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Tämän työn tavoitteena on tarkastella, miten eri tekijät ovat vaikuttaneet Suomen 

kaukolämmön tuotannon kasvihuonekaasupäästöihin ja uusiutuvan energialähteiden 

osuuksiin kaukolämmön tuotannossa. Tarkastelussa olevat tekijät ovat aiemmin käytössä 

olleet polttoaineet kaukolämmön tuotannossa, kaukolämpötoiminnan omistajuus, kuntien 

ilmastosopimukset, sekä uuden sukupolven kaukolämpöön liittyvät teknologiat ja 

liiketoimintamallit. Työssä käytetään kvantitatiivista metodia, jossa eri ryhmiin jaoteltujen 

systeemien ominaispäästöjen, kokonaispäästöjen ja uusiutuvan energian osuuksien 

keskiarvoja vertaillaan keskenään. Työn tulosten perusteella arvioidaan, kuinka hyvin 

Suomen kaukolämpö on siirtynyt kohti uusiutuvia energiantuotantomuotoja tähän mennessä 

ja annetaan ehdotuksia, miten kaukolämmön tuotannon kasvihuonekaasupäästöjen 

vähentämistä tulisi jatkaa edelleen. Työn tulosten mukaan kaukolämmön tuotannossa 

aiemmin käytössä olleilla polttoaineilla on vaikutusta myös nykyisiin kaukolämmön 

päästöihin. Lisäksi systeemeissä, joissa paikallinen kunta kuuluu ilmastosopimuksiin, on 

saavutettu suuremmat kaukolämmön päästövähenemät, kuin systeemeissä, joissa ei 

paikallinen kunta ei kuulu ilmastosopimuksiin. Kaukolämmön omistajuuden osalta 

systeemit, jotka ovat paikallisen kunnan tai useiden paikallisten toimijoiden omistuksessa, 

ovat saavuttaneet suurimmat uusiutuvan energian osuudet. Uuden sukupolven teknologioilla 

ja liiketoimintamalleilla ei nähty olevan merkittävää vaikutusta kaukolämmön 

kasvihuonekaasupäästöihin toistaiseksi. Suuret uusiutuvan energian osuudet perustuvat tällä 

hetkellä biomassaan, jätteenpolttoon ja hukkalämmön talteenottoon. Työssä ehdotettiin 

päästöjen vähenemisen jatkamiseksi uusien polttoon perustumattomien teknologioiden 

pilotointia ja käyttöönottoa.  
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The aim of this paper is to examine how different factors have affected the greenhouse gas 

emissions of Finnish district heating production and the shares of renewable energy sources 

in district heating production. Factors under review include fuels used in the past in district 

heating production, ownership of district heating operations, municipal climate agreements, 

and new generation district heating-related technologies and business models. A quantitative 

method is used in this paper, in which the averages of the specific emissions, total emissions 

and renewable energy shares of the systems divided into different groups are compared. 

Based on the results of this paper, an assessment will be made of how well Finland's district 

heating has transitioned towards renewable energy production so far, and suggestions will 

be given on how to further reduce greenhouse gas emissions of district heating production. 

According to the results, fuels used in the past in district heating production have an impact 

on current district heating emissions. In addition, systems in which the municipality is part 

of climate agreements have achieved greater reductions in district heating emissions than in 

municipalities where the municipality is not part of climate agreements. Found results on 

district heating ownership are that systems owned by the local municipality, or by various 

local actors, have achieved the highest shares of renewable energy. The new generation of 

technologies and business models were not seen to have an impact on emissions or 

renewability shares. So far, large shares of renewable energy are based on biomass, waste 

incineration and residual heat recovery. The paper proposes piloting and introduction of new 

non-combustion to further reduce greenhouse gas emissions.
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1 INTRODUCTION 

 

Climate change is one of the largest threats to mankind. The temperature rise of 1,5 °C 

increases the extinction of species, threatens water availability, food production and the 

functionality of ecosystems. The main reason of the climate change we are facing today is 

due to manmade greenhouse gas emissions. Climate change is ceased by reducing these 

greenhouse gas emissions to the air. The most crucial greenhouse gas is carbon dioxide 

(CO2) as it is by far the most emitted greenhouse gas globally. Goals have been set in the 

Paris agreement to cease the global temperature rise to no more than 2 °C from the pre-

industrial times and even further towards 1,5 °C (Finnish Ministry of Environment 2020b). 

Finland as a part of the European Union has committed to the Paris agreement. The European 

Union has agreed to reach carbon neutrality by 2050. More so, the Finnish government stated 

in February 2020, that it will commit to climate actions that will make Finland carbon neutral 

by 2035. (Finnish Ministry of Environment 2020a). Climate change and international 

agreements regarding climate change, as well as political decisions to reach carbon neutrality 

has set the energy systems to a transition phase. The aim is to reach carbon neutrality by 

replacing fossil fuels with renewable, sustainable, and low emission energy sources.  

 

 Background 

  

The largest greenhouse gases emitting sector in Finland is by far the energy sector. Cold 

climate, large area, and long transportation distances, as well as the energy intensive industry 

in Finland require large amounts of energy. The energy sector emits about 73 % of the total 

greenhouse gases in Finland (OSF 2020a). Due to the cold climate in Finland, heating of 

buildings requires a lot of energy. Space heating required approximately 80 TWh of energy 

in 2018 which is about 26% of the total end use of energy in Finland (OSF 2020b). District 

heating is the most common type of heating in Finland. It is widely used especially in urban 

areas of Finland. It has a key role in the whole energy systems of Finland. The supply of 

district heating use in 2018 was 37 TWh, which was approximately 46 % of the total heat 

market share (Finnish energy 2019). A large share of today’s district heating is produced by 

combusting fossil fuels and peat which have large greenhouse gas emissions. Decreasing the 

greenhouse gas emissions of district heating by reducing the share of non-renewable fuels 
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will have a large impact on the total greenhouse gas emissions of Finland. Greenhouse gas 

emissions could also be reduced by replacing fossil fuels with other, lower emission fossil 

fuels. However, this is unsustainable in the long run, as well as against the political decisions 

made to become carbon neutral and fossil free in the upcoming decades. The carbon 

neutrality goals are reached only by replacing all fossil fuels with renewable heat sources.  

 

District heating in Finland has been recognized to need development. New challenges have 

been brought up related to for example decarbonization, increased competition, customers, 

and business models of district heating. (Paiho & Saastamoinen 2018). Large investments 

made in the past by energy companies and municipalities to the district heating systems have 

made the high market status of district heating a significant point of interest to the owners. 

In addition to the high need for renewal of the district heating systems and business 

operations due to increased competition, district heating often covers a significant share of 

the local greenhouse gas emissions within a Finnish municipality. District heating systems 

need renewal also so that strict carbon neutrality goals of Finnish municipalities can be 

reached. The high need of renewal then brings a new challenge: large investments are needed 

to update the district heating networks and heat production technologies towards 100% 

renewable energy production. At the same time, competition within the heating market has 

increased. Yet, new growth potential is available as individual heating solutions such as oil 

heating are phasing out due to high costs and emissions.  

 

 Goal and Scope 

 

The aim of this paper is to seek how have some district heating systems managed to reach 

high greenhouse gas emission reductions and high renewability shares, and what factors and 

tools are the most effective in bringing greenhouse gas emission reductions and high 

renewability shares. The factors considered in this paper were:  

 

- The fuels on which the system was formerly based on, 

- Ownership of the system, 

- Is the local municipality part of climate agreements? 

- Is the system part of future district heating trends? 
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- The size of the system. 

 

Based on the results, general suggestions on how the transition towards renewable 

production should be carried on in the future were made in the conclusion part of this paper. 

This paper only considers greenhouse gas emissions, where the focus is on carbon dioxide 

emissions as it is the most common greenhouse gas. The importance of this research lies in 

the support it gives to local decision making, on what factors may help in decreasing 

greenhouse gas emissions. The paper gives an overall view of how well district heating 

systems are doing in emission reductions and renewability goals. In addition, the results of 

this are on a field of energy markets where municipalities and local companies often have 

control over. 

 

 Structure  

 

In the second chapter of this paper, the introduction of Finnish district heating and cooling 

is presented. This includes the common features of district heating systems, structure of heat 

markets, pricing principles of district heating and a short description of common fuels used 

in district heating.  

 

In the third chapter of this paper the legislation and decision-making related features of 

Finnish district heating are presented. These include ownership types of district heating 

systems in Finland, taxation structure of heat and CHP in Finland, emission trading, and 

preparedness. 

 

In the fourth chapter the trends of global district heating systems, and how are they expected 

to be implemented to Finnish district heating systems. In addition, the development needs of 

district heating in Finland as well as new pilot projects where new technologies and hybrid 

systems are being tested are presented. The possibilities to implement new renewable heat 

production technologies are also presented. The roadmaps towards renewable district heat 

systems in Finland are presented. This chapter was used to structure the empiric part of this 

paper, to find the most crucial features of Finnish district heating systems, that may have an 
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impact on the fuels used today and how can the transition towards renewable fuels be carried 

on.  

 

The fifth chapter of this paper is the empiric part of this paper. The key results of how 

different features of district heating systems and the administrative features of the 

municipalities where the district heat systems are in, are shown in this chapter. In the sixth 

chapter the results from chapter 5 are analysed. The analysis aims to find what features have 

had the most effect on greenhouse gas emissions and renewability share of district heating 

systems and what is the most reasonable way to carry on the energy transformation in the 

future. Conclusions are drawn in chapter seven and suggestions for further research is 

presented. The paper is summarized in the eighth chapter.  
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2 DISTRICT HEATING AND COOLING IN FINLAND 

 

This chapter contains the introduction of district heating and district cooling in Finland. The 

chapter includes how district heating works, and how much district heating is used annually 

and monthly in Finland. The competition related to district heating and the pricing principles 

of district heating in Finland are presented. In addition, the heat sources used, as well as the 

greenhouse gas emissions of district heating in Finland are presented.  

 

 Introduction to District Heating in Finland 

 

District heating is a heating type where heat is produced in a centralized way and distributed 

to customers from the centralized heat plant. District heating is a heating type designed for 

large relatively densely populated areas, such as cities, districts, and urban areas. The term 

district heating considers both heat production, and heat distribution systems. Heat energy is 

produced in power plants or heat stations. Heat is distributed to customers via heat networks. 

The district heating system of today consists of three main parts: heat production plants, 

distribution network, and the customers’ equipment such as the heat exchanger and heat 

meter. Nowadays, most district heating systems use hot water as the heat carrier between 

production plants and customers. The circulation water is first heated in the power plant or 

heat station. Then the hot water is transferred with pumps through the district heat pipeline 

network to the customers. The supply water is between 120 °C - 70 °C depending on seasonal 

the heat demand. The heat is then transferred from the hot water to the customer’s heating 

system or domestic hot water systems such as radiators system or ventilation system with a 

heat exchanger. After the heat has been exchanged to the customers, the cooled heating water 

is circulated back to the power plant for reheating. The cooled return water temperature is 

between 45 °C - 25 °C. (Mäkelä & Tuunanen 2015). 

 

There are four main benefits of district heat as a heating method. These are energy efficiency, 

climate friendliness, economic efficiency, and reliability. The energy efficiency is based on 

combined heat and power production (CHP). The excess heat left after electricity production 

can be utilised as district heat. In traditional power plants steam condensing is done by, for 

example cooling towers or ocean water. In CHP plants, the water is condensed is by heat 
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exchangers, that heat up the circulating water of a district heating grid. This means that the 

heat in the condenser is utilised as district heat instead of wasting the heat to the environment. 

The use of this heat increases the total efficiency of the power plant vastly. Low 

environmental impacts are also based on the utilisation of CHP. High energy efficiency 

means lower fuel demand which leads to lower emissions from combustion plants. Biomass 

can be used as fuel in combustion plants to further lower CO2 emissions. Economic 

efficiency of district heating is based mainly on two factors, the fuels used in large 

combustion plants and energy efficiency. Large combustion plants can use cheap fuels and 

they have a higher efficiency than heating systems for individual buildings. Most of the 

investment expenses are directed to the power plants and distribution network whereas most 

operating costs are directed to fuel expenses. Reliability of district heat is very high in 

Finland. Statistical average of annual interrupted heat distribution time is 1,5-2 hours per 

customer. (Mäkelä & Tuunanen 2015). 

 

District heat demand in Finland varies between months. The coldest winter months have the 

highest heat demands. The heat demand decreases towards the summer. Summertime in 

Finland is warm enough that the demand for district heating becomes very low. Figure 1 

presents the monthly heat demands in Finland between years 2016-2019.  

 

 

Figure 1. Monthly district heat demand in Finland (Finnish Energy 2020b). 
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The district heat demand in the winter can be over five times higher than the district heat 

demand in the summer. The seasonal demand of district heating causes its own challenges 

to heat production. Heat production capacity must be high enough to cover the highest heat 

demands in the winter. At the same time, high-capacity plants with low utilisation rate 

outside the colder winter seasons may be cause challenges in efficiency. 

 

Because of the seasonally changing heat demands of district heat, the solution for district 

heat systems is to contain several heat plants with different capacities in one system. One 

district heating system often consists of one or few main load plants that produces both heat 

and electricity, and several peak load and back up heat stations. Figure 2 presents the 

principle of a district heating system in Finland. (Mäkelä & Tuunanen 2015).  

 

Figure 2. Principle of a district heating system in Finland (Mäkelä & Tuunanen 2015). 

 

1. Main load power plant 

2.  Peak load and backup heat plants 

3. Customer 

 

The main load power plant is designed to produce the main load of the whole system. Their 

time of operation is designed to be as large as possible. The peak load and backup plants are 

smaller than the main plant and cover the heat demand at times of peak load working with 

the main plant, or without the main plant, when the heat demand is lower than the operating 
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power of the large main plant. The heat demand may vary highly between different seasons 

(Figure 1). The load duration curve is an important figure when designing and optimizing 

the production system. Figure 3 presents the principle of load duration curve and the 

operating times of power plants in the system. (Mäkelä & Tuunanen 2015) 

 

 

Figure 3. Principle of load duration curve (modified from Mäkelä & Tuunanen 2015). 

 

1. Main heat plant (CHP) 

2. Peak load and backup plants (heat plants) 

3. Peak load and backup plants (summertime) 

 

Area 1. presents the base load that is provided by the main plant. Area 2. shows the peak 

load times. During peak load times, both peak heat plants and the main plant operate to 

produce heat. Area 3. Shows operation rates during very low heat demands, during 

summertime. When the heat demand is low, only peak load plants, or back up plants are used 

to produce heat. (Mäkelä & Tuunanen 2015).  

 

The optimisation of district heat production is based on optimising the combination of 

different sized power and heat plants. The use of these plants is based on the heat demand, 

price relations of fuels and the distribution capacity of the grid. The aim is to optimize 

production costs and reliability of distribution. Factors affecting the optimization are the 

price of electricity and predicted market situation. In addition, fuel choices in different 

production plants and the price development of fuels affect the use and activation order of 
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power plants in the same grid. Production efficiency also affects optimization. In different 

productions sites, the need for electricity and pumping power varies. In dimensioning of the 

power production sites, the aim is to optimize total production. In addition to the heat 

demand, electricity production as well as possible district cooling are considered. The 

seasonal changes in heat demand must also be considered. Other things that are considered 

are, for example possibilities of residual heat from industry and the future growth 

possibilities of the district heat system. The precise location and power of the full load and 

back up plants is planned as a part of a full district heating system. (Mäkelä & Tuunanen 

2015). 

 

 District Cooling in Finland 

 

District cooling works basically in the same principle as district heating. District cooling 

provides cooled water via a district cooling network, where it is utilized for air cooling. The 

circulation water heats up when it takes heat away from the customer. The heated water is 

then circulated back for cooling. The heat from the customer can be utilized as district heat 

in some cases. Centralized production enables large scale production which gives benefits 

in energy efficiency and costs. Compared to building specific cooling, district cooling is 

more cost- and fuel-efficient. District cooling has other comfort benefits such as lower noise, 

lower maintenance, and smaller space requirements. District cooling is distributed in several 

cities of Finland. District cooling is often provided as a supplementary service of district 

heating companies. Figure 4 shows the development of sales and connected load of district 

cooling in Finland. (Finnish energy 2020a). 
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Figure 4. Sales and connected load of district cooling (Finnish energy 2020c). 

 

The connected load of district cooling has been growing fast in the past two decades. The 

total sold cooling has increased with the increased connected load. The year 2018 was a peak 

year, but the summer of 2018 was hotter than the summer of 2019. Figure 5 shows how 

district cooling is produced in Finland.  

 

 

Figure 5. Production types of district cooling in Finland in 2019 (Finnish energy 2020c). 

 

Most of district cooling was produced by heat pumps in 2019. Heat pumps often produce 

both heat and cooling energy by heating the district heating water and cooling the district 

cooling water in the same process. (Finnish energy 2020a). 
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 Heating Market Competition 

 

There are some differences in the district heating systems and the competition structures of 

the heat markets compared to for example electricity markets. These are due to the legislation 

in Finland, as well as the technological properties of district heating. The district heating 

networks, as well as district heating markets, are closed. This means that the district heating 

is sold and distributed inside one system, and the heat provider is decided by the location of 

the customer. District heat cannot be transferred quickly nor for long distances. District 

heating systems are not connected to each other like electricity networks are. Heat is not sold 

to other heating systems, except in some cases where neighbouring systems are connected. 

For these reasons, the price of district heat cannot be procured the same way as electricity. 

In district heating, the heat can be produced by the heat selling company or by a different 

company. There can be more than one heat producing company, but one company, that takes 

care of heat trading and distribution. There is no competition within one system. There has 

been pilots and discussion about of the opening of district heat markets and networks for 

competition and third-party actors. The technical execution of opening district heat networks 

for competition has been noted to be difficult. (Finnish Energy 2018). 

