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Consumption of peat in energy production has decreased rapidly in Finland over the past
decade. The aim of this Master’s thesis was to research the replacement of peat in energy
production and to obtain answers to several open questions related to peat replacement: how
energy companies have replaced the use of peat, what factors have affected to the
replacement of peat, and what actions companies will take in the future. The research was
conducted by interviewing the energy companies that have used peat the most in energy
production in Finland.

As a result of the research, it was found that energy companies have replaced the use of peat
with several methods. Mostly peat has been replaced by wood fuels, such as wood chips,
sawdust, forest residues, and bark. Investments have been made to new biomass boilers.
Existing peat-fired boilers have been modernised to allow energy production with 100%
wood fuels. Electric boiler integrations alongside the existing district heating or CHP
productions have allowed energy companies to cut down fuel peat consumption by
optimising production. The rapid increase in the price of emissions allowance (EU ETS) has
been the most significant factor accelerating the replacement of peat. Public opinion against
the use of fossil fuels and customers desire to use clean renewable energy have accelerated
companies' carbon neutrality targets and peat replacement. Availability of biofuels has been
a challenge, particularly since spring of 2022, after the Russian war against Ukraine ended
the wood fuels import from Russia to Finland. The demand for domestic wood fuels has
increased, which has led to limited availability and higher prices of domestic wood fuels.

Energy companies are determined to phase out the use of fossil fuels including fuel peat.
Companies are aiming for carbon neutral energy production by continuing to invest in clean
renewable energy production. Peat will continue to be replaced by wood fuels, industrial by-
products, waste heat, heat pumps, and electric boilers. The timetable for replacing peat in
energy production is 2-5 years for most companies. The limited availability and consequent
increase in the prices of domestic wood fuels, as well as the investments needed to replace
peat, may slow down the replacement of peat in the next couple of years, but with the
investments and targets of carbon neutral energy production, peat will be mostly replaced
within five years.
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Turpeen kulutus energiantuotannossa on laskenut nopeasti viimeisen vuosikymmenen
aikana. Taman tutkimuksen tavoitteena oli selvittdd turpeen korvaantumista Suomen
energiantuotannossa seka saada vastauksia useisiin avoimiin Kysymyksiin: miten
energiayhtiét ovat korvanneet turpeen kayttdda, mitkd tekijat ovat vaikuttaneet turpeen
korvaamiseen ja millaisia toimenpiteitd yhtiot tulevat tekeméan tulevaisuudessa. Tutkimus
toteutettiin haastattelemalla niitd energiayhti6itd, jotka ovat kayttdneet eniten turvetta
energiantuotannossa.

Tutkimuksessa havaittiin, ettd energiayhtiot ovat korvanneet turvetta useilla menetelmilla.
Padasiassa turvetta on korvattu puupolttoaineilla, kuten puuhakkeella, sahanpurulla,
hakkuutahteilld ja kuorella. Uusiin biomassakattiloihin on tehty investointeja. Olemassa
olevia turvekattiloita on modernisoitu mahdollistamaan energiantuotanto kokonaan
puupolttoaineilla. Sahkokattiloiden integrointi olemassa olevien kaukoldmpd- tai CHP-
laitosten rinnalle on mahdollistanut turpeen kulutuksen vahentdmisen tuotannon
optimoinnin avulla. EU:n péaéstokauppajérjestelméan (EU ETS) paastdoikeuksien hintojen
nopea nousu on ollut merkittavin tekija, joka on kiihdyttanyt turpeen korvaamista. Julkinen
mielipide fossiilisten polttoaineiden kayttod vastaan seké asiakkaiden tahto kayttada puhdasta
uusiutuvaa energiaa ovat kiihdyttaneet yritysten hiilineutraaliustavoitteita ja turpeen
korvaamista. Bioenergian saatavuus on ollut haaste, erityisesti vuoden 2022 kevé&asta
ldhtien, kun Vendjan sota Ukrainaa vastaan esti puupolttoaineiden tuonnin Venajalta
Suomeen. Kotimaisten puupolttoaineiden kysyntd on kasvanut, mikd on johtanut
puupolttoaineiden rajoitettuun saatavuuteen ja korkeampiin hintoihin.

Energiayhtiot ovat pééattaneet luopua fossiilisten polttoaineiden, mukaan lukien turpeen,
kaytostd. Yhtiot pyrkivat hiilineutraaliin energiantuotantoon jatkamalla investointeja
puhtaaseen uusiutuvaan energiaan. Turvetta tullaan jatkossakin  korvaamaan
puupolttoaineilla, teollisuuden sivuvirroilla, hukkaldammollg, lampopumpuilla, ja
sahkokattiloilla. Aikataulu turpeen korvaamiseksi energiantuotannossa on 2-5 vuotta
useimmille yrityksille. Kotimaisten puupolttoaineiden rajallinen saatavuus ja sita seuraava
hintojen nousu sekd turpeen korvaamiseen tarvittavat investoinnit voivat hidastaa turpeen
korvaantumista seuraavien parin vuoden aikana, mutta investointien ja hiilineutraalin
energiantuotannon tavoitteiden myota turve korvataan pééosin viidessé vuodessa.
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1 Introduction

Consumption of peat in energy production has decreased rapidly in Finland over the past
decade. The aim of this Master’s thesis is to research the replacement of peat in energy
production and to obtain answers to several open questions related to peat replacement: how
companies have replaced the use of peat, what factors have affected to the replacement of
peat, and what actions companies will take in the future. This is an important subject right
now because Europe is experiencing an energy crisis that is a direct result of Russia's war
against Ukraine. In general, the topic is important because there is a national target of the
Finnish Government to reduce the use of peat in energy production to achieve
environmentally friendly and nearly emissions-free electricity and heat production by the
end of the 2030s and carbon-neutral Finland by 2035 (Ministry of Economic Affairs and
Employment of Finland 2022, p. 12).

Finland has massive peatlands, a third of the entire land area (The Bioenergy Association of
Finland 2021), and peat has been used in energy production since the 1970s. The
implementation and rise of energy peat is a result of the two oil crises in the 1970s and the
resulting governmental support policy changes to increase domestic fuel production and
consumption (International Energy Agency 2013, p. 83). Peat production and consumption
in energy production started to grow in the 1970s and continued to rise steadily to the total
consumption of 29.1 TWh in the peak year of 2007. After 2007, the consumption of peat has
fallen rapidly and was 10.6 TWh in 2021 (Official Statistics of Finland (OSF) 2023).
According to the International Energy Agency (2018, p. 154), the production and
consumption of energy peat has decreased over the past decade due to changes in Finnish
policy towards carbon neutral energy sources, increased carbon emissions prices, and
difficulties in permitting new peat production areas due to environmental concerns. The price
of carbon permits (EU ETS) has increased sharply in recent years. Together with the energy
taxes on peat, the price of fuel peat has increased by 70% from 2019 to 2022 (Lund 2023, p.
4). In the energy sector, peat is mostly used in district heating and combined heat and power
(CHP) production and smaller quantities in condensing power production (Official Statistics
of Finland (OSF) 2022).
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No studies have previously been published on how the replacement of peat has been
achieved or what kind of actions energy companies plan to make in the future. Only news

articles or press releases about individual investments by energy companies.

This research is conducted by interviewing the energy companies that have used peat the
most in energy production in Finland. Twenty energy companies, that have used the most
peat in energy production is identified and contacted for the research. The objective is to
contact and interview as many of the energy companies as possible to create a large research
sample to form a valid and comprehensive understanding of the peat replacement. The target
size of the research sample is set at 80%. The problem with conducting this research is to
get the energy companies to participate in it. Energy companies are not necessarily willing
to publish their peat consumption data or peat replacement methods. To overcome this
problem, the responses to the interview questions are not linked to individual companies,
nor are the peat consumption statistics of individual companies published. The aim is to find
out and publish the general means by which the use of peat has been reduced in Finland,
what factors have accelerated or slowed down the replacement of peat, and what actions will
be taken in the future. The goal of the research is to provide an understanding of both the

measures and the timetable for replacing peat in energy production.

The structure of this thesis is formed by this introduction, followed by a theory section,
research methods, results, analysis, discussion, and conclusions. The theory section includes
three chapters: peat in Finland’s energy production, environmental impacts of energy peat,

and alternative methods and energy sources to replace peat.
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2 Peat in Finland’s energy production

This chapter presents the role of peat in Finland’s energy supply, production, and
consumption. Peatlands of Finland are substantial but only a fraction is used for peat
production. Energy peat is mostly used in Finland in district heating and combined heat and
power (CHP) production. Most popular way of utilising peat in energy production is co-
firing it with other fuels, such as wood-based biomass. Milled peat is the most common type
of fuel peat. Sod peat and peat pellets are used in smaller quantities. Taxes on fuel peat has
been raised and a floor price mechanism implemented due to Finnish Government’s goal
towards carbon neutral energy production and a goal for reducing the use of peat in energy
production by 50% before 2030 (Finnish Government 2019, p. 37). Energy peat supply and
consumption has decreased significantly in a recent decade, but peat still has an important

role in Finland’s security of energy supply.

2.1 Peatlands of Finland

According to a website of The Bioenergy Association of Finland (2021), peat is organic soil
that is formed by decomposition of marsh plants in oxygen-free moist conditions. Peat is
classified geologically as matter that has at least 75% organic substance of the dry mass.
Peat formation requires more time than other biomass, such as wood, and therefore it is not
considered to be a renewable energy source. Nearly a third of the land area of Finland, 9.1
million hectares, is peatland but only a fraction of it is used for peat production. In 2017
approximately 45.2% of the total peatlands was natural state peatlands, of which 13.2% was
protected peatlands. 51.2% had been ditched for forestry, 2.8% for agriculture, and only
0.8% (70 000 ha) was used for peat production. The state of peatlands in Finland is presented
in Figure 1.
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FINLAND'S PEATLANDS IN 2017

Total area 9.1 million ha

Peat
production
0.8%

Natural
unditched 32.0
%

Forestry 51.2 %

Figure 1. Peatlands of Finland in 2017. Peat production covered only 0.8% of the total
peatlands and it has since been decreased to 0.3% in 2021. (Modified from source: The
Bioenergy Association of Finland 2021.)

The Bioenergy Association of Finland continues that the peat production in Finland has been
decreasing rapidly in the past years. In 2021, only 30 000 ha was used for peat production
which is 0.3% of the 9.1 million hectares of peatlands in Finland and less than halve of the
2017 level.

2.2 Peat in energy production

Energy peat, also known as fuel peat, is used mostly in district heating production and
combined heat and power (CHP) production, and smaller quantities in condensing power
production. Most commonly peat is co-fired with other fuels, but it can also be combusted
in biomass boilers as a single fuel. Co-firing peat is popular in Finland as it has several
benefits. Co-firing allows to choose a biofuel based on the fuel’s price or availability. This
increases production reliability and stability of costs while reducing the need for large
biofuel storages. Modifying existing boilers, for example coal boilers, to biofuel co-firing

boilers requires smaller investment costs than investing in a new boiler that uses only
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biomass. By co-firing peat with other fuels carbon dioxide (CO3), sulphur dioxide (SO>),

and nitrogen oxides (NOx) emissions can be reduced. (Oravainen 2008.)

According to the International Energy Agency (2013, p. 83-84), in publication “Energy
Policies of IEA Countries: Finland 2013 Review”, unlike in other IEA countries, peat is
recognisable part of Finland’s energy supply. Peat is a domestic fuel supply in Finland unlike
coal, gas, or oil. Peat harvesting is an important employer in eastern, northern, and central
Finland with thousands of man-years of employment and hundreds of companies and
entrepreneurs. In Finland peat is usually co-fired with wood-based biomass which reduces
the sulphur dioxide emissions of peat combustion and lead to lesser amounts of fouling and
corrosion by the sulphur dioxide in the flue gases. Co-firing approximately 30% wood-based
biomass with peat decreases CO2 emissions from 106 tCO./TJ to 74 tCO/TJ.

