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ABSTRACT 

Energy transition is the process of transforming currently used fossil fuel 
based energy practices to low carbon emissions producing clean and 
renewable energy utilization practices. Low carbon energy transition to carbon 
neutrality, a multi-faceted process, aims to reduce carbon emissions, which 
also helps to create a balanced relationship between social, economic, and 
environmental concerns. It needs a robust, transparent and accurate 
emissions accounting method to measure carbon emissions periodically that 
provides cities a basis to scrutinize their climate activities and carbon emission 
rates. The role of local actors such as cities in low carbon energy transition to 
carbon neutrality is vital since the world’s cities consume 64% of global 
primary energy and produce more than 70 % of global anthropogenic carbon 
emissions. I study the contemporary practices and policies for energy 
transition to carbon neutrality in the Helsinki Metropolitan area as a case to 
demonstrate how local level climate and energy strategies, as well as 
corresponding activities, are vital to reducing carbon emissions and contribute 
to climate change mitigation. Although cities generate major emissions, they 
can also provide many opportunities to adopt various energy and climate 
policy measures such as renewable energy deployment and energy efficiency 
improvements to significantly reduce carbon emissions and achieve carbon 
neutrality. Their climate and energy strategies can turn into effective measures 
to significantly reduce carbon emissions. This dissertation employs the 
combination of comparative and case study methods, including both 
qualitative and quantitative data, to advance a holistic understanding of 
carbon neutrality. I analyzed empirical material collected from various 
administrative and research organizations and online database systems in four 
case cities in the Helsinki Metropolitan area and two other Nordic capitals, 
employing concepts and several analytical frameworks. The applied concepts, 
selected analytical frameworks, data used, and geographical context of the 
research have both benefits and limitations. Although the theoretical concept 
of carbon neutrality varies depending on the context of environmental 
solutions, I emphasize the applied concept of carbon neutrality in this 
dissertation as a guide for cities to act upon their environmental solutions to 
global warming and climate change in relation to activities towards carbon 
emission reduction in their jurisdictional boundaries. Research results in this 
dissertation are expected to be a support for adopting carbon neutrality at the 
local level in terms of energy-based carbon emissions reduction activities. My 
results also alert cities to adopt a transparent, consistent, and inclusive carbon 
accounting method. Knowledge produced in this dissertation can be applied 
in the decision-making processes of public administrations and practised at 
the local level for the establishment of a carbon neutral society. It also helps to 
advance our knowledge of carbon neutrality.  
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1 INTRODUCTION 

There is clear scientific evidence that global warming takes place due to 
anthropogenic carbon emissions leading to climate change, which causes 
catastrophic consequences to humans and the natural environment (Dhanda 
& Hartman, 2011; Peñuelas et al., 2013; IPCC, 2014;). Artificial carbon 
emissions come from energy utilities, public and private buildings, 
transportation systems, and other human activities such as agriculture, 
farming, waste and water treatments, and other industrial activities (Gale et 
al., 2005; Forman, 2014). Carbon emissions denote various greenhouse gases 
(GHG): carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 
hydrofluorocarbons (HFC), perfluorocarbons (PFC) and sulphur hexafluoride 
(SF6), although CO2 is the primary one having the highest potential surface 
warming capacity and remaining in the atmosphere longer than any other 
carbon gas (IPCC, 2014). Greenhouse gases are capable of absorbing sunlight 
and raising the surface temperature of the earth (McElroy, 2002). All 
greenhouse gases do not contain carbon but are still considered as carbon 
gases. Thus, I use carbon emissions as a proxy of all greenhouse gases in this 
dissertation. 

A substantial reduction in anthropogenic carbon emissions is vital for 
mitigating the consequences of global warming and climate change. More than 
170 countries have signed the Paris climate agreement to limit the increase in 
global average temperature to well below 20 C above pre-industrial levels by 
reducing carbon emissions (UNFCC, n.d.). Thus, various climate strategies 
such as low carbon energy transitions and carbon neutrality are necessary to 
significantly reduce carbon emissions (Brandt et al., 2014; UNFCC, 2014). Low 
carbon energy transition is the process of transforming currently used fossil 
fuel based energy practices to low emission producing clean and renewable 
energy utilization practices (Geels et al., 2016; ETC, 2017). Similarly, carbon 
neutrality refers to the method of balancing anthropogenic carbon emissions 
with various carbon reducing measures (Selman, 2010). Low carbon energy 
transitions are projected to meet carbon neutrality (Tozer & Klenk, 2018). 
Thus, I focus on practices and policies for low carbon energy transition to 
carbon neutrality. In this dissertation, practices denote the activities of 
national and local administrations, civil societies, and other societal 
stakeholders for the realization of low carbon energy transition and carbon 
neutrality. Policies are the theoretical and technical instruments of 
administrations that create the foundation and legislative frames to control 
issues related to particular subjects in accordance with societal needs and 
obligations (Estrada, 2011). 

Carbon neutrality of the energy sector plays a crucial role in achieving the 
overall carbon neutrality of a geographical area. This is one of the best ways to 
address climate change, including other environmental concerns (Dhanda & 
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Hartman, 2011). Carbon neutrality is not only a matter of pragmatic climate 
strategy, but it is also a reputed environmental solution that needs to be better 
understood conceptually (see the description of the concept in section 3 
below). The phrase ‘carbon neutrality’ has become popular recently since cities 
and countries are focusing on robust climate mitigation practices with the 
carbon neutral targets. However, success in reaching carbon neutral targets 
are strongly dependent on how mitigation strategies have been formulated and 
implemented both in the city and at the national level.  

The majority of carbon emissions around the world are produced by the 
production, consumption and supply of energy as it is the core of today’s 
economic activities, and carbon-emitting fossil fuels such as coal and natural 
gas are predominantly utilized to produce energy (Olivier et al., 2015). Thus, 
significant carbon emission reduction through low carbon energy transition is 
vital to combat global warming and climate change. Low carbon energy 
transition to carbon neutrality, a multi-faceted process, is one of the key goals 
of climate change mitigation. It aims to transform energy systems towards 
sustainability using strategic measures and practices (Laes et al., 2014). It 
promotes infrastructural, socio-cultural, and technological transformation in 
building premises, energy sector, and transport systems to provide several 
effective and win-win solutions for carbon emissions reduction (Hiteva, 2013; 
Geels et al., 2016). Some such win-win solutions are the shift from fossil fuels 
to renewables inputs, reduced demand for energy and energy efficiency 
improvements which can create the balanced relationship between social, 
economic, and environmental concerns while reducing carbon emissions. The 
low carbon energy transition of the energy sector can result in attractive co-
benefits such as less air pollution, lower fossil fuel bills for countries importing 
energy, and lower household energy expenditures (IEA & IRENA, 2017). 
However, such benefits are dependent on how communities act upon low 
carbon energy transition activities at the local level and how they get informed 
of the initiatives supporting national and local level climate and energy targets 
(Lemon et al., 2015).  

Energy policies are similar to other public policies that are formulated in 
order to resolve energy related issues, which occurs within government 
ministries, legislative committees at national and local levels, special 
commissions and policy think tanks (Chapman et al., 2016). Energy policies 
are important to ensure energy independence of the region and minimize 
negative effects on the environment (Geels et al., 2016). Current energy 
production and consumption practices, transportation methods, and 
industrial activities do not favour low carbon energy transition to carbon 
neutrality (Geels, 2014; 2016; IEA & IRENA, 2017; Ringrose, 2017). It is 
required to transform these activities with cleaner production practices and 
intelligent technological, economic, social, and regulatory solutions such as 
the implementation of strong policy measures, technology advancements, and 
efforts from all sectors of the society. Thus, the integration of policy processes 
(e.g. agendas setting, policy formulation, and decision making) with 



 

 

investment decisions and implementation or termination of short and long-
term policies are required in energy transition processes (Voß et al., 2009; 
Laes et al., 2014; Chapman et al., 2016). The global cities require an abundance 
of renewable energy production and consumption in order to achieve the high-
energy demands of growing urban areas as well as to reduce carbon emissions 
in their territories (Kammen & Sunter, 2016). Thus, the application of radical 
technologies such as wind turbines, heat pumps, smart meters, and energy 
storage batteries, for clean energy production and utilization of renewable 
energy sources is also vital to realize low carbon energy transition to carbon 
neutrality. 

The role of local administrations such as cities in energy system transition 
to carbon neutrality is vital since cities consume 64% of global primary energy 
consumption and more than 70 % of global carbon emissions are generated in 
cities (Fong et al., 2014; IEA, 2016). They also hold power to access available 
resources sustainably and control the carbon emitting sources in their 
territory. In addition, more than half (about 70 % of the European and 54.5% 
global) of the human population living in cities are directly affected by the 
consequences of global warming and climate change (Korjenic & Vašková, 
2015; United Nations, 2016). Thus, cities are most significant centres for 
addressing global warming and climate change in addition to low carbon 
energy transition to carbon neutrality. Cities' energy and climate strategies are 
generally rooted in national and international agreements as well as on the 
basis of national climate and energy strategies. They occasionally suffer from 
limitations of various aspects in financing, policy implementation, and 
administration (European Commission, 2011). Yet, cities’ initiations towards 
the mitigation of rising temperatures and climate change are particularly 
important. If cities do not act soon, the current temperature increase has the 
potential to continue changing climatic patterns radically and affect 
biodiversity negative (Brandt et al., 2014; Carte et al., 2015).  

The low carbon energy transition to carbon neutrality movement requires 
strong public support and engagement, collaboration among diverse social 
actors, and motivating activities (Brandt et al., 2014). It also needs a robust, 
transparent and accurate emissions accounting method to measure emissions 
periodically, which provides a basis to scrutinize climate activities and carbon 
emission rates. A robust and transparent emissions accounting system helps 
cities to plan effective climate goals. Carbon neutrality also requires 
sustainable energy planning, transformation to traditional businesses and 
institutions and a series of infrastructure and technological development for 
the promotion of renewable energy. It needs changes in the way energy is 
produced, supplied, consumed, and regulated (Hiteva, 2013).  

