2030. 

 

 
Figure 37. Scenario 2.1b - production figure with CO2 price reaching 50 €/tCO2 in 2030. 
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Figure 38. Scenario 2.1c - production figure with CO2 price reaching 70 €/tCO2 in 2030. 

 

 
Figure 39. Scenario 2.2 – production figure with biomix 50/50 share. 



71 
 

 

6.1.6 Scenario 2.2 – Multifuel plant with 50% of waste 

Scenario 2 was also run with increasing the share of waste in the multifuel plant’s fuel mix 
to 50 % with the emission allowance price reaching 30 €/tCO2 in 2030. The optimal produc-
tion with 50/50 share in scenario 2.2 is compared against scenario 2.1a (88/12 share and 
carbon price reaching 30 €/tCO2) in Figure 40. 
 
The total share of the multifuel plant in the production increases from the 27 % to 35 % 
compared to scenario 2.1a in 2030. Biomass and biomix together account for 45 % of the 
production. An interesting effect is that the share of gas stays at the 28 % as with 88/12 
biomix, but the share of SO4 heat pump and AWHPs decrease. The reason is that with the 
50/50 biomix the multifuel plant’s production costs become that low that it replaces SO4 
heat pump production during the summer and actually drives the baseload, as can be seen in  
Figure 39. During colder months SO4 still runs at the full capacity as mostly does AWHPs 
as well. Hence, increasing the share of waste to 50 % doesn’t affect very much to the winter 
time production and the gas usage does not decrease, but summer time production changes. 
 
 

 
 

Figure 40. Scenario 2.2 - optimal heat production with biomix 50/50 share. 
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 Fuel use 
In this section the fuel usage in different scenarios are compared. First biomass and pellet 
usage, then waste and finally gas. Scenarios 1.1b and 2.1b where the emission allowance 
price is reaching 50 €/t in 2030 are left out to keep the figures more readable and comparable. 
However, the fuel usage for scenarios 1.1b and 2.1b can be found in the appendix 2. The fuel 
usage in these scenarios falls between the results in scenario 1.1a and 1.1c, and 2.1a and 
2.1c.  

6.2.1 Biomass and pellet 

Biomass usage in the scenarios is presented in Figure 41. In scenario 1, where a high amount 
of waste heat is utilized, the usage of biomass decreases from 2021 to 2030 even with higher 
emission allowance price. In scenario 2 the usage naturally substantially increases when the 
new multifuel plant is built.  
 

 
Figure 41. Biomass usage in different scenarios per year. 

 
At the beginning of the decade two scenarios stand out: scenario 1.2 biotax and scenario 1.3 
low electricity price. As stated already earlier, electricity price has a strong impact on the 
biomass usage as lower electricity prices decrease the profitability of using gas. This is es-
pecially the situation when there isn’t waste heat utilization: the usage of biomass is almost 
0,4 TWh in 2021. However, the difference levels when the waste heat utilization begins as 
waste heat has lower production costs than biomass.  
 
Biomass taxation on the other hand has the opposite effect: biomass taxation makes biomass 
usage so expensive that biomass usage drops significantly, being about 0,2 TWh at the be-
ginning of the decade and less than 0,1 TWh in 2030.  
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In scenario 1 the emission allowance price has only a small effect for the biomass usage, 
especially after 2025 when more waste heat is utilized: in 2030 in scenario 1.1a biomass 
usage is 0,17 TWh and in scenario 1.1c 0,19 TWh. In scenario 2.1 the effects of emission 
allowance price are a bit more visible: in 2030 in scenario 2.1a the biomass usage is 0,75 
TWh and in scenario 2.1c 0,81 TWh.  
 
The pellet usage has a quite significant variations between situations as can be seen in Figure 
42, but there isn’t as significant drops in the usage in most of the scenarios as with biomass. 
The only exception to this is the low electricity price, which results in high pellet usage, 0,26 
TWh, at the beginning of the decade but a steep decrease when the waste heat utilization 
begins. Biotax on the other hand results in minimizing the pellet usage, being about 0,01 
TWh for most of the time through 2021-2030.  
 

 
Figure 42. Pellet usage in different scenarios per year. 

 
 
While biomass usage is clearly decreasing from 2021 to 2030 in scenario 1 despite the emis-
sion allowance price, pellet usage increases when the emission allowance price is reaching 
70 €/t in 2030 in scenario 1.1c. As for scenario 2, the biomass usage naturally increased 
when the new multifuel plant was built, but as its operation is cheaper than using pellets, the 
pellet usage decreases in scenario 2.1a with lower emission allowance price. However, with 
higher emission allowance price in scenario 2.1c the pellet usage increases, replacing gas 
production.  
 
In general, it can be concluded that utilizing waste heat will lead to significant drop in bio-
mass use despite the emissions allowance price, but new multifuel plant would lead to using 
substantially higher amounts of biomass. For pellets the emission allowance price is more 
meaningful, lower emission allowance price leading to lower pellet usage but higher emis-
sion allowance price resulting in increasing use of pellets.  
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6.2.2 Waste 

Waste usage is presented in Figure 43. In both scenarios 2.1a and 2.1c the waste usage in 
2030 is about 0,8 TWh. Naturally in scenario 2.2 the waste usage is significantly higher, 
about 0,4 TWh, because the share of waste in the fuel mix is 50 % instead of the 12 %. 
 
