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District heating is the most common technology used for individual house heating in Finland
with a share of 50%. Most of district heat is produced in large cogeneration plants which use
a combustion process to generate energy. In Finland, the most used fuels in district heating
production are biomass and fossil fuels. The national target of Finland is to decrease the
emissions from district heating by 50% before 2030 and to reach carbon neutrality by 2035.

Non-combustible technologies do not rely on a combustion process to produce energy. The
increased fuel prices and climate targets are forcing energy companies to replace fossil fuels
with other sources to maintain their competitiveness on the market. Replacing fossil fuels
with non-combustible technologies will decrease the CO, emissions in district heating
production, which helps Finland to reach its national climate targets.

Current trends indicate that the share of non-combustible technologies in district heating
production will increase. Finnish energy companies have increasingly invested in non-
combustible technologies, mainly heat pumps and electric boilers. Decreasing the supply
temperature in the DH network will make it easier to utilize other non-combustible
technologies, such as solar thermal heat. The increased use of these technologies will
increase the amount electricity used in DH production. In the future, most of district heat
could be produced with CHP plants which use biofuels as fuel and in large heat pump plants.
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Kaukoldmpd on kéytetyin teknologia yksittéisten talojen lammityksessa Suomessa, ja sen
osuus on 50 %. Suurin osa kaukolamma@sta tuotetaan suurissa yhteistuotantolaitoksissa, jotka
kayttavat polttoprosessia energian tuottamiseen. Suomessa kaukoldmmon tuotannossa
kaytetyimmat polttoaineet ovat biomassa ja fossiiliset polttoaineet. Suomen kansallisena
tavoitteena on vahentdd kaukoldammon paastoja 50 % vuoteen 2030 mennessé ja saavuttaa
hiilineutraalius vuoteen 2035 mennessa.

Polttoon perustumattomat teknologiat eivat tuota energiaa palamisprosessin avulla.
Polttoaineiden hinnannousu ja ilmastotavoitteet pakottavat energiayhtiét korvaamaan
fossiiliset polttoaineet muilla energialédhteilla sailyttadkseen Kilpailukykynsa markkinoilla.
Fossiilisten polttoaineiden korvaaminen polttoon perustumattomilla teknologioilla vahentéa
kaukoldmmon tuotannon hiilidioksidipaastdjd, mikd auttaa Suomea saavuttamaan
kansalliset ilmastotavoitteensa

Nykyiset trendit osoittavat, ettd polttoon perustumattomien teknologioiden osuus
kaukoldmmon tuotannossa tulee kasvamaan. Suomalaiset energiayhtiot ovat investoineet
yh& enemmaén polttoon perustumattomiin teknologioihin, kuten lamp&pumppuihin ja
sahkokattiloihin. Kaukoldmpoverkoston menoldmpdtilan alentaminen helpottaa muiden
polttoon perustumattomien teknologioiden, kuten aurinkolammaon ja geotermisen energian,
hyddyntamistd. Naiden teknologioiden lisd&ntynyt kayttd6 kasvattaa kaukoldmmaon
tuotannossa kéytetyn sahkon méarad. Tulevaisuudessa suurin osa kaukoldmmasté voitaisiin
tuottaa  bioenergiaa  polttoaineena  kayttavilla  CHP-laitoksilla  sekd suurilla
lampoépumppulaitoksilla.



SYMBOLS AND ABBREVIATIONS

Roman characters

A Area m?
G Solar irradiance W/m?
P Electric output W
Q Thermal output W
T temperature °C

Greek characters

a heat loss coefficient W/m2K
n efficiency -
Subscripts

min minimum

out out

S supply

sc solar collector

wf working fluid



Abbreviations

ASHP

CHP

COP

DH

EU

GSHP

LTDH

TES

Air source heat pumps
Combined Heat and Power
Coefficient of performance
District Heat

European union

Ground source heat pumps
Low Temperature District heat

Thermal energy storage
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1 Introduction

District heating is the most popular technology used in individual house heating in Finland,
as the share of district heating is around 50%. Around 3 million people live in houses which
are heated with district heating. Most of district heat produced with is fuel-based
technologies which rely on a combustion process to produce energy. The most used fuel in
district heating production where wood-based fuels along with other biofuels. The CO>
emissions from the district heating sector in 2023 where 3,1 million tons, which was 24%
less than the previous year. (Finnish energy, 2024a) Finland’s target is to decrease the
emissions of district heat and the related electricity generation by 50% before the year 2030.
Finland also aims at reaching carbon neutrality by 2035. To reach these climate targets,
changes need to be made to the Finnish district heating system. (TEM, 2022, p.14-15)

In Finland 70% of the total greenhouse gas emissions were generated by the energy sector,
and the total amount of greenhouse gas emissions from the energy sector in 2023 was 28,2
million tons of CO> equivalent. The specific emissions from the district heating sector in
2023 where 82 g/kWh of produced heat. (Finnish energy, 2024a)

Non-combustible technologies are technologies that don’t rely on a combustion process to
produce energy. Such technologies include nuclear power, solar and wind energy, hydro
power and power to heat technologies, such as heat pumps and electric boilers. Of these
technologies, heat pumps and electric boilers are used in the current production of district
heating in Finland. As the price of fossil fuels and emission allowances have increased,
energy companies are forced to find new solutions for heat production to remain competitive

in the district heating market.

1.1 The aim of the thesis

This thesis presents a review of non-combustible technologies in three fictional different
district heating networks in Finland. Each network represents the heat consumption of a
different sized city in Finland. The aim of the thesis is to review the heat production potential
and the future of non-combustible technologies in the networks. The thermal outputs of these

technologies are based on existing solutions in Finland. In the reference case, the full share
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of district heating is produced with heat only boilers. The heat only boilers use biofuels,
fossil fuels, peat and other sources which include different types of waste as fuel for district
heating production. The non-combustible technologies are used to replace fossil fuels in the

district heating production, and their effects and future potential are analysed.

1.2 Limitations and scope

This thesis only focuses on the heat production capacities of the non-combustible
technologies. All economical aspects regarding the non-combustible technologies are
neglected. This is due to the unavailability of public data regarding the cost structure of
different district heating companies. Each district heating company has its own cost
structure, and the studied networks have different heat demands, which means that
comparison between them would not give realistic results. The networks are assumed to be
identical in terms of their technical specifications (losses, piping etc.). The networks are
located in the same area, which means that the availability of fuels and solar thermal energy
is exactly the same for each network. The efficiencies of the heat only boilers are assumed
to be the same in each network, and the fuel distribution is the same in each case. The heat
consumptions of the network are based on an existing example. The demand curve of the
Finnish energy company Helen is used as a reference case, and the curve is linearly scaled

down for the smaller networks.

1.3 Thesis structure

In the first part of the thesis, the current state of district heating in Finland is presented. The
chapter discusses the technologies used in district heating production, the price of district
heating and the district heating market in general. The second part presents the non-
combustible technologies along with examples of current projects and their potential in
district heating production in Finland. In the third chapter, the production of the chosen non-

combustible technologies is reviewed in three fictional networks.
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2 District heating in Finland

This chapter gives a general overview about the state of district heating in Finland. The
chapter presents the different technologies used for district heating production, the amount

of heat produced and also gives an overview of the district heating network in Finland.

In 2023, district heating was the most used method of heating in all buildings, as the market
share of DH was 50 %. Other methods of heating included electricity, heat pumps, wood,
gas and light fuel oil. Over the past 20 years, the market share of district heat has varied
between 45 % and 64%. In recent years however, other technologies have started to become
more common for individual house heating. While the share of light fuel oil has approached
0%, the share of heat pumps has increased to 30%. (Finnish Energy, 2024a) Figure 1 shows
the development of the market share of different heating methods starting from the year
2000.

70%

district heat
60%
50%

40%

30%

electricity

20%

light fuel oil
10%
wood
; ga

0%
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Figure 1. The share of heating methods for individual houses from 2000-2023 (Finnish energy,
2024a)

Most of the district heat was consumed by residential buildings and other consumers.
Network and measuring losses accounted for 11% of the total consumption and industrial

buildings accounted for 9 %. 2017. Figure 2 shows the consumption of district heat by sector.
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District heating consumption by sector 2022

B Residential buildings
m Industrial buildings
= Other consumers

= Network and measuring losses

Figure 2. District heating consumption by sector (Finnish energy, 2024a)

In Finland, the demand for district heat strongly depends on the outdoor temperature. The
highest demands are experienced during the coldest months of the year, whereas the lowest
demands occur during the warmer temperatures during the summer. Figure 3 shows the
hourly outdoor temperature in Helsinki and hourly heat demand of the Helsinki energy
company Helen in 2022.

Outdoor temperatures and heat demand in Helsinki
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Figure 3. The district heating hourly demand during 2023. (FMI 2023 & Helen open data 2022)
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2.1 District heating production in Finland

In 2022. 36,8 TWh of district heat was produced, which was 6% than the previous year.
Most of district heat is produced with fuel-based technologies relying on a combustion
process. The share of fuel-based production was 86,6% of the total district heat production,
and the remaining 13,4% was produced using heat recovery and heat pumps. Wood based
fuels where the most used fuels in district heating production. Other sources included natural
gas, coal, oil, peat and waste. (Finnish energy, 2024a) Figure 4 shows the share of the sources

used for district heating production in Finland in 2022.
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Figure 4. Sources of district heat production in 2022 (Finnish energy, 2024a)
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The sources of district heat production depend on the availability of fuels, which means that
there is a lot of variation between the regions in Finland. For example, in coastal regions the
share of fossil fuels is larger than in inland regions. In the coastal regions of Finland, coal is
used to a larger degree than in the inland regions. Wood and peat are more commonly used
in inland regions. (Ranta, et.al, 2025, p1) Figure 5 shows the energy sources used in district

heat production in different regions in 2022.
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Figure 5. Fuels used in district heat production by region in 2022 (Finnish energy, 2024a)

Fuel based production can be divided to two categories: Separate production and
cogeneration. In separate production, heat and electricity are produces separately, and in
cogeneration, also known as combined heat and power (CHP), heat and electricity are

produced simultaneously
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2.1.1 Cogenerated heat

In cogeneration, heat and power are produced simultaneously. This process is also known as
combined heat and power (CHP). CHP plants use the heat from flue gases to generate steam,
which is used for power generation in a steam turbine. For industrial uses, the steam is
extracted from different stages in the turbine, which is then distributed to customers. The
steam can be high-pressure or low-pressure, depending on the consumers. In district heating
applications, the extracted steam is used to increase the temperature of the district heating
water. The extracted steam is condensed in a district heating condenser, where heat is

transferred to the district heating water. (Saari, 2024, “District heating” lecture slides)

In 2022, 19,5 TWh of district heat was produced in cogeneration plants. The share of
cogeneration in district heating production was 51%. The most used fuels in CHP plants are
wood and biofuels. In 2022, 44% of district heat was produced from biofuels and other wood
fuels. In total, 51% of district heat produced in CHP plants was produced with renewable
sources. Other fuels used in CHP production are fossil fuels, mainly coal, and peat. The share
of coal in 2022 was 26% and the share of peat was 13% of the district heat supply. (Statistics
Finland, 2024) Figure 6 shows a principal diagram of a typical 2 stage connection of a CHP

plant for district heating production.

steam m/
DISTRICT HEAT G
TURBINE

steam ~1 pbars ssteam 0.5 bar

T90[~ #

VI 70 ] L7500

Figure 6. Cogeneration plant in a district heating application (Saari, 2024, “District Heating”,

lecture slides)
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The advantage of CHP production is the reduced fuel demand and increased efficiency
compared to separate production. CHP plant achieve overall efficiencies of above 90%. CHP
plants are dimensioned based on the heat demand. The plants operate at full capacity during
the coldest hours of the year, when the heat demand is at its highest. The plants to produce
most electricity during the same time. During other times when the demand of heat is lower,
the electricity production of the CHP plant is regulated based on the electricity price and the
profits from selling electricity. (Beith, 2011, p.11-12)

2.1.1 Separate production of heat

The other way of producing heat is to use heat only boilers (HOB). In smaller district heating
networks, the HOB is used to produce the base load of the demand, where it produces most
of the demand. In larger networks HOBs are used to meet the demand during demand peaks
or for backup production. In separate production, the operating- and fuel costs are usually
higher than in cogeneration, since cogeneration plants are able to gain profits from the
produced electricity. The investment costs are lower, since the capacities of the boiler plants
are typically smaller than cogeneration plants. Typical fuels used in separate production are

biofuels, such as wood chips and pellets, and fossil fuels, such as natural gas and oil.

