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Abstract 
The aim of this thesis was to understand the existing obstacles in low carbon district 

heating investments. In addition, the goal was to suggest solutions to the obstacles. 

The study was qualitative based on interviews with five energy companies, four con-

sultants, three technology developers and two financers. The starting point was that 

Finland’s climate neutrality goal in 2035 pressure district heating companies to rad-

ically reduce their emissions in only 14 years. The setting has also changed remark-

ably in just a few years with the EUA price steadily increasing from below 10 €/tCO2 

in 2017 to around 40€/tCO2 in 2021. However, emissions from district heating have 

not decreased as fast as have been seen in electricity. 

The interview results were analysed with the help of Porter’s five forces to em-

phasised changes in the heating market. The strongest change drivers are the cus-

tomers and substitute products. District heating customers demand rapid decrease 

in emissions and different building specific heating solutions, especially ground 

source heat pumps, have managed to sell with a story about emission reductions. 

However, differences exist inside of Finland and customers in the capital area value 

environmental questions the most. 

The results were combined into a SWOT-matrix to emphasise strengths and op-

portunities in addition to weaknesses and threats. The positive side show that dis-

trict heating can have a large role in a climate neutral society. The opportunities 

arise from advancing sector integration and technology development. Solutions 

were suggested based on the weaknesses and threats. The goal is to make threats, 

such as electrification, into opportunities by gaining experience from the new way 

of producing heat. District heating companies’ weaknesses are low innovativeness 

caused by low R&D budgets and monopolistic features of district heating. Also, dis-

trict heating companies must improve communications to show the good progress 

to stakeholders. 

Keywords  District heating, low carbon technology, investment process, heating 

market, climate policy 
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Tiivistelmä 
Diplomityön tavoite oli ymmärtää vähähiilisiin kaukolämpöinvestointeihin liittyviä 

haasteita ja ehdottaa ratkaisuja kyseisiin haasteisiin. Tutkielma oli kvalitatiivinen 

perustuen haastatteluihin viiden energiayhtiön, neljän konsultin, kolmen teknolo-

giakehittäjän ja kahden rahoittajan kanssa. Lähtökohtana oli, että päästöjä pitää 

laskea nopeasti, jotta Suomi voi olla hiilineutraali vuonna 2035. Päästöhinta on 

noussut vuoden 2021 alussa lähes 40 €/tCO2, joka on huomattavasti vaikuttanut eri 

lämmönlähteiden taloudelliseen näkymään. Silti kaukolämmön päästöt eivät ole 

laskeneet yhtä nopeasti, kuin sähkötuotannon. 

Tulokset esitellään Porterin viiden voiman viitekehyksen avulla. Viitekehys tuo 

esille vahvimmat muutosajurit, jotka ovat asiakkaat ja korvaavat lämmönlähteet, 

pääasiassa maalämpö. Asiakkaat vaativat päästöjen nopeaa laskemista ja maaläm-

mön myyjät osaavat hyödyntää halua laskea päästöjä. Muutosvauhti kuitenkin 

vaihtelee Suomen sisällä ja vahvimmat vaatimukset päästöjen laskusta on pääkau-

punkiseudulla. Pääkaupunkiseudun kaukolämpöyhtiöillä on myös eniten resurs-

seja laskea päästöjään ja heiltä odotetaan koko alalle käytännön tuloksia uusista 

teknologioista. 

Analyysi on jatkotyöstetty SWOT-matriisiin, jotta myös vahvuudet ja mahdolli-

suudet tulevat esille. Nämä näyttävät kaukolämpöyhtiöiden vahvat lähtökohdat kil-

pailla muuttuvilla lämpömarkkinoilla ja auttavat rakentamaan kaukolämmön roo-

lia hiilineutraalissa yhteiskunnassa. Vahvuuksiin kuuluu ehdottomasti pitkä koke-

mus lämmitysmarkkinoilta ja hyväkuntoinen verkko. Mahdollisuuksiin kuuluu 

mm. sektori-intergaation edistyminen. Ehdotetut ratkaisut rakentuvat heikkouk-

sista ja uhista. Uhat pitää osata kohdata tavalla, jolla niistä saa rakennettua itselleen 

mahdollisuuksia. Tähän kuuluu esimerkiksi sähköistyminen, joka on kaukolämpö-

yhtiöille uusi tapa tuottaa lämpöä. Kaukolämpöyhtiöiden heikkouksiin kuuluu in-

novatiivisuuden puute, jonka syynä on mm. matala T&K-budjetti ja kaukolämmön 

monopolistiset ominaisuudet. Lopuksi pitää osata myös viestiä edistymisestä, jotta 

ulkopuoliset tietäisivät kehityksestä. 

Avainsanat  Kaukolämpö, investointiprosessi, ilmastotavoitteet, lämmitysmark-

kinat, ilmastopolitiikka  
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Sammandrag 
Examensarbetet tar reda på utmaningar med investeringar i utsläppssnåla teknolo-

gier och föreslår lösningar till utmaningarna. Studien var kvalitativ baserat på in-

tervjuer med fem energiföretag, fyra konsulter, tre teknologiutvecklare och två fi-

nansiärer. Utgångspunkten var att Finlands klimatmål 2035 tvingar fjärrvärmefö-

retagen att dra ner på utsläppen drastiskt på kort tid. De ekonomiska förhållandena 

för utsläppssnåla teknologier har ändrats av det snabbt växande utsläppspriset, 

som i början av 2021 har legat runt 40€/tCO2. Fjärrvärmeutsläppen har på senare 

tid gått ner, främst av ökad användning av biomassa. Biomassans framtid är däre-

mot osäker och därför behövs det även andra värmekällor. 

Resultaten analyserades med hjälp av Porters femkraftsmodell för att förstå för-

ändringarna i värmemarknaden. De starkaste krafterna är kunderna, som kräver 

lägre utsläpp och substitut, främst markvärme som lyckats ta del av marknaden ge-

nom att ge kunder möjligheten att dra ner på sina utsläpp. Skillnaderna inom Fin-

land är däremot stora och kunderna i huvudstadsområdet kräver mest. Fjärrvärme-

företagen i huvudstadsområdet har även mest resurser att dra ner på sina utsläpp 

och andra fjärrvärmeföretag väntar på resultat från dem. 

Resultaten kombineras ännu i en SWOT-analys som grund för lösningar men 

även en möjlighet att betona styrkor och möjligheter. Styrkorna och möjligheterna 

visar att finska fjärrvärmeföretag har en bra utgångspunkt till att dra ner på sina 

utsläpp och ha en stor roll i ett klimatneutralt samhälle. Möjligheterna inkluderar 

bl.a. avancerande av sektorintegrering och även hoten kan bli möjligheter bara man 

prioriterar området i fråga. Fjärrvärmeföretag har varit svaga på innovation, antag-

ligen som en följd av låg F&U-budget och monopolistiska egenskaper i fjärrvärme-

marknaden. Det är även viktigt att satsa på kommunikation så att utomstående är 

medvetna om utvecklingen som sker.  

Nyckelord  Fjärrvärme, utsläppssnåla teknologier, investeringsprocess, värme-
marknad, klimatpolitik 
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1 Introduction 
 

1.1 Background 
The Paris Agreement (UNFCCC 2015) aims at limiting global warming to way below 2 °C. 

Both Finland and the European Union (EU) have ratified the agreement and consequently, 

introduced climate neutral targets. The EU is aiming for climate-neutrality in 2050 and in-

troduced the Green Deal (European Commission 2019) to reach the goal. Finland aims for 

climate neutrality already in 2035, which is introduced in the governmental programme 

(Finnish Government 2019a). In addition, the European Commission proposed to tighten 

the climate goal for 2030 to 55%, an increase from the previous goal of 40%. 

During the year 2021, wide discussions about emission reductions will take place both at 

EU and Finnish level. In the case of energy, the emissions from electricity production have 

decreased rapidly in Finland to 63 gCO2e/kWh (Finnish Energy 2021b) in 2020, but district 

heating is staggering behind at 127 gCO2e/kWh (Finnish Energy 2021a). Therefore, district 

heating will be one of the mainly discussed topics, at least in Finland, with its shares of peat 

and biomass. The use of the latter has remarkably increased to fulfil the decrease of fossil 

fuels.  

The Finnish Government started the implementation of the 2035 goal by asking indus-

tries to construct climate neutrality roadmaps. Many of the roadmaps are reliable of energy 

production reducing emissions. Therefore, the Finnish energy industry must deliver its re-

ductions for the whole society to be able to reach the climate neutrality goal by 2035.  The 

target is only 15 years away and it is fair to say emission reductions are in a hurry. Also, the 

pressure from regulatory bodies for decreasing emissions is increasing. 

The main tool to cut emissions in the EU is its Emissions Trading System (EU ETS). Its 

price has changed remarkably in a short time and therefore, changed the economic viability 

of different energy sources. The price changed from below 10€/tCO2 in 2017 to around 

40€/tCO2 in the beginning of 2021 (Ember 2021). The large change in costs of GHG emis-

sions have especially decreased the economic viability of fossil fuels and therefore improved 

the viability of low carbon technology. In Finland, the effects are especially visible with peat, 

because it does not have a clear political decision. 

The incentives for moving from traditional, fossil fuel-based heating production to low 

carbon technology are increasing with the EU ETS and ambitious climate neutrality targets. 

The low carbon technologies are often smaller units than traditional power plants and uses 

electricity to produce heat. The shift will require a change in ways of working because most 

of the low carbon technologies use electricity. The exception from electricity-based heating 

is biomass. Its implementation has been easy because it uses mature and familiar technol-

ogy. The increased in biomass protects district heating companies from the increasing emis-

sion prices in the EU ETS and give time for further development of low carbon technology. 

However, burning biomass causes emissions in the same way as burning fossil fuel. These 

emissions are just politically stated to be zero, because its growth captures CO2 from the air. 

However, the use of biomass as an energy source is questioned. Therefore, other low carbon 

solutions are needed. At this point it is safe to say that no silver-bullet solution exists. 

The district heating network in Finland is in good condition, with low maintenance back-

log. The networks offer wide possibilities to utilise different energy sources from a large area 

and promotes sector-integration, for example through increased use of waste heat and sta-

bilising other energy networks. The utilisation of these sources is impossible with building-



11 

 

specific heating. In addition, it is important to remember that district heating networks are 

only suppliers of heat and the heat production technology is independent of the network. 

The attitude and economic viability of low carbon technology has changed a lot in a short 

period of time. The sitting Finnish government suggested to reach climate neutrality by 

2035, the EU has increased its ambition for 2030, too, and the EU ETS price has increased. 

As a result, low carbon technology has become more competitive. This thesis discusses in-

vestments in these low-carbon technologies in district heating in Finland and related obsta-

cles based on interviews with energy companies and their stakeholders. The added value 

comes from giving the current picture from the specialists in charge of heat production, con-

sultancy reports, technology researchers and developers and finance providers. The goal is 

to understand the investment process and the change drivers of the heating market. This 

allows to drive change where it matters and helps explaining the strengths of the market. In 

addition, the results are most probably generalisable to most of the district heating compa-

nies in Finland. 

 

1.2 Research questions 
The topic at hand is low-carbon technology investments in district heating in Finland. The 

main goal is to understand the obstacles related to implementing these technologies. This 

starts with understanding the investment process, but wide implementation of new technol-

ogies is a wider question than only internal investment processes. In this case, it is also im-

portant to understand the change drivers in the heating market in Finland. Regarding 

change, two topics often connected to district heating is the emission price from the EU ETS 

and the threat from building specific heating, mainly ground source heat pumps. 

 

From these topics, this thesis will encounter four research questions with focus on Finland: 

1. What drives investments in the district heating industry? 

2. What are the obstacles in low-carbon investments in district heating? 

3. How could the obstacles be overcome? 

4. How can different stakeholders help? 

 

This thesis is written to Finnish Energy to help with their advocacy and to provide material 

to strengthen the message to regulators, both in Finland and EU, about district heating’s 

potential. The thesis argues for the market-based model in use for district heating in Finland 

and recognises that the same model does not necessarily fit every country. The goal is to also 

in the future allow Finland to continue with its working model. 

 

1.3 Main objectives and scope 
The main objective is to map small and large obstacles in low carbon technology investments 

in district heating and try to introduce solutions. The proposed solutions are aiming at de-

creasing the time taken for implementing these low carbon technologies. The networks are 

local and have their own local features, but the investment processes, drivers and targets are 

similar, because of national regulation. The local features are an exemption, and the largest 

effect is the availability of different heat sources. 

The results will be presented to easily understand the situation of Finnish district heating. 

Therefore, the discussion aims at pinpointing the change drivers in the Finnish heating mar-

ket and show strengths and opportunities through the SWOT-matrix. These frameworks also 
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help with showing the role of energy companies’ stakeholders. The material will help Finnish 

Energy in its advocacy work related to the Fit-for-55-package and the Finnish climate-neu-

trality goal for 2035.  

The field research is conducted through interviews with five out of the twenty largest dis-

trict heating companies in Finland and their stakeholders, including consultants, technology 

developers and financers. The energy companies are from around the country, which, to 

some extent, allows to consider local limitations. The consultant, technology developer and 

financers are national players. 

The focus will be on Finland, existing networks, and their roadmaps to reach the climate-

neutrality goals. In addition, the Commission is introducing the Fit-for-55 package in the 

summer 2021 and its results will affect Finnish regulation too. The results of the thesis will 

help Finnish Energy in their work related to the update during spring 2021. The goal is to 

clarify the possibilities of a market-based district heating system to EU decision makers and 

have interview data to back up the statements. The EU context is the reason for writing the 

thesis in English. 

This thesis is divided into three parts. The first covers the literature review, the second 

part, including chapters 4 and 5, introduces the methodology and interview data and the 

third includes discussion on change drivers in the heating market and the solutions. The 

literature review includes three main topics, district heating in Finland, climate-neutrality 

targets and a theoretical review on an investment process. The latter also includes theory 

about R&D and technology development. 
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2 Low-carbon District Heating 
This chapter discusses district heating in the EU on a general level and in more detail in 

Finland today and its future possibilities. Most of the district heating statistics are unfortu-

nately from 2019, because thorough data from 2020 is not available yet in February 2021. 

In addition, the chapter introduces EU’s and Finland’s climate neutrality goals and their 

impact on district heating. 

 

2.1 District heating in Finland 
District heating consists of the network and the heat production plants. The focus of this 

thesis is on the ways the heat is produced. The reasons to continue using district heating are 

the already existing network, their good condition and the possibility to effectively utilise 

different heat sources, such as waste heat from industry or tertiary sector or combined heat 

and power (CHP), and supply heat where needed. The networks are local, so the conditions 

differ remarkably between the different networks. Therefore, there is no one technology or 

solution that can decarbonise all the district heating production. 

The temperature corrected district heating consumption in 2019 was 35.4 TWh (Finnish 

Energy 2020b). It is an increase of 0.1% compared to the year 2018. The temperature cor-

rected value considers the outside temperatures effect on heating demand. The effect of out-

side temperature is large and therefore, five times more heat is used during the winter 

months compared to the summer. The changing heat demand throughout the year and be-

tween years is shown in Figure 1. To secure the supply, especially during the winter, a wide 

variety of heat sources are used. However, the year 2019 was on average 1°C warmer than 

average, and February and December were much warmer. The warming climate will proba-

bly decrease heating demand, but as the domestic water is also heated with district heating, 

heat is needed year-round also in the future. 
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Figure 1. Monthly district heating demand including the years 2016-2019. Graph from district 
heating statistics 2019 (Finnish Energy 2020b). 

 

In Finland, district heating is used to both space and domestic water heating. The domes-

tic water is needed year around, whereas space heating is temperature dependent. The com-

bination of heating applications creates fluctuation between seasons and within the day. 

Meeting this fluctuating demand requires variable supply. The variability in demand and 

supply is met with heat storages and the network itself work as a storage. Therefore, demand 

response in district heating in Finland is still scarce and its economic viability low (Kontu, 

Vimpari et al. 2018). This is one of the large differences to electricity, where demand and 

supply must meet exactly every second. 

District heating had a 46% market share of all space heating in Finland 2019 (Finnish 

Energy 2020b). Most of all district heating demand, 53.6%, is in residence buildings. Indus-

try uses only 9.5% of the total energy, but individual customers often have larger use. The 

rest of the demand goes to others, including office buildings and all other district heating 

users. The heat is traditionally produced by burning fuels, such as coal, natural gas, oil and 

peat. The use of fossil fuels is decreasing, and simultaneously renewable and waste heat 

sources are growing, as can be seen in Figure 2. 

Heat production consists of baseload and peak supply. The baseload covers around 60% 

of the power, but 80% of the total energy. This is covered with high capital investment pro-

duction, such as CHP and waste heat, and in the future for example geothermal. In 2019, the 

majority, 67%, of district heating is still produced with CHP (Finnish Energy 2020f). How-

ever, the profitability of CHP is decreasing as the electricity prices decrease. If the electricity 

prices stay low in the Nordic continues, CHP plants will be decommissioned. However, the 

same low electricity prices increase the competitiveness of large-scale heat pumps. The use 
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of large-scale heat pumps increases when the use of CHP decreases, because of decreasing 

electricity prices (Helin, Syri et al. 2018). On the other hand, AFRY (2020b) assumes that 

electricity demand increases remarkably, which increases electricity prices. As a result, CHP 

stays competitive and old plants are replaced. Therefore, the future of CHP is highly depend-

ent on electricity price.  

Around 40% of the power, but 20% of the energy, is considered peak load. Peak load 

power plants have lower investment costs, but high variable costs. Decarbonising peak load 

has been identified as a challenge and most of the low carbon technology entering the market 

represent baseload with higher investment costs and lower variable costs. Peak load is tra-

ditionally covered with heat-only boilers, but this traditional structure changes if the num-

ber of CHP plants decreases. The amount of CHP is dependent on electricity price and dif-

ferent future scenarios of CHP are discussed by AFRY in the background report for the low 

carbon roadmap (2020b). Nowadays, old CHP plants are often replaced with heat-only-boil-

ers or the low carbon technology discussed in this thesis. 

 

 
Figure 2. Share of different heat sources in district heating production in 2020 translated 
from the district heating statistics 2020 (Finnish Energy 2021a). 

 

The willingness of exploiting waste heat and using renewables is increasing. Based on a 

survey by Finnish Energy (2020c) district heating companies themselves estimate that the 

use of non-burning technology will increase to 30% by 2030 from 10% today. Non-burning 

technology includes geothermal heat, heat pumps, waste heat and other heat produced with 

electricity. This could also be a source of flexibility to the electricity grid, but that would 

require a change in taxation. The electricity tax on heat pumps will decrease in 2021, which 

will probably even further increase the use of heat pumps in the district heating network. 

Decreasing electricity tax in all district heating production would push investments in low 
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carbon technology, because cost of electricity would decrease and make the technologies 

more competitive with technology based on burning. 

District heating emissions are often expressed as a nationwide average. In 2020, the spe-

cific emissions for district heating in Finland was 127 gCO2/kWh, a 13% decrease from 2019 

(Finnish Energy 2021a). The drop was mostly due to warmer than average temperatures. 

The emissions have dropped with 37% during 2009-2019 (Finnish Energy 2020b), as can 

be seen from Figure 3. The drop has been even more remarkable during 2010-2020, with a 

decrease of 46% (Finnish Energy 2021a). Figure 3 also shows that emissions has decreased 

almost yearly from the mid-80’s. 

However, emissions must decrease even faster to keep up with the goals of customers. 

Many industries aim for climate neutrality by 2035, but large individual players have more 

ambitious goals. For example, S-group aims to be carbon negative by 2025 (S-group 2020). 

