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Forest biomass has been an important part of Finland’s energy portfolio and even today it
plays a key part in nations energy strategy in transitioning to a sustainable economy and
reaching its goal of being carbon neutral by 2035. Finland being the most forested country
in the European Union, has long relied on its forests creating a large forest industry. These
industries include sawmills, pulp and paper mills that use wood biomass as raw material.
Additionally, wood biomass is also used for energy production, creating electricity and heat.
Forest biofuels accounted for 28% of total energy consumption in 2023, making them the
largest source of energy.

The early 2020s presented many challenges for Finland’s forest biomass sector. The covid-
19, and Russia’s attack on Ukraine that led to halt on all biomass imports from Russia to
Finland led to significant rise in forest biomass prices. As a result, using forest biomass for
energy production has become much more expensive than before.

This thesis focuses on whether Adven, a company with multiple biomass boilers and other
energy production units could improve profitability by optimizing the fuel mix in existing
energy plants. The optimization is examined from fuel procurements perspective looking at
effects on fuel costs and energy sales. As a secondary analysis, forest indeces and their
development are compared to Adven’s fuel cost development.
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Metsdbiomassa on ollut keskeinen osa Suomen energiastrategiaa, tukenut maan siirtymista
kohti kestdvad taloutta sekd sen tavoitteita saavuttaa hiilineutraalius vuioteen 2035
mennessa. Suomi, Euroopan Unionin metsdrikkaimpana maana on pitkdan tukeutunut
metsiinsd& mikd on luonut suuren metséteollisuuden, johon kuuluvat sahat, sellu- ja
paperitehtaat, jotka kayttdvat puu biomassaa raaka-aineena. Tamén lisdksi Suomessa
kaytetddn paljon metsdbiomassaa séhkon ja lammaon tuotantoon. Metsdpolttoaineet kattoivat
28 % Suomen kokonaisenergiankulutuksesta, tehden niistd suurimman yksittaisen
energialéhteen jo viimeisen vuosikymmenen ajan.

2020-luvun alku toi monia haasteita Suomen metsabiomassa sektorille. Covid-19 ja Vengjan
hyokkdys Ukrainaan ja siitd johtunut puubiomassan tuonnin pysahtyminen Vendjalta
johtivat metsabiomassojen merkittaviin hintojen nousuihin. Taman seurauksena biomassan
kaytto energian tuotannossa on tullut paljon aiempaa kalliimmaksi.

Tassa diplomitydssa tarkastellaan, voisiko Adven, yritys jolla on useita biomassakattiloita ja
muita energiantuotantolaitoksia, parantaa olemassa olevien energiantuotantolaitostensa
kannattavuutta optimoimalla polttoaineseoksia. Optimointia tarkastellaan polttoaineen
hankinnan ndkokulmasta, ja sen vaikutuksista polttoainekustannuksiin sekd energian
myyntihintoihin. Toissijaisena analyysind diplomitydssé tarkastellaan metsdbiomassojen
indekseja, niiden kehitystd sekd miten ne vertautuvat Advenin polttoaine kustannusten
kehitykseen.
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1 Introduction

Biomass has long been a critical component on Finland’s energy portfolio and is still
contributing on its efforts on transition to sustainable economy and achieving the goal of
carbon neutrality by 2035. Historically Finland has always relied on its national resource,
forests. Finland’s unique status as the most forested country in the European Union, has
created a large forest industry in the country. Sawmills, pulp and paper mills all use wood
biomass as a raw material. Finland also uses these forest biomasses as a source for energy in
production of electricity and heat (TEM, 2023). In 2023 more than a quarter, or 28%, of
Finland’s total energy consumption was from forest biofuels. They have been the largest

single source of energy for the past decade in Finland. (MMM, 2024)

The early 2020’s did however create challenges for Finland’s biomass sector. Due to the
unprecedented world events, notably COVID-19 pandemic and Russia’s attack on Ukraine,
followed by the cessation of wood biomass imports from Russia, have driven up the price of
wood biomass. Due to that increase, using biomass as a fuel to create energy has become a

lot more expensive than it used to be.

For company like Adven that owns multiple biomass boilers and energy plants that rely on
burning solid fuel — like biomass, these problems have affected the profitability. This thesis’
main focus was to determine whether Adven can influence the profitability of an existing
energy plant using biomass as a fuel by optimizing the fuel mix. Optimization is examined
from fuel procurement perspective, focusing on the effects of fuel costs and energy sales
price. The secondary focus was study Finnish biomass price indeces, their development
during the turbulent early 2020’s and how they compare to Adven’s fuel costs.
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2 Overview of biomass as an energy source

Biomass has been used as an energy source from the early days of humanity. In the beginning
biomass, most commonly wood was burned and utilized for heating, cooking, and lighting,
same as today. Earliest archaeological evidence points to human ancestors using fire to cook,

a million years ago (University of Toronto 2012).

Biomass used as biofuel refers to plant-based biomass and other refined products used for
energy. They can be in solid, liquid, or gaseous forms. Bioenergy means the conversion of
biomass into useful forms of energy like heat and electricity. Biofuels, especially wood, was
the dominant energy production source pre 19" century. But, from 1905 to the present day,
fossil fuels have been the dominant source of energy. (Guo M et al. 2015) In 2021, fossil
fuels cover around 80% of the global energy consumption while renewable energy sources
cover only around 15%. Renewable energy sources include hydropower, wind, geothermal
solar and bioenergy, where bioenergy is the largest source of renewable energy globally, if

counting both traditional and modern biomass. (IEA, 2021)

Global primary energy consumption by source

Primary energy’ is based on the substitution method® and measured in terawatt-hours®.

100% — Other
renewables
||~ Modern biofuels

—|— Solar

— Wind

80% Hydropower
Nuclear
Natural gas

60%
Qil

40%

20% Coal
Traditional

0% biomass
1800 1850 1900 1950 2000 2023
Data source: Energy Institute - Statistical Review of World Energy (2024); Smil (2017) QOurWorldinData.org/energy | CC BY

Note: In the absence of more recent data, traditional biomass is assumed constant since 2015.

Figure 1. Global primary energy consumption by source. (Ritchie, H. et al. 2020.)
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The graph above shows the development of energy consumption by source starting from
1800. Traditional biomass refers to the typical use of wood, crop residues and other organic
material used for cooking and heating, mostly in the developing world. This makes it
difficult to gather quality data on its use, but this graph does represent its declining trend
since the 1800s effectively. (Ritchie, H. et al. 2020)

2.1 Definition and Types of biomass

Biomass is defined as “biological material which is directly or indirectly produced by
photosynthesis. “Biomass is renewable, organic non-fossil material that has biological
origins (plants and animals). It is used as a raw material for biofuels or bioenergy. The most
common example of biomass is wood and wood derivatives. The most common types of

biomass for bioenergy are:

wood and wood processing waste, such as firewood, wood chips, forest residue chips,

sawdust and black liquor from pulp and paper

- Agricultural crops and waste materials such as corn, grain, and other crop and food

processing residues

- biogenic materials from solid waste such as cotton and wool products, food, and

wood wastes
- animal manure and human waste from sewage for biogas production

Most common way to create bioenergy from biomass is direct combustion also known as
burning. Biomass can also be transformed into solid, liquid, and gaseous forms that are then

used in various ways. (IEA, n.d.)

2.2 Advantages and challenges of biomass in energy

Biomass energy is considered as a renewable energy source. According to the United
Nations (The United Nations, n.d.d.), renewable energy is energy derived from sources that

naturally replenish at the same rate, or higher than they are consumed. While bioenergy is
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considered as renewable, it should be used only by limited applications, as too large-scale

use might increase its negative impacts.

Although burning will always create emissions, the carbon released from burning biomass
Is about the same as the carbon the biomass has captured during its growth and can therefore
be considered as carbon neutral. This cycle of carbon captured and released in biomass is
called the biogenic carbon cycle. For it to be applicable the biomass needs to be sustainably
produced. (IEA, 2024a)

Biomass is a stable material, and it can be easily stored and transported. Compared to fossil
fuels, biomass requires more land and space as it is not as energy dense as fossil fuels making
transportation costly, especially over long distances. That’s why most biomass is used
locally and domestically. This is beneficial for the local economy and reduces dependency
on importing fossil fuels like oil and gas (Ellabban O. et al. 2014). In the EU, over 96% of

biomass used for energy is domestic (European Comission 2019).

Earth’s surface is calculated to be 29% land and 76% water. From the available land only
107 million km?, of land (76%) is habitable. From habitable land, 40 million km? (38%) is
forest and 48 million km? (45%) is agricultural land. This makes 88 million km? (78%) of
earth’s land a plausible source for bioenergy. (Ritchie H. and Roser M. 2019) Of course,
not all of it is viable to use for bioenergy, but it represents the potential and availability that

the biomass holds in energy use.

Biomass is not a problem free source of energy. Biomass needs land to grow and might affect
the agricultural lands that we need for food. There is still huge global potential that can be
achieved sustainably if correct protection policies are created. These policies need to support

agriculture, promote sustainable forestry, and fight against deforestation. (WBA, 2016)

While biomass is often considered as carbon neutral due to biogenic carbon cycle, it does
still emit greenhouse gases and small particles. Biomass when burned releases volatile
organic compounds (VOCs), semi-volatile organic compounds, variety of gases such as CO,
CO2, CH4, organic acid, levoglucosan and particulate matter. These emissions have a
negative impact on air quality, human health and climate change. Biomass often burns with
incomplete combustion resulting in even worse emissions. Incomplete combustion happens
in open burning like wildfires and agricultural field burning, and in residential use, like in

stoves, fireplaces etc. For better combustion, biomass can be used in an industrial scale



14

where combustion happens in controlled conditions that are optimized for more complete
combustion. This ensures that fuel is used optimally, minimizing the harmful pollutants.
Industrial boilers are also equipped with emission control systems for cleaning out the flue
gases like particle filters and flue gas scrubbers further limiting the emissions released. The
energy released from burning is also harnessed more efficiently and used in heat and power
production, increasing the resources efficiency. Industrially used biomass is also regulated
and controlled encouraging cleaner use of biomass fuels and limiting the emissions created.
(Jiang K. et al. 2024)

2.3 Importance of biomass in renewable energy

Biomass, being an organic material derived from plants, agricultural material and organic
waste, has a unique position within the renewable energy sector. It still is used in a typical
way by burning creating heat while the rest of renewable energy is mostly electricity created
by hydro power, wind turbines and solar electricity. Burning creates heat which is why
renewable heat is mainly covered by bioenergy. Biomass has many advantages noted earlier
which make it a suitable alternative to fossil fuels in many scenarios. Heating, biofuels and
even electricity production instead of fossil fuels in areas where other sources are less viable
make it and viable alternative in line with targets on reducing the consumption of fossil fuels.

According to the International Energy Agency, modern bioenergy accounts for 55 % of the
renewable energy sector (IEA, 2024b) and traditional biomass covers around 6% of the
global energy consumption by source (Ritchie H. et al. 2020).

