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luotiin tiekartta hiilineutraalille kaukolämpöliiketoiminnalle. 
 
Hiilijalanjäljen laskennassa käytettiin Greenhouse Gas Protokollan Product Life Cycle 
Accounting and Reporting Standard -julkaisua. Hiilijalanjäljessä huomioitiin kaukolämmön 
elinkaaren hiilidioksidi (CO2), metaani (CH4) ja dityppioksidi (N2O) päästöt. Koko vuoden 
2019 hiilijalanjäljeksi saatiin 58 569 tonnia CO2-ekvivalenttia, joka tarkoittaa 177 grammaa 
CO2-ekvivalenttia/kWh. Elinkaaren päästöistä noin 83 % syntyi tuotantovaiheessa. Turpeen 
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varsinkin hukkalämpöä käyttävät lämpöpumput ja energiatehokkuuden parantaminen ovat 
varteenotettavia vaihtoehtoja tulevaisuuden hiilitehokkuuden kehityskohteiksi Keravan 
Energialla. 
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This master’s thesis was assigned by Kerava Energy Ltd to calculate the carbon footprint of 
Kerava Energy’s district heating in 2019 and to create a roadmap towards carbon neutral 
district heating business. The theory part examined district heating in Finland, carbon 
footprint standards, relevant calculations and methods to decrease emissions. After the 
theory part, Kerava Energy Ltd was presented, the carbon footprint was calculated, and a 
roadmap for carbon neutral district heating business was created. 
 
The carbon footprint was calculated according to Greenhouse Gas Protocol Product Life 
Cycle Accounting and Reporting Standard. The carbon footprint took into account carbon 
dioxide (CO2), methane (CH4) and nitrous oxide (N2O) emissions from the life cycle phases 
of district heating. The result of the carbon footprint was 58 569 tons CO2-equivalents for 
the whole year of 2019 which equals 177 grams CO2-equivalents/kWh. Most of the 
emissions were produced in the production phase with an 83% share of total emissions. 
Combustion of peat produced approximately half of the carbon footprint. The resulting 
carbon footprint was used to develop a roadmap for Kerava Energy. The development 
process took into account the already decided changes that are going to be implemented at 
Kerava Energy and evaluated additional options to reduce emissions after these changes. 
The options were evaluated based on their cost-efficiency and suitability for the case. The 
resulting roadmap presents options for reducing emissions and achieving carbon neutral 
district heating. Based on the evaluation, heat pumps and improving energy efficiency are 
solutions that should be considered as options for the future development of carbon 
efficiency at Kerava Energy.
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1 INTRODUCTION 
 

Climate change is one of the largest global problems that humanity is facing in our era. The 

reason behind this problem is the increase in greenhouse gas (GHG) emissions resulting 

from human activities. Since the Industrial Revolution, the amount of GHGs in the 

atmosphere have increased dramatically, and so has the global average temperature. Rising 

temperatures are going to cause a great amount of serious issues, including rising sea levels 

and changes in weather conditions. One of the largest GHG sources is the large-scale 

utilization of fossil fuels as an energy source. (United Nations 2020.) 

 

Energy industry is one of the largest producers of GHG emissions in Finland (Statistics 

Finland 2020c). Especially in wintertime, large amounts of heating energy are required to 

provide sufficient space heating and hot water. The most common heating energy source in 

Finland is district heating (Motiva 2019). Currently, district heating is commonly produced 

by incineration processes that can use both renewable and non-renewable sources. Finland 

is known from its vast forests which are also one of the most used energy resources in Finnish 

energy production. Other most common sources are peat and coal. (Statistics Finland 2019a, 

2-5.) 

 

In 2018, the total energy consumption in Finland was 1 379 PJ, which is approximately 383 

TWh. This energy consumption produced 41.5 million tonnes of carbon dioxide (CO2) 

emissions. Production of district heating was approximately 38.7 TWh. (Statistics Finland 

2019d, 14.) When using Motiva’s emission factor, the CO2 emissions resulting from the 

production of district heating can be estimated to have been approximately 5.96 million 

tonnes in 2018 (Motiva 2020a). Total GHG emissions in Finland in 2018 were 56.5 million 

tonnes CO2-equivalents (Statistics Finland 2019f). Therefore, CO2 emissions of district 

heating had a share of 11% of all GHG emissions in Finland in 2018. 
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1.1 Background 
 

Finland has a goal of becoming carbon neutral by 2035. To support this goal, Finnish Energy 

published Low-carbon Roadmap of Energy Industry in June 2020. The roadmap provides 

guidelines for the actions that need to be taken in order to move towards carbon neutrality 

in Finnish energy production. It presents certain objectives for the energy industry, which 

require energy producers to make significant changes to their operations. One of these is the 

goal of halving the emissions of district heating production by 2030. (Finnish Energy 2020b, 

2-3.) 

 

The roadmap states the importance of energy security which can be achieved by retaining 

diverse composition of energy production and by ending the use of fossil fuels and peat in a 

controlled manner. Other production methods than incineration can be promoted by certain 

actions, such as decreasing the electricity tax of industrial heat production. Sources of useful 

waste heat should be investigated and the use of biomass waste streams from industry have 

to be secured. The roadmap also states that opportunities to lower production temperatures 

of district heating need to be investigated. Commercialization of new heat production and 

storage technologies should be promoted. (Finnish Energy 2020b, 9-10.) 

 

There is no single pathway for making the right changes which creates challenges for 

operators to know what changes should be done. Before making actions, the sources of GHG 

emissions have to be identified and the quantities calculated. Different tools have been made 

to serve this purpose. One such tool is the assessment of the carbon footprint. (SFS-EN ISO 

14067: 2018, 5.) 

 

Kerava Energy Ltd was interested in investigating the carbon footprint of their district 

heating product. In addition, they wanted to develop their own roadmap towards carbon 

neutral district heating business that would be specifically suited for their operation. To 

answer these questions and to further their goals of achieving sustainability, Kerava Energy 

Ltd commissioned this report which has been made as a master’s thesis for the department 

of Environmental Technology at LUT University. 
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1.2 Goal and composition of this thesis 
 

The goal of this thesis is to calculate the carbon footprint of Kerava Energy’s district heating 

in 2019 and to develop a roadmap towards carbon neutral district heating business. As a co-

product of the thesis, a carbon footprint calculator is created for the future needs of Kerava 

Energy. In this study the district heat of Kerava Energy is considered as a product. The aim 

is to answer questions on how much GHG emissions are produced and in which life cycle 

phases of the district heating product the emissions are formed. The carbon footprint results 

are also used for marketing purposes. The calculation is carried out by using Greenhouse 

Gas Protocol Product Life Cycle Accounting and Reporting Standard referred to as Product 

Standard. This thesis aims also to find options for Kerava Energy to decrease their district 

heating emissions and to fulfil their goal of becoming carbon neutral in the near future. Based 

on the results, a roadmap towards carbon neutral district heating business is developed for 

Kerava Energy. The roadmap will serve as a collection of possible pathways that Kerava 

Energy can use in their decision-making processes. 

 

This thesis begins with a theory section which presents information about district heating, 

different carbon footprint standards, relevant calculation methods and options for reducing 

emissions. This section mainly focuses on the energy industry in Finland specifically. The 

empirical part consists of information about Kerava Energy Ltd, a carbon footprint 

calculation for the studied district heating product and a developed roadmap towards carbon 

neutral district heating business. At the end of the thesis, conclusions are formed, and the 

study is recapitulated in summary.  
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2 DISTRICT HEATING 
 

District heating means centralized heat production, where one or several large production 

units produce heat which is distributed to the customers by a network of pipelines. District 

heating systems are generally used for heating, but they can also be used for cooling and 

domestic hot water production. They can also be used to produce heat for industrial 

processes. (European Commission 2016, 152.) Different components of a district heating 

system are presented in Figure 1. 

 

 
Figure 1. An example of a district heating system. 

 

District heating is the most used method of delivering heating for widespread consumption 

in Finland and the production numbers are growing. The most common heat generation 

methods used in district heating are the combined heat and power plant (CHP) and separate 

heat production in the form of heat only boiler stations. CHP plants produce both heat and 

electricity. Separate production is based on different heating plants that produce only heat 

energy. (Motiva 2019.) 

 

In 2018, the amount of heat produced by district heating in Finland was 38.7 TWh, from 

which 25.0 TWh was produced with CHP plants and 13.7 TWh was produced with heat-

only plants (Statistics Finland 2019d, 14). The values of district heating have minor 

differences depending on the sources used. For example, Statistics Finland and Finnish 



 

 

12 

Energy have different results for production values because the number of district heating 

production facilities participating in the studies vary. (Statistics Finland 2019b.) 

 

In this chapter, the different components of a district heating system are presented in greater 

detail. First, the different technologies used in the production of district heating are reviewed 

and their performance evaluated. After this, the different fuels used by district heating plants, 

as well as the distribution network and customers are examined. The chapter ends with a 

review on regional differences of district heating in Finland. 

 

2.1 Combined heat and power (CHP) technologies 
 

In CHP technologies, waste heat from electricity production is used as thermal energy for 

example as a form of hot water or steam. This method leads to good operating efficiency 

which can be over 80%. CHP can be scaled to allow for different sizes very easily depending 

on the need. It is suitable for large-scale district heating, but it can also be used in small-

scale production, for example to provide heating energy for a single building. (EPA 2019.) 

 

CHP production technologies can be separated into two groups. These groups are flexible 

units and non-flexible units. CHP technologies that belong to flexible units group adapt to 

the heat demand which is called “adjustable power-to-heat ratio”. These technologies use 

steam. They can either produce maximum amount of electricity in full condensing mode or 

produce both electricity and maximum amount of heat in full cogeneration mode. Non-

flexible units cannot adjust to the heat demand which means that the production of heat is 

constant and useless heat is released to the environment. (Eurostat 2017, 4.) A list of different 

CHP technologies is presented in Directive 2012/27/EU (Eurostat 2017, 6.). These 

technologies and their adjustability to heat demand are listed in Table 1. Only two of these 

technologies (first and fourth of the list) can adjust to the heat demand and belong to the 

group of flexible units. 
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Table 1. Different CHP technologies and their adjustability to heat demand (Eurostat 2017, 6.). 

Type of technology Adjustability to heat demand 

Combined cycle gas turbine with heat recovery 

unit and steam condensing extraction turbine  

Flexible power-to-heat ratio 

Combined cycle gas turbine with heat recovery 

unit but without condensing extraction turbine 

Non-flexible 

Steam back pressure turbine Non-flexible 

Steam condensing extraction turbine Flexible power-to-heat ratio 

Gas turbine with heat recovery unit Non-flexible 

Internal combustion engine Non-flexible 

Microturbines Non-flexible 

Stirling engines Non-flexible 

Fuel cells Non-flexible 

Steam engines Non-flexible 

Organic Rankine cycles Non-flexible 

Other types or combinations of technologies 

that follow Article 2(30) 

Non-flexible 

 

The elements that usually belong to a CHP plant are boiler, turbine, generator and heat 

recovery unit. In a CHP plant that is driven by steam, the steam is produced in a boiler. From 

boiler, the steam is moved to a turbine which produces kinetic electricity from the steam. 

This kinetic electricity is then moved to a generator which converts it to electricity. This 

electricity can then be transmitted to an electricity grid and finally to customers. The 

produced heat is used in district heating network. (Eurostat 2017, 7.) An example of a process 

of a steam driven CHP plant is shown in following Figure 2. 
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Figure 2. A process flowchart of a steam driven CHP plant (modified from EPA 2019). 

 

CHP plant can also operate with a combustion unit (EPA 2019). An example of a process of 

a CHP plant that is driven by combustion and has a heat recovery unit is shown in Figure 3.  

 

 
Figure 3. CHP process flowchart with combustion and heat recovery units (modified from EPA 2019). 

 

2.2 Separate heat production 
 

Separate heat production is executed with heat-only boilers and heat-only plants that can 

either be stationary or transportable. It also includes heat that is received directly from the 

boilers of CHP plants or separate electricity plants. (Statistics Finland 2020a.) Heat can also 
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be generated with heat pumps, geothermal or solar thermal technologies (European 

Commission 2016, 152). 

 

Boilers are a conventional option for heat production. Boilers can function by combustion 

or by electricity. They can be fuelled with biomass, such as wood chips or pellets, or with 

fossil fuels, such as gas, oil or coal. The efficiency of boilers can be over 86%. Common 

energy production capacity of a gas boiler used for district heating is from 0.5 MWth to 20 

MWth. Nowadays, boilers serve mostly as back-up capacity or during peak-loads. (European 

Commission 2016, 156, 159.) 

 

Heat pumps convert low temperature heat to high temperature heat. They can utilize energy 

from different sources for example from air, water or ground. They can also use waste heat 

from industry. Heat pumps can be electric compression heat pumps or absorption-driven 

heat pumps. Common capacity of a heat pump can be up to 3-5 MW. If larger capacity is 

needed, several heat pumps can be connected. Efficiency of a heat pump can be around 3.8. 

(European Commission 2016, 158, 159.)  

 

Geothermal district heating uses the heat from underground water reservoirs. The heat is run 

through a heat exchanger and then transported to district heating network. Geothermal can 

be used in different sized plants. Common capacity of geothermal plant is from 10 MW to 

15 MW. The efficiency of geothermal can be 96%. Heat pumps are commonly used for the 

reservoirs near the Earth surface, up to 3 km in depth. (European Commission 2016, 157, 

159.) 

