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valtuuston, neuvoston sekä seurakuntalaisten liikkumisen. Jätehuolto, energian käyttö, 
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sijaitsee maaseudulla, joten liikkumistapojen muuttaminen olisi hankalaa. Laajempi 
systeeminen muutos olisi tarpeen. Lähes viidesosa päästöistä voitaisiin eliminoida 
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ABSTRACT  
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The purpose of this thesis is to calculate the carbon footprint of Loviisa parish union and to 
determine the most significant sources of greenhouse gas emissions from its activities. The 
goal of Loviisa parish union is to achieve carbon neutrality to meet the targets set by the 
Evangelical Lutheran church in Finland. Ways to reduce emissions are identified and the 
magnitude of carbon sinks of the forest owned by the parish union in relation to CO2 
emissions is explored. The carbon footprint is calculated based on life cycle modeling 
according to ISO 14000-series standards and GHG-protocol. Data for the calculation is 
collected from the parish union and through surveys, values from literature and databases 
are also used.  
 
The system boundary for the study is limited to the core functions of the parish union that 
includes employee travel, council and delegation travel, travel to events. Waste management, 
energy use, refrigeration equipment, fuel use and production are also included in the study. 
It is found that the carbon footprint of Loviisa parish union is 452 tCO2e annually. Biggest 
emission sources are travel to events, employee travel and production of electricity used by 
properties. Overall travel accounts for 70 % of emissions. 
 
Emissions could be reduced by promoting more sustainable commuting and traveling habits. 
The parish union is located in a rural area so it would be difficult to implement changes to 
alter these habits. A wider systemic transition would be necessary. Almost a fifth of the 
emissions could be eliminated by switching to renewably produced electricity. The parish 
union owns forest that seems to offset their emissions at the current stage but there are many 
uncertainties associated with the calculation. The carbon amount stored in the biomass is 
expected to increase. It is recommended to limit logging to a bare minimum as natural forests 
act as more efficient carbon sinks. Further research into the carbon sinks is recommended. 
Aspects of the parish unions activities left out of the scope of this study could also be 
included in future research. 
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1 INTRODUCTION  

 

In January 2020, the Doomsday clock was moved 20 seconds forward so that the clock is 

now only 100 seconds to midnight. The symbolic clock is maintained by the Bulletin of 

Atomic Scientists and it indicates how close humanity is to cataclysmic events. In addition 

to nuclear war, cyber warfare, and misinformation; climate change is considered a major 

threat to humanity. The withdrawal of United States from the Paris Climate Agreement 

contributed to the decision to move the clock forward (Bulletin of Atomic Scientists 2020). 

Climate change is caused by increased greenhouse gas concentration in the atmosphere and 

it is estimated there is 95 % probability that human activities during the last 50 years have 

warmed the planet (Nasa 2020). 

 

After the industrial revolution, the concentration of greenhouse gases in the atmosphere has 

risen substantially. According to IPPC (Intergovernmental Panel on Climate Change) the 

average global temperature has risen by 1.0°C since the industrial revolution and is expected 

to rise an additional 1.5°C between 2030 and 2052. To limit global warming to 1.5°C, 

unprecedented and drastic measures are needed. (IPCC 2018). The effects of climate change 

can already be seen. Extreme weather conditions have become more prevalent, ice caps are 

melting, and rising sea levels threaten coastal territories. Environmental refuges are 

estimated to become a major issue in the future as regions of the globe become uninhabitable 

due to a hostile climate. To reach the goal of limiting global warming, greenhouse gas 

emissions should decrease by 45% by 2030 compared to the 2010 level. Carbon neutrality 

should be achieved by 2050 (IPCC 2018). No one man, entity or organization can by itself 

solve this monumental problem as there is no simple solution to solving it, but little strokes 

fell great oaks. Climate consciousness has increased rapidly in the last few years, from 

individuals to large corporations, steps have been taken to become more environmentally 

friendly. Whether solving climate change proves to be a Sisyphean task remains to be seen 

but everyone can contribute with their own actions.  

 

Religious activities are not exempt from contributing to climate change. Ever since the dawn 

of mankind, humans have worshipped various deities and organized into congregations. 

Christianity is the biggest religion with approximately 2,4 billion members. The Lutheran 
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church was founded in the 16th century in Germany. The Evangelical Lutheran Church of 

Finland is the biggest church in Finland with approximately 69% of the population belonging 

to the church (Evangelical Lutheran Church of Finland 2019). The church organizes various 

gatherings and masses for its members.  

 

1.1 Background 

 

The Evangelical Lutheran Church of Finland has set a goal to be carbon neutral by 2030. To 

reach this goal emissions are to be reduced 80% from the current level. The rest i.e. 20% is 

to be compensated/offset (Evangelical Lutheran Church of Finland 2019). The church has 

outlined three steps to reach this target. Firstly, emissions from properties are to be reduced. 

Secondly, emissions from activities are to be reduced and finally emissions are to be offset.  

The roadmap prepared by the church details intermediary goals for on the road to carbon 

neutrality (Evangelical Lutheran Church of Finland 2019.) The roadmap is presented in 

Table 1. 

 

Table 1. Carbon neutrality roadmap (Evangelical Lutheran Church of Finland 2019). 

2019 Preparation of the church's climate strategy 

Applying for funding 

Basis register used by all parishes 

Mapping of forest carbon stocks and sinks 

2020 Mapping of real estate emissions 

Decisions, joint procurement, information 

2025 Oil-free church 

Fossil-free electricity 

Emission offsetting 

All congregations have a Church Environmental Diploma 

2030 Carbon neutral and fossil-free church 
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The Evangelical Lutheran church of Finland has an environmental management system 

called the environmental diploma that is based on ISO 14000 and EMAS frameworks. A 

carbon footprint study is not necessary to attain the environmental diploma. The 

environmental diploma includes 14 points that help congregations become more aware of 

their environmental impacts (Kirkkohallitus 2012). The current edition of the environmental 

diploma does not include any carbon footprint requirements, but a new edition is set to be 

published on 23.9.2020 that is supposed to help achieve the carbon neutrality goals of the 

church (Evangelical Lutheran Church of Finland 2020). 

 

1.2 Objectives 

 

The purpose of this thesis is to find out the sources of greenhouse gas emissions of Loviisa 

parish union and to calculate its carbon footprint. The carbon footprint is calculated to enable 

Loviisa parish union to find ways to reach its carbon neutrality goal.  

 

The research questions of this thesis are as follows: 

 What is the carbon footprint of Loviisa parish union? 

 What is the most significant source of greenhouse gas emissions of Loviisa parish 

unions activities? 

 How can the emissions of Loviisa parish union be reduced and compensated? 

 

This thesis is divided into a theoretical part and an empirical part. In the theory part the basis 

of carbon footprint calculation is explained. In the empirical part the carbon footprint of 

Loviisa parish union is calculated. Primary data used in this study is collected from the parish 

union. Literature sources are used for necessary values related to the carbon footprint 

calculation and some assumptions are made to facilitate the calculation. A sensitivity 

analysis is conducted for the calculation to show uncertainty of results.  Based on the results 

of the study, ways to reduce the carbon footprint are explored. Carbon sinks and carbon 

offsetting are considered. No cost calculation is done for carbon offsetting.  
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2 CARBON FOOTRPINT CALCULATION METHODOLOGY 

 

The life cycle assessment methodology and the international standards used in this study are 

presented in this section. 

 

2.1 Life Cycle Assessment Methodology 

 

LCA stands for Life Cycle Assessment and it means assessing the environmental aspects of 

a product’s or entity’s entire lifecycle from raw materials to disposal. LCA is used to assess 

and understand the environmental performance of e.g. products, services, and companies. It 

can help produce information for decision making, environmental communication and 

marketing. It is an important tool in managing environmental issues. (ISO 14040:2006) 

 

Studies that consider only one impact category e.g. climate change that is quantified by the 

Global Warming Potential (GWP) cannot be designated as LCA studies but are based on 

LCA methodology. LCA assessment for GWP only is commonly called a carbon footprint.   

