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Climate change is a phenomenon that has been caused by the disturbance in Earth’s
energy and carbon cycle. Energy production via burning fuels, especially fossil fuels is
one of the dominant players that disturbs these cycles. Both energy and climate are
included in sustainable development goals. Carbon footprint is a way to assess the impact
of a product or a service on climate change. The result of the calculation is a useful tool
in strategic planning related to climate change initiatives and carbon neutrality. In this
study, the main target was to calculate the carbon footprint of the case study (Oulun
Energia Group). Oulun Energia Group is a local energy company based in City of Oulu,
Finland. It is the company’s target to be carbon neutral by 2035. There are several
methodologies for science-based carbon footprint calculation. The method for this study
is based on the GHG Protocol Standard. The first practical step was developing a roadmap
based on the standard. Calculation started with Scope 1 emissions for Oulun Energia Oy,
for the years 2020 and 2021. The result for the year 2020 is 507739.26 tonne CO2eq and
for the year 2021 is 412385.11 tonne CO2eq. The value-added of the work for the
company is a science-based approach towards the carbon neutrality goal by calculating
the carbon footprint.
Keywords: Sustainability, climate change, carbon footprint, GHG Protocol Standard
energy production, science-based approach.
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FOREWORD
The survival of human beings was because of their intelligence and ability to yield energy
and make tools. Hence the use of resources and leaving footprints is inevitable for our
existence. BUT, if we do not use the primary essence of intelligence and manage our
impacts, though it is true that so many good things would get damaged, most importantly
we will ruin our own habitat and chance of existence. That is why we need an engineering
approach to step in the sustainability pathway.

What we are doing matters and contributes to the well-being of society and the
environment. Therefore, I decided to walk on this pathway, but it is always wise to keep
our minds open and think critically to avoid any tunnel vision and negligence. Since there
is no right or wrong, black or white, zero or one. It is all grey. Somewhere in the spectrum
between zero and one. We only have choices that are better in the defined context and the
boundaries. These choices are various from one boundary to the other.

In the end, I would like to acknowledge and appreciate all of those who helped me in this
way.

Tarja Väyrynen, trusted me and create a big communication panel for me to go and find
the way. It was thoroughly brilliant. She also kept motivating and encouraging me with
deep mindful discussions. Mika Huuhtanen guided me with his wise vision. It was
reassuring each time he helps me confront my worries and fears with a relaxed approach.
Virpi Väisänen, helped me in organizing and proceeding with the work. She was
approachable and her genuine concern in this way made me more certain.

All the opportunities that I have in life are because of my family and my friends. They
are not supposed to be perfect, but they are there, for me, to support me. Especially, my
parents who mean everything to me, my mom is one of the strongest yet most caring
women I know, and my dad is a positive and lively person.
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Angela Suorsa (Study & Career Service Specialist at the University of Oulu, and my
friend), on those days of uncertainty about my future, used to tell me `you don’t need all
the applications to be accepted, you only need one place, one place that is right for you´.

Oulun Energia, during my time there I gain my future vision and confidence back. All my
colleagues, those whom I enjoyed their company, Päivi Pekkarinen, and Heidi Tonteri.
And those who share their knowledge and insight with me. Especially Eila Latola and
Antti Juopperi answered all my questions and doubts. At last, all the experts from outside
and inside the company that accepted to teach me and have various discussions with me
to clear vague lines.

Oulu, 13.06.2022

Negar Sharifi
Negar Sharifi
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1 INTRODUCTION
The United Nations has set 17 sustainable development goals (SDGs) to make sure life
on Earth would be prosperous and in peace. Among those goals is SDG 7 which
exclusively refers to worldwide energy usage and access. (UNDP 2022) Also, Smil
(2017) stated that “Energy is the only universal currency: one of its many forms must be
transformed to get anything done”. The use of fossil fuels contributed to the popularity
and efficiency of energy (Smil 2017).
CO2 emissions from the combustion of fossil fuels and industrial processes contribute to
65% of all anthropogenic GHG emissions (IPCC 2014, EPA 2022b). The anthropogenic
GHG is disturbing Earth’s energy balance and temperature (Lindsey 2009). SDG 13 in
the United Nations’ sustainable development goals is related to the climate change. This
goal urges taking action towards the mitigation of climate change. (UN 2022a)
Oulun Energia Group is a holding company with ambitious sustainability goals. It is also
the case study for this work. The main business of the company is the production and
distribution of energy. The company is 133 years old and has developed to be one of
Finland’s biggest energy companies. Based on the current strategy the company wants to
operate as sustainably as possible. Therefore, through a holistic look at sustainability,
emissions related to climate change play an important role in the company’s strategic
future planning.
The current goal of the company is to be carbon neutral by 2035. Carbon neutrality is
net-zero GHG emissions or emissions that have been offset (ISO 14021 2016). In order
to make any plans, it is vital to do a science-based carbon footprint assessment (Carbon
Trust 2018). The carbon footprint includes all direct and indirect GHG emissions of the
life cycle (Moss 2008). There are various regulations, guidelines, and standards to be
used. In this study, the assessment has been done based on the guidelines of GHG Protocol
standards.
The structure of this work consists of a theory part and a practical part. Theory chapters
are from 2 to 6. Chapter 2 is about sustainability and in particular sustainable development
goals that concern this study. Chapter 3 contains general information about energy,
energy production, and statistics. Chapter 4 discusses how energy impacts the
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environment and especially how it contributes to climate change. Chapter 5 includes
details about carbon footprint such as definition, regulations, standards, and guidelines.
Chapter 6 represents Oulun Energia Group. It includes an introduction and description of
the business goal.
The practical part of the thesis is presented in Chapters 7 and 8. In Chapter 7, based on
the standard there are three scopes of emissions to evaluate. After defining the
organizational and operational boundaries, it is possible to start the calculation. The
calculation was done for Scope 1 emissions from Oulun Energia Oy for the years 2020
and 2021. And in Chapter 8, in order to find out the possible areas of improvement, the
result was analysed from different perspectives.
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2 SUSTAINABILITY
Based on the definition from Merriam-Webster (2022b), sustained means staying at the
same degree without getting weak or interpreted. And sustainable is defined as the ability
to stay sustained (Merriam-Webster 2022a).
In 1713, a German scientist, Hans Carl von Carlowitz used the word “sustainability” in
forestry. By that time, wood had been used widely across different sectors. Due to the
security of this important resource, he suggested that cutting trees should be in accordance
with trees’ growth and called it sustainable forest management. (Wilderer 2007)
Philosophically, it is possible to interpret and make many discussions around
sustainability (Kuhlman and Farrington 2010).
One of the most dominant views over the structure of sustainability is the connection of
its three pillars. Pillars are the environment, economy, and society. There are various
states of this connection. They mainly depend on the different points of view. (Barbier
1987) The United Nations has a direct approach to sustainability. To ensure prosperity
and peace, they set 17 integrated and multidisciplinary goals to maintain the balance of
sustainability in its three pillars. These goals have been set by 2015 and are supposed to
be achieved by 2030. Figure 1 shows the goals that are called sustainable development
goals (SDGs). (UNDP 2022)