According to International Energy Agency (2018, p. 154) in publication “Energy Policies of
IEA Countries: Finland 2018 Review”, production and consumption of energy peat has
decreased in recent years due to changes in Finnish policy towards carbon neutral energy
sources, increased carbon emissions prices, and difficulties in permitting new peat
production areas due to environmental concerns. Finland’s total peat supply by sources from
1973 to 2017 is presented in Chart 1.

Chart 1. Finland’s total peat supply from 1973 to 2017. (Modified from source: International
Energy Agency 2018, p. 154.)
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As Chart 1 shows, Finland’s peat supply levels have increased steadily from 1973 to 2007.

This implementation and rise of energy peat is a result of the two oil crises in the 1970s and



17

the resulting governmental support policy changes to increase domestic fuel production and
consumption (International Energy Agency 2013, p. 83). Between 2003 and 2010 the total
peat supply level remained stable at approximately 10 million tonnes. The total peat supply
started to decrease from 2011 and in 2017 total peat supply was 5.4 Mt representing only
4% of Finland’s total primary energy supply (TPES) (International Energy Agency 2018).
The energy peat supply has continued to decline. In 2021 peat supply represented only 2%
of the TPES (The Bioenergy Association of Finland 2021).

Total consumption of peat in energy production in Finland from 1970 to 2022 is presented
in Chart 2. The peat consumption data for 2022 is preliminary data by Official Statistics of
Finland (OSF) (2023).

Chart 2. Total consumption of peat in energy production in Finland during 2010-2022. *2022
is preliminary data. (Statistics: Official Statistics of Finland (OSF) 2023.)
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Chart 2 illustrates how the consumption of peat in energy production started to grow in the
1970s and continued to rise steadily to the total consumption of 29.1 TWh in the peak year
of 2007. After 2007, the consumption of peat has fallen rapidly and was 10.6 TWh in 2021.
Preliminary data on peat consumption in 2022 amounted to 10.6 TWh. (Official Statistics of
Finland (OSF) 2023.)



18

Share of peat in Finland’s total energy consumption from 1970 to 2022 is presented in Chart
3. The share of peat data for 2022 is preliminary data by Official Statistics of Finland (OSF)
(2023).

Chart 3. Share of peat in Finland’s total energy consumption. *2022 is preliminary data.
(Statistics: Official Statistics of Finland (OSF) 2023.)
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The share of peat in Finland’s total energy consumption from 1970 to 2022 follows the
pattern of the total peat consumption in Finland’s energy production in Chart 2. In Finland’s
energy sector peat is used in combined heat and power (CHP) production, separate heat
production, and condensing power production. The shares of peat consumption for the

electricity and heat production modes are presented in Chart 4.
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Chart 4. Peat consumption in Finland for electricity and heat production by production mode
from 2010 to 2021. (Statistics: Official Statistics of Finland (OSF) 2022.)

30,000 Gt

25,000
20,000
15,000
10,000

5,000

0

ra =] (=] [~ [~ ] = =] ra =]
=1 o [=] o o o o o =1 =1
o - "~ w = w =7} i @ w

E Condensing power production B Combined heat and power Bl Separate heat production

0zoz
L20Z

Year

Based on the electricity and heat production statistics, illustrated in Chart 4, by Official
Statistics of Finland (OSF) (2022), CHP production has had the largest share of peat
consumption in Finland between 2010 to 2021. Peat was used in CHP production at a rate
of 17 TWh in 2010 and it has decreased to 6.9 TWh by 2021 along with the total peat
consumption. Peat consumption in condensing power production has decreased faster from
over 6.5 TWh in 2010 to 1.2 TWh by 2021. Peat consumption in separate heat production
has remained steady between 2.0 and 2.5 TWh per year.

According to the district heating and CHP electricity production statistics, published by
Finnish Energy (2022), the amount of peat used in district heating and CHP electricity
production was 11.6 TWh in 2010. Recently the amount has decreased fast. The amount was
8.9 TWhin 2018, 8.6 TWh in 2019, 6.8 TWh in 2020, and 6.1 TWh in 2021. The fuel peat
consumption in district heating and CHP electricity production in Finland between 2010 —
2021 is presented in Table 1 and Chart 5. (Finnish Energy 2022.)

Table 1. Consumption of peat in district heating and CHP electricity production in Finland
between 2010 — 2021. (Statistics: Finnish Energy 2022.)

Year TWh
2010 11.6
2018 8.9
2019 8.6
2020 6.8
2021 6.1
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Chart 5. Consumption of peat in district heating and CHP electricity production in Finland
between 2010 — 2021. (Statistics: Finnish Energy 2022.)
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As shown in Chart 5, the consumption of peat in district heating and CHP electricity

production in Finland has decreased steadily from 2010 to 2021.

2.3 Fuel peat

According to Leinonen (2010, p. 14), in publication “Turpeen tuotanto ja kdytto : yhteenveto
selvityksistd”, there are three main types of fuel peat; milled peat, sod peat, and peat pellets
(Figure 2).



21

a) Milled peat b) Peat pellets

c) Sod peat

Figure 2. Milled peat (a), peat pellets (b), and sod peat (c) are the most used fuel peats in
Finland. Approximately 90% of fuel peat consumption is milled peat. (Modified from
source: Leinonen 2010.)

Most used type of fuel peat is milled peat. Milled peat requires less processing after
harvesting and therefore it has lower price compared to sod peat or peat pellets.
Approximately 90% of all fuel peat consumption is milled peat. Milled peat is used at large
heat boilers, CHP plants, and power plants. Sod peat, also known as block peat, and peat
pellets are also used for energy industry. Sod peat and peat pellets are used at smaller district
heating boilers or heat boilers of large buildings. Benefits of sod peat and peat pellets are
easy handling, storing, and less dust compared to milled peat. Sod peat and peat pellets are
drier fuel than milled peat and therefore those are good options for priming of wet fuels.
(Leinonen 2010, 14.)
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2.4 Energy taxes on peat

Taxes on fuel peat has been raised due to Finnish Government’s goal of carbon-neutral
Finland by 2035 and nearly emissions-free electricity and heat production by the end of the
2030s (Ministry of Economic Affairs and Employment of Finland 2022, p. 12). Under 10
000 MWh yearly heat production with peat is tax free and anything above that is taxed.
1.1.2019 energy taxes on fuel peat were raised from 1.90 €/ MWh to 3.00 €/MWh and again
from 1.1.2021 to 5,70 € MWh (Finnish Tax Administration 2022). 1.1.2022 an additional
floor price mechanism for fuel peat were implemented to ensure Finnish government’s goal
for reducing the use of fuel peat in energy production by 50% before 2030 (Finnish Tax
Administration 2023, Finnish Government 2019, p. 37). Floor price mechanism ensures a
minimum combined price of 18.63 €/ MWh for peat’s energy tax and emissions trading price
(Finnish Tax Administration 2023).

2.5 Peat in security of energy supply

Ministry of Economic Affairs and Employment of Finland (2023) states that security of
energy supply in Finland relies on diversified, decentralised, and efficient production of
energy. In the event of crisis reserve stocks of imported fuels and domestic fuel peat, along
with preparedness and contingency plans ensure the distribution, transfer, and transport of
energy. Reserve stocks of imported fuels, for example crude oil, coal, natural gas, and
petroleum, cover five months of normal consumption. Nuclear power plants store nuclear
fuel to cover several months or even over a year of electricity production security. The
amount of peat reserves is targeted so that at the beginning of the peat production season
reserve stocks of peat must cover six months of peat usage. The National Emergency Supply

Agency is responsible for managing and maintaining the reserve stocks.

The National Emergency Supply Agency (2022) informs that the first Finnish Governments
emergency stockpiling of fuel peat was established in 2022 to secure heat supply. Finnish
Government’s Ministerial Working Group on Preparedness issued a policy decision on 7™
of April 2022 to ensure Finland’s heat supply and security of supply during heating seasons
temporarily with emergency fuel peat stockpiling. The emergency stockpiling of fuel peat is

a temporary measure during the transition to emissions-free energy production. Long term
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goal of Finnish Government is to phase out the use of peat for energy production to meet the
emissions-free energy production goals. The emergency stockpiles of fuel peat consist of
milled peat and peat pellets. The stockpiles are decentralised across Finland to maximise
security and availability of the stocks. Cooperation partner for the emergency stockpiling of
fuel peat is Vapo Oy. The purpose of the fuel peat emergency stocks is to secure heat supply
during times of crisis and exceptional circumstances. Emergency stockpiles of fuel peat can
be used to compensate not only lack of fuel peat but also other fuels. Reserves are meant to
be a last measure before heat supply is compromised. Energy production companies must be
able to predict the need for the emergency stocks of fuel peat because the permission process
and transportation scheduling will take two to three weeks (National Emergency Supply
Agency 2023). The National Emergency Supply Agency (2022) continues that The Finnish
Government has also instructed district heating companies to prepare for the discontinuing
of energy imports from Russia, and to following consequences to fuel availability and prices,
by securing heat production with additional fuel reserve stocks of their own and peat

extraction agreements with peat suppliers.
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3 Environmental impacts of energy peat

This chapter presents the environmental impacts of energy peat production and consumption.
Peat is not considered a renewable energy source because the natural formation rate of peat
is much slower than the depletion rate of peat. Peat production and combustion generates
greenhouse gas (GHG) emissions that increase climate change. Emissions must be
compensated by purchasing carbon emission permits according to emissions allowances of
the European Union’s Emissions Trading System (EU ETS). The price of carbon permits
has been rising rapidly in recent years. Peat production requires ditching and drying of
peatlands that cause environmental impacts on waterways. During the ditching and drying
process, a lot of solids, nutrients, humus, and iron from peat soil are washed away with
drainage waters. This leads to eutrophication and clouding of nearby waterways. The Just
Transition Fund (JTF), established by European Parliament and the Council of the European
Union, is used in Finland to compensate the socioeconomic and environmental costs of

replacing peat in energy production.

3.1 Climate effects of energy peat

Peat’s natural formation rate is much slower than peat depletion rate, which is why Finland
categorises peat as a slowly renewing biomass energy source (International Energy Agency
2013, p. 83). Peat production and combustion generates greenhouse gas (GHG) emissions
that increase climate change. Approximately 90% of the greenhouse effects of fuel peat
energy production comes from the GHG emissions of the peat combustion process. In
combustion of peat there are also small particle emissions that have a negative effect to air
quality. The rest of the GHG emissions (10%) consists of emissions from peat production
areas, peat stocking, and peat production machinery. Main emissions that are released in the
combustion of fuel peat are carbon dioxide (COz), methane (CHa), and nitrous oxide (N20).
Emission factor of milled peat is 105.9 tCO2/TJ. Sod peat has a slightly lower emission factor
than milled peat 102 tCO,/TJ, and peat pellets 98 tCO./TJ. For comparison to fossil fuels,
coal has also emission factor of 105.9 tCO»/TJ and natural gas has 55 tCO./TJ. Fuel peat is

considered to having less greenhouse effects than coal if a whole life-cycle assessment is
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considered. Climate effects of energy peat can be reduced by utilising peatlands ditched for
forestry or agriculture, which are major sources of greenhouse gases. The climate effects of
peat can be also reduced by using modern technology to reduce combustion emissions, and
by utilising peat production areas for growing biomass energy crops after the peat production
has ended. (Leinonen 2010, p. 23, 56, 58.)

Another environmental and health hazard of peat production is peat dust. Dusting of peat is
highest in peat harvesting and transport. A significant risk related to peat production is peat
fires. Fires are regular during dry summer periods and there is always a risk that the fires
spread to surrounding forests. Peat fires are usually started by sparks from machinery or by
self-ignition. (Leinonen 2010, 74.)

3.2 Environmental impacts of peat production on waterways

Peat production has significant environmental impacts on waterways. Peat production
requires ditching and drying of peatland. A special ditch cutter machine can be used for the

ditching of peatland. A ditch cutter machine is presented in Figure 3. (Alakangas et al. 2011).