Emission reductions have been more difficult than for electricity, that decreased its specific 

emissions to as low as 63gCO2/kWh in 2020 (Finnish Energy 2021b). However, as the net-

works are local, the actual emissions differ remarkably between different networks. 

 

 
Figure 3. District heating emissions in Finland from year 1976 to 2019. The graph is from 
Finnish Energy’s district heating statistics 2019 (Finnish Energy 2020b). 

 

The economic viability of fossil fuels has changed remarkably during the past two years, 

because of a large price increase in the EU ETS. This has made conventional heat production 

more expensive and simultaneously low carbon technology more competitive. The largest 

change has happened with peat because its tax has also increased. The changes from 2017 

to 2021 in price, tax and the effect of EU ETS on peat compared to forest residues price in 

2020 is shown in Figure 4. Peat is widely discussed now, because it is the most widely used 

fossil fuel now and the only one that does not have a clear outlook. The comparison is made 

with forest residues as it can replace peat without further investments. Also, forest residues 
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is stated to have no emissions and it is not taxed. Coal is banned from 2029 onwards (Finnish 

Government 2019b) and fuel oil is very expensive to use. Natural gas taxation was increased 

remarkably around 2010 (Finnish Energy 2020e, Koljonen, Laukkanen et al. 2019, p. 17), 

which made it unprofitable. However, natural gas has lower emissions than other fossil fuels 

and is therefore a better transition fuel. 

 
Figure 4. The development of peat price, including fuel price, tax and ETS, compared with 
the price of forest residues. The figure is translated from district heating statistics 2020 
(Finnish Energy 2021a). 

  

The role of district heating in a climate-neutral society has been a question mark, because 

of different level of implementation in the EU. However, the European Commission (2020f) 

discussed the role of district heating in their Energy System Integration Strategy. In Finland, 

Finnish Energy (2020d), together with the district heating companies, made a district heat-

ing strategy visioning district heating as the main heat source in a future climate neutral 

society. District heating becomes smarter and connects customers and stakeholders to offer 

a reliable and easy comfort monitoring service. Overall, the strategy concentrates on cus-

tomers’ role, progress of service-based business model, promoting of sector integration and 

competitiveness and aiming towards being an interesting employer. All of these are inter-

esting from the viewpoint of this thesis. 

Kirppu, Lahdelma et al. (2018) discusses the possibilities for Helsinki’s district heating 

to reach carbon-neutrality. No one technology was ranked as the best option for Helsinki. 

Possible options include short-term storage to cut peak hours, electric boilers with carbon-

neutral electricity, biodiesel to existing oil-boilers and biogas to gas-boilers, and large-scale 

ground source heat-pumps. The result was expected, as a silver bullet is not to be expected 

in emission reduction. On the other hand, the paper by Kirppu, Lahdelma et al. (2018) could 
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list least feasible technologies. CCS was ranked as the least feasible with high cost, immature 

technology and large space requirements. In addition, all solar heat related technologies 

were ranked as least feasible. Together with expensive seasonal storage, solar heat cannot 

be utilised during highest demand. 

The paper has some old assumptions, for example that Helsinki is aiming for climate-

neutrality by 2050. Nowadays, the target is more ambitious, set at 2035. However, the start-

ing points for the researched heating sources have stayed same. In addition, Helsinki does 

not have any easy heating sources left to exploit. The city does not have any high-tempera-

ture waste heat or any waste to burn. Now, the research focuses now on waste heat from the 

Kilpilahti refinery (Juuti 2020) and sea water heat pumps (Helen 2020). Therefore, Helsinki 

is seen as a generalised example hopefully offering solutions for other cities too with diffi-

culties to find alternatives for fossil fuels. 

Around 77% of Finnish district heating companies offer low carbon district heating as a 

product (Finnish Energy 2020c). Only around 8% say that their customers are not interested 

and 15% would offer the product if their customers were ready to pay. Customers are not 

interested if the district heating production already is low carbon as it is. It seems to be a 

transition product. However, no official guarantee of origin system exists for district heating. 

Companies have tried to solve the problem with their own guarantees, but their creditability 

is not as high as official systems. Guarantee of origin is included in the renewable energy 

directive (European Parliament, European Council 2018, article 19) which is planned to be 

implemented into law in Finland in June 2021 (Finnish Government 2020). 

District heating is a carefree, and the most energy efficient option, even in the future 

(Lund, H., Werner et al. 2014), for residents and industry. These points are mentioned for 

example in the district heating strategy (Finnish Energy 2020d) as a long-term goal for the 

field. District heating as a carefree option comes from the wide range of offerings in addition 

to the network connection. For example, Vantaan Energia offers (2018) heating advice with 

the aim of decreasing the heating bill. Vantaan Energia also mentions a stable price, tech-

nical support, the possibility to check the hourly consumption and security of supply for the 

whole lifetime of the building. In addition, district heating companies are introducing new 

services.  

District heating must upkeep its competitiveness compared to other heating sources. In 

Finland, heating is an open market, and customers can freely choose their heat source. 

Therefore, for example different heat pumps, especially ground source heat, are direct com-

petitors to district heating. In district heating, fixed costs are divided between users and 

therefore, a decrease in customers will in the longer run increase prices for the remaining 

customers. This decreases the price competitiveness of district heating. For maximum effi-

ciency, district heating is viable only in densely populated areas. This can mean that heat 

production and residence buildings want the same plots. 

The interest in energy investments differs around the country as the required rate of re-

turn depends on the location of the building. For example, in Helsinki, the required rate of 

return on an office building is remarkably lower than in other large cities in Finland. The 

energy costs for professionally administered buildings have increased faster than the income 

from rent (Kontu, Vimpari 2020, p. 6). Energy investments are interesting, as energy costs 

are up to 50% of the fixed costs of a real estate. Due to the differences in costs, district heat-

ing can have different costs nationally and still be competitive. Therefore, competitiveness 

of district heating is highly dependent on location due to many reasons. Figure 5 shows the 

development of the district heating price range in Finland. In 2019, the maximum price was 
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more than double that of the minimum. The energy sales weighted average price was 80.25 

€/MWh and arithmetic average was 82.30€/MWh (Finnish Energy 2020f). 

 

 
Figure 5. The district heating price distribution in Finland in 2019. The prices include all 
taxes, power and energy costs and other yearly costs. The energy sales weighted average 
price was 80.25 €/MWh and arithmetic average was 82.30€/MWh. The figure is from district 
heating statistics 2019 (Finnish Energy 2020f). 
 

The main drivers for Finnish district heating are price, security of supply and effortless-

ness. However, these are basic quality factors. For example, a study (Innolink 2020) on var-

iables affecting heating had as a starting point that district heating companies are contacted 

in case of problems. The report concluded that district heating companies are not proceed-

ing with cooperation initiatives and wants to keep R&D for themselves. Cooperation is good 

between the city and their energy companies and most need for improvement between the 

energy company and customers and final users. 

Finnish Energy’s goal is to develop a customer centric district heating market and upkeep 

a market-based regulation. This includes the use of waste heat, but also voluntary opening 

of the network for third party suppliers. AFRY (2020b) estimated the market share of dis-

trict heating to stay stable in the future energy system. The overall heat usage is projected to 

increase until 2030 and then during the years 2030-2050 to decrease, because of increased 

energy efficiency and increase in temperature due to climate change.  

 

2.2 District heating market 
The Finnish district heating market is market-based, and it has been deregulated during the 

past years. District heating has a dominant market position in the heating market, and its 
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abuse is forbidden (Patronen, Kaura et al. 2017, pp. 46-47). Some regulation related to prices 

and terms apply to market dominating players. For example, prices for district heating cus-

tomers are not regulated, but the dominant market position requires equal pricing terms for 

all customers. In addition, buildings are not forced to join the district heating network and 

customers can disconnect without extra costs. 

District heating companies are often the dominating company of the market. The market 

position is determined case by case. If a player can alone affect the market price or terms, it 

is assumed to be the dominant player. In the case of third-party heat supply, the district 

heating companies easily have the dominant position (Krogerus Oy 2018). The seller must 

invest in technology to fulfil the required terms. It is also important to remember that dom-

inating a market is still allowed, only its abuse is forbidden. These rules are trying to prevent 

the misuse of the dominating position. Third party access to the district heating network 

must be evaluated network by network, because the viability is affected by many factors, 

such as distance of the new heat source to the existing network and optimisation of heat 

production after the addition of new heat sources. 

The market majority position sets boundaries for business development, but it does not 

forbid development (Krogerus Oy 2018). New services and pricing models are allowed, and 

these improve the customers to choose solution that best fit their needs. However, competi-

tion must be based on merits, such as quality of services or products. Preventing or making 

competition harder is forbidden. The assessment of abuse depends on the situation and con-

siders the future development of the market. Therefore, the possibilities of abuse must be 

considered in every project. Problems can occur with bundled products or services, where 

the responsibility of showing the positive gains are the energy companies’ (Krogerus Oy 

2014).  

Finnish Energy (2017) has, together with the district heating companies, negotiated a dis-

trict heating contract for suppliers and users. The contract is only a template, so companies 

can modify it to a large extent to better fit their purposes. However, the contract must fulfil 

the requirements from Consumer Protection Act, the Competition Act, the Interest Act, the 

Debt Collection Act, and the Energy Efficiency Act (Finnish Energy 2017, p. 2). The contract 

handles responsibilities of both supplier and customer, such as paying bills, the possibility 

of online bills and notifications, the quality of the heat, water flow, pipes and equipment, 

interruptions of heat, compensations of damages, expiring contracts, changing terms or 

prices, and settling matters under a dispute. 

The Nordics are often seen as similar societies, but Finland and Denmark have funda-

mental differences in their district heating markets. The main difference is that the Danish 

district heating market is heavily regulated and therefore, costs have not been an as im-

portant factor as in Finland. The prices for district heating in Finland have been low com-

pared to other EU countries and especially Denmark (Finnish Energy 2018). Unfortunately, 

the data is getting old, but newer European comparison do not exist. Both countries have 

ambitious climate-targets, but Denmark have managed to cut district heating emissions 

faster than Finland. Finland’s district heating is market-based, and the industry wants to 

keep it like that. Denmark on the other hand, has regulated the market to cut emissions 

(Danish Energy Agency 2017). However, both models are successful at cutting emissions. 

Denmark introduced district heating already in 1903, but wider implementation started 

with the oil crises in the 70’s (Danish Energy Agency 2017). The first heating supply law 

passed in 1979. The regulated heat planning and a developed version is still in force. An 

order in 1982 required all new and existing buildings to connect to the district heating 
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network or the gas grid. The goal was to make investing safer, as customers could not dis-

connect from the networks. In addition, the country has an electric heating ban for buildings 

in areas with access to district heating or natural gas. 

District heating networks can give flexibility to the electricity grid when needed. Fingrid 

offers their pricing model for the reserve market on their website and anyone can join (Fin-

grid n.d.). The flexibility market offers district heating companies new earning models, but 

use is still rare. For example, electric boilers could be a source of flexibility instead of oil heat 

only boilers (Wahlström, Kaskela et al. 2019).  

Heat usage measuring with remote reading was added to legislation in November 2020 

(Finnish Government 2020), but district heating companies had already added that to their 

system earlier. The addition to law does not change much, because the market-based system 

has pushed for the remotely readable meters earlier. According to Bastida, Cohen et al. 

(2019) ICT could decrease EU emissions by 0.23% - 3.3% yearly. It is a small share, but all 

competitive decreases in emissions are required to reach the climate neutrality goal of 2050. 

The paper discusses electricity, which has longer experience from smart meters. However, 

these figures give a direction of the possibilities of smart meters in district heating. Also, the 

new law emphasised energy efficiency, to decrease energy use. 

 

2.3 Climate-neutrality targets 
This chapter briefly describes EU’s and Finland’s climate neutrality targets, the terminology, 

regulation and policy. Both the EU and Finland has ratified the Paris Agreement. To reach 

its goals it is important to carefully design environmental policy well in advance for predict-

ability (Carbon Pricing Leadership Coalition 2017, p. 4). Climate policy in Finland cannot be 

detached from EU legislation and therefore, the EU will be discussed first and then the Finn-

ish view builds on that. In addition, it is important to understand the terminology and their 

differences to be sure that the same things are discussed.  

 

2.3.1 Terminology 
The term climate neutrality refers to all emissions and reductions being equal. The definition 

is used in the Paris agreement in the same way as stated in the Finnish governmental pro-

gramme. However, the definition is not self-explanatory. For example, the IPCC and the EU 

uses different definitions (The Finnish Climate Change Panel 2019, pp. 11-12). IPCC (2018) 

includes only anthropogenic emissions and sinks into their definition which they call net 

zero emissions, whereas the EU talks about climate neutrality, which includes all greenhouse 

gas emissions and all negative emissions. The difference between the EU and IPCC defini-

tion lays in the negative emissions. The IPCC report (2018) argues that emission reductions 

have not progressed fast enough and therefore, climate neutrality will not be enough. This 

is the reason for the stricter IPCC definition, where only anthropogenic emissions and re-

ductions are accounted and therefore, natural carbon sinks, such as oceans and forests, are 

excluded from the net zero emission goal introduced in the IPCC report. 

Finland uses the same definition as the EU. In Finnish, the term carbon neutrality has 

become an established term and therefore, its use is continued even if climate neutrality 

would better describe the actual target (The Finnish Climate Change Panel 2019, p. 28). 

However, the main goal is to radically reduce emissions. Climate neutrality should only be a 

subgoal for richer countries, to which Finland and the EU countries are counted. The im-

portant part is not the used term, but the goal itself. 
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The Paris Agreement (UNFCCC 2015) encourages developed countries to take the lead in 

cutting emissions and to offer support to developing countries. The EU has set its climate 

neutrality goal to 2050, because all are developed countries. As a rich EU country, Finland 

should reach climate neutrality before the EU as a whole (The Finnish Climate Change Panel 

2019, pp. 11-12). In addition, Finland can, with its large forests, easily maintain and even 

increase its LULUCF-sector. The faster climate neutrality is achieved, the smaller the re-

quirement of negative emissions. Achieving the goals of the Paris Agreement should con-

sider the environment, but also the justness of the transition. 

 

2.3.2 EU climate neutrality target 2050 
The European Commission (2019) introduced, early in their term, the long-term vision of 

the EU to reach climate-neutrality by 2050 called the Green Deal. This was the Union’s an-

swer to fulfilling the requirements of the ratified Paris Agreement. The Green Deal covers 

several strategies and roadmaps to reach the climate neutrality goal and make the transition 

just. The main EU tools are divided into three areas to decrease emissions. These are the EU 

ETS, effort sharing sector (ESR) and Land Use, Land Use Change and Forestry (LULUCF). 

The European Commission (2020a) suggested in September 2020 to tighten the EU climate 

goals for 2030 to a 55% reduction compared to 1990. The existing ambition is at a 40% re-

duction. The three main tools, EU ETS, ESR and LULUCF, will be updated to the new target 

(European Commission 2020b). The updates are referred to as the Fit-for-55-package. 

The EU ETS is the main tool to decrease emissions and covers energy intensive industries, 

energy production and aviation inside the European Economic Area (EEA) (European Com-

mission 2020h, p. 6). International flights are excluded to keep up incentive for an interna-

tional agreement. The gases included in the EU ETS, in addition to carbon dioxide, are ni-

trous oxide and perfluorocarbons (European Commission 2020d) and therefore, the unit of 

European Emission Allowance’s (EUA) are tons of CO2 equivalents. 

Phase IV of the EU ETS started in the beginning of 2021 and will include mechanisms 

that consider national climate regulation, such as coal phase-out. However, plans on more 

ambitious climate targets for 2030 in the EU force to change the EU ETS. The European 

Commission must consider the scope of the EU ETS (should more sectors be included), the 

future of the Market Stability Reserve (MSR) and carbon leakage measures (Davies, Luta 

2020). The EUA price has increased remarkably since 2018 and was close to 40€/tCO2e in 

February 2021. The price development during this period is shown in Figure 6. 
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Figure 6. The price development of one emissions allowance in the EU ETS from 1st of 
January 2018 to 10th of February 2021 (Ember 2021). 

 

The ESR covers the areas excluded by the EU ETS, which is almost 60% of all domestic 

EU emissions, and includes transport, buildings, agriculture and waste (European Commis-

sion 2020c). These areas are mostly regulated by the member states themselves. However, 

the EU has set targets for transport and heating in the Renewable Energy Directive (Euro-

pean Parliament, European Council 2018). Heating includes both parts that are covered by 

the EU ETS and those excluded from it. This is an example of the existing overlap in climate 

policy. The national ESR targets are based on the country’s relative wealth in GDP per capita 

together with cost effectiveness. For Finland, the target is to reduce emissions with 39% by 

2030 according to the old 2030 target. The proposal of the new target is expected to be pub-

lished in summer 2021 (Ministry of the Environment 2020a). 

LULUCF aims to at least being carbon neutral in the whole EU area, counted country-

specifically (European Commission 2020e). However, with the revised 2030 goal, the goal 

of LULUCF will be revised in the second quarter of 2021 (European Parliament 2020). The 

sector has a “no debit” rule, which means that all emissions should be accounted for in the 

sector (Ministry of Agriculture and Forestry of Finland 2020). Some countries had this un-

der the Kyoto Protocol until 2020, but now it is in EU law and simultaneously, all land use 

is included, with wetlands being added in 2026. The revision will include the emissions from 

biomass and account for each country’s emission reduction targets.  

Capros, Zazias et al. (2019) states in their paper that a 2°C scenario is achievable with 

existing technology, but in the 1.5°C scenario emissions remain in heavy-duty road freight, 

maritime and aviation. The gap is planned to be covered with synthetic fuels. Based on data 

in EEA’s report (2020, p. 21) transport stands for a large share of emissions in all member 

countries and hydrogen is seen as a solution. In addition to mitigating climate change, reach-

ing the climate targets will strengthen the EU’s economy. For example, the share of fossil 

fuel import in the EU’s GDP will reach 2.5% by 2030 but decrease to 0.8% in the 1.5°C sce-

nario (Capros, Zazias et al. 2019). This allows spending elsewhere and therefore, reduces the 

required new money to invest in a greener economy. 
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2.3.3 Finnish climate neutrality target 
In addition to the EU, the Paris Agreement is also ratified in Finland. The current Finnish 

Government has set a goal for climate-neutrality in Finland by 2035 (Finnish Government 

2019a). In addition, many Finnish municipalities and companies have their own climate 

neutrality goals. All these help in reaching the national and union-wide goals.  

The climate-neutrality goal for 2035 is still only mentioned in the governmental pro-

gramme. The next step is to get it into the climate law. The current Finnish climate law was 

put into force in 2015 with the aim to reduce emissions with at least 80% by 2050 (Ministry 

of the Environment 2020c). The work with the renewed climate law is planned to be finished 

in 2021. The renewed law will include goals for 2030 and 2040 and update the goal for 2050 

(Ministry of the Environment 2020b). 

Climate policies in Finland are partially national and some come from the EU. The EU 

ETS controls energy intensive industry, energy production and EU aviation also in Finland. 

However, Finland also has national regulation on areas covered by the EU ETS, such as the 

peat tax shown earlier in Figure 4. Finland’s reduction target for the ESR is 39% and this is 

totally under national legislation (Ministry of the Environment 2020a). However, stricter 

goals are expected for the ESR too with the Fit-for-55-package expected in the summer 2021. 

The possibilities to achieve the nationwide goal was mapped with industry specific 

roadmaps (Paloneva, Takamäki 2021). These were asked by the Finnish government to help 

get an understanding of how industry would reach climate neutrality. Most industries are 

remarkably increasing the use of electricity. This puts large pressure on the energy industry. 