Figure 1. Sustainable Development Goals (UN 2022c).
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United Nations General Assembly set SDG 7 ‘Affordable and Clean Energy’ in 2015,
with overall five targets and six indicators to be achieved by 2030 (UN General Assembly
2015). This goal has been set to ensure that everyone all around the world has access to
energy. Plus, energy should be reliable, sustainable, affordable, and modern. The United
Nations (UN) explains SDG 7 so that access to energy is vital for everyone. Clean and
sustainable energy is the core challenge that can lead to opportunity in society, the
economy, and the environment. (UN 2022a)
Under SDG 7 the target 7.1 is to ensure universal access to affordable, reliable and
modern energy by 2030. The two main factors are access to electricity and clean fuels
and technology for cooking purposes. Target 7.2 relates to the share of renewable energy
sources in overall consumption. Target 7.3 is a target to double the global rate of
improvement in energy efficiency. Basically, it relates to energy production and national
GDP. But since various variables such as national productivity, climate, transport
distance, etc. contribute to GDP and the intensity of energy, progressing in this target and
comparison is not as easy as the two first targets. Target 7.a aims at increasing investment
in the clean energy area, particularly in developing countries. The last, target 7.b, is
sharing infrastructure and upgrading knowledge for sustainable energy production with
developing countries. (UN 2022a)
Climate action is the 13th goal among SDGs. According to the UN, the purpose of SDG
13 is to take urgent actions against climate change. (UN 2022b) Climate change is
considered a widespread thread to development (UN Economic and Social Council 2016).
SDG 13 has five targets and nine indicators to be achieved by 2030 (UN General
Assembly 2015).
Target 13.1 aims to build resilience and capacity to encounter climate-related catastrophic
events all around the world.

Target 13.2, on the other hand, focuses on the

implementation of climate strategies into national policies. Target 13.3 points out the
importance of embedding climate education and awareness in the education system. The
last two targets (13.a and 13.b) have been shaped to indicate that not only resourceful
countries but also developing countries have to take action, meanwhile, developed
regions are obliged to take part and contribute their share. (UN 2022b)
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3 ENERGY IN GENERAL
3.1 Introduction to energy
It is fair to claim that utilization and ability to control energy were among the first steps
towards civilization (Moses 2018). From another perspective (biophysical point of view),
human evolution either in the prehistorical period or in the historical era is based on
searching for energy in storages and flows to convert them into heat, light, and motion
(Smil 2017).
To be precise, civilization is a solar society based on solar radiation. All energy sources
(renewables, fossils) are derived from the Sun. The humankind has used its intelligence
to approach extrasomatic resources to ease moving and to produce heat. Throughout time,
the exchange of knowledge and innovations have led society from using basic tools via
different energy production methods and ways towards building complex nuclear fusion
plants. (Smil 2017)
The ability to control fire improved human habitation. Fireplaces, furnaces, and stoves
are among the first controlled combustion chambers that convert chemical fuel energy to
thermal form. The use of fossil fuels increased the popularity and efficiency of thermal
energy. The innovation of producing steam and internal combustion transformed heat into
mechanical energy. Alongside fossil fuels, enhancement in machinery has contributed to
turning the kinetic energy from water and wind into advanced mechanical energy and
improving mobility. The next step was to generate electricity, a new form of commercial
energy, by burning fossil fuels. The production of electricity proceeds by utilization of
water, wind, the Sun, and the nuclear. (Smil 2017)

3.2 Recent view
World energy consumption has changed rapidly since 1900 (Figure 2). This drastic
difference was first due to the use of coal and later when oil and gas came into the picture.
Before that, energy consumption was almost steady for centuries and energy was
produced from traditional biomass, for example, wood, agricultural by-products, and
dung. Following the rapid change in the 20th century, it became possible to produce
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energy by acquiring new resources such as modern biomass (e.g. industrial waste) and
nuclear. (Ritchie and Roser 2020)

Figure 2. Global primary energy consumption from 1800 to 2019 (Ritchie and Roser
2020).

The new ways of producing energy facilitate new ways of consuming energy. In another
words, there is a loop. First, it is possible to produce more energy and then there are new
ways to use it and so on. As demand increases, resources have to keep up with it and
provide enough energy. (Ritchie and Roser 2020) End-users of energy are industries such
as iron and steel, chemical and petrochemical industries, transportation, and others such
as residential, commerce, and public services. (IEA 2019).
Based on the Köppen-Geiger climate classification, Finland is located in Dfb and Dfc
regions. It means that the main climate is snow (D). In regard to precipitation, it’s fully
humid (f). And from the north, temperature changes from cool summers (c) to warm
summers (b) in the southern part. (Kottek 2006) Therefore, there is no doubt that energy
for heating purposes bears importance. Figure 3 demonstrates the change in the energy
supply and consumption in Finland from 1970 to 2020 (OSF 2022).
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Figure 3. Total energy consumption by energy source (all categories) in Finland (OSF
2022).
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4 SUSTAINABLE
ENERGY
CLIMATE CHANGE

PRODUCTION

AND

The aim of this chapter is to start to point out from the general and bigger picture that
energy impacts sustainability and to zoom from there into climate change. Chapter 4.1 is
about the general sources of impacts of energy and possible methods of impact evaluation.
Chapter 4.2 explains how Earth's energy cycle and carbon cycle are crushing and creating
climate change and how fossil fuels are contributing to climate change.