Figure 3. Peat production requires peatland ditching and drying. This ditching can be made
with a special ditch cutter machine. (Source: Alakangas et al. 2011.)
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During the ditching and drying process, a lot of solids, nutrients, humus, and iron from peat
soil are washed away with drainage waters. This will lead to eutrophication and clouding of
nearby waterways. This will have a negative effect to the whole ecosystem of the waterways.
Effects to the waterways are affected by the type of soil, peat layer thickness, depth of
ditches, and weather with rains and floods. Best Available Technology (BAT) water
treatment is required to minimise the drainage hazards to the waterways. (Leinonen 2010, p.
66-67.)

3.3 EU Emissions Trading System

European Union’s Emissions Trading System (EU ETS) was set up in 2005 and is the
world’s first international emissions trading system. The EU ETS covers 40% of EU’s GHG
emissions focusing on the emissions that are measurable and verifiable with high accuracy:
“Carbon dioxide (CO2) from electricity and heat generation, energy-intensive
industry sectors, including oil refineries, steel works, and production of iron,
aluminium, metals, cement, lime, glass, ceramics, pulp, paper, cardboard, acids
and bulk organic chemicals, and aviation within the European Economic Area;
nitrous oxide (N20) from production of nitric, adipic and glyoxylic acids and

glyoxal; and perfluorocarbons (PFCs) from the production of aluminium.”
(Source: European Commission n.d.)

All operators in these sectors must participate to the EU ETS with few exceptions: some
sectors have a size limit to exclude small operators from the EU ETS, governments may cut
their emissions by an equal amount to exclude certain small installations, and in aviation
sector only flights between European Economic Area airports are included. The EU ETS is
operational in all EU countries and in Norway, Liechtenstein, and Iceland. The EU ETS is a
powerful tool in reducing GHG emissions. Installations under the EU ETS decreased their

emissions by approximately 35% between 2005 and 2021. (European Commission n.d.)

The EU ETS function as a ‘cap and trade’ system. Operators have a cap of certain GHG
emissions for operating and they receive allowances (also known as carbon permits) to cover
that amount of emissions. The amount of emissions and emissions allowances are measured
as metric tons of carbon dioxide equivalent (tCO2e). More allowances can be bought from
other operators if the emissions exceed the cap. If on the other hand an installation of low-
carbon technology reduces the emissions of an operator under the cap, the operator can either

keep the extra allowances for future use, or sell them for other operators. Emissions must be
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measured and followed, and every year operators have to deliver enough allowances to cover
the total amount of emissions. If the emissions are not covered by the allowances each year,
a heavy fine is implemented. The cap of emissions reduces over time to reduce the total
emissions in the European Union (EU). The EU aims to become climate neutral by 2050 and
to reach that goal, the EU’s 2030 target is to reduce net emissions by 55% compared to 1990
levels. Trading of the emissions allowances set the market price of carbon permits. Carbon

permits price history of EU ETS is presented in Chart 6. (European Commission n.d.)

Chart 6. Carbon permits price history (€/tCO2e) of EU emissions trading system (ETS).
(Modified from source: Trading Economics 2022.)
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The price history of the EU ETS shows that the price of carbon permits has been rising
rapidly in recent years. In 2018 the price of carbon emissions over tripled from €8/tCOze to
€25/tCO2e and the prices have since kept rising to the current (2023-05-03) carbon permit
value of €90/tCOe (Trading Economics 2022). The rise in carbon permits prices has raised
the price of fuel peat by 70% from 2019 to 2022 (Lund 2023, p. 4).
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3.4 Just Transition Fund (JTF)

The Just Transition Fund (JTF) is a fund that is meant to reduce the costs of climate
transition. It was established by European Parliament and the Council of the European Union
at 24" of June 2021 with Regulation (EU) 2021/1056. The JTF supports regions and people
that will be most severally harmed by the low-carbon transition to stop climate change. The
JTF promotes a balanced socioeconomic climate transition. In Finland, the JFT is targeted
based on the Finnish Governments goal to halve the use of peat for energy production by
2030. The Fund is used to compensate the socioeconomic and environmental costs of
replacing peat in energy production. The JTF covers 14 regions in Finland and is allocated
through transition plan of each region. Finland’s JTF funding from EU is about EUR 466
million and additional public national funding in Finland is approximately EUR 665 million.
Fundings are distributed in accordance with the Innovation and Skills in Finland 2021-2027
programme. The JTF supports the replacement of peat in energy production by diversifying
business, helping the peat sector’s workforce, and restoring environmental impacts.
Especially green technology, green economy jobs, and new business around them are
supported. Peat sector workforce that has been left unemployed by the reduction of peat
energy is re-educated and re-employed. Peat entrepreneurs are supported to develop their
skills and capabilities towards forest harvesting and peatland remediation. Peatlands that are
no longer used for energy production are restored and remediated, and additional purposes
for the peatlands are implemented to enable new diversified business and to reduce
environmental and emissions impacts. (Structural Funds 2022.)
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4 Alternative methods and energy sources to replace peat

Energy peat consumption in energy production can be reduced or replaced by alternative
energy production methods, alternative energy sources, and by improving energy efficiency.
Alternative fuels that can be used to replace peat in energy production are mainly wood-
based fuels: wood chips, sawdust, forest residues, and bark. Energy peat consumption can
be also reduced by increasing energy efficiency by extracting waste heat from flue gases,
adding boiler insulation, minimising auxiliary power, or by upgrading plant components to
function at higher energy efficiency. Thermal energy storages, heat pumps, and electric
boilers represent current alternative technologies for peat replacement in energy production.
In the future, small modular reactors (SMR) and may be viable option for the replacement
of peat. This chapter presents these alternative methods and energy sources that can replace

or reduce the consumption of energy peat in energy production.

4.1 Alternative fuels

Alternative fuels for peat replacement in energy production are mainly wood fuels: fuel
wood, wood chips, sawdust, forestry residues, bark, recycled wood, and refined wood fuels
such as pellets and briquettes. In addition to forest biomass, energy crops, industrial and
municipal wastes, and industrial by-products are potential biomass sources to replace peat
(Ericsson et al. 2004). Replacing peat with wood fuels are limited by technical issues of
boilers. Wood fuels contain chlorine compounds. When these alkali chlorides mix with ash
in flue gases, a tar-like adhesive mixture is formed. This adhesive mixture will cause fouling
of heat transfer surfaces which will decrease the heat transfer efficiency. The fouling of heat
transfer surfaces also increases corrosion on the surfaces. Peat has been an important co-
fired fuel in wood-based biomass boilers because peat contains sulphur, which destroys the
alkali chlorides and prevents the fouling and corrosion of the heat transfer surfaces.
Therefore, replacing peat with wood fuels requires investment in a sulphur feeding system
in the boiler plant. Wood fuels have lower heating value than peat, which means that if peat
is replaced with wood fuels, then fuel mass flow must be increased to maintain the power

level of the boiler. Increased fuel mass flow increases flue gas mass flow, which will cause
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higher flow rate of the flue gases. This will increase the risk of erosion in the furnace and
superheaters. To avoid the increased flow rate of flue gases, additional investments are
required in the boiler plant. (Heinikainen 2019, p. 38-40.)

Sulphur feeding system is installed in, for example, Keljonlahti power plant in the City of
Jyvéskyld, owned by Alva. Sulphur is explosive when pulverised, and the sulphur feeding
system must be designed accordingly. In the Keljonlahti power plant, the sulphur feeding

system is installed next to fuel silos and the sulphur is fed from the sulphur silo to the fuel

conveyor. The sulphur feeding system in the Keljonlahti power plant is presented in Figure
4.

Figure 4. Sulphur silo in Keljonlahti power plant in the City of Jyvaskyld, owned by Alva.
Pulverised sulphur is an explosive compound and therefore two blast hatches are placed to
the top of the silo. (Source: Heinikainen 2019.)
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Two blast hatches have been installed to the top of the Keljonlahti sulphur silo due to the
risk of explosion. Sulphur supply to the silo is carried out with tank trucks. (Heinikainen
2019, p. 44-45))

4.2 Energy efficiency

Increasing energy efficiency of power plants is one option for reducing peat consumption in
energy production. A study of Green & Mathias (2018) in article “Improving the energy
efficiency of a midsize power plant by increased recovery and reuse of waste heat”,
published at ASHRAE Transactions journal, presents several ways to improve energy
efficiency of a power plant. The amount of heat from combustion can be increased with
additional boiler insulation which will reduce the heat loss. Power plant components, for
example turbine, generator, burners, economizer, super heaters, or feedwater heaters can be
upgraded to function at higher efficiency performance. Auxiliary power can be minimised
using variable-frequency drives with electrical pumps and blowers. Waste heat recovery
from flue gases is highly effective way for increasing energy efficiency of power plant.
Waste heat can be extracted from the flue gases with heat exchangers. This low temperature
recovered heat can be sold to nearby industry, or it can be utilised in the plant’s cycle for
fuel drying, preheating combustion air, heating feedwater, or for running an Organic Rankine
Cycle (ORC) process. The fuel drying and preheating combustion air reduces the amount of
required fuel. The feedwater heating and ORC process increase electricity production in a

power plant.

According to Sinha & Kumari Thakur (2023), in article “Heat recovery from condensing
heat exchanger”, published at Materials Today: Proceedings, even more heat can be
recovered from the flue gases by using condensing heat exchangers. Fuel combustion in
boiler produces water when oxygen reacts to hydrogen present in fuel. Some of the heat
released from the combustion goes to evaporation of water. Condensing heat exchangers
recovers both the sensible heat of flue gases and the latent heat of water vapour condensation
when the flue gases are fed to heat exchanger with tube surface temperature below the dew
point temperature of the water vapour. This can improve the overall efficiency of a boiler
plant by up to 10-15%. Conventional boiler with 82% overall efficiency can reach overall

efficiency of 90% as a condensing boiler. This potential energy efficiency improvement of
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the boiler process due to the waste heat recovery from flue gases by a condensing heat

exchanger is presented in Figure 5.
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Figure 5. Potential energy efficiency improvement of the boiler process resulting from the
waste heat recovery from the flue gases by a condensing heat exchanger. (Modified from
source: Sinha & Kumari Thakur 2023.)

Wang et al. (2020) proposes in an article “Synergetic process of condensing heat exchanger
and absorption heat pump for waste heat and water recovery from flue gas”, published at
Applied Energy journal, that an absorption heat pump integrated with a condensing heat
exchanger could potentially double the waste heat recovered from the wet flue gases. With
the help of a condensing heat exchanger, part of the water contained in wet flue gases can
be recycled for cooling water supply, which is also valuable especially for boiler plants that

have limited source of cooling water.

Green & Mathias (2018) continues that when the water vapour in flue gases condenses into
a liquid, it contains high amounts of corrosive chemicals. Therefore, condensing heat
exchangers as well as the stack itself must be protected against corrosion. Suitable protection
for heat exchangers against flue gas condensate include different compositions of
phosphorus, copper, and nickel. Another option is a polytetrafluorethylene coating on the
outside walls of the heat exchanger tubes during tube manufacturing. Protection of the stack
is usually done with fiberglass-reinforced plastic. This additional protection for a condensing
heat exchanger and flue gas stack requires significant additional investments to boiler plant.
Improved energy efficiency is not the only benefit of condensing heat exchangers.

Condensing heat exchangers also have a positive impact to environment, climate, and air
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quality. Condensing heat exchangers reduces the air pollution by extracting harmful

chemicals, such as sulphur dioxide, and small particles from the flue gases.

4.3 Thermal energy storages

According to Ding (2021, chapter 13.1), in book “Thermal Energy Storage : Materials,
Devices, Systems and Applications”, published by Royal Society of Chemistry, thermal
energy storage (TES) technologies are increasingly important in stabilising energy supply
and demand variations. TES integration to energy system improves energy efficiency,
provide increasing opportunities for renewable energy technologies, maximise energy
production to peak demand, provide start-up and maintenance buffering, and enable more
cost-effective energy production. Renewable energy technologies, such as wind power and
solar power, are increasing rapidly, but the production of wind and solar energy is very
variable and depends on the weather and time. Energy peat, on the other hand, is used mostly
in production of base-load energy. In attempt for wind or solar power to replace the energy
peat consumption in energy production, TES integration is necessary to counter-effect the

intermittency and instability of wind and solar power.