 

District heating competes against other heating types in the heating market. Other heating 

types are for example electric heating, building specific wood furnaces, heat pumps, or 

boilers. Figure 6. Presents the market shares of different heating types.  

 

 

Figure 6. Market shares of heating types in Finland in 2019 (Finnish energy 2020b). 
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District heating has the largest share of the heating market in Finland with 46% of the whole 

market. Wood, heat pumps, electricity and fuel oil have significant shares as well. District 

heat is the dominating heating type especially in densely populated areas.  

 

There is no separate authority or legislation, that supervises district heating. District heating 

companies are in a dominant market position, which means that they have power over 

decision making related to their business operation. The reasonable pricing of district heat is 

based on competition legislation. (Viljanen et al. 2011).  

 

 Pricing of District Heating 

 

The pricing of district heat consists of the prices offered by the heat operator and tariffs. The 

competition restraints in Finnish legislation oblige, that competition should occur in heat 

operations. District heating operators are in a dominant market position in Finland. However, 

abuse of the dominant market position is illegal in Finland. The dominant marketing position 

requires, that, prices remain reasonable, and in relation with costs; Same types of customers 

are treated equally; Additional services are priced in correlation to costs. In addition, several 

good principles of a good pricing system can be stated. These principles are: 

 

- Cost correlation including all costs of the operation, 

- Tariff structure should be in relation to the cost structure, 

- Competitiveness, 

- Practicality, 

- Simplicity and transparency, 

- Motivating towards energy savings, 

- Indiscriminating against any customers or customer groups, 

- Persistent and predictable.  

 

These good principles are striven for in Finland. The heat use is measured in real estates, 

and fee charges are done according to agreements between customers and the district heating 

company. The pricing of district heat for the customer consists of a connection fee, basic fee, 
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and an energy fee. The energy fee covers the variable costs of the district heat production. 

Variable costs are for example, Fuel purchase, fuel treatment, and fuel storage costs, variable 

maintenance costs, pumping costs, and costs of energy consumption of the power plant. The 

energy fee may cover some of the fixed costs as well. When it occurs, it is due to a too low 

basic fee. According to the matching principle, the energy fee should only cover the share, 

that comes from the variable costs. The basic fee covers the fixed costs of the district heat 

operation. Fixed costs are for example the real estate costs, salary costs, and fixed costs of 

the heat production plant or fixed costs of heat grid. The basic fee is determined by the size 

of the customer’s chargeable water flow. The chargeable water flow is determined from the 

customer’s power demand, and the amount of cooling of the district heating water. The 

connection fee is charged to enable investments to the equipment needed for heat delivery 

to the customer. The price of the connection fee is based on the costs of the pipes, measuring 

equipment, and other costs that occur from the grid connection installations. The energy fee 

is set to a higher level than variable marginals costs. (Mäkelä & Tuunanen 2015).  

 

In general, the size of the district heating systems is the main factor affecting the price of 

district heat. Companies operating in cities may reach lower costs than with operators in 

smaller areas. The differences in prices, however, were found to be small. CHP production 

has a decreasing effect on district heat prices. (Viljanen et al. 2011). 

 

The Finnish competition and consumer authority investigated the possible abuse of the 

dominant market position of district heat companies during the years 2004-2008. The 

profitability was regarded as high in relation to the risks of district heat industry. However, 

no abuse of the dominant marketing position was found. The increase of district prices was 

in line with the increase of costs, and profitability of district heat had not increased with the 

price increases. (Finnish Competition and Consumer Authority 2014). 

 

 Heat Sources Used in District Heating Today 

 

In district heating production, the source of heat can be very flexible. These heat sources 

may be for example combustible fuels, residual heat from industry or waste incineration. 

The most common heat sources today in district heating are various types of combustible 



21 

 

fuels. The share of non-combustible heat sources such as heat pumps geothermal, solar 

thermal have also started to increase in district heating systems of Finland. In combustion 

plants, various fuels can be used either simultaneously or as a single fuel. Some fuels can 

also replace each other. For example, peat, coal, and wood fuels can often be used in a same 

plant and they may also be used to replace each other. District heat can be produced from 

virtually any combustible materials. The possibility of using various fuels in one plant 

enables the price competition of fuels to find the most cost-efficient alternative. Most 

common fuels in Finland are wood fuels, peat, natural gas, and coal. Residual process heat 

from industry is also utilized in Finland. The choice of fuel highly depends on the location 

of the power plant as well as the heating value of the fuel. The costs of the fuel used to be 

the main criteria when choosing the fuel. Nowadays, environmental aspects of fuels have 

become a very important aspect in fuel decisions. This has led to a higher usage of biomass, 

particularly wood fuels, as well as reductions in fossil fuels in the past decades. The aim has 

been to reduce greenhouse gas emissions in heat production as biomass can be considered 

as a carbon neutral fuel. When new district heating areas are introduced, the heat production 

is initiated with transferrable heat stations, that use light oil or natural gas as fuel. When the 

operation is expanded, larger heat stations with various fuel types with lowest possible costs 

and environmental impacts are applied to the heating system. (Mäkelä & Tuunanen 2015). 

Figure 7 shows the shares of fuels used in 2018.  

 

Figure 7. Energy sources in district heating in 2018. (Finnish energy 2019). 
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The most common fuels used in district heating in 2018 were wood based biomass fuels. 

Other common renewable heat source is heat recovery. Fossil fuels such as coal, natural gas 

and peat are common fuels. Fuels can also be categorized as renewable fuels and non-

renewable fuels. Figure 8 presents the values of renewable fuels, non-renewable fuels, non-

renewable fuels and peat, as well as the total amount of produced district heat during 2008-

2018.  

 

 

Figure 8. Produced district heating by fuel category (OSF 2020c). 

 

The total produced district heat has been between 35 and 40 TWh between years 2009 and 

2018. The share of fossil fuels has been steadily decreasing since 2010 and been replaced by 

renewable energy. The total amount of district heat produced with renewable energy has 

more than doubled between 2008 and 2018. The share of renewable fuels was almost as large 

as the share of non-renewables in 2018.  

 

Whereas fuels used in electricity production are exclusive of taxes, fuels used in district 

heating are not. CHP production has some tax expenditures. (OSF 2020d). Figure 9 present 

the prices of fuels commonly used in district heat production. The prices presented are 

inclusive of excise tax, but exclusive of value added tax.  
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Figure 9. Prices of fuels in heat production (OSF 2020d). 

 

Over the course of the whole ten-year period, the price of natural gas has been the highest. 

Hard coal has been the second highest for almost the whole time. Domestic fuels that are 

forest chips and milled peat have been less expensive in district heat production during 2008-

2018. The price domestic fuels have also been much less fluctuating than the imported fossil 

fuels.  

  

2.5.1 Non-Renewable Fuels 

 

Non-renewable fossil fuels are regarded as the main reason for the increasing greenhouse 

gases in the atmosphere, and climate change. Fossil fuels are mainly organic matter that have 

been generated from the decomposition of living organisms during the past millions of years. 

The long time it takes for these compounds to form is the reason why they are regarded as 

non-renewable. 

 

Natural gas mainly consists of methane (CH4), that is delivered via gas pipes from Russia to 

Finland. Natural gas has the least environmental impact of all fossil fuels. Natural gas does 

not contain sulphur or heavy metals. Combusting natural gas practically only emits carbon 

dioxide (CO2). The carbon dioxide emission is also lower than in other fossil fuels. Natural 

gas has a high energy content and losses from the transferring the gas are very low. The use 
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of natural gas is restricted by the limited locations where natural gas is distributed in Finland. 

The construction expenses of the gas distribution pipe, and gas consumption are the main 

factors in evaluating of the utilisation of natural gas. (Mäkelä & Tuunanen 2015). The CO2 

emission factor of natural gas is 55,3 t/TJ and energy content is 36,5 GJ/1000m3 (OSF 

2018a).  

 

Crude oil is a mixture of hundreds of hydrocarbons and impurities. It cannot be used as a 

fuel, but it is used to produce two quite common fuels in energy production: light and heavy 

fuel oil. Light fuel oil is used mainly as peak power and back up heat plants. It is used in 

transferrable heat stations due to its high manoeuvrability and good storability. Light fuel is 

relatively expensive. Heavy crude oil used to be a fuel mainly for large heat stations and 

power plants. The use of heavy oil in Finland has decreased due to its high environmental 

impacts. Nowadays it is still used as a backup fuel because of its good storability. Both fuel 

oils have high greenhouse gas, sulphur dioxide and nitrous oxide emissions. (Mäkelä & 

Tuunanen 2015). The CO2 emission factor of heavy fuel oil is around TJ/t and energy content 

around 41 GJ/t depending on sulphur content. The CO2 emission factor of light fuel oil is 

73,5 t/TJ and energy content is 43 GJ/t. (OSF 2018a). 

 

Coal is a fuel, that can basically only be used in large combustion plants due to today’s 

emission control regulations. It has been used in energy production for a long time since it 

has a high energy content, it is cheap, and highly available. Coal requires large storing areas 

and transportation routes. Coal as a fuel, has high emissions of greenhouse gasses, as well 

as other emissions, such as sulphur dioxide. Powerful emission control equipment is needed 

to clean the flue gases of coal combusting plants. (Mäkelä & Tuunanen 2015). The CO2 

emission factor of coal is 93,2 t/TJ and the energy content of coal is 24,9 GJ/t (OSF 2018a). 

 

Peat is a fuel that is regarded as a slowly renewable fuel. The energy content of peat is highly 

dependent on the moisture content. Peat is mostly used in power plants and large heat 

stations. Peat is produced by digging up swamps and drying the peat material in large planes. 

(Mäkelä, Tuunanen 2015). Peat has a high level of greenhouse gas emissions, as well as 

other emissions to air. Peat is considered as a non-renewable fuel in this paper since the high 

carbon dioxide emission and slow renewability makes it a non-ideal fuel choice from the 
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viewpoint of this paper. The CO2 emission factor of milled peat is 107,6 t/TJ and the energy 

content of peat is 9,8 GJ/t (OSF 2018a). 

 

2.5.2 Renewable Fuels and Heat Sources  

 

Renewable energy sources are energy sources that do not deplete, or which replenish during 

a human life scale. The replacement of fossil fuels with renewable energy sources is the key 

in ceasing climate change.  

 

The most common renewable heat source in Finland is biomass, more particularly forest 

biomass. The forest biomass in energy production is mostly residual wood products from 

either forestry or forest industry. Common wood biomasses used in heat production are 

woodchips and tree bark. Wood pellets are also produced from residual wood from the forest 

industry. Wood pellets have a lower moisture content which results in a higher heating value. 

Biomass can also be used to produce refined fuels such as biogas or bio-oil. Biogas is a fuel 

that mainly consists of methane. It is a product that is refined from biodegrading of organic 

matter. Unlike natural gas, biogas is regarded as a renewable energy resource. Bio-oil is a 

renewable fuel that is produced from organic matter, which is produced with a pyrolysis 

reaction. The result is a liquid fuel that has its own benefits compared to solid biomass. Bio-

oil can directly replace fossil fuel oils in energy production. (Mäkelä & Tuunanen 2015). 

Biomasses consist of combustible organic matter. Combusting biomass emits greenhouse 

gases, but the regrowth of biomass binds the carbon back from the air through 

photosynthesis. However, some climate concerns of the use of biomass have been brought 

up in the past few years. Further climate and carbon neutrality concerns and aspects are 

presented in detail in chapter 4.4.1. The CO2 emission factor of solid biomass is 109,6 t/TJ 

and the energy content is between 9 GJ/t and 17 GJ/t (OSF 2018a). The CO2 emission factor 

of biogas is 56,1 t/TJ and the energy content is between 17 GJ/1000m3 and 36 GJ/1000m3 

(OSF 2018a). The emission factor of biomass is not accounted in greenhouse gas emission 

calculations.  

 

Waste incineration can be used as an energy resource. Waste incineration is used with the 

same principle as any other combustion plant, but it needs more attention towards emission 
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control as waste may contain hazardous compounds. Waste incineration is used to decrease 

the need for landfill areas. (Mäkelä & Tuunanen 2015). Even though waste is not necessarily 

a renewable energy source, incineration of waste lowers the environmental impact of waste 

generation of society, and simultaneously utilises waste to generate energy. From the circular 

economy point of view, the incineration of waste will likely be a part of energy systems in 

the future. The emission factor and energy content highly depend on the waste structure and 

biomass content. The CO2 emission factor of municipal waste is 40 t/TJ and energy content 

is 15 GJ/t with an assumed biomass share of 40% (OSF 2018a).  

 

Heat pumps is a growing heat production method in Finland. Heat pumps can use sources of 

heat where the heat source temperature may be low via the heat pump process. Common 

heat sources of heat pumps of today are for example residual heat pumps from industry and 

residual heat storage or district cooling process.  

 

2.5.3 Greenhouse gas emissions of District heating in Finland 

 

The greenhouse gas emissions of district heating result from combustion of fuels. In 

calculating the greenhouse gas emissions of a CHP plant or a heat plant, the greenhouse gas 

emissions of fossil fuels, and the fossil share of waste are accounted. The biomass shares in 

energy production are not regarded as greenhouse gas emitting fuels. It is assumed that 

growing biomass binds greenhouse gases away from the air back to the biomass through 

photosynthesis, and thus the use of biomass can be regarded as carbon neutral. Non-

renewable fuels have varying greenhouse gas emissions. The energy producer can affect 

greenhouse gas emissions with fuels selections.  

 

There are various ways to calculate the greenhouse gas emissions of district heating. This is 

due to the largely used CHP production, where electricity is produced simultaneously with 

heat. The greenhouse gas emissions can be divided between the two in many ways. The most 

common ways of calculating the greenhouse gas emissions are energy method and benefit 

allocation method. In energy method the greenhouse gas emissions of district heating and 

electricity production are divided according to the shares of produced energy of the two. In 

benefit allocation method, the shares of greenhouse gas emissions allocated according to the 
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efficiencies of separate production of heat and electricity in addition to the total heat and 

electricity used (Motiva). The average specific emissions of district heat in Finland with a 

three-year average was 148 kg CO2/MWh, where CHP emissions were calculated according 

to benefit allocation method (Motiva 2021). The total emissions of district heating in 2018 

was 5,8 million tonnes of CO2. Peat and coal were the two largest greenhouse gas emitting 

fuels, both accounting to a total of 2,1 million tonnes of CO2. (OSF 2018 b).  
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3 LEGISLATION AND DECISION-MAKING RELATED TO 

DISTRICT HEATING 

 

In this chapter the decision-making, and legislative feature of district heating business 

operations are presented. These features include ownership of district heating, taxation of 

energy markets, emissions trading, and energy security. 

 

 Ownership of District Heating  

 

Energy companies practice different types of business models. Commonly businesses in the 

energy industry in Finland are divided to limited companies, municipal companies, and 

cooperatives. The ownership type has effect on decision making of the company as well as 

the main objectives of the company. The objectives of the company may be for example 

maximizing profits or maximising the benefits of customers. The nature of energy trading 

has transitioned from providing basic human needs towards business operation. The heat 

sold by district heating companies, is either produced by the heat selling company, or bought 

from another heat producing company. In 2009, 23% of heat was bought from another heat 

producer. The district heat company may have partial ownership of a heat producing plant, 

but heat is often bought from a production plant, that is owned by another company. 

(Viljanen et al. 2011). 

 

Limited companies can be publicly or privately owned or simultaneously owned by both 

private and public actors. The main difference in private and publicly owned companies is 

that the municipality sets its own deputy to the company management according to municipal 

law (Fin: “Kuntalaki”). For this reason, limited companies with municipal ownership are 

affected by political decision making. Dividends are paid tax free for municipalities. 

Municipally owned limited companies are not part of the municipal organisation but are part 

of the municipal concern if the municipality has authority in the company. (Viljanen et al. 

2011). 

 

Municipal companies have a different status than limited companies. Even though it operates 

according to the same profitability principles, the operation of the public company is not 
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necessarily business operation. Instead, the municipal companies aim to provide utilities, 

that generally serve the population of the municipality. The municipality is not obliged to 

taxes from municipal company operation, and the company has protection against 

bankruptcy. It is suggested that municipal companies’ status would be unified with the status 

of other companies in situations of competition. In practice, this would mean corporatizing 

the municipal companies. Municipal companies fund their investments with long term 

profits, and it has its own income statement and balance. Municipal companies are guided 

by municipality law, and a code of conduct composed by the town council. Operative and 

economic objectives are also set by the town council. The municipality is responsible of the 

obligations of the municipal company. Municipalities are not obliged to produce or sell 

energy, but it must arrange the distribution of water, heat, and electricity. The ownership of 

energy companies and arrangement of the energy trading are strategic matters for a 

municipality. The aim is to ensure services and retain employment. Taxpayers participate to 

decision making by different types of representatives in the governmental body of the 

municipality. (Viljanen et al. 2011). 

 

Cooperatives are companies that are owned by the members of the cooperative. The main 

aim of the cooperative is to provide services for the members of the cooperative. The aim is 

to provide benefits to the members and not to gain economic profits. Cooperatives are 

obliged to taxes in the same way as limited companies. Profits, that are returned to the 

members of the cooperative, are taxed income. Most of the energy cooperatives operating in 

Finland are small. (Viljanen et al. 2011). Figure 10 presents the ownership type of district 

heat companies in Finland.  
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Figure 10. Ownership of district heat operators in Finland by ownership type. Data from (Viljanen et al. 2011). 

 

District heating is mostly owned by municipalities in Finland. Municipal companies and 

companies owned outside the municipality are largest owner groups in when measures in 

energy use (Viljanen et al. 2011).  

 

District heat companies in many cases work as a part of an energy concern. The companies 

themselves claim to emphasize customer service, competitive prices, and environmental 

friendliness. A district heating system is often built, if technical and economic conditions are 

fulfilled. Ownership type of a district heating system may influence the price of district heat. 