4.1 Energy impact and evaluation methods
Energy production has impacts and it leaves a footprint on the environment. The chain of
energy supply has three important blocks. At first, there is the source of energy. Then
there is a need for transformation with appropriate technology. And the last block includes
facilitating services. These three blocks together contribute to the energy supply for the
well-being of society. To choose and implement the optimum and most sustainable
pathway, there are several evaluation methods. (Sanfilippo 2012)
Economic criteria is about the price. Based on this method the price of fuels and
technologies are the key properties. The usefulness of this method, in the long run, is
questionable. (Sanfilippo 2012)
Life Cycle Assessment (LCA) of the energy supply includes mining and extracting raw
materials, processing, building the plant (manufacturing and assembly, using energy for
energy production (electricity, heat, etc.), and end of life scenario. The LCA study aims
to evaluate environmental impacts, alongside social and economic issues in all the stages
of the life cycle. (Sanfilippo 2012)
Energy Return On Investment (EROI) is the ratio of the amount of energy that is possible
to use to the amount of energy that has been invested to produce and make that useable
amount. (Gupta 2018)
Energy Payback Time (EPT) is a time-related factor. This means that the total time that
is taken by a system to produce the same amount of energy that has been spent to build
up the system itself. (Gupta 2018)
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4.2 How does energy production impact the climate?
4.2.1 Earth’s energy cycle
The radiation from the Sun heads to Earth with a spectrum of wavelengths from
ultraviolet (200-400 nm) to visible light (400 to 700 nm) to infrared (700-2500 nm). The
solar radiation either gets reflected or absorbed by the atmosphere or Earth's surface. The
ratio of absorption or reflection is in accordance with the albedo effect. (Fondriest
Environmental, Inc. 2014) The albedo effect is that the light surface reflects more, and
the dark surface absorbs more (Coakley 2003). Most of the ultraviolet radiation reflects
into space before passing through the atmosphere. The visible light is known as
photosynthetically active radiation and mainly plays role in photosynthesis. The infrared
radiation excites electrons in the materials. (Fondriest Environmental, Inc. 2014) Infrared
radiation causes an increase in temperature and movement of materials on Earth's surface.
Since materials both absorb and emit thermal infrared radiation, the temperature rise is
not infinite. The excess heat flows and creates an energy balance with the help of the
atmosphere. (Lindsey 2009)
The atmosphere is a combination of water vapor, ozone, carbon dioxide, methane, nitrous
oxide, and other minor gases. The gases in the atmosphere trap ese emitted and also
reflected longwave radiations. This phenomenon keeps Earth's temperature around 15
degrees Celsius and is known as the greenhouse effect. (Mitchell 1989) The greenhouse
effect is the same phenomenon that happens in greenhouses (Nemali 2022). Earth is
habitable due to the sequence of events between energy flow and atmospheric gases
(Mitchell 1989).
Earth’s energy balance could be disturbed by destabilizers known as climate forces. As a
result, Earth's temperature rises or falls. Climate forces can be natural or anthropogenic.
The natural ones include for example volcano activity, and any change in the Sun’s
brightness. Anthropogenic climate forces are, for instance, deforestation, an increase in
aerosols (particle pollution), or an increase in CO2, CH4, N2O, and the rest of the gases
that are known as greenhouse gases (GHG). (Lindsey 2009). The primary greenhouse
gases are carbon dioxide CO2, methane CH4, nitrous oxide N2O, and ozone O3. In
addition, there are several entirely human-made greenhouse gases, such as halocarbons.
(IPCC 2007)
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Not all greenhouse gases have the same intensity with which they affect climate change.
So, the concept of Global Warming Potential (GWP) is the key. The higher GWP of a gas
is, the higher is its effect on temperature increase. The GWP has been calculated based
on the comparison of the impact magnitude of other gases with CO2. (EPA 2022c)
4.2.2 Carbon cycle
Based on geological science, there is a natural carbon cycle. It is the natural exchange of
carbon between biosphere, geosphere, and atmosphere carbon sinks. The exchange rate
and the amount of different storages are vital factors in the livelihood possibility on Earth.
Fossil fuels are considered geological carbon sinks. Burning fossil fuels release carbon
into the atmosphere. It is a shortcut, besides the natural cycle. Therefore, it causes an
accumulation of carbon into the atmosphere. (Stephenson 2018)
The total amount of CO2 emission from the combustion of fossil fuels and industrial
processes from 1970 to 2010 constitutes 65% of all anthropogenic GHG emissions (IPCC
2014, EPA 2022b). Based on the IPCC AR5 synthesis report (2014), the 30 years between
1983 and 2012 were recorded as the warmest northern hemisphere decades during the last
1400 years. The rise in the average temperature from 1983 to 2012 was 0.85 ºC. The rise
in temperature is noticeable and the rate of change has been increased.
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5 CARBON FOOTPRINT
5.1 Definition
The total direct or indirect mass of GHG emissions from a product life cycle or an event
of an individual or a company is known as the carbon footprint (Moss 2008). On the other
hand, studying the effect of GHG emissions on climate is considered a climate assessment
(Janse and Wiers 2007). Technically speaking both carbon footprint assessment and
climate assessment are the same concept (Pandey et al. 2011).
It is essential to do a scienced-based carbon footprint assessment in order to take any
action towards management and reduction of GHG emissions. Reasons behind actions
towards GHG emissions are various. It could be a coercive or voluntary report to any of
the stakeholders. (Carbon Trust 2018)
Carbon footprint assessment is similar to the Global Warming Potential (GWP) impact
category of Life Cycle Assessment. Although it is not the answer to consistent
environmental evaluation throughout the life cycle it is considered as a good stepstone,
especially since it is simpler than LCA to handle. (Weidema et al. 2008)

5.2
5.2.1

Current climate change mitigation actions
IPCC synthesis report

The Intergovernmental Panel on Climate Change, since 1990, has created a document
named synthesis report over the past decades. These periodic reports (1992, 1995, 2001,
2007, 2014, 2022) include an assessment of the worldwide climate situation in the time
span of past to future perspective in an integrated manner alongside state of art
knowledge. (IPCC 2022)
5.2.2 International and European Union (EU)
For countries, the categorization and information in IPCC AR reports, are the fundaments
of reporting to UNFCCC (Pandey et al. 2011). The United Nations Framework
Convention on Climate Change (UNFCCC) is one of the UN’s secretariats to act against
climate change since 1992 (UNFCCC 2022a).
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The Conference of Parties (COP) is a supreme decision making body of the UN’s Climate
change Convention. Since 1995, an annual conference has been arranged the first taken
place in Berlin, Germany, and one of the goal is to go through emission reports and
inventories of almost all parties. There have been already 26 conferences. (UNFCCC
2022b) The latest was held in Glasgow, the UK in 2021 (COP26 2021).
Based on COP26 (2021), there are four main current international climate goals. The first
goal is to achieve net-zero carbon emissions by 2050. To get there it is important that all
members pursue ambitious plans to secure an average temperature change of not more
than 1.5 ºC by 2100. The second goal is that all members together, implement a climate
mitigation plan for the changes that already have caused devastating effects. The third
goal is to facilitate financial mobility by 100 bn USD per year from a developed country
to secure the private and public climate goal to reach net-zero in all sectors worldwide.
And the last one is to increase collaboration since it is possible to tackle the climate crisis
by working together. (COP26 2021)
5.2.3 National - Finland
Finland has implemented a voluntary energy efficiency agreement since 1990. This
agreement ensures efficient and responsible use of energy, and it will result in a reduction
of greenhouse gas emissions. Despite being voluntary instead of coercive, this agreement
shows a good result over time. The action plan has a specific branch for energy
production. (Energy efficiency agreement 2022)
In 2015, the recent Climate Change Act (609/2015) came into force. The newest revision
of the Climate Change Act is accepted and will come into force on 1st July 2022. (Ministry
of Environment 2022a, b, Climate Change Act 2015) The act has three main points. The
first one is a medium-term plan (for 2030) that would be considered in each government
term. The plan includes ways of emission reduction in sectors that are not covered by the
emission trading system. Sectors that are covered in the emission trading scheme are
electricity, district heating, metal processing industry, pulp and paper industry, chemical
industry, air transport, construction, and production industry. The second one is a longterm plan (for 2050) that take into account all emissions including emission trading targets
and reductions. This long-term plan has to be discussed at least once every 10 years. And
the third one is the national plan for adaptation against climate change which ought to be
discussed at least once a decade (Ministry of Environment 2022a, 2022b).
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5.2.4 Regional and local - The Northern Ostrobothnia and City of Oulu
The Council of Oulu Region on behalf of its member municipalities acts as a regional
authority and participates in national and international activities (Council of Oulu region
2022a). The council has prepared the Northern Ostrobothnia Climate Roadmap to set the
region aligned with Finland 2035 and EU targets (Council of Oulu region 2022b).
The evaluation of GHG emissions is based on the Hinku network (Council of Oulu region
2020b). Hinku is the group of municipalities in Finland which have committed to achieve
80% GHG emissions mitigation by 2030. It has been conducted by the Finnish
Environment Institute. (Carbon neutral Finland 2022a; Council of Oulu region 2020b)
City of Oulu's climate strategy includes main emission points and possible reduction and
mitigation plans. The Oulu City Council approved it in 2009. (Ouka 2022a,) This has
been updated and renewed continuously and the newest one is Oulu’s City strategy where
six focus areas are set and one of them is that City of Oulu's goal is to be carbon neutral
by 2035 (Ouka 2022b).