However, electricity production in Finland has decarbonised quickly and access to electricity 

should not become an obstacle. 
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3 Investment process 
This chapter will introduce theory related to the investment process by starting with a six-

step investment process, discuss investment needs for moving to a greener economy, R&D 

and innovation, technology development, investment evaluation and risk, and different fi-

nancing options.  

  

3.1 Introduction 
Investing means putting money, effort, time or similar into something to make a profit or 

achieving an advantage (Cambridge Dictionary n.d.). Often, the return is expected over a 

longer period and therefore, they are often strongly bound to a company’s strategy 

(Niskanen, Niskanen 2007). In addition, investments are vital for a company’s survival and 

growth, and helps to keep the company competitive. This chapter will introduce different 

investment classification and a six-step investment process. These topics will help to under-

stand and categorise the data after the field research. 

The goal of the investments for district heating companies is to keep their competitive 

advantage in the heating market. As Finland and the EU strives towards fulfilling the Paris 

Agreement, competitiveness will require decreased emissions with various sources. All 

emission reductions cannot come from changing fossil fuels to biomass. It would overheat 

the biomass market. However, district heating companies must also continue with high se-

curity of supply and low prices. In addition, district heating is an easy option for its custom-

ers. Future investments should be planned accordingly. 

Investments can be classified in different ways. One high-level classification is finance 

and capital investments. Finance investments includes bonds and stocks. Capital invest-

ments on the other hand are machines, power plants and other technology, but can also be 

intangible, such as R&D. This thesis will concentrate on capital investments, so the word 

investments in this text refers to capital investments if not otherwise clearly stated. 

A capital investment can be both in material and intangible assets. Material assets are 

traditional machinery, power plants etc. and intangible assets include, for example, R&D 

and patents (Pike, Neale 2009, p. 6). Both are important to decrease emissions, material 

assets directly and R&D indirectly through understanding the possibilities of new technol-

ogy and promote innovation. However, intangible assets are difficult to determine in the 

balance sheet. District heating companies do both but have traditionally had a low R&D 

budget. 

Another important categorisation to consider in this thesis is operational and strategic 

investments. Many of the investments district heating companies are strategic because the 

goal is to decrease emissions and to decrease costs from increasing emissions prices. In ad-

dition, pressure comes from climate goals, which of course are tightly connected to the EU 

ETS. The investments that decrease emissions are vital for a company’s competitiveness. 

Cooremans (2011) finds that strategic investments are rarely based on financial factors only 

and the company culture effects the result. However, the article also concludes that invest-

ment processes are only researched a little, the same conclusion as was reached when re-

searching for this thesis. 

The investment process depends on the company culture and it is rarely talked about. 

However, according to the book by Niskanen and Niskanen (2007) some similarities can be 

seen. The book introduces a model with six different steps in a general investment process, 

whereas Pike and Neale (2009) uses a four-step model. However, the overall content is 
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similar, but the different descriptions show how the structure changes. Therefore, it is im-

portant to understand that the introduced model does not display a fact but shows the big 

picture of an investment decision process. These sex steps are identification, search, data 

collection, selection, financing, and implementation and monitoring. These steps and some 

details are shown in Figure 7. The obstacles related to investing in district heating can be in 

any of these steps. 

 

 
Figure 7. Summary of an investment process introduced in chapter 3.1. The figure is made 
based on theory from Niskanen and Niskanen (2007) and Pike and Neale (2009).  
 

The first step concentrates on understanding the need for investments. This is the starting 

point for the thesis. It is well-known that investments are needed, but the competitiveness 

of low carbon technology is still partially unknown. The target is to reach the set climate-

neutrality goals, discussed in chapter 2.3, but the need for investments arises from the EU 

ETS. It puts a price on emissions, which make it easy to quantify the effect of high emissions 

on the company. 

The second step is to look for investment ideas and develop them into investment alter-

natives. The climate neutrality goals pressure energy companies to invest in non-burning 

solutions, because the only acceptable fuel in the future will be different sources of biomass. 

The different ideas are preliminary screened, and the most interesting ideas are chosen. It 

is not feasible to conduct further analysis on all possible ideas, because they do not fit into 

the strategic goals or are outside the business units planned for growth. Analysis at this point 

is simple without complex tools. 

The third step is data collection, which includes gathering of both quantitative and qual-

itative variables of the different alternatives. In addition, this step includes understanding 

uncertainties and risks with different options. In the four-step process, the first, second and 

parts of the third are blended and form the second step. In addition, it emphasises that cor-

porate culture should encourage all employees to inform about investment ideas as they can 

arise from employees not involved in the investment decision process.  

The fourth step is selection. The process is based on the data gathered in the previous 

step, which is used to rate the different alternatives. The four-step process sees parts of data 

collection and selection as one step called evaluation. This step includes thorough analysis 

and calculation which are the basis for the upcoming decision. It is important to also inves-

tigate the uncertainties of the values used for calculations. At this point, the project often 

goes through authorisation at different levels in a company. Rejection is rare after thorough 
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work, but improvements or minor changes may be requested. Pike and Neale (2009) also 

discussed the negative effect of rejecting a project on motivation and that costs due to rejec-

tion can be higher than the costs of accepting a marginally unprofitable investment.   

The fifth step considers the financing of the investment. In the case of external financing, 

there is three main sources. The first, and most common is bank lending, the second is mar-

ket debt and last, market equity (Campiglio 2016). Pike and Neale (2009) suggests that the 

investment process starts with budgeting and understanding the boundaries set by financ-

ing. This is a relevant addition, as it is waste of time to plan investments that a company 

cannot afford. 

The sixth and last step puts the chosen investment alternative into practice and monitors 

the results. This step follows the budget and realisation. A budget helps to forecast the fu-

ture, but also sets goals for that project (Leppiniemi 2009). The goal is to understand the 

actual cash flows and compare them to the budget made for the investment. This helps with 

planning of future investments and improves the evaluation. 

 

3.2 Required investment for a climate neutral society 
The investments needed to fulfil the Paris Agreement and limit the global warming to well 

below 2 °C are large. However, McCollum, Zhou et al. (2018) states that only a few studies 

are done on the size of investment needed to reach the stated Paris goal. According to their 

analysis, the gap in investment annually is somewhere between 130 and 480 billion USD 

annually, depending on the 2030 scenario. The upper bound of 480 billion USD refers to a 

1.5°C temperature increase scenario. According to IEA’s world energy investment report 

(2018) investments in energy efficiency were 236 billion USD and investments in renewables 

at 20 billion USD. This means that the investments should more than double to reach the 

Paris goals. The actual numbers are of course difficult to estimate, but this gives a ballpark 

of the size required. 

The size of the required low-carbon investments can be compared with the oil and gas 

supply investments, which were at 716 billion USD in 2017, with an increase of 2% from 2016 

(IEA 2018). Furthermore, the increase in investment in renewables requires a simultaneous 

decrease in fossil fuel investments (Campiglio 2016). The required investments stated by 

Campiglio (2016) for decarbonising the economy are a bit higher at 600 to 900 billion USD. 

The same paper also shows how different papers vary greatly in their estimates of the needed 

investment. In addition, mobilising this large amount of money is difficult (Hall, Roelich et 

al. 2018).  

The transition to a greener society requires a shift in the entire economy. However, ac-

cording to Campiglio (2016) three key areas exist: clean and renewable energy production, 

increasing energy efficiency and sustainable use of natural capital. Still today, fossil fuels are 

heavily subsidized worldwide. The subsidies are partially eating the effects of the current 

movement towards emission reductions. According to Monasterolo & Raberto (2019) de-

creasing fossil fuel subsidies does shift the investments towards low carbon energy produc-

tion and improves the real economy of the country in question. 

In Finland, the energy field is a large investor. The projected investments for 2020 were 

2.8 billion €, a change of 22% compared to 2019 (Confederation of Finnish Industries 2020). 

The projections were published before the covid-19 crisis, so its effects are not considered 

here. The main driver for investments in the energy field was increasing capacity (Confed-

eration of Finnish Industries 2020, p. 5). The largest share of investments in the energy field 
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goes to strengthening transmission and distribution networks, with net investments at 679.2 

million € in 2019 (Energy Authority 2020). This field is monitored and therefore, data is 

widely available, which is not the case for other parts of the energy field. R&D investments 

in Finland in 2019 were 6.7 billion €, a share of 2.8% of GDP, and were estimated to increase 

with 115 million € in 2020 to a share of 2.9% of GDP (Official Statistics of Finland 2020). 

Companies were responsible for around 4.5 billion € out of the 6.7 billion €. 

Renewable energy technologies are often investment heavy technologies with low usage 

costs. This fact gets even more distinctive when comparing to fossil fuel burning technology. 

Therefore, the cost of capital is more important for renewables than for fossil fuel burning 

technology (Schmidt 2014). However, as these technologies are still developing, they often 

have higher risks, and therefore, often higher borrowing costs. The borrowing costs are de-

pendent on the security given, but renewables with high investment costs, need low borrow-

ing costs to be viable. 

Barbiero, Popov et al. (2020) finds that companies with high debt invests less, because 

they have to finance their repayment of the already existing liability. However, this phenom-

enon is less visible in industries with good global growth. Therefore, as the market for re-

newable energy production is growing, the companies operating in that market should be 

able to invest even if they already have high debt levels. Hirth and Steckel (2016) analyses 

the effect of WACC on renewable electricity production investments and finds out that a high 

WACC prevents emission reductions. Heat production is different, but non-burning heat 

production can be compared with the high CAPEX costs. Therefore, it is important that en-

ergy companies get cheap lending to reduce emissions. 

The EU ETS is the main tool directing investments into low-carbon technology. The goal 

is to incentives investment in emission reduction and to fix the market failure excluding the 

effect of externalities in the economy. However, it may not be enough alone. Hirth and 

Steckel (2016) found that a high WACC and high carbon prize does not incentives emission 

reductions. Campiglio (2016) uses the 2008 financial crisis as a recent example of a period 

with low confidence that may prevent lending even with the right prices and a profitable 

investment. Changing this would require changes in traditional economics and the article 

suggests further research in connecting economics of sustainability and macroeconomics. 

 

3.3 R&D investments and innovations 
Environmental policy both reduces emissions and promotes innovations (Jaffe, Newell et al. 

2005). The main goal is to reduce emissions, but to increase competitiveness, companies 

will start looking for cheaper ways to reduce emissions. This encourages technology devel-

opment. According to IEA’s (2020a) clean energy innovation report, 35% of the emission 

reductions by 2070 will come from technology that today is at a prototype or demonstration 

stage, and 40% of reductions will come from technology that today is not commercially avail-

able as mass-market products. The required investment in R&D through time and money is 

huge, but without the strong effort climate targets will not be reached. 

The route of innovation is not straight forward, and it is difficult to understand the rela-

tionship between R&D efforts and intermediate results, such as patents and products (IEA 

2020a, Kim, Wilson 2019). In addition, the effect of policy changes on R&D may be hard to 

measure. However, R&D activities, measured as the percentage of R&D employees to all em-

ployees, do have a positive effect on radical innovation. Deschryvere (2014) finds that con-

tinuous and persistent efforts in R&D are important for the relationship between R&D 
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growth and firm growth. Tellis, Prabhu et al. (2009) states that radical innovation is influ-

enced more by the corporate culture than the nation. According to the article, this is because 

of globalization, which allows movement between nations. Corporate culture is built to over-

come the national measures, but once a corporate culture has emerged, it is sticky and diffi-

cult to change.  

Technology development is often described as an S-curve, which helps to show the 

productivity of R&D in that technology or other asset. Figure 8 shows an extended version 

of the traditional S-curve, including, for example, different generations of the same technol-

ogy and knowledge transfer between the development of different generations.  The perfor-

mance of the asset increases as going up the curve, until it plateaus. At this point, the produc-

tivity of R&D has slowed down and would require a new s-curve to increase (IEA 2020a). 

This development can also be seen in the figure and shows that continuous development is 

required to keep up with competition. 

 

 
Figure 8. Technology development from prototype to mature (IEA 2020a). 

  

In the beginning of 2021, the covid19-pandemic has continued for roughly a year and has 

affected all economies around the world. Therefore, the pandemic will affect technology de-

velopment too. IEA’s report on clean energy innovation (2020a) questioned the effect of the 

pandemic on innovation efforts from industrial contacts. The results showed no effects on 

long-term goals, but the view on full range innovation activities was pessimistic. However, 

technology innovation drives structural change, which will be needed in the rebuilding of 

the society after the pandemic. However, clean energy innovation is labour intensive with 
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750 000 people employed worldwide, meaning that R&D stands for 1.5% of all employed in 

the global energy system. The possibility of losing this knowledge and experience is a real 

threat, as its reconstructing would take a long time (IEA 2020a). 

2020 saw a 5% dip in energy usage, 7% decrease in related emissions and 18% reduction 

in energy investments (IEA 2020c). The use of coal and oil fell with 7% and 8% respectively, 

whereas the use of renewables increased slightly. This disruption, caused by the covid19 

pandemic and following lower economic activity, was the largest to the sector in recent his-

tory. However, the same report emphasizes that low economic growth is not the way to de-

crease emissions in the long-term, because it would be unfair to the most vulnerable part of 

the global population. IEA’s report on energy financing and funding concluded that renew-

able energy companies had performed better during the first four months of 2020 compared 

to companies based on fossil fuels (IEA 2020b). However, investments in renewables still 

must double during the upcoming decade to reach sustainability goals. One reason accord-

ing to IEA is that the characteristics of a renewable portfolio differ remarkably from a fossil 

fuel based one in areas that matter to institutional investors. These characteristics are aver-

age market capitalisation, dividend pay-out ratio, firm capital structure and liquidity. 

The discussion has turned to rebuilding the economy and suggestions have been made to 

cut climate action to further boost the economy. However, WMO (2020) and the EU (Euro-

pean Commission 2020g, Timmermans 2020) said that stimulus give an opportunity to 

build a more environmentally and climate friendly economy and therefore, decreasing cli-

mate ambition is not an option. In addition, WMO reminds that emission reductions caused 

by economic crises in the past have been followed by a fast increase with the growth of the 

economy. Failing to cut emissions could cause further health and economic losses than the 

pandemic. The statements are from the first wave of the pandemic, but the attitude has not 

changed since. Therefore, the European Commission will continue to work on its 2030 goal 

updates. 

The effect of policy and governmental decisions have a major effect on technology devel-

opment. For example, the UK government’s policies speeded up the process of LED-lights 

from prototype to mature technology to 10 years (IEA 2020a). However, governments can 

also slow down the development or implementation of a new technology. Jaffe, Newell et al. 

(2005) confirms that innovation and technology diffusion respond to incentives, for exam-

ple from properly constructed regulation, of a market. This further emphasises the im-

portance of regulation and their design. 

 

3.4 Novel heating technologies 
This chapter discusses the development of novel heating technologies and their role in the 

future Finnish heating market. The mature and widely implemented technologies are intro-

duced in chapter 2.1 as a part of describing the Finnish district heating market today. In 

addition, the chapter introduces the TRL scale as a tool to compare the readiness of different 

technology. The introduced technologies give a picture of maturity, price and technology 

related questions. The technology development stage will be commented with the help of the 

TRL scale. 

 

3.4.1 Technology Readiness Level (TRL) Scale 
The International Energy Agency (IEA) (2020) published a report on energy innovations 

and their role in achieving the Paris Agreement and four most important energy related 
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SDG’s. It enhances the crucial role of innovation to reach climate goals and states that close 

to 35% of cumulative emission decrease by 2070 come from technology still in prototype or 

prototype phase. These technologies require R&D investments to reach their full potential. 

In addition, the report discusses the possibilities to speed up the process of developing a 

prototype to mature technology.  

IEA uses a Technology Readiness Level (TRL) Scale in its innovation report (IEA 2020a). 

The original TRL scale shows the state of technological development on a nine-level scale 

(Mankins 1995), whereas IEA uses eleven levels. The scale was developed for NASA in the 

70’s and further implemented in several US government agencies in the 90’s. In addition, 

the TRL has been used as a tool for procurement in the US Department of Defence from the 

beginning of the 2000’s and at the European Space Agency since 2008. The tool was first 

adopted outside the aerospace industry in 2014 to assess EU funded projects in Horizon 

2020. The use in EU funding is one of the main reasons to introduce the scale. Today, the 

scale is widely used to set research priorities and to design innovation support programmes. 

The scale allows comparing technologies between sectors on a common scale. The origi-

nal scale includes 9 levels, but IEA has developed two additional levels to the scale. The ad-

ditional levels assess early adoption, where the technology is mature, but expensive. Further 

integration efforts are required. All these 11 levels together with a short description is shown 

in Figure 9. The figure also includes 6 different categories, which are used in the IEA report. 

The risk of technology performance decrease through each stage, but the overall risk in-

creases as the investments grow. The development is not linear, and all prototypes do not 

make it to the market. 

The terminology used in Figure 9 fits the topic of this thesis and they will be used when 

referring to technology and their level of development. These categories are concept, small 

prototype, large prototype, demonstration, early adoption and mature. The IEA report does 

not include technology in the concept- or small prototype-groups, because the uncertainties 

related to that category are large. AFRY’s report (2020b, p. 10) estimate new technology to 

produce 1TWh of heat in 2050, but also states that the figure is uncertain as technology de-

velopment of these technologies is hard to predict and that the actual figure can be larger. 
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Figure 9. IEA's 11 level TRL scale (IEA 2020c). 
 

The following chapters introduces the developing heating technologies for district heating 

in Finland to give a picture of the development, possibilities and open questions. The devel-

opment of these technologies is difficult to state with numbers on the TRL-scale, but the 

words on the left in Figure 9 are used. District heating companies forecast an increase in 

non-burning technology, the ones explained next, from 10% to 30% in 10 years (Finnish 

Energy 2020c). Mature and widely used technologies are discussed in chapter 2.2.  

 

3.4.2 Small Modular Reactors 
Small modular reactor (SMR) refers to reactors with an electric power below 300 MW (IAEA 

2016). The goal is to use these modules flexibly together with renewable, often intermittent, 

energy sources. The reactors in question are advanced with improved safety features, such 

as passivity, and require smaller upfront capital. However, development of new nuclear 

power is difficult because it encounters high political uncertainty (AFRY 2020b). In addi-

tion, the goal is to widen the use of nuclear energy to district heating and industrial heat 

demand (VTT 2020). There is around 50 different SMR designs in development worldwide. 

Finland has a project named Finnish Ecosystem for Small Modular Reactors aiming to 

bring together players to develop business around SMR (VTT 2020). The project is funded 

by Business Finland and consists of public players, the Technical Research Centre of Finland 

and Lappeenranta-Lahti University of Technology, and currently nine business partners. 

The Ecosystem project aims at understanding the conditions nuclear energy could be used 

for district heating. The gathered expertise has a potential market in Central and Eastern 

Europe, where district heating is commonly used. 
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Nuclear energy must, in addition to technological issues, fulfil safety standards and 

achieve societal and political acceptance. The Finnish Radiation and Nuclear Safety Author-

ity (Ahonen, Heinonen et al. 2019) says that SMR’s are also nuclear power plants and should 

therefore, fulfil all the safety requirements. However, the report admits that current regula-

tion is for large nuclear power plant projects which could be different for SMR’s. Other pos-

sible differences include operating models, nuclear waste management and location closer 

to habitation. In addition, international cooperation to harmonise licensing for SMR’s is im-

portant, as well as gathering research and practical experience in the area. 

SMR’s started to gain interest in the early 2000’s. However, 20 year later implementation 

has not gotten far. Mignacca, Locatelli et. al. (2020) concludes that the largest hinders for 

SMR construction go into three categories: financing, economics and readiness. More spe-

cifically, problems relate to perceived investment risk, availability of funds and the availa-

bility of cheaper alternative technologies for electricity generation.  