In 2022, 18,75 TWh of district heat was produced with separate production. The share of
separate production in district heat supply was 49%. The most used fuel in in separate
production of district heat was wood and biofuels. The share of these sources was 41% of
the total supply. Other sources used in separate production of district heating where fossil
fuels, mainly oil, and other sources, including hydrogen, electricity and secondary heat from
industry. The share of oil in separate production was 11%, and the share of the other sources
was 27%. (Statistics Finland, 2024)

Other technologies used in separate production are heat pumps, which use secondary heat as

their external heat sources. Heat pumps are discussed in more detail in chapter 3.3.
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2.2 District heating network in Finland

The length of the district heating network is around 16000 km, and the length is growing
250-500 km every year. Even if the share of district heating in the heating of individual
buildings has decreased, the reason the network length of the network is increasing, is the
improved energy efficiency of buildings. This means that more buildings can be connected
to the network without increasing the heat production. There number of district heating
networks in Finland is around 300, and the length of the networks varies from 1400 km to
under 100 km, depending on the location. The longest networks are located in larger cities,
whereas the shorter ones are located in municipalities. (Finnish energy, 2024a) Figure 7

shows the location of district heating networks in Finland.

Figure 7.District heating networks in Finland (Finnish energy, 2024a)

The figure shows a large concertation of networks in the most populous areas in Finland.
The 3 largest networks (Helsinki, Tampere and Espoo) accounted for 30% of the heat supply
in Finland, the 8 largest networks for more than 50% and the 38 largest networks for 80%
of the heat supply. (Rambol, 2021) As shown in the map, most of the networks are smaller

networks, which are located in municipalities scattered around Finland.
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2.2.1 Distribution

In Finland, the DH network consists of one return pipe and one supply pipe. Heated water is
transported in the supply pipe to the customer, and the return pipe transports the heated water
back to the heating plant for further use. In Finland, the customer is not directly connected
to the heat supplier. Instead, the system consists of two separate circuits. This type of
connection is referred to as an indirect connection. The main circuit, or the primary circuit
refers to the heat producer circuit. The hot water produced in the heating plant is used to heat
water in the secondary circuit, or the customer circuit. Heat is transferred between the two
circuits with heat exchangers, and the heated water in the customer circuit is used for space
heating and hot domestic water. The cooled water in the primary line is returned to the heat
producer for reheating. In Finland, each building that is connected to the DH network has its
own heating centre with a heat exchanger. There are some rare cases where the customer is
directly connected to the heat supplier. This connection type is referred to as a direct
connection. Even in installations with direct connection, domestic hot water is still heated
with a heat exchanger. District heating water is never used as hot domestic water. (Saari,
2024, “District Heating” lecture slides) Figure 8 shows a typical connection used in the

heating centres.

Heat provider
customer

() ()
Hin '
Pl
{ domestic
| hot water
dhw .
| ) 1)
return | ML 4
el P, 2
domestic
water in
B o

'ret | ¥ [

Substation package from factory

Figure 8. Indirect connection of DH network and the customer heat exchanger (Saari, “District
Heating” lecture slides, 2024)
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In Finland, the district heating pipes are installed underground. In Finland, one return and
one supply pipe are used. The steel pipes are insulated with polyethene foam and covered
with a plastic protection pipe. Two different types of installations are common in Finland.
The steel pipes can be installed the same protective plastic pipe, or each protective pipe can
be installed individually within a separate protective pipe. (Finnish energy, 2024a) Figure 9

shows the two different solutions.

Figure 9. Bonded pipes used in district heating network in Finland (Finnish Energy, 2024a)
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2.3 Network temperature

The supply temperature in the Finnish district heating network depends on the network
specifications and the outdoor temperature. In the Finnish district heating network, the
supply temperature ranges between 70°C and 115°C. The max design temperature is 120°C.
Each network has its own specifications and structure, and there is variation between the
supply temperatures in the networks, depending on the location and the heat demand.
(AFRY, 2020, p.13)

Although there are many factors that determine the supply temperature, a generalization can
be made. Finland is divided to 4 different zones (Figure 10), and each zone has a certain
dimensioning outdoor temperature. The dimensioning outdoor temperature and the
measured outdoor temperature determine the supply temperature in the network. (AFRY,
2020, p.10-14). Table 1 shows the dimensioning outdoor temperature and the annual average

temperature in the different zones.
Table 1. The outdoor temperature limit for the different climate zones (Modified from AFRY 2020)

Climate zone  Dimensioning outdoor temperature [°C] Annual average temperature

[°C]
1 -26 5,3
2 -29 4,6
3 -39 3,2
4 -38 -0,4
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1A%

Figure 10. Finland’s climate zones (AFRY, 2020, p.14)

) 45°C
Ts = 115°C + (Trmin — Toue) * 8°C—T. (1)

An estimation of the supply temperature at a certain location in Finland can be calculated
with equation 1, where Ts is the supply temperature, Tqim is the dimensioning temperature in
the current zone and Tou is the outdoor temperature. Figure 11 shows the estimated
temperature in a district heating network in zone 4. The supply temperature is estimated to
be 70 °C, when the outdoor temperature is 8 °C or above.
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An estimation of the supply temperature in northern Finland at a certain outdoor
temperature

110
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Figure 11. Estimation of the supply temperature at different outdoor temperatures

The temperature difference between the supply water and the return water has a big impact
on the heat transport capacity of the network. This temperature difference also affects the
network’s capability to work as a heat storage. Higher temperatures in the return line increase
the heat losses in the network. The return temperature also affects the overall efficiency of
the system, since higher temperatures reduce the efficiency of plant’s flue gas scrubbers.
When the outdoor temperature increases, the temperature of the return water also increases
due to the decrease in heat consumption. This is the case in countries which have a lot of
seasonal variation in outdoor temperatures. During the summer, almost all of the heat is
consumed in the form of hot domestic water, since space heating is not needed. Due to the
lower overall heat consumption, the hot supply water does not transfer heat to the secondary
circuit in the same degree as during winter. Hot supply water is recycled to the return line,
which increases the temperature of the water returning to the heating plant. (Péyry, 2010,
p.5-10)

In the future, the supply temperature is meant to be lowered from the current 115°C to 90°C.
Lowering of the supply temperature makes it possible to utilize other energy sources in
district heating production, making it possible to increase the use of secondary heat, solar
thermal and heat pumps in district heating systems. Lower supply temperatures also increase
the overall efficiency of the system, since higher temperatures result in higher heat losses in
the network. (R&ma, Sipila, 2017, p 61)
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2.3.1 Low-temperature district heating network

A low temperature network is defined as a network, where the supply temperature is
considerably lower than in regular networks, usually in the ranges from 45°C to 65°C. Low
temperature district heating (LTDH) networks make it easier to utilize renewable energy
sources in district heating production, such as solar thermal, heat pumps and waste heat.
LTDH networks are also more energy efficient, since lower temperatures mean lower heat
losses. Lower supply temperatures would also increase the efficiency of CHP and boiler
plants already connected to the grid. Lower supply temperatures may cause problems in
reaching the heat demand during periods when the demand is high, since the transport
capacity of the network is reduced due to the lower temperatures. To avoid the use of external
heat sources to reach the demand, there might be a need to increase the flow rate in the
pipeline. (Nord, et.al, 2018, p 889-890).

There is an existing example in Finland. In Turku, a low-temperature network operates at a
supply temperature of 65°C. The low supply temperature makes it easier to use different
sources for the production of district heat, and it also makes it easier to use the excess heat
of the residential buildings in the network during times when the demand for heat is low.
(Turku energia, 2021)

In the future, it is estimated that the number of low-temperature DH networks will increase.
National climate targets force energy companies to increase the share of renewable energy
sources in DH production to meet the targets. New buildings have new energy efficiency
targets, which will decrease the heat demand of the buildings, making the DH systems more
efficient. The lower supply temperature could also open the door for prosumers, which
consume heat and produce heat to the grid. (Paiho, et.al, 2016, p.919)

Lower supply temperatures means that the flow rate in the network needs to be increased to
meet the heat demand, since the lower supply temperature affects the heat transport capacity
of the water. The change in flow rate should not affect the size of the heat exchangers in the
heating centres of the residential buildings, since in most buildings the heat exchangers have

been dimensioned for lower temperatures. (AFRY, 2020, p.17)
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2.4 District heating price

In Finland the price of district heating is determined by the district heating companies. The
price of district heat consists of a fixed fee, an energy fee and taxes. New customers will also
have to pay a connection fee when joining the network, and the amount varies between
different companies. The fixed fee consists of costs related to maintenance and capacity,
which ensures the heat distribution to the customer at the highest demands during the year.
Some companies have a seasonal fixed fee, which means that the fixed fee is lower during
periods when the demand for heat is lower. The energy fee is based on the amount of used
energy by the customer. The share of the energy fee is around 80% of the total price of
district heat, but there is variation between the companies. The price also depends on the
type of customer and the customer building specifications. The Finnish Energy publishes the
price on three different building types: Detached house, terraced house and an apartment
building. The district heating price in a detached house is generally higher that the price for
heating in terraced houses or apartment buildings. Each building types has its own
specifications and heat consumptions. (Finnish energy, 2024b). The district heating price for

the different building types are presented in table 2

Table 2. The price for different building types, including taxes (Finnish energy, 2024b)

Building type Energy fee Fixed fee € MWh Total Average
€/MWh €/MWh €/MWh
Detached house 49,84-135,89 11,37-86,54 64,55-193,03 117,38
Terraced house (15 41,69-135,89 4,00-61,61 57,52-160,37 107,86
apartments
Apartment building ~ 41,69-135,89 2,75-47,59 55,16-150,53 101,89

(80 apartments)

The price of district heating has gone up in recent years. The reason for this is that the fuels
used in district heating have also increased. Especially the price of fossil fuels and emission
allowances has increased, and the gap between the fossil fuels and biofuels have increased.
(Ranta, et.al, 2025, p.7) Figure 12 shows the development of the district heating price of the
different type buildings from 2020. (Statistics Finland, 2024)
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Development of district heating price of different building types since 2020
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Figure 12. Development of the district heating price for different building types (Finnish energy,
2024b)

Even with the increased fuel prices in district heating production, the price of district heating
has remained low compared to the other heating methods, such as light fuel oil (LFO) and
electricity. The increase in the price of LFO and electricity has Figure 13 shows the price

development of district heating, LFO and electricity in recent years.
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Figure 13. Price of the different heating methods used for heating individual buildings (Finnish
energy, 2024b)
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2.4.1 District heating market

In Finland the district heating market is a natural monopoly. Usually, there is one
municipally owned company which is responsible for the production, distribution and selling
of heat. This means that the customers can’t choose their heat supplier, and that they can’t
tender the price of district heat, since companies can set the price of heat, which means that
there might be large differences in the price, depending on the location. In electricity and
gas market, the customer can freely choose their supplier, as only the distribution regulated.
This would be difficult to do in the district heating market, since district heating networks
are not combined to each other, which means that every district heating network would be a
separate market, whereas there only exists one network for electric and gas markets.
(Dominkovi¢ et.al, 2018, p 136)

There have been discussions about opening the district heating market, so that customers
could freely choose their heat supplier. As stated in the previous paragraph, the district
heating network in Finland is very local, and not connected to each other. Therefore, it would
be difficult to only have one market for district heating. Finland has around 300 district
heating networks, which means that there would be around 300 different district heating
markets, and most networks are very short; the eight largest district heating networks account
for more than 50 % of the total share of heat sold, and 38 largest networks account for 80%
(Rambol, 2021). Opening the district heating markets for competition would allow
individual heat suppliers to produce and sell heat generated from renewable sources and
waste heat to the grid. It would also allow the customers to choose their heat supplier (Blirger
et.al, 2019).