5.3 Standards
5.3.1 ISO (14060 family)
The International Organization of Standards (ISO) introduced the ISO 14060 family
aiming to transform scientific knowledge into a useful tool against climate change. These
series of standards provide consistent and clear reports related to GHG emissions. Any
plan to mitigate climate change require accounting, controlling, reporting, and
confirmation of GHG emission or GHG removals. In Figure 4, the details of each member
of the ISO family are described. (ISO 14067 2018)
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Figure 4. ISO 14060 family relationship (ISO 14067 2018).

5.3.2 BSI (PAS-2050)
The British Standard Institution (BSI) also provided a fundamental guide for accounting
GHG emissions, as then, it is possible to shape any meaningful reduction scenario to act
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for climate change. A consistent life cycle assessment method would include GHG
emissions would be emitted in production, alteration, transportation, distribution, use, and
the end of life of products or services. In another word, even though emissions are
considered to belong to nations, organizations, corporations, etc., the sources of real
emissions are in the supply chain processes and could be on the interlinkage of
boundaries. Therefore, the carbon footprint of any product and process is assumed to be
the result of decision making and the supply chain. Based on the BSI guidelines, it is
important to document all the steps of the value chain precisely for the transparency of
the calculations. (BSI 2011)
5.3.3 WRI/WBCSD (GHG Protocol Standard)
Word Resource Institute (WRI) is a US-based non-governmental organization (NGO).
World Business Council for Sustainable Development (WBCSD) is an organization based
on the partnership of 170 international corporations. The GHG protocol initiative is the
result of the partnership of WRI and WBCSD. It consists of two related and dependent
standard groups. One of them is about accounting and reporting emissions at three
different levels (Scopes 1-3). (WBCSD and WRI 2004)
There are two main standard groups under the GHG Protocol Standard.
• GHG Protocol Accounting and Reporting Standard (a document for calculation and
reporting GHG emissions
• GHG Protocol Qualification Standard (calculating reduction due to mitigation plans)
GHG Protocol Corporate Accounting and Reporting Standard has five principles to
ensure that GHG inventory and report is fair and a good representation of companies'
GHG emissions. Data gathering and creating the inventory shall follow the principles of
the standard. (WBCSD and WRI 2004)
The other one is accounting for emission reduction due to mitigation plans. GHG Protocol
initiative has five principles: relevancy, completeness, consistency, transparency, and
accuracy. Therefore, GHG Protocol ensures that GHG inventory and reports are fair and
good representations of companies' GHG emissions.

22
Relevancy means that boundary shall include the real company's operation and business.
Completeness means all the emission sources within the boundary shall be included.
There could be limiting factors such as lack of data and the cost of gathering data.
Consistency means it shall be possible to keep track of data over time. This is due to
following the new trends and also doing performance reviews. Consistency makes the
document comparable over time. Further changes to boundaries, methods, and inventory
shall be documented. Transparency means It shall be ensured through documentation
details and accessibility to references. Accuracy means the sources of data could be
measurement, estimation, or calculation. The approach shall be precise, credible, and
reliable to ensure the main uncertainty. (WBCSD and WRI 2004)
Based on the GHG Protocol Standard, identification and calculation of the GHG
emissions shall be done through five steps. The steps are identifying sources, selecting a
calculation approach, collecting data and choosing emission factors, applying calculation
tools, and rolling up to the corporate level. Emission sources are stated as stationary
combustion, mobile combustion, process emission, and fugitive emissions. The
boundaries set up would further define how each of these sources falls into three scopes
of emissions. There are two ways to gather data and reach the corporate level. Either
doing the carbon footprint calculation at each emission source and just leaving a sum-up
at the corporate level or gathering raw data and doing the calculation of carbon footprint
at the corporate level. (WBCSD and WRI 2004)
The result of the calculation shall be traceable during the time since emissions type and
their amounts are not constant and the report shall be valid over time. The proposed
approach by GHG Protocol Standard is to first define a base year for calculation. It is
recommended to choose the nearest year that reliable data is available. The base year
could be fixed or rolling, and it depends on the company’s transitions and policy.
(WBCSD and WRI 2004)
Based on the GHG Protocol Standard inside operational boundaries, emissions fall into
two categories. Direct emissions are emitted from operations and activities owned or
controlled by the company. Indirect emissions are outside the boundaries where they are
controlled or owned by another party, but they are the results of the company’s actions.
(WBCSD and WRI 2004)
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The GHG Protocol introduced the concept of `scope´, in order to shape an integrated
platform for accounting and reporting of emissions. It also prevents double counting.
Based on the guideline, there are three scopes of emissions. (WBCSD and WRI 2004)
Scope 1 includes emissions whose sources are in control of the company, for instance,
direct combustion, vehicles, and processes. Scope 2 are emissions from purchased
electricity, heat, and steam. Scope 3 is an optional category that consists of emissions
from sources outside the control of the company, but which are the consequence of
company’s actions such as purchasing. Based on these definitions the layout of emissions
is shown in Figure 5. (WBCSD and WRI 2004)

Figure 5. Scope of emissions across the value chain (WBCSD and WRI 2004).