In this dissertation, I study the current practices and policies for energy 
transition to carbon neutrality in the Helsinki Metropolitan area as a case to 
demonstrate local level climate and energy strategies and corresponding 
activities for reducing carbon emissions significantly and contributing to 
climate change mitigation. The study also features the relationship between 
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research and local practices for energy transition and carbon neutrality. My 
main contribution is to recognise a number of appropriate climate policies and 
practices with the best possible emissions accounting method and to 
recommend several policies for the cities to achieve carbon neutrality. It also 
deals with the concept of carbon neutrality. 

 
 
 



 

 

2 RESEARCH QUESTIONS AND 
OBJECTIVES 

The study of low carbon energy transition to carbon neutrality is not only 
limited to technological questions but also includes social, political and 
economic issues. It requires a social and economic transformation of energy 
production and consumption such as robust short and long-term policy 
implications, strong public support and engagement, collaboration among 
diverse social actors, and motivating activities such as financial incentives 
(Geels, 2014; Schanes et al., 2016).  

Although several cities have legislated carbon neutral targets to address 
climate change, it remains challenging for them to accomplish these goals 
(Lazarus et al., 2011; Allison et al. 2016). Yet, cities embrace many possible 
solutions and their capabilities to address climate change issues and 
accomplish carbon neutral goals are much higher than what they are achieving 
at present (Allison et al., 2016). This dissertation is to inform cities to 
formulate and implement several possible carbon emission reduction 
measures. Such measures are not only beneficial for economic development 
and energy security of the cities, but also supportive to national level carbon 
reduction targets.     

The overarching objective of this dissertation is to investigate practices and 
policies for carbon neutrality at the local level with the case study of cities in 
the Helsinki Metropolitan area. The study also includes two other Nordic 
capitals, Copenhagen and Stockholm as part of the research for carbon 
emissions accounting systems. The dissertation focuses on the cities’ activities 
for the neutralization of energy-induced carbon emissions referring to the 
integrated nature of low carbon energy transitions.  

My overarching research question is the following: How do cities in the 
Helsinki Metropolitan area approach carbon neutrality in terms of energy 
transition? To accomplish this main goal, I pose the following research 
questions:  

• What kind of initiatives do cities have for carbon neutrality in the 
Helsinki Metropolitan area? (Chapter I) 

• How are Nordic capitals working towards climate change mitigation in 
terms of the emissions accounting methodologies they use, their links 
to existing city-level international emissions standards, and the 
consistency of these methods? (Chapter II) 

• How can the current state of decentralized renewable energy 
production in terms of costs and financial mechanisms be improved to 
achieve carbon neutrality in the Helsinki Metropolitan area? (Chapter 
III) 
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• How have local and national renewable energy policies been deployed 
in cities of the Helsinki Metropolitan area to achieve carbon neutrality? 
(Chapter IV) 

This dissertation contains a summary part and four research articles 
referring to four chapters in Roman numbers (I, II, III, and IV).  

In chapter I, I identify the activities undertaken by cities towards carbon 
neutrality with some possible solutions to significantly lower carbon emissions 
in the Helsinki Metropolitan area.  

Chapter II is a case study of three Nordic capitals; Helsinki, Stockholm, and 
Copenhagen in which I aim to explore how these cities are measuring their 
carbon emissions and if their emission accounting systems are good enough to 
provide correct information of their carbon emissions for climate actions.  

In chapter III, I use solar energy production in public and private building 
premises to illustrate the current state of decentralized renewable energy 
development in cities in the Helsinki Metropolitan area.  

In Chapter IV, I explore the renewable energy policies of cities to illustrate 
possible shortcomings and barriers of existing renewable energy policies and 
additional solutions of renewable energy policies to achieve carbon neutrality 
in cities in the Helsinki Metropolitan area.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

3 CONCEPTUAL FRAMEWORK AND 
THEORETICAL BACKGROUND  

3.1 Carbon neutrality  

Carbon neutrality is a recent climate change mitigation concept used by 
numerous countries and cities around the world (Brandt et.al., 2014). It is a 
widely used concept in various sectors but how it has been taken into 
consideration varies in depth and critical content (Dhanda & Hartman, 2011). 
According to The Oxford English Dictionary, the US picked “Carbon Neutral” 
as the word of the year in 2006 (Oxford University Press, 2016). Carbon 
neutral means balancing anthropogenic carbon emissions by offsetting with 
various carbon emission reduction activities including carbon capture and 
sequestration (CCS), and low carbon energy production methods to obtain a 
net zero carbon footprint (Selman, 2010; Dhanda & Hartman, 2011). Zero 
carbon footprint represents the total removal of the anthropogenic carbon 
burden from a specific area as a result of low carbon energy transition and 
various other carbon emission reduction and climate protection activities 
(Wright et al., 2011; Ramachandra & Mahapatra, 2015). Carbon neutrality also 
means the neutralization of greenhouse gas emissions albeit not all 
greenhouse gases are carbon-related (The green guide, 2013). Similarly, a 
carbon neutral city denotes a city that is able to achieve a net zero carbon 
footprint by balancing its total anthropogenic carbon emissions with an 
equivalent amount of sequestered carbon from various measures (Newman, 
2009; Moosman et al., 2016). Carbon neutrality plays a crucial role in the 
sustainable development of cities by reforming a city’s climate and energy 
policies (Brandt et al., 2014).  

To my understanding, carbon neutrality can be achieved with the 
integration of four alternative pathways: a) reduction at the production stage, 
b) control in the chimneys and roofs (outflows), c) expansion of carbon sinks 
and d) capture from the atmosphere (see Fig. 1). I formulated Fig. 1 to illustrate 
the concept of carbon neutrality as a supplement in my four dissertation 
chapters. The four paths (rectangles in Fig. 1) are selected based on knowledge 
gained from the literature, conference and seminar presentations, and 
discussions with several climate experts. All four carbon neutral alternative 
paths are exemplified with 1-3 other measures (ovals in Fig. 1). These measures 
are essential for each alternative path but there can be more measures to 
accomplish these alternative paths to carbon neutrality. For instance; 
reduction at the production stage is one way to achieve carbon neutrality that 
is exemplified by three different measures; renewable energy production, 
shifting to clean fuels, and the use of efficient technologies. However, 
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significant carbon emission reduction from this alternative requires several 
other approaches and policy measures. 

 

 
Figure 1: Conceptual diagram for carbon neutrality 

 
These four components play vital roles in offsetting anthropogenic carbon 

emissions. However, carbon capture from the atmosphere is a negative carbon 
reduction measure which alone can solve the carbon emission problem if 
carbon capture and sequestration (CCS) technologies become advanced, 
feasible and cheaper in the future. This technology is still in its pilot phase and 
difficult to implement in many countries (Kuckshinrichs & Hake, 2015). 
Carbon neutrality can also be achieved with the combined implementation of 
the other three components. However, further strategies are required for the 
real activation of these components to achieve carbon neutrality. For instance, 
strategies such as renewable energy production, fuel shifting, and the use of 
efficient technologies are required to reduce emissions significantly at the 
production stage. The growth of forests and the development of green spaces 
are supporting strategies for the expansion of carbon sinks. Similarly, 
measures such as energy efficiency improvements and carbon filtration are 
required to control emission outflows from power plants and roofs.  

Cities can become carbon neutral by implementing different approaches to 
carbon reduction pathways. For instance, they can reduce 80 % of total carbon 
emissions by reducing emissions at (a) the production stage and (b) control in 
chimneys and roofs (outflows) within their territories, and 20% reduction 
from the compensation methods elsewhere or 20 % from the expansion of 
carbon sinks and 80 % (a) from reduction at production stage and (b) control 



 

 

in the chimneys and roofs (outflows). Compensation method means that 
emission reduction is performed in other places to compensate the required 
emission reduction quantity to become carbon neutral in the original place. 
For instance, the city of Copenhagen will compensate 30 % of total carbon 
emissions by renewable energy production outside the city’s territories to 
achieve carbon neutrality by 2025 (Chapter I). Carbon neutral goals assure the 
energy security of a country and a region as renewable energy production and 
fossil fuel rejection is one of the key strategies that comes with the carbon 
neutral target. This helps countries and cities to become energy independent 
and establish fossil-free energy and 100 % renewable energy systems. 

As cities are working towards climate change adaptation and mitigation, 
they require a systematic and quantitative method to measure their outcomes. 
Only an accurate emissions accounting method can interpret whether or not a 
city is truly becoming carbon neutral. The measurement of carbon emissions 
is the first step in climate mitigation actions because the amount of carbon 
emissions determines the level of climate strategies and actions cities must 
adopt to reduce their emissions. Thus, cities are adopting various carbon 
emission accounting methods. Most cities use emissions accounting methods 
based on the European Union (EU) and United Nations (UN) requirements 
for national-level emissions reporting (Chapter II). However, several cities 
including Nordic cities, have adopted emission calculation standards using 
their own principles, which are quite similar to their national and international 
standards. Yet, the reliability and pertinence of such methods remain doubtful 
as those methods contain many errors (Chapter II).  