 

3.4.3 Solar thermal 
Solar heat can be utilised passively and actively (ÅF 2019). Passive solar heat is stored, for 

example, directly in the structures of a building and does not require any additional tech-

nology. It can decrease the use of heat, but on the other hand increase the requirement for 

cooling. The additional heat can be supplied to the district heating network. Possible utili-

sation depends on the location of the building and building solutions, such as the size of 

windows. Active systems include many different collector types, divided into two main cat-

egories (Weiss, Spörk-Dür 2020, p. 12). The first has water as the energy carrier and include 

unglazed collectors, glazed flat-plate collectors and evacuated tube collectors. The second 

group uses air as the energy carrier and include glazed and unglazed collectors. 

 Out of flat-plate and evacuated tube collectors, the latter have higher efficiency at cold 

temperatures and low solar radiation (ÅF 2019). This means better heat utilisation during 

the spring and autumn, but the system is more expensive. The best solar thermal technology 

depends on the project and should be decided to each location individually. However, large 

scale projects have not been implemented yet in Finland. Rämä and Mohammadi (2017) 

found that solar thermal is better in a centralised system than in a distributed with the same 

sized investment. According to the paper, centralised solar thermal in a district heating net-

work could result in payback times of 10-11 years. 

Heat production based on solar contradicts with the heat demand in Finland (AFRY 

2020b). Therefore, its potential is questionable even if the technology is mature. Its wider 

implementation would require seasonal storages, which are not widely available. Also, the 

addition of storages would increase the price of the system. Solar thermal was also ranked 

as least feasible heating technology in Helsinki by Kirppu, Lahdelma et al. (2018). For ex-

ample, if solar thermal energy could be stored in the ground during the summer and used as 

geothermal energy in the winter, the investment could pay off (ÅF 2019). Other hybrid so-

lutions are also possible, such as replacing the use of oil fuelled heat only boilers in the sum-

mer. However, solar thermal is not sufficient as the only heat source in Finland. In addition, 

as solar thermal supplier almost no heat during the coldest winter months, other heating 

sources cannot be decreased. 

 

3.4.4 Heat pumps  
Heat pumps are included in many of the upcoming technologies and help to utilise heat from 

many different sources (AFRY 2020b). A heat pumps role is to utilise the energy from a 
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source to supply either heat or cold. This thesis concentrates on heat, but heat pumps are 

often used for both heating and cooling networks to increase efficiency. The largest upcom-

ing change for large industrial sized heat pumps is the promise of decrease electricity tax 

stated in the Programme of Prime Minister Sanna Marin’s Government (2019a). The change 

will remarkably increase competitiveness of this technology. 

Heat pumps can be categorised based on the source of the utilised heat, which are air, 

water and the ground. They can also be categorised based on the type of heat source, which 

can be industrial waste heat, cooling of data centres and real estate, wastewater heat, com-

bustion gases and environmental heat sources, including different bodies of water, the 

ground and air. 

Heat pumps are a mature technology and 0.9 million are installed in Finland already 

(AFRY 2020b). However, the majority of these are small, installed in residential buildings. 

Now, they are starting to become more common in commercial buildings and district heat-

ing networks. The heat pumps allow to utilise more waste heat and other earlier unavailable 

heat. However, the challenge of increasing the amount of heat pumps is the availability of 

heat sources (ÅF 2019). The development is fast and therefore, the role of heat pumps in 

2030 is difficult to estimate (ÅF 2019, 2020b). 

The price of heat pump technologies and the heat source varies. The cheapest are the use 

of industrial waste heat and heat from wastewater treatment plants. For the best efficiency, 

the plants should be located close to the heat source and the district heating network to re-

duce heat losses. Heat pumps are mature technology but are developed to produce even 

higher temperatures from heat sources with lower temperatures. The development would 

decrease the obstacles for wide implementation of heat pumps, which usually replace the 

use of fossil fuels. In addition, the cold substances are developed to become even more en-

vironmentally friendly. 

 

3.4.5 Geothermal heat 
Geothermal heat refers to heat stored in the ground originating from the Earth’s bedrock 

(ÅF 2019). This heat is extracted by feeding water into deep holes, it heats up and the water 

is then pumped up to the surface again. The temperature correlates with the depth of the 

hole. The heat can be used for district heating and possibly even for electricity production. 

District heating requires at least 70°C degree water for utilisation without a heat pump and 

electricity production requires temperatures above 200°C. 

Geothermal heat requires high upfront investments, whereof the majority is boring costs. 

Therefore, the outlook of the technology is highly dependent on the development of boring 

(ÅF 2019). However, if it continues developing, geothermal heat will become competitive 

with other heat production technologies. Now, in Finland, the technology has low maturity 

and is at prototype stage. St1 has a pilot project in Otaniemi, which is entering flow tests of 

the hole in the beginning of 2021 (St1 Oy 2020). St1’s goal is to try out and develop techni-

cally and economically viable solutions for commercialising. 

St1’s bore hole is around 6.5km deep, but shallower projects at medium-depths do exist 

too. These have lower boring costs, but the temperatures are not as high. In addition, the 

location is more flexible at medium-depths and the technological development has pro-

gressed further. The levelized cost of energy for deep holes is expected to be around 30-

50€/MWh and around 70-120€/MWh for medium-depths (ÅF 2019).  

The background report (AFRY 2020b) for the energy industry roadmap (Ener-

giateollisuus 2020) assumes in their low carbon scenario, that geothermal heat reaches 
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maturity and replaces heat-only boilers. In the same scenario, electricity prices are assumed 

to be high and therefore, mostly deeper boreholes are implemented, because of their higher 

COP. The geothermal plants will replace heat production based on burning and therefore 

reduce emissions. In addition, the boreholes have potential as seasonal storage.  

 

3.4.6 Ground source heat 
Ground source heat is heat originated from the sun, stored in the upper layers of the Earth. 

This report differentiates between geothermal and ground source heat. In Finland, the 

boundary is defined at between 300-500m depth (ÅF 2019). This heat is extracted with a 

heat pump and used mostly for separate buildings and is a competitor to district heating. 

Ground source heat could be connected to the district heating network, but because of the 

large temperature difference between the ground and district heating network, several heat 

pumps are needed. This increases costs and therefore, ground source heat is not competitive 

in the district heating network. The competitiveness could be improved with lower temper-

atures in the district heating network. This is discussed in chapter 3.4.9. 

Interest in ground source heat pumps is growing and all heat pumps were the heating 

method that gained the most market share during the past decade (Finnish Energy 2020b). 

The development of ground source heat has been highly dependent on boring techniques 

and heat pumps (ÅF 2019). Lund, Toth (2021) explains the utilization of ground source heat 

worldwide and finds that the energy source is growing rapidly. According to the article, Fin-

land is one of the five leading countries of ground source heat pumps counted both with 

installed capacity and annual energy use. 

 

3.4.7 Waste heat 
Waste heat offers large potential as a heat source in Finland. The AFRY report (2020a) con-

cluded that there is a potential of 130 TWh waste heat and that 35 TWh would be efficiently 

usable. However, risk remains in economic viability, and seasonal and geographical varia-

bility limits the exploiting possibilities. The largest amount of high viable waste heat comes 

from the Loviisa nuclear power plant, industry, condensation heat from waste incineration 

plants and especially peat biomass CHP plants. 

Access to waste heat improves the COP of heat pumps (ÅF 2019) and interest in waste 

heat is growing. Large amounts of heat are produced for certain industrial processes or as a 

by-product. However, priority should be on decreasing the amount of waste heat produced 

even if the waste heat can be utilised. Energy efficiency goals cannot become less ambitious 

because of increasing use of waste heat. However, district heating companies’ interest is 

moving toward even smaller and lower temperature sources of waste heat (Finnish Energy 

2020c).   

Based on a questionnaire by Finnish Energy (2020c), all district heating companies either 

already utilise waste heat or are interested if technically viable waste heat sources are found. 

The reasons for interest in waste heat are decreasing emissions, cost-effectiveness and to 

maintain competitiveness of district heating. In addition, 80% have published terms for buy-

ing waste heat. However, utilisation may be difficult. For example, the geographical location 

of waste heat and the district heating network may not match, and heat supply may fluctuate 

with time (ÅF 2019). The utilisation of waste heat would also become more efficient with 

lower district heating network temperatures. 
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3.4.8 Heat Storages and Demand Response 
Small heat storages covering a few hours are already mature technology (AFRY 2020b). 

These exist in the district heating networks and are often tanks with water at 90°C. They 

optimise daily heating demand. However, the need for heat storages and their size increases 

with the increasing amount of variable energy production (ÅF 2019). Heat storages can fur-

ther improve features of low carbon technologies and remarkably cut emissions. 

A heat storage can especially cut the use of peak heat production, which are most often 

still based on fossil fuels. In addition, it allows to run base-load heat production steadily and 

store overproduction in the heat storage. Also, CHP power production can be optimised 

based on electricity prices as the produced heat can be stored. Other optimisation possibili-

ties include running of heat pumps during low electricity prices, utilise waste heat according 

to availability or delay the start of additional heat production units. In addition, heat stor-

ages could improve the possibilities of solar energy. 

A heat storage is simple technology, a container, dwell, groundwater or trench filled with 

water from where heat is removed or stored (ÅF 2019). The technologies differ in power and 

efficiency. Old fossil fuel storages can be converted to seasonal storages. For example, in 

2021, Helen is opening a 120 MW heat storage with a volume of 260 000 m3 converted from 

an old oil storage in Mustikkamaa (Helen 2018). Similar projects exist in for example Vaasa. 

However, large heat storages require large spaces close to networks often close to areas with 

high population density. These can be difficult to plan and are still quite expensive. 

Traditionally, supply has changed with demand and storages are one way of changing the 

supply. District heating does not require demand response widely, because the network itself 

offers flexibility possibilities (ÅF 2019) and its economic viability is therefore low (Kontu, 

Vimpari et al. 2018). This fact differs remarkably with electricity, where storage is not pos-

sible in the grid. However, demand response could help during cold periods to decrease the 

use of peak load production or temperatures that triggers the start of the next heat produc-

tion plant. 

 

3.4.9 Low-temperature district heating networks 
Low-temperature networks are not a way to produce heat, but it allows heat utilisation from 

a wider range of sources. Therefore, it is an important topic when considering low carbon 

heating technologies as it can increase efficiency. However, decreasing the temperature in 

the whole district heating network would take time, because all heat exchangers in the net-

work would have to work at lower temperatures. Therefore, moving towards lower temper-

atures would be a long process. 

Typically, the temperature rating is 115°C. The high temperature requires pressurised sys-

tems. However, this temperature is seldomly reached. The temperature of the water in the 

district heating network depends on the outdoor temperature and the outdoor temperature 

for district heating water to reach 115°C for southern parts of Finland is -26°C (AFRY 2020c, 

pp. 14-15). For example, in 2016, such low outdoor temperatures were not reached once in 

the city centre of Helsinki. In Finland, district heating is also used to heat the domestic hot 

water. It must be above 55°C to prevent bacteria growth. Therefore, it sets the temperature 

limit for district heating as it is. Lower temperatures would require new ways of heating the 

domestic water. 
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3.5 Low carbon technology investment risks 
An investment decision is highly dependent on the available information and a wider under-

standing of an investment make it more certain (Pike, Neale 2009). Certain investments do 

not exist and therefore, risk and uncertainty are commonly used terms. The words are often 

used as synonyms but have their differences. Risk refers to outcomes with definable proba-

bilities, whereas uncertainties are not distinguishable. In investment projects, it is highly 

important that the involved all share the same definition of these words. 

Risk can be divided into different categories. Pike and Neale (2009) presents three types 

of risk, business, financial and market risk, whereas Egli (2020) discusses five different 

risks. The latter’s risks are concluded from several other papers and are related to wind and 

solar power. However, as relatively new technology, the risks can be transferred to low car-

bon heating technology. The risks are curtailment, policy, price, resource, and technology. 

Business risk refers to the variability of profits before interest, financial risk comes from the 

use of debt capital and market risk refers to the variability in shareholders returns. The view 

on risk in these two is remarkably different, Pike and Neale discusses capital related risk, 

whereas Egli considered technology related risks. In this thesis, both viewpoints are im-

portant and different risks are discussed in the interviews. Egli concludes that a technology 

to move from emerging to mature is dependent on commercial readiness level, not techno-

logical readiness level. This point is also present in the TRL scale introduced in chapter 3.4.1.  

The paper concentrates on electricity production with wind and solar PV, technologies 

further developed than the most low-carbon heat production technologies (Egli 2020). The 

paper concludes that technology risk decreases over time, but price and curtailment risk in-

crease. In addition, policy risk is at its highest halfway through the inspection period. Cur-

tailment risk refers to unexpected restriction or reduction, for example in the network and 

is more related to the country in question, than the technology. Policy risk is defined as lower 

revenues due to changes in policies retroactively and is also, together with price risk, con-

nected to the country in question. Resource and technology risk were dependent on the type 

of technology.  

 

3.6 Financing 
The financial system exists to channel funds from net savers to net spenders (Bank of Fin-

land n.d.). These funds are distributed through banks and other financial institutions or se-

curity issuance through the financial market. The role of the central bank in Finland is dif-

ferent and aims at maintaining and developing stable and efficient payment systems in the 

country. A strong and healthy economy relies heavily on a functioning financial market be-

cause otherwise investors could only spend their generated profit or wealth (Pike, Neale 

2009).  

A financial market includes all mechanism for trading financial assets or securities and 

can be divided into four main categories: money market, capital market, foreign exchange 

market and derivatives market (Pike, Neale 2009, pp. 24-25). The money market covers 

funds usually shorter than one year, such as bills. The capital market includes long-term 

securities or loans, the foreign exchange covers currencies and derivatives are speculations 

of direction in an underlying asset. The capital market is the one mostly used by energy com-

panies and it consists of a primary and secondary market. The primary market issues and 

sells new securities, whereas the secondary is a trading place for already issued securities. A 
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functioning secondary market improves the primary market because investors do not want 

to feel locked into an investment. 

Four different types of banks exist: retail, commercial, investment and central banks. The 

latter is not in contact with the general public but aims at maintaining an efficient financial 

system. Retail banks offer banking services to individual consumers and is therefore, irrele-

vant in this case. Commercial and investment banks on the other hand, offer funding and 

other banks services to energy companies. The funding duration differs between the entities. 

Commercial banks get loan from the market and their costs increase remarkably at around 

5-7 years. Therefore, the terms are discussed at least every few years and often progress or 

regress is shared on a continuous basis. Energy companies get loans easily and are trusted 

partners. However, energy companies argue that early decommissioning would negatively 

affect financing in the case of early write-off of loans. This applies only if the loan is not yet 

paid back. The early write-off increases net gearing. Net gearing means the debt-to-equity 

ratio. Net gearing is one of the figures effecting loan negotiations. 

Loans can roughly be divided into two: corporate loan and project finance. In the case of 

corporate loan, the security depends on the strength of a company’s balance sheet and risk 

assessment. A company with a strong balance sheet and low associated risk may not need a 

security at all. The credibility in the company is enough of a security. However, if associated 

risk is higher or the balance sheet is weaker, a security may be required. Project finance is 

totally dependent on the success of the project in question because the payback of the loan 

is totally dependent on the revenue from the project. The security requirements are higher 

and include the project itself, for example the wind turbines in a wind park. In addition, 

technology and revenue risks are checked more thoroughly compared to corporate loans. 

The risk of project finance is higher than for corporate loans and therefore, the interest rate 

is higher. 

Energy companies also have covenants connected to their loans. They are common and 

can decrease or totally remove the need for security. Covenants are terms steering the loan 

takers and limit what the loan taker can and cannot do. One common covenant is a limit on 

equity ratio. The covenants are financing limits and serve as early warning signs for the fi-

nanciers. A loan taker that exceeds covenant limits can, in a worst-case scenario, lose its 

financing. 
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4 Methodology 
This master’s thesis is an interview-based qualitative study with the goal to get a deeper un-

derstanding of district heating low-carbon investment obstacles and suggest solutions 

through better understanding the heating market. The interviewed are energy companies, 

financiers, consultants, and technology developers and researchers. The expectation is that 

the findings can be generalised to all district heating companies in Finland and give exam-

ples of the Finnish market-based district heating system. In addition, the interviews with a 

wide range of players, including energy companies and their stakeholders, give the oppor-

tunity to find similarities and differences on the heating market between different players. 

Finnish Energy, the collaborative partner of this thesis, understand the field, collect sta-

tistics on production and fuels, and the upcoming changes in regulation. However, all prob-

lems and systemic changes are not visible in quantitative data. As an advocacy organisation, 

Finnish Energy must be able to describe the situation in the field and argue for and against 

political developments. The arguments require research to be credible. Therefore, interviews 

can deepen the understanding of well-known problems or help identifying new obstacles. In 

addition, interviewees get the opportunity to suggest how the obstacles could be solved, be-

cause they have the best knowledge on how to improve. 

Qualitative research aims to understand the why or how in areas of interest bound to its 

context (Chism, Douglas et al. 2008, p. 4). The interviews open the why and how in the 

heating market in a way that is not possible with quantitative research, where factors are 

expressed in numbers. The obstacles and suggested solutions are connected to its context, 

the Finnish heating market, which differs from other countries’ heating markets, as de-

scribed in chapter 2.2. However, there is no one way fits all model available to reach the set 

climate neutrality targets. Therefore, the possible generalisation of results must consider 

local differences. For example, the availability of waste heat differs and the land area usable 

for geothermal heat. 

The energy companies chosen for interviews use a large share of peat in their district 

heating portfolio. Therefore, these companies have a long way to go to reach their own cli-

mate neutrality goals and being a part of the Finnish national climate neutrality goal in 2035. 

Thus, these companies will make large investments in the close future. By understanding 

the obstacles, this work can help speed up the investment process and help achieving the 

climate neutrality goals. 

The interviewed energy companies are among the top 20 largest district heating compa-

nies in Finland based on power, energy usage and number of customers. The amount of heat 

energy sold in district heating networks correlates with the size of the city and these larger 

cities often have more environmentally conscious residents. The largest district heating 

companies are excluded from this thesis, because they are remarkably larger than the rest of 

the companies in Finland. Therefore, their starting point for reaching climate neutrality is 

different. 

The stakeholders are interviewed to give a different perspective to the same problem and 

widen the standpoint. This is important, because the assumption is that obstacles cover a 

wider part of society than only the energy companies. Also, the root cause of obstacles faced 

by energy companies may lay elsewhere. In addition, the stakeholders are important players 

in the heating market. For example, consultants do most of the research and suggestions, 

because district heating companies often lack the resources for wider inhouse research. Also, 
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remaining competitive requires understanding the main competitors, such as the technology 

developers. 

The interviewees were contacted by email and called if necessary. The interviews were 

scheduled for the months of October, November, and December in 2020. Due to the ongoing 

covid-19 pandemic, the interviews were conducted using Ms Teams. In October, the remote 

work recommendation had been in force for over 7 months, since March 2020. Therefore, it 

can be assumed that the interviewees are used to online meetings. I acted as the main inter-

viewer and my thesis advisor joined if the schedule allowed. Two interviewers made it pos-

sible to collect extensive notes already during the interview. This saved time from transcrib-

ing and allowed more interviews. Transcribing was still done in a few cases. These cases were 

decided based on the discussed topics and the thoroughness of the notes made during the 

interview. 