(Klöpffer & Grahl 2014 ,45.) GWP measures how much energy 1 ton of a gas will absorb 

compared to CO2. CO2 has a GWP of 1 and the larger the GWP is the more the gas will 

absorb heat. A period of 100 years is usually used for GWPs. (EPA) The standards used in 

this thesis are ISO 14040, ISO 14044, and ISO 14067. ISO 14040 includes the principles 

and framework for LCA while ISO 14044 expands on 14040 and includes requirements and 

guidelines for conducting an LCA study. The ISO 14067 standard includes principles, 

requirements and guidelines for quantifying and reporting the carbon footprint of a product 

in a way that is consistent with the aforementioned standards. These standards are published 

by ISO (International Standardization Organization). 

 

2.1.1 ISO 14040 & ISO 14044 

 

An LCA study that follows the ISO 14040 and ISO 14044 standards consists of four phases. 
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LCA PHASES 

1. Goal and scope definition 

2. Inventory analysis (LCI) 

3. Impact assessment (LCIA) 

4. Interpretation 

 

Goal and scope definition include the definition of the system boundary of the intended 

subject of the LCA study. The system boundary specifies what unit processes are included 

in the study.  The depth and breadth of the LCA study are dependent on the goal of the study.  

The goal states the intended application of the study, the reason for carrying out said study, 

the intended audience of the study and whether the results are to be used in comparative 

assertions that are disclosed to the public. Scope of the study includes the product or entity 

under study, function of said product or entity, functional unit, system boundary, allocation, 

impact categories, data requirements, assumptions, limitation, data quality requirements, 

critical reviews, type and format of the report. A system can have multiple functions and the 

function that is looked at in the study depends on the goal and scope of said study. A 

functional unit is the quantification of the intended function of the product or entity. It serves 

as a reference point to ensure compatibility of LCA results. An example of a functional unit 

is in the case of drying hands, the number of pairs of hands that are dried. (ISO 14040:2006, 

11-12.) 

 

The inventory analysis phase means doing an inventory on the inputs and outputs of the 

system that is under study. It also includes collection of relevant data for the study. Data 

quality requirements specify the characteristics of the data that is necessary for conducting 

the study. It is important to describe the quality of the data to fully understand the reliability 

of the study and properly interpret the results of the study. Data for unit processes can be 

classified under major headings that include, energy, raw material, ancillary and other 

physical inputs. Products, co-products, and waste. Emissions to air, water, and soil. And 

finally, other environmental aspects. (ISO 14040:2006, 13.) 

 

Impact assessment phase assesses the products environmental significance. This phase 

provides a system wide perspective of the environmental impacts and resource use of the 
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product under study. LCIA assigns the results to different impact categories.  The mandatory 

elements in LCIA are selection of impact categories, category indicators and characterization 

models. After this classification is done i.e. assignment of LCI results, then characterization, 

i.e. calculation of category indicator results. Optional elements of LCIA include grouping, 

weighting, and data quality analysis. (ISO 14044:2006, 20-21.) 

 

The interpretation phase is the final phase of an LCA study. The results are summarized and 

discussed and based on the results recommendations are made in accordance with the 

intended goal of the study in mind.  LCIA results are based on a relative approach and serve 

only to indicate potential environmental effects and that they do not serve as a prediction on 

actual impacts on category endpoints. (ISO 14040:2006, 23.) 

 

The ISO 14044 defines the requirements for an LCA study and gives guidance on how to 

conduct a study. It is based on the ISO 14040 standard but dives deeper into the specifics of 

conducting an LCA study. The standard provides help and guidelines for defining the goal 

and scope of the study, doing the inventory analysis, impact assessment and interpretation. 

(ISO 14044:2006) 

 

2.2 Carbon footprint 

 

The carbon footprint is the sum of greenhouse gases produced through a products or entity’s 

entire lifecycle. The name suggests only carbon is included in this footprint, but it includes 

all greenhouse gases per the Kyoto protocol. The carbon footprint is usually presented in the 

form of CO2-eqvuivalent (GHG Protocol 2004). This enables the comparison of various 

greenhouse gases. Greenhouse gases have their own global warming potential, so they are 

compared to the global warming potential of carbon. When calculating the carbon footprint 

all greenhouse gases usually are converted to correspond to the global warming potential of 

carbon for a 100-year period (EPA). 

 

This thesis uses three standards to calculate the carbon footprint. ISO 14064, ISO 14067 and 

the GHG protocol. The ISO 14064 and ISO 14067 standards are published by ISO 

(International Standardization Organization). ISO 14064 is divided into three parts. The part 
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used in this thesis is the first part i.e. Specification with guidance at the organization level 

for quantification and reporting of greenhouse gas emissions and removals. ISO 14067 

includes requirements and guidelines for quantification in carbon footprint calculations for 

products.  The GHG protocol is developed and maintained by the World Resources Institute 

and World Business Council for Sustainable Development. (GHG-Protocol). 

 

2.2.1 ISO 14060 Family 

 

The ISO 14060 family gives lucidity and consistency to measuring, observing, revealing and  

approving or checking GHG emissions and removals to help sustainable development. 

Applications of the IS0 14060 family include helping decision makers to identify emissions 

and their reduction opportunities and to increase profits by reducing energy use. It can be 

used for risk and opportunity management that include climate-related risks, among others. 

Other applications include voluntary GHG registries or reporting ESG initiatives, GHG 

markets and government GHG programs.  

 

ISO 14064 part 1 contains principles and requirements for organization-level GHG 

inventories. It helps design, develop, manage, and report these inventories. Determination of 

GHG emission and removal boundaries, quantification GHG emissions and removals, 

identification of company actions or activities that improve GHG management are included 

in this standard. Inventory quality management, reporting, internal auditing, and the 

responsibilities of the organization concerning verification are also included. (ISO 14064-

1:2019, 6.) 

 

The definition of principles and guidelines for quantification of the carbon footprint of 

products is included in the ISO 14067 standard. It aims to quantify GHG emissions 

associated with different life cycle stages of a product. All the way from resource extraction 

to the end-of -life for the product. (ISO 14067:2018) 

 

2.2.2 GHG Protocol 
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The GHG protocol consists of two different but connected standards. The standard used in 

this thesis is the Corporate Accounting and Reporting Standard that focuses on helping 

organizations report their greenhouse gas emissions. The GHG protocol corporate standard 

covers the six greenhouse gases covered by the Kyoto protocol. The greenhouse gases in 

question are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 

hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6). (GHG 

Protocol 2004, 2-3.). The objectives of the standard are to provide organizations the 

information on how to do a GHG inventory that is accurate and honest.  The standard 

provides a simple and cost-effective way of doing a GHG inventory analysis. The standard 

provides information that can help organizations to construct a strategy for managing and 

reducing GHG emissions. The standard provides information for the organizations that 

enables them to participate in voluntary and mandatory GHG programs. And finally, the 

standard enables organizations, to increase consistency and transparency when it comes to 

GHG accounting and reporting. (GHG Protocol 2004, 3.) 

 

The GHG protocol classifies the emissions into three scopes: Scope 1, 2 and 3. Scope 1 

includes direct GHG emissions that is emissions that are caused by the activities of the 

organization.  Scope 2 emissions consist of the emissions from purchased energy. Scope 3 

emissions consist of other indirect emissions. Figure 1 shows the detailed classification for 

the different emission sources into scopes. The standard mandates the inclusion of Scope 1 

and 2 emissions in emission reporting but scope 3 emissions are optional (GHG Protocol 

2004, 25.) 
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Figure 1. Scope classification (GHG Protocol 2004) 

 

The GHG analysis begins with the setting of organizational boundaries. The organizational 

boundaries limit the activities that are included in the greenhouse gas analysis. Operational 

boundaries are then established. This involves identifying the operations and emissions 

associated with them and categorizing them as either direct or indirect emissions. For 

indirect emissions, a scope of accounting and reporting is chosen that fits best the identified 

emission. The organizational and operational boundaries form the system boundaries for the 

analysis of GHG emissions. System boundaries are influenced by the characteristics of the 

company, the intended use of the report and the need of the end users. All emissions that are 

inside the system boundary must then be documented.  The organization should strive to 

produce the highest quality data as possible to enable a fair and accurate reporting of their 

emissions. For the organization to easily be able to track and trace their emissions over time 

a reference year should be chosen. It can be any year for which it can reliably and sufficiently 

provide data for.  (GHG Protocol 2004, 8. &79.) 