Even though waste is a part of the emission trading program, the increasing price of the 
emission allowance in scenario 2.1 doesn’t make the amount of used waste to decrease. One 
reason is that despite the increasing price of the emission allowance, the total waste cost 
remains rather low as waste is a gate-fee based fuel. Other reason is that in the modelling 
waste usage is tied to the biomass usage in the multifuel plant, meaning that in scenario 2.1 
the fuel mix is locked to the share of 88 % biomass and 12 % of waste, and the optimization 
can’t change that. The share of waste is that low that the increasing price of emission allow-
ance price has very little effect to the entire multifuel plant’s fuel mix price.  
 

 
Figure 43. Waste usage in different scenarios per year. 

 
However, increasing emission allowance price does of course affect to the profitability of 
using waste as a fuel as well would if the waste incineration would be taxed. In the modelling 
the costs of the increasing price of the emission allowance were added to the fuel price, but 
in Finland the production companies can also transfer the costs to the sold heat or gate-fee.  

6.2.3 Natural gas  

Natural gas usage decreases quite substantially from 2021 to 2030 in scenarios as presented 
in Figure 44. At the beginning of the decade the scenario 1.3 with low electricity price stands 
out with notably lower gas usage, being about 1,8 TWh, while in other scenarios the usage 
is between 2,9-3,6 TWh. However, the differences between with lower electricity price sce-
nario and other scenarios level towards the end of the decade. As discussed in previous sec-
tions, in the scenarios where the higher electricity price is used, heat production with gas 
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CHP can be so profitable that occasionally other production forms are run down, which re-
sults in higher gas usage.  
 

 
Figure 44. Gas usage in different scenarios per year. 

 
In addition to the electricity price, the effects of CO2 price can be seen clearly. With the 
higher emission allowance price gas usage decreases as the costs of using gas increase. How-
ever, in scenario 1 the effects are smaller than in scenario 2: in 2030 in scenario 1.1a gas 
usage is about 1,3 TWh and in scenario 1.1c 1 TWh, while in scenario 2.1a the gas usage is 
1,9 TWh and in scenario 2.1c 1,2 TWh. Biotax increases gas usage in scenario 1.2 substan-
tially.  
 
Therefore, even though the electricity price and emission allowance price affect to the gas 
usage, the usage can be expected to decrease significantly despite whether waste heat is 
utilized or the new multifuel plant built. Still, the used amounts of gas remain quite signifi-
cant.  

 CO2 emissions 
The CO2 emissions decrease substantially in all of the scenarios compared to 2019 as pre-
sented in Figure 45. In 2030 in scenario 1 the only source of emissions is the gas fired ca-
pacity and hence the amount of CO2 emissions correlates directly with the used amount of 
gas. In scenario 2 also the co-incineration of waste is a source of emissions.  
 
As discussed earlier, emission allowance price affects to the gas usage and therefore also the 
emissions. With the higher emission allowance prices gas is used more rarely, more to just 
cover the peak demands. It can clearly be seen that the CO2 emissions drop with the higher 
emission allowance prices. However, also the lower electricity price results in the lower 
emissions as then less gas CHP production is used.  
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In scenario 2 the emissions are in general higher than in scenario 1 as gas is needed more 
and the share of carbon neutral production is lower than in scenario 1. However, especially 
in scenario 2.2 the CO2 emissions are higher, because the share of the waste in the multifuel 
plant’s fuel mix is 50 %. Still, also in this scenario most of the emissions are caused by gas.  

 

 
Figure 45. CO2 emissions in 2019 and in the scenarios in 2030. 

 
Using waste produces CO2 emissions and co-incineration of waste is also included in the 
emissions trading program. The amount of produced emissions depends on the quality of the 
waste and using better quality waste produces less emissions. Still, reaching total carbon 
neutrality with utilizing waste isn’t possible when waste is seen as an emission source. How-
ever, an important thing to consider is what would be the other option for the waste: if the 
waste can’t be reused or recycled, utilizing it for the energy production is the best option to 
avoid placing waste at a landfill site. For the future of waste incineration an interesting option 
is also the possible development of carbon capture and storage, which could help to minimize 
the environmental effects of waste incineration.  
 
One question arising is also the sustainability question of biomass. Today biomass is cate-
gorized as a carbon-neutral, but it is unknown if this definition will change in the future. 
Categorizing biomass as non-carbon-neutral and including it in the emissions trading would 
affect significantly to the costs of using biomass in energy production and therefore also to 
the amount of used biomass.    
 