Achieving carbon neutrality is not simply a question of purchasing a train 
ticket, sitting in a luxurious compartment, and reaching the destination. It is 
a complex process with many challenges. This process is not only about the 
removal of carbon emissions but also a way of creating a sustainable lifestyle, 
adhering to the type of virtues that contribute to the surrounding environment 
(Dhanda & Hartman, 2011). It impacts reputation and is subject of both 
internal and external scrutiny (Dhanda & Hartman, 2011). The ethics of 
carbon neutrality is that it urges decision-makers to consider the effort as an 
opportunity to take personal responsibility for global warming and climate 
change implications of their lifestyles (Dhanda & Hartman, 2011). From a 
pragmatic point of view, it is public consciousness of the impact of carbon 
emissions on the environment that has resulted in increasing attention and 
control over limitless fields such as renewable energy sources and 
transportation systems (Dhanda & Hartman, 2011). 
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3.2 The role of energy transition in accomplishing 
carbon neutrality 

The importance of energy policies lies in reduction at the production stage 
of the carbon neutrality diagram (Fig. 1). This is because energy and climate 
policy implications applied at this stage determine the carbon emission 
reduction quantity and reduction methods required to meet the carbon 
neutrality goal. Energy transition to carbon neutrality becomes even more 
important when the energy induced carbon emissions cover a big part of the 
total emissions production of a city. For instance, about 96% of total emissions 
produced in the Helsinki Metropolitan area are energy based, including energy 
used in transportation (Chapter I). Thus, implementation of innovative energy 
policies plays an important role in the carbon neutral goal of cities in the 
Helsinki Metropolitan area. At present, cities are utilizing fossil fuels such as 
coal, petroleum oils, and natural gas for daily economic activities, which have 
been the main cause of carbon emissions.  

Energy strategies are not always the same for all cities and countries due to 
the variant nature of the energy mix in the energy consumption of cities and 
countries. It also depends on the availability of energy sources, fossil fuel 
prices, socio-technological structures (energy consumption patterns), the 
economic capability of governments to produce clean and renewable energy, 
the institutionalization of energy policies, and political commitments (IEA & 
IRENA, 2017; Ringrose, 2017; ETC, 2017; IEA, 2017). Robust energy policies 
hold a prominent role not only to establish carbon neutrality but also to 
transform cities to become fossil-free energy users and to reach energy 
independence. Energy transition is driven by two major factors: carbon pricing 
and renewable energy deployment (Bhandari et.al., 2017; IEA, 2017; Kirby & 
O’Mahony, 2018). Renewable energy sources are everlasting, producing 
insignificant amounts of carbon during their life cycles and most of them are 
abundantly available all over the world (Aslani et al., 2013; Singh et al., 2013). 
At the same time, fossil fuels are limited, carbon emitting, and sparse in 
different parts of the world (Wang et al., 2017). Thus, the development of 
renewable energy is an important factor for carbon neutrality. Increasing taxes 
on fossil fuels while replacing it for clean alternatives and implementing 
several economic and technological measures along with awareness raising 
programmes supports the deployment of renewable energy and significantly 
reduces carbon emissions.  

Energy policies both at the national and city-levels play a crucial role in the 
reduction of carbon emissions since these policies have a significant impact on 
the accomplishment of low carbon energy transition. Renewable energy 
policies are the pillars for successful low carbon energy transition to carbon 
neutrality since many cities have committed themselves to significantly 
reducing emissions through the development of renewable energy. Yet, many 
cities lack strong renewable energy policy measures. The need for innovative 
renewable energy policies in the cities in Helsinki Metropolitan area is much 



 

 

more important in comparison to the national level in Finland as these cities 
utilize a very low amount of renewable energy in their final energy 
consumption. These cities are relying on central energy systems at reasonable 
costs for a long time, which is the reason for their weak renewable energy 
policies. Thus, these cities urgently need to improve existing renewable energy 
policies to achieve their low carbon energy transition and carbon neutral goals.  
Decentralized energy production with renewable energy resources is one of the 
key strategies for carbon neutrality of energy systems (Bulkeley et al., 2014). 
In cities, various renewable energy sources can be used. For instance, solar, 
wind, geothermal, hydropower, and heat pumps can be utilized to fulfil energy 
demands of local areas and even for reaching local energy demands in some 
cases. Decentralized energy production also increases energy security.  

The latest renewable energy technologies are efficient and have 
characteristics of favourable energy costs, which helps to promote renewable 
energy (IPCC, 2012). Yet, the cost of renewable energy is still higher despite 
falling prices of several renewable energy technologies in recent years (IPCC, 
2012; Timmons et.al., 2014). Certain renewable energy sources (e.g. solar 
energy) are already competing with fossil fuels in some countries (Timmons 
et.al., 2014; Foster et.al., 2017; Campbell, 2017). Solar energy is the most 
abundant source of energy in most parts of the world and has the ability to 
offer low to zero carbon emissions, offset capital-intensive investments for 
network upgrades, improve local energy independence and network security, 
and advance social capital and cohesion (Kammen & Sunter, 2016). Solar 
energy generation at residencies and real estates is becoming a core of the 
cities' energy policies to significantly reduce carbon emissions, acquire energy 
security, and become carbon neutral (Fuller et al, 2009; IEA & IRENA, 2017). 
It can also be accessible at higher latitudes with less solar radiation during 
some parts of the year (Newton, 2015). Wind power production prices have 
also declined over the last 10 years and has become popular in several 
European countries (Taylor et al., 2016). Underground heat has been the 
pioneering heating solution in cold climatic regions (Minea, 2015). 
Hydropower production is also a clean and cheap energy production process 
in the long-term but may have detrimental ecological effects. Many scientists 
agree that bioenergy is also beneficial for low carbon energy solutions in 
regions where it’s abundant (Puigjaner et al., 2015). If such renewable energy 
sources are utilized sustainably, carbon emissions can be reduced 
significantly, and carbon neutrality can be achieved. For this, country and city 
level governments need to enforce innovative and encouraging renewable 
energy policies. For instance, as part of its carbon neutral goal, renewable 
energy resources in Sweden are practically tax-exempted both in terms of 
energy and carbon contents (Lundgren & Marklund, 2012).  

Energy consumption contributes to pollution, environmental 
deterioration, and carbon emissions (Dhanda & Hartman, 2011). Population 
growth and economic development are the major drivers that increase per 
capita energy consumption (Dhanda & Hartman, 2011). Similarly, dominant 
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social phenomena and socio-cultural factors such as belief systems, family 
types, motives and intentions, and economic and cultural values of a region 
can also affect energy consumption patterns (Román & Stokes, 2015; 
Frederiks et al., 2015). Selman (2010) argues that major transformations in 
three major energy consuming sectors; a) minimizing the use of fossil carbon 
in energy production, b) reducing the use of carbon-based energy in traffic, 
construction, manufacturing, energy utilities, and transmission networks, and 
c) offsetting carbon footprints through tree plantations, are essential to 
accomplish a carbon neutral target. However, the degree of actions for carbon 
neutrality is also dependent on the economic capability of the governments, 
especially the financial capability of local governments at the city level.  

3.3 Kaya Identity for the energy transition to carbon 
neutrality in the Helsinki Metropolitan area 

Reduction of carbon emissions is one of the main goals of energy transition. 
A change in the amount of carbon emissions is dependent on the I = PACT 
equation, which calculates human impacts on climate (Nakicenovic, 1997; 
Waggoner & Ausubel, 2002). The factor ‘I’ represents changes in carbon 
emissions, ‘p’ represents population, ‘a’ represents income, ‘c’ represents 
intensity of use of energy (energy consumption per income) and ‘t’ represents 
carbon emissions due to energy consumption (emissions per energy) 
(Waggoner & Ausubel, 2002). This equation is also called the Kaya identity 
(Nakicenovic, 1997). When factors ‘p’ and ‘a’ increase, carbon emissions (I) 
increase, but when factors ‘c’, and ‘t’ decrease, less carbon emissions is 
produced. Fig. 2 illustrates how this equation works.  

 

 
Fig. 2: Changes of population (p), income (a), intensity of use of energy (c), 

and carbon emission per energy (t) altering global carbon emissions 
(Waggoner & Ausubel, 2002). 

 



 

 

Fig. 2 explains and compares changes in global carbon emissions (I) 
between 1950-1990 and 1990-1997. During 1950-1990, the global population 
and income increased significantly while intensity of the use of energy and 
carbon emissions per energy just started to decline, and consequently 
increased total anthropogenic carbon emissions significantly. However, 
during 1990-1997, population and income increases were smaller compared to 
1950-1990 but intensity of the use of energy and carbon emissions per energy 
both declined considerably, which resulted in a lower increase of 
anthropogenic carbon emissions during this time period.  

This equation also applies to carbon emission changes in cities in the 
Helsinki Metropolitan area. Table 1 presents the values for p, a, c, and t for the 
Helsinki Metropolitan area.   

 
Table 1: Population, energy consumption, emissions, and income data of 

the Helsinki Metropolitan area in 1990 and 2015 (Helsinki Environmental 
statistics and Statistics Finland) 

Helsinki Metropolitan area 
 1990 2015 

Population (p) 820 639 1 106 418 
Income = GDP per capita, € (a) 18 252 38 245 
Total energy consumption (GWh) 20 737.8 26 200.8 
Energy consumption per person (MWh/ 
Inhabitant) 

25.05 21.54 

Per capita carbon emissions (kg/resident) 7 200 4 282 
Intensity of use of energy = energy per GDP, 
MWh/€ (c) 

0.00137 0.00056 

Carbon emissions due to energy consumption, 
kg/MWh (t) 

275.93 190.84 

Carbon emissions change (1000 t CO2 eq.) (I) 5 672.26 4 548.17 
 

Table 1 illustrates that the population in the Helsinki Metropolitan area has 
increased by one-third between 1990 and 2015 and it is expected to increase 
in the same proportion if the current trends remains constant. For instance, in 
reference to the population in 2016, 200 000 more people will be living in 
Helsinki by 2035 (Huuska, et.al., 2017). It is apparent that this increase in 
population will consume more goods, including energy, which produces more 
emissions. During the same period, 5 436 more GWh of total energy was 
consumed. However, per capita energy consumption decreased by 3.51 
MWh/inhabitant and total energy-based carbon emissions decreased by 1 124 
090 tons CO2 equivalent, and per capita carbon emissions by 2 918 
kg/resident. The income of people during this period doubled, which means 
that people were able to purchase more goods for daily use that increases 
carbon emissions in the Helsinki Metropolitan area. However, despite the 
increase in population, per capita energy consumption and carbon emissions 
have decreased. The combined heat and power (CHP) power plants (the major 
energy producers) and a waste to energy power plant in the energy companies 
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in Helsinki Metropolitan area have improved the efficiency of the energy 
system (Chapter I). In addition, the cities have started using renewable energy 
sources such as heat pumps, hydropower, and solar energy in recent years 
(Chapters III-IV). Transportation systems are also utilizing clean fuels and 
electricity in their systems.  