For corporates such as Oulun Energia Group, the boundaries of the organization are
crucial to be clearly defined as well as the operational boundaries. So, it could prevent
double counting and, also make the calculation traceable and transparent. To be clearer,
the organizational boundary defines the relation between reporting organization and the
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operations. In the case where the reporting body wholly owns operations, both
organization and operation boundaries would be the same. Otherwise, there are two main
methods to define the organizational boundary. The methods are Equity shares and
Control approach. According to Equity share, the responsibility of emissions that the
reporting body shall carry is equal to the right that the reporting organization has in
decision making that leads to any reward and risk of the operation. On the other hand, the
Control approach divides the responsibility of emissions based on the ownership of the
operation’s share. (WBCSD and WRI 2004)

25

6 CASE STUDY, OULUN ENERGIA GROUP
6.1 Introduction to Oulun Energia Group
Oulun Energia group (Oulun Energia Konserni) is a holding company that is owned by
City of Oulu. Figure 6 shows a detailed structure of Oulun Energia Group. The whole
group is owned by City of Oulu. The main core of the business is and has always been
energy production (Electricity, Heat, and Steam), and energy trading (Oulun Energia
2022a). Considering the geographic location of City of Oulu, the production of heat is
crucial, especially during winter. The story of Oulun Energia started back in the 19th
century. Figure 6 presents the timeline of the most noticeable events in the history of the
company.

Figure 6. The structure of Oulun Energia group.
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Figure 7. Timeline of the company.
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6.2 Business goal
The importance of stakeholders on environmental acts within each organization has been
studied over years. There are different stakeholders and their levels of influence differ
from each other. To simply put into illustration based on Wang et al. (2020), Figure 8 is
a good representative. It concluded that internal pressure is the most effective driving
force when taking positive environmental actions. (Wang et al. 2020) Also, in another
study (Lee et al. 2018), the importance of knowledgeable employees, especially those
who have a direct influence on environmental actions in the process of adopting
cooperative environmental responsibility, has been mentioned. Figure 9 demonstrates the
stakeholder’s pressure that has been modified in accordance with the Oulun Energia
Group.

Figure 8. Stakeholder’s influence on the Environmental strategies ( redrawn from Wang
et al., 2020).
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Current climate change
mitigation actions (see Ch.5.2)

Figure 9. Stakeholder's pressure mechanism in Oulun Energia Group case study.
To study stakeholders’ pressure effect on Oulun Energia Group, two sources have been
used. The first source is the sustainability survey made by Korva (2021a) that has been
conducted by the company in the spring of 2021. Participants in the survey were the
company’s employees, stakeholders (authorities and subcontractors), and customers (both
individual customers and corporates). Questions for the questionnaire were put together
by consulting six of the internal key personnel and four experts from outside the company
(Korva 2021b).
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The second source consists of a series of meetings with internal and external experts done
in this work. The major number of all the interviewees were Oulun Energeia’s team
leaders who are dealing with different parts of the day-to-day operation. Besides that,
interviews were made also with other experts from e.g., the City of Oulu, Sitowise,
Finnish Environmental Industries, and Nokia.
The obtained information from these two sources made it possible to shape the
sustainability approach in the company. The sustainability elements are demonstrated in
Tables 1 and 2. The picture of sustainability includes the current situation, future
perspective, expectations, uncertainties, and challenges.
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Table 1. Internal pressure drivers towards sustainability.
Company's sustainability
questionnaire (Korva, 2021)
Sustainability
pillars

Environment

This study's meetings

Company's purpose

Current achievements

expectations

Future vision

Achilles' heel

Minimum environmental impact (by
following environmental permits, and
state of art technology)

Following necessary regulations and
licensing

Recycling waste and promotion of
circular economy

Looking forward to projects like capturing
CO2 from the atmosphere

Lack of uniform regulation in regard to
sustainability, especially climate-related
calculation and claims

Replacing peat with wood on a
pathway to carbon neutrality

Ethical use of resources

Procurement of raw materials from
Finland

The hydrogen economy is also another future
vision

The tunnel vision that has been shaped around
climate change

Reducing emissions to air, soil, and
water

Heat production electrification through heat
pumps could be one of the options for the
future

Some of the political matters that influence the
actions and decisions are not on the same page
with the opinion of the expert the field

Ash and sludge can be sold and used in
further applications

How long will it take to reach the base to be able
to produce non-combustion energy and how much
would be the price

Security of energy supply

Production of methane from biowaste as car
fuel and energy production

Buying wood is more difficult than peat due to
ownership and profitability for the owner

Transparent and honest communication
and reporting on responsibility issues

Be a pioneer company

In the future, there might be a better use of
biomass rather than just burning

In any case in the future, it is important to
bear in mind the mainstream energy
production line must be secure and reliable
over time otherwise the whole system might
collapse

Job loss during the transition of fuel

Responsibility toward clients
Helping clients in their sustainability
(especially big clients to achieve their
plans
sustainability action)

Contributing to the city’s economy by Controlling and fixing losses through
Good governance (equal remuneration
jobs and tax since it is a local
distribution ,therefore ,the production
practices, ethical principles)
company
decrease 1 % per year
Economy

Implementing circular economy by
buying excess heat and waste
management
Renewing infrastructure periodically

Securing society’s wellbeing and
demand for energy

Offering cooling services that can
bring excess heat back to the system

Development and planning are aligned
with the city planning, especially in Employees’ well-being and motivation
the grid area

Society
Reliable distribution of energy

Occupational safety and health

Permanence and flexibility of
employment relationships in different
life situations

Responsible to be honest and brave in sharing
the weak points and bringing the new
The scale of change here might be not enough for
discussion to the table for sake of learning
the global level
and further development
Educating the society
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Table 2. Social and Market pressure drivers towards sustainability.
Sustainability
pillars

Environment

Current achievements

expectations

Achilles' heel

The will to move toward the
production of energy by other means
than burning

Reducing emissions to air, soil, and
water

Missing data related to transportation
emission

Providing carbon-neutral products as
an option for customers

Taking into account the biodiversity
of forests, bogs, and water bodies

Concerns related to the effect of
biofuels on biodiversity

Using sustainable biofuel

Approaching towards new energy
production way rather than burning,
e.g. wind power

The difficulty in tracing Russian biofuel

Owning an environmental account
worth 1 million euros to invest in
environmentally friendly projects
Economy
Circular economy approach by using
waste stream and alongside that
gaining profit from the negative price
of waste
Investment at biopower plant and
waste sorting
One of the larger taxpayers of the
city
Society