The average price of energy is slightly higher in companies that are owned within the 

operating area compared to other ownership types. However, the difference is small, and the 

price difference may be due to the size of the heating systems. Municipal companies 

operating in cities may reach lower costs. The ratio of sales revenues and sold energy are 

quite level regardless of ownership type. (Viljanen et al. 2011). 

 

 Taxation Related to District Heating 

 

Fuels used in district heat production are taxed in Finland according to legislation. The 

taxation of heating fuels was changed in 2011 to consist of energy tax that scales according 

to energy content of fuel, and carbon dioxide emission of the fuel that scales according to 

specific carbon dioxide emission. The carbon dioxide tax of each fuel is calculated according 
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to the fuel specific carbon dioxide emission and the price of one ton of carbon dioxide. The 

carbon dioxide tax is nowadays calculated according to all life cycle emissions. Fuels in 

electricity production are not taxed. There are four tax expenditures in the current tax 

structure. These are:  

 

- Lowered tax rate of peat fuels, 

- Tax free solid biofuels, 

- Tax free gaseous biofuels, 

- Tax expenditure of CHP production. 

 

The expenditure of peat has been argued to increase the use of fuels produced in Finland and 

lower the demand for foreign produced coal. This increases energy security as well as 

employment and regional economies. The expenditures in CHP production aims to retain the 

competitiveness of the more efficient CHP in relation to separate energy production, as well 

as reduction of overlapping carbon dioxide emissions control with the emissions trading 

scheme. (Wahlström et al. 2019).  

 

The taxation of peat is not calculated according to the general energy taxation model. Instead 

of having a tax according to CO2 emissions and energy content, peat has its own energy tax. 

The taxation of peat also indirectly affects the costs of woodchips. The production subsidies 

of woodchips are bound to the tax rate of peat and the three months average price of emission 

allowance. When the tax rate or price of emission allowance increases, the subsidy of 

woodchips decreases. The subsidies in woodchip production aim to keep the costs of 

woodchips lower than the costs of peat in energy production. (Wahlström et al. 2019). 

 

CHP production is subsidised to sustain the profitability of CHP production high in relation 

to separate heat only production. The concern is that the low price of electricity lowers the 

profitability of CHP production which leads to the increase of heat only production and 

lowers the domestic flexible electricity production capacity. The CHP subsidies are thought 

to be an important factor in energy supply security. (Wahlström et al. 2019). 
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Before the year 2019 taxation reformation the tax income of peat in CHP has been about a 

fifth of the tax income in CHP production. Because solid and gaseous biomass are tax free, 

the tax income of their use is not affected by either HOB or CHP production. On the other 

hand, the use of wood chips has been more profitable in CHP production due to the electricity 

production subsidies given for wood chips regardless of the low electricity prices. 

(Wahlström et al. 2019). 

 

 Emissions Trading in Finland 

 

The emission trading in Finland aims to promote greenhouse gas reductions in a cost-

efficient way. Finland is a part of the EU emissions trading scheme. The EU ETS is the main 

tool for reaching greenhouse gases emission reduction goals in the EU. The EU ETS was the 

first international emission trading scheme. It was established in 2005 and it remains the 

largest in the world. (European Commission 2015). 

 

The EU ETS works on the principle of having a cap of total emission allowances. These 

emission allowances are received from free allocation or bought from allowance auctions. 

One allowance unit corresponds to one tonne of emitted CO2-eq. Companies may trade these 

emission allowances within the cap if needed. A limited number of international credits from 

emission saving projects can be bought around the world. The limit of the total number of 

allowances ensures, that they have value. After each year, companies must surrender the 

number of allowances that cover all its emissions. If not, the company will face heavy fines. 

The remaining spare part of allowances bought by the company can be sold or used to cover 

future emissions. In addition to setting a price for greenhouse gas emissions, the EU ETS 

reduces to allowance cap each year to ensure decrease of total emissions. The principle the 

EU ETS is to encourage emission reduction solutions whenever it is cheaper than the price 

of emissions that need to be bought from the allowance auction. Respectively, if the price of 

allowance is low, it may be cheaper to buy the allowance and not find reduction solutions. 

This leads to greenhouse gas emissions being reduced where it is cheapest. (European 

Commission 2015) 
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All facilities, that are in emissions trading, must have an emission permit. A permit is 

required for power plants, that have a larger than 20 MW thermal power capacity, as well as 

power plants in the same district heat network as the 20 MW power plant. The permit 

includes information about the operator, information about the plant operation, production 

capacity and thermal heat capacity. The permit also has information about the emissions, 

and emission sources of the operating plant, as well as emission observation requirements, 

and emission reporting requirements. (Energy Authority 2020 b) 

 

The national authority for emissions trading in Finland is the Energy Authority (Fin: 

“Energiavirasto”). The Energy Authority’s tasks regarding emissions trading are permits, 

registrations, supervising, and auctioning of emissions allowances. In addition, the Energy 

Authority approves the emissions trade authenticators. (Energy Authority 2020 a) 

 

 Energy Security in District heat production 

 

The energy supply department aims to provide undisrupted supply of energy in states of 

emergency. The branch keeps track of the effects that the price of energy has on the security 

of energy supply. The energy supply department improves the preparedness aspect in 

political decision making. The energy supply in Finland is secured by distributed energy 

production, diverse energy sources, as well as a reliable power distribution network. 

Electricity is produced by domestic renewable energy sources such as hydro power and 

biomass as well as imported fuels such as coal, oil, and nuclear power fuel. Finland is one 

of the leading countries in combined heat and power production with the utilisation of district 

heat and industry steam. For possible disruptions in the supply of energy and due to 

international obligations, an imported fuel reserve of approximately five months’ worth of 

normal energy consumption must be upheld. (National Emergency Supply Agency 2020 a). 

 

The company-specific security of energy production, distribution, and transmission of is led 

by “Power economic pool” (Fin. “voimatalouspooli”). The pool prepares to secure the 

supply of energy in the state of emergency. It prepares to lead and execute energy security 

according to established plans, by authorizations and tasks given by the government; 

Prepares rationing of electricity and district heat; Monitors and improves the security of 
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energy together with businesses in the energy industry. The focus of the company-specific 

preparedness plans is on companies that are crucial for the operation of security of energy 

supply. There are approximately 300 businesses that operate in the field of energy 

distribution, energy production and district heat and service production. In practice, the 

preparation plan includes various sub-plans, that consider all functions that are crucial for 

the business operation. District heat businesses also participate to the preparation planning 

to secure the supply in states of emergency. (National Emergency Supply Agency 2020 b). 

 

There are energy supply concerns regarding the future energy systems. As Finland 

transitions away from fossil fuels, the fuel supply security relies on fewer combustible fuels. 

From an annual point of view, the self-sufficiency the Finnish energy system will increase, 

as less imported fossil fuels are replaced with domestic fuels such as biomass. However, in 

cases of disturbance, the secured supply of energy may be more difficult achieve. Regarding 

district heating, the largest concern is the fuel supply security when fossil fuels and peat are 

not used anymore, and the supply of domestic biomass is limited. (Pöyry Management 

Consulting 2019). 
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4 FUTURE TRENDS OF DISTRICT HEATING 

 

In this chapter the history and the future trends of district heating in a global scale are 

presented. From the wide range of potential future trends in district heating, the more 

promising ones utilisable in Finland are also presented.  

 

 District Heating Generations  

 

There are generally four generations of district heat, that are identified. The first district heat 

systems were introduced in the late 19th century. Steam was used as the energy carrier in the 

first-generation district heat systems. High temperatures of steam had high risk of accidents 

such as steam explosions. The high temperature steam led to high energy losses. Steam 

condensate in return pipes often corroded, which lead to lowered energy efficiency and low 

condensate returns. Steam is still used in as the heat carrier in district heat systems of Paris 

and parts of New York City. Systems, that use steam as the heat carrier, are nowadays 

considered as outdated. The first-generation district heat was introduced to replace 

individual boilers in apartment buildings to lower the risk of boiler explosions and to raise 

comfort. Common components of the first-generation district heating systems were steam 

pipes in concrete ducts, steam traps, and compensators. Market regulation and planning 

issues arose from competition of suppliers in the same urban area. (Lund et al. 2014). 

 

The second generation of district heat used pressurized hot water as the heat carrier. Supply 

heat was provided in water temperatures mostly over 100 ºC. The second-generation systems 

were the dominating type of district heat from the 1930s up until the 1970s. Common 

components of the second-generation systems were water pipes in concrete ducts, large 

shell-and-tube heat exchangers, and large valves. Some remains of the second-generation 

district heat systems can still be found in today’s district heat systems. The second generation 

of district heat was introduced to increase fuels savings by utilising combined heat and power 

production, as well as to improve user comfort. Governmental policies and planning 

initiatives regarding district heating during the second-generation district heating was 

introduced to achieve suitable expansion of CHP. (Lund et al. 2014). 
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The third generation of district heat was first introduced in the 1970s and it emerged as the 

dominating new district heat type in the 1980s. The third-generation district heat uses 

pressurized water as the heat carrier, but with supply water temperatures mostly under 100 

ºC. Most common components are prefabricated and pre-insulated pipes, that are directly 

buried into the ground, compact substations using plate heat exchangers, and material-

efficient components. This technology is the dominating type today and is used in both new 

systems and system replacements globally. The transition towards the third-generation 

district heating was triggered by two oil crises, that lead to concerns in security of supply 

and energy efficiency. Imported oil were often replaced by domestic, cheaper, or more 

available fuels such as biomass, coal, and waste. The evolution trend of district heat has been 

towards lower distribution temperatures and more material efficient components as well as 

lower installation resource requirements. (Lund et al. 2014). 

 

Following the evolution trends previously mentioned, the future fourth generation district 

heat is predicted to keep on advancing towards lower supply water temperatures and more 

material efficient components that are easy to assemble. The fourth generation of district 

heat will be triggered by the transition towards fully renewable energy systems. 

Technological and infrastructural advancements are expected with the motivation of utilising 

district heat in the future renewable energy systems and energy systems with multiple heat 

sources in addition to CHP plants, such as heat pumps and residual heat of industry, as well 

as fluctuating renewable energy sources such as wind and solar power. Infrastructural 

planning and will have a key role in identifying efficient sites for implementing district heat. 

The future district heating grids will have further challenges in integrating to larger smart 

energy systems that include renewable electricity, renewable heat-sources such as solar and 

geothermal heat, as well as gas, and district cooling. (Lund et al. 2014). 

 

The future fourth generation district heating system will have several ability requirements to 

fulfil its role in future energy systems: 

 

- Low temperature supply water for space heating and domestic hot water for all existing 

buildings.  

- Lower grid losses in heat distribution. 
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- Recycle from low-temperature heat sources such as solar thermal and geothermal. 

- District heat as a part of smart energy systems with smart energy, fluid, and thermal 

grids, as well as district cooling systems.  

- Ensuring suitable planning to cost and motivation structures that lead prompt towards 

the transformation into sustainable energy systems.  

 

The fulfilment of these future challenges will require improvements in not only district 

heating, but also in all parts of the whole energy system. For example, the decrease of district 

heating supply water temperature is made possible by energy renovating buildings, and 

changing heating systems to work in ways, that use lower heating temperatures. Smart 

technologies are also needed to integrate district heating to the whole energy system, and to 

lower peak demands of both district heating and cooling. (Lund et al. 2014). 

 

In Finland, the transition towards the fourth-generation district heating will require large 

changes in the whole system. According to Paiho & Reda (2016) the current district heating 

systems are stated to contain the following features: 

 

- Strong role of non-renewable energy sources, 

-  Based mainly on centralized production, 

-  Typically municipal production monopolies, 

-  Existing stakeholders, 

- Supply water temperature supporting high- or medium- temperature radiator, 

-  Buildings with varying energy efficiency connected to district heating, 

- Traditional technologies, 

- Traditional business models. 

 

The trends of the future fourth-generation systems that Finnish district heat systems are 

transitioning towards according to Paiho & Reda (2016) can be listed with the following 

features: 

 

- Increased share of renewable energy in the district heating system, 

- Enablement of generation of electricity, heating, and cooling, 
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- Increased share of distributed and local production, 

- District heating networks opened for all heat suppliers, 

- Introducing prosumers, 

- Supply water temperature supporting low-temperature heating, 

- Increasing share of nearly zero-energy buildings connected to district heating, 

- Utilization of supportive technologies, 

- New business models. 

 

There are promising heating technologies, that could be integrated to the Finnish district 

heating systems. These are solar thermal collectors, thermal heat storage, and heat pumps. 

These technologies show promise especially in the form of being integrated to consumer 

buildings to lower the network district heat demand as well as to add total heat production 

to the network. The energy producing consumer buildings are mentioned as “prosumers”. 

Prosumers can produce the heat on-site, and either consume the heat, or deliver it to the 

district heating network. Especially prosumer buildings with short-term heat storage and 

possibly an own solar thermal or heat pump unit is mentioned to be promising as a part of 

the future fourth generation district heating system in Finland. The implementation 

possibilities of these technologies and prosumer types to the district heating systems still 

require more research. (Paiho & Reda 2016)  

 

 Development Needs of Finnish District Heating 

 

From the transitioning towards renewable energy systems, large changes are required since 

many features of the current district heating systems are not easily combined with renewable 

heat production, such as fluctuating production of solar heat, or for example lower 

temperatures district heating systems often operate in. Paiho & Saastamoinen (2018) have 

studied on the development needs of Finnish district heating. The research was done by 

qualitative interviews with the district heating operators in Finland. The results were given 

as challenges and opportunities related to four divisions: 

 

- Users, 

- Municipalities and authorities, 
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- Technology, 

- Business. 

 

The user related challenges were mentioned to be the lack of knowledge of customers, 

unclear functionality within customers, the development need of pricing and offering 

systems for customers as well as the heat saving potential turning into actual heat savings. 

Opportunities related to customers were mentioned to be in additional services such as 

monitoring and optimisation, prosumers, and demand side management to lower use of 

fossils during peak loads. The municipality related challenges were mentioned to be in the 

ownership policies that result in conflicts of interests, the increase of regulation, 

unreasonable environmental regulation, and fast changing policies between elections. The 

opportunities were municipalities as a driving force to reach climate goals, and the local 

solutions that may support the vitality of the region. Technological challenges were in the 

decarbonation of district heating, expensiveness of new production means, and lower 

operating temperatures of some new production means. Other technological challenges were 

mentioned to be the renewal of infrastructure and the challenges digitalisation may bring, 

and the balancing of production and consumption with new production means. Major 

technological opportunities where for example the connection of district cooling with district 

heating, as well as connecting new technologies to the system such as heat storage, new 

production means, and lower temperature district heating as well as digitalisation. The 

business-related challenges where new pricing methods to attract and keep customers, new 

ways to utilise prosumers and fluctuating subsidies and fiscal charges. Business related 

opportunities were mentioned to be in services such as energy efficiency and cooling 

services and the utilisation of residual heat. (Paiho & Saastamoinen 2018). 

 

The study concluded that municipality ownership was a major challenge in development of 

district heating. The ownership often prevents or slows down the development of district 

heating. On the other hand, municipalities could also act as a supporting role in the 

development of district heat with for example pilot projects related to new services and 

solutions. The low regulation of district heat was seen as an advantage. In addition, energy 

and municipal policies should be more persistent to enable development and investments. 

The main development efforts should be focused to new production means, digitalization, 
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and services. Customers and consumer orientation should be involved in the development. 

Pilots and experiments are needed to prove the operation of new systems. (Paiho & 

Saastamoinen 2018). 

 

 Hybrid Solutions for District heat 

 

Hybrid solutions in district heating means that the heat grid includes more than one way of 

producing heat for the customers. In addition to the main production plant connected to the 

grid, the additional heat plants may produce their heat with various technologies. These can 

be for example geothermal heat, solar heat, residual heat from industry, wastewater heat, and 

so on. The district heat system itself is very flexible on how the heat is produced. Other 

connections of the energy systems must be considered when designing a hybrid district 

heating system. The system should be designed in a way that the cooling of the supply water 

remains high. High return water temperatures lower electricity production in the CHP plant. 

However, a slightly lower cooling of water is possible. The need for heat storage is 

considered especially when the secondary heat source is solar heat, but also in other cases a 

heat storage system may add reliability and enhance the performance of the secondary heat 

sources. (Mäkelä & Tuunanen 2015). 

 

There are some pilot district heating systems that use non-combustible heat sources as well 

as heat recovery as the energy source. These systems include use of for example solar 

thermal, electric boilers, industrial size ground source heat pumps, and heat recovery systems 

from industrial processes. These systems are show promise as being a fulfilling part of the 

future energy systems. These solutions are rarely used solely as the energy source of district 

heating systems, but as a part of hybrid solutions. (Hakkarainen 2016). 

 

4.3.1 Renewable Hybrid Pilot Projects in Finland 

 

The district heating system is already under transition in some parts of Finland. Solar energy, 

heat pumps and waste energy are being utilised to replace fossil fuels in heat production. 

(Hakkarainen 2016). The following paragraphs present some of the pilot projects using 

renewable energy in district heating.  



41 

 

 

Helsinki is seeking for new types of heat sources such as heat pumps, solar thermal and 

geothermal. HELEN’s Katri Vala heat pump plant that generates both district heating and 

cooling is the largest of its kind in the world. The plant utilizes waste heat streams from 

district cooling and purified sewage water streams. In 2015, the plant covered 7% of 

HELEN’s district heating and 60% of district cooling. (Hakkarainen 2016). 

 

Passive solar is used in Helsinki district heating production through recovery from district 

cooling networks. Heat and cooling storages are used to balance production and demand. 

Heat accumulators are connected to power plants and cooled water is stored to underground 

water storages. (Hakkarainen 2016). 