According to Word Bioenergy Associations (WBA), biomass creates 96% of renewable
heat and 9% of renewable electricity globally in 2020. This shows how important biomass
is still as an energy source. Overall renewables accounted for only 15% of the global energy
supply in 2021. From biomass energy, solid biomass like wood chips, pellets and other
traditional biomass sources covered 86% of the biomass energy while biogas (2%), liquid
biofuels (7%) and waste fuels covered the rest (WBA, 2023). From renewable fuel sources
solid biomass accounts for 75%, liquid biofuel 20% and transport sector and biogases the
remaining 5%. (IEA, 2024b).
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While biomass remains a main source of renewable energy, the International Energy Agency
(IEA) forecast for 2024-2030 predicts that renewable energy production is going to increase
nearly 60 %. The majority, or 3/4 of the growth is coming from renewable electricity like
wind, solar and hydro. This will be the main driver for decarbonization. While electrification
will play the main role in decarbonization, solid biomass use is also projected to grow by
20%. Over 70% of the growth coming from industrial sector, especially from expanding
sugar and ethanol production in India. Rest of the growth globally is contributed to improved
uses of traditional biomass like in cooking, in areas such as Africa, India and China. And
then some small growth in modern biomass boilers in Europe is also predicted. Importantly
noting, by improved efficiency and modernizing biomass use in developing countries, solid
biomass consumption is estimated to decline by 5% by 2030 (IEA, 2024b).
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3 Legislation and policy framework

Finland’s legislation and policies can be divided into national laws and policies and into
international laws and policies. National laws and policies are what Finland decide for
themselves and are affective within Finland. International policies and laws are what often
guides the Finnish legislations. The two main international groups that affect the Finnish
policies and laws are the United Nations (UN) and European Union (EU). While the UN is
an global organization that tackles global problems like climate change, EU is more focused

in regional problems within that affect all 27 nations of the European Union.

Most of Finland’s legislation and policies are decided in the European Union where Finland
has been a member of since 1995 (Prime Minister’s Office. n.d). European Union affects the
Finnish legislation related to biomass through EU Directives and regulations. Directives are
types of legislative guidelines dictated by the EU that each EU member state needs to include
into their national legislation. Unlike regulations which automatically become laws in each
member state once they are approved in EU, directives need to be adopted by each state’s
government before it becomes effective. Each member state is free to develop their own laws
on how they apply the laws and regulations dictated by the EU directive (European

Commission, n.d.).

3.1 The United Nations

The United Nations (UN) has influenced international policies and laws since its beginning.
The UN has been a key driver in promoting bioenergy development, international research
and collaboration, creating sustainability frameworks and addressing climate change. From
the early efforts in the UN conference on human environment and the creation of The United
Nations Environment programme (UNEP) in 1972 (The United Nations, n.d.a) and the first
time introducing the concept of sustainable development in 1987 in the “Our Common
Future” report (Gunnarsdottir I. et al. 2021). UNEP also helped in the creation of the
Intergovernmental Panel on Climate Change (IPCC) in 1988, “to provide policymakers with
regular scientific assessments, on climate change, its implications and potential future risks,

as well as to put forward adaptation and mitigation options” (IPCC n.d).
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3.1.1 United Nations Framework Convention on Climate Change

IPCC helped to create the United Nations Framework Convention on Climate Change
(UNFCCC). It is a treaty signed by the UN members in 1992, as a framework for
international cooperations against climate change. They meet yearly at the UN climate
change conferences, Conference of the Parties also known as COPs. COP is an yearly
supreme-decision making body of the convention where participating parties review the
submitted information and then asses the effects and make decisions based on the
information on how to promote and implement the ultimate object of the conference which
Is limiting average global temperature increase. It was quickly recognized that not enough
was done and in 1997 the so-called Kyoto Protocol was established in the Japanese town
Kyoto. It set legally binding limits on greenhouse gas (GHG) emission in industrial countries
and is a basis for international emissions trading (UNFCCC, n.d.a).The latest Conference of
the Parties was COP29, and it was held in Baku, Azerbaijan in 11.11.2024-22.11.2024.

During the COP21 in 2015, the Paris Agreement was created. It is an legally binding
international treaty, where the goal is to limit the global average temperature rise to below
2°C from pre-industrial levels, and to pursue efforts to limit the temperature increase to
1.5°C (UNFCCC, n.d.b).

3.1.2 The UN’s Sustainable Development Goals

The UN has had named list of development goals since 2000. From 2000-2015 there were 8
SDG’s called Millenium development goals (MDG). Those goals were:

1. Eradicate extreme poverty and hunger

2. Achieve universal primary education

3. Promote gender equality and empower women
4. Reduce child mortality

5. Improve maternal health

6. Combat HIV/AIDS, malaria and other diseases
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7. Ensure environmental sustainability
8. Global partnership for development
(The United Nations, n.d.f.)

At the end of the Millenium Development goal period, a new agenda for the 2030 was
created. It was implemented in 2015 and called “Sustainable Development Agenda” that
includes goals from climate action to end poverty. It expanded the MDG to energy, climate
and environment. Overall, it includes 17 sustainable development goals (SDG) that are goals
meant for people and planet. It was coined, “The 2030 Agenda for sustainable
Development”. The agenda and the sustainable development goals are followed by yearly
progress reports that track the progress of each of the 17 goals.

() SUSTAINABLE S,
57 DEVELOPMENT s ALS
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Figure 2. The UN Sustainable Development Goals. (The United Nations, 2018)

13 s

While many of the SDG have crossing elements in them, there are tree (3) goals that have
direct impact on bioenergy.

Sustainable Development Goal 7, Affordable and clean energy
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- This goal focuses on providing clean and efficient energy for all. It targets to
ensure universal access to affordable, reliable and modern energy services, as
many people still live without electricity, and use inefficient methods for cooking
and heating. It also focuses on increasing substantially the share of renewable

energy and to double the rate of energy efficiency improvements.
Sustainable Development Goal 13. Climate action

- This focuses on the problems and solutions related to climate change. Rising sea
levels and other climate related disasters are threatening human lives at an

increasing rate.

- Thetarget is to limit global temperature rise to 1,5°C and its related solutions are
all part of this SDG. This SDG therefore focuses on emissions caused by energy

industry such as fossil fuels.
Sustainable Development Goal 15 Life on land

- This SDG focuses on biodiversity, land use and combat degradation of land areas.
It focuses on protecting, restoring and promoting sustainable land use,
ecosystems and species and to halt biodiversity loss. This affects the production
of biomass and targets on creating more sustainable use for biomass sources.
(The United Nations, n.d.b.)

3.1.3 Other UN institutions and programmes

The UN has participated in creation of many organizations that affect renewable energy, and
bioenergy fields. They all work independently, or semi-independently under the UN or with

the UN to focus on their missions.
United Nations Development Programme (UNDP)

It helps to develop new sustainable programs and communities to achieve

SDG’s in all sectors, for example energy, and environment (UNDP, n.d.).

Food and Agriculture Organization of the United Nations (FAQO)
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It is the UN’s specialized organization that has created the Bioenergy and Food
Security (BEFS) approach to help countries in creating sustainable bioenergy
policies. Countries may choose on what they might need help depending on
what level they are on bioenergy development and into implementing

bioenergy policies (FAO, n.d.).
Global bioenergy Partnership (GBEP)

Is an cooperative organization under the UN. Its purpose is to provide its
members (23 countries and 16 organizations) with the possibility to coordinate,
research develop and implement commercial activities related to bioenergy.
(GBEP, n.d.)

UN-Energy

Is an UN inter-agency created to maintain coherence, coordination and

collaboration within UN and its institutions. (The United Nations, n.d.e)
International Renewable Energy Agency (IRENA)

The first proposal for international renewable agency was made in 1981 at the
UN conference but it wasn’t founded until 2009. IRENA is an official UN
observer and participates in the UN conferences even if it’s not an official UN
institution. (IRENA, n.d.)

Sustainable Energy for All (SEforALL)

Is an independent organization working under United Nations Office for
project Services. It focuses on SDG 7 and target is to increase and accelerate

energy transition in developing countries. (SEforALL, n.d.)

3.2 European Union policies and directives

EU policies and legislation define how we use and manage biomass in Finland and in the
EU. EU has had policies that affect energy fields and biomass energy since the 1990s. EU
was participant in UNFCCC with the first steps at attempting to address the issue of climate

change and reducing greenhouse gases. EU also participated in the Kyoto summit in 1997



21

and implemented it to its own legislation and targets. Kyoto protocol set a target for
European countries to reduce their greenhouse gases by 8% compared to 1990 levels in the
first commitment period in 2008-2012. The second commitment period was 2013-2020.
There is no third commitment period, but EU has committed to self-appointed targets for the
future (Prahl A. et al. 2014). This is a part of the “European Green Deal” (EGD) that is the
name of the principal growth strategy guiding EU from the 2015 onward.

3.2.1 European Green Deal

European Green Deal is the name of the principal growth strategy guiding EU from the 2015
onward. In essence, it is a set of initiatives that are set to guide Europe through green
transition, also known as decarbonization. The main goals are for Europe to be carbon neutral
by 2050, economic growth is detached from unsustainable resource use and that all people
and areas within the EU are included. European Green Deal is not a law by itself but a general
strategy for policies and legislation that will be developed or revised. It includes initiatives
for things like circular economy, batteries, clean affordable and safe energy, biodiversity,

forest strategy and deforestation, and European climate law. (Fetting C. 2020).
Overall, there are eight (8) key areas:

1. Increasing the EU’s climate ambition for 2030 and 2050

2. Supplying clean, affordable, secure energy

3. Mobilizing industry for a clean and circular economy

4. Building and renovating in an energy and resource efficient way

5. A zero pollution ambition for a toxic-free environment

6. Preserving and restoring ecosystems and biodiversity

7. Farm to Fork: a fair, healthy and environmentally friendly food system

8. Accelerating the shift to sustainable and smart mobility
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Figure 3. European Green Deal and its key areas ( European Commission, 2019)

The key areas have many aspects that overlap. For example: Farm to fork focuses on
sustainable farming, it also affects aspects in our ecosystem and biodiversity, emission
reductions and sustainable industry practices. For this reasons not all key aspects are not
looked into more detailed, but this thesis focuses on the main drivers affecting biomass

energy.

3.2.2 Fit For 55

One of the most important European Green Deal initiatives is an initiative called “Fit for
55.” It is a package of proposals that aim to give framework for reaching climate goals. The
name comes from the goal of cutting greenhouse gas (GHG) emissions 55% by 2030
(compared to 1990 levels). It will have a heavy focus on renewable energy and circular
economy but also other aspects such as circular economy, biodiversity and toxic free
environment are also included. One of the big legislative directives that is part of the fit for
55 initiatives, is the newest version of Renewable Energy directive (RED Ill) that was
introduced in 2023. (European Council, n.d.)
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3.2.3 REPowerEU

REPowerEU is European Commission’s strategic plan to end EU’s dependence on Russian
fossil fuels. It was presented in 2022 as an answer to Russia’s invasion of Ukraine. European
Comission created the plan after EU leaders agreed that EU’s dependency on Russian energy
imports needed to be phased out as soon as plausible. It was created in line with the European
Green Deal and as addition to Fit for 55 packages. It plans on accelerating transition to
renewable and sustainable energy and thus eliminating the need for fossil fuels, especially
from Russia. In essence it includes plans and framework on increasing the use of renewable
energy, accelerating energy efficiency, diversifying imports and strengthening self-
sufficiency with clean domestic energy sources. The plan was to be completely free of
Russian fossil fuel import by the year 2030. It was noted that additional investment would
be required. For this a total of 300 billion euros would be distributed in a variety of ways
including grants and loans. This plan saw renewable energy as a key part of the solution and
proposed an increase for Renewable Energy Directive’s target to be 45% by 2030 instead of
the previous 40%. The plan suggested that a revised version of RED would be needed

(European Commission, 2022).