 

Solar district heating uses one or several solar collector fields. The heat from the collectors 

is transported to district heating network. In 2012, the most common collector type in Europe 

was flat plate collector and the common capacity of a solar thermal plant was 3 MW. The 

production numbers depend on the amount of sunshine which means that solar collectors 

need another heat production unit, such as a boiler, that runs in times of low solar thermal 

production. Solar thermal can also use heat storages from where the heat can be used in times 

of low production. District heating network can also be used as a storage. Efficiency of solar 

thermal is around 0.22. (European Commission 2016, 157, 159.) 
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The amount of heat recovery units has grown significantly in the past five years. In 2018, 

approximately 9% of heat production was from heat recovery. Heat can be recovered for 

example from heat pumps, condensers and flue gas scrubbers. (Statistics Finland 2019d, 14-

15.)  

 

2.3 Production by different fuels 
 

District heating production uses both renewable and non-renewable fuels. In 2018, most of 

the district heat used in Finland was generated with wood, coal and peat. Other commonly 

used fuels include natural gas, oil and black liquor. Sometimes the fuels going into district 

heat production are mixed fuels. Mixed fuels are a mix of different fuel types, both fossil 

and renewable. Their constituent parts can be divided into renewable and fossil fuels based 

on their sources, such as renewable recycled fuels and biogas, and blast furnace gas, coke 

gas, coke, plastic fuels and fossil waste fuels. Other energy sources consist of hydro, 

electricity, and secondary energy of industry. (Statistics Finland 2019a, 2-5.)  

 

Wood fuels include industrial wood residues, such as wood chips, sawdust, bark, pellets and 

briquettes. Other by-products and residues from forest industry can also be used. Wood fuels 

also include recycled wood waste. Black liquor can be categorised as wood fuel even though 

it is often separated in statistics. In 2018, the amount of used wood fuels in all energy 

production in Finland was 374 705 TJ which is approximately 104 TWh. (Statistics Finland 

2019c.) 

 

Following list gives a more detailed look into the common fuels in district heating 

production. After the list the shares of used fuels are presented in figures. The figures are 

divided into CHP plants and separate heat production. Finally, the fuel shares are compiled 

to present the total district heating production mix. 

 

Coal 

Coal is a solid, organic substance with a fossil origin. Its heating value is 24 GJ/t or more 

(Statistics Finland 2020d, 3). 
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Peat 

Peat is a soil type that is formed from the slow decomposition of peatland vegetation. Peat 

is decomposed in moist circumstances, so it has to be dried before its utilization as fuel. 

Milled peat typically has a moisture content of 40-50% and a heating value of 9-11 GJ/t. 

(Statistics Finland 2020d, 4.) 

 

Natural gas 

Natural gas consists mainly of methane and some other light hydrocarbons. Natural gas can 

be transported through pipe network in gas form or outside the pipe network in a liquid form. 

(Statistics Finland 2020d, 3-4.) Lower heating value of natural gas is 0.04 GJ/m3 (Statistics 

Finland 2020c). 

 

Oil 

There are several different types of oil for different types of use. Oils can be divided into 

different distillates based on their physical properties. There are for example light, medium 

and heavy distillates. Light distillates include for example motor gasoline used in cars and 

have a low density. Medium distillates include gasoil and diesel, and generally have a low-

sulphur content and medium density, whereas heavy distillates can have a high sulphur 

content and density. Default value of the density of low-sulphur gasoil is 834 kg/m3 in 15 

℃. (Statistics Finland 2020d, 1-2.) Lower heating value of low-sulphur oil is 43 GJ/t 

(Statistics Finland 2020c). 

 

Wood 

There are different types of wood fuels that are used in district heating production. These 

woods are collected from forests and tree areas or from industries. Most common wood fuels 

are explained below. 

 

- Wood chips 

Wood chips can be produced from different parts of a tree. Wood chips that are 

produced from tree trunk or the other parts of the tree that are above ground (chips 

from roundwood) have humidity of 40-55% and heating value of 7-11 GJ/t. These 
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above ground parts include branches and needles. Wood chips can also be from 

logging waste (forest residue chips) that is collected after the merchantable timber is 

harvested. Humidity of forest residue chips is 30-50% and heating value 8-13 GJ/t. 

Wood chips can also be produced from stumps and rootstocks (stump chips) which 

have humidity of 30-40% and heating value 11-13 GJ/t. They can also be produced 

from industries residues (industrial wood residue). The values of industrial wood 

residues can vary remarkably for example with humidity of 10-60% and heating 

value of 6-17 GJ/t. (Statistics Finland 2020d, 4-5.) 

 

- Sawdust 

Sawdust is produced when the wood is processed into smaller usable pieces, like 

planks and boards, using a saw. Sawdust has humidity of 45-60% and heating value 

of 6-10 GJ/t. (Statistics Finland 2020d, 5.) 

 

- Bark 

Bark is produced when the wood is debarked. Bark has humidity of 45-65% and 

heating value of 5-11 GJ/t (Statistics Finland 2020d, 5). 

 

- Wood pellets and briquettes 

Wood pellets and briquettes are produced by pressing chips, sawdust and grindings 

together into denser solid pieces (Statistics Finland 2020d, 6). Lower heating value 

of wood pellets and briquettes is 17 GJ/t (Statistics Finland 2020c). 

 

- Recovered wood 

Wood or wood products that are no longer used in their intended purpose and that do 

not contain plastic, heavy metals or halogenated organic compounds can be used as 

recovered wooden fuel. These can be for example wood residues from construction 

leftovers and wastes or broken pallets. (Statistics Finland 2020d, 6.) Default lower 

heating value of recovered wood is 12 GJ/t (Statistics Finland 2020c). 
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- Black liquor 

Black liquor is a waste liquor from wood processing industry (Statistics Finland 

2020d, 5). Its lower heating value is 12 GJ/t (Statistics Finland 2020c). 

 

Recycled fuels 

Recycled fuels can be fossil or renewable fuels. It is produced from the dry waste of 

municipalities, corporations and industries. (Statistics Finland 2020d, 7.) Its defined lower 

heating value is 18 GJ/t (Statistics Finland 2020c). 

 

Biogas 

Biogas is formed when bacteria breaks down organic matter in anaerobic environment. This 

process produces biogas and decayed biomass. There are several different sources of biogas, 

for example landfills and wastewater treatment plants. Methane content varies from 35% all 

the way to over 95%, depending on the source of biogas. (Statistics Finland 2020d, 6-7.) 

Also, lower heating values of biogases depend on the type of gas. These values vary from 

17 GJ/t to 36 GJ/t. (Statistics Finland 2020c.) 

 

Blast furnace gas 

Blast furnace gas is a by-product produced during the normal operation of a blast furnace. 

The gas is captured from the escaping combustion gases of a blast furnace and after cleaning 

it can be utilized as fuel. (Statistics Finland 2020d, 3.) Its lower heating value is 0.004 GJ/m3 

(Statistics Finland 2020c). 

 

Coke 

Coke is fuel that is produced from coal through dry distillation (Statistics Finland 2020d, 3). 

Its lower heating value is 29 GJ/t (Statistics Finland 2020c). 

 

Coke gas 

Coke gas is by-product from the production of coke. It consists of hydrogen and light 

hydrocarbons. (Statistics Finland 2020d, 3.) Its lower heating value is 0.02 GJ/m3 (Statistics 

Finland 2020c). 
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Plastic fuels 

Plastic fuels can be different kinds of plastic waste that is used as fuel (Statistics Finland 

2020d, 8). Its lower heating value is 25 GJ/t (Statistics Finland 2020c). 

 

Figure 4 shows the shares of produced energy per each fuel type in CHP production in 2018. 

The total CHP production was 24 709 GWh. (Statistics Finland 2019a, 5.) 

 

 
Figure 4. District heating production per fuel type in CHP production in 2018 (Statistics Finland 2019a, 5). 

 

The following Figure 5 shows the energy generation by used fuels in separate heat 

production in 2018. The total amount of produced energy was 13 800 GWh. The fuel shares 

differ from the ones of CHP plants. Wood fuels are used more in separate heat production, 

covering 39% of the total production. The next largest share is taken by other energy sources, 

which cover almost third of the total. Over half of this is taken by exhaust gas cleaning 

systems. Peat and natural gas have the next largest individual fuel shares after wood, if other 

energy sources are not counted as one, just like in CHP production. Coal is used much less 

than in CHP plants. 

 

Coal
29 %

Wood fuels
28 %

Peat
18 %

Natural gas
13 %

Other renewable 
fuels
5 %

Other fossil fuels
5 %

Black 
liquor

1 %

Oil
1 % Other energy 

sources
0 %

CHP production per fuel type in 2018



 

 

21 

 
Figure 5. District heating production per fuel type in separate heat production in 2018 (Statistics Finland 2019a, 

5). 

 

Figure 6 shows the total district heating production per fuel type in 2018. The total 

production was 38 510 GWh.  

 

 
Figure 6. Total district heating production per fuel type in 2018 (Statistics Finland 2019a, 5). 
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through the supply pipe in a form of hot water. When the heat carrier reaches the customers 

building, it releases its heat energy to the designed targets, for example into the room spaces 

of an apartment building. Buildings connected to district heating network have heat 

exchangers that are used for taking the heat from the network. After releasing the heat, the 

cooled water is lead to return pipe which leads it back to the production plant. The same 

water is heated again and the cycle repeats. (Finnish Energy 2020a.) 

 

Temperature of the supply water is usually between 65-115 ℃ and return water 40-60 ℃. 

The pipes are usually 0.5-1-metre-deep underground. The type of pipes used in district 

heating are so-called bonded pipes and their lifetime can be up to 100 years. The supply and 

return pipes can be separate or they can be placed together within a single protection pipe. 

In both situations, the steel pipes are protected with a urethane insulation and a plastic pipe 

covering. (Finnish Energy 2020a.) 

 

In 2018, the length of the district heating network in Finland was 15 140 km (Finnish Energy 

2019, 1). Losses in district heating network and measuring were 3.6 TWh which is 

approximately 9% of all district heating production (Statistics Finland 2019d, 14). Heat 

losses are slightly smaller in cities and larger in rural areas (Finnish Energy 2020a). 

 

2.5 District heating customers 
 

District heating is mainly used to heat residential and industrial buildings. In 2018, heating 

of residential buildings covered approximately 55% of all district heating consumption and 

heating of industrial buildings covered 10%. The remaining 35% was covered by other 

consumers. (Statistics Finland 2019d, 14.) 

 

In households, most of the consumed energy is used for the heating of space and water. In 

2017, space and water heating had a remarkable share of 83% of all energy consumption. 

Other electrical equipment had a share of 9%, saunas 5%, lighting 2% and cooking 1%. 

(Statistics Finland 2019d, 16.)  
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2.6 Geographical differences of district heat in Finland 
 

District heating production is heavily concentrated to Southern and Western Finland, with 

the amount of production plants steadily decreasing when going northeast in the country. In 

2018, Finnish Energy listed 107 CHP plants, 774 stationary heating plants, 17 heat recovery 

or heat pump units and 333 transportable heating plants. Figure 7 shows the approximate 

locations of district heating plants in Finland during 2018. These numbers and locations may 

have some inaccuracies as the statistics only show the plants who took part in the study but 

give a good enough view of the general geographical situation of Finnish district heating 

production. (Finnish Energy 2019, 2-3.) 

 

 
Figure 7. District heating production plants in Finland in 2018 (Finnish Energy 2019, 2). 
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3 CARBON FOOTPRINT 
 

This chapter explains the function of carbon footprint, how it can be used and what it 

includes. First, general information and the concept of carbon footprint are explained, and 

after that two standards, which outline ways to calculate the carbon footprint, are presented. 

At the end of the chapter, product category rules (PCR) are addressed shortly. 

 

Carbon footprint is a commonly used indicator for measuring the total amount of GHG 

emissions of a studied subject. It can be used for a wide range of subjects, from nationwide 

calculations to individual actions. Carbon footprint considers direct and indirect emissions. 

Common way to present carbon footprint is to show the calculation result in tons of CO2-

equivalents. (Cleveland & Morris 2015.) 

 

Carbon footprint can focus on a certain product or service. For this reason, a separate 

definition for carbon footprint of a product (CFP) is clarified. CFP presents the total amount 

of GHG emissions from a product or service during its lifetime. It is reported as CO2-

equivalents with a focus on calculating the effect of a product on climate change. The carbon 

footprint is calculated for the whole life cycle of the product, which includes resource 

acquisition, production, distribution and storage, use and end-of-life. It is also possible to 

calculate a partial carbon footprint. Partial carbon footprint means the amount of GHG 

emissions is gotten from only some of the processes in the products life cycle, excluding the 

rest. This is also reported as CO2-equivalents. (SFS-EN ISO 14067: 2018, 7, 10-11.)  

 

3.1 Standards for calculating carbon footprint 
 

There are several different standards for calculating carbon footprint. The three most 

common and used standards are SFS-EN ISO 14067 by International Organization for 

Standardization (ISO), Greenhouse Gas Protocol (GHG Protocol) and Publicly Available 

Specification (PAS) 2050. ISO 14067 and GHG Protocol were chosen to be presented more 

closely in the following chapters because they are the two newest and updated standards for 

carbon footprint calculations.  
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3.1.1 SFS-EN ISO 14067 

 

SFS-EN ISO 14060 standards consider GHG emissions and their quantifying, monitoring 

and reporting. SFS-EN ISO 14067 is specified for calculating a carbon footprint of a service 

or a product. The standard can also be used to calculate a partial CFP. ISO 14067 is based 

on ISO 14040 and ISO 14044 standards that consider life cycle assessment (LCA). In ISO 

14067 the CFP takes into account all the life cycle phases of the studied product. The 

standard was published in 2013 and revised in 2018. (SFS-EN ISO 14067:2018, 1, 6-8.) 