It should be noted that these scenarios present only some possibilities of how the district 
production might develop. It is possible to reach even lower emissions with adding more 
carbon neutral production to the production fleet or replacing natural gas with biogas. During 
the summer there would also be a lot carbon neutral production available, but the heat de-
mand during the summer is very small. By developing long-term heat storages, where heat 
could be produced during the summer and utilized in the winter, it could be possible to de-
crease gas usage in the peak demands. Theoretically it is even possible to reach a total de-
carbonization of the Espoo district heating system, however, to cover the peak demands and 
ensuring the security of supply it is likely that new solutions would be needed, like biogas 
or hydrogen.  
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 Costs 
The development of total yearly production costs in 2021-2030 is presented in Figure 46. It 
should be noted that the costs include only marginal costs of heat production, which include 
fuel costs, taxes, emission allowances, electricity costs and startup and shutdown costs of 
the plants. Investments costs or all operation and maintenance costs are not included.  
 
At the beginning of the decade the notably highest production costs with 66 M€ is in scenario 
1.3 where the electricity price is low, but at the end of the decade this scenario has the lowest 
production costs, about 53 M€. The reason is that at the beginning of the decade even though 
gas usage is lower than in other scenarios, relatively a lot gas still has to be used to cover the 
heat demand because new production units aren’t in use yet, but low electricity price makes 
using gas less profitable. At the end of the decade waste heat is utilized with heat pumps 
which use electricity, which is why this results in the lowest production costs.  
 

 
 

Figure 46. Development of yearly production costs in 2021-2030. 
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In other scenarios the production costs at the beginning of the decade are about 52 M€. 
Common in each scenario is that in the middle of the decade when new production is put 
into use, the production costs drops. However, after that the costs steadily increase when 
there are no changes in the production fleet but the emission allowance price increases. The 
increase is a bit steeper with higher emission allowance prices and naturally higher emission 
allowance price results in higher production costs. As the CO2 price can be expected to in-
crease, it will mean also increasing production costs in the future, mainly because gas is still 
needed rather significantly to cover the peak demands in these scenarios.  
 
Scenario 2 has higher production costs than scenario 1, except when waste is used 50 % of 
the fuel mix (scenario 2.2). Then the multifuel plant is more competitive against waste heat 
production. However, it should be noted that using waste causes additional costs like ash 
handling, which are not included in the price.  
 
Taxation of biomass doesn’t increase total production costs significantly. This is because 
biomass is then replaced with gas production, which with the higher electricity prices is very 
competitive against other production. However, if the electricity price would be lover, bio-
mass taxation would likely have more significant effect to the production costs as the gas 
usage costs would be harder to compensate without as significant incomes from electricity 
sales.  
 
The average heat production costs by production plant in 2030 are presented in Figure 47. 
SO4 heat pump and HP Waste heat hast the lowest production costs and are rather similar in 
each scenario, except in scenario 1.3. As both units use quite high amounts of electricity, 
lower electricity price lowers their production costs. Same effect can be seen with AWHP.  
 

 
Figure 47. Average heat production costs by heat production unit in each scenario in 2030. 
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The multifuel plant has slightly lower production costs than Kivenlahti bio. Pellet plant on 
the other hand has notably higher costs, on average even higher than the SO2 CHP gas unit. 
However, the production costs of the gas units differ especially depending on the emission 
allowance price and the electricity price. In general, the combustion free production results 
in lower production costs. The combustion free technologies’ production costs are not de-
pendent on fuel prices or emission allowance prices, but on the other hand electricity price 
affects.  
 
As discussed earlier, the presented costs don’t include investments costs as the production 
is optimized based on marginal costs of the production. Investments costs are still a signifi-
cant factor in determining how the district heating production is developed and what new 
production units are built. However, the investment costs can be difficult to determine on a 
general level, as they are not only dependent on the unit’s technology and size, but also its 
location in the DH network. DH network infrastructure investments are expensive and hence 
it is significantly cheaper if the new unit is close to the existing network. To understand the 
magnitude of the investments, the average investment costs for the units used in modelling 
are estimated and calculated based on various available public sources (Danish Energy 
Agency, 2016; Fortum, 2020h; Jalas & Ahonen, 2016; Oulun Energia, 2017; TSE, 2015) 
and are presented in Table 11. As can be seen, scenario 1 has lower investments costs as the 
AWHPs and HPs are cheaper. The multifuel plant’s investment costs are the highest. A pure 
biomass HOB would be cheaper to build, but using multiple fuels increases the cost of the 
plant.  
 
 

Table 11. Average investment costs of the used production units. 
 

 
Investment 

Cost 
M€/MW 

Source Scenario 1 Scenario 2 

AWHP 0,6 
(Danish, Energy 

Agency, 2016; Jalas & 
Ahonen 2016) 

18 MW - 

HP Waste 
heat 0,7 

 (Danish Energy 
Agency, 2016; Fortum, 

2020h) 
150 MW - 

Multifuel 
plant 1,0 

(Danish Energy Agency, 
2016; Oulun Energia, 

2017; TSE, 2015) 
- 110 MW 

 
Total in-
vestment 
costs (M€) 

  
115,8 110 
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7 Discussion 

In this thesis the aim was to study the position of fuels in the future Espoo district heating 
system and determine what fuels should be used in each scenario while taking account the 
effects of taxation and subsidies, price development, emissions trading and electricity price. 
The study was a combination of a literature review and a simulation. In the literature review 
the availability of fuels, legislation and taxation, and price development were studied. In the 
simulation two main scenarios were formed, one with a large amount of waste heat and one 
with a new multifuel plant, both taken into use in 2025.  