Construction and thermal storage material for TES varies a lot depending on the application.
Most common thermal storage material used for TES is water, but also solid materials such
as bricks, clay, sand, gravel, concrete, and stones are used. Advantages of water are its low
cost, wide availability, high specific heat, environmental safety, and possibility to use it also
as heat transfer fluid (HTF). Large-scale water TES applications are used in seasonal thermal
storages, that require massive amounts of thermal storage material. Other liquid materials
include thermal oils and molten salts used in concentrating solar power (CSP) plants.
Without a phase change only sensible heat of the thermal storage material is utilised, but if
a phase change is adopted, then also the latent heat of the material is utilised. An alternative
to sensible TES and latent TES is thermochemical energy storage, which charges and
discharges thermal energy with reversible chemical reactions between gaseous and solid
reactant. (Ding 2021, chapters 3.3 and 11.1.)

TES applications are considered in two perspectives: as demand side management and
supply side management (Ding, 2021, chapter 13.1). For the demand side management

perspective, TES applications are generally district heating and cooling, domestic heating
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and cooling, and electricity generation. TES applications integrated with alternative energy
sources provide advantages in balancing the differences between renewable energy
availability and energy demand. In district heating and cooling systems, TES technologies
offer flexibility for fluctuating periods of energy demand. District heating systems need
back-up peak power, that is often produced with fossil fuels or fuel peat. TES can replace or
reduce the need for the back-up fuel. In district heating systems the most used thermal
storage material is either water, gravel, or sand. Depending on the heat source, TES can be
a long-term, mid-term, or short-term storage. Long-term storage has seasonal cycle, mid-
term storage has cycle of days, and short-term storage has cycle of hours. Seasonal storages
are simple large-scale underground thermal energy storages with maximum temperature less
than 98 °C. The cost of seasonal storage must be low. Most common seasonal TES systems
are tank thermal energy storage (TTES), pit thermal energy storage (PTES), borehole
thermal energy storage (BTES), and aquifer thermal energy storage (ATES). All of which
are underground storages with different storage capacities, efficiency, rates for charging and
discharging, and environmental permits. TTES, PTES, and a hybrid TES solution with
combination of tank and pit are presented in Figure 6. (Ding 2021, chapter 13.3.)
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Figure 6. Seasonal water thermal energy storage (TES) applications. (a) Large-scale
underground water tank TES, (b) hybrid TES solution with combination of tank and pit, and
(c) shallow pit TES. (Modified from source: Ding 2021, chapter 9.4.)

Large-scale seasonal TES tanks with water as thermal storage material are usually made of
reinforced concrete. Tanks are built at least partially underground, lined with steel or
polymer to reinforce structure, maintain water tightness, and keep water vapour from
escaping through the walls. (Ding 2021, chapter 9.4.)
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Mid- and short-term TES applications are used frequently on a daily or hourly basis. Even
though mid- and short-term storages have smaller thermal storage volumes than seasonal
storages, the total thermal energy that is stored and discharged annually is higher than
seasonal storages have. Constant cycles of high rate charging and discharging require high-
temperature pressurised storages. This makes mid- and short-term storages more expensive

compared to seasonal storages. (Ding 2021, chapter 13.3.)

Supply side management focus on producing energy and storing it to TES. Supply side
management applications include, for example, solar thermal utilisation, heat pumps
recovering waste heat from industrial processes, and electrical energy storage utilising power
conversion system. (Ding 2021, chapter 13.1.) Most promising supply side management
TES application for renewable energy production is the molten salt storage system for
concentrating solar power (CSP) plant. Total installed capacity of CSP by the end of 2020
was 7 GW with a fivefold increase from 2010 to 2020 (IRENA 2022). CSP produce heat by
concentrating solar radiation to solar tower or a long tube. CSP plant solar radiation
concentration is done by heliostats or parabolic trough. Heat transfer fluid (HTF) is heated
with the concentrated solar radiation, and the heat is used to generate electricity via a turbine.
TES is required in CSP plant to match the variation of solar availability to electricity demand,
in example at night. Most common medium used for TES is molten salt. In a two-tank molten
salt storage system the molten salt is stored in two different temperature tanks. One tank is
for cold molten salt liquid and another for hot molten salt liquid. Molten salt serves asa HTF
when TES is charged or discharged. At CSP charging process, the molten salt from cold tank
flows to the receiver of solar energy and transfers the heat to the hot tank. In discharging
process, the hot molten salt flows to heat exchanger, where it releases the heat for the power
generation, and the cooled molten salt flows to the cold tank. Most often the salt used is
“solar salt”, which contains 40 wt.% KNO3 and 60 wt.% NaNOs. Configuration of a modern
two-tank molten salt storage system integrated to CSP plant is shown in Figure 7. (Ding
2021, chapter 13.2.)
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Figure 7. A modern molten storage system in concentrating solar power (CSP) plant using a
central receiver. Molten salt thermal energy storage (TES) is used to increase plant capacity,
improve energy efficiency, maximise electricity generation at peak demand, and provide
stability to the intermittency of solar energy. (Source: Ding 2021, chapter 13.2.)

In the state-of-the-art molten salt storage system in the CSP plant, the central receiver of
solar energy is used to heat the molten salt up to 565 °C. Hot molten salt is stored to hot tank
and from there it is used to generate steam in a heat exchanger when electricity is needed.
The steam is used to power a steam turbine to generate electricity with a generator attached
to the turbine axle. The molten salt is cooled down to 290 °C in the heat exchanger and then

it is stored to the cold tank. (Ding 2021, chapter 13.2.)

In addition to the two-tank molten salt TES technology, another viable option for TES
technology is a molten salt thermocline storage with filler material (Ding 2021, chapter
13.2). lllustration of a molten salt thermocline TES system is shown in Figure 8.
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Figure 8. Molten salt thermocline filler thermal energy storage (TES) with basalt stones as
filler material. (Source: Ding 2021, chapter 13.2.)

In the molten salt thermocline TES system, the molten salt function mainly as HTF, and the
main heat storage material is the filler material, most commonly basalt stones. Benefit of the
molten salt thermocline storage is the reduced cost compared to the two-tank molten salt
storage. The molten salt thermocline storage requires only one storage tank and up to 75%
of the expensive molten salt can be replaced with inexpensive natural basalt stones. (Ding
2021, chapter 13.2.)

The above mentioned molten salt storage technologies utilise the sensible heat of liquid
molten salt. Another option for TES applications is to utilise the latent heat of molten salt
from liquid-solid phase change. Molten salt as a phase change material (PCM) is capsulated
in hollow spheres. The spheres can be utilised similar to the natural stones to form a stacked
bed in the tank. Molten salt as PCM will increase the heat storage capacity and density of
the storage. Thermocline TES tank, with molten salt as encapsulated PCM layers in top and

bottom of the tank, filled with natural stones in between the layers, form a multi-layered
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solid-PCM (MLSPCM) concept. Sketch of a MLSPCM TES tank is shown in Figure 9.
(Ding 2021, chapter 13.2.)
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Figure 9. Multi-layered solid-PCM (MLSPCM) thermal energy storage (TES) tank with
molten salt as encapsulated PCM layers in top and bottom of the tank, filled with natural
stones in between the layers. (Modified from source: Ding 2021, chapter 13.2.)

PCM layers at top and bottom of MLSPCM tank provide thermal buffering effect that will
decrease thermocline degradation through charging and discharging cycles. MLSPCM TES
tanks are still at developing state, but those are considered to being a promising TES
alternative in CSP plants. (Ding 2021, chapter 13.2.)

4.4 Heat pumps

According to book by Wikstén (1980) “Lampdpumput” (in english “Heat Pumps”), heat
pumps are devices that uses work to transfers heat between two heat storages. Heat pumps
can be used for both heating and for cooling. Heat pumps can be used to replace peat
consumption in energy production by being a combustion and emission free option for heat

production. Heat pumps can be used for heating buildings by air-to-air heat pumps, air-to-
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water heat pumps and by geothermal heating. Larger heat pumps can be used to produce
industrial heat or district heating (and cooling) from waste heat streams, geothermal heat,

and even from heat in sea water.

Wikstén describes the heat pump process in his book. Second law of thermodynamics states
that heat cannot transfer from lower temperature to higher temperature by itself. Process of
transferring heat from a lower temperature heat source to a higher temperature heat sink
requires outside work. Heat pumps use compression and expansion of working fluid to
transfer the heat between the two heat storages. Working fluids in heat pumps are also called
refrigerants. When a heat pump is used for heating, the refrigerant absorbs heat from the heat
source in evaporator. In the evaporator, the refrigerant experiences a phase change from
liquid to gas, which enables it to maximise the heat absorption. Outside work is introduced
to the process with a compressor. The refrigerant is pressurised by the compressor, causing
the temperature of the refrigerant to increase over the heat sinks temperature. In a condenser,
the refrigerant releases the heat to the heat sink as it condenses back to liquid from. An
expansion valve depressurises the refrigerant, causing the temperature drop below the
temperature of the heat source, which enables heat to be absorbed in the evaporator. This
heat transfer process of heat pumps with a working fluid, evaporator, compressor, condenser,

and expansion valve is presented in Figure 10.
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Figure 10. Heat pump process schematic for heating by transferring heat from a lower
temperature heat source to a higher temperature heat sink using compression and expansion
of a working fluid. (Modified from source: Wikstén 1980.)
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According to Wikstén, the heat transfer process of heat pumps can be described with an ideal
reversed Carnot cycle. In the ideal reversed Carnot cycle, there is an isothermal heat input
to the working fluid in the evaporator, isentropic compression in the compressor, isothermal
heat removal in the condenser, and isentropic expansion in the expansion valve. The ideal

reversed Carnot cycle of heat pump process is presented in Figure 11.
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Figure 11. The ideal reversed Carnot cycle presented in TS-diagram. (Modified from
source: Wikstén 1980.)

Efficiency of a heat pump is measured with a Coefficient Of Performance (COP) index. COP
is the ratio of heat output to work input in the process. According to Wikstén, theoretical
maximum COP of ideal reversed Carnot cycle transferring heat from a lower temperature

heat storage to a higher temperature heat sink is:

Tevap

COPcarnot = (x)

Tevap - Tcond
where Tevap is the evaporation temperature [K] and Teond is the condensing temperature [K].

Wikstén continues, that real heat pump processes are not ideal processes as heat pump

processes always have losses. Actual COP of a heat pump is:

Qout _ Qout

COP =
Qout - Qin Wi

(x)

where Qout is the heat output of the process [W], Qin is the heat input to the process [W], and
Win is the work input to the process supplied by the compressor of the heat pump [W].
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Based on a study by Arpagaus et al. (2018, p. 986, 999, 1002), in article “High temperature
heat pumps: Market overview, state of the art, research status, refrigerants, and application
potentials”, published in Energy (Oxford) journal, refrigerants used in heat pumps are chosen
based on the fluid’s thermodynamic properties, safety, environmental effects, price, and
availability. Refrigerants most used in heat pumps are hydrofluorocarbons (HFC), for
example R143a. Refrigerants have environmental limitations that support sustainable heat
pump processes without sacrificing environment and climate. Effects of refrigerants to
atmosphere are measured with two indexes, Ozone Depletion Potential (ODP) and Global
Warming Potential (GWP). HFCs have high GWP in addition to being flammable. Kyoto
agreement categorise HFCs as greenhouse gas, which has led to development of
environmentally friendlier refrigerants that has lower GWP. Alternative refrigerants for heat
pumps to replace R143a include hydrofluoro-olefins (HFO), such as R1234ze and R1234yf,
and natural refrigerants for example water (R718), ammonia (R717), and carbon dioxide
(R744).