High level of occupational safety
A city-owned company with a good
reputation

Clear pathway for fuel security while
stopping using peat (the main
concerns are that forest product and
Worries that either it would be possible
residue have growing demand,
to stop combustion
national fuel security and supply, and
biodiversity state at the forests in
Russia)
Investment in research, development,
and new technologies

Fuel security after stopping using peat

Competitive, fair pricing for all

High transportation price

Transparent sustainability
communication
Local emloyment and promotion of
entreprenuurship
Employees’ well-being and
motivation

Precise communication of sustainability
approach is tough
Privacy policy
Production incidents

32
It was expected that after these evaluations, it would be possible to point out the main
objective for this work, an objective that is feasible to answer considering the time and
data availability during this study. Through these discussions, not only the objective but
to some extent, the direction of the approach was cleared. This was especially to ensure
that the study is aligned with all the other stakeholder’s relevant proactions, actions, and
reactions.
Based on the sustainability approach of the company, it was possible to point out
influential expectations from stakeholders. The main driving forces were found to be
pushed forward by clients, authorities, and investors. In Figure 10 the summary of
expectations is categorized concerning the stakeholder they relate to. They also have been
color-coded in regard to the sustainability pillar. Most of the expectations are around
environmental actions and specifically climate-related initiatives. Figure 11 demonstrates
the holistic pathway from sustainability to climate change. So, the rest of the study in the
practical part would be addressing the scienced-based carbon footprint calculation.

Figure 10. Stakeholder's pressure within the sustainability framework of Oulun Energia
Group.
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Figure 11. Mapping the holistic way from sustainability to climate change in Oulun
Energia Group.
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7

METHODOLOGY AND CALCULATION

7.1 GHG Protocol Standard
The GHG Protocol Standard is the main guideline for this work. The series of GHG
standards are one of the most comprehensive standards to rely on. They almost address
all the existing subjects in the field of carbon footprint calculation. In the CO2-report for
City of Oulu the CO2 emissions from the activities within the city have been reported. A
part of the methodology for those calculations is based on the GPC framework. GPC is
the abbreviation of GHG Protocol for cities. It belongs to the GHG Protocol Standard and
guideline. (Benviroc 2022, Benviroc Oy 2019)
The importance of being aligned with other climate activities in the same region, the
comprehensiveness of the method to face demands, and the validity of the GHG Protocol
Standards through benchmarking were contributors to this choice. Besides all, the GHG
Protocol Standard is free and accessible through their website.
For Scope 1 calculations, there are four main sources of emissions: stationary, mobile,
process, and fugitive emissions. Possible sources that should be taken into account under
the name of Oulun Energia Oy are stationary combustion including emissions from power
plants and boilers, mobile combustion including emissions from vehicles under the
company’s registry, fugitive emissions from coal piles, cooling services, and process
emissions from waste handling, and the use of CaCO3 to control sulphate oxide emission.
In the case of stationary combustion, only fossil fuels were included into this study. It
was assumed that all possible GHG emissions from sustainable biofuel are zero in carbon
footprint calculation. This assumption is likely entitled to change in the future.

7.2 Case-specific criteria
In this study, the year 2021 was the latest year from which there was data available for
calculation. However, year 2020 was selected as the base year for the study. Calculations
were done for the year 2021 and results were compared. This was done because there
were some changes in the operations in the year 2021, such as using more wood instead
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of peat and change in fuel characteristics. The impact of these changes could be then
evaluated.
The carbon footprint includes all direct and indirect GHG emissions of the organizational
boundary. Since Oulun Energia Group has the goal to be carbon neutral by 2035 (to have
zero carbon footprint) all the business within the group should be subsequently considered
and evaluated. The best way to proceed in this study was to go forward piece by piece.
Boundaries of the study were defined based on Figures 5 and 6. After combining the
operational and organizational boundaries, the detailed carbon footprint roadmap for
Oulun Energia Group is shown in Figure 12. Oulun Energia Group wholly owns Oulun
Energia Oy. On the next level, Oulun Energia Oy is an active energy production company
with three daughter companies (subsidiaries) and shares in other companies (joint
ventures). Each of these businesses might have or might not have Scope 1 or 2 emissions.
In case any of them has any emissions, it shall be counted into the big picture. Figure 12
is the big picture of Oulun Energia group.
In this study, it was decided that in order to proceed with carbon footprint calculation, the
starting point was to calculate Scope 1 emissions for Oulun Energia Oy (OE Scope 1).
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Figure 12. The carbon footprint calculation roadmap based on the organizational boundaries combine with the operational boundaries of Oulu Energia
Group. OE: Oulun Energia, SV: Oulun Energia Sähköverkko Oy, TR: Turveruukki Oy, HM: Huoltovoima Oy, JV: Joint Ventures.

37

7.3 Emission, oxidation, and conversion factors
The emission factor makes the correlation between the activity and its ability to affect the
air quality and climate. Emission factors could be calculated by comparing or having a
general amount over a region or nation. (EPA 2022a) The emission factor is either
dependent on the fuel or the powerplant. For the calculation of CO2, an oxidation factor
is also needed. The oxidation factor represents the efficiency of the fuel. All the GHG
gases are to be dealt with as a CO2eq by using a conversion factor based on their global
warming potential (GWP) (EPA 2022c). A detailed tables about the factors used in the
study are attached in the Appendix 1.

7.4 Data gathering
The GHG Protocol Standard has already introduced some calculation tools. By using
them as an example, a dynamic excel sheet was created to be used in the study that suits
the calculation of OE Scope 1. The approach to gather data and prepare a corporate scale
report was centralized. It means that first of all the required information was requested
from all operational sites, and then they all together were converted through calculation
tools. More details about the used data and their sources are found in the Appendix 2.

7.5 Cut-offs
Fugitive emissions were cut off from the calculations. One possible fugitive emissions
source could be the fluorinated gases from the cooling systems and cooling equipment.
Based on the CO2-report for City of Oulu (Benviroc Oy 2019), the overall amount of
these gas emissions is small in this region. Therefore, they were not taken into account in
this study. The other fugitive emission could be CH4 from stockpiles. However, there was
only a small amount of coal stockpile that was sold during 2021, hence the fugitive
emissions from the stockpile were considered negligible.
Process emissions were among the cut-offs in this study. One of the possible process
emissions could be CH4 emitted from waste handling. In Oulun Energia Oy’s daily
operation, waste is stored up to four days. It is assumed that 4 days is not yet enough for
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bacterial activities to start the anaerobic process. The other process emissions are GHG
emissions that would arise due to using CaCO3 which is for controlling sulphur dioxide
emission. In the years 2020 and 2021, there was no use of CaCO3.Onepossible source
for process emissions is Ekovoimalaitos which is a municipal waste burning site (Oulun
Energia 2022b). GHG emissions from the process could be due to the use of waste gas
from another company as the initiator fuel. This gas is provided to Ekovoimalaitos by
another company on the same site, and based on the contract, the provider carries the
burden of it.
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8 RESULTS AND DISCUSSION
8.1 Main results
Scope 1 emissions for Oulun Energia Oy (based on the GHG Protocol Standard) for the
year 2020 (base year) was 507739.26 tonne CO2eq and for the year 2021 it was 412385.11
tonne CO2eq. Table 3 and Figure 13 show the calculation results. Based on the GHG
Protocol Standard, Scope 1 for Oulun Energia Oy includes stationary combustion and
mobile combustion.