The interviews are semi-structured, divided into three different themes. Semi-structured 

interviews require understanding the topic at hand and to have questions prepared. How-

ever, there is possibilities for follow-up questions, such as “could you tell more” (Silverman 

2020, p. 177). The three themes are climate goals, and past and upcoming investments. The 

themes were the same for all groups of different interviewees, but the questions varied to fit 

the different perspectives better. All 4 different interview templates are available in appen-

dix A. The themes may not always be distinguishable, but the goal is to discuss aspects that 

effect these themes. On the other hand, the themes of climate-neutrality goals and invest-

ments are so intervened that discussing them separately may not even be possible. For the 

stakeholders, the viewpoint regarding investment processes is different compared to the en-

ergy companies. To understand the wide range of data, the results will be presented with the 

Porter’s five forces framework. 

The topic at hand is sensitive, which can affect the answers interviewees give. The sensi-

tiveness comes from competition law and business secrets. Therefore, it is important to build 

trust with the interviewees. This is also the justification of anonymisation of the interview-

ees. The trust in Finnish Energy also helps during these interviews. The interviewed will be 

divided into groups, with names representing the sector, and numbers in the order of the 

interviews in that group. The wording used when referring to the interviewees are listed in 

Table 1. In the written text, all the interviewees are referred to as he, independent on the 

gender of the person for further anonymisation and simplicity. The names of the interviewed 

are only available for employees at Finnish Energy. 

 

Table 1. Anonymised names of interviewees. 
Name used in the text Field(s) included Number of companies 

interviewed 

Energy Company Municipality owned energy 

companies 

5 

Consultants Engineering, design and advi-

sory companies 

4 

Developers Technology companies and re-

searchers 

3 

Financing Banks, lenders 2 

 

The interviews concentrated on obstacles, which means that strengths may not be men-

tioned during the interviews. In addition, the interviewee determined which topics were 
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important through their answers. Also, time was limited, as the interviews were only one 

hour long. The limited time does not allow processing all obstacles. In addition, the interview 

templates affected the course of the interviews. The role of Finnish Energy also affects what 

can be discussed and analysed regarding this topic. For example, prices and corporate strat-

egies are outside Finnish Energy’s activities. 

The interview template was similar with the ones in the same group in Table 1. The view-

point of the analysis will be through the eyes of the energy companies and their district heat-

ing business. This comes from the goal of the thesis to understand the slow pace of low car-

bon investments in district heating. The interviews with the energy companies were built up 

according to the three themes introduced earlier, climate neutrality goals, implemented in-

vestments and upcoming investments. The interviews with the consultants concentrate on 

the same topics, but through the eyes of the consultants. Technology developers and re-

searchers concentrated on the path from research to implementation and financiers give the 

picture of energy companies’ access to lending. 

The coding will be made based on these groups, but without defining the codes before-

hand. The coding will start with the energy companies’ interviews, as they are the focus. The 

other interviews will then build on the picture from the energy companies on the topic. The 

goal is to try and understand the interrelations between these groups and understand the 

effect of different stakeholders on the different variables listed. In addition, interviewing 

different stakeholders give the opportunity to identify misunderstanding if they exist. 

The analysis will be made with the investment process in mind, but discuss the whole 

heating market, as district heating companies are not the only players. The heating market 

will be thoroughly analysed with the help of the interviews with Porter’s five forces frame-

work (Michael E. Porter 1979) showed in Figure 10. The six-step investment process intro-

duced in chapter 3.1 is used to understand the progress of the discussed investments. The 

expectation is that most interviews will concentrate on obstacles in the beginning of an in-

vestment process. These steps are identifying the need for investment and searching for in-

vestment possibilities. This is because the focus is on new technology that is not imple-

mented widely yet. 
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Figure 10. Porter's five forces framework (B2U 2016). 

 

The analysis will be written following the investment process and all these groups are 

given a subchapter. The findings and themes are connected in chapter 6.1 with the help of 

Porter’s five forces framework. Five forces will be used, because it allows connecting the dif-

ferent stakeholder viewpoints. In addition, the framework helps to broadly analyse the com-

petition in the industry (Porter 2008). The results in the five forces give an overview of the 

Finnish heating market. The overview of the market is hopefully useful for both regulators 

and district heating companies. Regulators can use the results as help for improving the 

markets, whereas district heating companies can use it as a starting point for improving their 

competitiveness. 

Solutions are suggested with the help of a SWOT-matrix, which shows areas for possible 

improvements, but also the existing strengths. The matrix is done from a general energy 

company’s perspective with the goal to keep district heating competitive and relevant also 

in the future. It is forward-looking aiming to make it easier to invest in low carbon technol-

ogy. The strengths should be valued and emphasised. However, all district heating compa-

nies differ at least a little from the generalised model, so it is important to include flexibility 

in the regulation and for the district heating companies to understand the opportunities in 

their area. Also, understanding the whole picture of the market helps remove obstacles and 

improve competitiveness. 
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5 Interview findings 
This chapter will introduce the data from the interviews. The interviews are discussed by 

interviewee group (introduced in the methodology chapter, Table 1). All the findings will be 

introduced in the same order, with the investment process in mind. The data is analysed in 

chapter 6. 

 

5.1 Energy companies 
The interviews started with five Finnish, municipality owned, district heating companies. 

They are among the top 20 largest district heating companies and have not yet devested from 

peat. The interviews with the energy companies were distinctly divided into three themes. 

These three themes were climate goals, and obstacles related to past and future investments. 

The goal of the first theme was to understand if and how much climate goals pushes energy 

companies to invest to decrease emissions. All the energy companies stated that they have 

climate neutrality goals arising from the city’s, the owner’s, strategy. 

The main driver for the emission reduction seems to be the EU ETS, even if the cities’ 

climate neutrality goals do set some boundaries. However, it has already become such a part 

of everyday work, that the EU ETS was not thoroughly discussed. The EU ETS is one of the 

main EU tools for reducing emissions, so this is a good development. Energy company 4 said 

that the effect of EU ETS is taken care of. He said that now they have time, as the cheap 

emission cuts have already been made. Also, as the emissions have declined, the EU ETS 

does not worry anymore. These cheap emission cuts include peat and coal. The forecast of 

these fuels has become clearer. The last, remaining emission cuts are expensive and would 

be realised only for a few hours a year, during the cold winter months’ peak demand. The 

goals are a result of the city’s political process and all energy companies have at least a par-

tially political board. Energy company 5 said that the discussion has moved from setting 

goals to reaching them. In addition, energy company 3 stated that it feels like environmental 

requirements are getting tighter all the time.  

In addition to climate neutrality goals, the need for investment arises from aging infra-

structure, mostly heat-only boilers and CHP plants. The increasing emission prices drive 

away from fossil fuels. However, all cuts in the use of peat will not stimulate new investments 

according to energy company 4. Assumingly because the use of peat is replaced with biomass 

in those power plants that can handle a fuel switch. However, planning power plants for peat 

means cheaper materials and therefore, switching to biomass may require modification of 

the plant. Energy company 5 was worried about the future of CHP. The interviewee said that 

CHP-plants could be turned into heat-only boilers. However, consultants forecast the elec-

tricity price very differently and therefore, CHP-plants could be profitable in the future. This 

shows how difficult investment decisions are in the energy industry. The investments are for 

several decades and forecasting of policies are vital for the right investment decisions. 

The energy companies have recognised the need for new investments in more environ-

mentally friendly district heating production. One driver has been the aggressive selling of 

heat pumps to housing companies and detached houses, which lead to district heating cus-

tomers detaching from the network. This has moved the district heating companies to the 

second step in the investment process, search for new ideas. In this step, the obstacles are 

technology development and profitability. All the energy companies are worried about the 

state of technology development. Energy company 4 even said that they have been waiting 

for new technology for the past ten years, but nothing has really risen as a winner. Possible 
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technologies for the future do exist, but none of them are mature enough for implementation 

yet. 

New technology is often smaller units and would thus decentralise the district heating 

production. However, the companies do not seem to be ready to decentralise their produc-

tion. Energy company 2 said that they used more time planning new investments to under-

stand if non-burning technologies were an option during their previous investment process. 

However, in the end the decision was biomass, as for most of the other new investment de-

cisions. For example, energy company 1 has rebuilt its power plants to be able to use 100% 

biomass. However, the company owns peat bogs and uses their own peat. Still, the goal is to 

steadily reduce the use of peat. 

The interviewed municipality owned energy companies themselves think that they are 

not the ones to try out new technology. Two mentioned larger cities, mainly the capital area, 

as a source of confirmation for new technology. In addition, all the interviewees discussed 

risk tolerance. All said that they could maybe try something new for an investment of 10 

million €. However, only one energy company had a pilot project starting. In comparison, 

the biomass investments have been around 100-200 million €. Energy company 4 said that 

investing in unmatured technology is easily criticised in media, saying that the energy com-

pany is wasting residents’ tax money, even if the company in question is profitable. 

Energy company 1 focused on a new business area, district cooling, during the interview. 

The business model is similar to district heating and its use in Finland will increase in the 

future. In addition, it is often the same companies owning both district heating and cooling 

networks. Therefore, it is relevant to this topic too and obstacles are similar. Starting district 

cooling business from scratch is capital heavy and therefore, customers must be onboard 

already early in the investment process. For example, energy company 1 mentioned that pre-

agreements were written with customers. One of the larger customers signed an agreement 

first after an employee change, a sign of the importance of right people for progress. The 

same applies internally and the interviewee mentioned the importance of getting the own 

organisation onboard the new business. 

The projects in district heating and cooling are often one of a kind to the company in 

question and therefore, accumulating knowledge is difficult. As a result, knowledge must be 

procured from consultants. However, also the consultants are few. Therefore, quality man-

agement is difficult. Energy company 1 said that in the end the results from the consultants 

fulfilled the requirements. 

New investments cannot increase the district heating price because they are competing 

directly with building specific energy solutions. The importance of prices was mentioned by 

all the energy companies. District heating has the advantage that it is often the already ex-

isting solution. However, residents are more open to changing their heating solution to 

something greener. The prices of district heating were also discussed in the other interviews. 

Developer 3 said that the change is happening faster in industry and if the district heating 

system does not reduce its emissions, industrial customers will invest in their own solutions. 

These customers use large amounts of energy, so losing them will remarkably cut the de-

mand for district heating. One interview from another group is mentioned here to emphasise 

the importance of a competitive price and emission reductions. 

Energy company 4 said that customers think district heating prices increase constantly. 

This is true for the Finnish national average. However, the interviewed energy companies 

said that their prices of district heating were remarkably less than the national average. 

Companies selling building specific heating solutions, mainly ground source heat pumps, 
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are using the national average district heating price to boost their own product. It seems like 

local energy companies are not using their strengths in sales. This is also connected to the 

fact that district heating networks are local, and the situation can differ a lot between two 

geographically close cities. For example, energy company 4 have started communicating 

about district heating in the local newspaper and directly noticed results. According to him, 

their customers were happily surprised about decreasing emissions and stable prices. 

Circular economy was discussed to some extent in the interviews. Energy company 2 was 

the only one mentioning the word, saying that they use the ashes from their power plant as 

a fertiliser to forests. The interviewee stated that it speeds up the carbon sink feature of the 

forest. The other interviewees mentioned, for example, the utilisation of waste heat and how 

it can decrease the investment size of a new power plant as a result. This is especially positive 

if the decreased heating plant burns fuel. Even if the fuel is biomass, it causes emissions. 

Also, biomass is not endless resource and competition increases to use it as a material in 

packaging, clothing etc.  

One large part of technology investments is the requirement of different types of permis-

sions and permits, including construction and environmental permit, and city planning. En-

ergy company 1 said that they were easy to get. However, it seems that the interviewed en-

ergy companies went according to existing plans and sites that already have power plants or 

the area is already used by other industry. Energy company 4 said explicitly that it is difficult 

to get a new site. District heating is dependent on location, specifically the reach of the net-

work, but as cities grow, space is needed for housing and other construction. 

Finance availability is not a problem for any of the interviewed energy company repre-

sentatives. The municipality owned energy companies have their owner as an advantage 

when applying for loans. Energy company 3 said that they moved from getting a loan directly 

from the city to the market, because of lower financing costs. The municipality still secures 

the loan and the same applies for the other interviewed energy companies. The terms for the 

loans require that peat and coal should not be used as fuel. If peat is used, the terms of the 

loan require a plan to stop burning it. Energy company 1 still uses peat in its new power 

plant, but it is able to work with 100% biomass too. 

Throughout the interviews, one main theme was present: the municipality owned energy 

companies exist for the residents in the city. The budgets of the owners are dependent on 

the dividends from the energy companies. Cutting the dividends to finance investments does 

not seem to be an option according to any of the interviewed. In addition, energy company 

4 mentioned that city budgets are tight already as other expenses increase. In addition, the 

energy companies see their security of supply and its price as their strengths. This has led to 

satisfied customers, but it seems that customers demand fast change. Also, energy company 

3 said that the politicians are on the consumers’ side. This statement emphasises the theme 

well. On the contrary, customers are rarely discussed. The focus is on security of supply and 

price, and nowadays more on environmental questions.  

However, customers are requiring greener production. For example, energy company 3 

said that the importance of environmental questions has risen. However, the importance of 

price seems to be priority number one, because district heating customers start looking at 

heat pumps when trying to increase the price. However, this may be a sign that environmen-

tal questions really are a top priority, but not to any price. This may require district heating 

companies to increase efficiency, decrease costs and then keep the price steady. This was 

also brought up by developer 3 (further discussed next, in chapter 5.3), who mentioned that 

the district heating companies could improve their efficiency.  
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5.2 Consultants 
The interviewed consultants represented the energy field widely, doing both investigations 

and energy projects. The interviews started with the interviewees describing their back-

ground and example projects they have participated in. This gave an overview of what is 

happening in the energy field through the eyes of consultants. Here, consultant 1 talked 

about a customer that talked about political emissions. This was an interesting way of put-

ting the emissions that should quickly reduce. For example, the burning of biomass is al-

lowed even if it also produces greenhouse gas emissions. This is because burning of biomass 

is seen as renewable and the emissions are politically stated to be zero. 

The interviews started with the questions: “What is the role of district heating in a climate 

neutral energy system?”. The answers reflected widely the role of district heating today, but 

also the possible development of it. The question was wide but started a fruitful discussion 

with all the interviewees. The assumption throughout the thesis is that society strives to-

wards climate neutrality. This goal comes from the Paris Agreement ratified both nationally 

and at EU-level. 

District heating is seen as a part of the future energy system according to all the inter-

viewees. Consultant 2 discussed the fact that the existing network is already comprehensive 

and should therefore be utilised. The network elsewhere in the EU is not as large and there-

fore, the discussion there is different. In Finland, the existing, comprehensive networks al-

low efficient use of waste heat and biomass. In addition, the district heating networks can 

offer flexibility to the electricity grid. If the use of district heating would stop, the flexibility 

these networks can offer would be lost. Also, consultant 3 said that the importance of the 

district heating network as a source of flexibility will increase with the increase of variable 

renewable electricity production. 

According to consultant 3 competition is getting fierce and new technology is competing 

for market share from district heating. The district heating business is developing in the 

right direction, but a lot still needs to be done. Consultant 3 also said that housing companies 

do not see district heating as a solution of the future. Self-sufficiency is valued and therefore, 

new buildings are not connected to the district heating network. In addition, the district 

heating field is suffering from reputational disadvantages. Consultant 3 said that the repu-

tation has been protected with the cities’ owning the business, but now they are sold to in-

vestors. However, district heating companies are starting to understand their reputation 

problem, consultant 3 continued. Consultant 4 mentioned that district heating companies 

offer building specific heat pumps, because it is better than losing the customer altogether. 

Consultant 1 built on the same topic but argued that pressure towards emission cuts from 

customers is still concentrated to the Finnish capital region. The pressure can then distribute 

to the rest of the country. However, development elsewhere can also take a totally different 

path. The change starts from the market. Now, customers do not request new solutions out-

side of the capital region. In addition, the district heating companies operating in the capital 

area have more resources to develop new business ideas and heat sources. The district heat-

ing companies outside the capital area are often small, and therefore, have very limited re-

sources. These companies often make only one similar investment and does not accumulate 

knowledge. Also, it is inefficient for consultant to make studies to smaller companies. In 

addition, the small size decreases the possibility to take risk, which is still high for most low 

carbon technologies. 
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Consultant 4 said that the coal ban in 2029 is good progress, both because it has high 

emissions, and because coal is an imported fuel. Decreasing the use of peat is also important. 

Consultant 1 states that fossil heat is not accepted by industrial customers anymore. The risk 

is smallest in biomass and therefore, investments are directed there. However, consultant 2 

commented that there is a possibility for an unsustainable increase of biomass demand and 

its price. The big picture can be affected with regulation and focus should not be on details. 

However, there is national discussion that biomass could be taxed in the future (Koistinen 

2020). Consultant 3 that the result could be the same as for natural gas in Finland in the 

beginning of the 2000’s with many new gas plants getting decommissioned or used only for 

peak hours. This would move district heating production towards electricity-based produc-

tion (mostly heat pumps with different heat sources) and district heating would rely on elec-

tricity in the same way as building specific heating. A possible peat ban would, according to 

consultant 1, heavily increase the need for investments. However, with all the existing loans, 

it is questionable if energy companies could manage the situation. 

One future problem is the fuel of peak hours according to consultant 3 and mentioned the 

possibility of long-time storages. However, he mentioned two problems: high temperatures 

used during cold winter months and low economic viability if storages are used only during 

winter peak hours. High temperatures, meaning over 100 degrees, forces the storages to be 

pressurized for use without heat pumps. These storages are more expensive and technolog-

ically more advanced. In any case, the storages must be used more often than during the 

winter peak hours. As already discussed, the increase of variable renewable electricity pro-

duction increases the need of flexibility. These storages would offer this possibility. 

The use of waste heat is widely discussed as one way to reduce emissions. However, con-

sultant 2 stated that it can be a risky source of heat. The heat sources are often from industry 

who seldomly considers their waste heat as one of the reasons to continue business. There-

fore, the district heating company does not get any timeframe for how long the source is 

available. Furthermore, modular modules for waste heat exploiting would make it cheaper 

and offer the option of moving the module if the heat source stops existing. This option could 

also help making investing in areas with decreasing population more attractive. 

Consultant 3 discussed lower district heating temperatures and specially decreasing tem-

peratures below 100 degrees year around. This would make the storing of heat easier as the 

water would not need to be pressurised. A decrease in the return temperature would also be 

required because the change in temperature between in- and outgoing district heating water 

has to stay the same. Consultant 1 discussed that the temperature of the network is only one 

part of its optimisation. He said the temperature is already as low as possible and projects 

with a lower temperature requires new blocks of buildings.  

The pressure in investments is now towards new technology. However, all the interview-

ees mentioned that investing in new technologies is remarkably more expensive than con-

ventional technologies for the district heating companies. Consultant 1 said that future in-

vestment and variable costs cannot be estimated on today’s figures. The consultants’ job is 

to understand the source of costs and if they will decrease with time. Consultant 2 said that 

investments in low carbon technology will be considered if they seem to be profitable. The 

consultants also have a strong role in estimating the development pace of technologies. The 

estimates have been conservative, but consultant 2 feels that their estimates have been along 

with the actual development. This comment is strengthened with the problems related to 

different pilot projects. 
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One of the main competing heating sources to district heating is ground source heat for 

individual buildings. Consultant 1 said that a harsh fact is that the investment often looks 

profitable on paper. The payback time for detached houses may be long, but investments are 

implemented anyways. It is questionable if the payback times are short enough. District 

heating companies should themselves offer ground source heat pump solutions because the 

other alternative is losing the customer totally. Furthermore, these investments give sellable 

stories of making a change for reducing emissions. Until now, district heating companies 

have been considerate and not in direct competition with each other. However, nothing 

stops companies from constructing local networks to shopping malls and surrounding 

blocks.  