 

ISO 14067 considers only one impact category which is climate change. The standard has 

excluded instructions for carbon offsetting, CFP communication and social and economic 

viewpoints. If there is a need for using CFP in communications, ISO 14067 can be used 

together with ISO 14026 standard. (SFS-EN ISO 14067:2018, 9, 19.)  

 

ISO 14067 includes four phases of LCA which are goal and scope definition, life cycle 

inventory (LCI), life cycle impact assessment (LCIA) and life cycle interpretation. The GHG 

emissions are evaluated from each life cycle phase of the product. The overall goal of a CFP 

study is to assess the size of the impact that the product has to global warming. The final 

result is expressed in CO2-equivalents. The goal definition has to present the intended 

application of the CFP, reasons of the study, intended audience and communication 

purposes. (SFS-EN ISO 14067:2018, 20-21.)  The scope of the study has to include and 

explain the following aspects:  

 

- the system and its functions 

- functional unit, or declared unit in partial CF 

- system boundary 

- data and its quality requirements 

- time boundary for data 

- assumptions 

- allocation 

- specific GHG emissions and removals 

- methods for addressing issues in product categories 
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- CFP study report 

- possible critical reviews 

- limitations of the study. (SFS-EN ISO 14067:2018, 22.) 

 

LCI phase presents input and output flows during the products life cycle. It consists of five 

phases that are data collection, validation of data, proportion data into unit processes and 

functional or declared unit, specifying the system boundaries and allocation. (SFS-EN ISO 

14067:2018, 26-27.) In LCIA phase, the impacts of the GHG emissions from different life 

cycle phases are calculated. The calculation is done by multiplying the mass of released 

GHG emissions with global warming potential (GWP) of 100 years. The GWP is received 

from IPCC. The result is presented in kg CO2-equivalents per kg emission. The calculated 

impacts together form the CFP. (SFS-EN ISO 14067:2018, 36.) 

 

The last phase of a CFP study is interpretation. In this phase, the results are analysed. 

Interpretation consists of identification of issues based on the results of LCI and LCIA, 

completeness, consistency and sensitivity analysis and conclusions, limitations and 

recommendations. It should analyse uncertainty, allocation methods and limitations. 

Interpretation should also evaluate the impact of alternative use profiles, end-of-life 

scenarios and consequences of recommendations on the final result. (SFS-EN ISO 

14067:2018, 36-37.) 

3.1.2 GHG Protocol 

 

GHG Protocol provides standards for reporting GHG emissions of corporates, cities, nations, 

projects and products. Each of these fields has its own standard to follow. These standards 

can be used for example by organisations or governments. GHG Protocol works together 

with World Resources Institute (WRI) and World Business Council for Sustainable 

Development (WBCSD). (Greenhouse Gas Protocol 2020.) 

 

In this thesis, the focus is on a product scale. GHG Protocol Product Life Cycle Accounting 

and Reporting Standard (Product Standard) was published in 2011. It starts with defining the 

business goals. The organisation that is using the standard has to define their business goals 

before starting of the GHG emission measurements. The business goals include climate 
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change management, performance tracking, supplier and customer stewardship and product 

differentiation. The next steps of Product Standard are presented in Figure 8. The standard 

provides guidance and requirements for each of the steps. (Greenhouse Gas Protocol 2011a, 

9-10, 13.) 

 

 
Figure 8. Steps of GHG Protocol Product Standard (modified Greenhouse Gas Protocol 2011a, 13). 

 

GHG Protocol Product Standard follows ISO 14040 and ISO 14044 standards of life cycle 

assessment, as well as PAS 2050. The phases and steps are similar in ISO 14067 and Product 

Standard, with the presentation having some minor differences. In ISO 14067 the steps are 

divided into four phases, whereas in Product Standard all the steps are presented separately. 

Like ISO 14067, Product Standard focuses on calculating the GHG emissions and impact on 

global warming. However, it is stated in the standard that non-GHG emissions can also be 

measured and reported with following the same steps. (Greenhouse Gas Protocol 2011a, 7, 

21-25.) 

 

3.2 Product category rules (PCR) 
 

Life cycle environmental impacts of products can be documented as Environmental Product 

Declarations (EPD). These documents are independently verified, transparent and, if 
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following the same methodologies and standards, also comparable. The International EPD 

System has a database of different product categories and is based on ISO 14025 and EN 

15804. (EPD International AB 2020a.) 

 

Product category rules (PCR) are used to produce EPDs. They include guidelines and rules 

for addressing the life cycle impacts of certain products. (EPD International AB 2020b.) 

Using PCRs is not required by GHG Protocol Product Standard, but it is recommended as a 

useful complementary source for inventory preparation (Greenhouse Gas Protocol 2011a, 

24). 
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4 CALCULATION METHODS FOR PRODUCED EMISSIONS IN 

DISTRICT HEATING 
 

This chapter presents calculation methods considering carbon footprint calculations. First, 

important factors that have to be considered when executing a carbon footprint calculation 

are presented. After this, emission factors of different fuel types, and different allocation and 

avoiding methods are reviewed. 

 

There are several different methods to calculate emissions from production of district 

heating. Results can differ from each other based on the chosen calculation methods. (Motiva 

2020a.) This has to be considered before choosing a method and also after the study if the 

results are wished to be compared with other studies. 

 

When calculating emissions from district heating, different factors have to be considered. 

Time span and system boundary of the study have to be defined. Other important factors 

during the life cycle of district heating are presented in Figure 9. (Bionova Consulting 2013, 

29.)  

 

 
Figure 9. Important factors of the life cycle of district heating (modified Bionova Consulting 2013, 29). 
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4.1 GHG emission factors of different fuels 
 

Carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) emission factors of 

commonly used fuels in district heating production are presented in Table 2. The emission 

factors include only the emissions produced in use phase of the fuel. (Greenhouse Gas 

Protocol 2017.) CO2 emissions of fuels with classification of BIO are not taken into account 

in the GHG emissions of Finland (Statistics Finland 2020c).  

 
Table 2. CO2, CH4 and N2O emission factors of most commonly used fuels in district heating production 

(Greenhouse Gas Protocol 2017).  

Fuel CO2 emission factor 

[kg/TJ] 

CH4 emission 

factor [kg/TJ] 

N2O emission 

factor [kg/TJ] 

Bituminous coal 94 600 10 1.5 

Milled peat 106 000 10 1.4 

Natural gas  56 100 5 0.1 

Crude oil 73 300 10 0.6 

Wood chips, BIO 112 000 300 4 

Sawdust, BIO 112 000 300 4 

Bark, BIO 112 000 300 4 

Pellets and briquettes, 

BIO 

112 000 300 4 

Recycled wood, BIO 112 000 300 4 

Waste liquor from 

wood processing 

(black liquor), BIO 

95 300 3 2 
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4.2 Allocation methods 
 

Allocation of emissions means that the produced emissions are distributed between co-

products. Allocation has to be taken into account for example in a CHP plant that produces 

both heat and electricity. Allocation can be done for example based on the physical 

properties of the products. Allocation can also be avoided by using for example system 

expansion. (Bionova Consulting 2013, 6, 14.) According to ISO 14067, allocation should be 

avoided if possible, and system expansion should be used instead. If allocation cannot be 

avoided and it cannot be done based on the physical properties of the products, it can also 

be done based on other properties for example economical value. (SFS-EN ISO 14067, 28-

29.) As ISO 14067, also GHG Protocol Product Standard advices to avoid allocation if 

possible (Greenhouse gas Protocol 2011a, 15).  

 

Allocation methods can be divided into attributional approaches and consequential 

approaches.  There are two most commonly used attributional approach methods for district 

heating emissions: benefit distribution method and energy method. (Klobut et al. 2014, 17.) 

For example, GHG Protocol, Motiva and Statistics Finland are using benefit distribution 

method. Energy method can be used in GHG Protocol, but it is not recommended. (Bionova 

Consulting 2013, 19-20.) Next, benefit distribution method, energy method and an example 

of a consequential method and system expansion are presented in more detail. 

 

Benefit distribution method distributes the produced emissions based on alternative 

production technologies and their fuel usage. It compares the fuel usages of different 

technologies and divides the benefit of CHP for both electricity and heat production. 

Condensing power can be used as an alternative option for CHP electricity production. 

Correspondingly, water boiler can be used as an alternative option for CHP heat production. 

First, the fuel usage of alternative options of electricity and heat production are calculated. 

(Motiva 2020b.) 
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𝐹′! = 𝐸!/𝜂!          (1) 

 

𝐹′!= fuel usage of alternative electricity production  

𝐸!= produced electricity in CHP plant 

𝜂!= efficiency of alternative electricity production 

 

𝐹′" = 𝐸"/𝜂"         (2) 

 

𝐹′"= fuel usage of alternative heat production 

𝐸"= produced heat in CHP plant 

𝜂"= efficiency of alternative heat production 

 

The efficiencies of alternative productions can be chosen according to the situation. If there 

are no specific values for efficiencies, the efficiency of condensing power can be assumed 

to be 39% and the efficiency of water boiler 90%. (Bionova Consulting 2013, 23; Motiva 

2020b.) After this, the calculated fuel usage is divided with the relation of fuel usages of 

alternative options. The result is fuel usages for electricity and heat in CHP production. 

(Motiva 2020b.)  

 

𝐹! =
#!"

#!"$#!#
∗ 𝐹        (3) 

 

𝐹!= fuel usage of electricity production in CHP plant 

𝐹= total fuel usage in CHP plant 

 

𝐹" =
#!#

#!"$#!#
∗ 𝐹        (4) 

 

𝐹"= fuel usage of heat production in CHP plant 

 

Energy method allocates the emissions based on the amount of produced energy. This means 

that both electricity and heat production in CHP plant produce the same amount of emissions 

per produced energy unit. (Bionova Consulting 2013, 39.) The benefit distribution method 
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and energy method differ from each other remarkably which can lead to different results 

from calculations. 

 

One example of a consequential approach is a method used by Finnish Climate Change 

Panel. It describes ramifications and can be used to research future scenarios. It considers 

market price of electricity for emission calculations. Emissions from the use of marginal 

electricity are reduced from the emissions of CHP production. (Klobut et al. 2014, 18-19.) 

 

If emissions from an alternative product are known, these can be used to calculate emissions 

of the studied product. This is called system expansion. This method should only be used if 

the alternative product has the same functional unit as the studied product, and the function 

and eventual use of the product are known. (Greenhouse gas Protocol 2011a, 63.) System 

expansion corresponds to benefit distribution method. Both of these methods use alternative 

product system to calculate GHG emissions of the studied products life cycle. Therefore, 

benefit distribution method could also be defined as an allocation avoiding method. 

 

GHG Protocol Product Standard also presents two other methods to avoid allocation that are 

process subdivision and redefining the unit of analysis. In process subdivision, the process 

is divided into separate processes. In redefining the unit of analysis, co-products are added 

in the functional unit. (Greenhouse gas Protocol 2011a, 63.) 

 

Figure 10 presents guiding for choosing the right allocation method. The guiding is 

combined by the recommendations of GHG Protocol Product Standard. This standard does 

not mention explicitly benefit distribution method or energy method. However, benefit 

distribution method corresponds to system expansion and energy method to physical 

allocation.  
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Figure 10. Steps for choosing allocation method (modified, Greenhouse Gas Protocol 2011a, 66-69). 
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5 METHODS FOR DECREASING THE EMISSIONS OF DISTRICT 

HEATING 
 

Finland has set a goal to be carbon neutral by the year 2035. To achieve this goal, remarkable 

changes concerning produced emissions have to be made in expedited time. Changes have 

to be executed in many different sectors, including energy industry and heat production. 

(Ministry of the Environment 2020.) 

 

There are several different options for decreasing the amount of emissions of district heating. 

In this chapter, these options are presented in more detail. The options are collected in Figure 

11. 

 

 
Figure 11. Possible options to reduce the amount of emissions from district heating. 

 

5.1 Efficiency increase 
 

One way to decrease emissions is to increase efficiencies. Efficiency of district heating can 

be increased especially by lowering the supply temperature and changing to renewable 

energy technologies. Lowering the energy demand of production increases also reliability 
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and cost-effectiveness of production. Increasing efficiency in customers buildings is also an 

important factor for the efficiency of the whole district heating system. (Paiho & Reda 2016, 

14-15.)  

 

Efficiency can be increased by optimizing the use of heating in the buildings of the 

customers. Efficiency can be optimized for example by using energy audits, consumption 

monitoring, standardisation of consumption and basic regulation of the heating network. It 

is also important to guide the customers on how to decrease unnecessary energy 

consumption. (Motiva 2018.) 

 

5.2 Utilization of biomass and waste streams from forest industry 
 

Currently, the utilization of waste streams from forest industry cover the largest part of used 

renewable energy sources in Finland. These waste streams include bark, sawdust and black 

liquor. The amount of used woodchips, that are made of energy wood collected straight from 

forests, has grown remarkably in the past ten years. Utilization of energy from wood sources 

is growing all over Finland because of the construction of new energy plants. It is estimated 

that the amount of used waste streams will be stable in the future. However, forest woodchips 

are estimated to be in a key role in increasing renewable energy. (Motiva 2020c.) 