 

Savon Voima Oyj has a pilot power plant, which is the first one in Finland, that aims to 

replace fossil fuels with a hybrid system that combines solar thermal and biomass in district 

heating. A heavy oil combusting district heating system was replaced by a hybrid system 

consisting of a wood pellet burner, electric heater, and solar heat collector. Solar thermal is 

used to preheat the district heating water before it is heated to its final temperature in a pellet 

boiler or an electric heater. Solar heat is not available throughout the whole year. Other heat 

sources are used to cover the heat demand. During the summertime, when electricity prices 

are low, the heat is collected with solar thermal and an electric boiler. (Hakkarainen 2016). 

 

In Mäntsälä, heat from data centre outlet cooling is recovered and utilized in district heating. 

The solution has reduced the use of natural gas, lowered purchase price of district heat by 

5%, and reduce district heating related emissions by 40% in the centre of Mäntsälä. Waste 

heat from other industrial processes could also be recovered. They decrease the amount of 

wasted heat as well as decrease investments in new capacity of a district heating network. 

(Hakkarainen 2016). 

 

District heating and cooling networks are foreseen as the most promising platforms for 

bioenergy and renewable energy source hybrids. Heat sources that complement the use of 

biomass in district heating are important for the sake of biomass availability for all end uses. 

Waste heat recovery offers a steady heat load, but also reduces investments in generation 
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capacity. Solar thermal and geothermal are likely to be utilised in Finland. The first 

geothermal plant in Finland is under construction. Solar thermal has low operating costs but 

will be required to be operated in hybrid systems since irradiance has large seasonal 

variances in Finland. Solar thermal is not yet an established heating type in district heating. 

(Hakkarainen 2016). 

 

 Introducing Renewable Heat Sources to Finnish District Heating 

Systems 

 

Finland has started its transitioning towards renewable energy. In district heating, the trend 

overall is, that the use of some fossil fuels such as natural gas, has decreased, and mostly 

replaced with wood fuels, waste and heat pumps. In addition, many pilot projects on different 

types of renewable non-combustible heat sources are slowly being implemented to Finnish 

district heating systems.  

 

There are several geothermal heat plants under construction in Finland. Figure 11. presents 

a qualitative figuring of the geothermal potential in Finland. The colours indicate the 

qualitative geothermal energy potential. Dark red indicates excellent geothermal energy 

potential, dark blue indicates poor potential. The slanted lines indicate weathered rock areas, 

which contain larger uncertainties than other areas. The quality is based in the energy content 

(Wh) as well as the renewability power (W) of the energy content in the rock. The size of 

one cell in the map is 1 km2. It is noted that the map presents a generalized qualitative 

overview and should not be used to pinpoint specific locations for geothermal utilisation. 

(GTK 2018).  
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Figure 11. Geoenergy potential in Finland (Geoenergiakeskus 2019). 

 

The geothermal potential is between good and excellent across the coastal area of Finland. 

The geothermal energy potential has large areas of good geothermal energy potential 

especially in the southern half of Finland. In northern Finland, the geothermal energy 

potential is worse. The geothermal energy potential is mostly between average and poor. 

However, some areas are with good energy potential can be found from the northern half of 

Finland as well. 

 

So far, Solar heating has a very minor role in Finnish energy systems. Annual irradiation in 

Finland was measured to be approximately 1100 kWh/m2 in Helsinki, 1000-900 kWh/m2 in 

Jyväskylä and 800-900 kWh/m2 in Sodankylä between years 2010 and 2012. The irradiance 

is remarkable, and thus the utilisation of solar thermal has technical potential. There are some 

buildings that utilise solar thermal and can produce up to 15% of the domestic heat demand 

with solar heat. Solar thermal connected to district heat has potential as excess heat can be 

fed to the district heating network. Centralized solar thermal district heat production is 

already used in for example Denmark. One possible solution would be a hybrid systems 
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where solar thermal is connected to a network with heat storage as well as a main production 

plant. Better economic feasibility would increase the amount of solar district heat in Finland. 

The price of photovoltaic solar energy as well as wind energy has decreased vastly. The 

same may happen to solar heat collectors in the future. The operating environment may 

change as new types of energy production types are introduced and price of energy changes 

as the energy systems change. (Hakkarainen et al. 2014). 

 

District cooling is a service that is increasing in Finland. District heat is already in use in for 

example Helsinki, Espoo, Turku, and Lahti. The total consumption of cooling energy has 

been estimated to be around 1,4 TWh in Finland. By 2030, the value is expected to grow up 

to 1,7 TWh. The market share of district cooling has been predicted to be around 25% of the 

demand in 2030. (Vainio et al. 2015). 

 

The concept of a prosumer is strongly connected to other possible new implementations to 

the district heat network. The concept of a prosumer means that a district heat customer has 

the ability to also produce energy to the network. The heat production type can be for 

example solar heat panels, or waste heat generated in the district cooling process, where heat 

and cooling are produced simultaneously in the heat pump process. There may be issues in 

the environmental and economic outcome, as well as agreement and control issues regarding 

prosumers. The environmental issues may occur if a substantial amount of electricity is 

required for the heat or cooling harvest from the prosumer, and the electricity is produced in 

a non-environmentally friendly way. One control issue is for example the possible 

fluctuating nature of heat prosumer heat delivery. As some prosumers like for example data 

centres provide a steady heat flow, other prosumers like residential buildings with solar 

thermal systems may mismatch with the heat demand of the network. This could be managed 

with heat storage. The economic and agreement related issues may lie in the difficulty of 

arranging a contract, that suits both the energy company and the prosumer. The contract must 

be long enough to ensure a supply of heat in the district heat network. The investment to the 

prosumer may be economically beneficial for the energy company, but it requires a long-

term agreement. (Brange 2019). 
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Heat storage is already in use in Finland, especially in Helsinki. The benefit of heat storage 

is that it lowers the mismatch of demand and production and thus it enables the use of some 

renewable heat sources such as solar thermal. Heat storage also goes hand in hand with the 

introduction of district cooling, as heat can be transferred and stored from the cooling 

process. Heat storage may also be beneficial in the transition towards high renewability share 

district heat systems. If heat produced in the main plant is more environmentally friendly, 

more heat can be produced with the main plant and stored for later use. This may lower the 

need for non-renewable fuels in peak load and back-up plants. 

 

4.4.1 Concerns Related to Biomass in Energy Use in Finland 

 

Generally, biomass in energy production is thought of as carbon neutral fuel. The idea is, 

that forests that are logged will re-grow and so carbon neutrality is achieved. However, in 

the past years there have been brought up concerns about the climate impact of biomass in 

energy production. One of the concerns is that the combustion of biomass causes an 

immediate release of carbon to the atmosphere, while leaving residual biomass in the forest 

would release the carbon in a longer period as the biomass decays. If the residues are used 

for energy, the carbon in it is released to air immediately. If they are left to decay, the carbon 

is released slowly by decomposition. The carbon stock is maintained for a longer time. The 

impact of leaving logging residues to the forest lowers over time, as the carbon is released 

to the air as decomposition proceeds. Another concern is that forests have an important role 

as carbon sinks in the mitigation of climate change, and the increased use of forest biomass 

for energy could be in compromise with the growth of forest carbon sinks. Logging of forests 

causes an offset in the carbon sink that has developed as the forests have grown. The offset 

is “paid back” over time by letting the forests grow back and bind carbon again. Carbon 

neutrality is reached over time when the same amount of biomass has grown back to the 

forest after the logging. Figure 12 presents the change of carbon stock in a forest that is 

logged. (Koponen et al. 2015). 
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Figure 12. The change of carbon stocks in forests over time (Koponen et al. 2015). 

 

The lag between the time of harvest and the time where carbon neutrality is reached is one 

of the main concerns in forest carbon neutrality. Even though carbon neutrality is reached 

after a long time, there is a climate impact in the short and medium time-period. (Koponen 

et al. 2015). 

 

Intensified harvest of biomass causes a decrease of the carbon stock, as well as a loss in the 

carbon sequestration. This means that even though it does not increase emissions, it causes 

an emission impact. When biomass is removed from the forest, the net sink of forests 

becomes smaller in comparison to the scenario where no biomass is removed. The emission 

impact occurs because the removal of biomass increases atmospheric CO2 compared to no 

biomass removal. The best practice for the energy use of forest biomass from the climate 

neutrality point of view is to utilise residual side streams of forestry while increasing the 

total carbon stock in the forests by increasing the total amount of biomass in the forests. 

(Koponen et al. 2015).  

 

 Carbon Neutrality Roadmaps of District heating in Finland 

 

Many of Finnish municipalities are even more ambitious than the Finnish government in 

their climate goals. Many of Finnish municipalities aim to become carbon neutral by 2030 

or even earlier. Some have their carbon neutrality targets still after the target years of the 
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Finnish government, at for example the year 2040. Actions taken by municipalities are 

related to phasing out of fossil fuels and peat, as well as energy efficiency related actions 

such as energy renovations of municipal buildings. Municipalities can also give citizens 

energy guidance and reform the energy production in the municipality by corporate 

governance, since often district heat producing companies are owned by the municipality. 

Emission compensations are very often an important part of the carbon neutrality plans of 

municipalities. For example, many municipalities are reaching for an 80% carbon neutrality 

by the target year, and promising that the rest of the emissions will be compensated. (Deloitte 

2018).  

 

The energy roadmap made for Finnish energy listed several changes that will occur in the 

production of district heating in the upcoming years. The changes mentioned where in line 

with research done on the topic, where introduction of heat pumps, and geothermal heat, and 

other non-combustible heat sources will increase the electricity demand of district heating. 

In addition, the use of biomass will increase, as use of fossil fuels will cease. The flexibility 

will increase with the use of CHP production, heat storage and heat demand response 

technology. Use of fuels will decrease as the use of non-combustible heat sources will 

increase. Heat production will be almost greenhouse gas emission free by 2050 with a 

specific emission of 6 kgCO2/MWh in 2050. (AFRY 2020).  
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5 TRANSITION TOWARDS RENEWABLE DISTRICT HEATING 

SYSTEMS IN FINLAND 

 

This chapter is the empiric part of this paper. In this chapter the aim was to find what types 

of municipalities or district heating systems have reached the largest greenhouse gas 

emissions and renewability shares, and what types of systems are still trailing behind in 

reaching carbon neutral district heat production. From this chapter onward the word 

“emissions” refers to greenhouse gas emissions. 

 

 Materials and Methods  

 

The municipalities or district heat system sampling chosen for this paper were 18 largest 

municipalities in Finland based on population in 2019 (Kuntaliitto 2019) and five other 

municipalities. The largest cities were chosen because most of the district heating produced 

in Finland is in larger cities, and most of the customers of district heating live in the larger 

cities of Finland. The five other interesting municipalities chosen were Imatra, that has 

already reached very near carbon neutral district heating (Imatra 2019), Sipoo that has a 

district heating network provided by Keravan energia, a company owned mostly by another 

municipality (Keravan energia 2021), and three companies, that were noted to have room 

for improvement in climate actions, as well as in climate goals (Deloitte 2018). These 

municipalities are Tornio, Kajaani, and Savonlinna. All these three municipalities have 

varying types of district heat ownership. District heating in Tornio is owned by the 

municipality (Tornion Energia 2021), In Kajaani, it is owned partially by the municipality 

(Loiste 2019), and in Savonlinna, district heating is provided by a company owned by 

various municipalities in the region and private operators (Suur-Savon Sähkö 2021). The 

total number of municipalities in this paper is then 23.  

 

The different factors affecting the greenhouse gas emission reductions of district heat 

researched in this paper were chosen according to prior research on what must be improved 

in Finnish district heating for it to be able to compete in the energy markets in the future 

(Paiho & Saastamoinen 2018), as well as reviews of the future of district heating both 
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globally (Lund et al. 2014) and in Finland (Paiho & Reda 2016) in the energy transformation 

towards 100% renewable heat. The factors chosen were: 

 

- Fuel on which the system was formerly based on, 

- Ownership of the district heat system, 

- Is the municipality part of climate agreements? 

- Is the district heat system part of future trends of district heating?  

 

These factors are used in later sub-chapters as groups in which the district heat systems of 

the sampling are divided into. The effectiveness of each group is calculated with different 

types of quantitative indicators that are calculated in this paper: 

 

- The change of specific emissions in both kg/MWh and %, 

- The change total greenhouse gas emissions in both kt and %, 

-  Current renewable heat source share in %, and the change of renewable share between 

2010 and 2018 in %-units, 

- Total greenhouse gas emissions of district heating in 2018, 

- Specific emissions of district heating in 2018. 

 

The quantitative data in this paper were based on statistics of the fuels used in production 

plants of year 2014 (Finnish Energy 2017), and year 2019 (Finnish Energy 2020e) and 

greenhouse gas emissions and total amount of energy consumed in Finnish municipalities 

(SYKE 2020 a). The emissions of greenhouse gasses in the database (SYKE 2020 a) are 

calculated with a model called Alas. The emission values from different sectors are given as 

CO2 equivalents, and bio-based fuels are assumed to have zero emissions. The emissions of 

district heating are calculated from the emissions of consumed district heating energy, 

regardless of where the energy is produced. These values are especially descriptive when the 

emissions are assessed from the municipality point of view. In HINKU calculation 

directions, the emissions of industry within emission trading scheme are not considered as 

an emission of the municipality. The values of HINKU are used in this paper. In CHP 

produced district heat, the emissions are calculated according to benefit allocation method. 

(SYKE 2020 b). 
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Total emissions of each municipality in each year were found directly from the database 

(SYKE 2020a). The following equation was used to calculate the change of total emissions: 

 

𝛥𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = 𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠2018 − 𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠2007 (1) 

 

Where total emissions are expressed as kt CO2-eq. and the total change of emissions 

expressed in the same unit.  

 

The change of total emissions was also calculated as change by percentage. The change by 

percentage was calculated with the following equation: 

 

𝛥𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 =  
𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠2018−𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠2007

𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠2007
∗ 100% (2) 

 

Where total emissions of each year were expressed with the unit kt CO2-eq, and the change 

of total emissions was expressed in %.  

 

The specific emissions of each district heating system were calculated with the following 

equation: 

 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 =
𝑇𝑜𝑡𝑎𝑙 𝐷𝐻 𝐺𝐻𝐺 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝐷𝐻 𝑒𝑛𝑒𝑟𝑔𝑦 
*1000  (3) 

 

Where Total DH GHG emissions are expressed in kt CO2-eq, and total consumed DH energy 

was expressed in GWh. The specific emissions are expressed with the unit kg/MWh. Total 

DH GHG emissions are the total greenhouse gas emissions of district heating consumed in 

the municipality, and total consumed DH energy is the district heating energy consumed in 

the municipality. The specific emission is therefore not the specific emissions of the heat 

produced, nor does it consider where the district heat is produced, only where it is consumed. 

This value then defines the emissions per consumed energy unit in one municipality. 
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The same principle was used in calculating the change of specific emissions as was used in 

the calculation of change of total emissions. The change of specific emissions was calculated 

between 2007 and 2018 with the following equation: 

 

𝛥 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠2018 − 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠2007 (4) 

 

Where specific emissions of one year, and the change of specific emissions between these 

years are expressed in kg CO2 -eq/MWh. 

 

The change of specific emission is also calculated by the change by percentage. The 

following equation is used: 

 

𝛥 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 =  
𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠2018−𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠2007

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠2007
∗ 100% (5) 

 

Where specific emissions, are expressed in kg CO2 -eq/MWh, and the change of specific 

emissions are expressed in %.  

 

The current renewability share was calculated from district heating statistics of year 2019 

(Finnish energy 2020e) by gathering all heat producing companies in the area and summing 

up the total energy amounts of renewable fuels and non-renewable fuels. Non-renewable 

fuels were oil fuels, coal and anthracite, natural gas, and peat fuels. Renewable fuels were 

biofuels, various waste fractions, electricity, steam, hydrogen, and “heat recovery or heat 

pumps”. The group “other non-specified fuels” were excluded from this paper. Also, the sum 

of waste used as fuels was regarded as 100% renewable to simplify the calculations. After 

all these fuels were summed up in each heat producer or seller operating in the sampling 

municipalities, the share of renewable fuels was calculated from the sum of fuels used with 

the following equation: 

 

𝑟𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒 𝑠ℎ𝑎𝑟𝑒 =
𝛴 (𝑟𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒 𝑓𝑢𝑒𝑙𝑠)

𝛴 (𝑟𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒 𝑓𝑢𝑒𝑙𝑠)+𝛴 (𝑛𝑜𝑛−𝑟𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒 𝑓𝑢𝑒𝑙𝑠)
∗ 100% (6) 
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Where Σ (renewable fuels) is the sum of energy of all renewable fuels in CHP production in 

GWh and Σ (non-renewable fuels) is the sum of energy of all non-renewable fuels in CHP 

production in GWh. The gathered data of each heat producer included in this paper are shown 

in Appendix I.  

 

The change of renewable share was calculated between years 2014 and 2019. The share of 

renewable fuels of 2014 was calculated the same way as with the year 2019, using equation 

(6). The year 2014 was chosen because there was a no data of district heating between years 

2010 and 2014, and the data of 2014 was more uniform with the data of 2019. This means, 

that changes in renewable shares, that happened before 2014 is not considered in this paper. 

The following equation was used to calculate the change of renewability shares between 

2014 and 2019: 

 

𝛥 𝑟𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒 𝑠ℎ𝑎𝑟𝑒 = 𝑟𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒 𝑠ℎ𝑎𝑟𝑒2019 − 𝑟𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒 𝑠ℎ𝑎𝑟𝑒2014 (7) 

 

Where the units are expressed as percentages. The change is then expressed as change by 

percentage units.  

 

It must be noted that whereas the specific emissions and total emissions are calculated 

according to the consumed heat in each municipality regardless of where it is produced, the 

renewability share was calculated according to the total fuel energy used in energy 

production. This means, that the renewability share of heat bought from another municipality 

is not considered, only the renewability share that is produced within one district heating 

system. For example, even if the energy company in the city of Vantaa, Vantaan energia 

buys district heating from the energy company of Helsinki, Helen. In this paper the 

renewable share of Helen is not considered in the renewable shares of district heat in Vantaa.  