Arpagaus et al. continues that heat pumps can be divided to ordinary heat pumps and to high
temperature heat pumps (HTHP). There is no absolute distinction between ordinary heat
pumps and HTHPs, but one commonly used distinction of a HTHP is a heat sink temperature
over 100 °C. HTHPs can produce up to 150 °C heat. In cold winter periods, district heating
requires high temperature water of 120 °C, which ordinary heat pumps are not capable to
produce due to the limitations of working fluids thermodynamic properties and the pressure
ratio produced by a compressor. Heat pump plants that produce district heating usually have
a heat boiler that is used when the temperature requirement of district heating water exceeds
the capacity of the heat pumps. HTHPs can be integrated into district heating systems to
replace the need for a heat boiler. HTHPs have special requirements on the working fluids
thermodynamic properties. Before the environmental limitation tightened on refrigerants,
HTHPs used chlorofluorocarbons (CFC) as a working fluid. CFCs were then replaced by
HFCs. Currently as HFCs are being replaced for even more environmentally friendly
options. The natural refrigerants water, ammonia, and carbon dioxide are the most promising

options for working fluids of high temperature heat pumps.

Energy company Helen has an energy efficient example of a heat pump plant. Katri Vala
heating and cooling plant in S6rnéinen, Helsinki, produces 126 MW of heat and 80 MW of

cooling for Helsinki area district heating and cooling network using six large-scale heat
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pumps (Figure 12). The plant can produce up to 88 °C water for the district heating network.
Heat sources for the plant are waste heat of purified sewerage water, return water of district
cooling and electricity. Sewerage water is pumped from a wastewater treatment plant to
sewerage water heat exchangers in the plant. The heat pump plant won’t require any land
area, which is very beneficial in densely built urban environment, as it is located

underground in a rock cavern excavated under the Katri Vala Park. (Helen 2023.)

Figure 12. Friotherm Unitop 50® heat pump with 20 MW heat capacity. Heat pump is
located in the Katri Vala heat pump plant in Sornainen, Helsinki. It produces district heating
and cooling for Helsinki area. (Source: Friotherm n.d.)

In 2023 a seventh heat pump with 32 MW heating and 21.5 MW cooling capacity is installed
to the plant making it again the largest heat pump plant in the world. The new heat pump is
one of the largest in the world in terms of capacity. The heat pump is 22.5 metres long, 7

metres high, and 11 metres wide. (Helen 2020.)
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4.5 Electric boilers

According to Nielsen et al. (2016), in article “Economic valuation of heat pumps and electric
boilers in the Danish energy system”, published at Applied energy journal, large-scale
electric boilers have great economical value in CHP and district heating processes. Electric
boilers use electricity to generate heat. Electric boilers are less efficient in heat generation
as heat pumps for example, but there are some advantages in using electric boilers. Electric
boilers have low investment costs, no ramping constraints or start-up costs. Operation of an
electric boiler is very flexible with very quick start-up, shut down, and adjustability. The
flexibility of electric boilers can provide stability for power plant’s production and secure
heat supply in times of shut-down periods. Nielsen et al. continues that ever more increasing
capacity of wind and solar power cause fluctuation to electricity prices. At some hours or
days, the price of electricity can be near zero or even negative and at these times running
electric boilers to generate heat can be much cheaper than heat generation with fuel
combustion. Thermal energy storages are often used with electric boilers to provide
production flexibility. If there is no direct need for heat at the times of low-priced electricity,
heat can be stored in the thermal energy storage and used when it is needed. Heat generated
with electric boiler is carbon and emission free when renewable electricity is used to power
the electric boiler. Possibility to replace some of the fossil fuel and peat consumption in heat

generation is a one step forward in pursuit of carbon neutral energy production.

There have been several large-scale electric boiler investment announcements in recent years
in Finland. In December 2021, EPV Energy Ltd installed a 40 MW electric boiler to couple
with an existing Vaskiluoto CHP plant located at VVaasa. The electric boiler produces
maximum of 130 °C water, and it can reach 0-100% capacity in 50 seconds. Together with
a large underground thermal energy storage it is a part of EPV’s goal of clean heat production
system of the future. The electric boiler allows heat load optimisation and longer shut-down
periods in the CHP plant. The EPV’s electric boiler is presented in Figure 13. (EPV Energy
Ltd 2021.)
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Figure 13. EPV Energy’s 40 MW electric boiler installation to couple a Vaskiluoto CHP
plant in Vaasa. Electric boiler started to operate in December 2021. (Source: EPV Energy
Ltd 2021.)

Electric boiler is basically a large kettle. Boiler’s primary circuit water is pumped into a
water tank, inside which there are electrical resistors. These electrical resistors act as heating
elements and heat up the water inside the tank. This heated water is then distributed to heat

exchangers of district heating network or thermal energy storage. (EPV Energy Ltd, 2021.)

In first quarter of 2023, Tampereen Sahkoélaitos Oy installed a 45 MW electric boiler at the
site of Lielahti natural gas-powered CHP plant (Isoméki 2022). The electric boiler will
reduce the use of natural gas by providing emission free district heating for Lielahti and
Lentavanniemi regions in times when wind energy production pushes electricity prices
down. The integration of the electric boiler into the heating sector balances both demand and
production peaks. The electric boiler is a 45 MW PARAT Electrode Boiler manufactured by
PARAT Halvorsen AS, presented in Figure 14. (PARAT Halvorsen AS 2022.)
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Figure 14. 45 MW PARAT Electrode Boiler manufactured by PARAT Halvarson AS.
Tampereen Sahkdlaitos Oy installed the electric boiler at the site of Lielahti natural gas-
powered CHP plant in 2023. (Source: PARAT Halvorsen AS 2022.)

Oulun Energia Oy (2023) has announced that they will also invest in an electric boiler. The
electric boiler of Oulun Energia is scheduled to be installed at the Laanila CHP plant area by
the end of 2023. The power output of the electric boiler is going to be 40 MW and it will

offer Oulun Energia a possibility to reduce the use of oil in energy production.
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4.6 Small modular reactors as a future method for replacing peat

Small modular reactor (SMR) is a small nuclear reactor that can be used to produce heat and
electricity. According to Zohuri (2019, p. 6-7), in book “Small Modular Reactors as
Renewable Energy Sources”, SMRs are based on controlled fission chain reaction that
harnesses the energy inside atoms. Fuel used in nuclear reactors, for example Uranium-235,
interact with neutrons and the nuclei are split into two new nuclei. In this fission reaction
heat and more neutrons are released. Heat produced in the reactor is absorbed by a coolant

and used to generate steam to power a turbine for electricity production.

Zohuri (2019, p. 195) claims that SMRs could play a crucial part in effort to achieve low-
carbon energy system to meet the energy demands of the worlds increasing population.
SMRs have practically no carbon emissions. SMRs could be an emission-free alternative to
coal, natural gas, or peat-fired power plants. SMR can function as a power plant, CHP plant,
or district heating plant. With additional investments, SMRs electricity could also be used to
produce hydrogen that can be furthermore used to replace fossil fuel consumption.
Environmental hazard of nuclear energy is the radioactive nuclear waste that must be stored
to repositories for a long-term safe management. In comparison to other emission-free
electricity generating technologies, for example wind and solar power, SMRs are not
dependant on the weather, time of day or time of year. SMRs can generate heat and electricity

twenty-four hours a day through all seasons.

LUT University’s Nuclear Engineering Laboratory (2019) has developed a model for SMR
district heating plant. The designed model would have tens of megawatts heat output and
lower temperature and pressure levels than electricity producing SMRs would have.
Important safety factor of the district heating SMR is that it could be built partially
underground. LUT University’s Nuclear Engineering Laboratory’s SMR district heating

plant model is presented in Figure 15.
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Figure 15. Design of a small nuclear reactor (SMR) for district heat production with heat
output of tens of megawatts. (Source: LUT University's Nuclear Engineering Laboratory
2019)

There are several benefits of SMRs to large nuclear power units according to Zohuri (2019,
p. 195). SMRs are factory build which means lower production cost over time due to
increased efficiency in manufacturing and economies of volume. Controlled factory
production and modular design of SMRs provide standardised and safer modules with
smaller investment costs per unit and shorter construction times compared to large nuclear
power plants. SMRs are also very flexible. SMRs are suited well for densely populated areas
as SMRs don’t require a large real estate, and they can be used also in very isolated areas as
they do not require existing power grid or even access to cooling water. A fleet of SMRs
would provide reliability, stability, and safety to the energy system with decentralised nature

of small modular reactors.
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5 Research methods

This chapter presents the research methods used in this research. The goal of the research
was to provide an understanding of both the measures and the timetable for replacing peat
in energy production The aim was to research the replacement of peat in energy production
and to obtain answers to several open questions related to peat replacement: how companies
have replaced the use of peat, what factors have affected to the replacement of peat, and what
actions companies will take in the future. To fulfil the goal, an interview was carried out
with the energy companies that use the most peat in energy production in Finland. The
interview was carried out with a web-based survey tool Webropol. Finnish Energy (2022)
publishes statistics of district heating and CHP electricity production by companies and by
used energy sources. These statistics were used to identify the energy companies that have
been the largest fuel peat users in Finland. Twenty companies with largest fuel peat
consumption in 2020 were chosen to be contacted for this research. The objective was to
interview as many of the twenty energy companies as possible to create a large research
sample to form a valid and comprehensive understanding of the peat replacement. The target
size of the research sample was set at 80%. The problem with conducting this research was
to get the energy companies to participate in it. Energy companies are not necessarily willing
to publish their peat consumption data or peat replacement methods. To overcome this
problem, the responses to the interview questions were chosen not to be linked to individual
companies, nor the peat consumption statistics of individual companies published. In rather,
the aim was to find out and publish the general means by which the use of peat has been
reduced in Finland, what factors have accelerated or slowed down the replacement of peat,
and what actions will be taken in the future. The research methods were chosen to fulfil the

goals and objectives of the research.

5.1 Companies with largest consumption of peat in energy production

Twenty energy companies, that have used the most peat in energy production in Finland had
to be identified for the research. There were no published statistics of the total peat

consumption of individual energy companies in Finland. How ever, Finnish Energy (2022)
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publishes statistics of district heating and CHP electricity production in Finland by
companies and by used energy sources. These statistics doesn’t include condensing power
production, but as CHP production and district heating are the largest peat consumers in
energy sector, the twenty energy companies were chosen for this research based on these
statistics. The twenty companies that used most peat in district heating and CHP electricity

production in 2020 are presented in Table 2.

Table 2. The twenty energy companies that used the most peat in district heating and CHP
electricity production in 2020, based on the statistics of Finnish Energy (2022).

Energy producer Peat used in 2020 [GWh]
Oulun Energia Oy 1085.1
Tampereen Sahkdolaitos, Tampere 645.4
Jyvéskylan Voima Oy 538.7
Savon Voima Oyj 469.3
Kuopion Energia Oy 463.6
Nevel Oy 3945
Seingjoen Voima Oy, Seingjoki 381.0
Alva Rauhalahti Oy 246.9
Napapiirin Energia ja Vesi Oy 221.3
Pori Energia Oy, Pori 172.4
Kokkolan Energia 150.3
Etel4-Savon Energia Oy 125.9
Kainuun Voima Oy, Kajaani 109.1
Seindjoen Energia Oy 105.0
Tornion Voima Oy 100.9
Vantaan Energia Oy 100.5
Vaskiluodon Voima Oy, Vaasa 96.9
Kurikan Kaukolampé Oy 84.6
Keravan Lampovoima Oy 80.6
Kaukaan Voima Qy 70.7
Combined consumption of peat 5642.7

The objective was to interview as many of the twenty energy companies as possible to create
a large research sample to form a valid and comprehensive understanding of the peat
replacement. The target size of the research sample was set at 80%. The sample size is
calculated by dividing the research participants’ combined peat usage in district heating and
CHP electricity over the total peat consumption in district heating and CHP electricity

production in Finland, as followed:
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companies'combined peat in DH and CHP,
total peat in DH and CHP, in Finland

(1)

Size of the research sample =

where DH is district heating production [GWh] and CHPe is combined heat and power
electricity production [GWh].