3.2.4 Renewable Energy Directive’s, RED

Renewable Energy Directive is the most important directive for biomass energy. It
determines if biomass counts as renewable energy. Renewable Energy Directive (Directive
2009/28/EC) also known as RED was first introduced in 2009. Since then, it has been revised
twice, RED Il (Directive 2018/2001/EU) and the current RED Ill (Revised Directive EU
2023/2413) was published in November 2023. It has set a target for renewable energy of at
least 42,5% in EU for 2030 (while aiming for 45%). Its newest version RED Il is part of the

fit for 55 packages. It was the follow up on European Commission’s REpoweEU plan.

Currently the energy sector contributes 75% of the total greenhouse emissions in the EU.
RED 11 target is to promote renewable energy in order to achieve the EU:s fit for 55 targets
which is to reduce emissions 55% by 2030 compared 1990 levels. Renewable energy is

targeted to cover 40% of the energy sector by 2030. It also set a goal for EU to become
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independent from Russian fossil fuels to achieve the EUS long-term objective of an energy

system that is independent on third countries.

The latest RED 111 defines biomass as renewable energy (RED 3 Article 2 Definitions 2) and
recognizes the need for aligning bioenergy policies to focus on side streams. It aims to
achieve resource efficiency by prioritizing the use of biomass for materials over energy use
and so increasing the overall the available biomass in the system. Member states should also
consider the sustainable use of biomass for energy and non-energy use and maintain the
national carbon sinks and ecosystems. (European Union, 2023a)

3.2.5 Emissions Trading System Directive, EU ETS

Modern emissions trading history goes back to the first Kyoto Protocol. Kyoto protocol
targets to reduce the level of allowed emissions. Those emissions are divided into assigned
amount units (AAU). Article 17 states that countries that have AAUs to spare, meaning
emission units that are permitted, but not used, are allowed to sell this excess capacity to
other countries. The main greenhouse gas being carbon dioxide (CO2) emissions, which are
often spoken as carbon, and carbon trading. One unit is equal to one tonne of CO2.
(UNFCCC, n.d.c)

In the early 2000s European Union, adopted the ideas presented in Kyoto and used in as a
base for their own Emission Trading System. This developed into the EU ETS Directive in
2003 (Directive 2003/87/EC) establishing a system for greenhouse gas emission allowance
trading within the Union. It was introduced in 2005. The most recent version is Directive
2023/959 is the legislative framework for the 4" trading phase (2021-2030).



25

3.2.6 Land Use, Land-use Change and Forestry Regulations, LULUCF

The European Union’s Land Use Land Use Change regulation (2018/841) ensures that EU
member states account for their GHG emissions and removals from the land (forests,
cropland and wetlands) e.g. emissions from harvesting wood. It means that countries must
calculate the carbon stored in forests and reflect the difference due to harvesting. LULUCF
also aims to promote sustainable forest management practice. While emissions from energy
created by biomass are assumed to be zero (except peat), they do account in the LULUCF
sector (European Union, 2018). This means that carbon released due to burning of the
biomass is not counted but the removal of that carbon stored in that biomass in e.g. forests
does need to be accounted.

It is directly linked to Paris Agreement and UNFCCC’s requirements for nations to report
their land-use emissions and removals. These requirements are also included in Kyoto
Protocol for monitoring the emissions. While EU ETS accounts for the greenhouse emissions
from produced emissions, Kyoto protocol also monitors the overall emissions. It also
contributes to Sustainable Development Goals 13 (Climate Action) and 15 (Life on Land)
(UNFCCC, n.d.d).

3.2.7 Energy Efficiency Directive, EED

Energy Efficiency Directive (2023/1791) is the newest version and a part of the “Fit for 55”-
package. It was published in 2023 and focuses on efficiency improvements in the energy
sector, by setting legally binding target to reduce final energy consumption by 11,7% in 2030
compared to the reference scenario made in 2020. This forces energy production to be
utilized more efficiently. The directive also promotes high-efficiency co-generation and
biomass powered plants are encouraged to use systems, like co-generation, to increase the

overall efficiency and minimize the losses.

It also promotes district heating and cooling, when done efficiently. The directive has
requirements for district heating or cooling energy sources to be renewable, wasteful, or co-
generated. Biomass powered plants are encouraged to use systems, like co-generation to
increase the overall efficiency and minimize the losses. EED also emphasizes district heating

and cooling and has set up efficiency targets for them. For example, until 2028 all district
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heating and cooling systems energy needs to be either; “50 % renewable energy, 50 % waste
heat, 75 % cogenerated heat or 50 % of a combination of such energy and heat” (EED
2023/1791 Article 26.). (European Union, 2023b.)

3.2.8 EU nature strategies affecting bioenergy

EU also has many strategies in place that affect biomass as an energy source. Part of the EU
Green deal is EU Biodiversity strategy ( COM/2020/380 final). It was published in 2020 and
it focuses on restoring biodiversity, and protecting nature. It aims to impact climate change,

forest fires, nature restoration and stop biodiversity loss. Its key stated commitments are:

1. Legally protect a minimum of 30% of the EU’s land area and 30% of the EU’s sea area

and integrate ecological corridors, as part of a true Trans-European Nature Network.

2. Strictly protect at least a third of the EU’s protected areas, including all remaining EU

primary and old-growth forests.

3. Effectively manage all protected areas, defining clear conservation objectives and
measures, and monitoring them appropriately (European Commission, 2020).

EU Forest strategy (COM/2021/572 final) is built up on EU biodiversity strategy and
European Green Deal. It has the same basic biodiversity protection and restoration targets
named in the biodiversity strategy but focuses on forest areas. It aims to improve the quality
and quantity of the forest in EU. It includes a set of regulatory, financial and voluntary
measures. Within those sets, there are ideas on promoting sustainable forest management
and a target to plant 3 billion new trees in EU by 2030 and financial incentives for forest
owners (European Commission, 2021).

EU Bioeconomy Strategy (COM2018/673 final) aims to have an sustainable, circular
bioeconomy by optimizing the use of biological resources, minimizing waste and ensuring
environmental health. It was first published in 2012 but updated in 2018. It includes all
biological sources from land and sea, like animals, fish, crops and forest used for food,
materials and energy. It aligns with RED 11l in promoting sustainable biomass for energy
and focuses on sustainably sourced biomass. The strategy promotes the biomass role in EU’s
transition into renewable energy without forgetting the challenges increased bioenergy

poses. Strategy promotes bioeconomy growth in all sectors with the intent to create jobs
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especially in rural areas where are plenty of biomass resources. (European Commission,
2018)

3.3 Finnish legislations and incentives

Each Finnish Government creates their own energy and climate strategy. It is usually the
short-term strategy and does also consider the medium— and long-term targets and policies
(TEM, n.d.). As Finland is a member of the EU, most of Finland’s policies must be in line
with the EU’s policies and regulations. EU governs its member states and makes sure each
country follows the EU policies and legislations. For that, Finland sent its updated “National
Integrated Energy and Climate Plan”, NCEP on 30.6.2023 to European Commission. It
includes the current prime minister (the year 2024) Petteri Orpo’s government programs and
targets for energy and climate policies. It is mainly based on the 2022 National Climate
Strategy and the 2022 Medium-term Climate change policy plan. It set the outlines on how
Finland will achieve its EU climate commitments for 2030, and Finland’s main energy and

climate target, which is achieving carbon neutrality by 2035.

Carbon neutrality is planned to be achieved by maintaining a high share of nuclear energy
in energy production, by increasing electricity generation, heat from renewable energy
sources, and improving efficiency. According to the NCEP, “Bioenergy plays a key role in

Finland’s climate and energy policy” but no concreate solutions or plans are presented.

In line with the European Green deal, Finland’s strategy is also heavily focused on the green
transition and phasing out Russian fossil fuels, which in 2020 was about 1/3" of Finland’s
overall energy supply. Since 2022 energy imports from Russia have been terminated except

for small volume of nuclear fuel (TEM, 2023).

3.3.1 Finnish Energy Authority

Finland has a government-controlled authority whose job it is to enforce the Finnish and
European energy and climate policies. It operates under the Finnish Ministry of employment
and the Economy. They operate by monitoring the energy markets, regulate and promote the
emission reductions, energy efficiency and the use of renewable energy. They upheld the
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Finnish emission trading system for energy producers, controls the energy subsidies for
renewable energy, oversees the biofuels, renewable electricity guarantee-of-origin system
and is all around responsible for the implementation and governance of the EU and national

renewable energy policies (Energy Authority 2024).

3.3.2 Sustainability law on biofuels, bioliquids and biomass fuels

Finnish law 393/2013 is the law about biofuels, bioliquids and biomass fuels. It regulates the
sustainability criteria’s and the responsibility of the operators on sustainability of the bio
fuels. It is operators’ responsibility to make sure that the biomass fuel fulfills the
sustainability criteria for them to be accounted as zero-emission. It was created to comply
with the EU RED II requirement that all bio energy fuels must be sustainably produced.
Finnish energy authority monitors the compliance of the sustainability criteria. (Finlex,
2013)

3.3.3 Act on Guarantees of Origin for Energy

Law 1050/2021 creates an certification requirement for energy that states if and how energy
is produced. This is also in line with the requirements stated in EU RED 1. This certification
works in tandem with the law 393/2013 that ensures the sustainability of the biomass used
in energy production. These certifications are provided to all energy origins, nuclear energy,
renewable energy, electricity and heat created in co-generation. Certifications related to
electricity origins are Fingrid Oyj (Finnish transmission system operator) responsibility, gas
and hydrogen certificates are Gasgrid Ltd. (transmission system operator) responsibility and
Finnish energy authority is responsible on certification related to heating and cooling.
(Finlex, 2021).

3.3.4 Environmental laws

Finland’s environmental protection law 527/2014, “Environmental protection Act, is all
governing law that covers the pollutions, environment, waste sustainability climate and

permit systems. It also includes public participation, monitoring and enforcing legislation
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for authorities. It also covers all incineration energy units and sets the legislation framework
(Finlex, 2014a).

For incineration plants the Government has created two degrees under environmental
protection act to govern incineration energy plants. “Government Degree on Environmental
Protection requirements for medium-sized Energy Production units” (1065/2017), more
commonly known as PIPO-decree for 1-50 MW energy production units (Finlex, 2017). And
“Government Decree on Limiting Emissions from Large Combustion Plants” (936/2014)
commonly known as SUPO-decree for over 50MW energy production units (Finlex, 2014b).
These decrees set the rules for allowed emissions, the stack height, noise, fuel handling and

storage and waste disposal. Waste incineration units follow their own decree 151/2013.