 

After the establishment of the system boundary the GHG emissions of the organization be 

calculated following the steps as featured in the standard. Identifying GHG sources means 

identifying the sources that can produce GHG emissions and categorizing them into the 
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different scopes. There are four typical GHG emission source categories. They are stationary 

combustion, mobile combustion, process emissions and fugitive emissions.  

 

Next step in the calculation process is choosing the calculation approach. The most common 

way is calculating emissions using established emission factors. Emission factors are 

compiled by international and national agencies. After the calculation approach is chosen, 

data collection can commence, and emission factors are chosen. A calculation tool is applied 

to calculate the emissions. Calculation tools are available in a wide range and the GHG 

protocol initiative website provides some tools. However, their use is optional, and 

organizations can use their own methods if they are consistent with the protocol. Finally, the 

results are rolled up to corporate level from all the different parts of the organization. Quality 

control is done in this phase to ensure the completeness and accuracy of the report. (GHG 

Protocol 2004, 41.) 

 

3 CARBON FOOTPRINT OF LOVIISA PARISH UNION 

 

All human activities cause greenhouse gas emissions and the activities of Loviisa parish 

union are no different. The parish union was founded in 2019 and it consists of two 

congregations: The Swedish speaking Agricola Svenska församling and the Finnish 

speaking Agricolan Suomalainen seurakunta. The union’s area of operations consists of the 

greater Loviisa area and the neighboring municipality Lapinjärvi. The two congregations are 

operationally independent and are led by the church pastor and the council. The union serves 

the congregations by taking care of finances, personnel matters, properties, funeral work, the 

registry, and data management. The highest decision-making body in the union is the joint 

church council, which is elected every four years. (Loviisanseudun seurakunnat). In 2019 

the parish union and its congregations had 12 681 members (Evangelical Lutheran Church 

of Finland). 
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3.1 Goal and scope 

 

The LCA methodology, system boundary and data collection principles for this thesis are 

presented in the following sections. The functional unit and reference year for the LCA study 

are also presented. This part precedes the inventory analysis in an LCA study.  

 

3.1.1 Methodology 

 

The carbon footprint of Loviisa parish union is calculated using the instructions of the ISO 

14040, 14044, 14064, 14067 standards and the GHG protocol. The carbon footprint study 

consists of the definition of the goal and scope, inventory analysis, impact assessment and 

interpretation. The results of the study are evaluated to find the most effective ways to reduce 

the carbon footprint of the parish union. No carbon footprint study has been done before for 

Loviisa parish union so the results of this study cannot be compared to any previous work. 

This study can be used as a reference point in future carbon footprint calculations. The 

carbon footprint is calculated for one year and the reference year that is chosen for this study 

is 2019 due to the founding of the union at the start of 2019. The functional unit for the study 

is the activity of the parish union in the year 2019. The carbon footprint only includes 

emissions from operations during the year 2019 and does not include bound or stored carbon.  

 

3.1.2 System boundary 

 

The system boundary for the carbon footprint study is presented in Figure 2. The apartment 

building owned by the union is excluded from the study as emissions from them are 

dependent on the energy use of the residents. Emissions from cleaning, procurement of office 

supplies, and eucharist servings are excluded from the study as their emissions are assumed 

to be negligible. Greenhouse gas emissions from the food services are potentially significant 

but are excluded from this study as it could be argued that they are a part of the personal 

carbon footprint of individuals. Emissions from refrigerant production are not included in 

this study. Refrigerants are used by the parish union in industrial refrigeration equipment. 
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Emissions from elections are excluded as elections are not held every year. Elections are 

held every four years and the previous elections were held in 2018. 

 
Figure 2. System boundary of the carbon footprint of Loviisa parish union 

 

3.1.3 Data collection 

 

Data related to mobility is collected from primary sources by electronic surveys. Surveys 

were sent to employees, council, and delegation members. Energy consumption data is 

collected from measurements made by the energy companies. Waste data is collected from 

measurements made by waste management companies. Refrigerant consumption is 

estimated by the parish union. Secondary sources such as literature and databases were used 

to supplement data from primary sources with e.g. emission factors to facilitate the carbon 

footprint calculation. Emission factors for machines and vehicles are provided by VTT. 

Emission factors for fuel production are gathered from various literary sources. See 

appendices for surveys. Data collection from event participants about their travel was not 

possible due to the COVID-19 pandemic and the lockdowns resulting from it. A survey 

would have produced more accurate data on the movement of the participants to the events. 
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An estimate of the participant commute was instead made based on surveys to employees 

and the members of the councils.  

 

3.2 INVENTORY ANALYSIS 

 

The inventory analysis in this thesis is conducted according to ISO 14040, 14044 standards 

and the GHG Protocol. It examines the inputs and outputs of unit processes. The inputs of 

the processes are energy and material flows and the outputs are greenhouse gas emissions. 

Data collection for the inventory analysis was done according to chapter 3.1.3.  

 

Emission sources are categorized according to the GHG-protocol into different Scopes. 

Scope 1 emissions are direct emissions, scope 2 emissions are indirect emission from energy 

production while scope 3 includes other indirect emissions. Table 2 shows the Scope 

categorization for Loviisa parish union. 

 

Table 2. Scope categorization for the carbon footprint of Loviisa parish union 

Scope 1 Scope 2 Scope 3 

Employee travel Electricity production Fuel production 

Machines and equipment Heat production Event participant travel 

Own heat production  Waste management 

Refrigeration  Elected official travel 

 

Emission factors found in literature are used to convert the energy- and material flows to 

greenhouse gas emissions. CO2e emission factors are used wherever possible but if this 

factor is not available CO2 factors are used as CO2 is the most prevalent greenhouse gas.  

CO2e emission factors encompass all the greenhouse gas emissions that are mentioned in the 

GHG-protocol. They are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 

hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6).  

 

3.2.1 Energy 
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In 2019 Loviisa parish union owned 31 properties such as churches and chapels with 30 of 

them included in this study. The parish union provided a list of properties it owns. The 

apartment building is outside the scope of this study. The union also owns 12 graveyards 

with two of them having separate billing for electricity. Electricity at the graveyards is 

mainly used for lighting. The properties use electricity and heat. The production of energy 

causes indirect greenhouse gas emissions (GHG Protocol 2004, 25). Energy is used to 

facilitate conditions suitable for organizing events and other activities. It is assumed that 

these properties are not rented for outside use and the parish union is the sole user. Properties 

that do not use district heating are assumed to be using electricity for heating.   

 

Electricity is procured from Turku Energia for 29 properties and from Porvoon Energia for 

one property. The electricity production emission factor for Turku Energia is 95 kg 

CO2/MWh (Turku Energia 2020). The emission factor for Porvoon Energia electricity is 0 

kg CO2/MWh as the electricity is produced using renewable technologies (Porvoon Energia 

2020). 9 properties use district heating and it is sourced from three different companies: 

Porvoon Energia, Liljendal Värme Ab and Lapinjärven Energia. The emission factor for 

Porvoon Energia district heating is 7 kg CO2/MWh (Porvoon Energia 2020). Emission 

factors for Liljendal Värme Ab and Lapinjärven Energia are unknown so the emission factor 

of 5 kg CO2/MWh for separate heat and electricity production in the Loviisa region was used 

(Motiva 2020). Table 3 shows the electricity consumption and electricity provider of each 

property included in this study. Property names are in Swedish. 