 Discussion of the results 
Espoo DH production is currently strongly based on fossil fuels, but the goal is that by 2030 
95 % of the production is carbon neutral. This means that significant changes to the produc-
tion are needed during the next decade. As in Finland the heating demand varies significantly 
between seasons and there can be high demand peaks during winter, adjustable production 
is critical in ensuring adequate heat production throughout the year. 
  
Fossil fuels have been easy fuels for heat production due to easy storability, high heating 
value and the adjustability of production. Biomass has been seen like a natural way to replace 
coal, however, even though biomass production is at some level adjustable, biomass has a 
lower heating value and storing is difficult. Combustion free technology on the other hand 
doesn’t provide as convenient solutions for adjustability as the fuels does. Despite this, com-
bustion free production can significantly contribute to achieving the carbon neutrality and 
can form a large share of the production. 
 
The availability of studied fuels was found to be rather good but were highly dependent on 
importing of outside of Finland. In purchasing biomass the challenge is that the supply and 
demand doesn’t match within Finnish regions: most of the demand is in southern Finland 
while most of the supply is in middle and northern parts of Finland. Therefore, biomass 
purchasing from abroad can be the most cost-efficient option. In general, the availability of 
biomass around the Baltic sea is rather good at the moment and it is possible to further in-
crease the logging rate. However, biomass availability can vary from year to year depending 
for example on weather conditions.  
 
As for waste, Finland aims to raise the share of recycling, so there likely won’t be any in-
creases in the availability of waste for energy production in Finland. However, as most of 
the waste is still disposed at a landfill site in various countries in Europe, the availability of 
waste won’t likely be an issue during the next decade. Of course, other uses of waste higher 
in the hierarchy are preferred, but as long waste is placed at a landfill site, using waste for 
energy production is an efficient way to dispose waste. It would support the landfill phase-
out in Europe to import waste to countries with over capacity for waste incineration.  
 
The availability of gas is quite good but most of the gas is still supplied from Russia. On the 
other hand, the sources of gas are diversifying through the new pipelines, LNG terminals 
and biogas. In the future it can also be possible to produce clean gas with power-to-x. This 
is why gas is seen as a bridge technology in supporting the phase out of coal. Gas is also a 
quite easy fuel for energy production as the technology is well-known and gas is supplied 
by pipelines. Energy production with gas is also easily adjustable, which is why gas suits 
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very well for peak load production. As for biogas, the production is currently rather limited 
but only a small amount of production potential is utilized. Hence, there are great possibili-
ties for biogas and in the future it can have a more significant importance for energy produc-
tion. 
 
The price of biomass is affected by several factors, for example taxation and subsidies of 
biomass and other fuels, prices of other fuels, forest industry and demand for heat and power. 
As biomass is purchased from abroad, also other countries policies and price development 
affect. In general, the demand for biomass can be expected to increase due to increasing use 
for energy production and the development of the advanced uses of biomass. However, most 
of the increases in biomass demand for advanced uses will likely happen after 2030. This 
means that despite the biomass price increase, the price will likely remain competitive during 
the 2020s in the energy production. However, there are other uncertainties related to biomass 
usage costs, as the future taxation of biomass is uncertain. 
 
In addition to biomass taxation, the future of waste taxation is unknown. Currently waste 
isn’t taxed but is possible that it would be done in the future, which would increase the costs 
significantly. In addition, emission allowance price has an effect for the profitability of using 
waste in co-incineration. However, waste is a gate-fee based fuel, which means that the ad-
ditional costs could be transferred to the gate-fee, but this could lead to increasing waste 
exporting from Finland.  
 
Natural gas price is expected to slightly increase, but the new pipelines connecting Finland 
to Baltic markets will cause the prices in Finland to be closer to the Baltic and Central Eu-
ropean prices. However, taxation of natural gas can be expected to increase in the future and 
in addition the likely increases in the emission allowance price will increase the usage costs 
of natural gas. As for biogas, the future prices are uncertain, but biogas isn’t taxed and it 
isn’t part of the ETS.  
 
In the modelled scenarios fuels are remaining as an important part of the DH production, but 
the importance naturally emphasizes in the second scenario where a new multifuel plant is 
built. However, several things affect to the production optimization and the usage of com-
bustible production, like emission allowance price, electricity price and taxation. In scenario 
1 biomass usage decreased quite significantly after 2025 when new waste heat sources were 
in use, but the emission allowance price had a very little effect to the yearly amount of used 
biomass then. Lower electricity price on the other hand increased the biomass usage quite 
significantly before there were waste heat capacity available, but when waste heat was uti-
lized the difference leveled compared to scenarios with higher electricity price. Hence, if 
waste heat is utilized significantly, it will cause biomass usage to decrease despite if the 
emission allowance price increases. 
 