 

A problem with the utilization of biomass in energy production is the need of forests as 

carbon sinks. Wood has to be utilized in a sustainable way, following the principles of 

sustainable use of forests. Incineration of biomass produces carbon dioxide and other GHG 

emissions which makes other technologies possibly more interesting. However, utilization 

of biomass is being developed which can increase its carbon balance, cost-efficiency and 

usefulness. It is also a local source outside urban areas. New sources of biomass waste 

streams are also found for example from municipal and agricultural biowaste. However, 

these new sources tend to have small volumes compared to biomass waste streams from 

forest industry. (Marttila et al. 2016, 2-3.) This leads to a question, do we have enough 

biomass waste streams to cover growing energy production and other sectors that use 

biofuels, for example traffic. Also, the damage to forest ecosystems have to be considered 

when utilizing wood resources. 
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Directives of biomass will undergo changes by 2021. Finland is bond to Renewable energy 

directive (RED II) that includes sustainability criteria for biomass. Before 2021, the 

sustainability criteria were applied only for biofuels in traffic and bioliquids. From 2021, the 

sustainability criteria will also be applied for the utilization of solid biomass in electricity 

and heat production. The directive includes sustainability criteria for the production of 

biomass and for GHG emissions savings. The requirement of emissions savings is 70% for 

plants that are started up after the beginning of 2021 and 80% for plants that are started up 

after the beginning of 2026. These sustainability criteria are applied only for plants that use 

minimum of 20 MW of biomass. The criteria are condition for the produced bioenergy to be 

included in the national renewable energy share or to be considered as zero emission in the 

emission trading in EU or other sectors. (Ministry of Agriculture and Forestry 2020.) 

 

5.3 Large heat pumps 
 

Electricity markets and the price of electricity effect on the profitability of heat pumps. 

Profitability of heat pumps in district heating production have to also be assessed as case-

by-case. In smaller production, heat pumps can replace production in heat stations. In larger 

production with CHP, heat pumps are commonly used for optimizing the production. It is 

estimated that the potential of using large heat pumps in district heating production in 

Finland is approximately 3-4 TWh. This equates 9-13% of the amount of sold district 

heating. Currently, heat pumps are producing approximately 0.6 TWh of district heating. 

(Valor Partners Oy 2016, 3.) 
 

5.4 Utilization of waste heat 
 

Utilization of waste heat is predicted to play an important role in future district heating 

production. Wahlroos et al. (2017) carried out a research that studied the impacts of using 

waste heat from a data center in district heating production. Based on the research, utilization 

of waste heat lowered operational costs of district heating system by 0.6-7.3%. The amount 

depended on the level of utilised waste heat. The study also revealed that the cost-

effectiveness depends on the prices of electricity and pricing structure. There is also a risk 
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that electricity prices can increase when waste heat is used. (Wahlroos et al. 2017, 1228, 

1236.) 

 

The research stated that the utilization of waste heat will decrease the emissions of district 

heating production depending on the replaced fuel and technology. For example, if waste 

heat replaces the use of fossil fuels, it will decrease the emissions. However, priming of 

waste heat consumes electricity which means that the emission factor of the electricity 

effects on the environmental impact of the utilization of waste heat. The research 

recommends that the price structure of waste heat should be studied more closely. Also, 

more study is needed for utilizing low-quality heat in low temperature district heating. 

(Wahlroos et al. 2017, 1236.) 

 

5.5 Geothermal energy 
 

Utilization of geothermal energy has been increasing in Finland. Shallow geothermal energy 

is being used for ground-source heat pumps (GSHPs) that are increasing their attractiveness 

as a heating source for different size of buildings from small houses to hospitals. GSHPs are 

often used together with district heating or solar systems. The potential of shallow 

geothermal energy is classified as excellent in coastal areas of Finland and from average to 

very good in Southern and Central Finland. In Northern Finland the potential is not that high. 

(Kallio 2019, 1, 3.) 

 

The use of geothermal energy for district heating has also been investigated in Finland. There 

is an ongoing pilot project in Espoo on utilizing heat from 6-7 kilometre’s depth and using 

this heat in district heating. The project is run by St1 Nordic Oy. Thermal power of this 

geothermal heat would be 40 MW. There are also projects on the use of energypiles for 

storing and extracting, and groundwater for heating and cooling. (Kallio 2019, 1.) 

 

If succeeding, the St1 geothermal project could provide cost-effective heat energy in 

industrial scale without incineration technologies and their emissions. The pilot plant alone 

could provide heat for 10% of district heating customers in Espoo. Challenges of using 
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deeper geothermal energy are the hard, granitic bedrock of Finland and the depth that is 

needed to achieve desired temperatures. (St1 2020.) 

 

5.6 Solar thermal 
 

In Finland, changes of seasons cause challenges for using solar thermal in district heating. 

Radiance of the sun decreases in winter months. In Southern Finland, 90% of radiance is 

received between March and September. Even though the annual volumes of radiance in 

Southern Finland are similar to the ones in Central Europe, the changes of seasons are wider 

in Finland. (Finnish Energy 2020c.) In cold winter months, the heating demand of buildings 

rises which amplifies this challenge. Figure 12 presents the estimated amount of irradiation 

per month in the year 2016 in Kerava, Finland. The irradiation is calculated with optimal 

angle of the panel to receive the largest amount of irradiation. The figure shows the large 

variation of irradiation through the year. 

 

 
Figure 12. Monthly solar irradiation in 2016 in Kerava, Finland (European Commission 2019). 

 

Some research has been carried out involving the use of solar thermal heat in Finnish district 

heating. Rämä & Mohammadi (2017, 2, 11) studied the use of solar energy in district heating 

for a case area in Hyvinkää, Finland. The area consisted of 32 detached houses and 8 row 

houses and focused on the heating of space and domestic hot water. Centralised and 

distributed collector systems were compared. Even though the area was small, the study 

gives some understanding on the potential of solar energy in district heating. (Rämä & 

Mohammadi 2017, 2, 11.) 
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The study of Rämä & Mohammadi (2017, 11) showed that both centralised and distributed 

collector systems were technically possible. Both systems brought cost savings but did not 

reach stable economic feasibility independently. Centralised system was still considered to 

have business potential with a possible pay-back time of 10-11 years. Centralised collector 

system was more profitable than distributed collector system, even by fivefold. The study 

recommended more research on larger system approach for example with storages. (Rämä 

& Mohammadi 2017, 11.) 

 

5.7 Emission compensation 
 

Emissions can also be compensated by obtaining carbon credits outside of the operation area 

of the company. One carbon credit equates to one ton of reduced CO2-equivalents. Carbon 

credits can be based on law or voluntary markets and they can be obtained from different 

projects. The projects can be based on for example renewable energy or forestation. It has to 

be noted that before using emission compensation, the company has to aim at avoiding their 

emissions and then decrease the emissions as much as possible. After this, emission 

compensation can be used to compensate the remaining emissions. (Seppälä et al. 2019, 21.) 
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6 CASE STUDY: KERAVA ENERGY LTD 
 

This chapter presents the orderer of this thesis who is Kerava Energy Ltd, also known as KE. 

The chapter starts with general information of KE and their operations. After this, the own 

production of KE is presented with a focus on district heating production. Different district 

heating plants are presented in more detail. 

 

KE is an energy corporation that operates as a parent company for subsidiaries Sipoo Energy 

Ltd and Kerava Thermal Power Ltd. The city of Kerava owns the largest share of KE and a 

minor share is owned by the municipality of Sipoo. History of KE goes way back to the year 

of 1906, when the distribution of electricity was started in Kerava. Operation with district 

heating started in 1971. In 1992, Kerava Energy Ltd was corporatized. (Kerava Energy 2017, 

2, 4.) 

 

6.1 Operations of Kerava Energy 
 

There are four main business operations of KE that are: 

 

- sale of electricity 

- distribution of electricity 

- district heating operations 

- natural gas operations. 

 

KE sells electricity throughout Finland. Electricity distribution covers the area of Kerava 

which is 31 km2, and the area of Sipoo and eastern Helsinki which is 362 km2. District 

heating and natural gas operations are targeted for the areas of Kerava and Sipoo. (Kerava 

Energy 2017, 3.) KE has approximately 1 400 customers of district heating (Kerava Energy 

2020c). In 2019, KE produced almost all sold district heating with their own production units 

and bought a minor fraction of district heat from Vantaa Energy (Kerava Energy 2019b). 

 

The sold electricity of KE is from nordpool (78%), own production (15%) and power plant 

shares (7%) (Kerava Energy 2019a). KE has power plant shares through Suomen Voima Ltd 
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which includes shares of different renewable energy productions such as wind, solar, water 

and nuclear energy. In 2019, the amount of sold electricity was 556 GWh, distribution of 

electricity 573 GWh and the number of customers of the electricity distribution 36 221. 

(Kerava Energy 2020a.) 

 

KE has several different electricity and heating products. These electricity products are 

called Basic Electricity, Quarter Electricity, Smart Electricity, Climate Electricity, Wind 

Power and Biopower (Kerava Energy 2020b). Heating products are district heating and 

natural gas (Kerava Energy 2020h). KE also offers different energy solutions including solar 

panels, heat pumps, charging of electric cars, energy efficiency inspections and electricity 

accumulators. (Kerava Energy 2020d.) 

 

6.2 Own production of Kerava Energy 
 

KE has production plants in Kerava and Sipoo. These include four power plants, one solar 

power plant and eleven heat-only boiler stations. The length of district heating network is 

151 km. In 2019, the own production of electricity was 85 GWh and process heat 65 GWh. 

(Kerava Energy 2019a.) The total production of district heating was 334 GWh from where 

17.6 GWh was bought from Vantaa Energy (Kerava Energy 2019b). Shares of used fuels in 

the own production of KE are presented in Figure 13.  

 

 
Figure 13. Shares of used fuels in KE in 2019 (Kerava Energy 2019a). 

Wood
58 %

Natural gas
18 %

Peat
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Shares of used fuels in KE in 2019
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The four power plants are CHP plants that consist of one biomass plant and two natural gas 

plants in Kerava, and one natural gas plant in Sipoo. Heat-only boiler stations are located in 

Kerava and Sipoo, and they use wood, natural gas and light-fuel oil as fuels. Solar plant is 

located in Kerava. (Keravan Energia 2015.) Table 3 presents all plants and stations that 

contributed to the production of KE’s district heating in 2019, except the information of 

Ylikerava heat station that was received from the year 2018. Also, used fuels in each plant 

or station and the amounts of produced district heating are presented in the table. 
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Table 3. District heating production in 2019, except for Ylikerava in 2018 (Kerava Energy 2020e).  

Plant / Station 

 

Fuels District heating 

production 

[GWh/a] 

Kelvo (CHP plant) Chips from roundwood, forest residue 

chips, bark, wood residue chips, stump 

chips, milled peat, natural gas. 

242 

Alvo (CHP plant) Natural gas. 6 

Savo (CHP plant) Natural gas. 7 

Ahjo (heat station) Natural gas. 0.01 

Kannisto (heat station) Natural gas. 0.06 

Pihkaniitty (heat station) Light-fuel oil. 0.04 

Nikkilä (CHP plant) Natural gas. 4 

Söderkulla (heat station) Natural gas, light-fuel oil. 6 

Hartwall (heat station) Natural gas. 19 

Ylikerava (heat station) Forest residue chips, natural gas, light-

fuel oil, milled peat (backup fuel). 

30 

Sipoonranta (heat station) Pellets, light-fuel oil. 1 

 

Currently, the energy production of KE is mainly based on the CHP plant called Kelvo. The 

plant was constructed in 2009. It can produce 21 MW electricity, 42 MW district heat and 

10 MW process heat. This means 120 GWh of electricity and 300 GWh of district heat. 

Kelvo can cover up to 75% of the heat demand of Kerava. (Kerava Energy 2017.) In 2019, 

Kelvo produced 84 GWh of electricity and 268 GWh of heat. When comparing the amount 

of produced electricity in Kelvo to the total amount of produced electricity in KE (85 GWh), 
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almost all electricity of KE’s own production was from Kelvo. The CHP plant covers also a 

great amount of produced heat in KE. (Kerava Energy 2019a.) A process diagram of Kelvo 

is presented in Figure 14. 

 

 
Figure 14. Process diagram of CHP plant Kelvo (Kerava Energy 2017, 23). 
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7 CARBON FOOTPRINT OF KERAVA ENERGY’S DISTRICT 

HEATING 
 

This chapter concentrates on calculating the carbon footprint of KE’s district heating 

product. The calculation starts with defining the selected methods for the calculation. After 

this, the business goals of KE and scope of the study are addressed. The calculation continues 

with inventory analysis after which the emissions are calculated, and the resulting carbon 

footprint is defined.  

 

7.1 Selected standard  
 

The carbon footprint of KE’s district heating product is calculated according to GHG 

Protocol Product Standard. Very minor information was found on which standard is used the 

most for calculating carbon footprints in energy sector in Finland. This information was 

asked for example from Finnish Energy. The information revealed that currently there are 

only few researches made of carbon footprints of Finnish district heating. The Finnish 

Climate Change Panel (2019, 20) mentions that carbon footprint is calculated with a life 

cycle assessment based on ISO 14040 and ISO 14044 standards and that there are helping 

rules that can also be used, for example JRC 2010. They also mention that there is ISO 14067 

standard especially for carbon footprint calculation. (Seppälä et al. 2019, 20.)  Both GHG 

Protocol Product Standard and ISO 14067 are based on ISO 14040 and ISO 14044. 