The total amount of peat used in district heating and CHP electricity production in Finland
was 6820.8 GWh in 2020 (Finnish Energy 2022). In 2020, the total peat consumption in all
energy production was 11 980 GWh (Official Statistics of Finland (OSF) 2023). The total
amount of peat used in district heating and CHP electricity production was 57% of the total
peat consumption in all energy production.

5.2 Contacting the energy companies

Contacting the energy companies started with a search for contact persons within the
companies. The contact persons were selected based on their job descriptions in the
companies: power plant managers, fuel managers, energy managers, heating services
managers, production managers, and operations managers. The contact persons and their
contact details were searched from various sources, for example from companies’ websites,
LinkedIn, online articles, or companies’ human resources (HR). The contact persons were
contacted primarily by phone and secondarily via e-mail. The problem with conducting this
research was to get the energy companies to participate in it. Energy companies are not
necessarily willing to publish their peat consumption data or peat replacement methods. To
overcome this problem, the contact persons were informed that the responses to the interview
questions would not be linked to individual companies, and that the peat consumption
statistics of individual companies would not be published. After a company had agreed to
participate in the research, an e-mail was sent to the contact person with instructions and a

link to the interview questions.

Eighteen of the twenty energy companies agreed to participate in this research and were
interviewed. Combined consumption of peat in district heating and CHP electricity
production by these eighteen companies was 5437.2 GWh in 2020. The size of the research

sample is calculated with Equation 1:

Si th h le = >437.2 GWh _ 79.7% =~ 80%
Lze Of e researc samp e = 6820.8 GWh = . (VI 0
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The eighteen energy companies that participated in this research forms a sample of 80% of
the total peat consumption in district heating and CHP electricity production in Finland. The
target size of the research sample of 80% was reached and therefore the results of this

research can be considered valid and comprehensive for the entire energy sector in Finland.

5.3 Interview questions

The goal of the research was to provide an understanding of both the measures and the
timetable for replacing peat in energy production. To fulfil this goal, an interview was carried
out with the energy companies that use the most peat in energy production in Finland. The
aim of the interview was to find out and publish the general means by which the use of peat
has been reduced in Finland, what factors have accelerated or slowed down the replacement
of peat, and what actions will be taken in the future. The interview questions were chosen
accordingly. The interview of the energy companies was executed with a web-based survey
tool Webropol. The interview was conducted in Finnish and the responses were translated
into English using ChatGPT to help in the translations to make the translations more fluent
without compromising the content of the responses. The interview included seven questions

and a free word about the future of peat in energy production:
e How much peat did your company use for energy production in 2018?
e How much peat did your company use for energy production in 2020?
e How much peat did your company use for energy production in 2022?
e How has your company replaced the use of peat in energy production?
e What factors have accelerated the replacement of peat?
e What factors have slowed down the replacement of peat?

e What actions will your company take in the future to replace peat in energy

production, and on what timetable?

e Please share your thoughts on the future of peat use in energy production.
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6 Results

This chapter presents the results of this research. Peat consumption statistics of individual
energy companies are not published in the research, but the combined peat consumption of
the participating companies is presented for 2018, 2020, and 2022. The results include
energy companies’ responses to the following interview questions: How has your company
replaced the use of peat in energy production? What factors have accelerated the replacement
of peat? What factors have slowed down the replacement of peat? What actions will your
company take in the future to replace peat in energy production, and on what timetable? The
results also include the companies’ thoughts on the future of peat use in energy production.
The interview was conducted in Finnish and the responses were translated into English using
ChatGPT to help in the translations to make the translations more fluent without
compromising the content of the responses. The responses were kept anonymous and not

linked to individual companies.

6.1 Consumption of peat in energy production

All the eighteen energy companies that participated in the research provided their peat
consumption data for 2018, 2020, and 2022. Combined peat consumption of the energy
companies was 8.6 TWh in 2018, 6.3 TWh in 2020, and 5.6 TWh in 2022. The total
consumption of energy peat in Finland was 17.2 TWh in 2018, 12.0 TWh in 2020, and 10.6
TWh in 2022 as preliminary data (Official Statistics of Finland (OSF) 2023). Table 3
compares the combined peat consumption of the energy companies that participated in this

research with the total consumption of energy peat in Finland.

Table 3. Combined peat consumption data of the energy companies that participated in the
research and the total consumption of energy peat in Finland. *Total consumption of energy
peat in 2022 is preliminary data. (Statistics: Official Statistics of Finland (OSF) 2023.)

Year 2018 2020 2022
Combined peat consumption of the energy companies 8.6 6.3 5.6 TWh
Total consumption of energy peat in Finland 17.2 12.0 10.6* TWh
Share of the companies in total consumption (%) 50% 53% 53%
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The combined consumption of peat by the energy companies was 50% in 2018 and 53% in

2020 and 2022 of the total consumption of energy peat in Finland.

6.2 How have companies replaced the use of peat in energy production?

The following direct quotes are the responses of the energy companies to the question: “How
has your company replaced the use of peat in energy production?”

“Fuel procurement perspective: By purchasing more wood fuels. However, the
availability of wood fuels limits this option. And by acquiring more asphalted
storage space for wood chips.

Boiler technology perspective: By building a sulphur feeding system for the
last boiler that requires peat. This can at least reduce the share of peat to a very
small amount, possibly even zero.”

“Investments in multi-fuel boilers and the replacement of peat with biofuels
made possible by these investments. Also, an investment in a flue gas
scrubber.”

“In 2022, peat use was three times higher than planned. Reasons for this
include the cessation of wood imports from Russia and the replacement fuel
being primarily peat. There was an unusually high amount of
condensing/auxiliary cooling electricity produced because the price of
electricity was high (in 2020, very little condensing electricity was produced).
The waste heat from the data centre was supposed to replace peat use by
covering 15% of district heat, but technical issues caused only a few percentage
points of district heating consumption to be covered. The plan was to replace
peat with wood, waste heat, etc., and the peat budget for 2022 was less than
100 GWhlyear. In the future, wood, waste heat, etc., will continue to replace
peat, and by the end of this year, we will reach a rate of less than 50 GWh/year.
In a couple of years, peat is not planned to be used.”

“We must adapt to the situation and electricity market, and peat is still a good
security supply fuel for ensuring energy security. The global situation has
caused us to continue peat production for now, and we will continue to evaluate
the situation according to the global situation. A new heat boiler and an electric
boiler has been installed alongside the CHP production, allowing us to
optimise district heating production and combined production. Our goal for the
future is to have carbon-neutral production, and the costs will inevitably lead
us there — COz pricing.”
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“The amount of energy wood has been increased. BAT condensing heat
exchangers were invested in 2021-2022. A new biomass boiler plant using
field biomass was put into operation at the end of 2022. Peat use will drop to
about 40 GWh in 2023. However, the price of energy wood is rising rapidly,
which may increase the use of peat while the demand for wood is excessive,
and the price is high.”

“With biomass.”

“Replacing peat with biomass. In addition, small-scale investments have been
made on the conveyor side of the other plant.”

“So far, peat has been replaced primarily with wood-based fuels.”

“Peat has been replaced with forest fuels, and by-products from the forest
industry, as well as flue gas scrubbers.”

“Increasing the share of wood fuels.”

“Wood chips, industrial by-products, and recycled fuels.”

“Investing in a new boiler unit.”

“Replacing peat with biomass.”

“Investing in the plant has made it possible to increase the use of wood, thus
reducing peat use.”

“Increasing the use of recycled wood and forest energy.”

“Peat has been replaced with biomass.”
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6.3 What factors have accelerated the replacement of peat?

The following direct quotes are the responses of the energy companies to the question:

“What factors have accelerated the replacement of peat?”

“Significant increase in emissions allowance price.”

“Rise in emissions allowance price and therefore, the total cost of using peat
compared to biofuels.”

“The price of peat with emissions allowances has been higher than that of
wood, for which no emission allowances were needed. In 2022, the situation
is a little unusual - see the previous and following answers. Customer pressure
in district heating: the emissions from district heating must be low, because
alternative heat pump solutions have low emissions if renewable electricity is
used.”

“Penalties for emissions trading and peat tax.”

“Company's strategic decisions.”

“Emissions allowance price.”

“Rise in emission allowance price and peat tax.”

“Increase in emission allowance cost and national and company carbon
neutrality targets in energy production. Especially before the start of the war
in Ukraine, the use of peat was seen as a very negative thing at the national and
customer level, and this accelerated the company's carbon neutrality target
schedule.”

“Emissions trading costs and the company's renewable energy usage targets.”

“Owner's policies -> Company goals. Emissions allowance price. Public
opinion.”
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“The most significant driver comes from emissions allowance price
development. The general atmosphere of decoupling from fossil fuels also
guides decision-making.”

“The new boiler unit investment. Emissions trading costs. CO neutrality in
marketing.”

“Taxation and image.”

“Renovated facility.”

“Emissions allowance price.”

“Emissions allowance price. Boiler's technical ability to burn 100% biomass.”

6.4 What factors have slowed down the replacement of peat?

The following direct quotes are the responses of the energy companies to the question:

“What factors have slowed down the replacement of peat?”

“Challenges in the availability of woody biomass, both in terms of annual
amounts and delivery capacity to power plants. Formerly technical issues
related to boilers.”

“The availability and price of biofuels, particularly from the spring of 2022
onwards, after the cessation of Russian imports and with a significant increase
in domestic demand. Technical problems with boilers in achieving full power
using only biofuels.”

“In 2022, wood producers asked for a higher price for wood than peat with
emissions allowances. Availability issues with wood and waste heat.”

“Electricity market and, on the other hand, maintaining security of energy
supply.”

“Continuous increase in the price of wood chips. Availability of wood chips.”
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“The war in Ukraine and the consequent cessation of biomass imports from
Russia.”

“The availability of biofuels has slowed the replacement of peat in 2022-
2023.”

“Ensuring sufficient security of energy supply without peat. The cessation of
Russian imports for wood fuels has tightened the wood fuel markets, and the
sufficient availability of domestic wood fuel has been uncertain. Therefore, we
have had to use more peat in 2022 than planned, and this appears to continue
at least during 2023 and 2024, depending, of course, on the availability of peat.
The development of domestic wood fuel markets to replace Russian imports
takes time. From the perspective of ensuring security of energy supply, peat is
also an excellent fuel due to its domesticity and storability.”

“The availability and costs of biofuels, as well as technical changes that need
to be made to some plants to enable 100% biomass-operation.”

“Technical limitations of power plants. Availability of wood, especially
quality wood. Logistics of wood fuels. Requires terminals for wood fuels.”

“Availability of substitute fuels. Storability of substitute fuels from the
perspective of reliability and security of energy supply. Investments required
for new fuel supply chains.”

“Risks in ensuring wood availability.”

“Currently, the war and availability of biomass.”

“Limited availability of wood at the moment.”

“Availability of substitute fuels.”

“Availability of biomass is limited.”
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6.5 What actions will companies take in the future to replace peat in energy

production, and on what timetable?

The following direct quotes are the responses of the energy companies to the question:
“What actions will your company take in the future to replace peat in energy production, and

on what timetable?”

“Acquire more asphalted storage space for wood chips and build a sulphur
feeding system for the last boiler that requires peat. In addition, an electric
boiler will be built in connection with the power plant. Furthermore, in
Mikkeli, a study is underway for the construction of a Nordic Ren-Gas
hydrogen/methane production plant, which could provide waste heat from the
process to the district heating network.”

“Development of procurement channels for biofuels. Possible heat pump
solutions in line with a decrease in electricity market prices. Other production
methods not based on burning.”

“The fuel mix is currently being changed: more wood/less peat, with the
technical problems of waste heat hopefully being a thing of the past, and the
amount of waste heat multiplying several times this year compared to 2022.
An investment program is underway to produce district heating with electric
boilers, heat pumps, etc. The proportion of district heating produced by
burning has been 100% but will be halved in the future, and burning will be
non-fossil fuel based, so it won't be peat either. The aim is to reduce the
proportion of peat by a quarter in a couple of years and to completely
discontinue it in a few years.”