 

The effectiveness of each factor is measured by the average value of the indicators in each 

group. There is no emphasis on the size of any system. The change of each system has an 

equal effect on the average value. The results are shown in the following sub-chapters.  
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 Effects of Fuels Used in the Past on Current District Heating 

Emissions 

 

The first factor observed in this paper was the effects of the fuel mixes used in the past in 

Finnish district heating systems. The fuel mixes used in the past were observed to find out 

how significant the less environmentally conscious decision-making over fuel mixes have 

affected the renewability shares and emissions of district heating of current systems. District 

heating systems generally being large entities requiring large investments made to 

production plants with long lifetimes, the fuel mixes used in the relatively near past may still 

affect the fuel mixes being used in current systems. The slowness of the change in large 

systems may then be an explanation to why some systems are still trailing behind in emission 

reductions and renewability shares. The statement of what fuel the system was based on in 

the past, was determined according to the district heating statistics of the year 2010 by 

Finnish Energy (2011). The statistics include all fuels used in CHP and HOB energy 

production combined. The fuels that were used in CHP electricity production are therefore 

included in the shares of fuels, where the main fuel was determined. The groups were 

determined according to the most used fuels in CHP production. Systems had either one or 

two main fuels, where the second most used fuel exceeded 20% of total fuels in energy units 

used in production for it to be mentioned. Systems with the second most used fuel not 

exceeding 20% share of total used fuel energy were mentioned as single fuel systems. Most, 

if not all systems have had shares of other fuels in use, but these fuels stated in the group 

names were found to be the main fuels used in the district heat systems. The calculation data 

is in Appendix II.  

 

The groups are divided as follows: “NG” is a group of systems based on natural gas; “Bio” 

is a group of systems based on biomass; “Peat” is a system based on mostly peat; “Coal” is 

a system based mostly on coal; “Bio+peat” is a mix of both biomass and peat, where both 

have a significant share; “Fossil” which is a group where CHP and heat production was 

based on a mix of coal and natural gas; “Bio+NG” is a system where production is based on 

the combination of biomass and natural gas. Figure 13 shows the average change of specific 

emissions by kg/MWh and by percentage change. 
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Figure 13. Change of specific emissions by fuels on which system were based on in the past. 

 

The specific emissions of systems formerly based on fossil fuels systems have the lowest 

change in both units. However, there is a significant change, if the system has been based 

solely on coal or natural gas. Another key point from the figure is that systems, that have 

already had a large share of biomass in 2010, have performed well decreasing specific 

emissions even further. Peat-based and natural gas-based systems have performed well. 

Systems based on both natural gas and coal (group “fossil”) are trailing behind.  

 

Figure 14 shows the change in total emissions in each group. The change in total emissions 

has a larger emphasis on the size of the system, as total emissions tend to increase, as total 

heat production increases. The change of the size of the systems also has large effects, even 

if the specific emissions have not changed. 
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Figure 14. Change of total emissions by fuels on which systems were based on in the past. 

 

Much of the same key points can be brought up in Figure 14 as in Figure 13. The systems 

that were based solely on one fossil fuel (groups “Coal” and “NG”) in the past, have 

decreased their specific emissions, whereas the group “Fossil”, that was based on more than 

one fossil fuel, has not decreased total emissions by much. In fact, it has the lowest change 

of all groups in both units. Systems formerly based on biomass and peat have performed 

well in both units. Systems that were formerly based on coal, have the largest change in total 

emissions in both units. The order of highest change to lowest change is the same between 

specific emissions in kg/MWh and total emissions in kt/CO2-eq, as well as in the change of 

specific emission and total emission by percentage. The change of groups “Fossil” and 

“Peat” have the lowest and second lowest change when the change of total emission and 

specific emission is calculated with change by percentage.  

 

Figure 15 shows the current renewability share and the change of share of renewable fuels 

between 2014 and 2019.  
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Figure 15. Renewable share of 2019 (upper) and change of renewable share between 2014–2019 (lower) by 

fuels on which systems were based on in the past. 

 

Systems that already had large shares of biomass in their systems in the past, had the highest 

renewability shares in 2019. Systems formerly based on coal have also performed well. The 

lowest average renewability shares are in systems, that based on fossil fuels, natural gas or 

peat in the past. The largest change in average renewability share has been in groups “Coal” 

and “NG”. The average change of renewable share in biomass- and peat-based systems is 

very small or even negative. 

 

 Figure 16 shows the values of specific emissions and total emissions from year 2018 of 

systems divided by formerly used fuels.  
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Figure 16. Average total emissions and average specific emissions by fuels on which the systems were based 

on in the past. 

 

The specific emissions of the different groups do not have large variations. Systems formerly 

based on peat had the highest specific emissions with approximately 279 kgCO2-eq/MWh 

on average. Systems formerly based on biomass had the smallest specific emissions in 2018 

with approximately the average of 116 kg CO2-eq/MWh Systems formerly based on fossil 

fuels have very high average total emissions. This could be because Helsinki is part of this 

group with very high total emissions compared to other systems. Systems that used to be 

based on fossil fuels in the past also had the second highest average specific emissions in 

2018 with approximately 208kg CO2-eq /MWh.  

 

 Effects of Ownership on District Heat Emissions 

 

The most common type of ownership in this district heating is, that the municipality owns 

the energy company either directly, or that the energy company is part of the municipality 

concern. In some systems, the production may have other owners than the municipality, but 

is still at least partially owned by the municipality. In the sampling of this paper, most of the 

district heating systems are owned by the local municipality. The groups are as follows: 

“MUN” are district heating owned by the local municipality; “PRI” are a group with private 

ownership of the system; “OUT” is a group where district heating is owned by another 

municipality; “LOC” is a group where district heating ownership is locally divided into 

multiple municipal and private owners in the same region. An example of “LOC” is the 

district heat system of Savonlinna, where the operating company Lempeä lämpö is owned 
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by Suur-Savon Sähkö, which is owned 60% by the municipalities in the region, and the rest 

is owned by mostly private owners. An example of “OUT” is the district heating system of 

Sipoo, which is owned by a company that is mostly owned by another municipality. 

Statistically important points to bring out of the sampling is that the count of systems in 

groups “PRI”, “OUT”, and “LOC” are small as most of the district heat providing companies 

are owned by the local municipalities. Table 1Error! Reference source not found. shows 

the ownership of each district heat system of this paper and the source used for determining 

the ownership of each municipality.  

 

Table 1. Ownership of district heating. 

Municipality 

DH mainly 

owned by Source 

Espoo PRI (Fortum 2021a)  

Helsinki MUN (Helen 2021a) 

Hämeenlinna PRI (Loimua 2021a) 

Imatra MUN (Imatran lämpö 2021) 

Joensuu LOC (Savon voima 2021a) 

Jyväskylä MUN (Alva 2021) 

Kajaani LOC (Loiste 2019) 

Kouvola MUN (KSS energia 2020, 36) 

Kuopio MUN (Kuopion Energia 2021a) 

Lahti MUN (Lahti energia 2021a) 

Lappeenranta MUN 

(Lappeenrannan energia 2021a) 

(Lappeenrannan energia 2020) 

Mikkeli MUN (ESE 2020a, 8) 

Oulu MUN (Oulun energia 2021a) 

Pori MUN (Pori Energia 2021) 

Rovaniemi MUN (NEVE 2021a) 

Savonlinna LOC (Suur-Savon Sähkö 2021) 

Seinäjoki MUN (Seinäjoen energia 2021) 

Sipoo OUT (Keravan Energia 2021) 

Tampere MUN (Tampereen sähkölaitos 2021a) 

Tornio MUN (Tornion energia 2021) 

Turku MUN (Turku energia 2021a) 

Vaasa MUN (Vaasan Sähkö 2020, 5) 

Vantaa MUN (Vantaan energia 2021a) 
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Figure 17 shows the change of average specific emissions between 2007 and 2018 in all 

ownership groups in kg/MWh and change by percentage.  

 

 

Figure 17. Change of specific emissions by ownership type. 

 

Municipally and locally owned companies had the highest specific emission reductions in 

both units. Municipally owned companies have decreased specific emissions in kg CO2-

eq/MWh the most, whereas locally owned companies have decreased their specific 

emissions in change by percentage the most. Group “OUT” is had the lowest changes in 

specific emissions in both units.  

 

Figure 18 shows the average change in total greenhouse gas emissions by kt and change by 

percentage between years 2007 and 2010 is systems divided by ownership type. 
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Figure 18. Average change of total emissions by ownership type. 

 

The total emissions of systems owned by an outside municipality is the only group, that has 

increased average total emissions. Municipally owned companies have decreased the most 

total emissions in mass whereas locally owned companies have decreased total emissions 

the most by percentage.  

 

Figure 19 shows the renewability share of 2019 and the change of renewability share 

between 2014 and 2019.  
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Figure 19. Renewability share of 2019 (upper) and change of renewability share between 2014 and 2019 

(lower) by ownership type. 

 

The highest renewability share in 2019 was in locally owned systems. The largest change in 

renewability share has been in municipally owned companies. Group “OUT” has increased 

renewability share even though it had also increased its total emissions and specific 

emissions. This may be due to the difference between the years of observation between 

renewable shares and specific emissions. Locally owned systems have slightly decreased 

renewability shares even though they still had the highest renewability share in 2019. 

Municipally owned systems had the largest change of renewability share, and the second 

highest current renewability share.  

 

Figure 20 shows the average total emissions and average specific emissions of each 

ownership group in year 2018.  
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Figure 20. Average of total emissions and average of specific emissions by ownership type. 

 

Group “OUT” had the highest specific emissions. Locally owned companies had both lowest 

specific emissions as well as the second lowest total emissions. Municipally owned and 

privately owned systems were on average systems with high total emissions. Locally owned 

district heating systems have both small total emissions and specific emissions. The other 

three groups have average specific emissions between 150 kg/MWh and 200 kg/MWh. 

Locally owned systems specific emissions were approximately 122 kg/MWh. Municipally 

and privately owned systems were on average much larger than locally owned systems based 

on the difference between specific emissions and total emissions.  

 

 Effects of National Climate Agreements on District Heat Emissions 

 

Many municipalities have joined various national agreements where the municipality agrees 

to reach for climate goals set by the agreement. In this paper, three agreements were chosen 

to measure the climate ambition of municipalities. These agreements are HINKU agreement, 

KETS agreement, and FISU agreement. The main aim of HINKU agreement is to reduce 

greenhouse gas emissions by 80% in 2030 from the levels of year 2007 (Hiilineutraalisuomi 

2021b). The KETS agreement aims to increase the energy efficiency of municipalities by 

7,5% by the year 2025 (energiatehokkuussopimukset 2021a), and thus, it is in relation to the 

total emission of consumed energy within the municipality. The FISU agreement, has similar 

goals as HINKU, but the aims are wider, where the aim is to reach carbon neutrality, waste 

free and globally sustainable consumption by 2050 (FISU 2020b). The source of the 
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municipalities’ partnership in each agreement was found from the websites of the 

agreements (Hiilineutraalisuomi 2021a) (FISU 2020a) (energiatehokkuussopimukset 

2021b). The decision on whether the system was part of an agreement was made according 

to the partnership of the municipality, not the energy companies. In this chapter, the measure 

of the effectiveness of agreements in emission reductions is the sum of agreements that may 

be anything from one to three agreements. In addition, the effectiveness of each agreement 

was checked, by calculating the indicator values of the municipalities of the sampling, that 

are part of each agreement. It must be noted that the information of when the municipalities 

have joined the agreements was not considered in this paper. 

 

Figure 21 shows the change of specific emissions in kg CO2-eq/MWh and in change by 

percentage in municipalities part of zero to three national climate agreements.  

 

 

 

Figure 21. Change of specific emissions by sum of climate agreement the municipality is part of. 
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The reductions of specific emissions show little differences in systems where the 

municipality is part of at least one agreement. However, the change is not significant. 

Systems where the municipality is part of zero agreements, have reached higher specific 

emission reductions in kg/MWh than municipalities that are part of one agreement. Systems 

where the municipality is part of two agreements have reached the highest specific emission 

reductions in both units. Municipalities part of three agreements have reached slightly higher 

specific emission reductions than systems part of one agreement, but lower changes than 

systems part of two agreements.  

 

Figure 22 shows the average change of total emissions of municipalities part of zero to all 

three climate agreements.  

 

 

 

Figure 22. Change of total emissions by sum of agreements the municipality is part of. 

 

The figure shows, that systems where the municipality is part of at least one agreement, have 

reached significant reductions of total emissions by percentage, but have not reached 
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significant changes in total emissions in kt. Systems, where the municipality is part of two 

or three agreements have reached significant reductions in total emissions in both units. 

Systems where the municipality is part of no agreement have low total emission reductions 

in both units. 

 

Figure 23 shows the renewability share of 2019 and the change of renewability share 

between 2014 and 2019.  

 

 

 

Figure 23. Renewability share of 2019 (upper) and change of renewability share 2014-2019 (lower) by sum of 

agreement the municipality is part of. 

 

The average renewability share of 2019 increases steadily as the sum of agreements increase. 

The same does not apply in the change of renewability shares. Systems part of one agreement 

has a lower change in renewability share than systems that are part of no agreement. If the 

municipality is part of two or three agreement, a larger increase in the change of renewability 
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and average renewability can be seen. The largest change of renewability shares was in 

systems where the municipalities is part of two agreements.  

 

Figure 24 shows the average total emissions and average specific emissions of systems part 

of zero to three climate agreements in the year 2018.  

 

 

Figure 24. Total emissions and specific emissions by sum of agreements the municipality is part of. 

 

Systems where the municipality is part of one agreement have the highest total emissions. 

This may be due to Helsinki being part of that group. Systems part of no agreement have the 

highest specific emissions, but lowest total emissions. There are no significant changes in 

systems where the municipalities are part of one or more agreements, though systems where 

the municipality is part of one agreement has the lowest specific emissions and systems 

where the municipality is part of three agreement has the higher specific emissions than 

systems where the municipality is part of one or two agreements.  

 

In addition to finding how much do the sum of agreements bring, the effectiveness of each 

climate agreement was calculated. One group is all the municipalities that are part that 

agreement, regardless of whether it is part or is not part of another group. This means for 

example, that if a municipality is part of every agreement, it is part of every group except 

“NONE”. Group “NONE” is the group of systems where the municipality is not part of any 

agreement. Figure 25 shows the change of specific greenhouse gas emissions of systems 

where the local municipality is part of HINKU-, KETS-, FISU-agreements, as well as a 

group with municipalities part of no agreements.  
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Figure 25. Change of specific emissions by individual agreement. 

 

Systems where the municipalities are part of FISU agreement, had the highest change of 

specific emissions. Systems, where the municipalities are part of no agreement had the 

lowest change of specific emissions. Systems where the municipalities are part of KETS had 

the second highest specific emission reductions, and systems where the municipality is part 

of HINKU agreement had the third highest specific emission reductions. 

 

Figure 26 shows the change of total emissions of each individual climate agreement.  
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Figure 26. Change of total emissions by individual climate agreement. 

 

The order of how much emissions have been reduced in each group is the same as in specific 

emissions (Figure 25). FISU municipalities have the highest, change of total emissions on 

average, KETS municipalities have the second highest total emission reductions, HINKU 

municipalities the third highest, and municipalities that are part of no agreement, has reached 

lowest total emission reductions.  

 

Figure 27 shows the current average renewability share, and the average change of 

renewability share in district heating systems of municipalities part of each agreement. 
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Figure 27. Renewability share of 2019 (upper) and change of renewability share 2019-2014 (lower) by 

individual climate agreement. 

 

All groups of individual agreements show high renewability shares in 2019. Systems, where 

the municipality is part of KETS had an average of 65% renewability share, Systems part of 

HINKU had an average of 64% renewability share, and systems part of KETS had 60% 

renewability share. Systems part of no agreement had a renewability share average of 43% 

The change of renewability share has been the largest in HINKU municipalities. KETS 

municipalities have also reached large changes in renewability shares, even though the 

agreement does not necessarily oblige to reduce use of non-renewable fuels. Once again, 

systems where the municipalities are part of no agreement, have the lowest average 

renewability share, and the lowest average change of renewability share.  

 

Figure 28 presents the total emissions and specific emissions of district heating systems part 

of each agreement group.  
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Figure 28. Total emissions and specific emissions by individual climate agreement. 

 

Group “NONE” has the largest specific emissions, but low total emissions. This tells that 

the group consists of small district heating systems on average. The average specific 

emissions of group “HINKU”, “KETS, and “FISU” are close to each other. The average total 

emissions of group “KETS” is the highest, and slightly higher than in group “HINKU” and 

“FISU”.  

 

 Effects of Being Part of Future Trends on District Heat Emissions 

 

According to prior research on the future of Finnish district heating and the development 

needs of Finnish district heating (Paiho & Saastamoinen 2018), there are multiple 

opportunities in technology and business models that could benefit Finnish district heating 

systems. From these opportunities, the ones that are already in use, and relevant for the topic 

of this paper were chosen to represent future trends of district heating. The emphasis was in 

the potential of reducing emissions and increasing renewable shares of district heating. The 

future trends chosen to this empiric analysis were a 100% renewable option offered in district 

heating business models; district cooling available alongside district heating; fourth 

generation renewable and non-combustible heat sources under construction in the district 

heating system.  

 

The fourth-generation district heating technologies considered in this paper were non-

combustible heat sources such as heat pumps, geothermal, solar thermal, and heat storage. 

In addition, some residual fuels from industry such as for example hydrogen used in 
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Lappeenranta, was regarded as fourth generation heat production. Biomass and heat recovery 

from industry was not regarded as a fourth-generation heats sources since they are already 

common sources for heat today. It must be noted that biomass and residual heat form industry 

should still be regarded as important sources for heat in the future district heating systems. 