 

Because no direct rule for selecting the standard was found, a choice between GHG Protocol 

Product Standard and ISO 14067 had to be executed. GHG Protocol Product Standard was 

selected to be used for this carbon footprint calculation. The selection was made based on 

the fact that GHG Protocol Product Standard is based on ISO 14040 and 14044 standards 

and is also an open document for all. KE is planning on using this carbon footprint 

calculation as a guide in their future calculations which is why an open document makes it 

easier to be executed. GHG Protocol Product Standard also considers business goals which 

are an important factor in determining the use of the carbon footprint calculation and the 

plans for future. 
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7.2 Business goals 
 

The goal of this study is to calculate the carbon footprint of the district heating product of 

Kerava Energy Ltd. The carbon footprint is calculated for the year 2019. The results are used 

to understand the largest sources of GHG emissions from the life cycle of the district heating 

product. Based on the results, different options for decreasing these emissions are discussed. 

The options are collected to produce a roadmap towards carbon neutral district heating 

business. The most suitable options are considered based on their cost-effectiveness and 

suitability for KE.  

 

The carbon footprint of 2019 will serve as a comparison year for KE’s possible carbon 

footprint calculations in the future. This study will give directions for future studies on 

carbon footprints of KE. The results may also be used for marketing purposes and interaction 

with stakeholders. As a co-product, this study will produce a carbon footprint calculator that 

KE can use in the future. 

 

7.3 Fundamentals and principles of GHG accounting and reporting 
 

This study is done as a life cycle assessment and with attributional approaches. It also follows 

the principles of: 

 

- Relevance: Used methodologies and reporting is performed in an understandable 

way that takes into account the decision-making needs of intended user. 

- Accuracy: Reported GHG emissions do not differ remarkably from the actual 

emissions. Uncertainties are diminished as far as possible and sufficient accuracy is 

obtained. 

- Completeness: All the emissions from the life-cycle phases that are included in the 

system boundary are assessed. Excluded emissions and removals are reported and 

justified. 

- Consistency: The data, methodologies and assumptions are selected to be suitable for 

comparison in the future GHG inventories. 



 

 

48 

- Transparency: Relevant issues, assumptions and estimates are addressed clearly. The 

used sources of information are referenced. (Greenhouse Gas Protocol 2011a, 19, 

21.) 

 

7.4 Scope and boundary of product inventory 
 

The studied product is the district heating product of Kerava Energy Ltd. The function of 

this product is to heat customers buildings in Kerava and Sipoo regions. The unit of analysis, 

also known as a functional unit, is average daily district heating in one-year period. 

Reference flow is the amount of produced district heating in KE in year 2019 which was 

calculated to be 332 GWh. The time period of the inventory is one year.  

 

Based on the GHG Protocol Product Standard, the inventory of the product includes 

following emissions: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), sulphur 

hexafluoride (SF6), perfluorocarbons (PFCs) and hydrofluorocarbons (HFCs). Also, other 

possible emissions in inventory are listed. Removals of GHG emissions are accounted if they 

are happening during the life cycle of the product. (Greenhouse gas Protocol 2011, 14.)  

 

Boundary of the inventory is presented in Figure 15. The system boundary is presented with 

a dashed line. The boundary includes material acquisition, transportation of material to the 

plants, district heating production in the plants and distribution through a network of pipes. 

These phases are presented in the figure in numerical order. Also, transportation of waste 

from energy plants to waste treatment plants and purchased district heat are included. This 

study is done as a cradle-to-grave analysis.  
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Figure 15. System boundary of the life cycle of the district heating product. 

 

The material acquisition and production phases require energy and therefore these phases 

include energy inputs. All the material transportation is executed by trucks except natural 

gas which is transported through pipelines. The use of trucks results in fuel inputs. Also, 

transportation of waste is executed with trucks which results in fuel inputs.  

 

Based on the product category rules by EPD International AB (2020c, 9), use and end-of-

life phases are excluded from the system boundary. This is because district heating can have 

different functions in different contexts. Waste management is also excluded and only the 

transportation of waste to the waste treatment plant is included. (EPD International AB 

2020c, 9, 15.) Storing of material is not heated so it is assumed that storing does not produce 

emissions. That is why storing is also excluded from calculations. Electricity and process 

heat are co-products from the district heating production process. They are excluded from 

the system boundary because they are not included in the unit of analysis. 

 

Emissions from building the infrastructure are excluded from the calculations. This is 

because GHG Protocol (2011a, 36) defines infrastructure as a non-attributable process and 

therefore it is not required to be included. Also, EPD International AB (2020c, 11) defines 
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the core infrastructure of district heating to have only a minor impact on the total emissions 

of the life cycle. 

 

Land-use change impacts are caused in material acquisition phase where different types of 

materials are acquired from the nature. Emissions from material acquisition are taken into 

account by using emission factors for acquisition of materials as can be seen in following 

chapters. Land-use change can be caused by the extraction of biogenic materials, in this case 

roundwood and stumps. Land-use change is not considered for the fossil fuels. Wood waste, 

residue chips and bark are co-products, so they are not thought to have impacts on land-use 

change. (Greenhouse gas protocol 2011a, 117.) 

 

There are limited data on the used land areas of the harvested wood. However, the total 

emissions from the land use, land use change and forestry sector (LULUCF) in Finland are 

negative which means that Finnish land use absorbs more emissions than it releases 

(Statistics Finland 2019e). Therefore, it is assumed that there are no impacts from land-use 

changes. 

 

7.5 Data collection 
 

The data is collected from KE’s own data and from several literature and internet sources.  

The data is evaluated, and the best possible data is chosen to be used in the calculations. 

When choosing the data, the following factors are considered: data reflects the technology, 

data reflects geographic location, data reflects time and age of process and data are 

statistically representative and dependable (Greenhouse gas Protocol 2011a, 48). Significant 

processes with their data sources and estimated quality are presented in Table 4. Also, 

possible efforts for increasing the quality are suggested in the table. The chosen processes 

are estimated to have significant impact on the total GHG emissions. 
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Table 4. Sources and estimated quality of used data in significant processes. 

Significant process Data sources Data quality Possible efforts to 

increase quality 

GWP values Greenhouse Gas 

Protocol 2015 

Good Already reliable 

Amounts of used 

materials 

Kerava Energy Good Already reliable 

Emission factors for 

material acquisition 

Fuels: Klobut et al 

2014 

Lime: IPCC 2002 

Reliable sources but 

the values are 

international 

averages and not 

specified for the 

case. 

More research of 

the acquisition 

process of 

materials. 

Transportation 

distances 

Kerava Energy, 

Google Maps 

Low, the distances 

were estimated. 

Research on more 

exact information. 

Emission factors for 

transportation 

Trucks: LIPASTO 

2017a and 2017b 

Pipelines: 

Nestejacobs 2015 

Good. Although the 

sizes of trucks and 

number of 

transportations were 

assumed to simplify 

the calculation. 

To receive more 

exact results, the 

number of 

transportations and 

types of trucks 

could be researched. 

Emission factors for 

combustion of fuels 

Greenhouse Gas 

Protocol 2017 

Good Already reliable 

Losses in network Finnish Energy 

2020a 

Good Could be measured 

to receive more 

exact value. 
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7.6 Allocation 
 

Power plants that produce both heat and electricity are Kelvo, Alvo, Savo and Nikkilä. Kelvo 

and Savo produce also process heat. Heat stations that produce only heat are Ahjo, Kannisto, 

Pihkaniitty, Söderkulla, Hartwall, Ylikerava and Sipoonranta. Allocation is only needed for 

the plants that produce several products. In the ones that produce only district heat, all the 

input and output flows are for the district heating product. 

 

Benefit distribution method is selected to be used in this carbon footprint calculation. It is a 

commonly used method for CHP calculations in Finland as was stated in chapter 4.2. It also 

corresponds to system expansion that is one of the methods to avoid allocation. Because of 

these reasons, benefit distribution method was selected. Electricity or heat is not produced 

when thermal load is low. Therefore, there is no need to separate this kind of production 

from CHP production. 

 

The distribution of emissions is implemented in the beginning of carbon footprint 

calculations. The distribution calculation is done following the instructions in chapter 4.2 of 

benefit distribution method with the equations 1, 2, 3 and 4. The results are shares of fuel 

usage that goes to district heating production. These shares are presented in Table 5. The rest 

of the shares goes to electricity or process heat. These shares are also used to calculate the 

amount of electricity that is used to run the CHP plants. Also, the amounts of wastes are 

distributed with these shares. Distribution calculation with benefit distribution method for 

plant Kelvo is presented in Appendix 1. 
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Table 5. Distributed shares for district heating in CHP plants. 

Plant Share for district 

heating [%] 

Kelvo 53 

Alvo 97 

Savo 51 

Nikkilä 99 

 

7.7 Uncertainty analysis 
 

GHG Protocol (2011a, 80-82) defines three types of uncertainties that are parameter 

uncertainty, scenario uncertainty and model uncertainty. Parameter uncertainty means 

uncertainty with used values. (Greenhouse gas protocol 2011a, 80-82.) In the calculations, 

the used emission factors are acquired from different sources. Therefore, they might not be 

in line with each other. Emission factors from Klobut et al (2014, 16) were already presented 

as CO2-equivalents which is why they are not multiplied with GWP values in this study. It 

was assumed that pellets have the same emission factors than other wood fuels. The 

emissions from trucks were also already presented as CO2-equivalents in the used source. 

The used source had used GWP values that had a minor difference to the ones used in other 

calculations in this study. Also, the transportation distances, especially from material 

acquisition to district heating plants, are estimates because there were no precise data 

available. Therefore, the emissions from transportation can differ based on the estimations. 

Also, there was no data on the electricity consumption of Hartwall heat station. Additionally, 

only three GHGs of the guidance of GHG Protocol (2011, 27) were included in this study. 

These GHGs were CO2, CH4 and N2O. This was because the available information only 

covered these gases. 

 

Scenario uncertainty means uncertainty in methodological choices. These can include for 

example the selection of allocation method or assumptions of the end-of-life phase. 



 

 

54 

(Greenhouse gas protocol 2011a, 81-82.) First of all, there is uncertainty in selecting the 

standard. There are no specific rules for selecting the standard which produces uncertainty. 

Secondly, there was several allocation methods to choose from. Assumptions were also 

made for example with transportation of trucks. It also has to be noted that storing, waste 

treatment, end-of-life phase and building the infrastructure are excluded from the 

calculations as have been stated in chapter 7.4. Also, it is assumed that there is no impact on 

land-use change. There is also uncertainty in choosing the scope to calculate the emissions 

of combustion. In this calculation, CO2, CH4 and N2O emissions from combustion were 

included. However, the Finnish fuel classification includes only CO2 emissions (Statistics 

Finland 2020c). Therefore, choosing the used data source and included GHG emissions 

affect the results.  

 

Model uncertainty means uncertainty from turning the process from real world into modelled 

process. Usually this includes simplifying which can affect the results. (Greenhouse gas 

protocol 2011a, 82.) The transportation is simplified by assuming that a truck carries only 

one material and has always full or empty cargo. The combustion process is calculated with 

theoretical factors which can differ from the real-life case. All the different kind of 

uncertainties are stated more closely in the appropriate chapter of the issue. 

 

A quantitative assessment was also performed for allocation methods. In the assessment, 

carbon footprint was calculated by using energy method for allocation instead of benefit 

distribution method. The result of carbon footprint was 206 g CO2-eq./kWh which is 29 g 

CO2-eq./kWh larger than the carbon footprint calculated with benefit distribution method. 

Therefore, used allocation method has significant impact on the carbon footprint. 

 

7.8 Global warming potential (GWP) values 
 

GWP values present the relation between CO2 and other GHG emissions and are used to 

calculate CO2-equivalents. For example, CO2 has a value of 1 and CH4 has a value of 28. 

This means that CH4 has 28 times larger global warming potential than CO2. When 

converting emissions to CO2-equivalents, the amount of GHG emissions have to be 

multiplied with their GWP value. GWP values used in the calculations are presented in Table 
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6. Emission factors of trucks have been calculated by using GWP factor of 25 for CH4 and 

298 for N2O (LIPASTO 2017b). 
 

Table 6. GWP values with 100-year time horizon (Greenhouse gas protocol 2015). 

Emission GWP (100 years) 

CO2 1 

CH4 28 

N2O 265 

 

7.9 Acquisition and transportation of materials 
 

In the chapters 7.9-7.13 the inventory is presented in more detail, and the emissions are 

calculated from each life cycle phase. In chapter 7.14, the emissions from each life cycle 

phase are collected, and final carbon footprint is presented. In this chapter, the emissions 

from the acquisition of different materials are addressed. The materials consist of different 

types of fuels and lime. Also, the transportation distances from the source of a material to 

the district heating plant are addressed for each material type. Distances are rounded 

assumptions based on the knowledge of KE.  

 

Klobut et al (2014, 16) collected CO2-equivalent emission factors for the acquisition of 

different fuels. These factors are taken into account in this study and presented for each fuel 

type. (Klobut et al 2014, 16.) For lime, the emission factor was acquired from IPCC. It has 

to be noted, that this factor only considers CO2 emissions. (IPCC 2002.) When calculating 

the emissions from acquisition, the calculation is done by multiplying the amount of used 

material with the emission factor of the material type. The result is output of emissions and 

is presented as tons CO2-equivalents. 

 

All transportation of materials is executed with trucks except for natural gas that is 

transported by pipelines. In case of truck transportation, the emissions are calculated by 

multiplying the transportation distance with the number of needed truck drives and the 
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emission factor of the truck. This results in the emissions from truck drives from the 

acquisition site to the district heating plant. Also, the drive back to the acquisition site is 

taken into account by calculating the drives similarly with empty load. The number of needed 

truck drives is calculated by dividing the amount of material with the truck load capacity. 

Emission factors for trucks have been calculated by using GWP value of 25 for CH4 and 298 

for N2O (LIPASTO 2017b). In the case of natural gas, the emissions are calculated by 

multiplying the amount of natural gas with the emission factor. This is done separately for 

the pipelines with different emission factors. 