“Perhaps the capacity of the electric boiler will be increased from 40MW to
80MW.”

“Investments in non-burning technology. Investments have been made to
replace the use of peat with other biofuels. The problem is the global decline
in the availability of wood.”

“Increasing the amount of biomass, increasing energy efficiency, and investing
in electric boilers.”
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“We have ordered sulphur feeding systems for both plants, with
commissioning scheduled for 2023. In addition, we are increasing fuel
reception and storage capacity for the second plant in 2023-2024.”

“We have already started modernising the peat-fired boilers to allow for 100%
wood-based fuels in cases where this readiness did not exist. We will complete
these modernisations by 2023 and 2024. Our goal is to discontinue the use of
peat by the end of 2026. At the same time, we are developing our procurement
of wood fuels and aiming to make longer partnership agreements with
suppliers to ensure their future prospects. We are developing our own
storage/wood fuel terminal network to improve the reliability of wood fuels
supply. We aim to replace district heating produced by burning with various
non-burning production solutions, such as different industrial waste heats and
heat pump solutions.”

“The aim is to phase out the use of peat within approximately 5 years. During
this time, the necessary changes will be made to the plants and the availability
of biofuels will be ensured. Energy use will also be improved with various
technical solutions.”

“Technical changes/solutions at the power plant. Additional wood terminal
construction. Other energy production methods, such as heat recovery.”

“Reliability of wood supply will be increased by expanding the company's own
wood terminal network and wood procurement, as well as investing in on-site
crushing. We will systematically increase the use of recycled fuels. We will
utilise by-products from our region's industrial investments in energy
production. Non-burning heat production.”

“Securing the procurement of wood. Maintain security of supply stockpiles.”

“Other investments in alternative fuels. Approximately 2 years.”

“Actions have already been taken in 2021-2022.”

“We aim to increase the procurement of energy wood by allocating additional
resources.”

“Expanding the import area for biomass to neighbouring countries.”
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6.6 Thoughts on the future of peat use in energy production.

The following direct quotes are the responses of the energy companies to the free word

section: “Please share your thoughts on the future of peat use in energy production.”

“The future use of peat depends on the availability of wood and the price of
electricity.”

“For security of supply reasons, a certain proportion of peat production should
be maintained to ensure the supply of fuel to heat power plants. Due to logistics
reasons, the fuel supply to heat power plants during cold winter seasons will
require the transport of peat for several years.”

“As the largest user of peat in the region, if plans as described are implemented,
the future of local peat producers and supply chains does not look good and is
in danger of coming to an end. Fortunately, there was some peat in storage last
year, and not all peat extraction equipment had been dismantled. The role of
peat in Finland's energy supply should be considered for security of supply.
Our company will not become the payer for maintaining security of supply,
but the possibility of burning peat can be preserved if we receive sufficient
compensation for maintaining it. Nevertheless, this concerns a backup fuel and
possibly a power plant that can be converted if necessary - in a normal year,
peat would not be used at all and its use even in exceptional situations would
be minimised. Such security of supply does not come for free.”

“It's crazy that functioning supply chains are being dismantled for political
reasons, and the only energy storage that can last for years. Wood can only be
stored in whole pieces for a maximum of 2 years. Peat can be stored in
stockpiles for up to 10 years and large quantities are immediately available
unlike wood. Our use of wood is around 500 GWh, which cannot be increased
to drive a CHP plant. The need is around 1500 GWh, which is why peat is still
in use. Finland's electricity production needs to increase significantly so that
peat is no longer needed even in exceptional situations.”

“It's a two-sided issue... On the one hand, it has been seen that for security of
supply, Finland needs energy self-sufficiency and the available harvesting
capacity for wood is limited. In addition, it is difficult to quickly replace wood
imports from Russia. Due to these problems, the demand for peat will increase
significantly in Finland in 2023-2024. Ultimately, the question is probably not
just about peat, but about burning technology remaining as an assurance during
the winter months. Spring-summer-autumn will be handled with non-burning
technology. So not only peat but all combustion-based heat production will
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decrease in the future, which is the right direction because it is much more
sensible to process wood than to emit it through a chimney.”

“Peat should be an acceptable fuel in Finland, at least for security of supply
reasons.”

“I would have preferred to see a cost-effective and controlled phase-out of peat.
The costs of emission fees could have been targeted towards green transition
directly by companies. The current model has increased costs and reduced
profitability, with the costs ultimately being passed on to consumers. Peat
could have been made a security of supply fuel, and on this basis, removed
from the emissions trading system by national decision. If there had been a
desire at national level to steer companies e.g., by taxing toward green heat
production, then a gradual taxation could have been imposed on peat, which
would be tightening based on its percentage use. In this way, the phase-out of
peat could have been made controlled, cost-effective, and sustainable for
consumers.”

“Peat should be preserved as a long-term security of supply fuel until sufficient
supply/security can be ensured with wood-based fuels in energy production
based on combustion. This requires various support mechanisms for peat
producers if/when its use decreases significantly from the current level. The
costs of peat combustion (e.g., tax and emissions allowances) should also be
compensated in some way to keep its use economically viable and to keep peat
in the fuel selection to some extent. Peat is a domestic energy source and
therefore should not be abandoned hastily now that the importance of
maintaining security of supply has become concrete due to the global
situation.”

“Peat has a place as a security fuel in larger plants. Any disruptions in fuel
supply to large plants can quickly cause disturbances in markets/supply chains,
which will affect all the plants in the area. In small municipal boilers, sod peat
is still a good solution for the transitional period until technology improves and
emission-free solutions become available.”

“What fuel will ensure security of supply in the future? Could one option be
peat?”

“Peat is currently used in small amounts due to security of supply.”

“Peat is a good domestic fuel, but the future looks bleak.”
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7 Analysis

This chapter presents the analysis of the research results. The aim was to research the
replacement of peat in energy production and to obtain answers to several open questions
related to peat replacement: how companies have replaced the use of peat, what factors have
affected to the replacement of peat, and what actions companies will take in the future. The
goal of the research was to contact and interview as many of the twenty most peat using
energy companies as possible to form a comprehensive understanding of the peat
replacement in energy production. The eighteen of the twenty energy companies that
participated in this research formed a research sample of 80% of total peat consumption in
district heating and CHP electricity production in Finland, which was used to identify the
companies that use the most peat. The target size of the research sample of 80% was reached
and therefore the results of this research can be considered valid and comprehensive for the

entire energy sector in Finland.

The results of the energy companies interview show that the consumption of peat for energy
production in Finland has continued to decline from 2020 to 2022. Combined fuel peat
consumption of the eighteen energy companies that participated in this research decreased
27% from 2018 to 2020 (from 8.6 TWh to 6.3 TWh) and 11% from 2020 to 2022 (from 6.3
TWh to 5.6 TWh). It is in line with the decrease in the total consumption of energy peat in
Finland with 30% decrease from 2018 to 2020 (from 17.2 TWh to 12.0 TWh) and 11%
decrease from 2020 to 2022 (from 12.0 TWh to 10.6 TWh as preliminary data) (Official
Statistics of Finland (OSF) 2023). Both the combined consumption of peat of the energy
companies and the total consumption of energy peat in Finland have decreased from 2018
to 2022. The combined consumption of peat by the energy companies was 50% in 2018 and
53% in 2020 and 2022 of the total consumption of energy peat in Finland. Chart 7 illustrates
the decrease in the consumption of peat in energy production and compares the combined
peat consumption data of the energy companies that participated in the research with the
total consumption of energy peat in Finland. The fact that the share of the companies in total
consumption of peat remained at 53% even though both consumptions changed between
2020 and 2022 confirms both the results of this research and the preliminary peat
consumption data for 2022 by Official Statistics of Finland (OSF) (2023).
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Chart 7. Comparison of the combined peat consumption data of the energy companies that
participated in the research with the total consumption of energy peat in Finland from 2018
to 2022. Total energy peat consumption in 2022 is preliminary data. (Statistics: Official
Statistics of Finland (OSF) 2023.)
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Energy companies were asked how they have replaced the use of peat in energy production.
According to the results, energy companies in Finland have replaced the use of fuel peat
with several methods. Most companies have replaced at least some of their fuel peat
consumption with wood fuels, such as wood chips, sawdust, forest residues, and bark. Also,
industrial by-products and recycled wood have been used to reduce the use of peat.
Replacing fuel peat consumption with wood fuels have required new investments from the
energy companies to modernise peat-fired boilers to allow energy production with 100%
wood fuels. Peat has been an important co-fired fuel in wood-based biomass boilers because
peat contains sulphur which destroys the alkali chlorides and prevents the fouling and
corrosion of the heat transfer surfaces. Wood fuels contain chlorine compounds and when
these alkali chlorides mix with ash in flue gases, a tar-like adhesive mixture is formed. This
adhesive mixture will cause fouling of heat transfer surfaces which will decrease the heat
transfer efficiency and increase corrosion on the surfaces. To replace combustion of peat
with wood fuels in existing biomass boiler plants, where fuel peat has been co-fired to
prevent the fouling and corrosion of heat transfer surfaces, companies have invested in
sulphur feeding systems. Investments have been made also to new biomass boilers, for

example to 100% wood fuel boiler, to multi-fuel biomass boiler, and to biomass boiler using
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field biomass. The increased use of wood fuels has required some companies to acquire more

fuel storage space as well.

Some of the energy companies have invested in an electric boiler. Electric boiler integrations
alongside the existing district heating or CHP productions have allowed the companies to
cut down fuel peat consumption by optimising district heating production and combined
power and heat production. At times of low-priced electricity running an electric boiler to
generate heat can be much cheaper than heat generation with fuel peat combustion. Waste
heat have been used as an alternative heat source to replace the use of fuel peat. One energy
company has reduced the use of peat by producing district heat with recovered waste heat
from a date centre. Other sources of waste heat include, for example, industrial waste heat
and waste heat from wastewater. Utilisation of waste heat for energy production is limited
by the availability of waste heat sources. Consumption of fuel peat can be also reduced by
improving energy efficiency, and according to the results, energy companies have made
investments to improve their energy efficiency. Several energy efficiency investments have
been made to flue gas scrubbers or condensing heat exchangers to recover waste heat from
the flue gases. The waste heat recovered from flue gases can be utilised in the plant’s cycle
for fuel drying, preheating combustion air, heating feedwater, or running an ORC process.
The fuel drying and preheating combustion air reduces the required amount of fuel peat. The

feedwater heating and ORC process increase electricity production in a power plant.

According to the results, the most significant factor that have accelerated the replacement of
fuel peat is the increase in the emissions allowance price. The EU ETS emissions allowance
price has increased rapidly in recent years. The price of EU carbon permits has risen from
€8/tCO2¢ in 2018 to the current (2023-05-03) carbon permit value of €90/tCO.e, and
together with peat tax, it has resulted in higher costs of using fuel peat compared to biofuels.
The risen emissions allowance price has been a significant factor driving the replacement of
peat for almost all the energy companies. Another important factor has been carbon
neutrality targets, both national and companies’ own target. Most energy companies have
carbon neutrality targets even more ambitious than the Finnish Governments national target
of carbon-neutral Finland by 2035. Public opinion against the use of fossil fuels and pressure
from customers to use clean renewable energy sources have accelerated companies’ carbon

neutrality targets and the replacement of peat in energy production.
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Factor that has slowed down the replacement of peat has been a challenge in the availability
of biofuels, particularly since spring of 2022, after the Russia’s war against Ukraine ended
the wood fuels import from Russia to Finland. Demand for domestic wood fuels has
increased, which has resulted in limited availability and higher prices of domestic wood
fuels. Other factors that have slowed down the replacement of peat include the necessary
investments to ensure the availability, reliability, and storability of wood fuels. Replacing
peat with wood fuels have forced energy companies to invest in the technical capabilities of
boiler plants, as well as in wood fuel supply chains, logistics, the necessary terminals, and
storage spaces. Role of peat in security of energy supply has also slowed down the
replacement of peat. Peat is an excellent fuel for security of energy supply due as it is a
domestic fuel with outstanding storability. Peat can be stored in stockpiles for up to 10 years
and large quantities are immediately available, unlike wood, which can be stored for

maximum of two years in whole pieces.