If a new multifuel plant is built, biomass usage will increase substantially, as seen in scenario 
2. Higher emission allowance increased the biomass usage, but most of this happened in 
Kivenlahti as the multifuel plant was running almost at the full capacity already with lower 
emission allowance prices. The new multifuel plant also adds waste to the used fuels. How-
ever, when waste was used only 12 % of the multifuel plant’s fuel mix, the waste usage was 
quite low, but the importance of waste in the production was emphasized when the share of 
waste was 50 %.  
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It was found that despite that the gas usage decreased quite a bit from 2021 to 2030 in both 
scenarios, gas remained as an important fuel and the used amounts were still rather signifi-
cant. With the used capacities gas was required to provide adequate amount of heat during 
the cooler months and the peak demands. In addition, with high electricity prices gas usage 
could be that profitable that it run down other production, like biomass. Still, higher emission 
allowance price does decrease the gas usage: when the CO2 price is higher, electricity price 
needs to be higher for gas CHP production to run down other production.  

 Comparison to other research 
A few other studies have been made on Espoo DH system (Kokkonen, 2020) (Hiltunen & 
Syri, 2020), however these studies have concentrated on the possibilities of electrification of 
heating, while in this thesis the focus was on the fuels. Still, similar issues were modelled, 
and the results of this thesis are mainly in line with these other studies.  
 
In a thesis studying the role of DH in energy system decarbonization (Kokkonen, 2020) the 
emissions with waste heat, i.e. electrified heating, were found to be lower than with addi-
tional bio-based combustible capacity, which is in line with the results of this thesis. In the 
compared study the emissions ended up a little bit lower than in this, but there were slight 
differences in the used HP capacities which mostly caused the difference. In a research stud-
ying the possibilities of waste heat in Espoo DH production (Hiltunen & Syri, 2020) signif-
icantly lower emissions were achieved, however, no gas CHP capacity was used which led 
to significantly higher biomass usage. Also, in the compared studies utilizing waste co-in-
cineration with biomass was not studied but in this thesis it was found that it increased the 
emissions slightly, but the main emission source was still gas usage.  
 
Heat production costs with waste heat were lower than with additional bio based combustible 
capacity also in Kokkonen’s (2020) thesis and Hiltunen and Syri (2020) also discovered the 
large-scale utilization of waste heat to lower the production costs. However, the effect of 
using waste was not studied, which in this thesis was found to lower the production costs 
rather significantly when used 50 % of the fuel mix, making additional combustible capacity 
financially competitive against waste heat.  
 
Electricity price was found to have a strong effect for the optimization concerning the utili-
zation of gas CHPs also in the compared two studies. In addition, in Hiltunen and Syri’s 
research electricity price had a strong effect to the costs of utilizing waste heat and high 
electricity prices could even make the waste heat investment unprofitable. However, in this 
thesis it was found that even though the electricity price does affect to the production costs, 
the production costs with waste heat are that low that even with high electricity prices it is 
usually the most profitable production form. The main reason for the difference is that in 
this thesis the electricity tax was assumed to be EU minimum, while in the compared re-
search electricity tax class II was used. In addition, the business model for utilizing the waste 
heat was different.  
 
As stated, these studies didn’t include waste and did not examine the fuels more closely, e.g. 
availability or possible future issues, like the taxation of biomass which was found to have 
a significant effect to the production optimization. However, in these compared studies it 
was concluded as well that the utilization of waste heat can contribute highly to carbon neu-
tral production, but the fuels were important for peak demands.  
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 Limitations 
Several assumptions and simplifications were made to model this multidimensional prob-
lem. This study modelled only two different scenarios of the future Espoo DH network. Even 
though both scenarios are realistic, it is possible that the future will be something different, 
e.g. consist of different kind of combinations of the used production units or include entirely 
new technology.  
 
Due to modelling at a daily level, an hourly heat storage capacity was not considered in the 
modelling. The hourly heat storage capacity is rather small but could still contribute to car-
bon neutral production. Furthermore, heat trade between Helsinki and Espoo was neglected 
due to difficulty of estimating accurate costs.  
 
In addition, there were some limitations related to the costs. The modelling was based on the 
marginal costs of the production. However, typical investment costs of used plants were 
briefly presented. In addition, the production optimization is also strongly affected by elec-
tricity prices. Because of this, a higher and a lower electricity price were modelled to study 
the effects of electricity price. Still, there are many different possibilities how the electricity 
price could develop which would affect to the results. Furthermore, fuel prices have an in-
fluence for the optimization. Even though the fuel prices were carefully chosen, it is possible 
that the actual future prices will differ.  
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8 Conclusions 

In the modelled scenarios fuels, especially biomass and gas, are remaining as an important 
part of the future DH production. Fuels were used for heat production during cooler months, 
but they were especially important in ensuring the security of supply and providing adequate 
amount of heat during peak demands.  
 
There are some uncertainties in the future which affect to the production optimization and 
fuel usage, like electricity price and emission allowance price. These affect especially to the 
gas usage. However, based on the modelling, if the electricity price is high it compensates 
quite well even rather high emission allowance prices. Also the future of taxation and sub-
sidies raise many questions. For example, the new multifuel plant wouldn’t likely be that 
profitable if biomass would be taxed. In addition, biomass taxation would lead to very low 
biomass usage and even gas replacing biomass. Therefore, biomass shouldn’t be taxed to 
ensure biomass’ competitiveness against gas. Moreover, long-term indications related to e.g. 
taxation would be needed to encourage for the investments. 
 