Figure 13. Scope 1 emissions in Oulun Energia Oy (OE Scope 1) in year 2020 and 2021.

Table 3. Scope 1 emission sources in Oulun Energia Oy in the year 2020 and 2021
based on the source of emission.

Source of emission/ year
Stationary combustion
Mobile combustion
Scope 1

2020 (tonne CO2eq) 2021 (tonne CO2eq)
507601.86
412225.92
137.41
159.18
507739.27
412385.11
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8.2 Comparison between years 2020 and 2021
According to the results, I stationary combustion is the main contributor to the Scope 1
emissions in Oulun Energia Oy. The main reason is that Oulun Energia Oy has several
power plants and boilers that burn fossil fuels. Figures 14 and 15 show the share of
stationary and mobile combustion in terms of CO2 emissions in the years 2020 and 2021.

Figure 14. Share of stationary and mobile combustion in terms of Scope 1 emissions in
Oulun Energia Oy in 2020. Values are in the logarithmic scale.

Figure 15. Share of stationary and mobile combustion in terms of Scope 1 emissions in
Oulun Energia Oy in 2021. Values are in the logarithmic scale.
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In Figure 16 the produced energy (TJ) by fuels is presented for the years 2020 and 2021.
Figures 17 and 18 show the share of emissions from each fuel in the stationary combustion
in 2020 and 2021. Peat and municipal waste/mixed waste have the biggest share in both
years. In comparison with main contributor the share of other fuels is almost zero.
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Figure 16 Fuel share in energy production for 2020 and 2021 In Oulun Energia Oy.
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Figure 17. Share of Scope 1 emissions from fuel in stationary combustion in Oulun
Energia Oy in 2020. LPG: Liquefied Petroleum Gas, SRF: Solid Recovered Fuel. Values
are in the logarithmic scale.
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Figure 18. Share of Scope 1 emissions from fuel in stationary combustion in Oulun
Energia Oy in 2021. LPG: Liquefied Petroleum Gas, SRF: Solid Recovered Fuel. Values
are in the logarithmic scale.

Figure 19 shows the changes in Scope 1 emissions from stationary and mobile combustion
in 2021 in comparison with the year 2020. Figure 20 shows the changes in Scope 1
emissions from different fuels in stationary combustion in 2021 in comparison with the
year 2020.

Figure 19. The percentual change in the amount of Scope 1 emissions from stationary and
mobile combustion in Oulun Energia Oy in the year 2020 in comparison with the year
2020. Values are in the logarithmic scale.
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Figure 20. The percentual change in the amount of Scope 1 emissions from fuels in
stationary combustion in the year 2021 in comparison with the year 2020. LPG: Liquefied
Petroleum Gas, SRF: Solid Recovered Fuel. Values are in the logarithmic scale.
Based on Figures 19 and 20 there are increases and decreases in emissions between 2020
and 2021. Despite the fact that currently the contribution of emissions from some fuels is
insignificant, the percentage of change in their emission amount is positive in year 2021
when compared to the emissions in year 2020. At the same time, the percentage of change
in the amount of emissions from the fuels currently dominant, such as peat and municipal
waste, is negative. As a result, this could lead to a bigger change in the future in terms of
the emission shares of different fuels. A bigger share means that emissions from the fuels
currently in a minor role, such as emissions from mobile combustion, SRF, demolition
wood, and oil, would become significant in the future.
The share of emissions from peat and municipal waste is decreasing due to a reduction in
their use as fuel. The emissions related to mobile combustion, SRF, demolition wood, and
oil have increased, as presented in Figures 19 and 20. In the case of oil, demolition wood,
and mobile combustion, the use has increased and caused an uprising in the emissions. In
the case of SRF, the increase in the emissions is due to the different emission factors used
in the calculations for the years 2020 and 2021. For SRF, the emission factor is 40 times
higher for the year 2021 compared to the year 2020. The difference is because SRF had
more bio-share (wood) percentage in 2020 than in 2021. In the year 2021 SRF consisted
of more fossil particles. The emission factor for peat has also slightly increased but it was
not found to have that much effect.
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8.3 Greenhouse gases
The total amount of emissions (CO2, CH4, and N2O) has been reduced from 2020 to 2021,
Figure 21. This is mainly due to the reduction in using peat and replacing it with biobased fuels. Peat was the main fuel before 2020 and is currently being replaced. Peat has
also a higher emission factor in comparison with other fuels used. Specially peat’s N2O
emission factor is significantly higher than other fuels. Municipal waste/mixed waste
power plant (Ekovoimalaitos) has the highest CH4 emission factor, probably due to the
waste nature that it goes through an anaerobic reaction. Based on the results that are
shown in Figure 21, although the amount of CO2 reduction is the highest, the percentage
reduction of N2O is even higher.

Figure 21. The amount of GHG gases (CO2, CH4, N2O), and the percentage of change in
their amount in the year 2021 in comparison with 2020. Values are in the logarithmic
scale.

8.4 Comparison between the result of Scope 1 and emission trading
system
Before this study, using emission trading calculation was Oulun Energia Group’s way of
communication. In comparison with the result obtained in this study for Scope 1, the
result from the emission trading system calculation is lower, Figure 22. There are two
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reasons behind it. Firstly, the Ekovoimalaitos powerplant and mobile combustion are not
included in the trading system. Secondly, CH4 and N2O emissions also are not included
in the emission trading system.

Figure 22. The amount of emission in Scope 1 in comparison with the amount of
emission in emission trading system.
Figure 23 shows the percentage of CO2 that has been reduced in Scope 1 compared to the
emission trading. The reduction of CO2 in the year 2021 in comparison with 2020 was
almost 20%.
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Figure 23. The amount of CO2 and the percentage of change in Scope 1 and in the
emission trading in the year 2021 in comparison with 2020. Values are in the logarithmic
scale.
Figure 24 shows yearly CO2 emissions, according to the emission trading report from
2013 to 2021. It shows a declining trend. There is a similarity between Scope 1 and the
emission trading system in regard to CO2 emission, Figure 22. Also, CO2 emission has
the dominant share in Scope 1 calculation, Figure 21. Hence it is obvious that Scope 1
also has had a declining trend as well.