The roadmaps are useful tools. Consultant 2 said that almost all start to have roadmaps 

to climate neutrality, but recent biomass investments can prevent further implementation 

of the roadmaps. Consultant 3 mentioned that large companies have implemented actions 

in their roadmaps and generally they have been good forecasting tools. 

It is known that coal, peat, and natural gas are declining, says consultant 2. However, the 

winning technology has not risen yet. In addition, the heat production is heavily dependent 

on the geographical location and surrounding industry, said consultant 4. The change and 

development could be sped up with cooperation between different players, including munic-

ipality owned energy companies. As said before, the district heating networks do not com-

pete and therefore, together the companies could achieve accumulation of knowledge. This 

could counteract the fact that many district heating companies are small and local players 

with little resources to strategic development. Consultant 4 also mentioned that the merger 

of water and sanitation, and energy companies could give the possibility for circular econ-

omy, a part of sector-integration. Consultant 2 also said that the companies want to keep all 

the existing areas, because running such a company is more interesting than one that has 

outsourced everything. 

Consultant 2 mentioned that change could be helped with investment support independ-

ent of the size of the company. However, especially the smaller ones would need a lot of help, 

because a pilot project requires also other resources than money. The same problem is in 

possible cooperation projects: small companies cannot use time for pursuing them. Applying 

for support is demanding. In addition, the maximum cap now is at 30% of the whole price, 

but often the granted percentage is lower. The support could decrease risk of low carbon 

technology, but also investment support projects requires experience from pilots.  

 

5.3 Technology developers and researchers 
The interviews with the technology developer and researchers were more diverse compared 

to the other groups. The focus of the interviews was dependent on the interviewees’ focus 

area. However, all of them either do research in the area, offer technology to district heating 

production or are substitutes to district heating. Often the two latter ones are examples of 

heating solutions offered by one company. In these cases, the heating solutions do not com-

pete and the most economically viable is implemented. As a result, all the interviewees had 

an overview of progress of emission decrease in district heating and related obstacles. In 

addition, these interviews broadened the picture of the heating market in Finland.  

In these interviews, as in the previous, the thought was that district heating can be a part 

of a future energy system. However, according to developer 3, industry is progressing fast, 

and district heating companies are in a hurry if they want to keep their customers. Developer 
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1 mentioned the same as was brought up by all the consultants, district heating can be a large 

part of a future Finnish energy system, because we already have a comprehensive network. 

Therefore, the situation elsewhere in the EU is different. He also mentioned the possibility 

of sector integration between district heating and electricity networks. The possibilities in-

crease with the increasing amount of heat produced with electricity for example because 

heat is still the cheapest and easiest way to store energy.  

All the developers agreed on that change have started, and it has sped up during the past 

year. The made emission cuts are visible in the historical data of district heating emissions. 

A large share of the change is based on biomass, which sustainability can be questioned in 

the long run. Developer 2 said that heat production is decreasing burning of different fuels 

and progressing towards electrification. The electrified world is different from what we are 

used to, he added. The change is slow, because of already made investments. The revenue 

must be large to encourage new investments ahead of time. The risk tolerance of energy 

companies will not increase without an increase in revenue, said developer 2. New technol-

ogy investments increase the risk, but the revenue is unknown. In the case of wind power, 

this was solved with large support schemes. It increased the amount of wind power remark-

ably. Similar ensured revenue is needed in district heating if the aim is a large increase in 

new technology. In comparison, the existing model is too easy to encourage a change. De-

veloper 3 mentioned that the worst-case scenario for slow progress is loss of customers. 

The progress is moving toward implementation of pilot projects. Developer 1 reminds 

about district heating only being way to transport heat and not a way of producing the heat. 

Therefore, the network has a wide range of possibilities to produce the distributed heat. 

However, this has led to looking for technology that can fulfil the existing criteria of the net-

work. These criteria include security of supply, temperature and quality. 

The current temperature levels in the district heating network are challenging. For exam-

ple, developer 3 said that ambient air together with heat pumps cannot produce tempera-

tures above 100 degrees. These temperatures require a waste heat source. Developer 2 was 

not sure about lower temperature but said that through optimisation point of view it seems 

like a no brainer. Developer 1 said that decreasing the temperatures in the district heating 

network is a wider problem than just the network itself. For example, old buildings may not 

be able to transfer heat from lower temperatures. In addition, decreasing the temperature 

goes beyond the playfield of district heating companies and it would change the operational 

model of district heating. SMR and heat pumps on the other hand would be compatible with 

the existing operation model. However, these technologies compete for the same base load 

production. 

The district heating customers have ambitious climate neutrality goals. Developer 3 dis-

cussed that the industry is looking for large emission cuts. If they cannot be sure of district 

heating companies’ timetable for a decrease in emissions, they will make their own invest-

ments. For this type of companies where the different heating solutions do not compete 

against each other, this opens an opportunity. Unfortunately for the district heating compa-

nies, this means that the customers can be lost for decades until the new investment cycle. 

Developer 1 pointed out that, in English, there is better distinction between terms for the 

types of production. Centralised production, the most traditional, refers to large power 

plants producing most of the heat. Decentralised systems still have large units, but they are 

smaller than in the centralised system and there are more of them. A distributed system on 

the other hand refers to small units, for example building or block specific production that 
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is connected to the network. Developer 3 said that heat pumps can be connected to form a 

power plant of around 10 MW, but that the same units could form a decentralised system. 

The municipalities owning their own energy companies have become a value in itself, says 

developer 2, even if bigger companies often are more efficient. One reason could be the bad 

publicity related to the selling of the distribution system operator Caruna. The small, local 

companies have difficulties to allocate resources for pilot projects. Also, traditionally these 

companies have not had a piloting culture. The interviewed technology developers are dif-

ferent, but developer 2 mentioned that a pilot must be somehow part of an existing project 

for them to participate. Developer 1 said that if dividends to owners cannot be decreased, 

support is required for district heating companies to start pilot projects. 

Developer 3 said that getting a construction permit for a heat pump was slow. The lot is 

already planned for energy production and the reason for slowness is unknown. This is dif-

ferent from the message from the interviewed energy companies regarding biomass plants. 

However, electricity grid connection has not become a problem. These represents obstacles 

that can only be observed by implementing the new technology. Developer 1 said that pilot 

projects and experience are more appreciated than research and simulation models, because 

they show problems in practice. 

 

5.4 Financiers 
Only two financing institutions were interviewed, but they approved the view that was built 

during the other interviews. The financing sector is described in more detail in chapter 3.6 

and these interviews were also used there to understand the whole picture. Energy compa-

nies in Finland are seen as safe investments and they often get the loans they ask for. Fi-

nancer 1 said that the ownership steering is strong and therefore, the plans presented to 

banks are well considered. Seldomly banks hear about ideas that are beyond an energy com-

pany’s investment carrying capacity. 

Both interviewed mentioned that the liquidity on the financing market is high and there-

fore, access to financing is good to the energy field. Financier 2 said that all good projects 

get money and, in some cases, also little worse ones. In addition, interest rates for loans are 

low and negative for bank accounts. Money is looking for projects, because keeping it on the 

accounts is costly. Energy companies are seen as stable investments. The companies do get 

loans even without green lending, but this will get more difficult. Financer 1 said that the 

spread between green and traditional financing has widened rapidly. This means that pro-

jects that do not fulfil green financing are getting more expensive and, in some years, non-

green projects may not get the financing they need. Both financiers said that their taxonomy 

follows the EU’s. In addition, social and governmental factors start to impact the lending 

choices, called ESG. 

Both interviewed highlighted that the target of the money remarkably affects the lending 

decision. This means that it matters if it is the whole company taking the loan or only a 

project. These are called corporate loans and project financing and is discussed in chapter 

3.6. In the first case, a company’s balance sheet secures the loan and therefore, the risk for 

the lender is low. The risk goes to the company itself. In the second case, the lender takes 

the risk of the project and a loan is harder to get. However, in a project, the risk can be 

distributed to its owners. Other arrangements are also possible, but the main message is that 

banks do not take technology risks. 
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Financer 1 mentioned that a large bank cannot be greener than the average, because they 

want to be available for all nationwide. He also mentioned that the market does only have a 

certain number of green projects. These are also highly competitive, have low interest rates 

and the revenue potential low. 
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6 Discussion 
This chapter will focus on understanding the district heating industry and changes in the 

market with the help of Porters five forces framework. Porter’s five forces will then be further 

applied to a SWOT-matrix. Solutions are then suggested based on the matrix. The discussion 

will concentrate on the district heating industry in general, as strategy work of companies is 

outside the scope of Finnish Energy. However, it will help to explain the market to energy 

market regulators who are the main target of this thesis. 

 

6.1 Drivers of change in the heating market 
The goal of using the five forces framework is to understand the competition and change 

drivers in the heating market and through that suggest how district heating companies could 

improve their competitiveness. This will require investments because emissions must de-

crease. However, smaller changes can help on the way, for example improved communica-

tions. The framework aims at understanding the main reasons for the obstacles discussed in 

the interviews and describing the changing heating market. The strength of the strongest 

force establishes the profitability of an industry and that point should therefore play a large 

role in the strategy of a company (Michael E. Porter 1979). The five forces framework is 

shown in Figure 11. 

 

 
Figure 11. Porter's five forces framework (Michael E. Porter 1979). Figure constructed for 
this thesis. Numbers refers to the number of their chapters. 

 

The problems in the interviews from the energy companies, consultants, technology de-

velopers and financier were all similar without contradictions in the answers. However, the 

heating market is changing, and the change is getting more rapid. District heating 

1. Rivalry 
among 
existing 

competitors

3. Threat of 
entry

5. Bargaining 
power of 

buyers

2. Threat of 
substitute 
products

4. Bargaining 
power of 
suppliers



53 

 

companies are becoming part of a competitive market. This is visible, for example, through 

individual houses investing in heat pumps, industrial players implementing their own solu-

tions and disconnecting from the district heating network. Therefore, district heating com-

panies must understand their competitive market and implement low carbon technology 

faster and earlier. By adapting to the change, district heating companies can keep their po-

sition in the heating market. 

All interviewees thought that district heating can have a large role in a climate neutral 

energy system. In addition, all admitted that there is a lot of work to be done, but that climate 

neutrality is achievable. However, the technology developers were more pessimistic. Their 

underlying tone was that district heating companies are developing too slow to answer the 

rapid change of industrial customers. Changes need to happen now, or industry will make 

their own investments and district heating will lose customers. The energy companies coun-

terargued the slowness with bringing up large, implemented investments with pay-back time 

still left. Early divestment decreases the net worth in the balance sheet but does not decrease 

the value of loans. Therefore, the net gearing increases, which can make it more difficult to 

get a loan for new investments. 

The content and strength of the forces change with time, which is visible in the heating 

market, for example through that a connection to the district heating market is no longer a 

must. The threat for district heating comes from substitutes which district heating compa-

nies are not used to dealing with and the growing power of customers in the energy market. 

On the other hand, energy company 4 saw wide implementation of building specific heat 

pumps as an inefficient use of resources. Consultant 1 pointed out the selling of the building 

specific heat pumps is wild, and it seems that district heating companies do not know how 

to compete fairly in this case. One point is that district heating companies see the competi-

tion legislation as a threat and do not want to step over its boundaries. However, this shows 

that district heating companies are not totally comfortable with the changes in the market 

and must improve their competitiveness to keep up with substitutes. The main points from 

the interview findings in chapter 5 applied to the five forces framework are shown in Table 

1Table 2. 
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Table 2. The main points in the five forces framework discussed in this chapter. 
Force What? Comment 

Rivalry 

among ex-

isting com-

petitors 

Low competition be-

tween district heat-

ing companies 

District heating companies have been assigned an area and 

the customers in that area. Little competition has existed in 

these areas.  

Role of district heat-

ing in a climate neu-

tral society 

The possibilities are large, but district heating companies 

must make sure they use their possibilities. 

Low competition has 

led to low innova-

tiveness and R&D-

budget 

Innovation and the size of the R&D budget are correlated. 

The R&D budget has to be increased. 

Path dependency District heating evolved to utilise CHP. However, low carbon 

technology is mostly smaller units and is more efficient at 

lower temperatures.  

Communication Customers want to better understand their environmental 

footprint.  

Municipalities with 

decreasing popula-

tion 

Profitable district heating business requires a wide customer 

base, because of high fixed costs. Municipalities and cities 

with decreasing population may have difficulties investing in 

new heat production as the population is decreasing. 

Security of supply 

and competitive 

price 

These are basic quality factors. District heating companies 

must understand better what customers want. 

Competition legisla-

tion 

District heating has dominant market share and is therefore 

closely followed by competition regulators. However, domi-

nant market share does not prevent competition. 

Threat of 

substitutes 

Double infrastruc-

ture 

District heating networks already exist, and their decommis-

sioning would be inefficient use of resources. However, the 

building of double infrastructure is highly dependent on the 

ability of district heating companies to keep their customers. 

Heat pumps and 

other buildings spe-

cific heat solutions 

Especially ground source heat pumps are becoming more 

common. The increasing number of building specific heating 

can lead to double infrastructure. 

Threat of 

entry 

Smaller companies 

look for experience 

from larger players 

Smaller district heating companies expect bigger to gather 

experience that they can learn from. 

Solution providers New players optimising heating are entering the market. 

These players see district heating as one of many possible so-

lutions 

Number of third-

party heat suppliers 

can increase 

New competitors can buy their way into the market, but own-

ers do not want to sell 

Bargaining 

power of 

buyers 

Strengthening role of 

customers 

Customers are starting to require more, especially related to 

environmental questions. However, this is dependent on lo-

cation, residents in larger cities value environmental ques-

tions more. As a result, customers have started to look for 

other heating option, such as ground source heat pumps. Dis-

trict heating companies have started to offer these solutions 

to not lose the customers.  
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Force What? Comment 

Bargaining 

power of 

buyers 

Industry customers’ 

ambitious goals 

Industrial customers have ambitious goals to decrease emis-

sions. As a common heat provider, district heating compa-

nies must decrease the emissions of heating to keep these in-

dustrial customers. 

High price sensitivity District heating companies cannot increase their prices on 

heating because it is an important criterion when choosing 

the source of heating. However, high EUA prices forces new 

investments quickly. Biomass has politically zero emissions 

and lowest risk and therefore, most investments now are bi-

omass. 

Bargaining 

power of 

suppliers 

Low carbon technol-

ogy 

Many low carbon technology suppliers are small and may not 

be able to promise the security of supply required by district 

heating companies.  

Biomass District heating companies are increasing their dependence 

on biomass. However, the definition can change or get 

stricter. Too high dependence on biomass can increase its 

price.  

Financing Energy companies get loan easily, but financers are not driv-

ers of climate neutrality. 

 

District heating includes both the network and the heat production. In Finland, these are 

not disconnected from each other, as is common practice with electricity and gas since the 

beginning of 2020. However, comparing district heating with electricity is difficult, as the 

forms of energy behave very differently. Therefore, both heat production and the network 

will be considered throughout the results, but most emphasis is on heat production. In gen-

eral, the existing district heating networks give their owners huge potential to utilise waste 

heat, biomass and offer flexibility to the electricity grid, in other words, promote sector in-

tegration. The largest renewal pressure is on the heat production itself as the emissions are 

mostly caused there. The district heating networks are also in good condition without large 

investment deficiencies (Roti 2019). In addition, as developer 1 also mentioned, district 

heating is only a way of distributing heat and the production can change remarkably. Only 

the quality standards for the energy carrier, water in Finland, are agreed upon (Finnish En-

ergy 2017).  

The next five chapters are the Porter’s five forces framework based on analysed data from 

the interviews. The parts of the framework are analysed widely to include all the important 

parts of the interviews. The order is rivalry among existing competitors, threat of substitutes, 

threat of entry, bargaining power of buyers and bargaining power of suppliers. The forces 

are given numbers in Figure 10. 

 

6.1.1 Rivalry among existing competitors 
The first force, rivalry among existing competitors looks at the maturity of the market in 

question, the number of players, market growth, product differentiation, cost structure and 

exit barriers. In addition, as the framework in this case is used to track drivers of change, 

the definition of the forces is widened. This includes discussing the possible role of district 

heating in the future and the effect of history on business today in the force on the rivalry 

among existing competitors.  
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The number of district heating companies are high, everyone with their own geographical 

market and the market growth is dependent on the construction of new buildings. However, 

energy use is expected to stay stable due to increased energy efficiency and increased average 

temperatures due to climate change. The geographical location of the network sets the future 

possibilities of a particular district heating company. Nowadays, the heating can be chosen 

freely and heat as a product lacks differentiation. However, switching costs can be high with 

disconnection charges and investment in new heat production. Heating seems like an indus-

try that should have high competition, because of lack of differentiation and slow market 

growth. This is the case for electricity, where successful electricity sellers require economies 

of scale to succeed. However, competition is low, and new district heating networks are not 

expected. The threat comes from other heating solutions or possibly third-party heat suppli-

ers. 

The interviews discussed many low carbon technologies and developer 1 said that they 

could be divided into two categories: ones that fit into today’s network and another that re-

quires large changes in the traditional district heating model. The first include, for example, 

SMR’s, heat pumps and biomass. These are dependent on technology development and will 

be implementable in the network once they are available. However, the second group in-

cludes, for example, distributed heat production and lower water temperatures in the dis-

trict heating network. The implementation of these would require a change in the district 

heating companies’ business models and therefore, it is more difficult. This could be a con-

sequence of path dependency. 

The district heating industry is changing. Pressure towards change comes from customers 

and the climate neutrality goals of countries, municipalities, and the energy companies. The 

energy companies seem to still be in waiting mode. Energy company 4 even said that they 

have waited for a silver bullet for a decade, but nothing has arrived. The district heating 

companies must understand to a wider extent that competition is getting tighter and that 

the time for change is now. In addition, new competitors are entering the market. These new 

players are used to competition from the start and are ready to answer the ambitious climate 

goals. 

The interviewees discussed that peat has become more expensive at its use is decreasing 

faster than expected. This puts high pressure on companies that still have high shares of 

peat. Other fossil fuels have already decreased rapidly or have a clearly stated path to end 

use. The pressure especially comes from increasing EU ETS price. Energy company 4 said 

that the effect of EU ETS has decreased as emissions have decreased. Energy company 3 said 

that high EU ETS prices have made plants unprofitable and energy company 1 mentioned 

that EU ETS sets constraints on business. 

District heating networks are not a way to produce heat, but a way to distribute it. This 

was mentioned by developer 1. The networks already exist and therefore, it is efficient to 

continue to use them, but radically cut emissions. However, urbanisation causes many areas 

with district heating to have decreasing population. Consequently, investments into new 

heat production can be difficult. High exit costs make it difficult to deal with networks in 

small towns with decreasing population. Consultant 3 mentioned that modular solutions 

could solve these problems, especially if they are re-sellable. This could also be a considera-

ble solution for the utilisation of waste heat and decrease the risk of industry decommission.  

Heat is a necessity. Buildings have been connected to the network and district heating 

companies have thought that they will stay forever. The number of customers is important, 

as the fixed costs are high. Now, customers are demanding more and the role of price 
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decreases for younger customers (Finnish Energy 2020a). For example, developer 3 dis-

cussed industry doing rapid emission cuts and energy company 4 was worried about wide-

spread investments in heat pumps. In addition, developer 1 and energy company 4 men-

tioned that decommissioning the district heating networks would be very inefficient. 