All energy production units using biomass over 1MW need either to be registered or be
approved for an environmental permit. Environmental permits are required if there is a
possibility of polluting the environment and all energy units that follow the SUPO-decree
require environmental permit. Registration is sufficient for energy production units over

1MW but under 50MW, so those following the PIPO-decree with few expectations:

Unit has minimum of a 20MW solid fuel boiler

- energy production site is a directive site and follows special legislation
- unit may pollute waters, rivers, streams dike or other water ways

- energy production unit may cause harm to its surroundings according to law 26/1920

for neighbor relationships
- Energy unit is situated in an important ground water area
If these expectations are met an environmental permit must be acquired.

The difference between registration and environmental permit are different but mostly
includes the same content. Registration is needed for a minimum of 30 days before the start
of the operation but preferably sooner. Registration was created to ease the environmental
permit processes as registration still requires the site to follow the emission limits of the
PIPO-decree but does not need as detailed environmental assessment as other energy

production units. Environmental permit may set even stricter limits to pollutions as PIPO-
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decree if needed. Environmental permit and registration are submitted to municipal

environmental authority od regional administrative agency. (Ministry of Environment, 2020)

3.3.5 Energy aid

Finland has had support for energy investment aids that have helped to decarbonize energy
production towards low-carbon energy system. The current government decree on the
general conditions for granting energy support aid in 2023-2037 (263/2023) is under
government aid law of 688/2001. It includes the detailed rules and instructions for

operational parties both applying aid and for its enforcement agencies. (Finlex, 2023)

The Finnish energy aid is applied from Business Finland, a government organization for
businesses. The current energy aid is aimed at project involving new technology solutions
not in wider commercial use in Finland. This refers to typically first or among the first plants
using those new technology solutions. Alternatively, solutions for energy efficiency projects

are also allowed if they are not meant to fulfill mandatory environmental obligations.

The idea is to promote new technologies and help with the financial risks that new
technologies usually have. Business Finland oversees granting the energy aid up to
5000 000 €, but project that exceed the said amount is decided on Ministry of Economic
Affairs and Employment. (Business Finland 2024). In this current form, energy aid cannot
be applied for a typical bio boiler plant, as they are well established technology and in wide

commercial use.

3.4 Emissions Trading System

The primary aim for emission trading systems, also known as ETS, is to control GHG
emission with economic incentives to reduce emissions. EU ETS aim to keep greenhouse
gas emissions under the EU-wide emissions cap for industrial and energy production plants
and flights within the European Economic Area (EAA). It includes all large industrial
installations, and combined installations exceeding 20MW thermal input and all flights

within the European Economic Area. In Finland all district heating power plants are also
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included. It covers more than 40% of all GHG emissions in EU and almost 50% of GHG in

Finland. Starting from 2024 it will cover maritime transport emissions as well (TEM, n.d.).

EU ETS works on ‘cap’ and ‘trading’ principles. Cap is the limit that has been set for the
total amount of emissions allowed to be emitted. It reduces every year, in line with EU’s
climate goals. Meaning there is less allowance each year. The cap is measured in emission
allowance where one (1) allowance is equivalent to one (1) tonne of CO2. Every year

operators must cover all their CO2 emissions with their allowances.

There are three (3) ways to acquire allowances. Buy them from the EU auction (1), receive
free allowances (2), buy allowances from the secondary market (3). Usually, operators must
buy their allowance, but some allowances are also allocated for operators for free. Free
allowance is targeted for sectors that are deemed ‘at risk’ for carbon leakage for example:
aviation sector, electricity production and some lower-income states in the European Union.
These allowances can be traded in the EU-wide secondary market if needed. If operators
reduce their emissions, they are also allowed to keep excess allowances for future need, or
to sell in the market immediately, or in a later date.

The principal guideline of it is that GHG emissions get reduced from where they are cheapest
and easiest to achieve, and if they are not plausible, the companies are able to buy emissions
allowance cheaper from others who were able to reduce emissions. Also, it encourages to
implement the reduction investments if they are cheaper than emission allowances. (LIFE
ETX 2021).

3.4.1 EU Carbon price

Carbon cost has risen historically, meaning it has become more expensive to emit carbon
emissions. During the 2020s global challenges quickly increased the cost to close to 100
€/ton of CO2 and in 2023 it finally passed 100€ mark. (Hodgson C. & Sheppard D. 2023)
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Figure 4. EU ETS price. Price in euros of emitting 1 tonne CO2-equivalent. (Trading economics, 2024)

The figure 4 above shows EU ETS carbon allowance price. It shows how the price did

succeed an all time high over 100 euros in 2023 (Trading economics 2024).

Prior to 2021 the EU ETS was criticized for having an oversupply of carbon credits and not
serving out too many free credits and not serving the purpose of lowering emissions. Carbon
price was deemed too low for new carbon free investments to be attractive. This started to
change around 2018 when EU started to address the oversupply of carbon credits. In the
2020s EU ETS and the highly increased price of carbon credits are starting to make
alternative energy sources more attractive. This is starting to work in decreasing emissions
and working towards the EU targets for 2030. (LIFE ETX 2021)

3.4.2 Impact on Biomass Utilization

As biomass is considered carbon neutral, it is not part of the EU ETS. This gives biomass
energy an advantage over fossil fuels as rising carbon cost and may lead to an increase in
biomass utilization for energy. This was the goal for EU ETS, to encourage sustainable
energy sources and lower the consumption of hard polluting fossil fuels (Tuerk A. et al.

2011). Before RED 11l was published there were debates whether wood-based biomass
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should still be considered as renewable and exempt from carbon ETS. On September 14th,
2022, the European Parliament did vote to keep wood-based biomasses as renewable in RED
I11 just as they were classified on previous Renewable energy Directives (RED I1) (Business
wire 2022). This means that wood-based biomass does still have a key advantage against

fossil fuels at least in the foreseeable future.
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4 Energy in Finland

Energy consumption has remained relatively steady in the 21st century. Finnish energy has
been dominated by fossil fuels in the early years covering almost 54% of the total energy
consumption in Finland. Its consumption has steadily decreased since then, covering only
30% of the total energy in 2023 while renewable energy has increased in the same period
from 25% to almost 42%. Nuclear energy has been a steady energy source in Finland
covering steadily around 17% of the energy consumption from 2000-2021 but has then

increased to cover over 27% in 2023 (Statistics Finland, 2024a).
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Figure 5. Total energy consumption by fuel source in Finland, (Statistics Finland, 2024a)

The decline in CO2-emission (right column, black line) is the result of the decline in fossil
fuel consumption. Oil consumption has declined from 26,9% to 18,9%, coal and peat
consumptions have more than halved, coal covering 11,1% in 2000 to 5% in 2023 and peat,
first increasing from 4,8% in 2000 to its peak 7,0% in 2007 and then declining rapidly to its
current state of 1,7%. During the same period wood fuel consumption increased from 20,3%
to 27,7%.
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In 2023 Finland consumed 1,31 million terajoules (TJ) 1,7% increase on previous year.
Nuclear energy covered 27,1% of total energy consumption (357,371 TJ), renewable energy
was 41,8% (550,491 TJ) where wood fuels were 27,7% (364,035 TJ) and hydro and wind
powers where 4,1% (54,094 TJ) and 3,9% (50,081 TJ). Fossil fuels and peat covered 30,0%
(394,530 TJ) where oil was the most consumed fossil fuel with 18,9% (248,724 TJ) and peat
was mere 1,7 % (22,963 TJ). (Statistics Finland, 2024a)
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Figure 6: Finland 2023 Total Energy consumption by source (Statistics Finland, 2024a)

The year 2022 had many significant changes that had a huge impact on the energy field.
After Russia’s attack on Ukraine many sanctions were imposed on Russia affecting the
energy imports. Energy imports from Russia fell from 32% in 2021 to just 18% in 2022.
This is mainly due to the electricity and pipeline gas imports that ended completely in May
2022. (Statistics Finland, 2022)

Even more has changed in 2023 and the 2022 energy production chart is a not a realistic
presentation of Finland’s current energy market. In 2023 Olkiluoto 3, Finland’s new nuclear
powerplant started its commercial operations with peak power of 1600MW. (TVO, n.d.) This
increased nuclear energy production by 35% while investments in wind power increased
wind production by 25% (Energiateollisuus, 2024).
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4.1 Biomass role in Finland

Finland has always been forested country. Even today 76% of Finland’s land mass is covered
with forests. This makes Finland the most Forested country in the world. This has made

wood fuels readily available energy sources.

The amount of available wood and the cold climate in Finland have made it a necessity to
burn wood as a source for heat. In 1917, when Finland gained its independence 30 million
cubic meters of wood was used for firewood in traditional way. Since then, wood use for
traditional firewood has decreased to 5 million cubic meters even when the overall use of

wood as a raw material has increased. (Statistics Finland, 2007)

Today, according to Ministry of agriculture and Forestry of Finland, wood-based fuels are
the most important individual source of energy generation. Wood fuels accounted for 28%
of total energy consumed in 2023. Overall, 101 TWh of energy was produced by wood-
based fuels. They are mostly used for heat and electricity generation in highly efficient
district heating systems and combined heat and power plants. Wood-based fuels used are
mainly a by-product from the forest industry. Black liquor is the single most significant
wood-based fuel. It is produced and used as a by-product of paper pulp mills with 40 TWh
produced in 2023. Other solid wood-based by-products like forest chips, bark, sawdust and
other residues used in heat and powerplants 44 TWh in 2023. From these, forest chips

themselves account around 5% of Finland’s total energy consumption. (MMM, 2024)

4.2 Biomass classification and definition, Finland

Finnish center for statistic, Statistic Finland (STAT, or Tilastokeskus) updates and upholds
fuel classifications and definitions. They are used for greenhouse gas inventory, monitoring
emissions trading, monitoring electricity production from renewable energy sources that are
entitled to production support and in the environmental protection supervision transaction
system (YLVA) in demonstrating the sustainability of biomass. It includes all fossil fuels,
biomass fuels, nuclear fuels, heat, and other waste-products used as an energy source. It
provides a standardized framework for organizing and analyzing energy-related data.

facilitating comparability and consistency.
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For the fuels, classification listing consists of three (3) pairs of numbers and the name of the
fuel. The first two digits assign the category of the fuel, the second two digits assign a sub-

category, and the final two digits are for the fuel.
Examples:
21.10.20 Forest chip

Chips made from culled stem wood or from the entire superterranean biomass of the
tree (stem wood, branches, needles). Typical properties as fired: moisture content
40-55%, net calorific value 7-11 GJ/t.

For Forest chip the first two digits (21) determine that it is a Wood fuel, second digits (10)
state that it is an Energy wood and the last two digit (20) determine it to be Forest chip.

21.20.10 Bark

residue derived from commercial timber by different debarking techniques. Typical

properties as fired: moisture content 45-65%, net calorific value 5-11 GJ/t.

For Bark the first two digits (21) determine that it is a Wood fuel, second digits (20) state
that it is an industrial Wood Residue, and the last two digits (10) determine it to be bark. It

also has the typical properties listed.

It also has the typical properties listed as shown in examples. Same kind of categorizing is
done to all types of fuel like 14.10.10 Milled peat (14. Peat, 10. Energy peat 10. Milled peat),
21.10.30 Forest residue chips, and 21.20.20 Sawdust.