27

2.1 Future of district heating in Finland

The district heating sector is changing rapidly at the moment. Climate targets are forcing
energy companies to increase the share of renewable energy sources to replace fossil fuels
in district heat production. Non-combustible technologies are estimated to play a big part in
the decarbonization of the district heating sector. Several companies in Finland are already
investing in non-combustible technologies, such as heat pump plants, electric boilers and

thermal energy storages. (Paardekooper, et.al, 2018)

An estimation of the sources used for district heating production in Finland by the year 2050
is demonstrated in figure 14. The figure represents the estimation and results of a scenario
generated by Heat Roadmap Europe, which aims to provide tools to decarbonize the district

heating sector with technically and economically feasible solutions.

District heating source shares in HRE
2050

= CHP plants

= Geothermal
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\ = Solar thermal
\.' Industrial excess
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= Fuel production heat
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Figure 14.Sources of district heating in Finland by 2050 (Paardekooper, et.al, 2018 p.21)

As can be seen in the figure, 77% of the district heat is supplied with large CHP plants (46%)
and heat pumps (31%). According to this scenario, the share of heat pumps has greatly
increased. In 2022, the share of heat pumps in district heating production was 6% of the total
district heating supply. (Finnish energy, 2024a) Other sources used are heat recovery,
geothermal heat and solar thermal energy. The share of heat only boilers is only 8% of the
total supply.
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The use of renewable sources in district heating production depends on the geographical
location, which is especially relevant for large scale solar thermal and geothermal. The
potential of these sources is highest in smaller, decentralized systems, where little excess
heat is available. In this scenario, 2% of district heat would be generated by solar thermal
systems in smaller decentralized systems, where geothermal energy or secondary heat is not
available. According to this scenario, the potential for geothermal energy in district heating
production is limited. From an operational standpoint, it could be used as a baseload supply

in location where it is possible. (Paardekooper, et.al, 2018 p.21-23)

2.1.1 Electrifying district heating production in Finland

Heat pumps and electric boilers are referred to as power to heat technologies, which means
that they convert electricity into thermal energy. These technologies are discussed in more
detail in chapter 3. Increasing the share of these technologies in district heating production
will also increase the power consumption of the electricity grid. Finland uses a variety of
renewable and cheap sources for its electricity production, such as wind and nuclear power,
and the specific CO2 emissions from electricity production where the third lowest in the EU
in 2022. This means that Finland has high potential in increasing the share of power to heat
technologies in district heating production, without the need to increase fossil fuels in
electricity generation. (Javanshir et.al, 2024, p1-2)

For Finland to reach the national target of reducing the direct emissions from the DH sector
and the emissions of the electricity generation related to DH production by 50% compared
to the 2005 levels, it is important that the increased power demand of the district heating
system is solved with the increase in emission free and renewable sources. If the increase of
power to heat technologies to the DH production leads to an increase in emissions, the use
of these technologies is not feasible from an environmental perspective. Increasing the share
of power to heat technologies in the DH production also makes the system more dependent
on the price of electricity. During higher electricity prices, it is economically more feasible
to sell the generated electricity instead of converting it into thermal energy. The highest
electricity prices usually occur during the coldest and darkest hours of the year, when the
demand is at its highest. The demand for heating is also at its highest during the same time.
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This is why additional power capacity might be needed to ensure that enough heat is

generated, without endangering the availability of electricity. (Javanshir, et.al, 2024, p.1-8)
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3 Non-combustible technologies

Non-combustible technologies are technologies which produce heat without a combustion
process. This chapter describes the possible non-combustible technologies for district
heating production. The advantages and disadvantages of each technology and their

potential in district heating production in Finland are also discussed.

3.1 Solar energy

A solar collector absorbs the solar irradiance and converts it into energy. In photovoltaics
(PV) applications solar irradiance is converted to electrical energy. In thermal applications,
the irradiance is converted into the heat of the working fluid, which can be oil, water or air,
depending on the technical solution. In Finland, the working fluid is usually a solution of
water and glycol, which assures that the working fluid does not freeze during cold outdoor
temperatures. (Péyry, 2013, p.9) In the case of PV applications, the conversion of the
irradiance to electricity also generates a lot of waste heat in the process. This heat can be
recovered by installing tubes which are filed with a carrier fluid. (Tian, et.al, 2013, p.539)

The choice of the solar collector type depends on the desired temperature of the system. In
district heating applications, the most common types of collectors are evacuated tubular
collectors and flat plate collectors. These types of collectors have been successfully installed
to existing DH systems. Some large-scale systems use both collector types, since they have
different advantages, but their cost is similar. (Paiho, et.al, 2016, p 919-920)

The efficiency of the solar thermal collectors depends on the type of collector, outdoor
temperature and the operating temperature of the system. Generally, solar thermal systems
achieve the highest efficiencies at low operating temperatures, when the temperature
difference between the operating temperature and the outdoor temperature is low. Higher
temperature differences decrease the efficiency of the collectors. (Newheat, 2024)
Depending on the desired operating temperature of the system, the efficiencies of the
evacuated tubular and flat plate collectors vary between 50% and 80%, if the desired

temperature is either the return or supply temperature in the Finnish DH system. Figure 15
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shows the correlation between supply temperature and thermal efficiency of the solar

collector.
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Figure 15. Thermal efficiency of different solar thermal collectors at different supply temperatures.
(Newheat, 2024)

Solar heat can be categorized to two different technologies based on the system size and
distance to the consumer: Centralized or distributed. Centralized solar systems consist of a
large solar collector field at a single location, which is usually located further away from the
final consumer. Distributed solar systems are located close to the final consumer, and the
collectors can provide heat to the DH network, or they can directly provide heat and hot

domestic water for individual buildings. (Rdma, Mohammadi, 2017, p 650)

The main advantages of solar thermal collectors are lower energy costs compared to other
technologies, emission free energy production, low need of maintenance during operation
and excess energy production during summer months. The biggest disadvantages of the
technology are mostly related to the seasonality of the technology: during winter and
overcast days little energy is produced. (Das, et.al, 2023, p 4)

Solar thermal systems are usually coped together with thermal energy storages, since the
heat production of solar collectors is not constant and is dependent on the available solar
irradiance. Solar collectors produce most of their heat during times when the demand is low,

and production is low at colder and darker times of the year, when the demand is at its



32

highest. (Platzer, et.al, 2024, p 757) Figure 16 shows an example of a solar district heating

system with an energy storage.
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Figure 16. Solar thermal DH system (Lamarani, et.al, 2023, p.4)

3.1.1 Solar thermal energy in Finland

In Finland, solar thermal systems are mainly used in small decentralized applications, where
they provide hot domestic water for individual buildings, whereas in DH applications, the
utilization of solar energy is not common. It is estimated that the potential for solar thermal
energy in Finland is around 20 GWh/year. (Motiva, 2024) The solar irradiance in Finland is
almost the same as in Germany, and it is even higher during the summer months due to the
availability of sun light. The reason for the low utilization of solar thermal energy in Finland
is the low availability during winter, when the demand is at its highest. It is estimated that
the best way to use solar thermal energy systems in district heating applications in Finland
is in small networks, where centralized solar fields provide heat to a DH network, where no
other sources are available. Figure 17 shows that the solar irradiance is highest at the summer
months, and at the lowest during the darker winter months. The total amount of irradiance
throughout the year in Finland is around 1323 kWh/m? (PVGIS,2024).
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Figure 17. Distribution of solar irradiance in southern Finland (PVGIS, 2024)
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3.2 Geothermal energy

Geothermal energy is defined as Earth’s natural heat energy. The source of geothermal
energy is the heat flux from the core of the earth. The availability of geothermal energy
depends on the geographical location, the temperature and the depth of the resource.
Geothermal energy is regarded as a good option for non-renewable fuels, since it is available
steady throughout the year at a constant temperature. Geothermal energy is available at
temperatures from 50°C to 300°C. Temperatures over 200°C are usually located in volcanic
regions or islands. This type of resource is regarded as high-temperature geothermal heat.
Medium-temperature heat ranges from 150°C to 200°C and low-temperature below 150°C.
Medium- and low-temperature resources are the ones which are found in most continental
regions and are considered to be the most available resources of geothermal heat. Medium-
and low-temperature sources are used for heat production, whereas high-temperature sources

are suitable for steam and power production. (Ismail, 2022)

Geothermal can be categorized on the depth of the source. Depths up to 400m are referred
to as shallow geothermal heat. Temperatures between 40°C-150°C can be achieved from
shallow wells. To achieve temperatures higher than this, wells deeper than several km are
needed. Lower temperature sources are located closer to the surface, which makes them

economically and technologically more accessible. (Garcia gil, 2022, p.5)

Depending on the temperature of the heat source, geothermal heat can be used directly or
indirectly in the district heating network. Direct use requires a temperature higher than the
supply temperature in the network. Lower temperature sources require heat pumps to reach
the supply temperature, but lower temperature sources can be sued directly for heating
individual houses. In most locations, heat pumps are necessary due to the location and

accessibility of the high temperature sources. (Ismail, 2022)

The potential to use geothermal energy in district heating production in Finland is relatively
low, since the heat flow in the ground is very low. This is due to the location of Finland.
Most hot spots for geothermal energy are located in tectonic plate boundaries, such as mid
ocean ranges in Iceland. In order to utilize geothermal energy in Finland, the dept of the well
needs to greater than 4-5 km. Figure 18 shows the amount of geothermal energy at different
depts in Finland. (Fink, et.al, 2022, p.12)
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Figure 18. Heat flow from the Earth in Europe (Fink, et.al, 2022, p.12)

Despite the low potential for geothermal in Finland, as of august 2023, 9 medium depth
(500m - 3000m) and one deep (over 3000m) geothermal projects in have been completed in
Finland. Seven of these are either in operation or construction and one is being used in
research. To increase the use of geothermal energy in Finland, more experience and
knowledge is needed. (GTK, 2024, p.7)

An example of a geothermal plant in Finland is the geothermal plant located in VVantaa. The
Vantaan energia geothermal plant produces heat to the local district heating network. The
plant consists of three 800m wells, and it produces 1400 MWh of heat every year. Water is

extracted from the well at a temperature of 5°C-15°C. Heat pumps are used to increase the
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temperature to meet the required supply temperature in the local DH network of 80°C. The
plant was connected to the local district heating network in 2023. (Vantaan energia, 2023)

Figure 19 shows the working principle of the plant.

w vantaan
energia

Figure 19. Vantaan energia geothermal plant (Tekniikka & Talous, 2023)
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3.3 Heat pumps and secondary heat

A heat pump uses an external energy source to transfer heat from a low-temperature source
to a high-temperature source. A working fluid is used to transfer the heat between the source
and heat sink. Based on operational principle, the heat pumps can be divided to two groups:
Compression and absorption heat pumps. The compression heat pump works with
mechanical or electrical energy, and the absorption heat pump uses thermal energy. (Grassi,
2018, p.2)

The compression heat pump is the most common type, and the components in the cycle are
compressor, condenser, evaporator and an expansion valve. The working fluid receives heat
from the heat source, which causes the low-temperature and low-pressure fluid to evaporate.
In the compressor, the vapour is compressed, which increases its temperature and pressure.
The high-pressure and high-temperature vapour releases heat in the condenser, and the
vapour changes phase to liquid. The high-pressure liquid is directed to the expansion valve,
which decreases the pressure of the liquid. After this, the cycle is repeated. based on their
heat source, three different types of compression heat pumps are ground-source heat pumps
(GSHP), air-source heat pumps (ASHP), and water-source heat pumps (WSHP). (Grassi, p

15, 2018). A functional diagram of a compression heat pump is presented in figure 20.
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Figure 20. Functional diagram of a compression heat pump (Agora Industry, 2022, p18)