 

The following presents more detailed information of the acquisition and transportation of 

each material type. At the end of the chapter, the calculated emissions from material 

acquisition and transportation are collected in Table 7. The emissions are calculated 

separately for each material. 

 

7.9.1 Natural gas 

 

In 2019, KE produced 99.5 GWh of energy with natural gas (Kerava Energy 2020e). 

Emission factor for the acquisition of natural gas is 34.6 g CO2-eq./kWh (Klobut et al 2014, 

16). Natural gas was transported from Russia and the transmissions were executed by energy 

and gas company called Gasum. The transmission of natural gas through the pipelines 

produces 7.7 g CO2-eq./MJ in Russia and 0.2 g CO2-eq./MJ in Finland. The distance from 

Russian natural gas fields to the Finnish-Russian border is approximately 3 300 km. 

(Nestejacobs 2015, 2, 9.) From the border, the distance between Imatra and Kerava is 

approximately 250 km (Nestejacobs 2015, 12; Google maps).  

 

In 2020, Finnish gas markets experienced a change when pipeline gas markets opened. The 

transmissions and wholesale of gas were separated. Duty of the transmission of gas 

transferred to Gasgrid Finland Oy. Also, a new natural gas pipeline was opened between 

Finland and Estonia (Gasum 2020.)  Because these changes happened after the studied year 

of 2019, these changes are not taken into account in calculations. 
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7.9.2 Biofuels (wood residue chips, forest residue chips, stump chips, chips from 

roundwood, bark, pellets) 

 

Emission factor for the acquisition of wood fuels is 5.2 g CO2-eq./kWh (Klobut et al 2014, 

16). It is assumed that pellets have the same emission factor than other biofuels. The biofuels 

are transported to the plants by trucks from several different places. In 2019, the trucks 

delivered approximately 20-50 tons of fuel per each delivery. The emission factor for a truck 

with 40 t load can be estimated to be 1 205 g CO2-eq./km with full load (40t) and 796 g CO2-

eq./km with empty load (LIPASTO 2017a). It is assumed that all trucks that transport 

biofuels are this size and fully loaded when arriving to the plants. It is also assumed that the 

trucks empty their cargo to the plants and drive back with empty load. 

 

KE also has its own wood chipping. This is executed by a mobile chopper next to the plant 

Kelvo. In 2019, the mobile chopper was used to chop 30 000 k-m3 roundwood which 

corresponds to 15 GWh of produced energy. Fuel usage of the chopper was 1 lfuel/k-m3wood. 

The used fuel was assumed to be diesel with an emission factor of 0.002 tCO2/lfuel (Statistics 

Finland 2020c). It has to be noted that the emission factor includes only CO2 emissions. The 

share of emissions from own wood chipping is predicted to be minor in the final carbon 

footprint which is why the other GHG emissions are not included in these diesel emissions. 

Transportation of roundwood to the plant is assumed to be included in the transportation of 

roundwood chips.  

 

7.9.3 Milled peat 

 

Emission factor for the acquisition of peat is 14.4 g CO2-eq./kWh (Klobut et al 2014, 16). It 

is assumed that peat is transported to the plants by trucks that have capacity of 51 t. The 

emission factor with full load is 1 432 g CO2-eq./km and with empty load is 872 g CO2-

eq./km. The same assumptions are used as in chapter 7.9.2. 
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7.9.4 Light-fuel oil 

 

Emission factor for the acquisition of light-fuel oil is 39.0 g CO2-eq./kWh (Klobut et al 2014, 

16). All light-fuel oil is assumed to be transported to the plants by a single truck per year 

that has capacity of 40 t. It is estimated that the truck is fully loaded. 

 

7.9.5 Lime 

 

Emission factor for the acquisition of lime is 0.79 tons of CO2-equivalent per ton of lime. 

The truck load capacity is assumed to be 51 t. The same assumptions are used as in chapter 

7.9.2. 

 

7.9.6 Results from acquisition and transportation 

 

The emissions from material acquisition and transportation were calculated for each material 

type with the information presented in previous chapters. Table 7 presents the amounts of 

used materials for production of district heat in 2019 and the calculated emissions from 

material acquisition and transportation of each material type. 
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Table 7. Emissions from acquisition and transportation of materials.  

Material Amount  

[t] 

Amount 

[TJ] 

Emissions from 

acquisition  

[t CO2-eq.] 

Emissions from 

transportation 

[t CO2-eq.] 

Chips from 

roundwood 

16 951 173 

+54 (own 

chipping)  

172 

+66 (own 

chipping) 

254 

Forest residue chips 31 677 328 474 158 

Bark 14 640 88 126 146 

Wood residue chips 1 054 6 9 5 

Stump chips 3 628 38 55 18 

Pellets 230 4 6 1 

Natural gas - 201 1 927 1 584 

Light-fuel oil 33 1 15 0.06 

Milled peat 28 250 292 1 166 128 

Lime 237 - 187 0.9 

Total 96 470 1 180 4 198 2 295 

 

7.10 Production phase 
 

In the production phase, the fuels are incinerated in plants and stations. These combustion 

processes heat water that is used to transport the heat to the customers. When the fuels are 

incinerated, they release several GHG emissions that are led to the air through a smokestack. 
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Lime is used to absorb sulphur from the combustion process. Therefore, it decreases the 

amount of sulphur that escapes to the environment.  

 

Emissions from the combustion of fuels are calculated based on GWP values with 100-year 

time horizon presented in Table 6. In combustion calculations, the CO2, CH4 and N2O 

emissions are taken into account. Emissions are calculated by multiplying the amount of 

combusted fuel with the emission factor and then multiplying it with the GWP value. The 

result is presented as tons of CO2-equivalents. CO2 emissions from biofuels are excluded 

from the calculations because they are not included in Finnish GHG emissions (Statistics 

Finland 2020c). The emission factors are presented in Table 2. The emissions from 

combustion are presented in Table 8.  
 

Table 8. Emissions from combustion of fuels. 

Fuel CO2 emissions  

[t CO2-eq.] 

CH4 emissions  

[t CO2-eq.] 

N2O emissions  

[t CO2-eq.] 

Chips from roundwood, BIO 19 364 1 452 183 

Forest residue chips, BIO 36 735 2 755 348 

Bark, BIO 9 805 735 93 

Wood residue chips, BIO 671 50 6 

Stump chips, BIO 4 287 322 41 

Pellets, BIO 437 33 4 

Natural gas 11 249 28 5 

Light-fuel oil 104 0.4 0.2 

Milled peat 30 899 82 108 

Total 113 554 5 458 789 
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When the biofuels are excluded from the CO2 emissions, the CO2 emissions are 42 253 t. 

Therefore, combustion together produces 48 500 t CO2-eq. Based on KE’s data, combustion 

processes produce also sulphur dioxide (SO2), particles and heavy metal emissions. These 

emissions are not included in the calculations because they are not included in the GWP 

values and in the instructions of GHG Protocol. 

 

Also, the plants itself consume energy to run and to transport the heated water to district 

heating network. The used emission factor for electricity is 141 kg CO2/MWhelectricity which 

is received from Motiva (Motiva 2020a). It has to be noted that the emission factor includes 

only CO2 emissions. The emissions are calculated by multiplying the amount of consumed 

electricity per plant with the emission factor. The results are presented in Table 9. In the 

table, power plants are marked with “CHP” and heat stations with “hs”. No data was received 

from Hartwall heat station which is why it is excluded from this calculation. 
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Table 9. Emissions from the electricity use of the plants (KE's data; Motiva 2020a). 

Plant Consumption [MWh] Emissions [t CO2-eq.] 

Kelvo, CHP 666 94 

Alvo, CHP 149 21 

Savo, CHP 531 75 

Ahjo, hs 4 0.6 

Kannisto, hs 3 0.4 

Pihkaniitty, hs 11 2 

Nikkilä, CHP 372 52 

Söderkulla, hs 41 6 

Hartwall, hs 0 0 

Ylikerava, hs 1 228 173 

Sipoonranta, hs 21 3 

Total 3 025 427 

 

7.11 Purchased district heat 
 

KE purchased 17.6 GWh of district heat from Vantaa Energy in 2019 (Kerava Energy 

2019b). Emission factor for purchased district heat was 177 kg CO2/MWh and it was 

received from Vantaa Energy. The emission factor includes only CO2 emission from the 

production phase of the district heat. (Asikainen, e-mail 28 October 2020.) When the 

purchased amount is multiplied with the emission factor, the amount of emissions is 3 115 t 

CO2-eq.  
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7.12 Distribution 
 

Distribution of district heat is executed by pipelines that transport heated water. It is 

estimated that the heat losses from district heating network are approximately 8% (Finnish 

Energy 2020a). Calculated amount of total produced district heat was 332 GWh which 

differs lightly from the 334 GWh that KE presented for production. The difference can 

originate for example from the used benefit distribution method in carbon footprint 

calculation. When the produced amount of heat is 332 GWh, the losses from distribution are 

therefore 27 GWh. District heat that end up to consumption is therefore 305 GWh. 

 

7.13 Waste management 
 

Waste is produced in Kelvo, Savio and Nikkilä power plants and in Ylikerava heat station. 

The waste fractions include bottom ash, fly ash, waste oil, oily waste, construction waste, 

sheet metal, domestic fuel oil waste and mixed waste. Ashes have over 99% share of all 

waste. (Kerava Energy 2020f.) Because other wastes have under 1% share of all waste, other 

wastes are excluded from the calculations. Therefore, the calculations include only different 

types of ashes. 

 

Transportation of waste is executed by trucks. It is assumed that the trucks are fully loaded 

with the waste fractions. It is also assumed that the trucks unload all their cargo to the waste 

management station and then return to the district heating plant with empty cargoes. The 

used truck type is assumed to have a load capacity of 51 t. The used emission factors are 

from LIPASTO database (LIPASTO 2017b). The transportation distances are directional 

and range from 80 to 140 km (Kerava Energy 2020f; Google Maps 2020). 

 

Most of the ashes is retrieved by Encore, Valkeala and Scanwas, Forssa, both of whom refine 

the ash and use it for useful purposes (Kerava Energy 2020f; Encore 2020; Scanwas 2020). 

The following Table 10 presents the amounts of ashes and the emissions from their 

transportation. 
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Table 10. Emissions from transportation of ashes. 

Waste Amount [t] Emissions [t CO2-eq.] 

Bottom ash, Valkeala 1 521 10 

Bottom ash, PHJ-Lahti 15 0.1 

Fly ash, Valkeala 1 961 12 

Fly ash, Forssa 1 102 6 

Fly ash, PHJ-Lahti 1 0 

Total 4 600 28 

 

7.14 Results 
 

The amounts of emissions from each life cycle phase of district heat in 2019 are collected in 

Table 11. The table also presents the shares of emissions for each life cycle phase and the 

amount of emissions per produced kWh. The overall amount of emissions is presented at the 

bottom of the table. 
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Table 11. Total emissions, emission shares per life cycle phase and carbon footprints. 

Phase Emissions 

[t CO2-eq./a] 

Share 

[%] 

Emissions per kWh 

[g CO2-eq./kWh] 

Material 

acquisition 

4 137 7 12 

Own chipping 66 0.1 0 

Transportation 2 297 4 7 

Production/ 

combustion 

48 499 83 146 

Production/ 

own use 

427 0.7 1 

Purchased 

district heat 

3 115 5 9 

Distribution 0 0 0 

Waste 

management 

28 0.1 0 

Total 58 569 100 177 

 

Based on Table 11, KE’s district heating in 2019 resulted in 58 569 tons CO2-equivalents. 

The calculated district heating production in 2019 was 332 GWh. Carbon footprint of district 

heating can be presented for each produced GWh by dividing the overall emissions with the 

production amount which results in 177 t CO2-eq./GWh. When the result is presented per 

produced kWh, the carbon footprint of district heating in 2019 was 177 g CO2-eq./kWh. 
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8 ANALYSIS OF THE CARBON FOOTPRINT RESULTS 
 

In this chapter, the results from the carbon footprint calculation are analysed. First, the 

emissions are assessed based on the life cycle phases. After this, the emissions from 

utilization of different fuels are evaluated. 

 

8.1 Emissions from the life cycle phases 
 

The results show that the largest share of emissions is produced in the combustion of fuels 

as was presented in Table 11. The combustion produces 83% of all emissions. The second 

largest share of emissions is produced in material acquisition phase. The material acquisition 

produces 7% of all emissions which is still very minor compared to the emissions produced 

in combustion. The shares of emissions from each life cycle phase are presented in Figure 

16. 

 

 
Figure 16. Shares of emissions from each life cycle phase. 

 

Own chipping, use of electricity in plants and waste management each produce under 1% of 

all emissions. Thus, these life cycle phases do not have significant impact on the carbon 

footprint. Distribution of district heat have heat losses but no direct emissions. It is important 

to note that 27 GWh of district heat were lost in distribution. Therefore, it can be concluded 

that distribution produces emissions equal to production of 27 GWh of district heat. This 



 

 

67 

equates to approximately 4 686 t CO2-equivalents. This amount of emissions is still very 

minor when comparing to the emissions from combustion phase. In the calculations, the 

emissions from the production of this lost amount of district heat are included in the life 

cycle phases before distribution because the calculations are for the amount of total produced 

district heat. Because of this, the emissions from distribution are presented as zero in Table 

11. 

 

Quality of used data affects the results. As was analysed in chapter 7.5, used emission factors 

for material acquisition were averages and transportation distances were estimations. 