 

Table 3. Annual electricity consumption and greenhouse gas emissions related to electricity production 

Property Electricty provider Electricity 

[MWh] 

tCO2e 

Lovisa kyrka Turku Energia 38,8 5,7 

Lappträsk kyrka Turku Energia 7,3 1,1 

Lappträsk lilla kyrka Turku Energia 0,0 0,0 

Liljendal kyrka Turku Energia 60,4 5,7 

Pernå kyrka Turku Energia 77,5 7,4 

Strömfors kyrka Turku Energia 51,3 4,9 

Abborfors kapell Turku Energia 2,5 0,2 
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Andreas kapell Turku Energia 6,7 0,6 

Kungsböle begravningskapell Turku Energia 6,1 0,6 

Lappträsk kapell Turku Energia 75,6 7,2 

Lovisa kapell Turku Energia 88,5 8,4 

Lappträsk klockstapel Turku Energia 0,0 0,0 

Sarvsalö kapell Porvoon Energia 27,6 0,0 

Sävträsk kapell Turku Energia 16,3 1,5 

Lovisa församlingshem & 

Lovisa prästgård 

Turku Energia 34,5 3,3 

Holken Turku Energia 0,6 0,1 

Sockenstugan Turku Energia 17,7 1,7 

Pernå servicebyggnad Turku Energia 0,0 0,0 

Liljendal Mariagården Turku Energia 5,1 0,5 

Liljendal Annagården Turku Energia 15,8 1,5 

Lappträsk församlingshem Turku Energia 83,0 7,9 

Brukets församlingshem Turku Energia 30,9 2,9 

Pernå klockstapel Turku Energia 15,5 1,5 

Pernå begravningskapell Turku Energia 8,4 0,8 

Pernå gamla prästgård & 

Pernå prästgård 

Turku Energia 14,5 1,4 

Lappträsk lägergård Turku Energia 0,4 0,0 

Liljendals Kantorsbyggnad Turku Energia 1,5 0,1 

Liljendals Prästgård Turku Energia 4,1 0,4 

Tessjö församlingshem Turku Energia 1,5 0,1 

Lovisa församlingsgård Turku Energia 48,8 4,6 

Lovisa gamla 

begravningsplats 

Turku Energia 2,3 0,2 

Lovisa nya begravningsplats Turku Energia 81,0 7,7 

 

Emission factors provided by the energy companies are used to get as accurate results as 

possible as there are regional differences in energy production. The national average 

emission factor for electricity in Finland is 141 kg CO2/MWh (Motiva 2020) compared to 
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the 95 kg CO2/MWh of Turku Energia used by most of the properties. Table 4 shows the 

district heat consumption of the properties. Property names are in Swedish. The national 

average emission factor for district heating in Finland is 154 kg CO2/MWh. The national 

average emission factor for district heating is much higher than the emission factors for 

energy companies that provide district heating for Loviisa parish union. District heating used 

by Loviisa parish union is thus relatively less carbon intensive than the national average 

while electricity used is on par with the national average. The various companies use mostly 

biomass to produce district heating.  

 

Table 4. Annual DH consumption and greenhouse gas emissions related to DH production 

Property District heating 

provider 

District heat [MWh] tCO2e 

Lovisa kyrka Borgå Energi 184,5 1,3 

Lappträsk kyrka & Lappträsk 

lilla kyrka 

Lappträsk Energi 97,4 0,5 

Lovisa församlingshem & 

Lovisa prästgård 

Borgå Energi 87,0 0,6 

Liljendal Mariagården Liljendal värme Ab 46,6 0,2 

Lappträsk församlingshem Lappträsk Energi 106,7 0,5 

Liljendals Kantorsbyggnad Liljendal värme Ab 16,5 0,1 

Liljendals Prästgård Liljendal värme Ab 34,0 0,2 

Lovisa församlingsgård Borgå Energi 206,9 1,4 

 

The parish union also uses oil for heating. This causes direct greenhouse gas emissions that 

are part of Scope 1. The consumption of gasoil for heating in 2019 was 6865 litres. The fuel 

in question is the sulfur-free Neste Tempera (Neste). Emissions for gasoil combustion are 

calculated using the fuel classification provided by Statistics Finland (Statistics Finland). 

The properties for Gasoil are shown in Table 5.  

 

Table 5. Gasoil properties (Statistics Finland) 
 

Gasoil, sulfur-free (for 

non-road use and heating) 
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CO2 default emission factor [t/TJ] 73,1 

Default oxidation factor 1 

Default net calorific value [GJ/t] (as fired) 43,2 

Default density [t/m3] 0,834 

 

Emissions from gasoil combustion are 18,1 tCO2e. Gasoil production causes greenhouse gas 

emissions that are part of Scope 3 emissions. For calculating these emissions, the emission 

factor for crude oil production is used. Crude oil production has an average emission factor 

of 12 g CO2e / MJ fuel (ICCT 2010). As the fuel consumption was 6865 liters the greenhouse 

gas emission is in total 3,0 tCO2e. 

 

Total greenhouse gas emissions for 2019 from electricity are 116,3 tCO2e while the total 

emissions from district heating for 2019 are 4,9 tCO2e. Total Scope 1 emissions from own 

heat production for 2019 are 18,1 tCO2e. Indirect Scope 3 emission from heating fuel 

production are 3,0 tCO2e. 

 

3.2.2 Machines and appliances 

 

Machines and equipment are used by the two congregations to maintain properties and 

graveyards. This includes yard work, gravedigging and general maintenance. The machines 

and equipment are categorized by their fuel and size. Table 6 shows the amount of different 

gasoline powered machines. The total gasoline consumption for these machines in 2019 was 

1350 liters.  

  

Table 6. Gasoline powered machines 

Amount Machine (Gasoline) 

5 Drivable lawn mowers 

12 Lawn mowers 

5 Snowblowers 

5 Clearing saws 

10 Blowers 
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Emissions for gasoline combustion are calculated using the fuel classification provided by 

Statistics Finland. The gasoline is assumed to contain 9,3 % biofuel share of the volume. 

Table 7 shows the properties of gasoline.  

 

Table 7. Gasoline properties (Statistics Finland) 
 

Motor gasoline 

CO2 default emission factor [t/TJ] 66,8 

Default oxidation factor 1 

Default net calorific value [GJ/t] (as fired) 41,9 

Default density [t/m3] 0,744 

 

The greenhouse gas emission for gasoline combustion are 2,8 tCO2e. Table 8 shows the 

amount of different diesel powered machines. Emissions for diesel combustion are 

calculated using the fuel classification provided by Statistics Finland. Diesel oil is assumed 

to contain 13,2 % biofuel share of the volume.  

 

Table 8. Diesel powered machines 

Amount Machine (Diesel) 

2 Wheel loader 

3 Excavators 

1 Tractor 

1 Diesel-powered "larger" lawnmower 

 

Table 9 shows the properties of diesel oil. Total diesel consumption for 2019 was 5070 liters. 

Total greenhouse gas emission from diesel combustion are 11,2 tCO2e. 

 

Table 9. Diesel properties (Statistics Finland) 
 

Diesel oil 

CO2 default emission factor [t/TJ] 63,9 

Default oxidation factor 1 

Default net calorific value [GJ/t] (as fired) 42,8 

Default density [t/m3] 0,807 
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Diesel and gasoline production causes greenhouse gas emissions that are part of Scope 3 

emissions. Emission factors for fuel production can be seen in Table 10.  

 

Table 10. Fuel production emission factors (LowCVP 2019) 
 

g CO2e / MJ fuel 

Gasoline 18,52 

Diesel 17,20 

 

As the gasoline consumption was 1350 liters the greenhouse gas emissions are 0,78 tCO2e 

from gasoline production. The diesel consumption was 5070 litres so the greenhouse gas 

emissions are 3,0 tCO2e from diesel production. The total greenhouse gas emissions from 

machine use are 17,8 tCO2e. 