38

The absorption heat pump is run by thermal energy. The heat pump can be driven by heat
from various sources, like excess heat from industrial process in the form of steam or water,
or heat generated by renewable sources, such as solar thermal. The main components in an
absorption heat pump cycle are generator, condenser, evaporator and absorber. Unlike in the
compression heat pump, the absorption heat pump relies on a working fluid pair: an
absorbent and a refrigerant. The most common pairs are water-ammonia, or water-lithium
bromide pairs. In the cycle, heat is supplied to the generator, where the absorbent and the
refrigerant are separated due to the evaporation the refrigerant. The refrigerant releases heat
in the condenser, which causes it to condense to a liquid. In the evaporator, the refrigerant
absorbs heat and evaporates, which creates the cooling effect of the heat pump. The
evaporated refrigerant is absorbed back to the absorbent in the absorber, and the cycle is
repeated. (Ji, et.al, 2023, p.720) Figure 21 shows a functional diagram of the absorption heat

pump cycle.
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Figure 21. A functional diagram of an absorption heat pump cycle (Ji, et.al, 2023, p.721)

The coefficient of performance (COP) describes the efficiency of a heat pump. The COP
describes the energy output of the heat pump in relation to the energy consumption of the
heat pump. Temperature differences between the heat sink and the source and the type of
heat pump affect the COP of a heat pump. Lower temperature differences increase the COP,

whereas higher temperature differences decrease the COP. The COP of a compression heat
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pump varies between 2,6 and 7,5, where as an absorption heat pump can achieve COP values
from 1,5 to 1,8. (Motiva, 2014, p.18-19)

Heat pumps provide an excellent opportunity in decarbonizing the district heating sector,
since they are able to recover low quality heat, with temperatures as low as 10°C-20°C, and
upgrade it to high quality heat. The output temperatures of the heat pumps depend on the
heat pump type. Standard compression heat pumps can achieve output temperatures up to 80
°C, high-temperature heat pumps up to 100°C and very high-temperature applications up to
165°C. (Schlosser, et.al, 2020, p.6)

The most common way of using heat pumps in district heating networks is in large,
centralized heat pump plants. Smaller installations are usually used in a decentralized way
in local building installations. Typical heat sources for large heat pumps are secondary heat
from industrial processes, data centres and sewage water, whereas small-scale solutions use

waste heat from buildings and cooling processes. (Ramé, Klobut, 2020, p20)

3.3.1 Secondary heat potential in Finland

Around 130 TWh of secondary heat is produced every year in Finland, but only 3 TWh of
secondary heat is used in district heating. The potential of usable secondary heat is estimated
to be around 35 TWh. This amount of secondary heat could completely replace coal in the
energy production in Finland. However, there is still some challenges regarding the
utilization of secondary heat in district heating grids, like the economic feasibility of the
projects. Utilizing secondary heat to a larger degree requires big investments, the largest
ones being the construction of a transfer network to the main grid and heat pump plants that
increase the temperature. (TEM, 2022, p 58-59).

The value of secondary heat depends on a number of factors. The biggest factor being the
temperature of the heat. Depending on the source, the temperature of the secondary heat
varies from 40 °C to over a 1000°C. Another factor is related to the distance between the
heat source and the network, since large distances require the construction of transfer
networks. Table 3 shows the different sources of secondary heat in Finland. (Ramé, Klobut,
2020, p 25)
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Table 3. Waste heat sources in Finland (Modified from Rdm4, Klobut, 2020, p.10)

Main class Sources
Energy production Flue gas heat recovery, power stations, district cooling,
Industry Industrial processes, such as forest and paper, metal and
chemical
Public sector Data centres, refrigerators, hockey rinks, sewage water
treatment
Buildings Building cooling systems
Agriculture Green houses, agricultural plants

3.3.2 Energy industry

Secondary heat sources from the energy industry include flue gas heat recovery the return
line in the district heating network, cooling circuits in power and cogeneration plants, district
cooling, power stations and heat from power generation at nuclear plants. Secondary heat
from these sources is available at temperatures from. 10°C to 120°C. The highest
temperatures are achieved from flue gas heat recovery, where the temperature ranges from
50°C to 120°C. The return water in the district heating network could be used as a secondary
heat source, but there needs to be a reason to lower the temperature of the return water.
Power stations and converters can provide secondary heat in larger cities. The amount of
secondary heat from power stations is low, but the large number of power stations and their
large capacity provide a good amount of heat. The benefit of secondary heat sources from
the energy industry is their availability throughout the year, with district cooling being the
exception, since it is mostly available outside the heating period. The temperature levels and
unit sizes of the secondary heat sources in the energy industry are presented in table 4 (Rama,
Klobut, 2020, p.14-15)
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Table 4. Secondary heat sources from the energy industry (Modified from Rama4, Klobut, 2020, p.15)

Source Temperature levels Unit sizes
Flue gas heat recovery 50°C - 120°C 100 kW — 10 MW
DH return line 30°C - 60°C 1 kw —-10 MW
District cooling 14°C - 18°C 1 MW -10 MW
Power stations 20°C - 50°C 10 kW -1 MW
Nuclear district heat 90°C 100 MW — 1000 MW

Nuclear district heat is in this case considered “secondary heat”, since the primary objective
of the nuclear power plant is to generate electricity. The fission reaction also generates large
amounts of excess heat, which could in theory be recovered. This would increase the
efficiency of the nuclear power plants. As of now, the efficiency of the nuclear power plants
in power generation is around 30%.

3.3.3 Industrial secondary heat

Sources for secondary heat from industrial processes include heat from different industries,
such as metal, paper, chemical, textile, food and forest and paper industries. The advantage
of industrial waste heat is that heat is available regularly throughout the year, since industrial
plants operate almost nonstop during the year, and are only brought down during their annual
maintenance stoppage. (Rama, Klobut, 2020, p.13) Table 5 shows the temperature levels of

waste heat from different industrial processes.

Table 5: Temperatures of waste heat from different industrial sources (Modified from Rama4, Klobut,

2020, p.14)
Source Temperature levels Unit size

Forest and paper industry 70°C - 120°C 100 kW - 100 MW
Metal industry 30°C - 1360°C 100 kw- 100 MW
Chemical industry 90°C -300°C 100 kW - 100 MW
Food industry 30°C - 150°C 100 kW - 100 MW
Textile industry 40°C - 160°C 100 kW- 100 MW
Data centers 22°C - 80°C 10 kW- 100 MW
Agricultural 20°C - 30°C 10 kW - 100 MW
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The issue with secondary heat from these types of sources is their location; the sources are
typically located further away from the district heating network, which means that a transfer

network needs to be constructed. (Rdma, Klobut, 2020, p.22)

3.3.4 Buildings

Secondary heat from buildings is available from heat recovery of the exhaust air, cooling
systems and grey water. Grey water wastewater which is generated from household
activities, such as bathing, showering and washing dishes. The temperature of this type of
secondary heat is around 40°C-65°C. Due to the low temperatures and the location (the
source is close to the end user), waste heat from buildings is used locally to increase the
buildings own efficiency and lower the heat demand of the buildings. (Rd&m4, Klobut, 2020,

p.11) The temperature levels of secondary from buildings are presented in table 6.

Table 6. Temperature levels and unit sizes for secondary heat sources in buildings (Modified from
Ramé, Klobut, 2020, p.12)

Source Temperature levels Unit size

Heat recovery from exhaust air 40°C - 65°C 100 kW
Grey water 0°C - 20°C 10 kW- 100 kW

Individual cooling 30°C - 40°C 100 kW

An example of using secondary heat from buildings in Finland is the low temperature district
heating network in Turku, which utilizes the secondary heat especially during the summer,
since the heat demand is lower. In the future, when low temperatures district heating
networks become more common, secondary heat from buildings can be used more

efficiently, but as of now it is still not applied to a large degree. (Turku energia, 2021)

3.3.5 Sewage water treatment plants

Sewage treatment plants produce secondary heat in the cleaning process of sewage water.

The benefit of this secondary heat source is that it is renewable and locally available. The
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size of the sewage treatment plant depends on the size and population of the city. The sewage
water is cooled in the cleaning process, and the heat from the process works as the external
heat source for the heat pump. The temperature levels from sewage treatment plants ranges
from 10°C-20°C and the unit sizes from IMW to 10MW. Figure 22 shows a HP using heat
from the sewage water treatment as an external heat source. (Rd&ma, Klobut, 2020, p.13)
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Figure 22. Heat pump using secondary heat from wastewater as a heat source (Saagi, et.al, 2022, p.4)
3.3.1 Heat pump plants in Finland

In Finland, there are many heat pump plants that are used in the district heat production. One
example is the Farmacy company Orion, which invested in a heat pump plant at their
production factory. The heat pump plant has a cooling power of 1 MW and a heating power
of 1,5 MW. The pump plant is used as cooling for the process, and the heat pumps use the
excess heat from the cooling process as their heat source. The heat pumps increase the
temperature of the excess heat to 70°C - 80°C, which is the used in the local district heating

grid. (Orion, 2021)

The Anora factory in Koskenkorva invested in a 3,5 MW heat pump plant, which is used to
increase the energy efficiency at the factory and reduce the use of primary fuels. The heat
pump plant uses the 35°C water from the factory process, and increases the temperature to

90°C, which is the reused in the drying process. The COP of the heat pump plant is estimated
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to be around 3,5, which means that for every unit of electricity, 3,5 units of thermal energy
is produced. (Anora, 2022)

The company Vaasan sahko constructed a heat pump plant, which uses excess heat from a
local sewage water treatment plant. The plant consists of two heat pumps, and they produce
around 50-60 GWh of heat, which is enough to meet the heat demand of all the detached

houses connected to the company’s district heating network. (Vaasan sahko, 2022).

The energy company in Rovaniemi Neve has decided to invest in a heat pump plant, which
will use the heat secondary heat from the cooling process of the sewage water to produce
district heat to the local grid. The heat pump plant consists of five different modules and nine
heat pumps, which are located in the vicinity of the sewage treatment plant. The heat pump
plant is estimated to start operating in the end of 2025, and the annual heat production is 40
GWh, which is enough to meet 10% of the total demand in the centre of Rovaniemi. (Neve,
2023)

In Hamina the local energy company Haminan energia is starting to use the waste heat from
the cooling of a local data centre to produce district heat for the local grid. A 5 MW heat
pump plant will annually produce 40 GWh of district, which is enough to cover 80 % of the
total demand of the city of Hamina. For the project, 1,3 km of additional district heating
network is constructed to connect the heat pump plant to the main line. The plant is estimated
to start operating in 2025. (Hamina, 2024)

The company Loimua in Hameenlinna has invested 10 million euros in heat recovery
equipment and 6,5 MW heat pump plant, and the aim is to start producing district heat to the
local grid in 2026. (Loimua, 2024)

In Helsinki, the Katri Vala heat pump plant uses secondary heat from the sewage water
treatment process to produce district heating and cooling. The heat pump plant is one of the
largest in the world, with a thermal output of 155 MW. The annual district heating production
of the plant is over 1000 GWh, which is enough to produce the district heating demand of

the centre of Helsinki during the summer. (Helen, 2020)
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3.4 Electric boilers

In Finland electric boilers produced 2% of the heat supply in 2023. This accounted for 710
GWh of heat. This was a massive increase compared to the two previous years, since in 2021
and 2022 the total amount of heat produced by electric boilers was well below 100 GWHh.
Electric boilers use electricity to generate heat. When the price of electricity is low,
electricity is used to heat water. The heat is transferred to the district heating system with a
heat exchanger. The heat can also be transferred to energy storage during hours when the
demand is low. Figure 23 shows an electric boiler in district heating system with an energy

storage.
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Figure 23. Electric boiler in a DH system with an energy storage

Electric boilers have many advantages. The heat produced by electric boilers is emission
free, maintenance and investment costs are low, and it provides good regulation possibilities
and a low minimum load. The biggest disadvantage is its reliance on external factors, such
as the price of electricity. During times when electricity is expensive, it is economically more
feasible to prioritise electricity production. (Parat Halvorsen, 2017) Another disadvantage is
the required infrastructure of the electricity grid. Electric boilers increase the electricity
demand, which might require further expansion of the electricity grid. (Agora Industry,
2022, p17-18)

Figure 24 shows a principal diagram of an electric boiler by the Norwegian company Parat
Halvorsen AS. The boiler consists of an inner and an outer shell, and it generates heat using

the ohmic resistance in the water between the electrodes, which are located in the inner shell.
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The company also offers smaller units which heat water with electrical resistance. (Parat
Halvorsen, 2021, p.6)
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Figure 24. Principle diagram of electrode electric boiler (Parat Halvorsen, 2021, p.7)

There are several companies in Finland, who have invested tin electric boilers. The Finnish
energy company in Tampere, Tampereen Energia, invested in a 45 MW electric boiler that
started producing heat in 2023. The heat produced accounts for 25 % of the demand in
western Tampere. The company is also planning to build a 100 MW boiler unit which starts
producing heat in 2026 (Tampereen energia, 2024).