For the cities, I=PACT formula suggests low carbon energy transition to 
carbon neutrality can become a success in slowing ‘p’, lifting ‘a’, encouraging 
conservation in ‘c’ and regulating carbon emissions in ‘t’ (Waggoner & 
Ausubel, 2002). It is natural that cities in the Helsinki Metropolitan area want 
to increase income levels ‘a’ but they do not want to restrict population ‘p’ 
growth (Statistics Finland, 2018). Thus, cities have two alternatives to energy 
transition and carbon neutrality; intensity of use of energy (energy 
consumption per income) ‘c’ and emissions reduction from energy use ‘t’. This 
is also a sustainability challenge for cities because sustainable consumption 
and production of energy are responding to wants and needs for a better life 
with minimum impacts to the environment (Waggoner & Ausubel, 2002). It 
denotes that low carbon energy transition is necessary for achieving carbon 
neutrality. Even though total energy consumption in these cities increased by 
20.85% and total carbon emissions decreased only a small amount (19.8%) 
during 1990-2015, per capita energy consumption decreased by 14% and per 
capita carbon emissions decreased by 40% during the same period. These 
scenarios indicate that the case cities are progressing towards low carbon 
energy transition and carbon neutrality (Chapter I). Chapters I, III, and IV 
have stated the importance of emissions reduction via energy consumption 
reduction ‘c’ and energy based carbon emissions ‘t’ reduction practices for low 
carbon energy transition to carbon neutrality. Thus, understanding of Kaja 
Identity is essential for low carbon energy transition to carbon neutrality. Yet, 
this is the supporting theory for my dissertation.   

3.4 Current practices and policies for energy transition 
to carbon neutrality  

Many countries and cities around the world have started working on 
climate change mitigation and aim to become carbon neutral by certain 
deadlines. For instance, Finland has a long-term goal to become carbon 
neutral by 2050 (Parliamentary Committee on Energy and Climate, 2014), 
Sweden has recently passed a law to become carbon neutral by 2045 
(CLIMATEACTION, 2017), Norway’s parliament has also agreed to become 
carbon neutral by 2030 in 2016, and Costa Rica has announced to be carbon 
neutral by 2021 (Ross, 2017). There are several other countries working 
towards energy transition to carbon neutrality. Similarly, in line with a 
country’s carbon neutral targets, many cities have also initiated to act on 
carbon neutrality. About 40 cities around the world have gathered to form an 



 

 

alliance to adopt carbon neutral targets. They have committed themselves to 
reducing more than 80 % of their carbon emissions, including carbon neutral 
goals by certain deadlines (CNCA, 2015). The Nordic capital cities Helsinki, 
Oslo and Copenhagen have also set carbon neutral goals by 2035, 2030, and 
2025 respectively.  

The Helsinki Region Environmental Services Authority (HSY) is a 
municipal body in the Helsinki Metropolitan area envisioned to make the 
metropolitan area carbon neutral by 2050 (HSY, 2016). The Helsinki 
Metropolitan area includes four cities: Helsinki, Espoo, Vantaa, and 
Kauniainen. Besides the city of Helsinki, two other cities in the Helsinki 
Metropolitan area have set individual goals to become carbon neutral. The 
Espoo city council has passed a bill to become carbon neutral by 2030 and the 
city of Vantaa has planned to become carbon neutral by 2030. The city of 
Kauniainen, a very small city, does not have any specific targets yet. Initiatives 
towards carbon neutrality are occurring in the Helsinki Metropolitan area and 
all these cities have been working towards the transformation of fossil fuel-
based energy systems to clean fuel and renewable energy based systems. Some 
cities have adopted other models to reduce carbon emissions in their region in 
accordance with the needs of the particular city and country. For instance, 
Stockholm aims to become a fossil fuel free city by 2040 and create a fossil free 
fuel transport system by 2025. Similarly, Oslo aims to become fossil fuel free 
by 2030 and to establish fossil fuel free public transport by 2020 (Chapter I). 
All these climate strategies are different in nature but aim to achieve a zero 
carbon footprint of the specified city area.  

Besides setting targets for carbon neutrality, many countries and cities 
have formulated and implemented several principle climate and energy 
strategies towards low carbon energy transition. Such strategies include smart 
districts, carbon neutral organizations, citizens’ initiatives, Mayor’s 
commitments through Global Covenant of Mayors, emission trading, coal 
phase out by certain deadlines, and the establishment of decentralized 
renewable energy systems (Chapters I-IV). These strategies are mainly 
focusing to low carbon energy transition but cities have also adopted waste and 
water management strategies, which helps to reduce carbon emissions. Some 
cities have also piloted carbon capture and sequestration (CCS) technologies 
which can be a future solution for the mitigation of anthropogenic carbon 
emissions. Many cities have also started to transition from high carbon 
emitting fossil fuels (e.g. coal) to comparatively low carbon emitting fossil fuels 
(e.g. natural gas) (Ringrose, 2017). To reduce carbon emissions from 
buildings, some countries have implemented a zero energy building strategy 
which promotes small-scale renewable energy production. Several cities are 
also establishing the goal to make their heat and electricity systems carbon 
neutral by certain deadlines, which is most important for energy transition to 
carbon neutrality. For instance, Finland (Helsinki Metropolitan area) has 
established several such energy strategies for low carbon energy transition to 
carbon neutrality, which include renewable energy development, coal phase-
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out, utilization of less carbon fuels in transportation, and energy efficiency 
improvement measures in buildings (IEA, 2013).  

 
 



 

 

4 METHODOLOGY  

4.1 Methodological approach and analysis methods 

Research methods applied in all the chapters are presented in Table 2. The 
applied methodological approach is a combination of comparative and case 
study methods with the use of both qualitative and quantitative data. The 
spatial unit used in this study is at the local (city) level. The study compares 
activities aiming at carbon neutrality, economic perspectives of solar energy 
production and renewable energy policies between cities in the Helsinki 
Metropolitan area as well as carbon emissions accounting methods in three 
Nordic capitals: Helsinki, Stockholm and Copenhagen. In the quantitative part 
of the study, I employed per capita energy and carbon emissions data. In the 
qualitative part of the study, I used semi-structured interview methods, 
document analysis and case study methods. The Helsinki Metropolitan area 
was chosen since cities in this region are moving towards carbon neutrality 
and are setting their climate plans to reduce carbon emissions from various 
sectors. This dissertation mainly explores carbon emissions emitted from the 
production, consumption, and supply of energy. I focus on data that are 
acknowledged in policy-based documents, referring to Gill’s understanding of 
socio-technical theory for transition (Geels, 2011) as “socio-technical theory 
aligns with the theories of policy networks and advocacy coalitions, and 
conceptualize policy-making processes” (Geels et al., 2016). Policy-based 
documents denote planned and legislated national and local level climate and 
energy strategies, periodic and final reports of the cities and various 
institutions related to energy and climate issues, and other policy instruments 
related to climate change adaptation and mitigation in cities and countries.  

Chapter I focuses on the analyses of carbon neutral activities of the case 
cities rather than policy analyses while Chapter II focuses the carbon 
emissions accounting systems used in the case cities with few climate policies.   

Chapters III and IV extend policy dynamics and stakeholder engagement 
as they focus on various policy instruments, participatory decision making, 
and motivating activities.   

Various methods support each other in all the chapters of this dissertation. 
Research methods used in Chapters III and IV are the same and all chapters 
include semi-structured interviews. Chapter I utilizes quantitative data 
analysis and Chapter II deploys case study methods.  

Chapter IV goes deeper into the concepts of renewable energy policies for 
carbon neutrality and low carbon energy transition. It employs two different 
qualitative data analysis methods.  

In Chapter I, I used an online database system and interview methods to 
collect the research data. Then, a back-casting scenario analysis was employed 
to analyze the data. The back-casting scenario is defined as an archetypal 
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image of the future, created using mental maps or models that reflect various 
perspectives on past, present and future developments (European 
Commission, 2008). As a strategic problem-solving framework, it allows us to 
determine how we can reach specified outcomes in the future (European 
Commission, 2008). The back-casting scenario method used to analyze carbon 
emissions and carbon reduction actions were underlined through three 
different topics: (a) carbon reduction projections and demographic change; 
(b) current scenarios and monitoring trends in energy consumption and 
emissions; and (c) future scenarios and possibilities for reducing emissions.  

Chapter II is the study of carbon emissions accounting methods used in 
three different case cities to understand the transparency, quality, 
comparability, and inclusivity of the carbon emissions accounting methods 
used in these cities. I used semi-structured interview methods to collect the 
data from two cities, and documents and information collection via email 
conversations from the third case city. Semi-structured interviews consist of 
several key questions that help to define the areas to be explored, but also 
allows the interviewer or interviewee to diverge to pursue an idea or response 
in more detail (Gill et.al., 2008). Then, I applied a normative case study 
method to analyze the cases for emissions accounting methods. The normative 
case study represents a descriptive study of specific cases with a normative 
aspect, allowing for the identification of improvements (Routio, 2007). It 
combines empirical observation with assessment and is particularly useful for 
analyzing complex ethical concepts that carry both descriptive and evaluative 
dimensions (Thacher, 2006). Semi-structured interviews and the received 
documents and information turned out to be the supplemented data for the 
analyses of emissions accounting systems for the normative case study 
method. 