The challenge with biomass is that it doesn’t work very well if used only as a peak load fuel 
due to logistics and storage issues, meaning that biomass needs to be used more continu-
ously. In addition, with lower volumes the biomass price increases. Hence, if biomass usage 
decreases too much for example due to taxation of biomass or utilizing even more waste 
heat, it can lead to replacing biomass with gas. However, as there are existing biomass plants 
in Espoo DH network, this kind of situation wouldn’t be very optimal. To guarantee the 
utilization of existing assets, it should be ensured that biomass can be used steadily and 
biomass won’t be moved too far away in the running order of the plants.  
 
Common for both scenarios was that the production costs increased from 2025 to 2030. This 
was mostly due to rising carbon price and the necessity to using gas in the peak demands. 
Hence, as it is likely that gas is needed to cover the peak demands and the emission allow-
ance price will increase, it will mean also increasing productions costs if there aren’t found 
other options for peak demand production.  
 
Waste heat utilization is more cost-efficient solution than the new multifuel plant based on 
the modelling. There are also less uncertainties as there aren’t variable fuel prices and emis-
sion allowances or large taxation seen in the future for the waste heat. Hence, especially due 
to expected increase in biomass demand and biomass price and unknown taxation, utilizing 
waste heat seems like a preferable option. Still, even if higher amounts of waste heat would 
be utilized, there would likely still be the highest peaks to be covered with fuels. 
 
In addition, from the economical point of view, if the new multifuel plant was built, the share 
of waste should be increased considerably, e.g. to 50 %, to lower the fuel costs and produc-
tion costs. This would also secure the profitability of the plant better in the case a tax for 
biomass would be introduced, but also in the case if biomass price would substantially in-
crease due to increased demand. However, increasing the share of waste does of course in-
crease emissions, but if the waste incinerated would otherwise be landfilled, using waste 
would support the landfill phase out.  
  
To reach the 95 % goal or full carbon neutrality, other solutions will likely be needed. Gas 
is remaining as the largest source of emissions in the Espoo DH production. Even if gas 
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would be used only during peak demands, it still represents a quite high share of the produc-
tion and produces significant amount of emissions. Therefore, even though natural gas is a 
very convenient fuel and it is seen as a bridge technology, in the long-term also natural gas 
needs to be replaced.  
 
Therefore, a special attention should be given to how to decarbonize the peak load produc-
tion. At the moment biogas seems like the most convenient option considering the existing 
gas CHPs and HOBs in the Espoo DH network. However, biogas production and markets 
are still developing and hence the future taxation or prices are uncertain. Still, there are major 
possibilities for biogas as currently only a small amount of biogas production potential is 
utilized. In addition, biogas fulfilling the RED II criteria isn’t part of the emissions trading 
and hence isn’t affected by the carbon price. Assuming that the biogas price would be some-
what competitive, biogas would not only be a very convenient fuel for heat production also 
in peak demands, it would also support achieving the carbon neutrality goals. Switching to 
biogas also doesn’t require any significant investments as biogas is purchased with certifi-
cates. Therefore, replacing natural gas with biogas should be considered. In the long-term 
also hydrogen could be a relevant option.  
 
Large long-term heat storages could also contribute to carbon neutrality goals. In the scenar-
ios heat was produced fully carbon neutrally during the summers and there were a lot of 
excess capacity left. If this capacity could be used to produce more heat during the summers 
and store it for the winter in a heat storage, it could help in decarbonizing the peak loads.  

 Further research 
In this study the modelling was based on the marginal costs of heat production. However, as 
for example investment costs and O&M costs are a major factor in determining what new 
units are built, more detailed cost analysis should be made. This would provide more in-
depth information on the profitability of different production units.  
 
If heat pumps are utilized widely and heating electrifies, it will lead to increasing electricity 
usage. This raises many questions considering the adequacy of electricity production and 
delivery capacities. Further studies considering to what level heating can be electrified safely 
should be carried.   
 
The production units used in this study were well-known technology and probable future 
solutions. However, it is possible that other solutions would be used in the future, e.g. hy-
drogen. It would be interesting to study further if new technology and new production forms 
could contribute to carbon neutral production and how soon they could be in use, would they 
be financially competitive and would they suit as a peak load capacity.  
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Appendix 1. Technical parameters used in the model-
ling  
 

Parameter Value Unit Source 
ESP_DH_network_loss 8 % Finnish Energy (2015) 
atw_heatpump_cop_temp_point_1 -20 C Fortum 
atw_heatpump_cop_temp_point_2 0 C Fortum 
atw_heatpump_cop_temp_point_3 20 C Fortum 
atw_heatpump_cop_value_point_1 1.56 

 
Fortum 

atw_heatpump_cop_value_point_2 2.05 
 

Fortum 
atw_heatpump_cop_value_point_3 2.87 

 
Fortum 

atw_heatpump_dh_out_max_limit joulu.30 MW Thesis 
atw_heatpump_dh_out_min_limit 0 MW Fortum 
atw_heatpump_rel_capacity_point_1 0.63 