4.3 Biomass cost in Finland

Biomass has long been competitively priced fuel source in Finland. Due to the plentiful
forests, wood is used plenty in industrial capacity in forestry industries such as paper-, pulp-
and sawmills. Due to many industries producing a lot of wood-based waste from their
processes, wood-based side stream fuels for energy production have been plentiful and
financially competitive. That is why majority of wood-based fuels used in Finland comes
from forestry industry side streams. According to preliminary calculations from Natural

Resource Institute Finland, (Luonnonvarakeskus, or Luke) only 18,7 % or 14,1 million cubic
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meters of raw wood was directly used in energy production from the overall use of 75,3
million cubic meters of raw wood, in 2023 Finland. Rest came from forestry industry side
streams. (Luke, 2024a)

4.3.1 Biomass markets

Like previously said, most biomass fuels in Finland are wood based fuels and so the wood
markets are the start for most biomass sold. Forest owners, either private or corporations can
sell their wood from their forests in open markets straight to buyers. Forest wood is sold in
either standing sales, where the wood is still standing in the forest, or in delivery sales, where
wood is cut and collected from the forest and stored in piles ready for pick up. Wood is also
divided into either wood for industry use, like lumber mills, paper and/or pulp mills, or just
as an energy wood, for example the wood being smaller, or otherwise not fit for industry

use. Wood value is calculated in cubic meters (€/m3) and the price is decided between seller

and buyer (Luke, 2022b). Luke does track the price development of wood trades and
publishes quarterly price statistics charts for standing and delivery sales (Luke, 2024b).
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Figure 7. Natural Resource institute Finland, Price of energywood by standing- and delivery sales (Luke, 2024b)
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From the figure 7 above, we can see the cost of energy wood has doubled in the delivery
sales in the past few year starting from 2022. Other biomass fuels, like wood derived
sawdust, bark and forest residue chips, are also traded in open markets directly between
sellers and buyers. Statistics Finland classification and typical properties are mostly used to
differentiate the fuels. Biomass energy fuels, like sawdust, bark and forest residue chips are
mostly sold in € MWh. Other trading units like €/m? are used but to a lesser extent. These
trades are not shared publicly but are guarded trade secrets for these companies participating

in the biomass markets.

Biomass fuel price development is interesting and followed topic. There are several indeces
that follow the price development of these biomass products. All indeces, or at least most
indeces are based on PIX Forest Biomass Index Finland, which is an commercially available
index from a company called Fastmarket FOEX. They gather data from buyers and sellers
and then convert the other trading units to use € MWh. (FOEX, 2024a)

4.3.2 Biomass indeces

There are several indeces that follow the price development of these biomass products. Most
indeces are commercial products, and that is why they are not publicly available. One
publicly available index comes from Statistics Finland (Tilastokeskus). Index is “StatFin
index 12gb — Prices of domestic Fuels in Energy Production (Vat not included)”. It includes
milled and sod peat, and forest chips both including and excluding excise duty. Statistics
Finland has published the Forest Chip index since 2016. In this thesis the interest is focused

at the forest chip index.
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Figure 8. Statistics Finland, Forest chip price, quarterly average (Statistics Finland, 2024c)

From the figure 8 above we see that forest chip price stayed below 25 €/ MWh before 2022.
After that price increased above 30€/MWh fast during 2023 and then continued the increase
passin the 35€/MWh mark. This sudden price hike has caused many cost-related problems

for biomass plants.

Statistics Finland’s Forest chips index is calculated from commercially available FOEX
Forest chips monthly price index, where data is collected from forest chip buyers and sellers
(Statistics Finland, 2024c). Forest chips is commercial name given to combination of
following classifications of fuels; 21.10.20 chips from roundwood (including 21.10.21-
21.10.22), 21.10.30 Forest residue chip and 21.10.40 hog fuels from stumps. (FOEX, 2024a)

FOEX PIX Forest Biomass Finland index is monthly published index that includes 5
different indeces, 1 main index and 4 sub-indeces. PIX forest Biomass Finland is the main
index, it is a weighted average of the all the sub-indeces included in the publication. The
sub-indeces are: Forest Chip, Sawdust (21.20.10), Bark (21.20.10) and Forest Residue Chips
(21.10.40). They are also published in three (3) categories: Finland (as a whole), South/West
Finland and North/East Finland. The South-North division didn’t start until August 2020 so
no data from those regions’ pre-date that (FOEX, 2024a).
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Figure 9. PIX Forest Biomass Finland. January 2024 Sample Letter (FOEX, 2024b).

More detailed PIX Forest biomass index can be found in appendix 2.

4.3.3 Biomass fuel index development

From the graphs it is evident that wood processing by-products, bark and sawdust has
remained constantly cheaper than Forest Chip. Sawdust and bark forestry industry by-
products while forest chips include forest residue chips and chips from roundwood, which

mean typically chipped wood that could be used in forestry industry.

The index shows the typical seasonal variation between high consumption times in the winter
and low times during the summer. This can be seen in the price spikes during winter times

or the drop in the summer price of Forest biomass Finland in the figure 9.

The slight increase that started in 2020 can be attributed to the covid-19 pandemic and its
effect on the forestry industries. Contrary to what industry believed, interest in building

increased so did the demand for lumber in building and so the need for wood products
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increased (YLE, 2021). The year 2021 saw the largest increase from year to year in the need
of wood. The year 2021 also broke the records for wood purchase volume and price. The
reason for this was the high need for wood products in lumber, pulp and energy wood (Luke,
2022a).

The effect on Russia’s war on Ukraine and the sanctions on Russian imports that followed
influenced the biomass prices starting from 2022. The cheap wood imports from Russia
plummeted to zero imports from Russia resulting in 60% decrease in wooden biomass
imports in 2022. This affected the wood costs in Finland, even if the consumption of wood

was 10% less than previous year (Luke, 2023a).

4.4 Factors influencing biomass pricing

As biomass is a free market product, there are many factors influencing the price of biomass.
Consumption needs for winter/ summer are different and that can be seen in price
fluctuations seen from FOEX Forest biomass Index sample in figure 9. The seasonal change
in reflect the heating demand in Finland. Mild summer requires less heating compared to

cold winters where the heat demand is much higher. (IEA, 2023).

For smaller decentralized biomass plants most biomass fuels are bought near production due
to the transportation costs. That is why most biomass is transported on the roads using trucks,
which is also the most expensive transportation method. Trains and boats can be used for
longer distances and larger loads. (Nunes et al. 2020). As the index prices are calculated by

fuels delivered to the site (FOEX, 20244a), transportations cost influence is hard to determine.

Local competition can also influence the fuel prices regionally. As the wooden biomass
transportation distances are typically short, regional competition could affect the fuel prices
in that region. If the available fuel in the region is stable meaning no significant increase or
decrease in availability, but the need for the fuel increases due to a new biomass using site,
the cost for the regional fuel might increase. Example: Helen, a municipal energy company
opened a new large biomass using heat plant in Vuosaari, Helsinki in late 2022. It uses 1,5
TWh of biomass a year, meaning 12 000 truckloads of biomass. This could increase the fuel
cost in that region, especially as Helen stated they aim for 90% of the fuel to be local. (YLE,
2024).
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As forest-based industries like sawmills, pulp and paper are huge consumer of wood
biomass, and as majority of biomass energy in Finland comes from the by-product of these
industries (MMM, 2024), they have an influence on the biomass prices. The wood market
need for the forestry industry directly influences the competition and price of wood. The
increase in wood used by forest industries also increases the availability of by-products and
wood waste, meaning cheaper biomass like sawdust and bark. This means that increase of
wood processing industry use increases the cheaper biomass for energy use. But increase on
forest industry needs means that wood raw material costs might also increase. The global
trends like the decreased need for high quality paper that affects the paper industry also
influence the biomass for energy prices. (Camia A. et al. 2021).

As biomass has also a global market, the global market prices do also influence the price of
biomass in Finland. The overall global trade of biomass has increased in the 21% century.
The trade for biomass in energy is hard to calculate, as the trade on wood usually means raw
materials for forest industries and not for energy but could later end up in biomass for energy

markets as by-products that are then used in energy production. (Proskurina S. et al. 2017)

4.4.1 Biomass trends and future projections

Biomass consumption can be considered as relatively steady in Finland. Since the year 2000
solid wooden biomass consumption in heat- and powerplants has increased from 12 023 to
22 588 thousand m?® of solid wood fuels a year. This means an average 2,3% year to year
growth from 2000-2023 (Luke, 2024c).
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Figure 10. Solid wood fuel consumption in heat- and powerplants in Finland in 2000-2023 (Luke, 2024c)

The steady increase in the use of solid biomass in the early 2000’s can be attributed to a few

things.

1. Technical development and transportation advancements made solid biomass more

available and viable energy source.

2. wood fuel production increase made consumption of forest fuels more available

e Production increase can be attributed to the increase in logging waste

production

e The increased use of wood chips can be attributed to energy aids making

smaller diameter-wood more available
3. Policies related to energy production and emissions

¢ Finland had energy wood production aids in the early 2000’s that helped the
availability of the wood fuels due to economic incentives for harvesting,

chipping and transportation

e EU ETS implementation in 2005 started to increase the cost of using fossil

fuels

e Tax incentives for using biomass for electricity production
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4. Solid wood biomass was economically competitive fuel vs. fossil fuels.

e EU ETS started in 2005 that increased the cost of using fossil fuels making

solid biomass more attractive option.

e Biomass was starting to replace peat in energy plants that were able to use
both peat and wooden biomass especially over 20MW plants.

e increases on fossil fuel prices also makes biomass more attractive fuel source.
(POyry, 2006)

The steady increase in the use of biomass also has visible correlation between the decrease
in fossil fuels as seen on figure 10.

The noticeable dip in 2020 was caused by temporary unavailability due to the covid-19
pandemic, and the strikes in forestry industries limiting the availability of the side stream
waste fuels. The noticeable increase in wood fuel consumption starting from 2021 if
compared to 2019 levels can be attributed partly to recovery of the forestry industries from
the 2020 dip and thus the availability of forestry industry side streams, which cover roughly

50% of the solid wood fuel consumption in heat- and powerplants (Afry 2021).

According to report made by consulting company Afry Oy by the order of Ministry of
economic Affairs and National Emergency supply Agency in Finland, the consumption of
wooden biomass will increase 30-40% by 2030. The increase would be around 6,4-8,3
million cubic meters (m®) and would be caused by continued replacement of peat and coal
use. The majority, almost 5 million cubic meters would come from peat alone. The increase
in the price of CO2-credits, and taxes on peat make it less cost-effective and law forbidding
the use of coal by 2029 will eliminate its use as fuel. These are part of the undergoing rapid

transition to renewable energy.