The Helsinki energy company Helen is also planning to construct an electric boiler plant.
The plant will consist of 4 units with a thermal output of 50 MW. The units are also equipped
with two thermal storages, which are capable of storing 1000 MWh of heat. The storages
can be charged and discharged at 100 MW. The construction of the boiler plant is due to
start in 2025, and it is expected to be completed by 2027. (Helen, 2024a)
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3.5 Green hydrogen

Water is the most important source for hydrogen. There are different ways of splitting the
water molecule to produce hydrogen. These include electrolysis, thermolysis and photo
electrolysis. Of these methods, the most common way to produce green hydrogen is by
electrolysis. In this process, an electric current breaks the water molecules apart to an oxygen
and two hydrogen atoms. The oxygen atoms react with one another the anode, and form
oxygen gas which bubbles out of the solution. The hydrogen atoms react with one another
on the cathode and form hydrogen gas. The benefit of using electrolysis in hydrogen
production, is that renewable energy sources can be used to produce the electricity needed
in the reaction. (Vahidinasab, et.al, 2024, p.7). Figure 25 shows a PV powered electrolysis.
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Figure 25. PV powered electrolysis (Zhao, et.al, 2023, p.3)

The biggest potential of hydrogen is its use in a combustion process. The energy content of
hydrogen is high, and combustion of hydrogen only produces water vapour. Combustion of
hydrogen would therefore be completely emission free. In the case of using hydrogen in
district heating, the largest potential lies in the heat that is produced as a byproduct during
the electrolysis. During the process, 30% of the electricity converts into heat, which could
be used in the district heating network. The temperature range of this heat depends on the
electrolysis technology, but it is estimated that the temperature varies from 50°C-90°C.
(Rieksta, et.al, 2023, p.548).

Currently, there are no operational hydrogen plants in Finland. The Helsinki energy

company Helen has invested in a hydrogen producing plant in Vuosaari Finland. The main
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consumer of the generated hydrogen is the fuelling station for the transport sector, but the
excess heat generated in the hydrogen making process is used in the local district heating

network. The plant is estimated to start operation in 2026. (Helen, 2024b)
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3.6 Small modular nuclear reactors

Small modular nuclear reactors (SMR) are reactors, which have an electric output of less
than 300 MW, which means a thermal output of less than 1000MW. The benefits of a SMR
compared to a large nuclear plant, is the small size, modular construction and fast response
time. The working principle of a SMR is the same as in a large-scale reactor. The fission
reaction releases heat, which is used to produce steam to rotate the turbine which generates
electricity. To increase the potential of SMRs, they could be used in a district heating system.
SMRs could be used with the same principle as a cogeneration plant. Heat released in the
fission reaction generates steam, which is extracted from the steam turbine and used to
produce heat to the district heating system. The SMRs could also be used in heat-only
production. This greatly reduces the temperature requirement and the operating pressure of
the reactor. (Poudel, et.al, 2021, p.2794). Figure 26 shows a SMR in a cogeneration

installation.
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Figure 26. SMR in cogeneration (Poudel, et.al, 2021, p.2796)

In Finland, there are no SMRs that are used in district heat production. It is seen as a future
technology, which could play a big part in decarbonizing the district heating production.
SMRs could provide the base load of DH to different sized district heating networks. The
unit sizes would vary from 24 MW to 120 MW. It is estimated that there is room for 100
reactors with 24 MW capacity in the district heating network, which would be located in 19

different cities and municipalities. (Teradsvirta, Hyvarinen, 2024, p.1-9)
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3.7 Thermal energy storages

Thermal energy storages are used to store heat during excess production when the demand
is low and when the demand is high, the stored heat is discharged. Thermal energy storages
can be categorized based on storage time and storing phenomena. Based on the storage time,
to long- and short-term storages. Based on the storing phenomena to sensible energy

storages, latent energy storages and chemical energy storages (Guelpa, et.al, 2019, p.6).

3.7.1 Sensible heat storage

In district heating, the most common type of TES is the sensible heat storage (SH-TES). In
SH-TES, heat is stored as the temperature of the storage medium increases. The amount of
heat stored is directly proportional to the thermal properties (specific heat, density and
thermal conductivity) of the storage medium. Water is the most common storage medium
because of its thermal properties and the possibility of storing heat directly from building
heating systems and the DH grid (Hoff, 2022, p.125-131)

Short term SH-TES are used to maintain the balance in the grid during load variation during
the day. Short-term SH-TES can be categorized based on the pressure: Pressurised storage
and an atmospheric storage. Pressurized storages are usually directly connected to the grid,
since they operate at the same pressure level. Pressurized storages are used in high-
temperature DH networks, where the temperature is over 100 °C. This requires a higher
pressure to prevent the water from evaporating. Atmospheric storages are more common in
low temperature applications. The atmospheric storage is indirectly connected to the grid
because of the pressure difference between the grid and the storage. Pumps are needed to
increase the pressure of the storage medium before it is injected into the grid (Guelpa, et.al,
2019, p.7-8).

Long-term SH-TES, also known as seasonal TES, are used to store heat when the demand is
low, and the production exceeds the demand. The stored heat is discharged during high-
demand periods. Long-term storages can store heat for several months. An example of the
application of a long-term SH-TES in a DH grid is to store heat produced from solar

collectors during the summer, and then discharge the storage during winter. Seasonal TES:s
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make it possible to increase the share of renewables and non-combustible technologies in
district heating production (Dahash, et.al, p 298, 2019).

3.7.2 Latent energy storage

Latent energy storage relies on the phase change of the storage medium, which releases heat
to the heat transfer fluid (HTF), which is water in most cases. The storage medium is some
sort of phase change material (PCM), which changes phase at a certain temperature, and
absorbs or releases heat at the same time. Different materials can be used for storage
mediums, such as inorganics (different salt compositions) and organics (paraffins and non-
paraffins). The phase change can be from solid to liquid or from liquid to solid. The biggest
advantage of a latent TES (LH-TES) compared to an SH-TES is the higher energy density.
This means that the same amount of heat can be stored at a smaller volume. Same properties
should be considered when choosing the storage medium as in the case of SH-TES: specific

heat capacity, thermal conductivity and density (Cabeza, 2015).

3.7.3 Chemical energy storage

Chemical energy storages (C-TES) store heat in the form of chemical bonds of atoms and
molecules. Heat is stored when the thermo-chemical material (TCM) absorbs heat and as a
result, dissolves to two different substances. If this reaction is reversible, the reverse reaction
releases heat, and the TCM is formed as a result of the reaction. Typical TCM:s are silica
gels, hygroscopic salts and metallic hydrides. Advantages of thermo-chemical storages are
the high energy density and long storage times, which is why they are seen as an option for
long-term storages. The disadvantage of a thermo-chemical storage is the system complexity
compared to latent and sensible heat storages. (Guney, et.al, 2017 p.1188)
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3.7.4 Thermal energy storages in Finland

According to statistics by Finnish Energy, all of TESs used in district heating are sensible
heat storages, which use water as storage medium. The total thermal storage capacity of

these storages is around 27 GWh. (Finnish Energy, 2024a)

The energy company EPV energy in Finland uses two large underground caverns as a
thermal energy storage. The facility consists of a cogeneration plant and electric boiler,
which produce district heat. The excess heat is stored to the underground caverns, which are
located 30m underground in Vaskiluoto. The volumes of the caverns are 150 000m?® and
60 000m? for a total volume of 210 000m?, and the total storage capacity is 11 GWh. The
thermal output of the system is 110 MW, which can provide heat for 4-20 days, depending
on the demand at the time. The discharge temperature of the system is 90°C. The system as
a whole is presented in figure 27 along with the dimensions of the caverns. (EPV, 2019)
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Figure 27. An illustrative figure of the Vaskiluoto energy storage (EPV, 2019)

The Finnish company Elstor provides different types of solutions for storing thermal energy.
The company provides its customers with capacities ranging from 5 — 20 MWh, depending

on the customers’ demands. The solution is based on power to heat technology, where
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electricity is converted to heat when the price of electricity is low. Heat is discharged from
the storage with a heat exchanger, which can produce heat as hot water or steam, depending
on the solution. The steam temperature can reach temperatures up to 250°C, and the max
discharge power is 4 MW. (Elstor, 2024)

Vantaan energia is currently constructing the largest thermal energy storage in the world.
The storage is being quarried to a bedrock in Vantaa. The roof of the storage is located at a
depth of 100m, but due to the size of the storage some parts are located at a depth of 140m.
Water is used as storage material, and the storage is pressurized, to prevent the 140°C water
from evaporating. The discharge power is 200 MW, and the capacity of the storage is 90000
MWh, which is enough to provide district heat for all the buildings connected to the local
district heating network. The storage is charged from many different sources, including solar
thermal, secondary heat and heat from nearby waste heat plants and bio plants. The storage
is mostly charged during the summer, and it is discharged during the winter. Construction
of the storage has already begun, and the project is estimated to be completed in 2028. The

storage is presented in figure 28 (Energiauutiset, 2024)
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Figure 28. Vantaan energia energy storage (Energiauutiset, 2024)
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4 A review of non-combustible technologies in fictional Finnish

DH networks

In this chapter, the case study of the thesis is presented. The chosen non-combustible
technologies are used to produce heat in three fictional district heating networks. The goal
is to see how much of the fossil fuels the non-combustible technologies can replace. The
first fuels to be replaced are the fossil fuels (oil, natural gas and coal). In this case study,
three different sized networks are studied: A large network, a medium sized network and a
small network. The networks in this study are fictional networks located in southern Finland.
Each network has a different heat demand. For this study, the Helen heat demand curve is
used as a reference, and the demand is scaled down on the medium- and small-sized network

to represent medium- and small-sized cities in Finland.

4.1 Assumptions and simplifications

The examples presented in this study are hypothetical examples, which means that certain
assumptions and simplifications have been made. The studied networks are all based on the
same reference curve (Helen hourly consumption), and consumption of the smaller networks
is linearly scaled down to represent the heat consumption of a medium and small sized city

in Finland.

This study does not consider economic aspects of the use of non-combustible technologies
in DH production in the case networks. The first reason is that the studied networks are
fictional, which would make it hard to provide reliable data on the economic aspects of the
networks. The second reason is that data regarding the cost structures of energy companies
is not publicly available. Different networks also vary from one another in terms of technical
specifications. In this study, the networks are considered identical in terms of technical

specifications.

The main focus of this thesis is the production of the non-combustible technologies, and the
share of fossil fuels and peat which can be replaced in district heat production. Even if

enough heat is produced to replace the other fuels, biofuels and waste are not replaced, since
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they are seen as an important part in the future of district heating production. The effects on

the CO, emissions are also studied.

The heat losses in district heating networks depend on the supply and outdoor temperatures
and the length of the network. In this study, it is estimated that the losses in the networks are
around 10%. (Finnish energy, 2024) The heat consumption and production of the different

networks is presented in table 7.

Table 7. Annual heat consumption of the studied networks

Network size Annual heat production [GWh] Annual heat consumption [GWh]
Large 7641 6878
Medium 722 650
Small 153 135

In this study it is estimated that in the reference case the full share of district heat is produced
with fuel-based technologies in heat only boilers. The distribution of the fuels used is

assumed to be the same as presented in figure 4.

The boiler efficiency depends on the fuel, and the efficiency varies between 85% and 95%
of the fuels used in this study. (Vakkilainen, 2017, p.74) The efficiency of the different fuels

is presented in table 8.