 
Fortum 

atw_heatpump_rel_capacity_point_2 1.06 
 

Fortum 
atw_heatpump_rel_capacity_point_3 1.25 

 
Fortum 

bio_tax vector €/MWh Thesis 
co2_coeff_coal 0.341 tCO2/MWh (Koffi et al. 2017) 
co2_coeff_gas 0.181 tCO2/MWh (Koffi et al. 2017) 
co2_coeff_lfo 0.264 tCO2/MWh (Koffi et al. 2017) 
co2_free_allowance vector ton/h Fortum 
co2_price vector €/ton Thesis 
coal_tax_fuel_chp vector €/MWh Thesis 
esp_DH_Cons vector MW Thesis 
esp_DH_ReturnT 50 C Fortum 
esp_DH_SupplyT 100 C Fortum 
esp_hob_as_bo_dh_out_max_conf 80 MW Fortum 
esp_hob_as_bo_dh_out_max_limit 80 MW Fortum 
esp_hob_as_bo_dh_out_min_conf 28 MW Fortum 
esp_hob_as_bo_dh_out_min_limit 28 MW Fortum 
esp_hob_as_bo_fue_in_max_conf 75 MW Fortum 
esp_hob_as_bo_fue_in_min_conf 26 MW Fortum 
esp_hob_as_bo_min_downtime 3 h Fortum 
esp_hob_as_bo_min_uptime 8 h Fortum 
esp_hob_bio_bo_dh_out_max_conf 58 MW Fortum 
esp_hob_bio_bo_dh_out_max_limit 58 MW Fortum 
esp_hob_bio_bo_dh_out_min_conf 17.4 MW Fortum 
esp_hob_bio_bo_dh_out_min_limit 17.4 MW Fortum 
esp_hob_bio_bo_fue_in_max_conf 49.6 MW Fortum 
esp_hob_bio_bo_fue_in_min_conf 14.9 MW Fortum 
esp_hob_bio_bo_min_downtime 3 h Fortum 
esp_hob_bio_bo_min_uptime 8 h Fortum 
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esp_hob_gas_bo_dh_out_max_conf 290 MW Fortum 
esp_hob_gas_bo_dh_out_max_limit 315 MW Fortum 
esp_hob_gas_bo_dh_out_min_conf 0 MW Fortum 
esp_hob_gas_bo_dh_out_min_limit 0 MW Fortum 
esp_hob_gas_bo_fue_in_max_conf 310 MW Fortum 
esp_hob_gas_bo_fue_in_min_conf 0 MW Fortum 
esp_hob_lfo_bo_dh_out_max_conf 710 MW Fortum 
esp_hob_lfo_bo_dh_out_max_limit 205 MW Fortum 
esp_hob_lfo_bo_dh_out_min_conf 0 MW Fortum 
esp_hob_lfo_bo_dh_out_min_limit 0 MW Fortum 
esp_hob_lfo_bo_fue_in_max_conf 800 MW Fortum 
esp_hob_lfo_bo_fue_in_min_conf 0 MW Fortum 
esp_hob_pel_bo_dh_out_max_conf 72 MW Fortum 
esp_hob_pel_bo_dh_out_max_limit 60 MW Fortum 
esp_hob_pel_bo_dh_out_min_conf 24 MW Fortum 
esp_hob_pel_bo_dh_out_min_limit 20 MW Fortum 
esp_hob_pel_bo_fue_in_max_conf 81.5 MW Fortum 
esp_hob_pel_bo_fue_in_min_conf 28.2 MW Fortum 
esp_otaniemi_geo_dh_out_fixed_cost 132 €/MWh Kokkonen (2020) 
esp_otaniemi_geo_dh_out_forced 20 MW Fortum 
esp_otaniemi_geo_dh_price 16.4 €/MWh Kokkonen (2020) 
esp_price_biomix_as Vector €/MWh Thesis 
esp_price_biomix_kibio Vector €/MWh Thesis 
esp_price_coal Vector €/MWh Ministry of Economic Af-

fairs and Employment 
2019 

esp_price_coal_fifo Vector €/MWh Fortum 
esp_price_pellet Vector €/MWh Thesis 
esp_telia_pitsku_dh_out_max 0/150 MW Thesis 
esp_telia_pitsku_heat_pump_cop 3.5 

 
Fortum 

esp_temp vector C Fortum 
gas_cost_fixed 0 €/h Simplification 
gas_ener_addit_price Vector €/MWh Thesis 
gas_tax_fuel_chp Vector €/MWh Thesis 
gas_tax_fuel_hob Vector €/MWh Thesis 
gas_trans_addit_price 4.5 €/MWh Thesis, Kokkonen (2020) 
lfo_tax_fuel_hob Vector €/MWh Thesis 
price_lfo Vector €/MWh Ministry of Economic Af-

fairs and Employment 
(2019) 

price_p_purchase_exc vector €/MWh Nordpool modified 
price_p_sale_exc vector €/MWh Nordpool modified 
so1_bo_fue_coal_max 290 MW Fortum 
so1_bo_fue_max_conf 282 MW Fortum 
so1_bo_fue_max_limit 280 MW Fortum 
so1_bo_fue_min_conf 100 MW Fortum 
so1_bo_fue_min_limit 100 MW Fortum 