They discussed their competitive price and security of supply as variables really appreci-

ated by their customers. However, they are not ready to take risks that could change their 

competitive edge in these questions. I got the feeling that this competitive edge is preventing 

the work of building a new competitive edge in environmental questions. In addition, these 

factors are very primitive and today, customers expect more (Innolink 2020). District heat-

ing companies could, for example, emphasise that its heat is easy. The customers can rely on 

the company taking care of the hardware and maintenance and offer heat related services. 

However, district heating companies must make clear what is included in the price. The dif-

ference is remarkable to heat pumps, where the customer owns the hardware too. In addi-

tion, this would move the district heating companies towards more customer centric busi-

ness. 

The district heating companies have a dominant market position in their geographical 

area. This gives them power over the market, which is limited through terms for dominant 

market share holders. The hardware required is extensive, which locks in district heating 

customers. As a result, the district heating companies are not used to competition. District 

heating networks are highly local infrastructure and therefore, the rivalry between district 

heating companies are low or non-existent. For example, traditionally municipalities could 

decide to force buildings to connect to the district heating network. This legislation had been 

cancelled and today, as consultant 3 mentioned, nothing prevents district heating compa-

nies from competing. On the other hand, building double infrastructure for distributing the 

district heat would be inefficient use of resources. Similar inefficiency would occur through 

building individual heat pumps and put even larger pressure on the electricity grid. As a 

reminder, everyone does not live in an area with district heating networks and these need 

other solutions. 

Security of supply came up in the interviews as the underlying reason for slow invest-

ments. Flexibility in the distribution network could allow implementing newer technology 

with uncertainty related to security of supply. This would be a temporary flexibility, as ex-

perience would decrease the uncertainty related to this issue. However, all district heating 

networks must have reserve production. This reserve production should fill in, if a pilot pro-

ject of new technology would fail to produce the required power. However, the backup seems 

not to be enough security for implementing pilot projects. There seem to be a solution for 

this problem, but it is not in use. The reserve production often has a high variable cost and 

therefore, this would decrease the economic viability of the whole district heating produc-

tion. It seems that the risk is too high for the district heating companies to carry alone and 

financers are reluctant to share the risk of pilot projects. Here, the society should build a 

system that decreases the risk on individual district heating companies. 

District heating customers feel passive and like they are not participating in the cut of 

emissions. However, as the pressure from customers grow towards emission cuts, they also 

want to feel like they do something. This could help telling a story about district heating and 

make it easier to understand the benefits of being connected to the network. In addition, 

industry relying on district heating must ensure that they can reach their ambitious goals by 

remaining in the district heating network. Otherwise, they must make their own invest-

ments. 
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District heating companies often do not communicate about their ambitious goals and 

achievements. Energy company 4 mentioned that they improved communication to the city 

residents and the understanding of district heating increased. Of course, it is just a one-time 

incident, but shows hopeful results that should drive improvement. One possible tool for 

this is the low carbon roadmaps. Most companies, cities and industries have done them al-

ready or are in progress. Some do not really know what to do with the roadmaps. Internally, 

they might mean directing investments towards lower emissions, but externally it could even 

more strongly be used as a communication tool. 

 

6.1.2 Threat of substitutes 
The heat pumps take us to the second topic, which is the threat of substitutes. For district 

heating companies, this is the largest threat that could decrease the number of customers. 

The share of ground source heat pumps in new buildings is a little above 20%, a remarkable 

change in ten years (Finnish Energy 2020b). In 2009, the share was below 10%. This is 

where most of the market growth potential comes to different heating solutions. Based on 

the numbers, district heating companies are already losing share of customers. 

The energy companies and consultants were worried about double infrastructure, refer-

ring to a widespread implementation of building specific heating solutions in areas with dis-

trict heating access. However, the full potential of district heating is not utilised. For exam-

ple, energy company 4 mentioned, that they have been waiting for around ten years for the 

silver bullet technology without a result together with the comment that it will probably 

never exist. Simultaneously, the company still seems to be in waiting mode. The same ap-

plies for all interviewed energy companies and probably for many of the other district heat-

ing companies. 

The substitutes have found a market position from emission cuts. They can tell a story 

about the emission decrease and taking action. This threat is large and clearly worries energy 

companies and consultants. The topic was brought up several times during many of the in-

terviews. However, implemented investments in a large network would make decommis-

sioning inefficient use of resources. Therefore, the technology is advocated for and it is a 

good way to use waste heat. However, the developers talked about inefficient companies and 

unfear competition. The removal of the natural monopoly label would equalise the compe-

tition, but probably make the position of district heating companies even harder.  

 

6.1.3 Threat of entry 
The threat of entry is affected by six major sources (Michael E. Porter 1979): economies of 

scale, product differentiation, capital requirements, cost disadvantages independent of size, 

access to distribution channels and government policy. The overall threat of entry in district 

heating is low. However, it differs depending on how you look at the business, because of the 

combination of heat production and network maintenance. All the district heating networks 

have terms for third party heat supply. This is one of the factors regulated by dominant mar-

ket position regulation. Therefore, entry to the market as a heat producer is possible and 

construction of new networks is not forbidden. However, building an additional network 

would be inefficient. Largest pressure comes from new players, who optimises the heating 

solution for their customer and district heating is just one of the possible solutions. 

Economies of scale in district heating is evident. The same signal came from the inter-

views with the energy companies. All of them looked at the larger district heating companies 

in Finland for experience from newer technology. These larger companies have remarkably 
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larger number of customers sharing the fixed costs, which allows more pilot projects. Also, 

capital requirements are high, which also makes it more difficult for smaller players. The 

smaller players are often in areas with decreasing population, which makes the capital re-

quirements more difficult. On the other hand, R&D investments are low throughout the in-

dustry. Inspecting only similar competitors may make it difficult to upkeep the large market 

share. Industry division is partially outdated (Barry Libert, Megan Beck et al. 2016) and push 

towards the wrong decision regarding the competitive edge on the market. 

New entrants can buy their way into an industry and also, increase market share through 

mergers. However, developer 2 said that municipalities do not want to sell. On the other 

hand, Fortum sold its networks in Järvenpää (Fortum Oyj 2020a) and Joensuu (Fortum Oyj 

2020b) in 2020. The market structure strongly resembles a natural monopoly. Existing 

companies do have a large benefit, as heating investments are long-term. However, the prod-

uct is not differentiated. All the players seem to be selling high security of supply and low 

price. On the other hand, the national statistics on district heating prices is rising and make 

it seem that all prices are rising. However, the low price is threatened by even cheaper heat 

pumps. 

The threat of entry is kept high due to the high initial investment in district heating net-

works. However, on the other five factors, the threat of entry is low. Therefore, district heat-

ing companies should widen its understanding of competition. New networks are improba-

ble, but new ways of producing heat are not. Security of supply and price will not be enough 

for customers.  

 

6.1.4 Bargaining power of buyers 
District heating is used by a wide variety of customers. Out of these, the industry uses a large 

share of the energy, but are fewer in number, and private house are a bigger group, but use 

less energy. In addition, housing company are a special group of customers, where the final 

user is different from the customers. Heat is often compared to electricity and seen as a ne-

cessity. Customers are becoming more aware of their emissions and requires quick action. 

However, both energy companies and consultants mentioned that this development is more 

visible in the capital area of Finland than elsewhere in the country. 

The product is undifferentiated and therefore, it is easy to invest in other heat production 

technology. For the customers, district heating is just one of many ways to produce heat. As 

the developers 2 and 3 said, for them too, district heating solutions are just one of many 

possible solutions. District heating companies should take the stand as a heat production 

technology that is easy and worry-free. The customers do not own the hardware, which 

means that maintenance is the responsibility of the district heating company. The target 

should be customers that want heating to just work, without needing to worry about it them-

selves. This direction would require district heating companies to commit to customer ser-

vice and understand what is required to offer the worry-free heating and simultaneously 

upkeep high security of supply and low price and continue cutting emissions. The task is not 

easy, but strategical planning and understanding customers will be vital or market share 

decreases. In addition, the new technology for heat production makes it easier for industry 

to integrate backward and make heat a part of their process. This becomes easier with the 

increasing role of circular economy and use of waste heat. 
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6.1.5 Bargaining power of suppliers  
District heating companies have a large range of suppliers, the main ones being operation 

and maintenance, fuel suppliers, technology suppliers, expert services, financing, and in-

dustry to some extent. All of these are important when considering the competitiveness of 

the field, but the interviews discussed mainly technology suppliers, expert services, financ-

ing and the offering of waste heat. Low-carbon fuels were discussed, but not the involved 

supply chains. The discussed topics are also most closely related to a change toward low 

carbon technology. 

Traditionally, district heating companies have dominated urban areas and supplier had 

to do business with them. Their power over suppliers was high. However, buildings are not 

forced to join the district heating networks anymore, as discussed in chapter 2.2. They are 

competing with building specific solutions, such as heat pumps, which are quickly gaining 

market share. This allows suppliers to more freely do building specific solutions and the 

district heating companies power over their suppliers have decreased. 

Industrial customers are becoming more active customers or even prosumers as they start 

selling heat to the district heating network. However, the terms are set by district heating 

companies, which means that third party suppliers do not have bargaining power. This is 

understandable as the heat in the district heating network must fulfil a specific standard. 

The district heating company must treat everyone equally, because of their market domi-

nance. The search for waste heat is intensifying and its exhaustion should be a win-win-win 

situation, so an opportunity for the industry too. This relates to the fact that industry does 

not evaluate their business based on use of their waste heat. This is a risk for district heating 

companies and decrease the willingness of exploiting said waste heat streams.  

Finance providers can also be seen as suppliers and are important as without financiers 

investing would be difficult. Both the energy companies and finance institutions said that in 

general, district heating projects get loans easily. Energy companies are considered stable 

and therefore, the fulfilment of green bond criteria is not a must for low interest rates. Fi-

nancing is not pushed to be the forerunner in green investments, because of the large supply 

of money. Green bonds have a high demand and therefore, their profit margin is low. The 

interviewed financiers both said that they either take the taxonomy as it comes from the EU 

or then they allow a very low risk. However, the high liquidity on the market makes it diffi-

cult to prevent projects with good revenue potential to get an investment even without high 

green values. 

The same result is backed up by the investment enquiry done by the Confederation of 

Finnish Industries (2020). The ongoing covid19-pandemic can have had an impact on this. 

For example, covid-19 recovery money is distributed to low carbon investments. However, 

this money will be spent during a short period of time. The question is, where will the recov-

ery come from after 2025. More private money is needed to reach climate neutrality.  

The strongest forces are bargaining power of customers and threat of new entrants. Es-

pecially industrial customers are cutting their emissions remarkably fast. Consumers are 

becoming aware of their emissions and want to mitigate climate change too. This is depend-

ent on the geographical location and is mostly visible in the capital area. New entrants are 

gaining market share, as is discussed in chapter 2.1 The pressure from customers and threat 

of substitutes should drive to new investments in low carbon technology. It is the only way 

to upkeep competitiveness. However, the pace of investments in low carbon technology has 

continued slowly. The next chapter will introduce a SWOT-matrix based on this five forces 

framework and suggest solutions to fasten low carbon investments. 
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6.2 SWOT-analysis 
This chapter suggests solutions for speeding up the low carbon investments in district heat-

ing. The goal is to clearly pinpoint the obstacles district heating companies are facing and 

try to understand how different stakeholders can help. This will be presented with the help 

of a SWOT-matrix. The SWOT will be written from the perspective of a generalised district 

heating company in Finland striving to implement low carbon technology. The goal is to 

highlight the strengths and opportunities of Finnish district heating companies, areas which 

should be secured also in the future, and weaknesses and threats, which lay in front of a 

continued success of Finnish district heating. The analysis is continued work on findings 

from chapter 6.1 from the data gathered from the interviews. The SWOT-matrix is shown in 

Table 3. 

The SWOT-matrix is planned to be an integrative strategic framework (Bell, Rochford 

2016). The goal is to understand the surrounding environment and its changes, but also to 

compare it with the internal resources. The analysis made based on the Porter’s five forces 

framework in chapter 6.1 help especially with the external factors but helps with understand-

ing which internal factors should be valued and are needed in that market environment. It 

is also important to remember that an opportunity arising from the external market can be 

grasped only if internal resources allow. As the heating market is changing, this approach 

can hopefully grasp the possibilities of internal factors and their applicability to the external 

market.  

 

Table 3. SWOT-matrix from the perspective of a generalised district heating company in 
Finland implementing low carbon technology. 

 Positive Negative 

In
tern

a
l 

Strengths 

- Long expertise 

- Large district heating network 

and no investment deficiencies 

- Large market share 

- Good access to finance 

- Historically good customer sat-
isfaction 

- Easy choice to customers 

Weaknesses 

- Slow reaction to changes, including cus-

tomer demand and increasing competitive-

ness 

- Lack of innovative business mind 

- High trust in biomass 

- Path dependency 

- Communication of achievements 

E
x

tern
a

l 

Opportunities 

- New technology development 

- decreasing dependence on fuels 

- Advancement of sector integra-

tion 

Threats 

- New players 

- Increased dependency on electricity 

- Political outlook 

 

6.2.1 Strengths 
District heating companies in Finland have existed for a long time and have gathered exper-

tise from many decades. This should definitely be seen as a strength. In addition, district 

heating has a market share of 46% and has the dominant market position. The existing dis-

trict heating network is exhaustive and have low maintenance backlog. Therefore, resources 

can be allocated for implementation of low carbon technology. Historically, customer 
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satisfaction has also been high. This has made district heating companies into stable com-

panies, which makes access to finance easy. 

The starting point for change is good. District heating companies have experience over a 

long period of time, the networks are in good condition and the companies are financially 

stable. In addition, it is important to remember that district heating emissions have already 

decreased remarkably. The resources seem good for change, but the generally low R&D 

budgets speak differently. Changing from one traditionally good way of doing, i.e. burning 

fossil fuels, to low carbon, mostly electricity based heating requires change in all areas and 

is therefore difficult. This is a symptom of path dependency, which is discussed in weak-

nesses. 

As discussed before, district heating companies do not directly compete. This open pos-

sibilities for cooperation and gathering knowledge in joint projects. This was mentioned in 

many of the interviews and could be an important development. Many of the district heating 

companies are small and do not have resources for pilot projects. Joint pilot projects would 

also gather experience to a wider range of organisation and therefore, speed up the process 

of low carbon technology investments. However, the dominant market position means mar-

ket regulators are watching carefully. This could be a problem, but it was not mentioned in 

the interviews. 

The list of strengths seems short, but it can be a consequence of the structure of inter-

views. The interviews focused on obstacles and tried to identify those. Therefore, there was 

no time to discuss the strengths. This can be a topic for further research because the 

strengths are the areas a company’s competitiveness can be built on. However, these are 

often company specific and requires internal strategic work. The current position of district 

heating in Finland is described in chapters 2.1 and 2.2. 

 

6.2.2 Weaknesses 
The district heating market has opened up (described in more detail in chapter 2.2) and 

buildings cannot be forced to join the district heating network anymore. This has allowed 

substitutes to enter the market and competition has increased. District heating companies 

have not adapted to a competitive market and therefore, react slowly to changes. On the 

other hand, the interviews showed that energy companies are aware of the required changes 

and seem willing to implement new technology. However, they seem to be waiting for a sil-

ver-bullet and someone else gathering experience from developing technology. This slows 

down the change and in a worst-case scenario, district heating loses its competitiveness. 

District heating has monopolistic features which have not prepared for a competitive 

market. Radical innovation is crucial for businesses to stay alive and grow, without it, even 

large firms can fail. However, large firms are unlikely to introduce radical innovations even 

if they would have the resources (Chandy, Tellis 2000). This seems to be the case in district 

heating companies in Finland. The statement is backed up by low R&D budgets in district 

heating companies. As discussed in chapter 3.3, the size of R&D activities has a positive ef-

fect on radical innovation (Tellis, Prabhu et al. 2009).  The lack of innovative business mind 

will become a larger problem as the threat of new entrants grow. In addition, as discussed 

in chapter 3.4, innovation will contribute to almost 35% of emission reductions worldwide 

by 2070. Therefore, both competitiveness and emission reduction require stable investment 

in R&D. Several technologies should be piloted, because it is still impossible to know which 

one will become widely available and their applicability to different district heating net-

works. 
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Now, most of the low carbon technology in use is biomass and the carbon neutrality 

roadmaps rely on the definition of biomass staying carbon neutral. The use of biomass is 

expected to increase until 2035 and then remain stable (AFRY 2020b). The same report is 

concerned over the price of biomass and the willingness to invest in CHP due to low electric-

ity prices. However, high dependence on one fuel increases risk of availability questions. On 

the other hand, the technology is mature, and biomass can act as energy storage. The use of 

biomass in energy production includes a lot of questions and many of them are dependent 

on the political development. 

District heating has some path dependency. Vadén, Majava et al. (2019) discusses path 

dependency and the green paradox in Helsinki district heating. That network has been built 

around cogeneration and have a very high promise of security of supply. In addition, the 

article mentions the expectations of high return on shares from shareholders. The green 

paradox arises when moving from coal to biomass with the goal to decrease emissions. Bio-

mass has emissions too but are counted as zero through the regrowth of that biomass. How-

ever, biomass is the most mature technology available as replacement. The described sce-

nario applies to other district heating networks too, because the starting point has been the 

same with large amounts of CHP and wide movements from coal to biomass is visible, for 

example in Figure 1Figure 2 in chapter 2.1. Also, the requirements mentioned, security of 

supply and return on shares, were discussed in the interviews as topics that cannot be 

changed. However, Vadén, Majava et al. discusses that lowering the expected standard from 

these two variables could help decreasing emissions. The same has arisen in this thesis, 

through requiring higher R&D investments, which are out of the same profit as dividends. 

District heating companies have made roadmaps to their climate neutrality goals, cut 

their emissions, and invested in new technology. However, the companies have not commu-

nicated about their achievements or plans. This came up in the interviews too. Developer 3 

said that industry players are unaware of district heating companies’ goals and therefore 

look for their own investments. Energy company 4 mentioned that communication through 

the local newspaper had generated results. Previously, the monopolistic features of district 

heating have decreased the need for communications. Now, it will grow in importance to 

keep and gain customers. It is a tool that help to show the level of ambition in the energy 

companies. 

The required communication can be divided into three categories: external communica-

tion to customers and regulators, and internal communication to get the organisation on 

board the large, required change. The customers should be in focus. Communication should 

tell the customers how the business is changing, in this case especially referring to decreas-

ing emissions, but also digitalisation and new services. In addition, the communication 

should work the other way too. The company must listen to the customer, listen to feedback 

and change accordingly, if necessary. The second external communication target is regula-

tors. The interviews highlighted market-based heating and technology neutrality in regula-

tions. The statistics on district heating emissions, Figure 3 in chapter 2.1, show that in Fin-

land, moving toward more market-based regulation has worked. 

The third communication category is internal communication and differs from the other 

two. Moving from burning fuels in centralised heating plants to mostly electricity-based heat 

production requires changes in resources, knowledge, optimisation and so on. Knowledge 

was discussed in the interviews and energy company 4 said that Finland has good education 

and finding employees should not become a problem. However, the consultants working on 

these topics are few and difficult to find. The consultants discussed their responsibility with 
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understanding developing technologies in their interviews and wondered if they are too con-

servative with their estimations. Consultant 2 said that now their estimates seem to be com-

parable with real development. He also mentioned that technology has developed quite 

slowly. 

 

6.2.3 Opportunities 
The rapid change toward climate neutrality creates opportunities too. For example, new 

heating technology is entering the market and its implementation decreases the dependence 

on imported fuels. The development of technology is difficult to forecast and therefore, many 

should be developed simultaneously. This point is even further emphasised by the fact that 

all district heating networks are different based on their geographical location and available, 

exploitable energy sources. This is an important point when considering any district heating 

related questions. Everything cannot be done case by case, but then again generalised dis-

cussions do not apply everywhere.  