Therefore, the results might differ when using more exact data. Based on the carbon footprint 

results, data quality has the largest impact in the combustion phase since it is clearly the 

largest source of emissions. Used emission factors in combustion were global values for 

stationary combustion. Therefore, the results might differ when using country-specific data. 

Consideration of biomass as CO2 neutral fuel had significant effect on the results, since the 

CO2 emissions would have been significantly larger without this consideration. Also, the 

uncertainty analysis in chapter 7.7 revealed that the selected allocation method has 

significant effect on the carbon footprint. 

 

8.2 Emissions from the utilization of fossil fuels 
 

Based on the results, the largest potential for reducing emissions is in the combustion phase. 

Reasons for this large amount of emissions can be found from the combusted fuel types. 

Table 8 shows that the largest source of emissions is the combustion of peat. Milled peat 

produced 31 089 tons CO2-equivalents in combustion which is approximately 53% of the 

total carbon footprint. The second largest source is combustion of natural gas. Natural gas 

produced 11 282 tons CO2-equivalents in combustion which is approximately 19% of the 

total carbon footprint. All fuels produced emissions also in material acquisition and 

transportation phases which have to be considered when assessing the overall emission.  
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8.3 Emissions from the utilization of biofuels 
 

Like fossil fuels, also biofuels produced emissions in material acquisition and transportation 

phases. They also produced CH4 and N2O emissions in combustion phase. This has to be 

noted because even if CO2 emissions of biofuels are considered as zero in Finland, biofuels 

still produce other GHGs. When the CH4 and N2O emissions from combustion of biofuels 

are calculated together, these emissions contribute to 6 022 t CO2-equivalents. This means 

that combustion of biofuels produces more emissions than the total material acquisition 

phase. It is important to pay attention to this when planning the roadmap towards carbon 

neutral district heating business. 
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9 CREATING THE ROADMAP TOWARDS CARBON NEUTRAL 

DISTRICT HEATING BUSINESS 
 

This chapter evaluates different options for decreasing emissions and achieving carbon 

neutral district heating in the case of KE. First, already decided changes that are going to be 

implemented at KE are assessed after which the future options are evaluated. At the end of 

the chapter, the evaluations are collected to form a roadmap towards carbon neutral district 

heating business. 

 

There are several options to reduce emissions and the carbon footprint of district heating. 

Based on the calculated carbon footprint, the greatest source of emissions is combustion 

phase and more specifically combustion of peat and natural gas. Therefore, it also has the 

greatest potential for emission reduction.  

 

One possible option is to replace fossil fuels with renewable fuels. In fact, KE has already 

decided to discontinue utilizing peat and replace it with wood fuels. If all the peat used in 

2019 was replaced with chips from roundwood, the CO2 emissions from combustion would 

decrease by 30 899 tons. This change in CO2 emissions alone would reduce the carbon 

footprint approximately to 27 670 t CO2-equivalents per year which means 83 g CO2-

eq./kWh. Therefore, replacing peat with wood fuels can decrease the carbon footprint even 

by a half. This change will have a significant impact on decreasing the carbon footprint of 

KE’s district heating product. 

 

KE has also decided to introduce a 4 MW pellet plant to Söderkulla, Sipoo. The plant will 

be ready in the end of 2020. It will replace the use of natural gas in Söderkulla and Hartwall 

heat stations. The pellet plant will produce 70-90% of annual heat production in Söderkulla 

and Hartwall stations depending on weather conditions and usability of the plant. (Välkky 

2019.) 

 

Another option is to add cleaning technologies for flue gases. KE has already decided to add 

Unicon Condenser to CHP plant Kelvo. The condenser will recover waste heat and reduce 

sulphur and particle emissions. Heat recovery will decrease the amount of needed 
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combustion. (KPA Unicon Group Oy 2020.) Therefore, it will increase the efficiency of the 

production process. The condenser will recover 58 GWh of waste heat that will be used as 

district heat (Kerava Energy 2019a). 30 GWh of recovered district heat is used to replace 

production in Kelvo, 17 GWh is used to replace production in Ylikerava and 12 GWh is used 

to replace production in natural gas boilers. However, because of KE’s planned changes for 

Ylikerava, the production with natural gas boilers will probably grow approximately back to 

the point before the flue-gas condenser. (Kerava Energy 2020g.) That is why only the change 

in Kelvo is taken into account in calculations. 

 

In the Low-carbon roadmap of Finnish Energy, it is stated that the utilization of fossil fuels 

will be discontinued in a controlled manner. In the future, fossil fuels will be used as fuels 

for delivery and security of supply. (Finnish Energy 2020b, 6, 9.) Therefore, KE is already 

going to the right direction by discontinuing the use of peat. To follow the Low-carbon 

roadmap of Finnish Energy, KE has to discontinue also the use of natural gas and oil in a 

controlled manner. 

 

One option is to replace natural gas and oil with biomass in the same way as peat is replaced. 

However, in the Low-carbon roadmap of Finnish Energy, it is stated that the demand of 

wood fuels is already increasing which causes pressure to wood production. That is why the 

development of other district heating production technologies than combustion have to be 

promoted. (Finnish Energy 2020b, 11.) This kind of methods were presented in chapter 5. 

 

After the peat is replaced with wood fuels and the pellet plant and flue-gas condenser are 

implemented, the amount of produced district heating with fossil fuels (natural gas and oil) 

in KE will be approximately 111 TJ which equals to 31 GWh. From the fossil fuels, natural 

gas will have a share of 99% and oil 1%. The use of oil is very minor compared to the use 

of natural gas. To proceed towards carbon neutral district heating production, this amount of 

district heating has to be replaced with other production methods that do not produce 

emissions. Because of the increasing pressure that wood fuel production has, this research 

will focus more on methods that do not use combustion. Figure 17 presents the estimated 

change in the fuels of KE. 
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Figure 17. Planned changes in utilization of fuels and estimated emission reduction in combustion process. 

 

Utilization of natural gas is divided between several CHP plants and heat stations. Before 

implementing the pellet plant, the largest amount of natural gas was used in Hartwall heat 

station. However, after the implementation of the pellet plant, the largest amount of natural 

gas will be utilized in CHP plant Savo. In 2019, Savo produced 7.6 GWh of district heating 

with natural gas. 

 

Possible methods for decreasing emissions after KE’s implemented changes are evaluated 

in following chapters. The evaluation includes directional analysis of costs and suitability of 

each option. 
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9.1 Utilization of biomass 
 

KE is already going to replace utilization of peat and part of natural gas with wood fuels. 

One possible option is to expand this plan to include all used fossil fuels in district heating 

production. Costs of wood biomasses are remarkably lower than cost of natural gas. Natural 

gas costs approximately 40-48 €/MWh when forest chips cost approximately 22 €/MWh. 

These costs include excise duties (Statistics Finland 2020e.) When replacing natural gas with 

forest chips in production of 31 GWh of district heating, the savings from fuel costs would 

be approximately 682 000 €/a. 

 

Costs of this option would include possible investments for new wood-based boilers to 

replace fossil-based plants. Let’s assume that the fossil fuel use in Nikkilä was replaced with 

a 5 MW biomass fired boiler and Ahjo, Kannisto and Pihkaniitty with a 2 MW biomass fired 

boiler. Directional Capex cost for the 5 MW boiler would be 7 million euros and for the 2 

MW boiler 1.7 million euros (BioEnerGIS 2011). It has to be noted that these values are 

directional. Also, the RED II directive has to be considered when implementing new biomass 

fired plants. 

 

9.2 Improving efficiency 
 

Improving efficiency in the life cycle of district heating will decrease emissions. For 

example, decreasing the amount of waste heat from production, distribution or use of district 

heating means that less fuel is needed for producing the amount of heat that meets the 

demand. When less fuel is used, also less emissions are produced. There will also be cost 

saving from decreased amount of fuels. 

 

The efficiency of KE’s district heating production will improve with the Unicon Condenser 

in plant Kelvo. KE also plans to start a project with Leanheat that will increase the efficient 

use of the heat in the buildings of the customers. This will be executed with artificial 

intelligence that helps to optimize the energy consumption of the buildings (Leanheat 2020). 

The more customers introduce the system, the more waste heat can be prevented. 
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KE has 1 400 district heating customers. It is estimated that the Leanheat system will 

decrease the annual energy consumption of the buildings by 7-10% (Leanheat 2019). This 

means that if all KE’s district heating customers introduced the system, it would reduce 

needed production by approximately 25 GWh. If approximately half of the utilization of 

natural gas and light-fuel oil were discontinued by this change, approximately 7 000 t CO2-

equivalents would be reduced. With the same assumptions, if half of the customers 

introduced the system, one fourth of the utilization of natural gas and light-fuel oil could be 

discontinued. This would result in an emission reduction of 3 500 t CO2-equivalents. 

Therefore, an approximate emission reduction per one implemented system would be 5 t 

CO2-eq./customer if half of the discontinued production were with fossil fuels. 

 

9.3 Heat pumps and utilization of waste heat 
 

One possible option is to include large scale heat pumps into the CHP system. Heat pumps 

offer flexible solution that can optimize the whole district heating production. Based on the 

research by Valor (2016, 40, 44), heat pumps are the most profitable in large production 

systems. KE belongs to the middle-sized production systems that have production over 200 

GWh. The research estimates that in middle-sized systems the potential for utilizing heat 

pumps is 6-10% of district heating production. (Valor 2016, 40, 44.) Because KE needs to 

replace approximately 12% of their district heating production with renewable energy, heat 

pumps could offer a reasonable solution since it can optimize the production and the 

percentage is very near for the estimated potential. 

 

Heat pumps can be used for utilizing waste heat or other heat sources. To be profitable, heat 

pumps should have continuous heat source that has suitable temperature for district heating. 

The heat source should also be located near the district heating network. (Valor 2016, 29.)  

 

The Low-carbon roadmap of Finnish Energy emphasizes the utilization of waste heat in 

district heating production. The Unicon Condenser will add this kind of utilization into the 

district heating production process. However, waste heat is possible to be used also from 

outside of the plants. Research was made to find possible sources of waste heat near KE. 
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One data center was found to be located in Kerava. However, the data center in question was 

already examined by KE and would provide only minor waste heat. The expenses of building 

the infrastructure to utilize the data center would probably rise too high in comparison to the 

received heat energy. During the research, another data center was found to be located in 

Tuusula. More research is recommended on the possible partnership with near located data 

centers.  

 

Valor (2016, 33-34) estimated the investment cost of heat pumps to be 300 €/kW when the 

heat source is cheap for example from cooling or wastewater. The operating hours were 

estimated to be 2 700 h/a. (Valor 2016, 33-34.) If this kind of heat pumps were used to 

replace the remaining fossil fuels in KE, it would mean an investment cost of approximately 

3.4 million euros. If the heat source were more expensive, for example from ground or sea 

water, the estimated investment cost would be 600 €/kW (Valor 2016, 33). In this case, the 

investment costs would rise to approximately 6.8 million euros. It has to be noted that the 

costs are sensitive to changes in case-by-case values which is why Valor (2016, 34-35) states 

that the cost results are directional. When calculating the total costs, other aspects have to be 

taken into consideration for example investment of heat storages. (Valor 2016, 34-35.) As 

can be seen, the heat source can have a remarkable impact on investment costs.  

 

As a case example, Mäntsälä added waste heat utilization from a local data center into their 

district heating production. The waste heat produces 20 GWh of district heating. The needed 

infrastructure included heat recovery system, heat pump plant and possible addition to the 

network. The pumps use electricity and heat which also brings costs. However, the 

investment was profitable for Mäntsälä and Mäntsälä was able to cut from the district heating 

prices by 11%. (Sitra 2019.) 

 

More research is recommended on possible sources of waste heat and its utilization in district 

heating of KE. Cost-efficiency of utilizing waste heat depends on the source of waste heat 

and its possibilities to be utilized in KE. Currently, many energy companies have started 

using heat from waste waters. In the case of KE, there is no wastewater treatment plants near 

Kerava or Sipoo.  
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9.4 Geothermal 
 

Utilization of deep geothermal energy is currently under research and testing in Finland as 

was stated in chapter 5.5. Therefore, the profitability of this option could be analysed in more 

detail when more information of the pilot plants is received. 

 

9.5 Solar thermal 
 

Currently, minor amounts of solar energy are being used in district heating production and 

it is still in testing and researching phase. Motiva (2020d) states that because of the large 

changes of radiation in different seasons and the high heating demand in wintertime, solar 

thermal does not decrease the needed capacity for heating. Solar thermal is profitable when 

it is used to decrease the price of district heating and to improve the contribution margin of 

the company. In practise, this can happen in times of sunshine and radiation. Therefore, solar 

thermal can be used in summertime to replace for example the use of fossil fuels. (Motiva 

2020d.) In the case of KE, the needed technology to produce district heating has to cover all 

times of year which is why solar thermal as such is not necessarily adequate for the purpose. 

 

One possible path for using solar thermal also in wintertime would be trans-seasonal 

storages. In district heating systems, these kinds of long-term storages are usually placed 

underground. Three examples of these are Borehole Thermal Energy Storage (BTES), 

Aquifer Thermal Energy Storage (ATES) and Pit Thermal Energy Storage (PTES). Some 

BTES storages have been used in Finland although storing of solar thermal in trans-seasonal 

storages is still very minor. (Motiva 2020e.) 