Limitation on the growth will be caused by the overall availability of domestic wood
biomass. Especially in the south and eastern Finland the availability might cause some
problems. This could be corrected by imports, mainly from the Baltic regions, and expanding
domestic fuel delivery ranges even importing some from east Finland. East and north Finland
situation is better due to the large amount of forest industries and their side-streams. (Afry,
2021)
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5 Case Adven

The 2020’s have been challenging time for many business fields and energy is no different.
Increased costs on fuel prices like oil and gas have affected the energy companies’ business
all over Europe. It has made businesses reconsider other fuel options and even the
technologies being used. The ban on imports from Russia has affected energy markets
especially in Finland, that used to bring a lot of fossil fuels, and wood from its neighboring
country Russia. The ban has affected the availability of fuels like gas and oil, but also many
raw materials used in Finnish industry such as wood. Wood was imported to be used in forest
industries and in energy production. This resulted on increased cost on local wood as cheap

Russian wood was no longer available.

Many energy companies have started to investigate their current business to see what could
be done to combat these changes. Same idea was in Adven Oy. It was hypothesized that
biomass energy plants, that can use variety of biomass fuels were not being used optimally.
The theory was that by optimizing the fuel pool, the economic impact could be improved
(fuel pool in this case is a term used to describe the fuel mix/collection of all the fuel types
used in a power plant). The initial plan was to identify the optimal fuel pool and then create
a fuel management plant that would utilize the identified optimal pool. This would be done
by looking at 6-8 different biomass power plants that were noticed to be performing below
budgeted targets. From these plants we might hopefully find some similarities that could
then be used to create a framework of different guidelines that fuel management team could

then utilize for fuel contracts.

5.1 Adven as a company

Adven is an energy company that operates in north Europe, Baltics, and the Netherlands
with over 50 years of experience in the field. Adven has over 350 energy production plants
producing over 6 TWh of energy a year, including over 115 district heating networks.
Roughly 1/3" of these figures is based in Finland.
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Figure 11. Map of Adven Sites (Adven Internal 2024)

Besides district heating, Adven supplies industries and real estate with energy and water
solutions with EaaS® or Energy as a Service®-model. It means that Adven partners with
its customers to supply them industrial steam, heat, cold or water with a tailor-made design,

build, own, and operate model.

In industrial segment it usually means that for example: Company X needs heat for their
factory in Finland. They partner with Adven, who then designs a heat plant that would
produce the heat needed for that factory. Adven then builds the plant next to the factory in
an area that is dedicated to Adven. Adven would then own the plant it built, and operate the
plant to provide the heat needed in that factory, making Adven a partner for the Company
X.

Currently Adven operates in all industry sectors but has been prominent especially in food
& beverage, chemical & pharmaceutical, metal, mineral & mining, and pulp & paper. The
study in this thesis is specifically looking at the industrial energy segment and power plants

that supply these named industry sectors.
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5.2 Biomass role in Adven

Adven’s mission is to provide sustainable, efficient, and competitive solutions. That’s why
bioenergy is heavily utilized in Adven’s fleet as it is considered a sustainable energy source.
The majority of the sites for heat energy purposes are fueled by biomass. Biomass is burned
in combustion power plants, also known as biomass boilers. Typical power plant size is in
the 3-30MW range with a few exceptions exceeding 30MW. Energy is typically delivered
as steam or hot water. The largest biomass-based site operated in Finland currently is a
65MW Circulating Fluidized-Bed (CFB) boiler built in 1981 by Ahlstrém Oy.

’\ Adven

PYROFLOW BOILER Ahlstrom Pyroflow
; e yap DAL 25 kgls, 84 bar, 500°C
Superheaters ~ Mud drum
e Bl | - Central pipe
_<\‘ﬁ~ x . /| ~ Feed water preheater

< . b _ Electrical filter
Combustion
chamber
Rotary valve
feeder

’\ Cyclone Air preheater

Figure 12. Ahlstrém Pyroflow boiler (Adven)

Biomass fuels are the main fuels used in Adven’s heat production facilities. At these Sites
fossil fuels like gas or oil are used mainly as starter- or backup fuel. Almost all biomass used
in Adven’s biomass boilers are local, as longer transportation costs would increase the fuel
costs. Almost all fuels are transported via trucks, as most power plants are not near train

tracks or harbors where rail transportation or shipping could also be utilized. There are a few
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exceptions but as biomass fuels are bought including the transportation costs this is not a

factor in this thesis.

Biomass fuels are also mostly wood-based. Woodchips (21.10.20), forest residue chips
(21.10.30) or side stream waste from wood mills like bark (21.20.10), and sawdust
(21.20.20) are most common but recycled wood (21.50.10) is also used. Pellet boilers are
also used. Pellets are mostly wood pellets (21.60.10) but other pellet sources, like oat husks
pellets (22.90.30) made from by-products of animal feeds are also used. Adven uses the
industry standards of Statistic Finland (STAT) for fuel classifications.

5.3 Biomass fuel management

Adven has one fuel organization, whose purpose is to provide suitable fuels for each plant.
Import fuels and waste fuels, management is coordinated from group level with concentrated

fuel contracts, but most of the contracts are made by country-based fuel sourcing teams.

Finnish fuel team has an expert team whose job it is to acquire for all the fuels needed to
operate Adven’s sites in Finland. It is a relatively small team, with less than 5 people. While
that team is only in charge of Finland, other area specific teams with similar structure exist

for other Adven’s regional business locations like Sweden and Baltics.

Finnish fuel management team members operate semi-independently. Every year they look
at the previous year’s figures that show overall consumption, fuels, and cost. This gives the
initial idea of where to start next year’s fuel planning. This is then discussed with the
customer and site operators to determine what are the site-specific requirements for fuel
quality and quantity. This might change the planned fuel amounts by increasing or

decreasing the level needed to cover the energy needs.

Then, knowing the requirements and needs, they ask quotations from the local fuel providers
for biomass, and other solid fuels like fuels sorted from municipal waste. Contracts are made
for fuels so that they fill the site-specific need in both, quantitate and qualitative perspectives.

At the end, the goal is to optimize the operating costs where fuel cost plays a significant role.

The goals of this study were to find fuel management strategies for different sites that could
improve the site’s overall economic impact. These strategies would directly be implemented

by fuel management teams in their fuel sourcing.
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6 Biomass fuel mix optimization

Biomass fuels have different prices per MWh based on the type and its qualities, e.g.
37,41€/MWh for woodchips (21.10.20), 32,23 €/MWh for sawdust (21.20.20) and 36,75
€/MWh for forest residue chips (21.20.30). Every power plant has a unique fuel mix (fuel
pool) from different types of biomass fuels that is based on their availability and cost.

Fuel cost represents the largest single operational cost for combustion-based power plants,
particularly for biomass boiler plants. This means fuel pool has a significant influence on

biomass power plants, economic viability and profitability.

It was acknowledged that fuel pools for biomass plants were not economically optimal. By
studying the fuel pool impact on power plants revenue and profits, an optimal fuel pool
should be found.

6.1 Initial assessment

Combustion power plants operate economically in a very simple way. Burn fuels to create
energy and then sell the created energy. When you calculate how much energy is sold, and
then deduct the cost of making the energy, you get your net income. If the net income is
positive, you have created an profit, but if you are not getting an positive net income you are
operating at a loss. The idea of business is to create profit, so the goal is always to be able to

improve your profits.

Typically, there are two ways of improving profitability: increase income or decrease cost.
For cost reduction, decreasing the largest part of operational cost, fuel would therefore
improve profitability. With this assumption, optimal fuel pool would then be the least

expensive fuel mix possible.

In Adven’s case, income from sold energy can also be affected by fuel costs. Sold energy
prices are sometimes tied to the consumption and cost of fuel. Each energy production site
is custom made to serve the customer’s needs each site has a unique contract. This means
that each site’s energy delivery contracts are also important when assessing fuel pools

economic impact. To get a better understanding of profitability, you need to calculate both
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the income from the energy delivered, and the cost of energy produced. Then we can start to

look at different scenarios and see how it affects the profits.

6.2 Gathering of the information

Study was started by picking 4 sites for closer examination. This was later expanded to 8.
The sites were chosen by 3 metrics:

1. Solid biomass boiler
2. Yearly production of more than 30 GWh
3. Using more than 2 types of biomass fuels (eg. wood chips, bark, sawdust, peat)

All sites were industry serving sites, meaning they provided energy directly to one or more

customer’s factories. No 3™ party energy transfer parties exist.

To calculate the fuel pool effect on chosen sites profits you need to know:
1. the fuel mix and the cost of the fuels
2. Site’s income from sold energy delivered

To get the fuel mix information, the fuel management team was contacted, and their internal

information and plans were collected. It included the fuel types, volumes, and costs.

Each site with a biomass boiler, customized energy delivery contracts are in place. Each
customer is assigned a dedicated account manager at Adven who possesses expertise
knowledge about the energy delivery contract and customer needs. These customer
managers were interviewed to gather site-specific information and energy delivery contracts.
From those contracts we can extract the information needed to calculate the income from

energy deliveries.

6.2.1 Energy contracts

Contracts that Adven makes with its customers about delivering energy are called “Energy

delivery contracts ” and they will be referred to as that.
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Every Energy Delivery contract that Adven Oy has with its customers is unique, but the
basic structure that all contracts include is the same. They determine the required energy
need, how much (eg. 122MW) and in what form the energy must be delivered (e.g. steam at

16 bar pressure).

Energy Delivery contracts include many abnormal situations, maintenance plan and other
contract details that affect the overall income of the site. Even if some fuels might cause
abnormal maintenance and other exceptions, the majority of these are considered as not
directly affected by the fuel. For legal reasons this thesis does not open energy delivery

contract structures, contents or other things that do not affect the thesis subject.

One thing that all energy delivery contracts do is determine the price of the energy delivered
to customers. This is called “Energy Pricing”. It usually, but not always consists of two (2)

parts.

Part 1 is Fixed cost, often called as “Energy Fixed Fee” that is not affected
by the cost of the fuel, the amount of energy delivered, or other factors that
may change during the time of the contract.

Part 2 is Energy Fee (EF) that covers the amount of delivered energy. It is
usually constructed as a mathematical formula, that is often based either on
the amount of fuel used, or energy delivered. This is what can be influenced
by optimizing fuel mix and is what this study focuses on.

To better understand the Energy Fees, we can create 3 examples that show what EF’s
might look like.

Example 1 below shows a very basic formula to calculate the Energy Fee based on the cost

and amount of fuel used.

Example 1:

EF = (AXa+BXb+Cxc)/h (Equation 1)
A Fuel 1: cost, delivered to site
a Fuel 1: used fuel %-value of the fuel mix

Fuel 2 cost, delivered to site

Fuel 2: used fuel %-value of the fuel mix

O T @

Fuel 3 cost, delivered to site
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c fuel 3: used fuel %-value of the fuel mix

h power plants calculated/contracted efficiency

In this example, there are only three (3) fuels contracted to be used in the site. Here EF is

based on the actual cost of the fuels and the ratio of the used fuels.

Energy delivery contracts are usually indexed to combat inflation and the changing
environment throughout the length of the contract period, which often is several decades.
This means that index development is also linked to possible income. Indeces are not
something that can be affected but because they affect the results they need to be noted and

assessed.

Indeces can be used and are used in some Energy Fee’s. For an Energy Fee, indeces can be
used in many ways, like using a universal index to cover 100% of the EF, using the index as
a multiplier to match the EF to fuel cost development or have the fuel prices tied to indeces,

and not to real costs. In the following example each fuel is indexed to different indeces.