According to the results, energy companies are determined to phase out the use of fossil fuels
including fuel peat. Companies aim towards carbon neutral energy production by continuing
to invest in clean renewable energy production. Peat will continue to be replaced by wood
fuels, industrial by-products, waste heat, heat pumps, and electric boilers. Investments will
be made in the modernisation of existing peat-fired boilers to allow energy production with
100% wood fuels. Most companies will invest in additional resources to wood procurement,
wood terminal networks, and storage spaces to maximise availability and reliability of wood
fuels, and to maintain security of supply. Investments will be made also to on-site crushing
of wood. Biomass import area expands to neighbouring countries, with exception of Russia.
Investments to produce district heating with electric boilers, industrial waste heats, and heat
pump solutions will continue. In general, proportion of district heating produced by burning
will decrease in future and the burning will be non-fossil fuel based.

The results formed an understanding of the timetable for replacing peat in energy production.
Based on the responses of the energy companies, the timetable for replacing peat in energy
production is 2-5 years for most companies. The limited availability and consequent increase
in the prices of domestic wood fuels, as well as the investments needed to replace peat, may
slow down the replacement of peat in the next couple of years, but with the investments and

targets of carbon neutral energy production, peat will be mostly replaced within five years.
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8 Discussion

The results of this research are important for understanding the current situation and the
planned future actions of energy companies to replace peat in energy production. The
increase in the price of emissions allowance has been the most significant factor accelerating
the replacement of peat. The rise in the prices of carbon permits and the peat tax has
increased the price of fuel peat by 70% from 2019 to 2022 (Lund 2023, p. 4). Another
important driver has been both national and companies’ own carbon neutrality targets.
Replacing peat with wood fuels have been the most used method in peat replacement. The
change for wood fuels has required energy companies to invest in modernisation of current
peat-fired boilers, with for example sulphur feeding systems, or new biomass boilers.
Additional resources and investments have been targeted to wood procurement, wood
terminal networks, and storage spaces to maximise the availability and reliability of wood
fuels. Other peat replacement methods have been industrial by-products, waste heat
utilisation, heat pump systems, and electric boilers. This trend will continue in future if there
will be no policy changes regarding peat in energy production. Several open questions
remain related to the peat replacement. Especially about the role of peat in national security

of energy supply.

Peat production and utilisation in energy production has been functional and competitive for
both energy companies and peat producers through past decades. For political and
environmental reasons, peat as a fuel is rapidly being phased out. Peat is being replaced
mainly by wood fuels, industrial by-products, waste heat, heat pumps, and electric boilers.
Domestic security of supply fuel is important for Finland especially now due to the Russia’s
war against Ukraine. Peat with massive quantities and good storability has been exceptional
domestic security of supply fuel. Will peat remain as security of supply fuel even if peat is
phased out of regular energy production? Peat as security of energy supply fuel is going to
be very expensive if peat is used for energy production only at exceptional situations. Who
IS going to pay the expenses of local peat producers, supply chains, logistics, storing peat,
and maintaining the possibility of burning peat? What are the other alternatives? Could
sufficient supply and security be ensured with wood fuels? In addition to the energy sector,
which relies on domestic wood fuels, there is a significant pulp and paper industry in Finland.

Increasing demand for domestic wood fuels with limited wood harvesting and harvesting
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capacity could lead to ever more challenging availability and even higher prices of wood
fuels. Competition of wood fuels between energy sector and P&P industry is not economical
for either. Would it make more sense to process wood than to burn it for energy? Will it be
possible in future to ensure heat supply through the cold winter months without combustion-
based heat production?
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9 Conclusions

The aim of this Master’s thesis was to research the replacement of peat in energy production
and to obtain answers to several open questions related to peat replacement: how energy
companies have replaced the use of peat, what factors have affected to the replacement of
peat, and what actions companies will take in the future. The research was conducted by
interviewing the energy companies that have used peat the most in energy production in
Finland. Statistics by Finnish Energy (2022) of district heating and CHP electricity
production by companies and by used energy sources were used to identify the most peat
using companies. Twenty energy companies with largest consumption of peat were
identified and contacted. The objective was to interview as many of the energy companies
as possible to create a large research sample to form a valid and comprehensive
understanding of the peat replacement. The target size of the research sample was set at 80%.
The goal of the research was to provide an understanding of both the measures and the
timetable for replacing peat in energy production. Eighteen of the twenty companies
contacted agreed to take part in the research and were interviewed. Combined peat
consumption of the energy companies was 8.6 TWh in 2018, 6.3 TWh in 2020, and 5.6 TWh
in 2022. The eighteen energy companies that participated in the research formed a research
sample of 80% of the total peat consumption in district heating and CHP electricity
production in Finland, which was used to identify the companies that use the most peat. The
target size of the research sample was reached and therefore the results of this research can
be considered valid and comprehensive for the entire energy sector in Finland. The research

achieved its goal and objectives.

Consumption of peat in energy production has decreased rapidly from 29.1 TWh in the peak
year 2007 to 10.6 TWh in 2022. Energy companies in Finland have replaced the use of fuel
peat with several methods. Most companies have replaced at least some of their fuel peat
consumption with wood fuels, such as wood chips, sawdust, forest residues, and bark. Also,
industrial by-products and recycled wood have been used to reduce the use of peat.
Replacing fuel peat consumption with wood fuels have required energy companies to invest
either in new biomass boilers or in modernising existing peat-fired boilers to allow energy
production with 100% wood fuels. New biomass boiler investments have included 100%

wood fuel boiler, multi-fuel biomass boiler, and biomass boiler using field biomass. Some
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energy companies have invested in an electric boiler. Electric boiler integrations alongside
the existing district heating or CHP productions have allowed the companies to cut down
fuel peat consumption by optimising district heating production and combined power and
heat production. At times of low-priced electricity running an electric boiler to generate heat
can be much cheaper than heat generation with fuel peat combustion. Waste heat have been
used as an alternative heat source to replace the use of fuel peat. Sources of waste heat
include, for example, industrial waste heat, waste heat from date centres, and waste heat
from wastewater. Utilisation of waste heat in energy production is limited by the availability

of waste heat sources.

The most significant factor that have accelerated the replacement of fuel peat is the price of
emissions allowance. The EU ETS emissions allowance price has increased rapidly in recent
years. The price of carbon permits has risen from €8/tCO2e in 2018 to the current (2023-05-
03) carbon permit value of €90/tCO2e, and together with peat tax, it has resulted in higher
costs of using fuel peat compared to other biofuels. The sharply increased prices of carbon
permits and the peat tax has raised the price of fuel peat by 70% from 2019 to 2022. The rise
in the price of emissions allowances has been a significant factor driving the replacement of
peat for almost all energy companies. Other important factors have been both national and
companies’ own carbon neutrality targets. Most energy companies have carbon neutrality
targets even more ambitious than the Finnish Governments national target of carbon-neutral
Finland by 2035. Public opinion against the use of fossil fuels and customers’ desire to use
clean renewable energy have accelerated companies' carbon neutrality targets and the

replacement of peat.

Factor that has slowed down the replacement of peat has been a challenge in the availability
of biofuels, particularly since spring of 2022, after the Russia’s war against Ukraine ended
the wood fuels import from Russia to Finland. Demand for domestic wood fuels has
increased, which has resulted in limited availability and higher prices of domestic wood
fuels. Other factors that have slowed down the replacement of peat include the necessary
investments to ensure the availability, reliability, and storability of wood fuels. Replacing
peat with wood fuels requires investments in the technical capabilities of boiler plants, as
well as in wood fuel supply chains, logistics, the necessary terminals, and storage spaces.

Role of peat in security of energy supply has also slowed down the replacement of peat. Peat
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is an excellent fuel for security of energy supply due as it is a domestic fuel with outstanding

storability.

Energy companies are determined to phase out the use of fossil fuels including fuel peat.
Companies are aiming for carbon neutral energy production by continuing to invest in clean
renewable energy production. Peat will continue to be replaced by wood fuels, industrial by-
products, waste heat utilisation, heat pump systems, and electric boilers. Investments are
being made in new biomass boilers and in the modernisation of existing peat-fired boilers to
allow energy production with 100% wood fuels. Most companies will invest in additional
resources to wood procurement, wood terminal networks, and storage spaces to maximise
availability and reliability of wood fuels, and to maintain security of supply. Investments
will be made also to on-site crushing of wood. Biomass import area expands to neighbouring
countries, with exception of Russia. Investments to produce district heating with electric
boilers, industrial waste heats, and heat pump solutions will continue. In general, proportion
of district heating produced by burning will decrease in future and the burning will be non-

fossil fuel based.

The timetable for replacing peat in energy production is 2-5 years for most companies. The
limited availability and consequent increase in the prices of domestic wood fuels, as well as
the investments needed to replace peat, may slow down the replacement of peat in the next
couple of years, but with the investments and targets of carbon neutral energy production,

peat will be mostly replaced within five years.

The results of this research are important for understanding the current situation and the
planned future actions of energy companies to replace peat in energy production. Based on
this research, future energy scenarios or predictions of the availability and price of domestic
biomass could be created. Several open questions remain related to the peat replacement.
What is the role of peat in national security of energy supply if peat is phased out completely
of regular energy production? Could sufficient supply and security be ensured with wood
fuels? Will it be possible in future to ensure heat supply through the cold winter months
without combustion-based heat production? These research topics should be dealt in the

future.
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Appendix 1. Interview questions for the energy companies

Diplomityokysely turpeen korvaantumisesta energiantuotannossa.

Turpeen kaytto energi on pud p i d Diplomitydssani tavoitteenani on tutkia milla
keinoin energiayhtiot ovat korvanneet turpeen energiantuotannossa, mitka asiat ovat vaik t turpeen kor i ja
millaisia toimenpiteita yhtiot tull tekemaan tul di

Tutkimuksessa ei raportoida yksittaisen yrityksen vastauksia vaan yleisesti keinoja, joilla turpeen k3ayttoa on pystytty

vahentamaan.

1. Vastaajan tiedot

Nimi ja tehtavanimike yrityksessa | |

Yrityksen nimi I |

2. Kuinka paljon yrityksenne kaytti turvetta energiantuotannossa vuonna 2018?

Esim. GWh alempi lampoarvo |

3. Kuinka paljon yrityksenne kaytti turvetta energiantuotannossa vuonna 2020?

Esim. GWh alempi lampoarvo I

4. Kuinka paljon yrityksenne kaytti turvetta energiantuotannossa vuonna 2022?

Esim. GWh alempi lampoarvo I

5. Milla keinoin yrityksenne on korvannut turpeen kaytt6a energiantuotannossa?

N

l Seuraava




Diplomityokysely turpeen korvaantumisesta energiantuotannossa.

Turpeen kaytto energi on pud peasti muutamassa d Diplomi i tavoitt: i on tutkia milla

keinoin energiayhtiot ovat korvanneet turpeen energiantuotannossa, mitka asiat ovat vaikuttaneet turpeen korvaamiseen ja

millaisia toimenpiteita yhtiot tulevat tekemaan tulevaisuudessa.

Tutkimuksessa ei raportoida yksittiisen yrityksen vastauksia vaan yleisesti keinoja, joilla turpeen kaytt6a on pystytty

vahentamaan.

6. Mitka asiat ovat nopeuttaneet turpeen korvaamista?

DN

7. Mitka asiat ovat hidastaneet turpeen korvaamista?

8. Millaisia toimenpiteita yrityksenne tulee tekemaan tulevaisuudessa turpeen
korvaamiseksi energiantuotannossa ja millaisella aikataululla?

9. Vapaa sana turpeen kayton tulevaisuudesta.

Edellinen H Laheta [