 

3.2.3 Employees 

 

The parish union and the two congregations that are a part of it organize various events 

throughout the year. Weekly services and masses are held at multiple locations. The 

employees, mainly priests participate in various events such as weddings, christenings and 

funerals. Festivities relating to the events in the Christian calendar are organized throughout 

the year. Music events and a few camping trips are also organized. Regular group activities 

such as choir practice and various discussion forums held regularly. The congregations 

employ clergy, cantors, deacons, family workers and youth supervisors. Day to day activities 

of employees might include visits to families, personal meetings, and lectures. Maintenance 

workers for various properties and graveyards are employed by the union.  

 

Employees cause greenhouse gas emissions as they commute to and from work. Work trips 

during the day also cause emissions. Electronic surveys were used to gather information 

about the commuting habits of the employees. The purpose of the employee surveys was to 

map the average daily commute. See appendices I and II for the surveys. The Finnish 

speaking congregation employs 17 people while the Swedish speaking congregation 

employs 16 people (Evangelical Lutheran Church of Finland). Potential summer workers are 

not considered in this thesis. There are also 18 people who work directly for the parish union 
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doing administrative tasks (Loviisanseudun seurakunnat). Surveys in both languages were 

sent out, both surveys got 13 replies for a total of 26. The response rate was thus 51%. It is 

assumed the behavior of this sample represents the behavior of the whole population. Results 

from both surveys are aggregated to present one set of values that are used in the calculations.  

 

The average one-way distance to work for the respondents was 20,6 km. 92 % of respondents 

said that they travel during the day. The average one-way distance for trips during the 

workday was 30,4 km. The nature of the work could explain the longer travel distance during 

the day compared to the commute to work. On average the respondents travel during the 

week 3,3 times or 0,47 times during each workday. Figure 3 shows the modes of 

transportation used by the respondents for their commute. Using a personal car is the most 

prevalent form of transportation with over three quarters. Carpooling amounts for 7 % and 

biking for 4 %. 12 % of the respondents walk to work while the least favored form of 

communication is the bus with 1 %. There is no other form of public transport available in 

this area. 

 

 
Figure 3. Mode of transportation during the commute for employees 

 

Figure 4 shows the favored forms of transportation during the workday. Like with 

commuting using an own car is the most prevalent form of transportation with 79 %.  The 

other forms of transportation are like what the respondents use for their commute although 

76%

7%

1%
4%

12%

Own Car Carpool Bus Bike Walking
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only 9 % of the respondents say they walk during the workday while none of them said 

that they use the bus.  

 

 
Figure 4. Mode of transportation for trips made during the workday for employees 

 

68 % of the respondents using a car have gasoline powered cars while the rest i.e. 32 % use 

diesel powered cars. This is consistent with the national average of Finland where 70,4 % 

use gasoline powered cars and 27,7 % use diesel powered cars, with the rest made up of 

various other forms of cars (Liikennefakta 2020).   

 

In 2019 there was 251 workdays and it is assumed that each employee has four weeks of 

vacation, so the real number of workdays used in the calculation is 231. Table 11 shows the 

properties of the vehicles used by the respondents. The emission factor assumes the number 

of people in the car is 1,7 so for personal car use the emission factor is multiplied by 1,7. 

These emissions are part of Scope 1 while emissions from fuel production are Scope 3 

emissions. Emission factors for fuel production can be seen in Table 10. In this study it is 

assumed that the buses are diesel powered. 

 

Table 11. Vehicle properties (VTT 2017a, VTT 2017b, VTT 2017d) 

Vehicle g CO2e/pkm MJ/pkm 

Gasoline powered car 94 1,3 

Diesel powered car 83 1,2 

79%

6%

0%
5%

9%

Own Car Carpool Bus Bike Walking
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Bus 48 0,73 

 

Total employee Scope 1 emissions from vehicle use are 104,3 tCO2e. 58 % of emissions are 

from the commute while 42 % of the emissions come from the use of vehicles during the 

day. 16,6 tCO2e of emissions are caused by the production of fuels for employee travel. The 

total emissions from employee travel are then 121,0 tCO2e including fuel production. 

 

3.2.4 Waste 

 

The parish union and the two congregations produce waste. The parish union operates a food 

service that serves meals for a low price. The waste from this food service is mostly biowaste. 

In total the parish union serves around 10 000 meals per year. In some situations, the food is 

served from disposable containers that contribute to waste production. Graveyards and other 

maintenance work produce waste, this waste is mostly soil. Waste collection is handled by 

three different companies: Jätehuolto Hämäläinen, L&T and Rosk’n Roll. 

 

For the sake of this calculation and simplicity it is assumed that the waste is either mixed 

waste or biowaste. The waste is transported to a waste management facility that uses best 

available technology (BAT) to treat the waste. It is assumed that mixed waste is treated in 

Kotka in an incinerator. The incinerator uses waste as a fuel to produce heat and electricity. 

The emission factor for mixed waste combustion is 0,4 tCO2/ ton waste (Statistics Finland). 

It is assumed the biowaste is also treated in Kotka and is composted. The emission factor for 

composting is approximately 20-65 kg CO2e / ton of waste (Amlinger et al. 2008). The 

distance from Loviisa to Kotka is approximately 46 km (Google Maps 2020). It is assumed 

the waste is transported using trucks that are at full capacity. It is assumed the weight of the 

truck is 32t with a maximum payload of 19t. The truck has an emission factor of 40 g 

CO2e/tkm and an energy consumption of 0,6 MJ/tkm (VTT 2017c). It is assumed diesel 

powered trucks are used. The emission factor for diesel production can be seen in Table 10. 

 

In 2019 the parish union produced 8,8 tons of mixed waste and 52,9 tons of biowaste. The 

total greenhouse gas emission from waste transportation are 0,1 tCO2e and total greenhouse 

gas emissions from the production of fuel used by the waste transportation trucks are 0,03 
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tCO2e. Total emissions from waste incineration are 3,5 tCO2e. Emissions from composting 

range between 1,1-3,4 tCO2e with an average of 2,2 tCO2e. Total greenhouse gas emissions 

from waste management for Loviisa parish union are 5,9 tCO2e. This value is an 

approximation as exact quantities of different waste fractions are unknown and there are 

regional differences in waste management practices. Greenhouse gas emissions from waste 

collection are excluded for simplicity as waste is collected at multiple locations by the three 

different companies.  

 

3.2.5 Travel to events 

 

The congregations organize various events throughout the year. The events included in the 

carbon footprint are regular events such as weekly masses and meetings. Events that are 

irregular such as weddings, christenings, funerals are not included as it depends on the year 

how many of these occasions there are. List of events included in the carbon footprint are 

presented in Table 12, the event descriptions are presented as they are in the statistical 

service. In total there were 45 340 participants for the events that are included. Event 

attendance data is gathered from the Statistics service for the Evangelical Lutheran Church. 

The same profile is used for event participants as with the employee commute. The reasoning 

behind this is the fact that employees attend most of these events themselves, so the travel 

distance and forms of transportation are comparable.  

 

Table 12. Event attendance 2019 (Evangelical Lutheran Church of Finland) 

Event Attendance 

Mass 9423 

Weekly Mass 1514 

Worship 3997 

Trip 301 

Camp 561 

Fixed group activities 873 

Open group activities 4102 

Devotion 10120 
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Party 288 

Event 2833 

Music  5846 

Education / lecture / discussion 646 

Meal / Dining 4836 

Total 45340 

 

 

The average one-way distance to work for employees was 20,6 km according to the survey. 

Figure 3 shows the modes of transportation for employees during their commute. The 

national average emission factor for cars in Finland in 2019 was 155,4 gCO2/km. For both 

personal car use and car-pooling it is assumed the number of people in the car is 1,7. 