Table 8. Efficiency of different fuels (Vakkilainen, 2017, p75)

Fuel Efficiency
Wood chips 87%-91%
Coal 88 % - 92 %
Oil 92 % -95%
Peat 85% -89 %

Natural gas

94 % -95%
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Another property of fuels is energy density or heating value, which describes the amount of
energy received from a certain amount of fuel. The net or lower heating values for fossil

fuels and peat are presented in table 9.

Table 9. Energy densities for fossil fuels and peat (Engineering ToolBox, 2024))

Fuel Energy density MJ/kg kWh/kg
Coal 28,4 7,89
QOil 40,2-43,2 11,17-12,0
Peat 14 4,72
Natural gas 47,1 13,1

In this study, the non-combustible technologies are used to replace the fossil fuels and heat
in the district heat production. Due to the national target of Finland to ban the use of coal, it
is the first fuel to be replaced by the non-combustible technologies. After coal, the other
fossil fuels are replaced if enough heat is produced. Each fuel has a different CO, emission
factor, which depends on the composition of the fuel. The emission factor describes the
amount of CO2 emissions per produced energy. Due to the definition of biofuels being
renewable, they have no emission factor. Table 10 presents the emissions factors of the

different fuels per MWh of produced heat.

Table 10. Emission factors of the different fuels

Fuel CO; emissions kg/MWh
Coal 363
Qil 260

Natural gas 202

Peat 366
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4.2 The chosen non-combustible technologies

Since some of the non-combustible technologies discussed in chapter 3 are not currently
used in district heat production in Finland, the focus is put on technologies which are used
in the current production of district heat in Finland or similar countries. The non-combustible
technologies chosen to be used in the networks are solar thermal plants, heat pumps which
use secondary heat from different sources, such as data centres and industrial processes, and
electric boilers. Geothermal energy is not used enough in Finland, and the future potential if
the technology is relatively low. Small modular nuclear reactors are also left outside of the
case, since there are no existing solutions in the Finnish district heating network. There is
future potential for this technology. The same goes for hydrogen technologies, since most of
the projects are in the development phase, and no existing hydrogen plants are in operation
in Finland. The technologies used in the networks and their thermal outputs are based on
existing installations, and they are scaled differently for each network.

4.2.1 Solar thermal plant

Each network is equipped with a different sized centralized solar system, which use flat plate
collectors. It is assumed that the solar irradiance is the same for each network. The solar
plants produce heat of 75 °C degrees and are connected to the DH network with heat
exchangers. The efficiency of the system is determined by using figure 15, at a supply

temperature of 75 °C, the efficiency of the system is around 0,65.
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The hourly efficiency of the solar collector can be calculated with equation 1, where nsc IS
the hourly efficiency no is the max efficiency of the solar collector a1 and a2 are the heat loss
coefficients [W/m?°C] and Ty, is the return temperature of the working fluid. (Pakere, et.al,
2018, p 427).
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Q= z Gip *Nsci * A (2)
i=1

The annually generated heat of a solar collector can be calculated with equation 3, where Q
is the heat output [Wh], Gin is the hourly solar irradiance [W/m?], A is the total area of the

solar collectors [m?], and 0 is the hourly efficiency of the solar collector.

Using equations 1 and 2, the annual heat produced by the different solar systems can be
calculated. The heat production of the solar systems is presented in table The values used for
the different parameters are as follows: heat loss coefficient ar: 11,4 W/m?°C, heat loss
coefficient az: 0,001 W/m?°C, no is 0,65 and Tws 40°C. Table 11 shows the annual heat
produced by the solar plant.

Table 11. Annual heat production from the solar plants

Network Collector field area m? Annual heat production MWh
Large 50000 12228,50

Medium 10000 2445,70
Small 2000 489,14

4.2.2 Electric boiler

Electric boilers are producing heat during periods of low electricity prices. An upper limit is
set to the electricity price. To see the effect of electricity price on the operating hours, the
price limit is altered between 20€/MWh and 50 €/ MWh. When the price of electricity is
below the limit, electric boilers are converting electricity to heat. During high prices, the
electric boilers are shut down and other production methods are used.

The thermal output of the electric boiler is determined to be 200 MW for the large network,
50 MW for the medium sized network and 10 MW for the small network, since there are

existing boiler plants that produce heat at this rate. The efficiency is estimated to be the same
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for each boiler, 97%, which means that 97% of the electricity is converted into thermal
energy. The electricity price determines when heat is produced with the electric boiler. The
electric boilers are assumed to operate at full capacity when they are operational. Figure 29

shows the operating hours of the electric boiler with different electricity prices.

Electric boiler operating hours with different electricity prices
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Figure 29. Operating hours of the electric boiler
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4.2.3 Heat pump plants

For each network, a different heat pump plant is used. The capacity of the plants is based on
existing solutions. In this case, the secondary heat sources for the heat pump plants are
secondary heat from sewage treatment plants and secondary heat from data centres, which
means that the temperature levels of the heat sources are relatively low. For this reason,
compression heat pumps are used instead of absorption heat pumps. The COP of the
compression heat pumps varies between 2,6 and 7,5. For this case, the value of 3,5 is used,
since there is an operational heat pump in Finland which operates at this value. In this case,
it is estimated that secondary heat from industrial process is reused in the process itself, and
not used for district heating production. The heat pumps are operating at every hour of the

year. Table 12 shows the capacities of the heat pump plants and their heat sources.

Table 12. The thermal outputs of the heat pump plants used in the study

Network Heat source Plant capacity Annual production
MW MWh
Large Sewage water treatment 155 1357800
plant
Medium Sewage water treatment 12 105120
plant
Small Data centre 5 43800

4.2.4 Thermal energy storages

Any excess heat produced by the different technologies is stored in thermal energy storages,
and it is assumed that the storages are seasonal storages, since excess heat is mainly produced
during the summer. The storages are assumed to be large enough to receive all the excess

heat.
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4.3 Large network

The total annual heat production by the different fuels in the large network is 7641 GWh,
which represents a large city in Finland. The fuel consumption and the efficiencies of the
different fuels are presented in table 13 along with the CO, emissions of the fuels. In this
case, biofuels are seen as a completely renewable and a carbon neutral source, and the CO-

emissions from the combustion of biofuels are neglected.

Table 13. Fuel consumption and the production by each fuel in the large network.

Fuel Efficiency Share Fuel consumption Production CO;, emissions
% % GWh GWh kt
Biofuels 90 % 54,2 % 4601,58 4141,42 -
Coal 90 % 19,8 % 1681,02 1512,92 610,21
Oil 93 % 5,0 % 410,81 382,05 106,81
Peat 87 % 11,1% 974,89 848,15 356,81
Natural gas 94 % 3,8% 308,89 290,36 62,40
Others - 6,1 % 466,10 466,10 -
Sum - 100 % 8443,28 7641,00 1136,22

Depending on the price limit, the non-combustible technologies produced between 1851,0
GWh and 2335,2 GWh of heat. This was enough to cover between 24,22% and 30,56% of
the production. The amount of heat produced by the non-combustible technologies at every

price limit along with the produced excess heat is presented in table 14.

Table 14. Share of non-combustible technologies at the different electricity prices

Electricity price Produced heat Share of Excess heat
limit € MWh GWh production % GWh
20 1851,0 24,22 45,06
30 2055,6 26,90 78,76
40 2210,8 28,93 95,88

50 2335,2 30,56 108,81
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The hourly production of the non-combustible technologies at an electricity price limit of 20
€/MWh is presented in figure 30. Depending on the price limit, the production of the non-
combustible technologies is enough to meet the demand for 569 — 1270 hours of the year.
The production exceeds the demand during the summer, due to the lower heat demand and
lower electricity prices. During the winter, non-combustible technologies are not producing
enough heat to completely replace the other technologies.

Hourly DH demand and the production of non-combustible techologies
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Figure 30. The hourly production of non-combustible technologies
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On an annual level, the non-combustible technologies produce enough heat to completely
replace coal in district heating production. At all price limits, other fossil fuels can also be
replaced to some degree. Depending on the price limit, the non-combustible technologies
produce enough heat to replace 77,10 % - 97,27 of the fossil fuels. Table 15 shows the total
CO2 emissions and the reduction in emission at different price limits.

Table 15. The CO; emissions of the system at different price limits

Electricity price CO_ emissions Reduction in
limit € MWh kt emissions
20 481,81 57,60 %
30 428,62 62,28 %
40 395,17 65,22 %

50 370,04 67,43 %



64

4.4 Medium size network

The annual district heating consumption in the medium sized network is assumed to
represent the demand of a medium sized city in Finland, such as Lappeenranta, Rovaniemi
or Mikkeli. The annual consumption of the city is 650 GWh, which means that when
including losses, the production needed to meet the demand is 722,22 GWh. Table 16 shows

the efficiencies of the different fuels along with the fuel consumption and CO2 emissions.

Table 16. The fuel distribution and production of each fuel

Fuel Efficiency Share Fuel consumption Production CO, emissions
% % GWh GWh kt
Biofuels 90 % 54,2 % 434,94 391,44 0
Coal 90 % 19,8 % 158,89 143,00 57,68
Oil 93 % 5,0 % 38,83 36,11 10,10
Peat 87 % 11,1% 92,15 80,17 33,73
Natural gas 94 % 3,8% 29,20 27,33 5,90
Others - 6,1 % 44,06 44,06 -
Sum - 100 % 798,05 722,22 107,40

At the lowest price limit, the non-combustible technologies produced a total of 240,5 GWh
of heat. On an annual basis, this could be used to replace 33,3% of the other fuels used in
the production. Table 17 shows the production of the non-combustible technologies at all

price levels along with the share of production and the excess heat.

Table 17. Production of the non-combustible technologies

Electricity price Produced heat Share of Excess heat
limit € MWh GWh production % GWh
20 227,8 31,54 % 31,81
30 279,0 38,63 % 46,79
40 317,8 44,00 % 54,50

50 348,9 48,30 % 60,52
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Figure 31 shows the hourly production of the non-combustible technologies at the 206/MWh
price limit. During the summer, the full share of district heat could be produced with non-
combustible technologies. During the winter other technologies are still needed. On an
annual level, the non-combustible technologies can produce the full share of heat between
1605 and 2532 hours, depending on the price limit A lot of excess heat is also produced

during this time, which can be stored in thermal energy storages.

Hourly DH demand and the production of non-combustible techologies

mand MW

at de

Nm d |

iy

. Nw fill
R

Figure 31. Hourly production of non-combustible technologies

At an annual level, the non-combustible technologies are able to produce enough heat to
replace all of the fossil fuels at the lowest price limit. All of the peat could be replaced by
the non-combustible technologies when This would reduce the CO> emissions by 73%. At
higher price limits, enough heat is produced to replace some of the biofuels used in the
production. This would mean that 100% of the heat would be produced with renewable
sources, and the heat would be completely carbon neutral. However, due to the low
production of the non-combustible technologies during the winter, the heat only boilers are
still needed to meet the higher demands during the winter, and fossil fuel might still be
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needed, if the demand is high, and if the production of biofuels is not enough to produce the

remaining heat. The CO2 emissions and the reduction in emissions is presented in table 18.

Table 18. The CO; emissions and the reduction in emissions at different price limits

Electricity price CO; emissions Reduction in
limit € MWh kt emissions
20 33,40 68,9 %
30 14,67 86,3 %
40 0,47 99,6 %

50 0 100 %
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4.5 Small network

The annual heat consumption of the small network is estimated at to 135 GWh, and it
represents the heat demand of a small city in Finland. The same fuel distribution and sources
are used as in the case of the large and small network. The fuel distribution and the
production of each fuel is presented in table 19.

Table 19. Fuel distribution of the small network

Fuel Efficiency Share Fuel consumption Production CO; emissions

% % GWh GWh kt

Biofuels 90 % 54,2 % 92,03 82,83 0
Coal 90 % 19,8 % 33,62 30,26 12,20
Oil 93 % 50% 9,22 7,64 2,14
Peat 87 % 11,1% 19,50 16,96 7,14
Natural gas 94 % 3,8% 6,18 5,81 1,25

Others - 6,1 % 9,32 9,32 -
Sum - 100 % 168,87 152,82 22,72

Depending on the electricity price limit, the non-combustible technologies produced
between 100,48 GWh and 124,69 GWh of heat. This was enough to cover between 65,75%
and 81,59% of the total production. The amount of excess heat was between 30,53 GWh and

40,01 GWh. The production at all price limits is presented in table 20.