Chapter III explores the study of small-scale solar energy production in 
public and private buildings to explore small-scale renewable energy 
production in building premises. Document analysis and semi-structured 
interview methods were used to study the role of solar energy for carbon 
neutrality in the Helsinki Metropolitan area. Semi-structured interviews 
consist of several key questions that help to define the areas to be explored, 
but also allows the interviewer or interviewee to diverge to pursue an idea or 
response in more detail (Gill et al., 2008). The interviews helped to explore the 
views, experiences, expectations, and motivations of solar plant owners, 
energy experts, and solar energy and technology providers. Information 
obtained from the interviewees were cross-checked with the documents 
related to solar energy development in the region. Both the documents and 
interviews were used to analyze the collected data. Document analysis is a 
form of qualitative research in which documents are interpreted by the 
researcher to provide robust understanding around an assessment topic 
(Bowen, 2009).  

Chapter IV studies renewable energy policies for the establishment of 
carbon neutral cities. I collected information on national and local policies for 



 

 

renewable energy through various documents and reviews of published papers 
and through semi-structured interviews. In this chapter, I gathered two 
different types of information from the interviews: a) ongoing activities 
towards carbon neutrality in relation to national renewable energy policies and 
b) barriers and shortcomings of these renewable energy and climate policies 
for carbon neutrality. I used the renewable energy policy framework and the 
multi-level perspective (MLP) framework to analyze data in this chapter. The 
renewable energy policy framework was used to understand the renewable 
energy policies both in Finland and the Helsinki Metropolitan area and the 
MLP framework was used to analyze the socio-technical transition of the 
energy systems focusing on five components of the socio-technical regime and 
one component of niche levels of the MLP framework. The five components of 
the socio-technical regime are: a) renewable energy dynamics, b) 
organizational dynamics, c) infrastructure dynamics, d) economics and user 
policies dynamics, and e) socio-cultural dynamics. 
 
Table 2: Overview of the research methods and analyses included in this 
dissertation. 

Articles Research questions Empirical 
material 

Methods of analysis 

Article I: 
Initiatives 
towards 
carbon 
neutrality in 
the Helsinki 
Metropolitan 
Area 

What are the cities’ 
initiatives for carbon 
neutrality in the Helsinki 
Metropolitan area? How 
are the trends of energy 
consumption and 
emission production and 
reduction in the Helsinki 
Metropolitan area? 

Online database 
system to collect the 
emissions and 
energy-related 
quantitative data and 
normal interviews for 
qualitative data 

Data analysis with 
back-casting scenario 
methods (European 
Commission, 2008) 

 
 

Article II: 
Cities’ 
Greenhouse 
Gas 
Accounting 
Methods: A 
Study of 
Helsinki, 
Stockholm, 
and 
Copenhagen  

How cities around the 
world are working 
towards climate change 
mitigation and 
adaptation in terms of the 
emissions accounting 
methodologies they use, 
their links to existing city-
level international 
emissions standards, and 
the consistency of these 
methods?   

Semi-structured 
interview methods to 
collect the data from 
two cities and 
documents and 
information 
collection via email 
from the third case 
city 

Interview analysis 
and normative case 
study analysis for 
emissions accounting 
methods used in the 
cities (Thacher, 2006; 
Routio, 2007) 
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Article III: 
The role of 
solar energy 
for carbon 
neutrality in 
the Helsinki 
Metropolitan 
area 

 
 
 

How can the current 
state of solar energy 
production be improved 
in public and private 
buildings in the Helsinki 
Metropolitan area in 
terms of costs and 
financial mechanisms? 

How can solar energy 
production in buildings 
help cities in the Helsinki 
Metropolitan area to 
reach their 20% 
renewable energy 
production target by 
2020 and carbon 
neutrality target by 2050? 

Semi-structured 
interviews and 
various documents 
related to solar energy 
in the Helsinki 
Metropolitan area 

 
 

Interview analysis 
(Gill et al., 2008) and 
document analysis 
based on content 
analysis (Bowen, 2009) 

 

Article IV: 
The role of 
renewable 
energy policies 
for carbon 
neutrality in 
the Helsinki 
Metropolitan 
area 

How have local and 
national (renewable) 
energy policies been 
deployed in cities in the 
Helsinki Metropolitan 
area? What are the 
shortcomings of existing 
renewable energy policies 
and barriers for 
implementing such 
policies in this area?  

 
 

Semi-structured 
interviews and 
various documents 
related to policy 
instruments for 
climate and energy 
strategies  

Interview analysis 
(Gill et al., 2008) and 
document analysis 
(Bowen, 2009) based on 
renewable energy policy 
framework and multi-
level perspective (MLP) 
framework to analyze 
interview data and data 
from various documents 
(Geels, 2011; 2014) 

 

4.2 Empirical data and case studies  

4.2.1 Empirical data 
I used statistical data related to total and per capita carbon emissions 

(MtCO2e, KtCO2e/inhabitant) and per capita energy consumption 
(MWh/inhabitant) of the different sectors in cities in the Helsinki 
Metropolitan area in Chapter I. These are secondary data obtained from an 
online database system managed by the City of Helsinki Environmental 
Centre. However, I also used population data to understand the impact of the 
population on energy consumption and emissions production, which was 



 

 

collected from the Helsinki region regional series database system. All data 
helped me to explore how cities are attempting to reduce carbon emissions in 
the Helsinki Metropolitan area because these statistics clearly reveal the 
energy consumption rates and the carbon emissions reduction trends of the 
cities in each year (but periodic data were used in the chapter). 

I also used grid-connected solar energy information of cities in the Helsinki 
Metropolitan area in Chapter III, which is secondary source data collected 
from three energy companies; Helen Limited, Caruna Oy, and Vantaan 
Energia and Helsinki Region Environmental Services Authority (HSY). In 
addition, I used statistical data for heat and electricity prices in the Helsinki 
Metropolitan area based on different fuels and renewable energy sources in 
the same Chapter. These data helped to analyse the economic prospects of 
solar energy, including how the state and cities are incentivizing solar energy 
financially.   

I employed data collection from interviews and various documents. All 
documents used were technical reports, policy instruments, journal papers, 
books, news in the media and websites of various organizations related to 
climate change, renewable energy and carbon emissions. In Chapter I, I used 
various sources for data such as reports, research and news articles, 
documents obtained during discussions with authorities at the Helsinki 
Environmental Centre, participating in seminars organized by the city of 
Helsinki and observing new technologies in the metropolitan area. In Chapter 
II, I collected documents related to carbon emissions accounting methods 
from Stockholm via email conversations, which compensated the original plan 
to collect documents from interviews. Methodologically, document analyses 
were applied only in Chapters III and IV. In Chapter III, I used documents 
such as periodic or final reports related to solar energy technologies, climate 
and carbon reduction strategies of the cities, and solar energy production data 
and assessment documents gained through the interviews. In Chapter IV, I 
employed documents such as a review of the secondary literature, including 
energy and climate policy documents, climate strategy plans and proposals, 
reports, and press releases issued by various actors, academic papers on 
renewable energy, and articles related to renewable energy from the local 
online media. 

One-on-one meetings with various actors during the interviews provided 
empirical material for the research. I conducted separate interviews for each 
Chapter. In the first Chapter, I conducted only three normal interviews with 
various climate experts in the Helsinki Metropolitan area to support the 
quantitative data for carbon emissions. In Chapter II, I conducted two semi-
structured interviews from Helsinki and Copenhagen to obtain information 
about their emissions accounting systems. In Chapter III, I conducted eight 
semi-structured interviews with climate and energy experts from the cities, 
environmental institutions and local citizen. All interviewees had installed 
solar panels on their buildings. Thus, they provided quite good information 
about solar energy production in the Helsinki Metropolitan area. In Chapter 
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IV, I conducted fourteen one-hour long, semi-structured interviews with 
energy and climate experts and stakeholders of projects in the Helsinki 
Metropolitan area who provided a lot of information about the situation of 
renewable energy policies in the cities as well as nationally. Most of the 
interviewees were from the environmental and energy departmental of their 
organizations. 

4.2.2 Case studies 
Even though my dissertation is about the study of practices and policies in 

reference to carbon neutrality in cities in the Helsinki Metropolitan area, the 
major analyses are based on climate activities of the city of Helsinki as it is a 
leading city in climate change mitigation not only in Finland but also the EU 
(Chapter IV). I also used two other Nordic capitals, Stockholm and 
Copenhagen for the study of the cities’ carbon emission accounting systems 
(Chapter II) and to compare some of its climate strategies to the climate 
strategies of cities in the Helsinki Metropolitan area. These cities were chosen 
as they are also climate mitigation leaders in the EU and globally, and are 
working intensely to reduce carbon emissions. 

In Chapter I, I also compared climate plans and actions in the context of 
carbon emissions between the city of Helsinki and the entire Helsinki 
Metropolitan area since the climate activities in Helsinki are stronger than the 
other cities in the region. This comparison helped me to understand the cities' 
progress on climate activities in the Helsinki Metropolitan area. The study also 
signifies how other cities around the world are working towards climate 
mitigation and carbon neutrality.   