Emissions are caused as event participants travel to the events. For emissions from fuel 

production it is assumed that 70 % of cars are gasoline-powered while 30 % are diesel-

powered. This is close to the national average. Emission factors for fuel production can be 

seen in Table 10. In this study it is assumed that the buses are diesel powered. Emissions 

from fuel combustion are 143,5 tCO2e and emissions from fuel production are 36,4 tCO2e. 

Total emissions from event participants are 179,9 tCO2e. 

 

3.2.6 Council and delegation 

 

The joint church council is comprised of 13 people made up of members from both 

congregations. The joint church delegation has 31 members comprised of people from both 

congregations. Both congregations have their own councils that are comprised of 12 people. 

The joint church council had seven meetings while the joint church delegation had four 

meetings in 2019. The council for the Finnish congregation has 12 members and it had 12 

meetings in 2019. The Swedish council has 14 members and it had 9 meetings in 2019. 

Surveys in both languages were sent out and there were 20 responses in total. See appendices 

III and IV for surveys. It is assumed the behavior of this sample represents the behavior of 

the whole population. Results from both surveys are aggregated to present one set of values 

that are used in the calculations. 
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The average one-way distance to meetings and events for the respondents was 29,2 km. 

Figure 5 shows the preferred modes of transportation for the respondents. As was the case 

with employees, using an own car was overwhelmingly the most popular choice. The use of 

public transport is as low as with employees. Using a bike and walking are similar in 

popularity. 67 % of the respondents that use a car have a gasoline powered car while 28 % 

have a diesel-powered car. 6 % of respondents own a biogas powered car.  

 

 
Figure 5. Mode of transportation for council & delegation members 

 

In 2019 there were 29 meetings in total, and it is assumed that each meeting had a 100 % 

participation rate. Only the meetings are considered in this study. Table 11 shows the 

properties of the vehicles used by the respondents. Emissions from council and delegation 

members are part of Scope 3. Emission factors for fuel production can be seen in Table 10. 

It is assumed that biogas production does not cause any greenhouse gas emissions. In this 

study it is assumed that the buses are diesel powered. 

 

Total council and delegation emissions from fuel combustion in vehicles are 14,0 tCO2e. 2,2 

tCO2e of emissions are caused by the production of fuels for council and delegation travel. 

The total emissions from council and delegation travel are 16,2 tCO2e. 
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3.2.7 Refrigeration equipment 

 

Fugitive emissions from refrigerants used in refrigeration equipment are part of scope 1 

emissions. Fugitive emissions come from intentional or unintentional releases such as 

hydrofluorocarbon (HFC) emissions from refrigeration equipment. (GHG Protocol 2004, 

27.) The parish union has four larger industrial grade refrigerators. Three of them are actively 

used. During maintenance, the refrigerant has been filled up. The estimated average amounts 

of refrigerants filled up are 2 kg/a of R437A and 1 kg/a of R404A according to the parish 

union. R437A has a GWP of 1805 while R404A has a GWP of 3922 (Linde Gases AG). The 

fugitive emissions from refrigerants are 7,5 tCO2e in total. This represents a worst-case 

scenario as it assumed that the annual leakage of refrigerant is equal to the amount filled up 

during maintenance. The janitor noted that during maintenance the old refrigerant is removed 

from the appliances so the actual amount that has leaked out and vaporized is unknown.  

 

4 RESULTS 

 

The result of the carbon footprint calculation is presented in this section. It includes the 

carbon footprint and a sensitivity analysis. 

 

4.1 Impact assessment 

 

The purpose of the impact assessment phase is to compile the results of the inventory 

analysis and categorize them in the impact categories in order to achieve the objectives and 

scope of the life cycle assessment (ISO 14044 2006). This chapter presents the annual carbon 

footprint of the activities of the parish union. The functions that have the greatest impact on 

the carbon footprint, representing the impact category of global warming are identified. 

 

4.1.1 Carbon footprint 

 

The carbon footprint was calculated using the results of the inventory analysis and it is 

presented in tCO2e according to the GHG-protocol. The carbon footprint of Loviisa parish 
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union during the period under review (2019) is 452,2 tCO2e based on set system boundaries 

and assumptions.  

 

The greenhouse gas emissions and their share of the total carbon footprint caused by the 

activities of the parish union are presented in Figure 6. Travel to events is the biggest 

contributor of emissions with 40 %. Employees contribute 27 % of the emissions to the 

carbon footprint. Electricity is also a major contributor to the total emissions with 17 %. 

Traveling is the biggest source of emission with a combined share of 70 % that includes 

events, employees and council, and delegation travel.  

 

 
Figure 6. Carbon footprint of Loviisa parish union [tCO2e] 

 

4.2 Interpretation  

 

The interpretation phase is the last phase in an LCA study. The purpose of this phase is to 

assess the results from the inventory analysis and impact assessment in order to identify 

significant findings. Conclusions and recommendations are a part of the interpretation phase.  

This phase also includes highlighting uncertainties in the result, this is done with a sensitivity 

analysis (ISO 14044 2006).  
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4.2.1 Sensitivity analysis 

 

The purpose of sensitivity analysis is to alter variables in the inventory analysis to highlight 

uncertainties in the data and see how they affect the result. In this chapter, one scenario is 

investigated. Variables that include the most uncertainty and that are thought to have a 

significant impact on the result i.e. the emissions are chosen. Events contribute the most 

emissions. The variable of distance traveled to the events is investigated to see how it affects 

overall emissions. Since no data was collected from event participants this variable is a 

suitable for use in the sensitivity analysis.  

 

Travel distance to events 

 

Travel distance to events is based on the survey for employees, so it does not entirely 

accurately represent the travel distance to events. The one-way distance used for the 

calculation is 20,6 km and it is assumed the margin of error is 20 %. The minimum distance 

traveled is 16,5 km and the maximum distance is then 24,8 km. Figure 7 shows how altering 

the variable of travel distance affects emissions for the events and total emissions. By 

altering the variable +/- 20 % there is a +/- 8 % change in total emissions compared to the 

baseline. The value used in the carbon footprint calculation is an estimate that can differ 

from reality, so a sensitivity analysis is necessary when evaluating the results. 
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Figure 7. Travel distance to events and its effect on the carbon footprint 

 

5 POSSIBILITIES FOR REDUCING THE CARBON FOOTPRINT 

 

Emissions are categorized into different scopes according to the GHG-protocol so when 

organizations and companies are looking to reduce emissions, they can do it on a per scope 

basis. The first step is to reduce direct scope 1 emissions from own activities, next is 

reduction of emissions from the energy that is purchased (scope 2). Finally, other indirect 

emissions (Scope 3) emissions are reduced. After emission reduction the remaining 

emissions would be offset.  

 

5.1 Possibilities to reduce greenhouse gas emissions 

 

Scope 1 

 

Car use is overly prevalent among employees. The parish union could institute internal 

guidelines and educate its employees to promote greener commuting alternatives. 

Carpooling could be organized for employees that live near each other. Cars are used by over 

75 % of employees to commute to work and cars are also similarly during the workday. The 

nature of the work and long distances in the rural countryside make it difficult to use other 

0

100

200

300

400

500

600

-20% BASELINE 20%

CA
RB

O
N

 F
O

O
TP

RI
N

T 
[t

CO
2e

]

EVENTS TOTAL EMISSIONS



 37

modes of transportation. It would be difficult to reduce direct emissions from employee 

commute in a cost-effective way.  

 

According to survey responses there is no viable public transportation available and it was 

heavily criticized. The nature of the work also makes carpooling difficult because a lot of 

material is needed for the work, so a personal car is a necessity. Some also said that the long 

distances make using a car a necessity. The survey data reflects the sentiment in these 

comments.  Electric vehicles are seen as expensive by some survey participants. Electric and 

gas-powered cars would require additional infrastructure to enable charging and fueling of 

these vehicles. Public transportation is scarce and mostly limited to school transports in the 

Loviisa area. Buses are the only form of public transport available in the region. A wider 

systemic transition would be needed to alter transportation habits of people in Finland.  