However, the aim in this chapter was to find how new types of technologies affect the 

emissions and renewability shares of district heat systems. District cooling is not regarded 

as a part of the fourth-generation district heat group since it was chosen to be one group 

itself. The significance of systems being part of the future trends lies in the motivation of 

systems to pilot and test new technologies and business models that may have a significant 

part in the future systems and in the transition away from non-renewable fuels. Sources used 

to find whether systems have fourth generation heat sources are the annual statistics of 

district heat (Finnish energy 2020e) as well as news, annual reports and climate neutrality 

roadmaps of district heating companies and municipalities. The source for district cooling 

was the annual district cooling statistics of Finland from the year 2019 (Finnish energy 

2020d). The source for 100% renewable district heat was mainly found from the product 

option and price presentations of district heat operators in Finland. Table 2 shows the results 

of each trend and the sources used. Number one means the system is part of the trend and 

zero means the system is not part of the trend.  
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Table 2. District heating systems part of future trends 

Municipality 

Offers a 

renewable 

DH 

product 

option 

District 

cooling 

available 

4G DH 

technology 

being 

implemented 

to the system Source 

Espoo 1 1 1 

(Fortum 2021b)  

(Finnish Energy 2020e) 

Helsinki 1 1 1 (Helen 2021b) (Helen 2021c) 

Hämeenlinna 1 0 0 (Loimua 2021b) 

Imatra 0 0 0   

Joensuu 1 0 0 (Savon Voima 2021b) 

Jyväskylä 1 1 0 (Alva 2015) 

Kajaani 0 0 1 (Loiste 2020) 

Kouvola 0 0 0   

Kuopio 1 1 0 (Kuopion energia 2021b) 

Lahti 1 1 0 (Lahti Energia 2021b) 

Lappeenranta 1 0 1 

(Lappeenrannan Energia 2021b) 

(Finnish Energy 2020e)  

Mikkeli 1 1 1 

(ESE 2020b) 

 (Lähienergia 2020)  

Oulu 1 0 0 (Oulun Energia 2021b) 

Pori 0 1 0   

Rovaniemi 1 0 0 (Neve 2021) 

Savonlinna 0 0 0   

Seinäjoki 1 0 0 (Seinäjoen energia 2020) 

Sipoo 0 0 0   

Tampere 1 1 1 

(Tampereen sähkölaitos 2021b) 

(Tampereen sähkölaitos 2021c) 

Tornio 0 0 0   

Turku 0 1 1 (Turku Energia 2021b) 

Vaasa 1 0 1 

(Vaasan Sähkö 2021)  

(Vaasan Sähkö 2019) 

Vantaa 1 0 1 

(Vantaan Energia 2021b) 

(Vantaan Energia 2020) 

 

This sub-chapter consists of two different presentations of the data. The first part shows how 

the sum of trends the system is part of has affected the specific emissions, total emissions, 

and renewability shares of systems. The second part shows how each individual trends have 
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affected the district heat systems. In the presentation, systems are divided into four groups 

according to the sum of trends the system is part of.  

 

Figure 29 presents the values of the change of specific emissions of municipalities with the 

sum of zero to three trends of future district heating trends, each system is part of.  

 

 

 

Figure 29. Change of specific emissions by sum of future trends the system is part of. 

 

Systems part of three district heating trends have the smallest change of specific emissions. 

Being part of two trends have the largest changes of specific emissions. Systems part of one 

trend have reached larger changes in specific emissions than systems part of zero trends.  

 

Figure 30 shows the change of total emissions in municipalities part of zero to three district 

heating trends. 
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Figure 30. Change of total emissions by sum of trends the system is part of. 

 

Systems part of two trends have managed to decrease their total emission the most in both 

units. Systems part of one trend have larger changes in specific emissions than systems part 

of three trends. Systems part of no trend have decreased their total emissions by under 10 kt, 

but still have larger change by percentage than systems part of three trends. This indicates 

that systems that are part of no trend are on average smaller systems.  

 

Figure 31 shows the current renewability share and the change of renewability share between 

2014 and 2019 in municipalities that are part of zero to three district heating trends.  
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Figure 31. Renewability share (upper) and change of renewability share (lower) by sum of future trends the 

system is part of. 

 

Systems part of three trends, had the lowest renewability share in 2019. Systems part of one, 

two or three trends have reached over 50% renewability shares on average, where systems 

part of all three trends have reached an average renewability share of 38%. The highest 

change in renewability share has happened in systems part of no trend. Systems part of one 

trend have on average very low changes in renewability shares, and systems part of all three 

trends have the second lowest change in renewable share.  

 

Figure 32 shows the average total emissions and average specific emissions of systems 

where the municipalities are part of zero to three trends.  
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Figure 32. Total emissions and specific emissions by sum of future trends the system is part of. 

 

The figure shows that the higher the total emissions, the more trends are implemented to the 

system, even though specific emissions are quite level in each group. This indicates, that 

being part of future trends is happening more often in large systems than in small systems. 

There is no significant change in specific emissions of systems being part of trends. This 

may be because of the capacity of fourth-generation production and district heating was very 

low in 2018. The future trends had not yet brough significant changes to the greenhouse gas 

emissions of district heating.  

 

The effectiveness of individual trends was also checked in this paper. Figure 33 shows the 

change of specific emissions in kg/MWh and in change by percentage.  
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Figure 33. Change of specific emissions by individual future trend. 

 

There are no significant variations between changes in specific emissions in any group. All 

groups have reached changes close to 70 kg/MWh or more in average specific emission 

reductions. Municipalities with district cooling have reached lowest change of specific 

emissions by percentage, where systems part of no trend have reached lowest change of 

specific emissions in kg/MWh.  

 

Figure 34 show the change in total emissions of systems in individual district heating trends.  

 

-100

-80

-60

-40

-20

0

NONE District cooling available 4G heat sources being
implemented

Offers a 100 % renewable
DH product option

Average of Change of specific emissions of DH (2007-2018) [kg/MWh]

-30%

-25%

-20%

-15%

-10%

-5%

0%

NONE District cooling available 4G heat sources being
implemented

Offers a 100 % renewable
DH product option

Average of Change of specific emissions of DH (2007-2018) [%]



78 

 

 

 

Figure 34. Change of total emissions by individual future trend. 

 

District cooling had the largest change in total greenhouse emissions in kt, but lowest change 

by percentage. Systems part of no trend have reached low change total emissions compared 

to other systems, but the highest in change by percentage. Systems that offer a 100% 

renewable district heat product option have reached decent reductions in total emissions, and 

the highest change by percentage. Systems that have 4th generation heat sources being 

implemented are performing well in both units.  

 

Figure 35 shows the current renewability share and change of renewability share in district 

heating systems part of different individual trends.  
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Figure 35. Renewability share (upper) and change of renewability share 2014-2019 (lower) by individual future 

trend. 

 

Systems having a 100% renewable product option and 4th generation sources being 

implemented to the system have reached high renewability shares. Systems with district 

cooling had on average the lowest renewability shares in 2019. Systems part of no trend have 

reached the highest changes in renewability shares between 2014 and 2019. Systems that 

have fourth generation district heating have reached the lowest change in renewability 

shares.  

 

Figure 36 shows the specific emissions and total emissions of each group. 
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Figure 36. Total emissions and specific emissions by individual future trend. 

 

District heating systems that are part of no future trends, have the smallest specific emissions 

as well as the smallest total emissions. Systems with district cooling have both largest 

specific emissions as well as the highest total emissions. Systems that have 4th generation 

district heating implemented had the second lowest specific emissions and the second 

highest total emissions. Systems with 100% renewable heat option available, have the 

second largest specific emissions and the second lowest total emissions.  

 

There are many uncertainties in the results of this sub-chapter. First, there was no 

information found of when these trends were added to the system. For example, if a 100% 

renewable district heat product option was available in the system, but it has been added to 

the business model after the year 2018 or 2019, the reductions in emissions and increases of 

renewable shares resulting from 100% renewable heat product option will not be shown in 

the results of this paper, as the data of these values only reach to the year 2018 in emissions 

and 2019 in renewability shares. The same applies to district cooling. Whether or not the 

system offers district cooling was done according to statistics of 2019, and so, no results of 

greenhouse gas emission reductions by the year 2018 will show in the results of this paper, 

if cooling has been provided after the year 2018. In addition, the capacities of many non-

combustible heat sources are still very low, which means that the possible emission 

reductions they bring are also still very low. The most significant information this sub-
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chapter gives, is what types of systems have been ready to try new innovations and answer 

the development need that have been mentioned to be promising in scientific literature.  

 

 Effects of System Size on District Heat Emissions 

 

The effects of size on the emissions of district heating systems were checked in this paper. 

Large cities in Finland such as Helsinki, Espoo and Vantaa still use a high share of fossil 

fuels in their district heating system. The quantity to measure system size was the annual 

total energy produced. The total energy produced is in relation with the total heat demand of 

the system, therefore the larger the produced energy, the larger the total system is. Figure 37 

shows the greenhouse gas emissions of systems in relation to the total district heat produced.  

 

 

Figure 37. Greenhouse gas emissions and total heat production of district heating systems. 

 

The figure shows how significant the emissions of large municipalities with higher energy 

production, especially Helsinki, are in the larger picture. The sampling mostly consists 

mostly of the largest municipalities in Finland, yet the total emissions and total greenhouse 

gas emissions of Helsinki are significantly larger than in any other system. However, the 

location of Helsinki in the graph is very close to the trendline, which indicates that the 

specific emissions of Helsinki are close to the average specific emissions of the sampling. 

All values are close to the trendline which indicates that in 2018 the emissions of district 

heating happened roughly in the same proportions, according to the total energy produced 

in each system. 
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There was no significant evidence found that district heating systems of large cities are 

changing in a different pace compared to small systems. Some small systems such as district 

heating system of Imatra has already reached almost 100% renewability, whereas other small 

systems such district heating system in Sipoo is still almost fully based on non-renewable 

fuels. The same can be said about systems of large cities. Systems of for example Turku and 

Tampere have already reached specific emission reductions, whereas for example Helsinki 

has not. What can be said is that the specific emissions in smaller systems become much 

more dispersed, where both the highest and lowest specific emissions are in systems that 

produce under 1000 GWh district heat annually.  
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6 RESULTS ANALYSIS 

 

In this chapter the results of chapter 5, and the content of the paper is reflected to analyse 

how can the goals of renewable district heating systems be carried on further.  

 

 Fuels Used in the Past in District Heat Systems 

 

The fuels used in district heating systems in the past seem to have large effect on the current 

specific emissions, and renewability shares, as well as the changes of emissions and 

renewability shares. Systems based highly on biomass and peat have not been as eager to 

increase their renewability shares after 2014. However, there can be seen large decreases in 

specific emissions since 2007. This may indicate that the changes in fuels have mostly 

happened before the year 2014. Even though systems highly based on biomass in the past 

have not done as much in specific emission reductions, they are still the systems, that had 

the highest renewability shares in 2019. The process of renewing the energy systems is still 

under progress and the specific emissions of each fuel group are around 150 kg CO2/MWh, 

yet systems, that formerly based highly on biomass (groups Bio, Bio+Peat, Bio+NG) seem 

to have stopped the progress of increasing renewability shares. No significant increases of 

renewability shares are seen in any of these groups between 2014 and 2019. This may be 

due to the low maturity of new technologies or the limited availability of biomass in the 

regions. It is also notable that even though systems formerly based on peat have reduced 

their specific emission significantly, they still had one of the lowest renewability shares in 

2019, as well as the highest specific emissions in 2018. This may be because the decision 

of combusting peat has other factors related to it than environmental factors, such as the 

economic vitality it brings to local regions. There are also still tax reliefs related to peat that 

may make it a more profitable fuel related to other fuels. Systems formerly based on coal 

have reached very high reductions in specific emissions and were on average among the 

groups with the highest renewability shares in 2019. Systems formerly based on more than 

one fossil fuel, have not reached as large emission reductions as systems based on either 

coal or natural gas alone. This may be due to the economic benefits of having two different 

fuel options from which the cheaper one can always be selected. The other factor may be, 

that biomass availability has been low in these municipalities. So far, these municipalities 
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have phased out of fossil fuels mainly by introducing waste incineration to the system, 

which also has relatively high greenhouse gas emissions. This has led to some changes in 

renewability shares of systems formerly based on fossil fuels, even though specific 

emissions or total emission have not decreased significantly. 

 

 Ownership of the District Heat System 

 

Based on the sampling used on this paper, systems owned by an outside municipality is 

performing badly in emission reductions. It may be due to the difficulty that the municipality 

may have on impacting what fuels are used, if the heat producing company is owned by 

another municipality. There was only one system in this sampling, that was owned by an 

outside municipality, so it is difficult to draw conclusions on whether this is the case. 

Municipally, and locally owned companies are performing well in decreasing specific 

emissions. Privately owned companies are doing decent in emission reductions. Privately 

and municipally owned companies have managed the largest changes in renewability shares 

and are performing the second and third best in current renewability shares. Locally owned 

companies had the highest renewability shares throughout the observation time of 2014-

2019 even though the change of renewability share is negative in locally owned 

municipalities, meaning fewer renewable fuels were used on average in 2019 than in 2014. 

The highest uncertainties on how ownership effects the emission reductions of district 

heating systems researched in this paper were the low number of systems in some groups of 

the sampling. Most systems of this sampling were owned by the municipality. Two systems 

were locally owned, two systems privately owned, and one system was owned by outside 

municipality. There does not seem to be any restrictions on the possibilities of emission 

reductions in privately or locally owned systems. Privately owned systems already have 

managed to reduce emissions, and some of them have clearly communicated that they will 

keep on reducing greenhouse gas emissions in the future as well. It is also doubtful, that the 

one system owned by an outside municipality could not reduce emissions of district heating 

and reach national climate goals in the future, due to the current ownership type. The 

ownership type only may have had effects on the emission reductions so far, as the transition 

phase of district heat systems has just started. The particular company has stated that it will 

reach carbon neutrality by 2030.  
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 Being Part of National Climate Agreements 

 

The results of this paper show clear results that systems where the local municipality is part 

of climate agreements and networks have reached higher reductions in specific emissions, 

total emissions and increased the renewability shares. It seems, that being part of two or 

more agreements have brought clearer results of reducing emissions and increasing 

renewability shares. Being part of one agreement has not brought emission reductions nor 

increased renewability shares compared to systems part of no agreements. However, systems 

where the municipality is part of one agreement had the lowest specific emissions in 2019, 

and systems where the municipalities are part of no agreement, had larger specific emissions 

than systems where the municipality is part of one or more agreements. The sum of 

agreements being one or larger, showed average specific emissions between 147 kg/MWh 

and 172 kg/MWh. Systems where the municipality is part of no agreement, reached specific 

emissions of approximately 220 kg/MWh.  

 

From individual agreements and networks, FISU-network seems to have been the most 

effective in reducing specific emissions and total emissions. Respectively, KETS has been 

the second most effective and HINKU has been the third most effective, but still brought 

more reductions compared to systems part of no agreement. However, systems part of 

HINKU have been the most effective in increasing the renewable share in district heat 

production. All individual agreements have average specific emissions between 160 

kg/MWh and 170 kg/MWh, while systems part of no agreement have average specific 

emissions at approximately 220 kg/MWh. The feature behind the eagerness of being part of 

climate agreements may be the common ambitiousness of trying to reach climate goals. 

Being part of these agreements may both be a tool to reach climate goals, as well as a tool 

to communicate the ambitiousness of reaching climate goals to stakeholders. There are 

however criteria in joining the HINKU and KETS agreements, which require municipalities 

to act towards emission reductions. In all, systems where the municipality is part of climate 

agreements seem to reach higher emission reductions than systems where the municipality 

is not part of any agreements.  
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 Being Part of Future Trends of District Heating Trends 

 

Systems part of future trends have been the least decisive in bringing emission reductions so 

far. Systems that are part of one or two trends have the largest specific emission reductions, 

however, systems part of all three trends have the lowest change in specific emissions, even 

lower than systems part of no trends. Systems that are part of two trends, have decreased 

total emissions very significantly. Being part of one trend has brought larger total emission 

reductions than in systems part of three trends. Being part of three trends have been more 

effective in decreasing total emissions than being part of no trends. The renewability share 

of 2019 was the largest in systems part of no trends and two trends, and the lowest in systems 

part of three trends. Systems part of no trends have increased the renewability shares the 

most. Systems part of two trends have increased specific emissions the second most. Systems 

part of one trend have not increased renewability share significantly. The specific emissions 

of groups that consists of systems part of zero to three trends, is very steady, where all 

specific emissions are slightly over 170 kg/MWh. However, the total emissions increase the 

higher the sum of trends are. This indicates that being part of future trends is more common 

in larger systems. Systems that have a 100% renewable heat option and fourth generation 

heat production means, have the highest change in specific emissions. However, the changes 

between groups are small. The change of total emissions is large in all groups that are part 

of future trends, and small in systems that are part of no trends. Systems with fourth-

generation district heating under production, and systems with a 100% renewable heat option 

available, had the largest renewable shares. The change of renewability share has changed 

the most in systems that are part of no trends, and least in systems, that have district cooling 

available. The change in renewability was also quite low in municipalities, that have a 100% 

renewable option available.  

 

The result of systems being part of future trends were to some extent as expected. It is very 

likely, that these trends themselves have not brought large changes to emission reductions, 

but municipalities that are part of the trends, have managed to reduce emissions and increase 

renewability share by other means, and these trends bring emission reductions more in the 

future, as more capacity is installed. This claim gets some confirmation from the fact, that 

often the systems that are part of no trends have managed to reduce specific emission more 
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than systems that are part of one or more trends. The systems that have managed to bring 

emission reductions by other means, for example by introducing larger shares of biomass to 

energy production, may have not seen it necessary to introduce new business models or new 

technologies, that are not as mature as traditional production with for example biomass 

combustion. It also seems that having future trends are more common in larger systems than 

in small systems. This may be due to the same reason, as smaller systems can cover a larger 

share of fuel demand with available biomass. Another reason may be, that new technologies 

can be risky investments, and smaller systems cannot afford to take large risks with 

technologies, that are still in some cases moving from pilot stages to large scale production. 