 

Hakkarainen et al. (2015, 66) assessed the cost of utilizing solar thermal in district heating 

production. In the research, the investment cost was calculated for collector area of 50 000 

m2. The cost was estimated to be 200 €/m2 which resulted in investment cost of 10 million 

euros. (Hakkarainen et al. 2015, 66.) If it was assumed that the same estimated cost of 200 

€/m2 was applicable in the case of KE, the investment cost for producing 31 GWh with solar 

thermal would be 15.4 million euros. This does not include the trans-seasonal storage which 

would still increase the investment costs.  
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9.6 Carbon neutrality or near carbon neutrality 
 

Even if the remaining fossil fuels were replaced with renewable technology, there would still 

be GHG emissions from combustion of biofuels and from other life cycle phases as the 

carbon footprint calculation reveals. One option for achieving total carbon neutrality is to 

replace the combustion technologies with non-combustion technologies, such as the ones 

presented in previous chapters. This would mean very large investments and inclusive 

change in production since almost all district heating produced in KE is from combustion of 

biofuels.  

 

This leads to question if the goal is to achieve carbon neutrality or near carbon neutrality. If 

KE decides to discontinue utilizing fossil fuels but continue utilizing combustion 

technologies with biofuels, the carbon footprint would still decrease significantly compared 

to year 2019.  

 

One way to achieve carbon neutrality and continue the use of combustion technologies 

would be emission compensation which was presented in chapter 5.7. Let’s assume that KE 

decides to replace the remaining fossil fuels with non-combustion technology, such as heat 

pumps. After this, the GHG emissions from material acquisition, transportation and 

combustion of biofuels are compensated by obtaining voluntary carbon credits. The amount 

of compensated emissions would then approximately be 11 400 t CO2-equivalents. 

 

Global price of carbon credits has increased since 2017 and in 2019 fluctuated between 15-

23 €. In 2019, the global average price of a carbon credit was 20 €. (Pv Europe 2019.) If 

11 400 t CO2-equivalents were compensated with voluntary carbon credits with a cost of 20 

€ per credit, the cost of compensation would be 228 000 €. Based on the growing trend of 

the carbon credit prices, the price may increase also in the future. 

 

9.7 The roadmap 
 

Based on the analysis on previous chapters, heat pumps would possibly offer the most cost-

efficient option to replace the remaining utilization of fossil fuels in district heating 



 

 

77 

production. The production with heat pumps would be stable in all seasons and the 

investment costs would be remarkably lower than with other options, especially if a cheap 

heat source was utilized. It would also help in optimizing the production. Another cost-

efficient option would be biofuels, although the costs depend on the needed number of new 

biomass fired plants. Based on the recommendation of the Low-carbon roadmap of Finnish 

Energy, other methods than combustion should be promoted which amplifies the option of 

heat pumps. Figure 18 presents a roadmap that collects the already decided changes at KE 

for years 2020 and 2021 and the possible options for continuing to decrease the emissions 

after these changes. The roadmap presents also the development of fuels and estimated 

reductions of emissions. 

 

 
Figure 18. Roadmap towards carbon neutral district heating business in KE. 

 

Future options are divided into two groups in Figure 18 based on their current potential for 

decreasing emissions. Still, the division is not ultimate. For example, solar thermal could be 

used with storages to achieve carbon neutrality. This option seemed too costly and massive 

in the case of KE which is why solar thermal is presented as an option to decrease a part of 

the emissions. Another example is that heat pumps can be used to decrease only a part of the 
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emissions. Heat pumps are still presented as a solution to carbon neutrality because they can 

also be used to replace combustion technologies and therefore be used to decrease a larger 

amount of the emissions. 

 

If KE decides to continue with biofuel combustion and only replace the remaining fossil 

fuels, the replacement does not need all options presented in Figure 18. For example, if all 

the utilization of fossil fuels is replaced with heat pumps, there is no necessary need for solar 

thermal or geothermal energy. Presented reductions of emissions in Figure 18 are estimates 

based on the carbon footprint calculation. The amount of emission reduction for achieving 

carbon neutrality is calculated with an assumption that remaining fossil fuels are replaced 

with biofuels. Therefore, the amount includes CO2, CH4 and N2O emissions from other life 

cycle phases than combustion and also CH4 and N2O emissions from combustion. 

 

Based on the evaluation of different future options, the most cost-efficient way to reach 

carbon neutrality could possibly be replacing the combustion of fossil fuels with heat pumps 

that use waste heat as a heat source and compensate the remaining GHG emissions with 

carbon credits. A rough, directional cost estimate would then be for the first year of 

investment: 

 

𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡	𝑜𝑓	ℎ𝑒𝑎𝑡	𝑝𝑢𝑚𝑝𝑠 + 𝑐𝑜𝑚𝑝𝑒𝑛𝑠𝑎𝑡𝑖𝑜𝑛  

= 3.4	𝑚𝑖𝑙𝑙𝑖𝑜𝑛	€ + 228	000	€/𝑎 ≈ 3.6	𝑚𝑖𝑙𝑙𝑖𝑜𝑛	€     

 

It has to be noted that the cost estimate is directional and should not be used without more 

exact calculations. After the year of investment, the amount of compensation has to be paid 

annually. Also, the costs for using the heat pumps has to be taken into account. Research on 

the possible heat sources for heat pumps and more detailed cost calculations are 

recommended.  

 

  



 

 

79 

10 CONCLUSIONS 
 

The aim of this thesis was to calculate the carbon footprint of KE’s district heating in 2019 

and create a roadmap towards carbon neutral district heating business. The carbon footprint 

calculation was used to examine emissions from the different life cycle phases of district 

heating and to define the most significant sources of emissions. The roadmap was developed 

to examine different options to decrease emissions and to achieve carbon neutrality. As a co-

product, a carbon footprint calculator was developed which KE can use for future carbon 

footprint calculations.  

 

Based on the research, energy industry has no common agreement on methods for 

calculating carbon footprints of district heating. Therefore, current carbon footprints of 

different energy companies are not necessarily comparable. This carbon footprint calculation 

was performed according to GHG Protocol Product Standard and it included life cycle 

phases from material acquisition to district heat distribution and waste transportation. If the 

carbon footprint was wished to be compared with a carbon footprint of another company’s 

district heating, both carbon footprints should include the same life cycle phases, allocation 

method and GHGs.  

 

Uncertainty analysis revealed that carbon footprint is sensitive to changes in allocation 

method. Also, the amount of included GHGs change the result. This carbon footprint 

calculation included CO2, CH4 and N2O emissions. If the carbon footprint included only the 

CO2 emissions, the carbon footprint would have been smaller. Also, the significant CH4 and 

N2O emissions from combustion of biomass would have gone unnoticed.  

 

The results of the carbon footprint showed that the combustion of fuels produced the 

distinctly largest share of emissions by 83%. Combustion of peat produced approximately 

half of the total carbon footprint. Rest of the emissions were mainly from material 

acquisition, purchased district heat and transportation. Heat losses in distribution of district 

heat caused larger demand for the heat production. Therefore, it can be considered that the 

emissions from distribution equals to the amount of emissions from production of the lost 

district heat. The amount of emissions from distribution are approximately the same order 
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of magnitude than the emissions from material acquisition. GHG Protocol Product Standard 

also includes guidance for an assurance statement of the carbon footprint calculation. 

Possible assurance statement is carried out outside of this thesis by KE. 

 

The carbon footprint calculation provided a good foundation for planning the roadmap 

because the calculation revealed different sources of emissions and their significance in total 

emissions. Thus, the roadmap could focus on these life cycle phases and emission sources. 

The Low-carbon roadmap of Finnish Energy was also used as guidance for the KE’s 

roadmap. 

 

KE had already made decisions for decreasing emissions from 2020 onwards. These 

decisions were taken into account before evaluating options for replacing fossil fuels and 

achieving carbon neutrality. During the research, many options for this purpose were found 

and evaluated. Based on the evaluation of directional investment costs, heat pumps that use 

waste heat could possibly be the most cost-efficient solution for KE. 

 

Evaluation of the options also revealed that combustion-based production with biomass 

would still produce GHG emissions in material acquisition, transportation and waste 

management, and CH4 and N2O emissions in combustion. Production methods that are not 

based on combustion would decrease emissions also from other life cycle phases than 

combustion. If KE is reaching for carbon neutral district heating, it should decrease 

emissions from all phases of the life cycle of district heating. Another possible method to 

achieve carbon neutrality is compensating the remaining emissions. Before considering 

compensation, all possible reductions of emissions should be performed. 

 

Improving the efficient utilization of district heat was evaluated to have a large potential for 

reducing emissions. When improving the efficiency of use phase, the amount of needed 

production decreases and less combustion is needed. This means reduction in produced 

emissions and cost savings in fuels.  

 

The created roadmap collects already decided changes by KE, options for reducing 

emissions and options for achieving carbon neutrality. The roadmap also presents possible 
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change in fuels and reductions in emissions. Emissions from district heating will decrease 

significantly by already made decisions of KE. The roadmap reveals that after the changes 

remarkable amount of emissions is still produced during the life cycle of district heat even 

if all fossil fuels were replaced with renewable fuels. The roadmap offers options to reduce 

also these emissions. 

 

More research is recommended of the waste heat sources that could be utilized as district 

heat in KE. Possibilities of geothermal energy have still to be analysed. Also, more 

comprehensive cost calculations with a case by case analysis are recommended.  
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11 SUMMARY 
 

This master’s thesis was commissioned by Kerava Energy Ltd. The goal of this thesis was 

to calculate the carbon footprint of KE’s district heating product in 2019 and create a 

roadmap towards carbon neutral district heating business for KE. The aim of the carbon 

footprint calculation was to find the sources and amounts of GHG emissions from the life 

cycle phases of district heating. The roadmap aimed to collect options to reduce emissions 

and achieve carbon neutrality. The options were evaluated based on their suitability and cost-

efficiency in the case of KE. 

 

The theory section provided information on district heating in Finland, carbon footprint 

standards, relevant calculations and methods for decreasing emissions. This information was 

used in the empirical part of the thesis where the carbon footprint was calculated, and the 

roadmap towards carbon neutral district heating business was created. The carbon footprint 

was calculated based on GHG Protocol Product Standard. Included life cycle phases of the 

district heat were material acquisition, transportation, production and distribution. 

Transportation of waste was also included. Benefit distribution method was used to distribute 

emissions for produced district heat in CHP plants. The calculations included CO2, CH4 and 

N2O emissions. 

 

The carbon footprint of KE’s district heating in 2019 was calculated to be 58 569 t CO2-

equivalents for the whole year which equals to 177 g CO2-eq./kWh. The largest source of 

emissions was combustion of fuels with an 83% share of total emissions. The combustion of 

peat produced approximately half of the total carbon footprint.  

 

The roadmap which was developed according to the results of this study presents both the 

decisions that KE has already made to decrease emissions and options for emissions 

reduction in the future. The options include solutions which have the potential to decrease 

emissions both on a small scale and on a level, which might lead to complete carbon 

neutrality. Heat pumps that utilize waste heat were estimated to have the potential for being 

a cost-efficient solution to reduce emissions. Also, improving the efficient utilization of 

district heating would reduce emissions significantly and have cost savings in production.  
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Calculation of used fuels for the production of district heat in plant Kelvo in 2019 

 

This calculation is done with benefit distribution method. Selected alternative electricity 

production is condensing power with assumed efficiency of 39%. Selected alternative heat 

production is water boiler with assumed efficiency of 90%. The following values are for 

plant Kelvo in 2019.  

 

Efficiency of alternative electricity production 39% 

Efficiency of alternative heat production 90% 

Produced electricity in CHP 83.51 GWh/a 

Produced district heat in CHP 242.21 GWh/a 

Produced process heat in CHP 26.08 GWh/a 

 

Fuel consumption of the alternative production is calculated by dividing the amount of 

production in Kelvo with the efficiency of the alternative production as were presented in 

equation 1 and equation 2. 

 

Alternative production Symbol Amount [GWh/a] 

Fuel consumption of alternative electricity production F'e 214.13 

Fuel consumption of alternative district heat production F'h 269.12 

Fuel consumption of alternative process heat production F'p 28.98 

 

All fuel usage in Kelvo was F = 435.63 GWh/a. Fuel usage in Kelvo is calculated by using 

the equation 3 and equation 4 and adding the production of process heat into the calculation. 

For example, the fuel usage for district heating production is: 
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𝐹" =
269.12GWha

214.13GWha + 269.12GWha + 	28.98GWha 	
∗ 435.63

GWh
a = 	228.88

GWh
a  

 

 

Fuel usage in Kelvo Symbol Amount 

[GWh/a] 

Share 

[%] 

Fuel usage for electricity production in CHP Fe 182.11 41.80 

Fuel usage for district heat production in CHP Fh 228.88 52.54 

Fuel usage for process heat production in CHP Fp 24.64 5.66 

Fuel usage in CHP together - 435.63 100.00 

 

Fuel consumption per fuel type for district heat production is calculated by multiplying the 

total amount of fuel with the calculated share of 52.54%. The results are presented in the 

following table. 
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Fuel Amount 

[TJ/a] 

Amount 

[GWh] 

Shares 

[%] 

Fuel consumption 

for district 

heating [TJ] 

Natural gas 2.05 0.57 0.13 1.08 

Chips from 

roundwood 

329.08 91.41 20.98 172.90 

Forest residue chips 566.53 157.37 36.12 297.65 

Bark 166.63 46.29 10.63 87.55 

Wood residue chips 11.41 3.17 0.73 5.99 

Stump chips 72.86 20.24 4.65 38.28 

Milled peat 419.71 116.59 26.76 220.51 

Together 1568.27 435.63 100.00 823.96 

 

The amount of lime was calculated by multiplying the amount of all lime (451 t) with the 

calculated percentage of the fuel share for district heating. Therefore, the amount of lime for 

district heating was 236.95 t. 