Shared use bicycles could be provided by the parish union for its employees for use during 

the day when traveling shorter distances. The central office is located downtown Loviisa so 

it could be used as hub to store the bicycles and they could then be used for short distances 

in the city. The average distance traveled during the workday was 30,4 km so the utilization 

of bicycles would possibly be quite low.  

 

The machines used by the parish union for maintenance and outdoor work use fossil fuels. 

Emission from the use of these machines and the production of fuel for them could be 

reduced by switching to electrically powered alternatives. Larger machines such as tractors 

and wheel loaders are not widely available in electrically powered versions, but smaller 

handheld machines have electrically powered alternatives. The use of electrically powered 

machines would be emission free if the electricity used by them is produced using renewable 

technologies. This can be taken into consideration when new machines are purchased in the 

future.  

 

Oil was used for heating purposes by the parish union. Oil heating could be changed to other 

forms of heating such as district heating or electricity.  This would reduce emissions by 5 %. 

 

Combustion of fuel in a car engine produces several different greenhouse gases and 

byproducts that could be detrimental to health. Complete combustion would produce only 
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carbon dioxide and water, but the combustion process is not complete in modern automobile 

engines. Carbon monoxide and carbon dioxide are produced when the fuel burns in the 

engine. Some of fuel does not combust and this causes hydrocarbon emissions. In addition 

to gaseous emissions, particulate emissions are produced as a result of incomplete 

combustion. PM10 particles have a particle size of less than 10 µm while PM2.5 particles 

have a particle size of less than 2.5 µm. Gasoline and diesel also contain sulfur dioxide and 

they used to contain lead. Nowadays it is illegal to sell leaded gasoline in Finland. NOx 

emissions such as NO, NO2 and N2O are also produced in the combustion process. (Motiva 

2019) 

 

Scope 2 

 

Emissions from electricity constitute 18 % of total emissions or 78,0 tCO2e. Although the 

emission factor for electricity used by the parish union is lower than the national average of 

Finland it could be close to 0. Renewable electricity is widely available for purchase in 

Finland. One electricity supplier used by the parish union: Porvoon Energia state that all 

electricity they produce is emission free (Porvoon Energia). By switching electricity 

suppliers, the parish union could eliminate over a fourth of their emissions. One concern is 

the price of electricity as green electricity could potentially cost more than electricity 

produced with fossil fuels. District heating is used in a few properties and the emission factor 

for district heating is much lower compared to the national average in Finland. The 

production of district heat used by the parish union has an average emission factor of 5,6 kg 

CO2 / MWh. District heating is a convenient and relatively emission free way to heat 

properties and it would not make sense economically to switch to another form of heating 

such as geothermal heat.  

 

Scope 3 

 

The parish union could reduce waste by promoting recycling. Disposable plates and cutlery 

are used at some of the events where food is served. Using biodegradable material would 

ensure the waste produced by them could be composted or used to produce biogas. Reducing 

the amount of waste is the easiest way of cutting emissions from waste management. Source 
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separation is vital to ensuring effective recycling. The emissions from waste presented in 

section 3.2.4 are an approximation and in reality, the number could be different as there are 

differences in waste management practices in different regions. The share of emissions from 

waste in the carbon footprint is minimal.   

 

The biggest source of Scope 3 emissions is related to travel. Production of fossil fuels 

account for some of the emissions. Travel to events cause 40 % of total emission or 179,8 

tCO2e. Same issues are present as with employees. Public transportation is not readily 

available and long distances make use of cars a necessity. The parish union could organize 

transports from central hubs to event locations to reduce emissions or encourage carpooling. 

Parking fees could be instituted at event locations to deter the use of cars. To reduce 

emissions from events some of them could be held remotely or virtually.  

 

The various councils and delegations that make up the governing body of the parish union 

have several meetings per year. Long distances again make the use of cars a necessity with 

public transportation not widely available. To reduce emission some meetings could be held 

remotely via teleconference services. During the COVID-19 pandemic there was a 

recommendation in place to work from home. Meetings had to be held remotely as people 

worked from home. (Tolonen 2020).  

 

5.2 Carbon offsetting 

 

Businesses, organizations, and individual persons can purchase carbon credits to offset their 

emissions. There are several marketplaces that sell these credits. The money that is paid for 

the credits finances projects that reduce or absorb emissions. These projects can e.g. plant 

trees. These projects can help developing countries by not just by providing ways to reduce 

emission but also improve the standard of living. (Carbon footprint ltd). One problem with 

carbon credits is that even though emission reductions are a priority these reductions could 

be ignored by purchasing carbon credits. Carbon credits have been compared to indulgences 

sold by the catholic church during medieval times. These indulgences were a way for people 

to pay for their sins. (Duggan).  There are certificates available for the projects to ensure that 
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emission offsetting does in fact occur. One common standard that is considered trustworthy 

is the Gold Standard (Gold Standard). 

 

5.3 Forests as carbon sinks 

 

Trees bind carbon dioxide as a part of the photosynthetic process. Equation 1 shows the 

formula for photosynthesis. During the process trees absorb carbon dioxide and water while 

using sunlight to produce glucose and oxygen.  

 

 6𝐶𝑂 + 6𝐻 𝑂−→ 𝐶 𝐻 𝑂 + 6𝑂  (1) 

 

Trees and other vegetation only absorb carbon dioxide as a part of the photosynthetic 

process. Other greenhouse gases are not absorbed and remain in the atmosphere. Carbon is 

stored in the wood and biomass. A general rule is that 1 m3 of growth binds 1 ton of CO2 

(Puuinfo). Young forests act as more efficient carbon sinks as they grow at a faster pace than 

older forests. A carbon sink absorbs more carbon than it releases back into the atmosphere 

through e.g. biomass degradation. Most common carbon sinks are oceans and biomass such 

as forests.  Forests can also act as carbon source i.e. it releases more carbon than it absorbs. 

This is the case if there is a forest fire or if the forest contains more dead than living trees 

(Puuinfo). 

 

In time the carbon stored in the forest will be released back into the atmosphere. The time it 

takes for the carbon to be released back into the atmosphere can be prolonged e.g. if the 

wood is used to produce something lost lasting. The carbon is then stored in these products. 

There is also a substituting effect when wood-based products are used instead of fossil fuels. 

This means emissions that would normally come from burning fossil fuels are eliminated 

with the use of wood-based products (Puuinfo). 

 

In this thesis only the annual sequestration of carbon dioxide by trees is considered but other 

vegetation in the forest would also bind carbon as a part of the photosynthetic processs. The 

parish union owns forest in several locations. These forests were previously owned by two 

of the congregations before the merger. Two different forest management plans are in place 
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that cover separate forest areas that do not overlap. Forest management plans are made by a 

third-party and they detail the amount of forest owned. One is for 2012-2021 that covers 

114,5 hectares of forest. 92,3 hectares of it is woodland, 21,3 hectares shrubland and 0,9 

hectares is wasteland. The annual estimated growth rate of the forest is 4,6 m3/ha/a and the 

logging rate is 2,8 m3/ha/a. This means the net growth rate is 1,8 m3/ha/a. The annual 

absorption is thus 206 tCO2 but this does not take into consideration biomass degradation 

after logging. The estimated tree biomass in the forest management plan for 2012 for this 

forest is 10125 m3. About 60 % is pine, 22 % spruce, 11 % birch and 8 % various other tree 

species. The estimated tree biomass is 11399 m3 in 2021 and 10905 m3 in 2032.  

 

The amount of carbon contained in the tree can be calculated using conversion factors that 

are 0,3091 t/m3 for pine, 0,3715 t/m3 for spruce and 0,4152 t/m3 for deciduous trees. 1 kg of 

carbon corresponds to 3,67 kg of CO2. (Karjalainen & Kellomäki 1996) The forest would 

thus contain approximately 11 934 tons of CO2 in 2012 in above ground biomass. There 

could also be as much carbon stored in the soil. The carbon stock would increase to 13 435 

tons of CO2 in 2022 and be reduced to 12 853 tons of CO2 in 2032. This assumes that there 

are no changes in the management of the forest.  