For large cities, these risks may be crucial in reaching ambitious climate goals within the 

next decade.  

 

 Reaching 100% Renewability and Carbon Neutrality in Finnish 

District Heating    

 

Increasing the use of biomass may be difficult to some systems. This may be due to the 

biomass availability in some regions or the size of the system. Biomass in energy production 

in Finland is often residues of either forestry of forest industry. If there is no forest industry 

close to the municipality, the use of biomass may become a difficult logistical problem. The 

low energy specific energy content of biomass makes it difficult to transport for long 

distances and requires large areas for storage in larger systems. For this reason, significant 

increase of biomass in energy production of for example large systems like Helsinki can be 

very difficult, even unrealistic. The sustainability concerns of biomass also act as a constraint 

for increasing the use of biomass. The sustainability constraints being that forest biomass 

felling and natural removal should not exceed the annual growth of forests. In addition, 

biomass for energy should only be from shares of biomass that have no other use, such as 

residues from forestry and industry. 

 

The 100% renewable energy production target can be difficult to define. An example of this 

is waste combustion, where at least some share of combusted waste will be non-renewable. 

However, according to waste management principles it must be combusted rather than 

dumped to landfill. Even if waste management evolves and recycle rates become very high, 
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there will still probably be some combustible waste fractions, that are both non-renewable, 

and have a greenhouse gas emission. This means that even if waste is regarded as a part of 

the future renewable energy systems, it is a different question whether the system with waste 

incineration can be carbon neutral. It is very likely, that incinerating waste with fossil 

fractions in it will still happen after 2035, by which many municipalities have claimed to 

have become carbon neutral. The compensation of fossil-based greenhouse gases may be 

necessary to make systems with waste incineration carbon neutral.  

 

The security of energy supply can be another major challenge in reaching 100% 

renewability. As the main heat sources in a future renewable district heating system in 

Finland are biomass, waste, residual heat, geothermal and heat pumps, of which many 

depend on electricity, and no peat, nor imported fossil fuels are used, the security of energy 

supply may become more challenging. This could be however solved with a wide 

distribution on different production means and a wider utilisation of heat storage.  

 

One challenge in reaching 100% renewability is related to the local economic vitality of the 

district heating system. Many municipalities have a large impact on local vitality when fuels 

such as biomass and peat are bought from producers close by. The transformation away from 

local non-renewable fuels such as peat will have an economic impact on the local supply 

chain as less and less peat is produced. This means that climate goals of municipalities can 

be in contradiction with other interests of the same municipalities, such as economic vitality 

related to local fuel production. This may make it more difficult for some regions to set or 

reach ambitious climate goals. In the end, solutions will be needed to replace peat with 

renewable heat sources. Otherwise, carbon neutrality cannot be reached.  

 

In reaching 100% renewable the main aim is of course to have the main load of production 

from renewable sources, where only peak load and back-up plants may use non-renewable 

fuels, where they are more reliable for their better-suited properties in use of such plants. 

After an almost 100% renewable system is reached, the next step is to try and find 

replacements for the use of fossil fuels in back-up plants. Replacing fossil fuel combusting 

peak load and back up plants with heat storage could have at least technical potential. If heat 

can be produced and stored in close to maximum capacity of main production, with 
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renewable production, and where the leftover heat is stored for times of higher demands of 

heat, the need for back up plants decreases. Heat storage may also have the benefit of 

maximising the use of CHP production and use of residual heat from district cooling, 

prosumer sources, and industry. As the use of these sources in district heating increases, the 

need for peak load plants may decrease even further.  
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7 CONCLUSIONS  

 

Table 3 shows the summary of results made in the empiric part of this paper. In addition, the 

effectiveness of each factor in the future was evaluated. In Table 3, “Y” means “yes”, and 

“N” means “no”. The results are explained more in detail in the following paragraphs.  

 

Table 3. Summary of results. 

Factors: 

Have had 

effects on 

emission 

reductions so far 

Will have effects 

on emission 

reductions in the 

future 

Fuel mix used in the 

past Y N 

Ownership Y N 

Being part of national 

climate agreements Y Y 

Being part of future 

trends of DH N Y 

System size N N 

 

Systems formerly based on coal, a mix of biomass and peat, or only peat, have reached the 

largest reduction in specific emissions. Systems formerly based on both most common fossil 

fuels, coal and natural gas are trailing behind in emission reductions, in both specific 

emissions and total emissions. Systems formerly based biomass alone or mix of biomass and 

other fuels have reached the lowest changes in renewability shares since 2014, but often still 

had the highest renewability shares in 2019. This means that the fuel decisions made in the 

past, may have effect on the fuels used and therefore on renewability shares and emissions 

of today. Transitioning of large systems with long lifetimes such as Finnish district heating 

systems can be slow, and decisions that have determined the fuel mix used in the past can 

affect the fuel mix used throughout the lifetime of a production plant, unless the fuel can be 

changed within a production plant, or plants are shut down before the end of their lifetime. 

This point should be noted also, when deciding the heat sources for the future. For example, 

the brought-up sustainability constraints of biomass may make large investments towards 

highly biomass-dependent systems risky investments, as more sustainability related issues 

and constraints may occur in the future as well. The halt seen by systems formerly based on 

high biomass shares seems unpromising since specific emissions are still far away from the 
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targets. However, it is noted that changes in district heat systems happen in steps, where 

there may be a significant time lag between the decision of implementing new production 

and the actual energy production in the new plant. It is unlikely, that the fuel-related decision 

making of the past will affect the transition towards renewables in the future, as non-

renewable technologies are phased out of due to mutual climate goals, increased maturity of 

new renewable technologies, and the end of the lifetime of non-renewable combusting 

plants. 

 

Municipally owned companies have performed the best in reducing emissions of district 

heating and introducing renewable heat production. Locally owned systems are performing 

well, privately owned systems are slightly trailing behind. Systems owned by outside 

municipalities have not reached significant greenhouse gas emission reductions. Locally 

owned companies had the highest renewability shares but a negative change in renewability 

share. Municipally and privately owned companies seem to be in a stronger transition phase 

than locally owned companies, that seem to have slowed down the process of renewing the 

system. Ownership type is not seen as an obstacle that cannot be overcome in reaching 

climate goals in the future, but it may have affected the emission reduction done so far.  

 

Being part of climate agreements show promising results in emission reductions. It cannot 

be directly concluded that this is due to the climate agreements themselves, but there is strong 

indication that systems where the municipality is part of climate agreements have reached 

higher emission reductions. Being part of more than one agreement may bring even more 

emission reductions. Systems part of FISU network have reached largest emission reductions 

whereas being part of HINKU has brough largest changes in renewability shares. Systems 

part of KETS is in the middle of these two in all indicator values. The help received from 

networks that share knowledge and mutual climate targets should prove helpful in the future 

as well when systems aim for further emission reductions.  

 

There was no conclusive evidence, that systems that are part of future trends have reached 

higher emission reductions or renewability shares so far. This may be due to the low installed 

capacities of these technologies, and more time and updated data are needed to show how 

much reduction they have brought in the past few years, and how effective they will be, 
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when they take over larger shares of heating- and cooling production. Current high 

renewability shares have been established mainly by replacing non-renewable fuels with 

mostly biomass and waste incineration. Systems that have not managed to introduce biomass 

or waste incineration for some reason, are trailing behind in reaching goals of 100% 

renewable district heating systems. The next few years will show, how promising new heat 

technologies such as geothermal, solar thermal district heating and heat storage are in 

Finnish district heating systems. If these technologies are found to be widely utilisable in 

Finland, reaching carbon neutrality goals will begin to look achievable. In the current path 

of relying mostly on waste and biomass, the availability of fuels will become an increasing 

restriction. New technologies will be needed to achieve carbon neutrality.  

 

From the district heating systems in the sampling of this paper it seems like the common 

trend of municipalities is to reduce greenhouse gas emissions, with only a few systems, that 

have not yet managed to reduce both total emissions and specific emissions. However, it 

seems that systems that had high renewability shares in 2019, often did not have a significant 

change in renewability share since 2014. This may indicate that the emission reduction speed 

is slowing down, even though specific emissions in many groups in the empiric chapter are 

still high when compared to the targets of the future specific emissions. There are only a few 

single systems in the sampling of this paper that are very close to reaching carbon neutral 

district heating, and a common instruction could be given that district heating systems should 

not slow down the progress of reducing emissions of district heating. Instead, there is much 

room for improvement in many cases. Further piloting and introduction of new technologies 

such as solar thermal heat, geothermal, and heat storage should be carried on in Finnish 

district heating systems. They may be crucial in reaching 100% renewable district heat 

systems.  

 

Standardization between systems and municipalities and their communication of their 

climate goals and how they are reached is needed. The reference year of climate target varied 

between systems, and no clear statements of how climate targets are reached was a common 

problem in the climate plans of municipalities. In addition, gathering information about all 

companies part of the 23 municipality sampling was very difficult, as often the heat 

distributor had the heat producing plant named differently, even though they were part of the 
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same energy company. Variances between annual statistics and fuel accounting was 

significant, which made data gathering and calculations even more difficult. Unifying the 

format of the data would help data gathering for future research.  

 

Further research should bring information about how well renewable non-combustible heat 

sources perform in Finland. More information should be available in few years as more new 

technologies has been implemented to district heating systems. The techno-economic 

potential of heat storage and heat pumps and district cooling in individual system should be 

researched, especially their potential in replacing back up plants and increasing efficiency 

of the system. More research may also be needed on how the security of energy supply can 

be confirmed in systems, that highly depend on new technologies.  
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8 SUMMARY 

 

In this paper, a research of the emission reduction possibilities of Finland was done. The aim 

of this paper was to find what factors have led to greenhouse gas emission reductions so far 

in Finnish district heating systems. The results of the empiric part were used to analyse how 

has the transition towards 100% renewable district heating gone so far, and how could it be 

carried on in the future.  

 

Key finding from this paper were the fuel mix used in the past affects the renewability share 

of today. Biomass based systems have slowed down their change in the fuel mix, Systems 

based mainly on one fossil fuels have reached high emission reductions, where systems 

based on both coal and natural gas, as well as systems based on peat are trailing behind in 

the transition towards renewable district heating. Ownership may have effects where locally 

and municipally owned systems are performing the best, and systems owned by another 

municipality is performing the worst in the renewable transition. High uncertainties are 

present in whether ownership has effects since the sampling size mainly consisted of 

municipally owned companies. Systems part of national climate agreements have reached 

higher emission reductions and renewability shares than systems, that are not part of climate 

agreements.  

 

For further quantitative analysis on how well Finnish district heating systems are doing in 

the transitions towards carbon neutral systems, more standardization may be needed 

regarding available data of companies part of the district heating business and the greenhouse 

gasses of these companies and district heating systems in Finland. The actors in energy 

systems of Finland should not stop providing open data, since they are often crucial for 

research. Further research suggestions are for example research on how the new installed 

non-combustible heat sources such as solar thermal heat and geothermal district heat perform 

in Finnish district heat after they are more widely implemented. They may be crucial in 

reaching climate targets as the availability of sustainable biomass may become a restriction.  
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Appendix I, 1 

 

 

Table 4. Systems and their fuels used for calculating renewability shares of 2019. 

 

Oil: Coal: Natural Gas: Peat: Bio: Waste: Other RE:

Heat pumps and 

heat recovery: Total non-RE: Total RE: Company Municipality: Total non-RE: Total RE:

4,6 2042,3 729,6 0 244,7 0 90,6 354,5 2776,5 689,8 Fortum Power and Heat Oy, Espoo Espoo 2776,5 689,8

106,7 6656,3 4860 0 226,1 0 0 543,6 11623 769,7 Helen Oy Helsinki 11623 769,7

1,3 0 56,8 150,7 395,7 0 0 42,8 208,8 438,5 Loimua Oy, Hämeenlinna Hämeenlinna 208,8 438,5

0 0 2,8 0 180,2 0 0 16,7 2,8 196,9 Imatran Lämpö Oy Imatra 2,8 196,9

36,5 0 0 254,5 538,6 0 0 145,1 291 683,7 Fortum Power and Heat Oy, Joensuu Joensuu 291 683,7

3,5 0 0 3 6,3 0 0 - 6,5 6,3 Alva-yhtiöt Oy, Jyväskylä Jyväskylä 6,5 6,3

0 0 0 20,9 23,5 0 0 - 20,9 23,5 Nevel Oy, Jyväskylä Jyväskylä 20,9 23,5

35,1 0 0 445,5 328,9 0 0 - 480,6 328,9 Jyväskylän Energiantuotanto Oy Jyväskylä 480,6 328,9

3,1 12,5 0 516,1 588,3 0 0 - 531,7 588,3 Jyväskylän Voima Oy Jyväskylä 531,7 588,3

7,7 0 0 0 0 0 0 - 7,7 0 Loiste Lämpö Oy Kajaani 7,7 0

55,7 0,1 0 161,5 271,6 38,4 0 - 217,3 310 Kainuun Voima Oy, Kajaani Kajaani 217,3 310

0 0 32,4 0 0 0 0 - 32,4 0 KSS Lämpö Oy, Kouvola Kouvola 32,4 0

0 0 0 0 4 0 0 - 0 4 Kouvolan Saha Oy Kouvola 0 4

0 0 39,7 0 0 0 0 - 39,7 0 KSS Energia Oy Kouvola 39,7 0

0 0 5,1 53,3 627,7 0 0 4,6 58,4 632,3 Kymin Voima Oy Kouvola 58,4 632,3

0 0 4 0 7,1 6,6 0 - 4 13,7 Stora Enso Publication Papers Oy Ltd, Kouvola Kouvola 4 13,7

0 0 0 0 8,3 0 0 - 0 8,3 Suomen Viljava Oy, Kouvola Kouvola 0 8,3

21,2 0 0 540,8 853,6 0 0 194 562 1047,6 Kuopion Energia Oy Kuopio 562 1047,6

0 0 0 0 3,6 0 0 - 0 3,6 Nevel Oy, Vehmersalmi Kuopio 0 3,6

1,4 0 0 3,8 51,7 0 0 3,3 5,2 55 Savon Voima Oyj, Kuopio Kuopio 5,2 55

0 0 0 0 4,2 0 0 - 0 4,2 Hake Rissanen, Kuopio Kuopio 0 4,2

3,1 510,2 147,5 13,4 396,6 896,1 0 44,1 674,2 1336,8 Lahti Energia Oy, Lahti Lahti 674,2 1336,8

0 0 0 0 7 0 0 - 0 7 Lahti Aqua Oy Lahti 0 7

0 0 0 0 0 0 30,1 - 0 30,1 Adven Oy, Lappeenranta Lappeenranta 0 30,1

0 0 0 0 0 0 0 - 0 0 Lappeenrannan Energia Oy Lappeenranta 0 0

0 0 0 0 0 0 0 2,4 0 2,4 Finnsementti Oy, Lappeenranta Lappeenranta 0 2,4

0 0 2 157,7 738,6 0 0 - 159,7 738,6 Kaukaan Voima Oy, Lappeenranta Lappeenranta 159,7 738,6

0,1 0 86,9 0 0 0 0 - 87 0 Lappeenrannan Lämpövoima Oy Lappeenranta 87 0

0 0 0 0 12,4 0 0 - 0 12,4 UPM-Kymmene Oyj, Lappeenranta Lappeenranta 0 12,4

6,3 0 0 158 530,4 0 0 - 164,3 530,4 Etelä-Savon Energia Oy Mikkeli 164,3 530,4

30,5 0 0 1267 746,1 0 0 269,3 1297,5 1015,4 Oulun Energia Oy Oulu 1297,5 1015,4

2 0 0 29,3 46,7 0 0 0,7 31,3 47,4 Oulun Seudun Sähkö Oulu 31,3 47,4

4 1,1 0 104,7 27,2 0 121 - 109,8 148,2 Laanilan Voima Oy, Oulu Oulu 109,8 148,2

0,4 0 0 28,8 159,9 0 0 - 29,2 159,9 Stora Enso Oulu  Oy Oulu 29,2 159,9

28 17,6 41,2 334,3 538,4 101,8 0 33,4 421,1 673,6 Pori Energia Oy, Pori Pori 421,1 673,6

0 0 0 0 1,8 0 0 - 0 1,8 Ulvilan Lämpö Oy Pori 0 1,8

3,8 0 0 313,7 356,9 0 0 103,9 317,5 460,8 Napapiirin Energia ja Vesi Oy, Rovaniemi Rovaniemi 317,5 460,8

6,1 0 0 0 18,6 0 0 - 6,1 18,6 Suur-Savon Sähkö Oy, Savonlinna Savonlinna 6,1 18,6

0 0 0 0 13,7 0 0 - 0 13,7 Itä-Savon Lähienergia Oy, Savonlinna Savonlinna 0 13,7

0,2 0 0 55,2 335,1 0 0 - 55,4 335,1 Järvi-Suomen Voima Oy, Savonlinna Savonlinna 55,4 335,1

1,1 0 0 0 10,9 0 0 - 1,1 10,9 Kerienergia Oy Savonlinna 1,1 10,9

22,5 0,2 0 96,8 13,4 0 0 - 119,5 13,4 Seinäjoen Energia Oy Seinäjoki 119,5 13,4

0 0 0 0 0 0 0 2,4 0 2,4 Botnia Freeze Oy, Seinäjoki Seinäjoki 0 2,4

0,5 0 0 461,4 144,8 0,4 0 - 461,9 145,2 Seinäjoen Voima Oy, Seinäjoki Seinäjoki 461,9 145,2

0,8 0 34,6 19,7 8,4 0 0 - 55,1 8,4 Keravan Energia Oy, Kerava Sipoo 55,1 8,4

0,1 0 65 0 1,1 0 0 - 65,1 1,1 Keravan Energia Oy, Sipoo Sipoo 65,1 1,1

31,2 0 801,9 681,2 842 470,9 0 261,5 1514,3 1574,4 Tampereen Sähkölaitos, Tampere Tampere 1514,3 1574,4

0,3 0 0 109,4 44,1 0 0 - 109,7 98,5 Tornion Voima Oy Tornio 109,7 98,5

3,5 0 0 0 0 0 0 - 3,5 0 Tornion Energia Oy Turku 3,5 0

46,3 0 0 0 61,7 0 0 - 46,3 61,7 Turku Energia Oy Ab, Turku Turku 46,3 61,7

0,4 0 0 0 48,3 0 0 11,3 0,4 59,6 Varissuon Lämpö Oy Turku 0,4 59,6

0 0 0 0 4,3 0 0 - 0 4,3 Höyrytys Oy, Turku Turku 0 4,3

0 0 0 0 3 0 0 - 0 3 Late-Rakenteet Oy, Turku Turku 0 3

0 0 0 0 82,8 0 0 - 0 82,8 Pansion Lämpö Avoin Yhtiö Turku 0 82,8

0 0 0 0 0 0 0 0,4 0 0,4 TS-Yhtymä, Turku Turku 0 0,4

80,2 1357,9 0 57,2 1267,8 0 0 255,9 1495,3 1589,9 Turun Seudun Energiantuotanto Oy Turku 1495,3 1589,9

0 0 0 0 0 0 0 - 0 0 Vaasan Sähkö Oy Vaasa 0 0

0 0 0 0 1,2 0 0 - 0 1,2 Sarlin Oy, Vaasa Vaasa 0 1,2

0 99,8 0 190,9 447 0 0 - 290,7 447 Vaskiluodon Voima Oy, Vaasa Vaasa 290,7 447

0 0 0 0 0 457,3 0 10,9 0 468,2 Westenergy Oy, Mustasaari Vaasa 0 468,2

0 0 0 0 6,9 0 0 - 0 6,9 Vöyrin energiaosuuskunta Vaasa 0 6,9

1,5 565,6 244,9 84,5 529,3 1120,1 0 239,9 896,5 1889,3 Vantaan Energia Oy Vantaa 896,5 1889,3
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Table 5. Systems and their fuels used for calculating renewability shares of 2014. 