(3/4) 
 

 

so1_bo_q_out_max 270 MW Fortum 
so1_bo_q_out_min 100 MW Fortum 
so1_red_max_ston 75 MW Fortum 
so1_red_min_downtime 12 h Fortum 
so1_red_min_uptime 12 h Fortum 
so1_red_q_in_max_limit 100 MW Fortum 
so1_red_q_in_min_limit 10.5 MW Fortum 
so1_red_q_to_dh_eff 0.95 MW Fortum 
so1_st_downtime_bo_start 11 h Fortum 
so1_st_max_ramp_dn 20 MW/h Fortum 
so1_st_max_ramp_up 20 MW/h Fortum 
so1_st_min_downtime 24 h Fortum 
so1_st_min_uptime 24 h Fortum 
so1_st_p_out_max_conf 87 MW Fortum 
so1_st_p_out_max_limit 87 MW Fortum 
so1_st_p_out_min_conf 27 MW Fortum 
so1_st_p_out_min_limit 40.5 MW Fortum 
so1_st_q_in_max_conf 270 MW Fortum 
so1_st_q_in_max_limit 270 MW Fortum 
so1_st_q_in_min_conf 100 MW Fortum 
so1_st_q_in_min_limit 100 MW Fortum 
so1_st_tot_heat_eff 0.915 

 
Fortum 

so2_gt_fue_in_max_conf 495 MW Fortum 
so2_gt_fue_in_max_limit 495 MW Fortum 
so2_gt_fue_in_min_conf 260 MW Fortum 
so2_gt_fue_in_min_limit 260 MW Fortum 
so2_gt_max_ramp_dn 30 MW/h Fortum 
so2_gt_max_ramp_up 30 MW/h Fortum 
so2_gt_p_out_max_conf 173 MW Fortum 
so2_gt_p_out_max_limit 173 MW Fortum 
so2_gt_p_out_min_conf 65 MW Fortum 
so2_gt_p_out_min_limit 67 MW Fortum 
so2_gt_q_out_max_conf 262 MW Fortum 
so2_gt_q_out_min_conf 157 MW Fortum 
so2_hrb_eco_dh_eff 1 

 
Fortum 

so2_hrb_q_in_max 262 MW Fortum 
so2_hrb_q_in_min 157 MW Fortum 
so2_hrb_q_out_max 226 MW Fortum 
so2_hrb_q_out_min 137 MW Fortum 
so2_price_pwr_trans 3.92 €/MWh Caruna 2020, Kokkonen 

2020 
so2_red_min_downtime 12 h Fortum 
so2_red_min_uptime 12 h Fortum 
so2_red_q_in_max_limit 215 MW Fortum 
so2_red_q_in_min_limit 1 MW Fortum 
so2_red_q_to_dh_eff 0.95 

 
Fortum 
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so2_st_downtime_gt_start 20 h Fortum 
so2_st_min_downtime 24 h Fortum 
so2_st_min_uptime 24 h Fortum 
so2_st_p_out_max_conf 63 MW Fortum 
so2_st_p_out_max_limit 65 MW Fortum 
so2_st_p_out_min_conf 28 MW Fortum 
so2_st_p_out_min_limit 25 MW Fortum 
so2_st_q_in_max_conf 230 MW Fortum 
so2_st_q_in_max_limit 230 MW Fortum 
so2_st_q_in_min_conf 100 MW Fortum 
so2_st_q_in_min_limit 110 MW Fortum 
so4_hpump_dh_out_max_limit 45 MW Fortum 
so6_gt_p_out_max_limit 42 MW Fortum 
so6_gt_p_out_min_conf 28 MW Fortum 
so6_gt_p_out_min_limit 25 MW Fortum 
so6_gt_q_out_max_conf 75 MW Fortum 
so6_hrb_eko_dh_eff 0 

 
Fortum 

so6_hrb_q_in_max 100 MW Fortum 
so6_hrb_q_in_min 1 MW Fortum 
so6_hrb_q_out_max 100 MW Fortum 
so6_sufire_fue_in_max_limit 25 MW Fortum 
so6_sufire_fue_in_min_conf 0 MW Fortum 
so6_sufire_fue_in_min_limit 0 MW Fortum 
so6_sufire_q_out_max_conf 30 MW Fortum 
so7_bo_dh_out_max_limit 17.5 MW Fortum 
so7_bo_dh_out_min_conf 4 MW Fortum 
so7_bo_dh_out_min_limit 6 MW Fortum 
so7_bo_fue_in_max_conf 19 MW Fortum 
so_auxc_max 120 MW Fortum 
so_auxc_min 3 MW Fortum 
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Appendix 2. Fuel usage in scenarios 1.1b and 2.1b 
 

 
Gas usage in scenarios 1.1b and 2.1b with emission allowance price reaching 50 €/tCO2 in 
2030. 
 

Biomass, pellet and waste usage in scenarios 1.1b and 2.1b with emission allowance price 
reaching 50 €/tCO2 in 2030. 
 