Most low carbon technology use electricity, which decreases the reliance on fuel suppli-

ers. The increase in electricity use is assumed in the energy industry’s roadmap (Ener-

giateollisuus 2020) to climate neutrality too. All fossil fuels used today are imported and 

therefore, a decrease in their use decrease the reliance on Russia and other fossil fuel ex-

porters. However, biomass is often domestic, but increasing demand can increase prices, 

give the suppliers bargaining power and force to import biomass. Biomass is also planned to 

be a substitute for other fossil fuel-based products, such as fabrics and plastics. This can lead 

to supply problems. In addition, the sustainability of remarkably increasing biomass is ques-

tionable. Also, burning always has emissions and therefore, energy based on burning should 

be decreased overall. The dependence on electricity requires a reliable electricity grid, which 

Finland has. For example, Finland has only one electricity price area because transmission 

is not a bottleneck. 

One opportunity for future heat production is the development of sector integration. The 

term is relatively new and even unknown, but the European Commission (2020f) released a 

strategy on the topic in June 2020 with the name “Energy System Integration Strategy” aim-

ing to link different energy carriers (electricity, gas, heat, cold, solid and liquid fuels). This 

was also discussed in some of the interviews, for example consultant 4 mentioned the pos-

sibility of circular economy between energy and water companies, and developer 1 discussed 

flexibility district heating networks can offer to electricity grids. However, proceeding of sec-

tor integration requires win-win situations, which means that both parties must gain from 

the integration. For example, the use of waste heat is highly dependent on the future of its 

source. However, industry players will not make their continuing decisions based on the use 

of their waste heat. 

Economic outlook is uncertain, but the forecast for Finland is around 2.2% in 2021 and 

2.5% in 2022, driven mostly by household consumption (Bank of Finland 2021). However, 

the same prognosis forecasts slow investments and net exports will not remarkably push 

growth. At the same time, Confederation of Finnish Industries investigated planned invest-

ments, which are predicted to grow by 9% in 2021 compared to 2020. In the energy industry, 

the growth is set at 33% to 2.2 billion €, but these forecasts are more uncertain than usually 

(Confederation of Finnish Industries 2021). The economic outlook is positive, but the high 

level of uncertainty makes it difficult to be certain. However, interest rates are staying low 

and EU and individual countries have large stimulating packages that aim at re-starting the 

economy and build a climate neutral continent. Both should favour the energy industry. 
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6.2.4 Threats 
New entrants were discussed as a threat, especially in the interviews with the energy com-

panies. However, more competition should drive for faster development in a company. This 

may not be seen in district heating companies because of lack of innovative business mind-

set. The lack of experience of a competitive market can lead to bad investments, which then 

increase prices and customers disconnect from the networks. Increasing competition also 

decreases the possibilities for flexibility. For example, district heating pricing cannot exceed 

the price of its substitutes. However, comparison is difficult because the business models 

differ. 

Increasing use of electricity can have the same threats as fossil fuels, increasing prices, 

volatile prices and increased dependence on import. However, the Finnish electricity pro-

duction is increasing, which leads to decreasing imports, and prices have remained low for 

a long period of time. However, AFRY (2020b) forecasts an increase in electricity prices. The 

use of electricity on a large-scale is new for district heating companies and therefore, they 

may not have the internal resources to handle the topic. Electrification is a trend on the road 

to climate neutrality and therefore, district heating companies should invest resources in the 

area. This is one threat can be turned into an opportunity. 

One theme that reoccurs often in talks with energy companies is the wishes for long per-

spective politics. However, the political outlook changes with the elections and long-term 

planning may be difficult. Solving this problem is difficult or even impossible. However, it is 

important to remember that starting to talk about possible monetary incentives to some type 

of production (e.g. wind power in the past) stops all development of that particular technol-

ogy. Direct monetary incentives to constructing particular technology was frowned upon in 

the interviews but help to pilot projects and gathering experience were given as a possibility. 

 

6.3 Solutions 
This chapter gathers all the solutions based on the interview analysis. All of them arose from 

the SWOT-analysis. The solutions are assigned who can improve the area and then the sug-

gested solution is explained. All the solutions and the ones able to improve the area are gath-

ered in Table 4. The solutions and their impact are in line with the district heating strategy 

made in cooperation between Finnish Energy and the companies in the field. Together they 

can bring a stronger message and it means that the results are in line with the companies 

themselves. 

Overall, the findings in this thesis are recognized to some degree among district heating 

companies already. For example, the district heating strategy discusses similar topics. How-

ever, this thesis described the situation wider to regulators to help them proceed with regu-

lations that help the industry progress. The strategy is aimed at the industry itself. The wider 

perspective of the thesis emphasises the strengths too, to show that the starting point for 

district heating is good. Now, district heating companies are replacing fossil fuels with bio-

mass. The possibility of biomass’ definition changing away from renewable, energy compa-

nies can phase the same problems as now with peat. However, the results show that even if 

the starting point is good, there is a long way to widely implement low carbon technology. 
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Table 4. Solution suggestions for speeding up the implementation of low carbon technology. 
Who? What? 

Energy company, Finnish En-

ergy 

Communicate clearly about low carbon achievements. The com-

munication has three target groups: customers, regulators and 

employees. 

Regulators Incentive for innovation.  

Energy companies Increase R&D budget 

Energy companies, Finnish 

Energy, regulators, research-

ers 

Start cooperative pilot projects 

 

The easy solutions to decrease emissions in district heating are already implemented. How-

ever, as already discussed, these solutions have decreased emissions. District heating com-

panies have not sufficiently communicated about their achievements. As discussed in chap-

ter 6.2.2 Weaknesses, further communication with three target groups is needed. These tar-

get groups are customers, regulators and employees. All require different forms of commu-

nication, for example, customers should be aware of decreasing emissions and climate goals 

to be able to plan accordingly. Regulators should know what works and what requires 

changes. Internally, employees should be aware of the change and given opportunities to 

develop their knowledge if necessary. No one should be left behind. 

One important theme throughout the interviews and analysis was the lack of an innova-

tive mindset. Now, district heating companies lack incentives for low carbon technology im-

plementation. It arises partially from traditionally long aged customers, but also lack of 

other external incentives. Internally, district heating companies should increase their R&D 

budgets. Innovation highly correlates with R&D spending. In addition, pilot projects are 

needed to gather experience. However, as district heating companies are mostly local, eve-

ryone doing their own pilots would be inefficient. A cooperative model for pilot projects is 

needed. Even these may be difficult to implement, as smaller players do not have resources 

for cooperation or pilot projects. 

The list of concrete solutions is short, but efforts in innovation, R&D and pilot projects 

will help to make weaknesses and threats into strengths and opportunities. For example, 

sector integration is seen as an opportunity, but the increasing dependence of electricity 

markets as a threat. Electricity-based heat production is one type of sector integration, but 

a new area for the district heating industry. The effect of the solutions is wide and will help 

many of the weaknesses.  

 

6.4 Limitations and further research 
This study gave a picture of the existing drivers of change in the Finnish heating market and 

concluded the possibilities of the district heating companies to participate in the change. 

However, many of these issues are internal and confidential. Therefore, all of the topics are 

not possible to understand from the viewpoint of Finnish Energy and may require further 

internal strategical work. On the other hand, Finnish Energy is a trusted organisation in the 

energy field, which helped during the interviews in this study. However, market research 

can easily go outside Finnish Energy’s scope, but district heating companies have tradition-

ally expected a lot from Finnish Energy. 

The interviewees from the energy companies were operation oriented, which could 

worsen the picture of the level of customer orientation in the companies. However, the 
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interviewed have experience over a long time, even if their core competence is around the 

energy production. The lack of customer orientation is known at Finnish Energy, so the con-

clusion does not remarkably differ from the long-term experience. In addition, different 

level of prioritisation of this kind of interviews may affect the results. The amount time avail-

ability effected the results is impossible to know, because it is unknown who deprioritised 

this topic. 

The interviews were conducted during the second wave of the covid19-epidemic in Fin-

land. This caused instability in the economy, but energy is a necessity and always demanded. 

However, energy use decreased in 2020, but the pandemic was not the only reason. The 

overall effect of the pandemic on the energy field is still impossible to know. However, the 

topic of speeding up low carbon investments is very current and bound to the outside world. 

Therefore, the increased uncertainty has been kept in mind throughout the report. 

The role of district heating in a climate neutral society seems uncertain, which makes the 

investments in new heat production more uncertain. A clear statement of the possibilities of 

district heating could boost the progress of low carbon investments. However, this requires 

the district heating companies to reduce emissions rapidly. On the other hand, district heat-

ing companies have decreased emissions already, but communication staggers behind. Cus-

tomers, regulators and general public are unaware of the already occurred change. Possibil-

ities to speed up low carbon investments through regulation changes is suggested as one 

area of further research. 

The district heating companies lacks knowledge and resources to push for new technology 

and rapidly reduce emissions. One of the suggested solutions in this report is to increase 

pilot projects. However, many of the Finnish district heating companies are small and with-

out resources for their own pilot projects. Further research could include planning and im-

plementation of a cooperative district heating pilot project. The result could at its best be a 

repeatable model, which could easily increase the knowledge of low carbon technology. In 

addition, the whole heating industry could gain a better understanding of the state of tech-

nology development. The uncertainty of technology development will not decrease without 

gathering knowledge and experience, through for example pilot projects. Further research 

should include specific areas too, such as lower temperature district heating, geothermal 

projects and SMR. These were most often mentioned in the interviews. 

District heating companies prefer the market-based regulation in Finland. It allows com-

panies to implement the solutions best for them. However, low carbon technology has not 

been implemented on a large scale and emission reductions are in a hurry. This thesis gave 

an understanding of the heating market and district heating companies’ position to face the 

changes. Next, research could concentrate on regulation and understand if the market-based 

regulation could be improved to promote low carbon technology. If not, then new regulation 

should be suggested to rapidly cut emissions. Stopping the use of existing networks would 

be inefficient, but continued use should not be allowed with any cost. The responsibility is a 

two-way street, referring to favouring district heating and then district heating companies 

fulfilling their responsibility of cutting emissions. 

District heating emissions have to decrease even faster in the future, otherwise competi-

tiveness will decrease, and customers detach from the network. One interesting topic for 

further research would be to understand what the lack of district heating would mean to 

Finland or the EU. This topic would include resource efficiency, effect on the electricity grid 

and possibilities to reduce emissions. The results could emphasise the importance of net-

works and their disconnection to the current heating production technology. 
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7 Conclusions 
The aim of this thesis was to understand the existing obstacles for faster investments in low 

carbon district heating investments through four research questions. The results are pre-

sented as a heating market analysis, which show how the heating market is changing. The 

first research question asked about investment drivers in district heating companies. The 

drivers for understanding the need for investments came from two main sources: old power 

plants needing replacement or current heat sources becoming too expensive due to climate 

regulations, mainly the EU ETS. One clear change is the increase in EUA price from below 

10 €/tCO2 in 2017 to almost 40€/tCO2 in 2021. The increasing EUA price has been discussed 

many times, but it still seems to become as a surprise to many district heating companies. 

However, emissions have not decreased as fast as for electricity. Hence, it can be asked if 

the EU ETS is enough for district heating to remarkably decrease emissions. District heating 

companies themselves like the market-based regulation, but the liberty to choose the best 

technology comes with the responsibility to live up to the expectations. Until now, emissions 

have been decreased with investments in biomass. Biomass is defined to have zero emis-

sions, even if it releases emissions when burned. Biomass is an easy solution, because the 

technology is mature, and it is easily implementable in the existing system. However, the 

definition as a renewable may change or its price may increase with increasing demand. Both 

outcomes would cause economic pressure on district heating companies highly reliable on 

biomass. 

The second research question wondered about obstacles in low carbon district heating 

investments. No clear obstacles were found in the interviews, but larger, vague parts that do 

not seem to progress. This includes uncertainty related to technology development and lack 

of an innovative mindset. District heating companies have not yet acted to the changing 

competitiveness in the heating market. All these unknown areas must be cut into smaller 

parts, understand the own relationship to them and deliberately design resources to these 

areas. Now, slow progress may occur, and it can speed up remarkably when, for example, 

pilot projects are successful.  

To prevent a continuing race with the increasing prices, heating production must be di-

versified. Biomass can sustainably be a part of the Finnish district heating production, but 

other sources are needed too. The district heating networks are in good condition. Therefore, 

resources could be distributed more toward low carbon technology. This way implementa-

tion of these technologies could be faster. However, district heating companies have been 

waiting for a new technology that could directly replace burning, but none have appeared. 

This emphasises the need for more pilot projects. They should be cooperative to improve the 

efficiency of resource use, and simultaneously gather knowledge to many players. Time is 

running out and therefore, waiting for results from others is not the option anymore. 

District heating companies already do a lot for decreasing their emissions. However, they 

rarely communicate about their progress and plans. Unfortunately, this easily leads to think-

ing that nothing is happening. Communication should target three different groups, regula-

tors, customers and own employees. Communication to regulators should aim at telling the 

pros about a market-based heating market and the required changes to reach climate neu-

trality. Customers want to know that emissions are decreasing, honesty about costs and dis-

trict heating’s pros compared to other heating sources. Internal communication is needed 

to get employees onboard the change. Communication is a tool to show also smaller progress 

and keep customers satisfied. It is the way to show society that district heating can have a 
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large role in a climate neutral society. Without communication about changes, the progress 

is less valuable, because customers and regulators do not know it has happened.  

The third research question looks at overcoming the obstacles and tries to find solutions. 

The easy solutions have already been implemented and now it is time to change with the 

changing market. A good starting point is to increase the R&D budget to increase innova-

tiveness. Decreasing emissions is not an easy task and therefore, it will require more re-

sources. The climate neutrality goal should be the top priority of all decisions to be able to 

reach the ambitious goal in 2035. Positively, the list of strengths in Finnish district heating 

companies is long, which means that district heating companies have a stable ground to start 

improving from. The district heating companies themselves estimate the share of non-burn-

ing technology to increase from 10% to 30% by the beginning of 2030’s. However, the dis-

trict heating companies lack in communication and constructing a story of why district heat-

ing is a part of a climate neutral future society. Ground source heat pumps, the heat source 

quickly gaining market share, manage to do this and gains market share. 

The pressure of climate action can be an opportunity to develop new services. They were 

not mentioned in the interviews, which could be because they were not in focus in the ques-

tions. However, they are offered at least in some networks in Finland. Now, the possibility 

to change the temperature in apartment buildings is limited and that could be a possible 

market. Changing the temperature can decrease energy usage, but also, for example, im-

prove sleep. The question is that does competition law decrease the interest in new services. 

If so, then this topic should be researched and simultaneously, the topic could be understood 

better. Energy services overall are new and do also require time to gain market. 

The fourth research question tries to understand the role of energy companies’ stakehold-

ers in decreasing the emissions of district heating in Finland. This thesis included interviews 

with three different energy company stakeholders. The interviews showed that stakeholders 

have power over the decisions district heating companies do. This seems to be a consequence 

of district heating companies being small players. Therefore, they have problems gaining 

knowledge about new technology, but can offer municipalities dividends. More resources for 

faster progress will most probably remove the possibility to dividends. The question about 

municipality ownership versus faster development should be discussed. However, selling of 

Caruna to international investors and increasing transmission costs may prevent a fact-

based discussion. 

The interviews gave the impression that district heating companies have not yet under-

stood the urgency to cut emissions. Finland’s climate neutrality goal is in only 14 years and 

investments in low carbon technology in district heating must increase. In addition to the 

national goal, the urgency was clearly present in the IPCC report in 2018 and companies 

start to see environmental questions as a must, not something fun to have. Also, financing 

will get more difficult to get, if investments are not green. Unfortunately, if emissions reduc-

tions do not accelerate, district heating can lose its competitiveness. It is too late to reduce 

emissions when customers have invested in alternative heating solutions, because energy 

investments are long-term. 
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 Interview question templates 
All the interviews were in Finnish and therefore, the templates included here are in Finnish. 

Also, the questions often were modified on the go, based on the topics brought up during the 

interviews. 

 

Energy companies 
Aloitetaan ilmastotavoitteista. 

- Voitko kertoa lyhyesti yhtiönne ilmastotavoitteista?  

- Millä perusteilla juuri tähän tavoitteeseen on päädytty? 

 

Jatketaan toiseen teemaan, eli tehtyihin investointeihin. Keskitytään mielellään johonkin 

konkreettiseen investointiprosessiin.  

- Mitkä olivat päätösprosessin askeleet?  

- Oliko joku sidosryhmä tai prosessin osa erityisen haastava?  

- Missä vaiheessa tulit itse mukaan prosessiin?  

- Minkälaisia haasteita tuli vastaan matkanverralla? Miksi? Mikä oli juurisyy?  

o Tekniskaupallisia?  

o Rahoitus?  

o Taloudellinen näkymä?  

o Arkisempia?  

o Muuta?  

o Suunnittelu?  

o Tiedonsaanti?  

o Lupa-asiat?  

- Vastasiko lopputulos odotuksia? 

 

Kolmas teema, tulevat investoinnit. 

- Uskotko, että samat haasteet tulevat vastaan vähähiilisissä tulevaisuuden investoin-

neissa?  

- Tuleeko mieleen muita haasteita, jotka eivät ole aikaisemmissa projekteissa realisoi-

tunut?  

- Sähköverkon kysyntäjoustoon osallistuminen?  

- Lainsäädännöllisiä vaikeuksia?  

- Kuinka iso haaste on saavuttaa asetettu vähähiilisyystavoite? 

 

Consultants 
Miten näet kaukolämmön roolin hiilineutraalissa energiajärjestelmässä? 

Edetäänkö oikeaan suuntaan? 

Miten yhtiöt suhtautuvat ei-polttaviin? 

Pitäisikö tehdä jotain eri tavalla kun nyt? 

Jos poliitikot haluaa edistää isoa ohjelmaa, esim. VTTn vetämänä, niin voisiko tämä pur-

kaa/nopeuttaa vähähiilistymistä? 

- Voidaanko nopeuttaa vähähiilistymistä?  

- Voitteko vaikuttaa energiayhtiöltä tulleisiin toiveisiin?  

o Ovatko yhtiöt avoimia muutokselle? Esim. hajautettu tuotanto 
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Pystyvätkö energiayhtiöt ottamaan uusiin teknologioihin (esim. isot lämpöpumput, 

geolämpö yms.) liittyviä riskejä? 

 

 

Technology developers and researchers 
Miten näet kaukolämmön roolin hiilineutraalissa energiajärjestelmässä? 

Miten voidaan siirtyä hajautettuun tuotantoon? 

Miten näet kaukolämmön kehityksen? 

Miten yritykset saisi tekemään enemmän kokeiluja? 

Pitäisikö tehdä jotain eri tavalla, kun nyt? 

Miten kokeiluja saisi tehtyä? 

 

Financers 
Yhteiskunnassa on käynnissä muutos vähähiilisempään järjestelmään. Ilmastopolitiikka on 

näkyvästi esillä monessa paikassa, myös rahoitusalalla. Voitko kertoa tarkemmin, miten 

tämä muutos näkyy rahoituspäätöksissä? 

Näkyykö kaukolämpö näissä jotenkin erityisesti? 

Biomassaa on paljon, onko se riski? 

Onko rahoitusalasta tulossa isompi muutostekijä, kun mitä se on ollut? 

Minkälaista muutospainetta tulee teidän sijoittajiltanne? 

Mikä on ennenaikaisten alaskirjauksien ongelma? 
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