Oil: Coal: Natural Gas: Peat: Bio: Waste: Other RE:

Heat pumps and 

heat recovery: Total non-RE: Total RE: Company Municipality Total no-RE Total RE

9,2 2321,2 764 0 0 0 7,4 0 3094,4 7,4 Fortum Power and Heat Oy, Espoo Espoo 3094,4 7,4

174,7 4971,4 7333,1 0 0 0 120,9 374,9 12479,2 495,8 Helsingin Energia Helsinki 12479,2 495,8

1,1 0 61,2 152,2 360,9 0 8,2 0 214,5 369,1 Elenia Lämpö Oy, Hämeenlinna Hämeenlinna 214,5 369,1

0 0 2,8 0 0 0 0 0 2,8 0 SSAB Europe Oy, Hämeenlinna Hämeenlinna 2,8 0

0 0 0 0 16,9 0 0 0 0 16,9 St1 Biofuels Oy, Hämeenlinna Hämeenlinna 0 16,9

0,1 0 87 0 0 0 0 0 87,1 0 Imatran Lämpö Oy Imatra 87,1 0

0 0 106,2 0 0 0 0 0 106,2 0 Imatran Energia Oy Imatra 106,2 0

33,2 0 0 272 788,2 0 0 0 305,2 788,2 Fortum Power and Heat Oy, Joensuu Joensuu 305,2 788,2

0 0 0 0 0 0 0 0 0 0 Jyväskylän Energia Oy Jyväskylä 0 0

3,5 0 0 20,4 21,1 0 0 0 23,9 21,1 Vapo Oy, Jyväskylä Jyväskylä 23,9 21,1

34,6 0,1 0 394,2 409,8 0 0 0 428,9 409,8 Jyväskylän Energiantuotanto Oy Jyväskylä 428,9 409,8

4,1 186,4 0 408,5 643,4 0 0 0 599 643,4 Jyväskylän Voima Oy Jyväskylä 599 643,4

5,1 0 0 0 0 0 0 0 5,1 0 Kajaanin Lämpö Oy Kajaani 5,1 0

11,5 1,1 0 128,3 295,4 30,7 0 0 140,9 326,1 Kainuun Voima Oy, Kajaani Kajaani 140,9 326,1

0 0 44,9 0 0 0 0 0 44,9 0 KSS Lämpö Oy, Kouvola Kouvola 44,9 0

0 0 0 0 0 0 3,8 0 0 3,8 Gasum Oy, Kouvola Kouvola 0 3,8

0 0 3,5 68,2 538,5 0 8,5 0 71,7 547 Kymin Voima Oy Kouvola 71,7 547

0,4 0 30,1 0 0 0 0 0 30,5 0 KSS Energia Oy Kouvola 30,5 0

16,9 1,3 0 718,9 970,1 0 0 0 737,1 970,1 Kuopion Energia Kuopio 737,1 970,1

5,3 0 0 17,7 21,1 0 0 0 23 21,1 Savon Voima Oyj, Kuopio Kuopio 23 21,1

0 0 0 0 3,4 0 0 0 0 3,4 Hake Rissanen, Kuopio Kuopio 0 3,4

0,1 1306,3 152,4 0 636,2 572,2 0 0 1458,8 1208,4 Lahti Energia Oy, Lahti Lahti 1458,8 1208,4

0 0 0 0 0 0 0 0 0 0 Lappeenrannan Energia Oy Lappeenranta 0 0

0 0 0 0 0 0 40 0 0 40 FC Power Oy, Lappeenranta Lappeenranta 0 40

0 0 0 0 0 0 6,1 0 0 6,1 Finnsementti Oy, Lappeenranta Lappeenranta 0 6,1

0 0 3,4 135,8 737 0 0 0 139,2 737 Kaukaan Voima Oy Lappeenranta 139,2 737

0,4 0 107,2 0 0 0 0 0 107,6 0 Lappeenrannan Lämpövoima Oy Lappeenranta 107,6 0

0 0 0 0 0 0 1,4 0 0 1,4 Nordkalk Oyj, Lappeenranta Lappeenranta 0 1,4

4,3 0 0 136,4 602,3 0 0 0 140,7 602,3 Etelä-Savon Energia Oy Mikkeli 140,7 602,3

37,5 0 0 1252,8 697,3 0 161,4 0 1290,3 858,7 Oulun Energia Oulu 1290,3 858,7

6,5 0 0 25,6 57,2 0 0 0 32,1 57,2 Oulun Seudun Sähkö Oulu 32,1 57,2

6 3,5 0 85,3 42,1 0,6 92,1 0 94,8 134,8 Laanilan Voima Oy, Oulu Oulu 94,8 134,8

0,1 0 0 13,4 83 0 0 0 13,5 83 Stora Enso Oyj, Printing and Reading, Oulu Mill Oulu 13,5 83

19,7 38 0 342 526,4 22,9 0,3 0 399,7 549,6 Pori Energia Oy, Pori Pori 399,7 549,6

16,5 0,2 0 394,7 306,8 0 0 0 411,4 306,8 Rovaniemen Energia Oy, Rovaniemi Rovaniemi 411,4 306,8

0 0 0 0 15 0 0 0 0 15 Itä-Savon Lähienergia Oy, Savonlinna Savonlinna 0 15

5,6 0 0 0 18,9 0 0 0 5,6 18,9 Suur-Savon Sähkö Oy, Savonlinna Savonlinna 5,6 18,9

3,1 0 0 29,8 351,7 0 0 0 32,9 351,7 Järvi-Suomen Voima Oy, Savonlinna Savonlinna 32,9 351,7

0,3 0 0 0 11,1 0 0 0 0,3 11,1 Kerienergia Oy Savonlinna 0,3 11,1

38,3 0 0 84,4 22,7 0 0 0 122,7 22,7 Seinäjoen Energia Oy Seinäjoki 122,7 22,7

0,3 0 0 340,9 163 0 0 0 341,2 163 Vaskiluodon Voima Oy, Seinäjoki Seinäjoki 341,2 163

0,8 0 96,5 0 0 0 0 0 97,3 0 Keravan Energia Oy, Sipoo Sipoo 97,3 0

61,6 0 2016,7 526,3 811,9 0 0 0 2604,6 811,9 Tampereen Sähkölaitos, Tampere Tampere 2604,6 811,9

1,3 0 0 0 0 0 0 0 1,3 0 Tornion Energia Oy Tornio 1,3 0

0 0 0 90,6 55,7 0 0 0 90,6 55,7 Tornion Voima Oy Tornio 90,6 55,7

75,4 0 0 0 5,4 0 0 0 75,4 5,4 Turku Energia Oy Ab, Turku Turku 75,4 5,4

1,9 0 0 0 48,8 0 10,7 0 1,9 59,5 Varissuon Lämpö Oy Turku 1,9 59,5

0 0 0 0 8 0 0 0 0 8 Höyrytys Oy, Turku Turku 0 8

0 0 0 0 1,7 0 0 0 0 1,7 Late-Rakenteet Oy, Turku Turku 0 1,7

0 0 0 0 88,7 0 0 0 0 88,7 Pansion Lämpö Avoin Yhtiö Turku 0 88,7

0 0 0 0 0 0 10 0 0 10 TS-Yhtymä, Turku Turku 0 10

16,9 2888,9 0 4,2 115,5 131,9 94,7 221,1 2910 563,2 Turun Seudun Energiantuotanto Oy Turku 2910 563,2

9,1 0 0 0 0 0 0 0 9,1 0 Vaasan Sähkö Oy Vaasa 9,1 0

0 0 0 0 2,2 0 0 0 0 2,2 Sarlin Oy, Vaasa Vaasa 0 2,2

0 583,7 0 23,2 130,8 0 0 0 606,9 130,8 Vaskiluodon Voima Oy, Vaasa Vaasa 606,9 130,8

0 0 0 0 0 461,4 0 0 0 461,4 Westenergy Oy, Vaasa Vaasa 0 461,4

3 1195,8 688,5 0 0 662,3 0 0 1887,3 662,3 Vantaan Energia Oy Vantaa 1887,3 662,3
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Table 6. Empiric table of Finnish district heating systems part 1/2. 

 
 
Table 7. Empiric table of Finnish district heating systems part 2/2. 

 

Municipality

Aims to 

become 

carbon 

neutral 

by

System 

previously 

based on 

(2010)

Part of 

HINKU 

agreeme

nt

Part of 

KETS 

agreeme

nt

Part of 

FISU 

network

Sum of 

agreements

DH 

mainly 

owned 

by

Offers a 

100% 

renewable 

DH product 

option

District 

cooling 

available

4G DH 

technology 

being 

implemented 

to the system

sum of 

being 

part of 

trends

Espoo 2030 NG 0 1 0 1 PRI 1 1 1 3

Helsinki 2035 Fossil 0 1 0 1 MUN 1 1 1 3

Hämeenlinna 2035 Bio+NG 0 1 0 1 PRI 1 0 0 1

Imatra 2030 NG 1 1 0 2 MUN 0 0 0 0

Joensuu 2025 Bio+Peat 1 1 1 3 LOC 1 0 0 1

Jyväskylä 2030 Bio+Peat 0 1 1 2 MUN 1 1 0 2

Kajaani No target Bio+Peat 0 0 0 0 LOC 0 0 1 1

Kouvola 2030 Bio+NG 1 1 0 2 MUN 0 0 0 0

Kuopio 2030 Peat 0 1 1 2 MUN 1 1 0 2

Lahti 2025 Fossil 1 1 1 3 MUN 1 1 0 2

Lappeenranta 2030 Bio 1 1 1 3 MUN 1 0 1 2

Mikkeli No target Bio+Peat 0 1 0 1 MUN 1 1 1 3

Oulu 2040 Bio+Peat 1 1 0 2 MUN 1 0 0 1

Pori 2030 Bio+Peat 1 1 0 2 MUN 0 1 0 1

Rovaniemi No target Bio+Peat 0 0 0 0 MUN 1 0 0 1

Savonlinna No target Bio 0 1 0 1 LOC 0 0 0 0

Seinäjoki 2030 Peat 1 1 0 2 MUN 1 0 0 1

Sipoo 2035 NG 0 0 0 0 OUT 0 0 0 0

Tampere 2030 NG 1 1 0 2 MUN 1 1 1 3

Tornio No target Peat 0 0 0 0 MUN 0 0 0 0

Turku 2029 Coal 1 1 1 3 MUN 0 1 1 2

Vaasa 2029 Coal 0 1 1 2 MUN 1 0 1 2

Vantaa 2030 Fossil 1 1 0 2 MUN 1 0 1 2

Municipality

Renewable 

share of DH 

and CHP in 

2019 [%]

Renewable 

share of DH 

and CHP in 

2014 [%]

Change of 

renewable 

share of DH 

and CHP 

(2014-2019) 

[%-units]

Total 

emissions 

of DH in 

2018 [kt 

CO2e]

 Total DH 

consumed 

in 2018 

[GWh]

Specific 

emissions 

of DH in 

2018 

[kg/MWh]

Total 

emissions of 

DH in 2007 

[kt CO2e]

Total DH 

consumed 

in 2007 

[GWh]

Specific 

emissions 

of DH in 

2007 

[kg/MWh]

Change of 

specific 

emissions of DH 

(2007-2018) 

[kg/MWh]

Change of 

specific 

emissions of 

DH (2007-2018) 

[%]

Change of 

total 

emissions of 

DH (2007-2018) 

[kt CO2e]

Change of 

total 

emissions of 

DH (2007-2018) 

[%]

Espoo 19,9 % 0,2 % 19,7 % 426,4 2036,5 209,4 449,0 1809,3 248,1 -38,8 -15,6 % -22,6 -5,0 %

Helsinki 6,2 % 3,8 % 2,4 % 1325,9 6700,2 197,9 1273,5 6409,8 198,7 -0,8 -0,4 % 52,4 4,1 %

Hämeenlinna 67,7 % 64,0 % 3,8 % 63,8 465,1 137,2 95,6 434,7 219,9 -82,6 -37,6 % -31,8 -33,2 %

Imatra 98,6 % 0,0 % 98,6 % 9,7 190,1 51,0 40,8 180,6 225,9 -174,9 -77,4 % -31,1 -76,2 %

Joensuu 70,1 % 72,1 % -1,9 % 89,5 637,3 140,5 135,1 541,0 249,7 -109,2 -43,7 % -45,6 -33,7 %

Jyväskylä 47,7 % 50,5 % -2,9 % 242,7 1209,1 200,8 313,1 1087,0 288,1 -87,3 -30,3 % -70,4 -22,5 %

Kajaani 57,9 % 69,1 % -11,1 % 51,0 352,0 144,9 74,5 351,3 211,9 -67,1 -31,6 % -23,5 -31,5 %

Kouvola 83,0 % 78,9 % 4,1 % 54,0 487,8 110,8 62,3 442,0 140,9 -30,1 -21,4 % -8,2 -13,2 %

Kuopio 66,2 % 56,7 % 9,5 % 156,6 1080,9 144,9 334,7 954,4 350,7 -205,8 -58,7 % -178,1 -53,2 %

Lahti 66,6 % 45,3 % 21,3 % 245,2 1135,2 216,0 305,5 1150,3 265,6 -49,6 -18,7 % -60,3 -19,7 %

Lappeenranta 76,1 % 76,1 % 0,0 % 92,6 625,7 148,0 119,4 579,5 206,0 -58,0 -28,2 % -26,8 -22,4 %

Mikkeli 76,3 % 81,1 % -4,7 % 41,5 379,1 109,5 104,7 421,7 248,4 -138,9 -55,9 % -63,2 -60,4 %

Oulu 48,3 % 44,2 % 4,1 % 318,9 1713,2 186,1 399,0 1446,0 275,9 -89,8 -32,5 % -80,1 -20,1 %

Pori 61,6 % 57,9 % 3,7 % 93,1 567,6 164,0 145,6 596,2 244,2 -80,2 -32,8 % -52,5 -36,1 %

Rovaniemi 59,2 % 42,7 % 16,5 % 95,8 564,4 169,7 139,1 452,0 307,8 -138,1 -44,9 % -43,3 -31,1 %

Savonlinna 85,8 % 91,1 % -5,3 % 17,5 209,2 83,7 24,5 179,4 136,8 -53,1 -38,9 % -7,0 -28,7 %

Seinäjoki 21,7 % 28,6 % -6,9 % 153,3 488,2 314,0 125,5 333,3 376,4 -62,4 -16,6 % 27,8 22,2 %

Sipoo 7,3 % 0,0 % 7,3 % 16,7 84,2 198,3 15,6 68,9 226,3 -28,0 -12,4 % 1,1 7,1 %

Tampere 51,0 % 23,8 % 27,2 % 292,7 2097,7 139,5 355,9 1884,1 188,9 -49,3 -26,1 % -63,2 -17,7 %

Tornio 47,3 % 37,7 % 9,6 % 63,4 167,8 377,8 59,7 146,2 408,5 -30,7 -7,5 % 3,7 6,1 %

Turku 53,8 % 19,8 % 34,0 % 300,3 1667,7 180,1 418,7 1621,4 258,2 -78,1 -30,3 % -118,4 -28,3 %

Vaasa 76,1 % 49,1 % 26,9 % 79,1 652,3 121,3 160,5 601,7 266,7 -145,4 -54,5 % -81,4 -50,7 %

Vantaa 67,8 % 26,0 % 41,8 % 382,0 1806,7 211,4 365,5 1556,6 234,8 -23,4 -10,0 % 16,4 4,5 %