Table 20. Production of non-combustible technologies

Electricity price Produced heat Share of Excess heat
limit € MWh GWh production % GWh
20 68,34 44,72 % 10,30
30 78,57 51,41 % 14,37
40 86,33 56,49 % 16,49

50 92,55 60,56 % 18,13
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Figure 32 shows the hourly production of the non-combustible technologies at an electricity
price limit of 206/MWh. As was the case with the other studied networks, the non-
combustible technologies produced enough heat to meet the demand during the summer, but
during the winter other technologies are still needed. A lot of excess heat is also produced

during the summer.

Hourly DH demand and production of non-combustible techologies

Heat power MW

I iy T f
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0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Figure 32. Hourly production of the non-combustible technologies

At an annual level, the non-combustible technologies are able to produce enough heat at all
price limits to replace 100% of the fossil fuels and peat used in the production. This means
that 100% of the heat is carbon neutral, and from renewable sources, and that the reduction
in CO2 emissions is 100% at each price limit. However, during the highest demands, fossil

fuels might still be needed, if biofuels and wastes are not able to produce enough heat.
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4.6 The effects of the non-combustible technologies

Introducing non-combustible technologies to district heating systems has several benefits.
The benefits include the increased share of renewables and the replacement of fossil fuels in
heat production, which will also lead to a decrease in CO, emissions. Challenges in using
non-combustible technologies for district heat production is the increased power demand,
which might require construction of additional power capacity, and the imbalance in the

demand and production.

4.6.1 Reduction in fossil fuels

In all the studied networks, the non-combustible technologies produced enough heat to
replace at least all of the coal used in district heating production. At higher price limits, all
the fossil fuels and peat were replaced with the non-combustible technologies in the medium
and small network, which means that in these network, district heating was 100% carbon
natural. The non-combustible technologies were able to replace up 99,7% of the fossil fuels
in the large network, which reduced the CO. emissions by 67,43%. The decrease in
emissions would be larger if peat would be replaced instead of oil and natural gas, since the
specific emission factor of peat is higher than the one of natural gas and oil. The amount of
replaced fossil fuels in the best scenario for each network is presented in table 21.

Table 21. The amount of replaced fossil fuels

Network size Replaced coal Replaced oil Replaced NG kt  Replaced peat kt
kt kt
Large 213,06 36,78 18,58 0
Medium 20,14 3,24 - 3,48 2,23 19,52

Small 4,26 0,77 -0,83 0,47 4,13
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4.6.2 Increased power demand

Due to the introduction of power to heat technologies, such as electric boilers and heat
pumps, the power demand of the district heating system will increase. In this study, the
increase in power demand depends on the electricity price, since the electric boilers are not
operating if the electricity price exceeds the limit. Depending on the price limit, the operating
hours of the electric boilers varied between 2405 and 4826 hours. The heat pumps are
operating at all hours throughout the year at a steady load. The efficiency of the electric
boilers is estimated to be 97%, and the COP of the heat pump plants is 3,5. The increased

power demand of the systems is presented in table 22.
Table 22. Increased power demand of the networks

Network  Increased power demand GWh

Large 883,82-1382,99
Medium 79,62-129,54
Small 37,31-62,27

To meet the increased power demand, the additional power should be generated using
renewable and emission free sources, such as wind, hydro, solar, nuclear power or biofuels.
Otherwise, the emissions of the district heating sector could increase, which means that

reaching the climate targets would become more difficult.

4.6.3 Imbalance in production and demand

As discussed in earlier chapters, most of the heat produced by the non-combustible
technologies is produced during the summer, when the demand is at its lowest. Due to the
large amount of excess heat produced during this time, the share of the non-combustible
technologies in heat production is really high. But in terms of hours which the full demand
could be produced, the non-combustible technologies due not achieve nearly as high
numbers as the share in production would suggest. Table 23 shows the number of hours the
full demand of district heating could be produced with the non-combustible technologies



Table 23. The number of demand meeting hours
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Size of network 20 €/MWh 30 €MWh 40 € MWh 50 €/MWh
Large 569 928 1119 1270
Medium 1605 2089 2340 2532
Small 2479 2864 3098 3264
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5 Conclusion

The studied networks in this thesis are fictional, which means that the results obtained in this
thesis cannot directly be used to determine the impacts of non-combustible technologies in
district heating production in a real network. The aim of this thesis was to present a review
of the non-combustible technologies and give a rough estimate of their potential in district
heating production based on existing solutions. This thesis only reviewed the non-
combustible technologies from a technological point of view, due to little available public

data regarding the technical specifications of specific networks and their cost structures.

In the case study the non-combustible technologies were able to replace almost all of the
fossil fuels in all the studied networks. At an electricity price limit of 50 € MWh, the non-
combustible produced enough heat to replace all of the fossil fuels and peat in the medium
and small network. In the largest network, the reduction in fossil fuels was 97,27%. The
reductions in CO2 emissions where also considerable, varying from 57,6% to 100%,

depending on the network size and electricity price limit

A challenge of increasing the use of non-combustible technologies in district heating
production is the increased power demand of the system. This increase in demand might
require the construction of additional capacity to assure the availability of electricity. It is
important that the increase in power demand is solved with renewable sources, such as wind
turbines and solar energy. This should not be an issue in Finland, since the share of renewable
and emission free sources used in electricity production is high. Making the system more
dependent on electricity also makes the system more dependent on weather conditions, such
as availability of wind and solar energy. During periods when little solar or wind energy is
available, the power needed by the electric boiler and heat pump plants needs to be produced
with other methods. The electricity depended technologies also depend on the price of
electricity. During high electricity prices, the energy companies prioritize electricity
generation due to the profits they make in sales, which means that electricity is not converted
to heat. The problem is that the highest electricity prices usually occur during times when
the demand for electricity and heat are at their highest, which means that the availability of

heat might become an issue during periods of high demand.



73

A thermal energy storage should also be used in a district heating system based on non-
combustible technologies, since most of the heat is produced during the time of year when
the demand for heat is low. This excess heat needs to be stored in TESs for later use. In the
studied networks, the amount of excess heat would require very large TESs systems, and the
economical aspect of the storage needs to be studied to make sure that the investment is

economically feasible.

From a technological point of view, there is potential in increasing the share non-
combustible technologies in district heating production in Finland, since most technologies
are already proven, and a number of energy companies are increasingly investing in electric
boilers and in large heat pump plants. Finland also uses a variety of renewable sources for
electricity production, which means that the increased power consumption of the district
heating sector can be generated with renewable and emission free sources. However,
increasing the share of these technologies and replacing current heat plants with these
technologies needs to be economically feasible to the energy companies. More research is
needed to determine the largest share of non-combustible technologies in district heating
production, both from an economical and technological perspective. The decision of
decreasing the design temperature of the networks from 115°C to 90 °C, and improvements
in the energy efficiency of buildings will make it easier to utilize other non-combustible

technologies in the future, such as solar thermal and geothermal energy.

In the future, the share of non-combustible technologies in district heating production will
likely increase, since energy companies are investing in electric boilers and heat pump plants
to reduce their dependence on fossil fuel. These technologies play a big part in reaching
Finland’s national targets of carbon neutrality by 2035 and banning the use of coal in energy
production by 2030. According to studies made by different parties, heat pumps have the
highest potential of the currently available non-combustible technologies. According to the
study made by Heat Road Map Europe, the share of heat pumps in DH production could be
as high as 31%. Even if the share of non-combustible technologies will increase, most of
district heat will be produced in CHP plants, which use biofuels as fuel. CHP has long been
a speciality in the Finnish DH sector, and replacing CHP plants with technologies, which
only produce heat and increase the electricity consumption, would require the construction
of additional electricity producing technologies. Decreasing the use of biofuels would also
endanger the reaching of climate targets. In the future, most of DH could be produced with
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heat pumps and CHP plants. According to studies, the combined share of these technologies
could be as high as 77% of the total DH supply. Solar thermal energy could provide heat
during the summer, but during the winter, CHP plants and heat pumps would still provide

the majority of the heat.



75

References

AFRY. Kaukoldampdasiakkaiden mitoituslampdtilan laskeminen. 2020. [Internet].
[Referred: 13.9.2924]. Available: https://energia.fi/wp-
content/uploads/2023/08/Kaukolampoasiakkaiden_mitoituslampotilan_laskeminen_10101
3094-Loppuraportti_ AFRY .pdf

Agora Industry, FutureCamp (2022): Power-2-Heat: Gas savings and emissions reduction
in industry. [Internet]. [Referred: 20.9.2024]. Available: https://www.agora-
industry.org/fileadmin/Projekte/2021/2021-05_IND_DE-P4Heat/A-EW_277_Power-2-
Heat EN_WEB.pdf

Beith, R. Small and Micro Combined Heat and Power (CHP) Systems: Advanced Design,
Performance, Materials and Applications. 1st ed. vol. 18. Chantilly: Elsevier Science &
Technology, 2011. Print.

Biirger, Veit et al. “Third Party Access to District Heating Systems - Challenges for the
Practical Implementation.” Energy policy 132 (2019): 881-892. Web.

Cabeza Luisa F. “Using Solid-Liquid Phase Change Materials (PCMs) in Thermal Energy
Storage Systems.” Advances in Thermal Energy Storage Systems - Methods and
Applications. Elsevier, 2015. 1-1. Web.

Dahash, Abdulrahman et al. “Advances in Seasonal Thermal Energy Storage for Solar
District Heating Applications: A Critical Review on Large-Scale Hot-Water Tank and Pit
Thermal Energy Storage Systems.” Applied energy 239 (2019): 296-315. Web

Das, Biplab, and Jagadish, eds. Evolutionary Methods Based Modeling and Analysis of
Solar Thermal Systems: A Case Studies Approach. First edition. Cham, Switzerland:
Springer Nature Switzerland AG, 2023. Web.

Dominkovi¢, Dominik Franjo et al. “Influence of Different Technologies on Dynamic
Pricing in District Heating Systems: Comparative Case Studies.” Energy (Oxford) 153
(2018): 136-148. Web.



76

Energiauutiset. Varasto lammittada Vantaan. 2024 [Internet]. [Referred: 8.10.2024].
Available: https://www.energiauutiset.fi/kategoriat/tuotanto/varasto-lammittaa-

vantaan.html

Engineering ToolBox. Calorific values of fuels. 2024. [Internet]. [Referred: 4.11.2024].

Available: https://www.engineeringtoolbox.com/fuels-higher-calorific-values-d_169.html

EPV. Massiivinen maanalainen energiavarasto Vaasan Vaskiluotoon. 2019. [Internet].
[Referred: 7.10.2014] Available: https://www.epv.fi/2019/09/20/massiivinen-maanalainen-

energiavarasto-vaasan-vaskiluotoon/

Fink, Johanna, Elisa Heim, and Norbert Klitzsch. State of the Art in Deep Geothermal
Energy in Europe: With Focus on Direct Heating. Cham, Switzerland: Springer, 2022.
Print.

Finnish energy. District heating statistics. 2024a. [Internet]. [Referred: 1.10.2024].

Available at: https://energia.fi/en/statistics/district-heating-statistics/

Finnish energy. Kaukolammon hintatilastot. 2024b [Internet]. [Referred: 6.8.2024].
Available at: https://energia.fi/tilastot/kaukolammon-hintatilasto/

Finnish energy. 2021. Rakennusten kaukolammitys. Julkaisu K1/2021

Finnish meteorological institute (FMI) open data. 2024.[Internet]. [Referred: 7.8.2024].

Available at: https://en.ilmatieteenlaitos.fi/download-observations

Garcia Gil, Alejandro. Shallow Geothermal Energy: Theory and Application. Cham,
Switzerland: Springer International Publishing, 2022. Print.