Example 2:
EF = (IAxa+IBXb+1ICXc)/h (Equation 2)

1A Fuel 1: Index price for fuel 1

a Fuel 1: %-share of the fuel mix

IB Fuel 2: Index price for fuel 2

b Fuel 2: %-share of the fuel mix

IC Fuel 3 Index price for fuel 3

c fuel 3: %-share of the fuel mix

h power plants calculated efficiency

In this example, fuels are still affected by the ratio of the used fuels but now they are linked
to each individual fuel’s index. This means that the actual cost of fuel does not affect the EF
and could therefore be higher or lower than the index. The EF price and/or fuel mix is

determined at the beginning of the contract period and is periodically corrected using the
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chosen indeces and comparing the difference between the index now and the beginning of

the contract.

These previous examples of Energy Fees are considered dynamic. It means that fuel mix
affects the Energy Fee directly. Some EFs are considered as static fees, meaning they are not
affected by the fuel mix, or the cost of the fuels like the next example where EF is 100% tied

to an index development. The following example 3 is based on that.

Example 3:
n .
EF =P |(— Equation 3
|G:,)] (Equation 3

EF Energy Fee
PA1 Price at the beginning of contract
I1 Index at the beginning of contract
10 Index at time of price check

NOTE! None of the example energy fee equations are real, but they demonstrate different
aspects that are present in some Energy Fee formulas. These examples make it plausible for
this thesis to demonstrate how the actual study and the calculation’s function and what the

results were.

6.2.2 Fuel mix

Each site has a unique fuel mix that creates the fuel pool for each site. Fuel management
team is responsible for the fuel pool and the fuel mix for each site. They make the fuel
delivery contracts with fuel suppliers. Fuel delivery contracts determine the purchased fuel
quality, quantity, classification, and the contract period. Fuel is usually purchased per MWh
and the contract size is usually over 1 GWh, covering the contract period which can be up
to a year long. Fuel is not delivered all at once but can be ordered to be delivered during the
contract period. This is because no site has a fuel storage at site large enough to cover years’

worth of fuel, so fuel needs to be delivered constantly through contract year. At the site fuels
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are used in FIFO principle, meaning First in First out meaning fuels are used at the boiler in

order by the arrival time to the site. First to arrive are burned first.

Fuel quality, like the size of fuel and moisture content, can vary and is based on plant
technology. Circulating fluidized bed (CFB) boilers and grate boilers have different fuel
quality needs especially if the site also burns solid recovered fuel (SRF) or other biowaste
fuels. That is why there is no uniform fuel quality guidelines used in Adven but each fuel
delivery contracts specifies the quality of the fuel under the contract. Fuel quality is
monitored through random sample tests from the fuels delivered.

Some sites have increased the storage size at the site using energy wood. This was done to
increase service reliability and per Huoltovarmuuskeskus (Finnish National Emergency
Supply Agency) guidelines.

More detailed fuel mix, and fuel pool listings and are done in appendix 2.

6.3 Calculations

With the gathered data, the first part of the calculation is the same for all assessed sites.
Calculations and data collecting are done using Microsoft excel. One site at the time we
start by combining the fuel pool information and the energy fee. We should then be able to
calculate the most resent energy fee which then can be verified from the accounting. Once it
has been confirmed that it is correct we can start to calculate different scenarios and how it
might affect the energy fee. By repeating this step to all the sites, we can start to see patterns

forming.

For example, in these calculations we use an imaginary power plant that uses 100 GWh of
biomass a year, fuel pool with 3 fuels, fuel 1, fuel 2, and fuel 3. Fuel 1 is the most expensive
fuel and costs 30 €/MWh, fuel 2 is the second most expensive fuel and costs 20 €/MWh and
fuel 3 is the least expensive fuel and costs 15 €/MWh. For the starting point we can calculate
base scenario where fuel 1 covers 50% of the fuel pool, and fuel 2 and fuel 3 cover 25% each

of the fuel pool.



Table 1. Fuel pool, base point

Volume Cost % Sum k€
(GWh)  €/MWh
Fuel 1 50 30,00 50 % 875
Fuel 2 25 20,00 25,0 % 750
Fuel 3 25 15,00 25,0 % 750
sum 100 23,75 100 % 2375

As all the variations of fuel mix even with just three (3) fuels are 100°=1 000 000, we can

simplify the variations and look at just 6 different fuel pools that most likely show the best

and worst fuel pools plausible.

e Fuel pool 1 is the base point, typical fuel mix

e Fuel pools 2,3 and 4 are fuel mix with 100% of just one of the fuels

e Fuel pool 5 is fuel mix with equal amounts of all three fuels with 33,3% each

o Fuel pool 6 is the realistic variation where most expensive fuel is the main fuel, where

fuel 1 is 75%, fuel 2 is 15% and fuel 3 is 10% of whole mix

These six fuel pools show well enough how these different Energy Fee example formulas

work and how they differentiate from each other.

Table 2. Fuel mix compositions

Pooll Pool 2 Pool 3 Pool4 Pool5 Pool6

Fuel 1 50 % 100 % 0% 0% 333% 75%
Fuel 2 25 % 0,0 % 100 % 0 % 333% 150%
Fuel 3 25 % 0,0 % 0,0 % 100% 33,3% 10,0%
Sum 100% 100 % 100 % 100% 100% 100 %
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6.3.1 Fuel cost and Energy fee for EF 1 from example 1

Using table 1 as a cost calculation base and using that fuel pool with Energy fee (EF) from
equation 1 we get the EF 1 value 29,69 € MWh. Now by creating different fuel mixes using
the fuels from table 1 we get different fuel pools. Calculating those fuel pools effect on EF
we get the following table 2 where pool 1 is the base point calculated earlier.

Table 3. Example 1, EF 1 with different fuel pools

(Base) Pooll Pool2 Pool3 Pool4 Pool5 Pool6

Fuel 1 50 % 100% 0% 0% 33% 75%
Fuel 2 25% 00% 1000% 0% 333% 150%
Fuel 3 25 % 00% 00% 100% 333% 10,0%
Cost €/MWh 23,75 30,00 20,00 1500 2165 27,00
Energy Fee €/MWh 29,69 3750 25,00 1875 3375 33,75
Difference  €/MWh 5,94 750 500 375 541 675

6.3.2 Fuel cost and energy fee for EF 2 from example 2

Now for EF example 2 we can determine indeces for the base point. In equation 2 we can
set A, the index for fuel 1 as 30 €/ MWh, for IB, index for fuel 2 we can set it as 25 € MWh
and for IC, index for fuel 3 we can set it as 15€/MWh. With these initial index numbers, and
using the fuel pool from table 1, we can calculate the EF using equation 2 and we get EF of
31,25 €/MWh. Now by combining this equation and the fuel pools from table 2 we get the

following table.
Table 4. Example 2 with different fuel pools

(Base) Pooll Pool2 Pool3 Pool4 Pool5 Pool6

Fuel 1 50 % 100 % 0% 0% 333% 75%
Fuel 2 25% 0,0% 100,0 % 0% 333% 150%
Fuel 3 25 % 0,0 % 0,0 % 100% 333% 10,0%
Cost €/MWh 23,75 30,00 20,00 15,00 21,65 27,00
Energy Fee €/MWh 31,25 37,50 31,25 18,75 29,14 34,69

Difference  €/MWh 7,50 7,50 11,25 3,75 7,49 7,69
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6.3.1 Fuel cost and energy fee for example 3

For example, 3 fuel pool makes no difference for the energy fee. It is solely based on index
development. If we determine that Index at the beginning of contract, 10 is 20 € MWh, we
can calculate that energy fee would be 22€/MWh. Now by creating an imaginary index
development curve and then using the equation 3 from example 3, we can create a chart that

shows the relationship between the index and the EF.

45
40
35
=
2 20
S~
W
25
Index EF Difference
€/MWh €/MWh €/MWh
20 = 2 2
20 25 27,5 2,5
30 33 3
27 29,7 2,7
29 31,9 2,9
o 32 35,2 32
=@=—Index ==@=Energy fee 34 37,4 3,4
37 40,7 3,7

Figure 13. Example 3 energy fee based on index development

Now to do similar calculation of the fuel pool and Energy Fee as done before for EF 1 and
EF 2 in tables 4 and 5, value for the index needs to be chosen. By selecting the index value
of 25 €/MWh we can calculate how the different fuel pools affect the profits with this
contract type and if the index value is at 25 €/ MWh.



Table 5. EF 3 example calculation with index I1 at 25€/MWh

(Base) Pooll Pool2 Pool3 Poold4 Pool5 Pool6
Fuel 1 50 % 100 % 0% 0% 333% 75%
Fuel 2 25% 0,0% 1000% 0% 333% 150%
Fuel 3 25% 0,0% 00% 100% 333% 10,0%
Cost €/MWh 23,75 30,00 20,00 15,00 21,65 27,00
Energy Fee €/MWh 27,50 27,50 27,50 27,50 27,50 27,50
Difference €/MWh 3,75 -2,50 7,50 12,50 5,86 0,50

6.4 Index comparison
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As shown by figure 13, indeces could have a huge impact on the income of the site. That is

why a study about indeces was also conducted as a part of the thesis. Before any deeper dive

into the indeces, a quick comparison was done about how much some indeces have changed

in the past 10 years compared to what biomass fuels cost to Adven. Comparison was

calculated from 2012 to the end of 2023. Indeces used where:

e wholesale price index (WPI). It measures development in the purchased prices

inclusive of taxes of good in Finland, both important and domestic goods. It is a

good general index that tracks the purchase price at wholesale level. (Statistics
Finland, 2024a)

e Fastmarket FOEX indeces of Forest Biomass, and Forest chips. Commercially

available indeces that follows biomass energy fuel prices.

Table 6. Comparison from some indeces to Adven fuel costs from 2012-2023 (Adven prices reducted)

Indeces Adven
PIX PIX WPI
Forest
Biomass | Forest Forest | biomass,
Finland | Chips 1949=100 chip | average
1/2012 | 17,72 18,34 2202 - .
11/2023 | 32,22 33,14 2961,00 [ |
Difference | 14,50 14,80 759,00 [ [
Raise 82 % 81 % 34 % 72 % 91 %




60

Table 6. above is the reason why this index study was conducted and ruled as important. The
index that the study focused on is the PIX Forest Biomass Index that is a commercial monthly
published index by Fastmarket FOEX. Global price reporting agency that provides audited
bioenergy price index for Finland. Focus of this study was to look at the area differences and

see if the indeces very largely based on geographical area and how.

As the FOEX indeces are commercial products and not openly available to the public, the
index graphics and detailed information about them are classified. That is why the detailed

study comparisons and results are all done in appendix 2: Index study.
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7 Results

Combining the results from calculations from energy fee examples, we can compare which
fuel pool is the most profitable with what Energy Fee and therefore which contract. By
looking at the difference between cost (outgoing) and energy fee (income) we get the profit
for the used fuel pool with different energy fee. Then comparing the difference (profit) to
cost, we get the profit margin. These are then collected and presented in table 7 below.