Figure 24. The Emission trading system calculation result from 2013 to 2021.
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8.5 Benchmarking
Based on the research and benchmarking there is no possible data from other companies
for exclusive comparison with Oulun Energia’s Oy Scope 1. The questionnaire was sent
to six big Finnish energy companies that have the same area of business. Three of the six
companies responded to the questionnaire about their climate action. To summarize,
carbon neutrality is a main and current topic in all companies. They take it seriously to be
aligned with the carbon neutrality goal of their municipality. They use GHG Protocol
Standards for their calculations. They are also concerned to implement the state-of-theart knowledge in this field. There was no more detail that could be found on the website
or to be used as a comparison for the current study.
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9

CONCLUSION

The objective of this study was the science-based carbon footprint calculation for Oulun
Energia Group. Oulun Energia Group is a big local holding company in the energy sector.
They are ambitious and want to be as sustainable as possible in the business. Based on
the company’s sustainability approach, one of the goals is to be carbon neutral by 2035.
Carbon neutral energy production is also in line with sustainable development goals
number 7 and 13.
According to ISO 14021, carbon neutrality within any boundary means zero carbon
footprint or a footprint that has been offset. First of all, the carbon footprint should be
calculated. After the calculation is done, it is feasible to approach and make a future
strategic plan. In this study, the GHG protocol standard was the guideline for
implementing science-based carbon footprint calculation. Based on the standard there are
three scopes of emissions to evaluate.
After defining the organizational and operational boundaries, it is possible to start the
calculation according to the roadmap to the science-based carbon footprint of the
company. The best way to step forward to the calculation is to break down the picture and
start to proceed based on the different business IDs and roll up the whole pieces together
at the end to shape the final group.
Considering the timetable of this study, the calculation has been done for Scope 1
emissions from Oulun Energia Oy in order to get the first piece of results and to evaluate
the possible area of improvement. Scope 1 was 507739.26 tonne CO2eq for 2020 and
412385.11 for 2021. Also, the result has been analysed from different perspectives.
So far, the only definite plan that would contribute to emission reduction is to stop using
peat. Using peat as a fuel will be ceased by 2025 completely, which will contribute to a
great extent to emission reduction and carbon neutrality pathway.
For the future steps, there are still areas in the OE Scope 1 that could be studied further
into, such as cooling service that might expand in the future, CH4 emission from longterm waste storage, and the exact situation of process gas in the Ekovoimalaitos power
plant. Although the total amount of emission in the future will decrease due to reduction
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in using peat, there are still other fossil fuels in use. This could be a concerning point.
Since when there would be no more peat on the picture, the emission from other sources
cannot be considered insignificant. One solution could be to replace the fuels with
biofuels or with fuels with lower emission factors.
Based on the result analysis of Oulun Energia Oy Scope 1, it can be seen that the company
is on the right pathway towards carbon neutrality by 2035. However, the Oulun Energia
Oy Scope 1 that was examined in this study is only a part of the whole Oulun Energia
Group carbon footprint roadmap, it is vital to continue the carbon footprint calculation to
cover the complete Oulun Energia Group roadmap. The recommendation would be to
start the calculation with Scope 1 for other businesses that belong to Oulun Energia Group
and continue to Scope 2 for all the businesses that belong to Oulun Energia Group. In the
end, there is Scope 3 calculation that could be done for the Oulun Energia Group as a
whole entity to avoid double counting.
Apart from all these discussions around the calculation of carbon footprint, there is a
whole another world of carbon offsetting. As it was mentioned earlier, if the net amount
of GHG gases is not zero, to achieve carbon neutrality, the emissions shall be offset.
Therefore, future steps should also include the discussion of offsetting. As long as there
is carbon combustion GHG emissions will be produced. Therefore, a feasibility study is
needed to be done related to the carbon compensation.
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Appendix 1. Specific Calculation factors.

Table 1.1. Emission and Oxidation factors in stationary combustion.

Fuel

Oxidation
CO2 emission factor (t/Tj)
factor*
2020
2021
0,99
≈105**
≈106**
1,00
≈70-79*
≈70-79*

Peat
Oil
Municipal waste
/mixed waste
0,99
≈40*
SRF (Various fossil %) 0,99
≈1**
demolition wood
0,99
≈11*
LPG
1,00
≈65*
* Tilastokeskus (2020,2021)
** Oulun Energia Oy (2021 a,b 2022 e,f)
*** (Y ä öh
–
g
j

≈40*
≈41**
≈8*
≈65*

2005)

Table 1.2. Emission factor for mobile combustion.
CO2eq emission
Mobile
factor
combustion* KgCO2eq/liter
≈3
* Neste (2022)

Table 1.3. CO2eq Conversion factor

GWP *
* IPCC (2014)

CH4 to
CO2eq

N2O to
CO2eq
28
265

N2O emission
factor (t/Tj) ***
2020 and 2021
15
1
1
2
2
2

Appendix 2. Source of data for calculation of Scope 1 emissions of Oulun Energia Oy.
Table 2.1. Source of required data in the calculation of Scope 1 emissions of Oulun
Energia Oy.

stationary combustion

Fuel energy value (TJ)

Company's internal documents (Oulun Energia Oy 2021e, f, g ,2022a,
b, c)
CO2: F
d RF
g h
’
that is been confirmed by a third party every year (Oulun Energia Oy
2021 a,b 2022 e,f). The rest of the fuel data are based on yearly
reports of statistics Finland (Tilastokeskus 2020,2021)
CH4: Based on a document from Finland's environmental
administration in collaboration with SYKE CH4 is an engine-specific
emission factor and it does not depend on the fuel.
(Y ä öh
–
g
j 2005)

Emission factors (T or kg/TJ)
N2O: From the same document as CH4, this emission factor is fuelspecific. For fuels that are not specifically mentioned in the list, the
option of others ¨mitään polttoainetta¨ has been selected.
(Y ä öh
–
g
j 2005)
Note: CH4 is an powerplant related emission factor and in the plants
that are more than one kinda fuel the CH4 burden is on the shoulder
of the fuel with a higher amount. Peat in Toppila and lannila.
Biowaste in Ekovoimalaitos.

Oxidation factor or the
efficiency of the fuel

This parameter is only been used in the CO2 calculation. CO2 is the
only product that has been produced via oxidation. The source of
data for oxidation is also statistics Finland (Tilastokeskus 2020,2021)

CO2 equivalent

There are various sources for GWP and all are on the same page with
the GWP for CH4 and N2O. The source for this study was the 5th
synthesis report (IPCC 2014)converting factor.

Mobile combustion
Fuel usage
Emission factor

Th
’
h d v
. (O
g O 2021d,
2022h)
Fuel-specific emission factor from Neste, the fuel provider company.
(Neste 2022)