In Chapter II, I compared carbon emissions accounting methods used in 
three Nordic cities. One reason I selected these cities is that they featured 
better practices related to emissions accounting systems than other 
municipalities within each country. This comparison enlightened me to 
understand how cities are adopting emissions accounting methods not only in 
the case cities but also in other cities in the EU and internationally. As Nordic 
capitals have comparable administrative systems, similar climatic conditions, 
and akin climate goals to become carbon neutral in the near future, 
comparisons between these cities are practical. In this sense, all three case 
cities are quite analogous and their selection is practical for the research 
method. These cities also represent their countries' climate mitigation targets 
and action plans and their emissions accounting systems are references for 
other cities around the world because they report their carbon emissions based 
on the Intergovernmental Panel on Climate Change’s (IPCC) emissions 
accounting requirements. 

In Chapter III, I only used cities in the Helsinki Metropolitan area as case 
cities for the exploration of economic prospects of solar energy production in 
public and private premises in this region. The Helsinki Metropolitan area was 
selected because this region is in its infancy regarding solar energy production, 



 

 

despite accessibility. On the other hand, many people still think this is not the 
right type of energy production due to long dark periods in this region. The 
study of solar energy in cities in the Helsinki Metropolitan area is not only 
useful to understand its production feasibility but also can be a reference to 
other cities in darker regions in the world.  

Also in Chapter IV, I studied renewable energy policies adopted in the 
Helsinki Metropolitan area in reference to national renewable energy policies. 
The study helps in understanding existing renewable energy policies and 
shortcomings with these policies in the four cities in the Helsinki Metropolitan 
area. This study is important since these cities have different approaches 
towards the generation of renewable energy. The study of these renewable 
energies is not only significant for cities in the Helsinki Metropolitan area, but 
also to cities around the world that are moving towards a low-carbon energy 
transition. 
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5 RESULTS 

Results of the different chapters are quite specific but align with the aim of 
this dissertation in exploring the approaches of the case cities towards energy 
transition to carbon neutrality. Each article employs different sets of 
theoretical backgrounds, methodologies and research questions to produce a 
distinct nature of the findings of each but contributes significantly to the 
overall results of this dissertation.  

5.1 Practices to carbon neutrality at the local level 
(Chapter I)   

The main findings of chapter I are:  
a) Major emission producing sources in the Helsinki Metropolitan area are 

district heating (DH) followed by transportation and energy utilization for 
heat and electricity consumption. In 2014, 48.2 % of the emissions were 
produced from DH in Helsinki, 26.3 % from transport, 14 % from electricity 
consumption and 8.6 % from electricity and separate heating. In the entire 
Helsinki Metropolitan area, 43.8 % of the emissions were produced from DH, 
26.9 % from transport, 12.5 % from electricity consumption and 12.9 % from 
electricity and separate heating.  

b) Per capita energy emissions and per capita carbon emissions decreased 
in the last 24 years but energy consumption related to electric heating, 
shipping, trains and electricity consumption in general increased during this 
period.   

c) The Helsinki Metropolitan area produces about 96% emissions based on 
energy consumption, including transportation.  

d) Recent carbon emission reduction in the city of Vantaa (6% total carbon 
emissions reduction in 2013-2014) as well as in the entire Helsinki 
Metropolitan area (3 % total emissions reduction in 2013-2014) was possible 
due to the waste-to-energy plant in Vantaa, which diminished the share of coal 
and natural gas used in district heating.  

e) Helsinki is ahead of other cities in the Helsinki Metropolitan area in 
reducing carbon emissions and can become carbon neutral by the set deadline 
(2050 at the time of research) if it speeds up its climate activities.  

f) Many opportunities are available in utilizing available renewable energy 
sources in the Helsinki Metropolitan area but current renewable energy 
policies lack feed-in tariffs for some renewable energy sources. 

 
Results indicate that current energy-related climate actions are not 

sufficient to achieve the carbon-neutral goal of the city of Helsinki and 



 

 

significant carbon emission reduction in other cities. I also explored several 
possible measures for improving climate-related strategies and boosting the 
climate activities for carbon neutrality in the Helsinki Metropolitan area. For 
instance, shifting from fossil fuels to renewable energy sources is required to 
improve carbon emission reductions in the heating sector. Wood pellets, 
straw, bio-oils and biomasses rather than coal and natural gas should be used 
in industrial operations. Prioritizing improvements to energy efficiency in 
buildings and transportation systems and self-energy production in private 
and public buildings help to significantly reduce carbon emissions. Additional 
construction projects and the expansion of transportation infrastructure are 
helpful in achieving emission-free transportation systems. To realize these 
strategies, several smart policy measures and awareness programmes are 
required. Results also revealed that cities should prioritize the reduction of 
carbon emissions from the heating and transportation sectors. In addition, 
public-private sector collaboration and strong political commitments are 
required to achieve carbon neutrality.  

5.2 Impacts of carbon emissions accounting methods 
for climate change mitigation (Chapter II) 

       In this chapter I identified three main findings that are vital for the 
accuracy, consistency, and transparency of the emission calculation methods. 
First, current calculation methods adopted by the cities are not inclusive of all 
the types of carbon emissions. The calculations exclude many indirect 
emissions such as life cycle emissions of food, electrical appliances, and 
textiles, emissions from the extraction, production and supply of purchased 
materials and fuels, transport-related activities of vehicles not owned or 
controlled by cities, electricity transmission and distribution losses, 
outsourced activities, and some waste disposal actions.  

Second, current emission accounting systems are not comparable between 
the cities since the accounting methods vary and include inconsistencies in 
terms of data collection, data calculations and the use of different emission 
factors. The cities also face difficulty in breaking down national emissions data 
as the cities are using the national grid for electricity consumption.  

Third, the cities are using production-based or territorial-based emissions 
accounting systems rather than consumption based systems. If the cities adopt 
consumption-based emissions accounting systems, their emissions may 
significantly rise due to the inclusion of, currently excluded, indirect 
emissions. According to the emissions reporting of these cities, they report 
varying proportions of carbon emissions from different sectors and their 
climate strategies are formulated based on these emissions ratios. However, it 
is suspected that the number of emissions will remain different if the 



Results 

34 

consumption-based calculations are adopted and they may have to revise their 
climate strategies. 

It is also obvious that calculated emissions in the past and present affect 
defining the baseline year and estimating the target year for carbon neutrality 
or any other emissions reduction goals. The cities also have problems in 
collecting data from some sectors such as agriculture, cooling and refrigerants, 
electricity for heating, and freight traffic emissions - as there are no proper 
data collection methodologies and policies available for the cities. However, it 
may be possible to apply individual sector-specific emissions calculation 
methods to solve this problem. I also conclude that a consumption-based 
emissions accounting system is better than the currently used production or 
territorial-based emissions accounting systems as the consumption-based 
method can include a large amount of excluded indirect emissions.  

5.3 The role of decentralized renewable energy 
production for carbon neutrality (Chapter III) 

Here I showed that solar energy is not only accessible in the Helsinki 
Metropolitan area but has started to compete with other renewable and 
traditional energy sources. However, small-scale solar energy production from 
private and public buildings at this time is not encouraged financially albeit 
the production rate in the Helsinki Metropolitan area has increased in the 
recent 2-3 years. Despite having significant solar energy potential (1.93 
TWh/year), only a small portion of it (2 GWh/year) has been extracted from 
building roofs in the Helsinki Metropolitan area. If the areas of building walls 
are counted, the potential for solar energy from buildings increases 
significantly. The current production of solar energy can fulfil 5–7% of the total 
energy demand in the Helsinki Metropolitan area.  

I found that small-scale solar energy plants in the Helsinki Metropolitan 
area do not receive investment subsidies but larger plants do get such 
subsidies (25% subsidies for photovoltaics (PV) plants and 20% for solar 
collector plants). Due to connection charges, low surplus electricity prices, and 
income taxes for larger solar energy production facilities, decentralized solar 
energy production from private buildings is not attractive at this moment. This 
discourages people to install solar plants in public and private buildings. In 
addition, social-perception toward solar energy is still quite negative despite 
the increase in solar energy production at this time.  

According to this study, the current pace of solar energy development 
cannot contribute to fulfilling the use of 20% renewable energy production 
targets by 2020 and to establish carbon neutrality in the Helsinki Metropolitan 
area by 2050. Currently, smaller solar plants hold low payback margins with 
longer time, which creates a higher purchase price of solar energy in 
comparison to the purchase price of traditional sources of energy. However, 



 

 

larger solar plants with subsidies are profitable in the long term. The study 
also showed that feed-in tariffs for solar energy production has not been 
included in the government’s plan, which indicates that the government is not 
willing to promote solar energy. The cities have not yet set any targets or 
deadlines for the production of solar energy.  

5.4 Effects of national and local level (renewable) 
energy policies on carbon neutrality (Chapter IV) 

The main finding of this chapter is that current renewable energy policies 
adopted in cities in the Helsinki Metropolitan area are not strong enough to 
achieve energy transition to carbon neutrality. Although climate policies and 
actions of the cities are better than national climate policies and actions, 
renewable energy policies are weaker in the Helsinki Metropolitan area in 
comparison to the national renewable energy policies. Yet, many of the 
national, as well as local renewable energy policies are deployed to some extent 
in these cities. I found that effects of the cities’ renewable energy policies for 
carbon neutrality are based on socio-cultural settings, infrastructural 
situation, techno-economical co-relation, and institutional transitions. I also 
found that except for the waste energy plant in Vantaa, some solar plants in 
Helsinki, Vantaa, and Espoo, several heat pumps in Espoo, other renewable 
energy plants do not exist in this region. Thus, the cities have opportunities to 
establish both small-scale decentralized and large-scale centralized renewable 
energy technologies (onshore and offshore wind, solar-PV, biogas, heat 
pumps, biomass plants). 