Geologian tutkimuskeskus (GTK). Keskisyvén ja syvéan geotermisen energian hankkeet
Suomessa. 2024. [Internet]. [Referred: 9.12.2024]. Available:
https://tupa.gtk.fi/raportti/arkisto/20 _2024.pdf

Grassi, Walter. Heat Pumps Fundamentals and Applications. Cham: Springer International
Publishing, 2018. Web.

Guelpa, Elisa, and Vittorio Verda. “Thermal Energy Storage in District Heating and
Cooling Systems: A Review.” Applied energy 252 (2019): 113474-. Web



77

Guney, Mukrimin Sevket, and Yalcin Tepe. “Classification and Assessment of Energy

Storage Systems.” Renewable & sustainable energy reviews 75 (2017): 1187-1197. Web.

Hamina. Haminan Energia Oy:n tiedote: Googlen datakeskuksen I&mp6a alkaa virrata
Haminan kaukolampoverkossa vuoden 2025 aikana. 2024. [Internet]. [Referred:
16.9.2024]. Available: https://www.hamina.fi/haminan-energia-oyn-tiedote-googlen-

datakeskuksen-lampoa-alkaa-virrata-haminan-kaukolampoverkossa-vuoden-2025-aikana/

Helen open data. 2023. District heating power 2015-2023 [Referred: 24.7.2024]. Available

at: https://www.helen.fi/en/about-us/helen/about-us/open-data

Helen. [Internet]. [Referred:10.10.2024] 2024a. Available at:
https://www.helen.fi/uutiset/2024/helen-rakentaa-hanasaareen-euroopan-suurimman-

sahkokattilalaitoksen

Helen. [Internet]. [Referred: 9.12.2024]. 2024b. Available at:
https://www.helen.fi/uutiset/2024/helen-investoi-helsingin-ensimmaiseen-vihrean-vedyn-

tuotantolaitokseen

Helen. [Internet]. [Referred: 4.12.2024]. 2020. Available at:
https://www.helen.fi/uutiset/2020/uusi-lampopumppu

Hoff, C. Michael. Energy Storage Technologies and Applications. 1st ed. Norwood, MA:
Artech House, 2022. Print.

Ismail, Basel I., ed. Geothermal Energy. London: IntechOpen, 2022. Print.

Javanshir, Nima, Sanna Syri, and Pauli Hiltunen. “The Risks of Electrified District Heating
in Finland’s Cold Climate.” Renewable & sustainable energy reviews 202 (2024): 114652-
. Web.

Ji, Linan et al. “An Overview of the Progress of New Working Pairs in Absorption Heat

Pumps.” Energy reports 9 (2023): 703—729. Web.

Lamrani, Bilal et al. “Dynamic Thermal Analysis of a Coupled Solar Water Heaters-
Thermal Storage Tank for Solar Powered District Heating Networks.” Journal of energy
storage 61 (2023): 106793-. Web.



78

Loimua. 2024. [Internet]. [Referred:16.9.2024] Available: https://loimua.fi/ajassa-ja-
blogi/hameenlinnan-kaukolammon-tuotannossa-aletaan-hyodyntamaan-

jatevedenpuhdistamon-hukkalampoja/

Ministry of economic affairs and employment (TEM). Carbon neutral Finland 2035-
national climate and energy strategy. 2022. [Internet]. [Referred: 28.8.2024]. Available:
https://tem.fi/documents/1410877/2769658/Carbon+neutral+Finland+2035+%E2%80%93
+national+climate+and+energy+strategy.pdf/7d9d4a71-81c7-c11f-ec7e-
df3eeed446e81/Carbon+neutral+Finland+2035+%E2%80%93+national+climate+and-+energ
y+strategy.pdf?t=1715858224013

Motiva. 2024. [Internet]. [Referred: 5.12.2024]. Available:
https://www.motiva.fi/ratkaisut/uusiutuva_energia/aurinkolampo/aurinkolampojarjestelmat

/kaukolammon_tuottaminen_aurinkolammolla

Motiva. Ylijgdmaldmmon taloudellinen hyddyntdminen. L&mpdpumppu- ja ORC-
sovellukset. 2014. [Internet]. [Referred: 5.12.2024]. Available:
https://www.motiva.fi/files/13513/Y lijaamalammon_taloudellinen_hyodyntaminen_Lampo

pumppu-_ja_ORC-sovellukset.pdf

Neve. 2023. [Internet]. [Referred:16.9.2024]. Available:
https://neve.fi/ajankohtaista/jateveden-lampo-hyotykiertoon-ja-kustannuksia-alas-neven-

uudella-lampopumppulaitoksella-toteutus-alkaa-ensi-vuonna/

Newheat.” How does solar thermal energy work?” [Internet] [Referred: 2.9.2024]. 2024.

Available: https://newheat.com/en/how-does-solar-thermal-energy-work/

Nord, Natasa et al. “Challenges and Potentials for Low-Temperature District Heating
Implementation in Norway.” Energy (Oxford) 151 (2018): 889-902. Web.

Paardekooper, S., Lund, R. S., Mathiesen, B. V., Chang, M., Petersen, U. R., Grundahl, L.,
David, A., Dahlbaek,J., Kapetanakis, I. A., Lund, H., Bertelsen, N., Hansen, K., Drysdale,
D. W., & Persson, U. (2018). Heat Roadmap Finland: Quantifying the Impact of Low-
Carbon Heating and Cooling Roadmaps. [Internet]. [Referred: 26.11.2024]. Available:
https://vbn.aau.dk/ws/portalfiles/portal/287929983/Country_Roadmap_Finland_20181005.
pdf



79

Paiho, Satu, and Francesco Reda. “Towards next Generation District Heating in Finland.”

Renewable & sustainable energy reviews 65 (2016): 915-924. Web.

Pakere, Ieva, Dace Lauka, and Dagnija Blumberga. “Solar Power and Heat Production via
Photovoltaic Thermal Panels for District Heating and Industrial Plant.” Energy (Oxford)
154 (2018): 424-432. Web.

Parat Halvorsen AS. 2021. High Voltage Electrode Boiler. [Internet]. [Referred:
28.8.2024]. Available: https://www.parat.no/media/eigabtot/parat-ieh-english-2021.pdf

Photovoltaic Geographical Information System (PVGIS).2024. Hourly radiation data.
[Internet]. [Referred: 8.8.2024]. Available: https://re.jrc.ec.europa.eu/pvg_tools/en/

Platzer, Werner, and Robert Stieglitz. Solar Thermal Energy Systems: Fundamentals,

Technology, Applications. First edition. Cham, Switzerland: Springer, 2024. Web.

Poudel, Bikash, and Ramakrishna Gokaraju. “Small Modular Reactor (SMR) Based
Hybrid Energy System for Electricity & District Heating.” IEEE transactions on energy
conversion 36.4 (2021): 2794-2802. Web.

Poyry. Aurinkolammon liiketoimintamahdollisuudet kaukolammon yhteydessa Suomessa.
2013. [Internet]. [Referred: 1.10.2024] Available

Poyry. Kaukolampdjarjestelmén paluuveden hyvaksikaytto kiinteistdjen lammityksessa.
Selvitys 60N50162.01-E0001, 24.2.2010. [Internet]. [Referred: 27.11.2024]. Available:
https://docplayer.fi/1158112-Energiateollisuus-ry.html

Rambol. 2021. Selvitys kaukolampdmarkkinan avaamisen tavoitteista, edellytyksista ja
vaikutukista. [Internet]. [Referred: 28.8] Available:
https://tem.fi/documents/1410877/122587320/Selvitys+kustannustehokkaista+vaihtoehdois
ta+kaukol%C3%A4mm%C3%B6n+toimintaedellytyksen+parantamiseksi.pdf/740bfaac-
d919-4b70-6d8a-
1858d5cd7fed/Selvitys+kustannustehokkaista+vaihtoehdoista+kaukol%C3%A4mm%C3%
B6n+toimintaedellytyksen+parantamiseksi.pdf?t=1654166762445

Ranta, Tapio, Antti Karhunen, and Mika Laihanen. “The Effect of Fuels and Other
Variables on the Price of District Heating in Finland.” Renewable & sustainable energy

reviews 209 (2025): 115086-. Web.



80

Rieksta, Madara, Emils Zarins, and Gatis Bazbauers. “Potential Role of Green Hydrogen in
Decarbonization of District Heating Systems: A Review.” Environmental and Climate

Technologies 27.1 (2023): 545-558. Web.

Rama, Miika. Klobut, Krzysztof., Hukkalampd kaukolampdjarjestelmissa. Asiakasraportti
VTT-CR-00340-20. 2020. [Internet]. [Referred: 27.8.2024]. Available:
https://tem.fi/documents/1410877/2132212/Hukkalampo+kaukolampojarjestelmissa+maari
ttely+ja+luokittelu+VTT+2020.pdf/10bfab6c-ae5a-8a68-5926-
5a98abab062f/Hukkalampo+kaukolampojarjestelmissa+maarittely+ja+luokittelu+VTT+20
20.pdf?t=1611821911799

Ramaé, M, and S Mohammadi. “Comparison of Distributed and Centralised Integration of

Solar Heat in a District Heating System.” Energy (Oxford) 137 (2017): 649—660. Web

Ramaé, Miika. Sipila, Kari. 2017. Transition to low temperature distribution in existing

systems. Energy Procedia. Vol 116. P 58-68. Elsevier

Saari, Jussi. Lecture material from LUT course BH50A1701 ” District Heating”. 2024.

Restricted access.

Saagi, R et al. “City-Wide Model-Based Analysis of Heat Recovery from Wastewater
Using an Uncertainty-Based Approach.” The Science of the total environment 820 (2022):
153273-153273. Web.

Schlosser, F et al. “Large-Scale Heat Pumps: Applications, Performance, Economic

Feasibility and Industrial Integration.” Renewable & sustainable energy reviews 133
(2020): 110219-. Web.

Statistics Finland. Production of electricity and heat. [Internet]. [Referred: 4.12.2024]
Available at:
https://pxdata.stat.fi/PXWeb/pxweb/en/StatFin/StatFin__salatuo/?tablelist=true

Tampereen energia. 2024. Sahkokattilat tekevat tuulesta lampoa. [Internet] [Referred:
27.8.2024]. Availabe: https://www.tampereenenergia.fi/tampereen-
energia/energia/energiantuotanto-tampereella/sahkokattila/

Tian, Y, and C.Y Zhao. “A Review of Solar Collectors and Thermal Energy Storage in
Solar Thermal Applications.” Applied energy 104 (2013): 538-553. Web.



81

Tekniikka & Talous. Suomen ensimmaéinen syvé geoterminen lampdlaitos valmistui
sittenkin — Reikié tuli suunniteltua enemman ja syvyyskin muuttui. 2023. [Internet].
[Referred: 9.10.2024]. Available: https://www.tekniikkatalous.fi/uutiset/suomen-
ensimmainen-syva-geoterminen-lampolaitos-valmistui-sittenkin-reikia-tuli-suunniteltua-
enemman-ja-syvyyskin-muuttui/a03ce813-5562-482c-9aa8-7f9b01d93895

Terésvirta, Antti, and Juhani Hyvarinen. “Nuclear Engineering and Design Nuclear Heat

Supply System for a Small District Heating Reactor.” Nuclear engineering and design 426
(2024): 113389-. Web.

Vahidinasab, Vahid, Behnam Mohammadi-lvatloo, and Jeng Shiun Lim. Green Hydrogen

in Power Systems. 1st ed. Cham: Springer International Publishing AG, 2024. Web.

Vakkilainen, Esa Kari. Steam Generation from Biomass: Construction and Design of Large

Boilers. Oxford: Butterworth-Heinemann, 2017. Print.

Vantaan energia. Suomen ensimmainen geotermisté lampéa kaukoldmpdverkkoon tuottava
laitos kéynnistyi Vantaalla. 2023. [Internet]. [Referred: 23.9.2024]. Available:
https://www.vantaanenergia.fi/suomen-ensimmainen-geotermista-lampoa-

kaukolampoverkkoon-tuottava-laitos-kaynnistyi-vantaalla/

Zhao, Hui, and Zhong-Yong Yuan. “Progress and Perspectives for Solar-Driven Water
Electrolysis to Produce Green Hydrogen.” Advanced energy materials 13.16 (2023): n.
pag. Web.