 

The other forest management plan is for 2015-2024 and covers 182,8 hectares of forest. 

173,5 hectares of it is woodland, 8,7 hectares shrubland and 0,6 hectares is wasteland. The 

annual estimated growth rate of the forest is 5,8 m3/ha/a and the logging rate is 3,1 m3/ha/a. 

This means the net growth is 2,7 m3/ha/a. The annual absorption is thus 494 tCO2 but this 

does not take into consideration biomass degradation after logging. The estimated tree 

biomass in the forest management plan for 2015 for this forest is 23 470 m3. About 54 % is 

pine, 23 % spruce, 21 % birch and 2 % various other tree species. The estimated tree biomass 

is 27 772 m3 in 2024. Using the conversion factors the trees would contain approximately 

29 931 tons of CO2 in 2015 with the carbon stock increasing to 35 426 tons of CO2 in 2024. 

 

The total annual absorption for the forests owned by the parish union is estimated to be 699 

tCO2. As the calculation does not take into consideration biomass degradation after logging 

the calculated annual absorption could be a gross overestimation. The actual growth of the 

forest varies year by year as the growth and logging rates are aggregated estimates. These 
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calculations only take into consideration the periods stated in the forest management plans. 

As the forest ages its ability to absorb carbon dioxide diminishes. Finnish forests absorb on 

average 3,7 tCO2 per hectare (Leskinen 2019) so the carbon dioxide absorption of forests 

owned by the parish union would be less than the national average.  

 

Logging is estimated to diminish the carbon sequestrated by forests dramatically and it could 

take decades for the carbon stock in the forest to return to the same level as before logging 

even after reforestation (SYKE 2016). Further research into the forests would need to be 

conducted to be able to determine the annual carbon absorption rates more accurately. 

Emissions from logging equipment and transportation could also be included in further 

research. The best way to ensure that the forest absorbs more carbon than it releases is to let 

it grow in its natural state. The forest biomass is estimated to decrease in one part of the 

forest owned by the parish union due to logging. It would be wise to stop logging altogether 

to let the forest grow in its natural state and ensure the growth of the carbon stock.  

 

The forest has the potential to offset their emissions. To ensure that the forest acts as a carbon 

sink it should remain in the possession of the parish union and be protected, logging should 

also be stopped completely or at least limited. The forest acts as a temporal storage of carbon 

and someday it will be released into the atmosphere but prolonging the time it takes is 

beneficial (Puuinfo). 

 

6 CONCLUSIONS & DISCUSSION 

 

The purpose of this thesis was to determine the carbon footprint of Loviisa parish union and 

to find out the most significant sources of greenhouse gas emissions from its activities. The 

carbon footprint was calculated to enable the parish union to be able reach the carbon 

neutrality goal set by the Evangelical Lutheran Church of Finland. Three research questions 

were set: 

 

What is the carbon footprint of Loviisa parish union? 
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The carbon footprint of Loviisa parish unions activities during the review period of 2019 is 

452 tCO2e. The carbon footprint encompasses the activities laid out in the system boundary 

presented in Figure 2. The result is not absolute due to uncertainties in the data and because 

of the assumptions that were made. For reference the annual carbon footprint of the average 

Finn is about 10 tCO2e (Ministry of Environment 2018).  

 

What is the most significant source of greenhouse gas emissions of Loviisa parish 

unions activities? 

 

The most significant source of greenhouse gas emissions of Loviisa parish union are events 

with 40 %. These emissions are caused by the travel of the people participating. Employees 

are the second biggest source of emissions with 27 %. Electricity production is the third 

biggest source of emissions with 18 %. Travel overall has a combined share of 70 % of the 

emissions. Travel emissions consist of fossil fuel combustion as well as emissions from 

production of the fuels. A full distribution of emissions can be seen in Figure 6. 

 

How can the emissions of Loviisa parish union be reduced and compensated? 

 

Loviisa parish union has the potential to be carbon neutral or even carbon negative. The 

forests owned by the parish union have the potential to absorb more carbon than they emit 

but to enable this logging should be stopped altogether or limited to allow the forest to grow 

in its natural state. Reducing emissions should still be a priority. The easiest way for the 

parish union to reduce its emissions is to switch electricity suppliers. Renewable energy is 

readily available in Finland and with a switch to renewable electricity approximately a fifth 

of the emissions of Loviisa parish union could be eliminated. Energy efficiency of buildings 

could also be improved to decrease energy consumption and therefore emissions. The parish 

union could decrease emissions by promoting the use of alternative modes of transport. 

Schemes to increase carpooling or providing bicycles for use during the day could reduce 

emissions from employee travel.  

 

Emissions caused by the events i.e. the travel of event participants could be decreased in the 

same way as with employees by promoting carpooling. It would be difficult to change the 
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behavior of event participants as distances are vast in the rural countryside and in the absence 

of viable public transport there is no alternative to using a car. A reward system could 

possibly be created to promote alternative modes of transportation.  

 

Future research 

 

For future reference, this thesis can be used as a guideline to calculate the emissions of other 

parish unions. Further research could be conducted to investigate the distances traveled by 

event participants. The carbon footprint could also be made to encompass features that have 

been left out of the scope of this thesis. Emissions from refrigerant production could e.g. be 

investigated and included in further research. Carbon absorption of forests could be further 

studied. 

 

Material for this was gathered from various literary sources and databases. Internet surveys 

were used to gather information from employees, council, and delegation members. If the 

questions were comprehensible this data can be assumed to be reliable. A higher response 

rate would have produced more accurate data. Data collected from various internet portals 

and databases such as VTT and the statistics service for the Evangelical Lutheran church in 

Finland are assumed to be reliable. Data received from various energy suppliers is assumed 

to be reliable and all data received from the parish union regarding their activity, machines 

and equipment are also deemed reliable. There were some inconsistencies in the energy data 

as some properties had a shared energy metering system. For the end result this is irrelevant 

as the properties are all part of the same emission scope but for increased data accuracy 

separate energy meters would be necessary.  

 

7 SUMMARY 

 

The carbon footprint of Loviisa parish union is calculated in this thesis. The carbon footprint 

was calculated using international standards. The premise was the carbon neutrality roadmap 

outlined by the Evangelical Lutheran Church of Finland. Data was collected from 

employees, council and delegation members using surveys. Literary sources were used for 

emission factors. The system boundary includes the core functions of the parish union. The 
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research goals included finding the most significant sources of greenhouse gas emissions. 

This thesis also explored possibilities to reduce greenhouse gas emissions. The carbon 

footprint of Loviisa parish union for the review period of 2019 is 452 tCO2e. Biggest sources 

of emissions are travel to events, employee travel, and electricity production. Overall travel 

accounts for a significant portion of the emissions.  

 

Emissions could be reduced by promoting alternative modes of transportation though it 

would be difficult as long distances in the countryside makes cars a necessity. By switching 

to green electricity, the parish union could also eliminate about a fifth of their emissions. 

The parish union owns forest that has the potential to act as a carbon sink, so it would not be 

necessary to compensate emissions in another way, but further research is needed. The forest 

could offset the emissions at the current stage but due to assumptions and uncertainties in 

the calculations the actual offsets could be smaller, or the forest could even release more 

CO2 than it absorbs.  Emission reductions are still a priority due to the fact that forests only 

absorb carbon dioxide and not any other greenhouse gases. 

 

Reducing emissions and limiting climate change is vital to ensuring the survival of this 

inhabitable planet for future generations. Religion has been a big part of human tradition 

dating back several millennia. Religion served to bring people together and made people 

work together towards a common goal. The church could act as a central authority as it has 

done in the past, this time to promote awareness of science and climate change. 
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