I also observed that the utilization of renewable energy in this geographical 
area started to increase in recent years. However, some of the new renewable 
energy technologies (e.g., solar and geothermal) cannot compete in the energy 
market with other technologies. This connotes the necessity to call for a 
massive investment in renewable energy from both the public and private 
sectors and short-term and long-term policy actions to promote available 
renewable energy sources. My study agrees with Geels (2014) that cities should 
also focus on the destabilization and decline of existing fossil-fuel and non-
renewable energy sources to promote renewable energy. For instance, the 
phasing-out of coal by 2030 and 50% reduction of oil import at the national 
level has been a good initiative and this policy applies to all cities in Finland as 
part of the national policy. However, cities can formulate and implement 
stronger policies for the removal of carbon-emitting sources from the energy 
sector than this sort of policies at the national level. I have also identified 
several new renewable energy policy options that are helpful for the promotion 
of renewable energy as well as for filling the gap of shortcomings of current 
renewable energy policies in the case cities. For instance; cities can prioritize 
a) the extension and renovation of the DH network with renewable energy 
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integration, b) more utilization of building-integrated renewable energy 
technologies, c) providing incentives for fuel changes, penalizing and taxing 
carbon emissions, large-scale solar, wind and geothermal energy production, 
d) participatory decision-making processes for climate works including 
renewable energy promotion activities, e) consultations and advice services 
from cities for the small-scale production of renewable energy in private 
households, and f) worthy financial measures such as easy loans from banks, 
capital grants, and subsidies for renewable energy.  

Overall, my findings reveal that cities in the Helsinki Metropolitan area 
generate 96% emissions based on energy consumption and the cities are 
slowly progressing towards carbon emission reductions. In terms of carbon 
emissions counts, the current emissions calculation system is not transparent, 
consistent, and comparable, and can be improved. Similarly, small-scale solar 
energy production from public and private buildings are not financially 
encouraged in the case cities and the development of solar energy is slow to 
achieve renewable energy targets in these cities. In addition, current 
renewable energy policies in the Helsinki Metropolitan area are not strong 
enough to achieve carbon neutrality, which are also weaker than national 
renewable energy policies.  



 

 

6 DISCUSSION AND CONCLUSIONS 

       Here I discuss the key conceptual approach, research question findings, 
the science practice relationship, policy implications, and limitations of the 
study. The concepts applied, selected analytical frameworks, data used, and 
geographical context of the research have both benefits and limitations. 
Answers to the research questions and policy implications in the four chapters 
of this dissertation will be useful for cities to structure their climate and energy 
strategies in a pragmatic way. 

6.1 Conceptual perspectives and analytical methods 

As the theoretical concepts of carbon neutrality differ in different contexts 
(Button, 2009; Selman, 2010; Dhanda & Hartman, 2011; Zuo et al., 2012; Das, 
2012; Brandt et al., 2014), I emphasized contemporary city-level carbon 
neutral theories (Selman, 2010; Dhanda & Hartman, 2011; Brandt et al., 2014) 
and concept (Fig. 1) in this dissertation, which helps cities to act upon their 
climate goals in relation to the activities towards carbon emissions reduction 
in their jurisdictional boundaries. I also used Kaja Identity which helps to 
expand the understanding of carbon emissions reduction in case cities in 
chapter I and other chapters for low carbon energy transition to carbon 
neutrality. The scope of ‘Carbon Neutral’ is broad as it covers a range of 
environmental, technological, economic, and social activities related to energy 
production, consumption, and distribution, water management, waste 
management, material extraction, manufacturing, construction, agriculture, 
farming, business activities, and public welfare in different boundaries at the 
city, region, and country level. The scope also expands to the organization 
level, services and events periods, networks (heat and electricity, water) and 
different sectors such as buildings, transportation, and industries. However, I 
studied energy-related carbon neutrality at the city (Metropolitan area) level, 
and this study does not focus on other aspects (e.g. CCS) of carbon neutrality. 
Furthermore, energy-related carbon neutrality is the prevailing aspect of 
carbon neutrality at any geographical boundary, activity, and circumstance. 

The study fills the gap on current knowledge of practices and policies for 
carbon neutrality and energy transition in the context of cities as it introduces 
the concept of carbon neutrality, raises current issues of the concept, and helps 
to identify key solutions for energy transition and carbon neutrality. It also 
presents how current carbon neutral and energy transition policies are 
affecting climate action practices of cities. For instance, it evaluates whether 
current energy policies are strong and adequate, and whether carbon neutral 
activities can be more effective which helps to significantly reduce carbon 
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emissions by the targeted deadlines. This study infers that carbon neutrality 
does not only represent the valuable agenda for cities' climate works but also 
provides the cities with a clear agenda to go forward along the path of 
sustainable development. Currently, cities are adopting the carbon neutral 
concept contrarily for their climate goals and no shared view for the 
deployment of this concept has appeared yet. Thus, this dissertation helps 
cities to enhance knowledge and establish a common view of the carbon 
neutral concept. The conceptual diagram (Fig. 1) in section 3.1 and its 
associated definitions and concepts in Chapters I-IV are useful for cities to 
define their climate strategies and measurement systems for carbon 
neutrality. Presently, the carbon neutral concept has mostly been applied i) at 
city, state, business and corporate levels as a climate strategy, ii) in transport, 
building, industry, and energy networks as an emissions reduction and energy 
saving strategy, and iii) in events as an awareness raising program (The green 
guide 2013; CLIMATEACTION, 2017; Ross, 2017; Cho, 2017; Dahal & 
Niemelä, 2017).  

The analytical methods used undergird the data analysis and general 
findings of the research. These methods not only help to analyse the data for 
climate and energy related practices and policies in the case cities but are also 
useful for comparing such data. For instance, the renewable energy policy 
framework was useful to compare national and local level renewable energy 
policies. Similarly, the back-casting scenario method (European Commission, 
2008) also helped to compare climate activities of the case cities. Gill’s MLP 
framework is a flexible transition data analysis framework (Geels, 2011), which 
I used to analyze the renewable energy policies for low carbon energy 
transition to carbon neutrality in case cities by formulating five different socio-
technical regimes (see in Chapter IV). I argue that the five selected socio-
technical regimes are appropriate for data analysis as it reveals the different 
perspectives of renewable energy policies. While analyzing the data, I acquired 
comprehensive knowledge on the contents of collected documents and 
interviews data. Analyzing the policy based documents and cross-checking 
between the interview and documents data helped me to identify the real 
issues on current practices and policies of the case cities for low carbon energy 
transition to carbon neutrality.  



 

 

 

6.2 Responses to research questions and policy 
implications 

Responses to research questions: The main aim of the research was to 
determine how cities are practicing and implying policies for carbon neutrality 
in relation to energy transition. To address this question, all chapters explored 
several aspects of the low carbon energy transition to carbon neutrality, such 
as current activities of the case cities on significant carbon emissions 
reduction, strength of the emissions accounting methods adopted by cities, the 
importance of decentralized energy (solar energy) systems, and renewable 
energy policies for carbon neutrality. 

I found that cities are inclined towards the climate change and global 
warming and their activities are focusing on actions towards the adaptation to 
climate change by reducing carbon emissions from their regions. Such climate 
activities are expected to have a great impact not only to mitigate climate 
change but also to develop sustainable societies in the coming years (The world 
bank, 2010). The research suggests that carbon neutral initiatives of these case 
cities are admirable even though current climate actions are in its infancy. It 
also suggests that interactions between research and policies, communities 
and policymakers, and cities and countries are vital to establish carbon neutral 
targets at the city level. Scientists agree that significant carbon emissions are 
reduced via best practices such as renewable energy production, energy 
efficiency, green buildings, technology, nature conservation, re-engineering 
and several other means (Dhanda & Hartman, 2011; Huisingh et al., 2015; Wu 
et al., 2017). These practices have also been initiated in the case cities (see in 
the result section). For instance; the city of Helsinki is committed to utilize 
20% renewable energy in its final energy consumption and 20% increase in 
energy efficiency by 2020 (Chapter I). The city of Helsinki is also considering 
closing its oil heating plant and establish 100% bio-based power plant in its 
territory (Chapter IV). Similar strategies are also successfully implemented in 
other cities in Europe. For instance; the city of Stockholm is considering 50-
percent reduction in energy use in its building stock between 1995 and 2050 
(city of Stockholm, 2016). Such climate activities are important not only at the 
city level but also at the regional and country levels. Major emissions in the 
case cities are from the energy sector, including transportation systems, but 
this result may be different in other cities around the world as they may have 
different energy production, consumption, and supply scenarios. For instance; 
cities in Nordic countries (e.g. the Helsinki Metropolitan area) generate a 
considerable amount of carbon emissions from district heating systems but 
this may not be realistic for cities in warmer countries (Chapter I). For 
instance; many cities in India produce major emissions from transportation 
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following electricity consumption and large emissions from livestock 
management, industrial sector and waste (Ramachandra et al., 2014).  

Since the reduction of energy-based carbon emissions is vital to achieving 
carbon neutrality, several countries and cities have started to explore how to 
manipulate energy-based carbon emissions (Heres & Lin, 2011; Aliprandi et 
al., 2016; Zhu et al., 2017). Decentralized energy systems or small renewable 
energy scale productions in buildings is one approach to reducing energy-
based carbon emissions, which also fulfils local energy demands and increase 
energy security of the local area. In addition, decentralized energy systems can 
be integrated into centralized energy systems, which is beneficial for areas in 
the entire energy network. Thus, government and city administrations can 
impose a number of economic and financial measures (e.g. investment subsidy 
and feed-in tariff) to boost decentralized energy systems. For instance; the city 
of Freiberg in Germany has become the ‘green city’ with the use of 
decentralized renewable energy systems as the country provides attractive 
feed in tariffs for solar and other renewable energy production (Gregory, 2011; 
Wirth, 2018). The study of solar energy production in the case cities evokes 
that financial incentives play a significant role in promoting decentralized 
energy production at the city level but such incentivizing measures are 
working better in the initial phase of the campaign.  