7.1 Presentation of the results

Table 7: Comparison between Examples

(Base)
Pooll Pool2 Pool 3 Pool 4 Pool 5 Pool 6
Cost €/MWh 23,75 30,00 20,00 15,00 21,65 27,00
Energy Fee €/MWh 29,69 37,5 25 18,75 27,06 33,75
EF 1 Difference/Profit €/MWh 5,94 7,50 5,00 3,75 5,41 6,75
profit margin -% 20 % 20% 20 % 20 % 20 % 20%
Energy Fee €/MWh 31,25 37,5 31,25 18,75 29,14 34,69
EF 2 Difference/profit €/MWh 7,50 7,50 11,25 3,75 7,49 7,69
profit margin -% 24 % 20 % 36 % 20 % 26 % 22 %
Energy Fee €/MWh 27,50 27,50 27,50 27,50 27,50 27,50
EF 3 Difference/profit €/MWh 3,75 -2,50 7,50 12,50 5,86 0,50
profit margin -% 14% -9 % 27 % 45 % 21 % 2%

Table 7 presents the results for EF 1, EF 2 and EF 3 in comparison to the used fuel pools
from calculations. Then by looking at the profits and profit margins, a noticeable

difference between them is visible.

For Energy Fee 1 (EF 1) each fuel pool gives a steady 20% profit margin. Therefore, the

most profitable fuel mix is the most expensive one. Fuel pool 2, with 100% use of the most
expensive fuel gives the most profitable outcome of 7,5€ /MWh. The least profitable fuel is
fuel pool 4, the least profitable fuel pool used for these calculations with only 3,75 €/ MWh.

For Energy Fee 2 (EF 2) the profit margin is different for each fuel mix. The most

profitable mix comes from fuel pool 3 where profit is 11,25€/MWh and profit margin of
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36%. The fuel mix is 100% of the highest index priced fuel. The least profitable fuel mix is
fuel pool 4 with only 3,75€/MWh with 20% profit margin.

For Energy Fee 3 (EF 3) profit margin also varies. Here the most profitable fuel mix is fuel
pool 4, the least expensive fuel pool of them all with a profit of 12,5¢/MWh and a profit
margin of 45 %. The least profitable, and resulting in loss of -2,5€/MWh comes from fuel
pool 2 with a profit margin of -9%. These are also the best performing and the worst

performing combination out of all the comparisons.

These results also show the difference between dynamic and static Energy Fees. Dynamic
fees like EF 1 and EF 2 vary based on the fuel mix used so they result in different energy
fees based on the fuel pool. Static Energy Fees remain the same, no matter what the fuel
mix is just like EF 3.

40,00
35,00
30,00
25,00
< 20,00
=
=
& 15,00
10,00
0,00 l
(Base) Pool 1 PooI Pool 3 Pool 4 Pool 5 Pool 6
-5,00

M EF 1 Energy Fee EF 2 Energy Fee EF 3 Energy Fee MEF 1 Profit MEF2Profit mEf3 Profit

Figure 14. Energy fee and profit from fuel pools

By the results shown in Table 7 and figure 14, the clear difference between what fuel pool
is best for what Energy Fee formula is visible. As previously mentioned, for Energy Fee 1,
the profit margin stays the same through all fuel pools at 20%, making the highest cost fuel
pool 2 also being the highest profit generating fuel mix having of 7,5 €/ MWh profit.

As the fuel pools do not represent all the fuel mix variations, and the average results from
our 6 different fuel pool would distort the results, we can only look at the median between
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the maximum and the minimum value fuel pools for these formulas. Average results can be

found in table 8 below.

Table 1. Averages between min and max values

Median values
EF1 EF2 EF3

Energy Fee €/MWh 28,13 28,13 27,50
Profit €/MWh 5,63 7,5 5
profit margin -% 20% 28% 18%

Based on the possible max and min values Energy Fee formula 2 (EF 2) would be the best
formula overall, due to its highest median profit value of 7,5 € MWh and the highest profit
margin of 28 %. This is the result for these example case calculations where the index values
are pre-determined. Results may vary on different index values and therefore EF 2 cannot

be stated as the overall best performing Energy Fee formula.

7.2 Optimal fuel pool results

As the results have already shown, each EF performs very differently depending on the fuel
mix. To understand better visually we can re-arrange the fuel pools from left to right from
the most expensive to least expensive. If we also add the profit lines for each EF example it
shows how each Energy Fee reacts to different fuel pools. Columns correlate to each fuel’s
percentage of the fuel pool adding up to 100% on the left side scale. Lines and dotted markers
are different Energy fee examples showing the profit in € MWh shown on the right-side

scale.
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Figure 15. Fuel pools from most expensive fuel mix to least expensive fuel mix with profit lines from EF examples

Now by looking at figure 15 above we can see that EF 1 example performs best with the
most expensive fuel pool and gradually decreases with the lower costing fuel pools. So, by

increasing the most expensive fuels in the fuel mix a better profit can be achieved.

The opposite is true for EF 3 example. By increasing the cheapest fuels in the fuel mix, and
overall decreasing the cost of the fuel pool, profits from EF 3 will increase.

For EF 2 example the best performing fuel is fuel 2. This is due to the predetermined index
value used for fuel 2 being significantly higher than the cost of fuel 2. This means that
increasing the fuel, where the index is highest compared to the fuel cost will increase the
profit from Energy fee. This works best if the increased use of fuel 2 also means decreasing

the use of fuel 3, or the cheapest fuel.

7.3 Finalized results and added value for Adven

NOTE! While the results presented are based on imaginary examples, they demonstrate
correctly what kind of economic impact the fuel mix might have. As each power plant site
has all unique contracts, no site has economically same performance. But during the study it
was discovered that all contracts and sites can be categorized into four (4) categories based
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on the similarities on the Energy Fee and how the fuel mix then affects the site. From those

4 categories 3 were used in the example calculations. All 4 categories are:
e Category 1: Energy Fees are 100% indexed with 1 index
e Category 2: Energy Fees are 100% indexed with more than 1 index

e Category 3: Energy Fees are 50% indexed and 50% are calculated based on fuel

consumption
e Category 4: Energy Fees are 100% calculated based on fuel consumption

All contracts can be assigned into one of these categories to simplify the complexity of all
the contracts. This creates value for Adven as simplifying the complexity makes
understanding each site’s economics easier, for that site’s stakeholders like operating
personnel and customer managers. This is important as now the people working at that site
can better understand the effect that their daily work has. This categorization was also one
of the goals for this case study, and the results are now being used to create guidelines for
fuel management team and other internal stakeholders.

The results and the study also make it possible to expand the study to all sites in Finland.
With newfound knowledge, the time to study per site is much lower, making it plausible to

calculate 100+ sites and the fuel mix affect within reasonable time.
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8 Discussions

To make these calculations some simplifications were made, and some aspects were overall
ignored. For example, some Adven sites are technically able to use peat as one of the biomass
fuels and they do. Some of these sites that use peat are also receiving free carbons allowance
which would have made the calculations significantly more complex. As peat as a fuel is
slowly being faced out, the calculation can be done without calculating the use of peat, and
the carbon cost that comes with it. These example calculations do not present real results,

but they do demonstrate how the fuel pools could affect the plants financially.

The fuel pool was also somewhat idealized for the study, as often it is not plausible to get
one single fuel type to cover 100% of the need or it is just not technically feasible. Increasing
significantly the consumption of lower quality fuel can affect the plants’ efficiency and could
cause many problems in for example the furnace, pipes, in the flue gas and ash handling
systems. These problems could result in excessive amounts of wear and tear that could lower
plants operational lifetime, increase downtime and require more unnecessary maintenance

meaning increase on the plants lifetime costs.

All good plant operating managers know the limits of the fuel quality their plants can use
without problems but often still prefer to use only the best quality fuels available even if
lower quality fuels could also work. This makes their life easier, as better fuels typically
cause less problems but are also more expensive. That is why it is important to be able to
inform the operating personnel about the study results and why it is important that fuel
management team increase their discussion and collaborations with operating personnel and

other plants stakeholders such as customer account managers and customers themselves.

Fuels might also have limited availability in the region and as most fuels are locally sources
it makes them harder to acquire, or more expensive. This makes using multiple fuel types a

must, and it is not freely available for optimization.

As Adven works in a service business, customer needs and happiness are usually the most
important aspect of doing business. This also makes it impossible to have free hands for fuel

selection as most customers would not be happy if their energy cost suddenly doubled or



67

tripled. This limits the fuel selection, and the best available fuel pool might not be the one

that is most profitable, but the one that makes the customer happiest.

One aspect has not been discussed or really studied as part of this case study and that is risk
analysis. Risk analysis could be done to many individual parts that have been a subject within
this study. Energy Fees, what index to use, the fuel pool and the actual fuels could benefit
from their own risk assessment. The risk assessment could make it easier to understand how
big of a risk certain decisions used in this study are. Risk analysis is a very typical business
process that may not have been done from the case study viewpoint. This thesis gives a great

starting point for many plausible topics to analyze and study further.



68

9 Conclusions

This thesis was made to find out two things. If biomass fuel optimization could affect the
profitability of a biomass boiler plants in Adven’s existing fleet, and how Adven’s biomass
costs compare to the most common forest biomass indeces in Finland. Optimization was
done from fuel management perspective to discover ways or strategies on how they could
improve different energy plants’ profits. The index comparison, and its results and
conclusions are presented in appendix 2.

The beginning of this thesis was a struggle. The idea of it all was a mere hypothesis that
had no evidence or factual knowledge of its effect. The data collection took a while and
simplifying the process of the calculation without affecting the results was its own process,
but good quantifiable results were discovered. Biomass fuel is the largest single cost of
running an biomass energy plant and thus would have the effect on plausible profits that
could be made. For Adven, the fuel’s used could also determine the price of sold energy
and therefore influence the profit results. Balancing these two factors, the cost of the fuels

and the energy price sold, was the key consideration.

In the calculations it was discovered that not all energy production site’s function the same
way financially. While true that fuel cost does affect the same way in every site, the energy
price sold varies hugely based on energy sales contracts. This then could have a huge
impact on the overall profit of that site. The price of the energy sold could be determined
by different ways. Price could be linked to the specific fuel used, a specific index, their
percentual consumption or just overall cost. In the results similarities between contracts
made it plausible to group all contracts into four (4) categories. These four categories
would have different fuel procurement strategies that would lead to the most profitable
scenario for the site.

The results showed that biomass fuel optimization could affect the profits from sites that
use biomass fuels. The categories that were determined simplify the differences between
sites, making the study expandable. With small effort, the same calculations could be done
in all biomass fuel using energy plants in Finland increasing the Adven’s overall

performance.
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While the results show clear benefits in optimization, the simplifications in calculations also
exclude many aspects that would determine how plausible the implementation of the fuel
procurement strategies would be. These open possibilities for further research into
optimization from different viewpoints like technical and risk analysis perspectives. In the
current state, the results can only be used as guidelines or targets for fuel procurements as
the absolute best results would be needed to consider the technical aspects and the risks

involved.

Overall, this thesis succeeded in what it was set out to discover. The results are useful and
can be implemented with some limitations. It was a great starting point into the topic and a
results in base that can be expanded to cover all viable sites. It can also be further developed

for better results which opens new research topics related to this thesis.
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