I also showed that robust renewable energy policy measures are an integral 
part of carbon neutrality. Successful climate goals require the widespread 
adoption of cleaner energy sources and more efficient energy use patterns and 
solutions which helps to significantly lower carbon emissions (Yuan & Zuo, 
2011; Bergek & Berggren, 2014; Heiskanen et.al., 2017). The cities are also 
responsible for formulating and implementing integrated renewable energy 
policies focusing to social, technological, economic and cultural issues to 
address the multi-dimensional nature of energy transition to carbon neutrality 
(Kammen & Sunter, 2016). My result also indicates that cities cannot be 
accurately carbon neutral if they are measuring carbon emissions using the 
current emissions accounting methods. In line with my result, several other 
studies have confirmed that current emissions accounting methods are not 
appropriate for precise calculations of carbon emissions (Lundgren & 
Marklund, 2012; Vause et al., 2013; Grasso, 2016). My study also recognizes 
that emissions accounting systems adopted by the case cities are rooted in the 
international emissions reporting guidelines, which are subject to 
improvements as they are also currently not consistent, transparent, and 
inclusive. Several other studies have proclaimed that IPCC guidelines need to 
be revised so that cities around the world can improve their carbon emissions 
count and proceed to accurately work on climate change adaptation and 
mitigation (Couwenberg, 2011; Chung et al., 2013). Striving for carbon neutral 
urban areas becomes transparent when adequate carbon emissions 
accounting systems are in place (Brandt et al., 2014).  

 



 

 

Policy implications: Numerous climate change mitigation related studies 
imply innovative policies (Timothy, 2009; Shonkoff et al., 2011; Scott, 2015). 
A key policy implication of my study is to prioritize both large and small-scale 
wind, geothermal and solar energy production by providing suitable 
incentives, establishing renewable energy fund, and renewable fuel tax 
reimbursement scheme to attract the private sector. Adopting several 
stringent climate measures such as promoting carbon neutral energy 
industries, car and bike sharing schemes, the development of infrastructures 
for low carbon transport, energy and climate data and information sharing, 
research and development for technology as well as financieries, net metering 
for small scale energy producers, community feed-in tariff, and several 
awareness raising programmes that are pragmatic can lead to carbon 
neutrality at the city level. Another important policy implication is that shifting 
towards low carbon transition to carbon neutrality using more inclusive 
emissions accounting systems (e.g. consumption-based in GPC standard) or 
improving current accounting methods are vital at least in the case cities 
studied here. For instance, the adoption of a consumption-based method is 
vital to achieve real carbon neutrality and to combat climate change and 
mitigation (Grasso, 2016). It approaches the acounting of emissions at the 
point of end consumption instead of at the point of production of goods and 
services which involves consumers to reduce such carbon emissions and 
encourage renewable energy development within their geographical 
boundaries (Afionis et.al., 2017). Internationally, it also helps to solve the 
carbon leakage due to industrial manufacturings transfer from developed 
countries to developing countries (Afionis et.al., 2017). 
 

The other policy implication of my thesis is that cities can adopt 20% of 
total renewable energy production from solar energy to fulfil the cities’ targets 
of 20% renewable energy consumption in the final energy mix. This can be a 
strategic policy not only for fulfilling commitments on renewable energy 
consumptions but also for creating 100% renewable energy futures of cities 
and to accomplish the carbon neutral goal. Many other Nordic regions have a 
similar situation for solar energy development as in the Helsinki Metropolitan 
area (OECD & IEA, 2016) and thus similar policies can be implemented in such 
places to promote solar energy production. Study results encourage cities and 
governments to promote hybrid solar energy systems that are economically 
more viable. The study also reiterates that there is a misconception that in 
high-latitude regions, solar energy is not a viable energy source and not a 
proper solution for energy transition and climate mitigation in these regions. 
Nevertheless, this incorrect perception has been changing towards favouring 
solar energy in recent years in case cities (Jung et al., 2016). Yet, cities are 
required to create awareness programmes to convince citizens about the 
advantages of solar energy (Chapter III). My research further implies that 
cities need to adopt robust and innovative policies for the promotion of small-
scale renewable energy production in building premises, renewable energy 
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integration to district heating, and demand-side solutions for energy 
utilization. It also suggests developing infrastructures for renewable energy 
production, supply, and consumption, restructuring organizations and 
increasing budgets and subsidies to renewable energy production and the 
social acceptance of renewable energy. Many of these suggested policies can 
also be useful for other cities around the world including cities in the Nordic 
region.  
 

6.3 Science-practice context of the research 

This dissertation unveils a strong bond between science and practice as the 
research explores the shortcomings, barriers and solutions in current climate 
policies and corresponding activities of the case cities in practice. The study 
focuses on the utilization of research results practically in the reduction of 
significant carbon emissions locally. It does not directly explore the science 
behind climate change adaptation and mitigation but focuses on how actors at 
a local level (e.g. a city) can mitigate the consequences of climate change and 
global warming by reducing carbon emissions with various energy transition 
options available in their regions. However, the study offers knowledge on the 
importance of carbon neutrality. My research also focuses on the concepts of 
emissions accounting methods, which provides fundamental scientific 
background information for the development of an appropriate emissions 
accounting method. Such background information is important for public 
administrations to set climate goals such as carbon neutral targets. My results 
can also be helpful to cities and national governments to formulate stringent 
energy policies to promote the small-scale production of renewable energy.  

Knowledge produced in this thesis can also be applied in the decision-
making processes of public administrations and practiced at the local level for 
the establishment of a carbon-neutral society. For instance; chapter I reveals 
that district heating is the dominant source of emissions production in the 
Helsinki Metropolitan area; this knowledge can be used to formulate stringent 
climate strategies to significantly reduce carbon emissions from this sector. 
Then, chapter II shows the significant role of researcher in identifying errors 
in emissions counts, which should be corrected by public administration with 
the help of scientific experts. As explained by Bergold & Thomas (2012), this 
kind of collaborative research also signifies a participatory research 
framework for knowledge production. Research results are expected to be 
useful for cities and national governments to amend their existing renewable 
energy policies, which will result in carbon neutrality in the future.   



 

 

6.4 Limitations of this study and future research  

There are several studies related to carbon neutrality at the local and 
corporate level, and in different sectors (transport, buildings, industries, and 
energy networks) that have discussed the varied theories, methods, and 
assumptions of carbon neutrality (Button, 2009; Selman, 2010; McComas et 
al., 2011; Dhanda & Hartman, 2011; Zuo et al., 2012; Das, 2012; Lundgren & 
Marklund, 2012; Fonseca & Herrera, 2014; Graabak et al., 2014; Brandt et al., 
2014; Cho, 2017; Ebrahimi et al., 2018). I studied energy-based carbon neutral 
concept and activities at the city (regional) level, which is novel in the climate 
change adaptation and mitigation arena. I discovered how cities can deploy 
the carbon neutral concept as their climate strategy for climate adaptation and 
mitigation as well as for energy security of their regions. However, this study 
has several limitations.  

This dissertation addresses cities’ approaches to carbon neutrality in a 
small geographical area, which limits data collection and application of carbon 
neutrality. Yet, the thesis is significant as it represents environmental 
problems and solutions of urban areas around the world. Similarly, data 
collection through document analysis was challenging in some situations 
because many policy documents and other data were only available in original 
languages. Data collection via interviews also became quite difficult in 
chapters II and III due to the low number of available respondents for the 
study contexts and busy schedules of the respondents. Thus, chapter II 
employed documents and information collection via email conversations 
instead of interviews in one case city and chapter III has a small number of 
respondents. This may have caused deficiencies in analyzing data and 
interpreting results. The original plan of this study was to include many 
stakeholders but all planned stakeholders could not be included due to 
administrative and financial reasons. It was also difficult to evaluate adequate 
theories and employ certain methods due to scarcity in the literature on city 
level carbon neutrality. 

The scope of this research can be further extended to study various facets 
of carbon neutrality. For instance, the study of carbon neutrality can be 
extended at the national level, organizational level, and heat and electricity 
networks based on technological, economic, social, and policy perspectives. It 
also provides convincing grounds to study sectoral emissions calculation 
methods separately. For instance, the household sector’s consumption-based 
emissions calculation method can be studied, as well as the industrial or 
transportation sectors’ consumption-based emissions calculation methods. 
Similarly, some renewable energy options in relation to economics, 
technology, or social responses at the city level carbon neutrality can also be 
studied. For instance, technological aspects of geothermal energy for carbon 
neutrality in the Helsinki Metropolitan area can be studied. In addition, policy 
prospects of energy transition strategies such as coal phase-out and carbon 
taxes can also be explored in future research.   
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Several analytical approaches can be applied to other studies as well. For 
instance, Geels’ (2011) MLP framework (Chapter IV) for socio-technical 
transition worked well in this research, which can be applied to other 
transition-based studies as well. Similarly, a renewable energy framework 
(Chapter IV) can also be applied to study renewable energy in various policy-
based studies. This dissertation is interdisciplinary as it includes studies 
related to natural science, social science, technologies, economics, and 
political science and can be widened by adding more disciplines which can be 
helpful for a better understanding of the integrated nature of carbon 
neutrality.  

 

6.5 Final remarks  

This dissertation is a compilation of studies on various issues related to the 
accomplishment of carbon neutrality at the local level, which includes various 
policies and activities primarily in Finland, but also in Sweden and Denmark. 
It is expected that results from my dissertation will encourage other cities 
around the world to establish carbon neutrality and significantly reduce 
emissions via low carbon energy transition. The core of my research is that 
carbon neutrality is an imperative strategy that a city can adopt to mitigate 
climate change and global warming, and that climate policies and actions are 
necessary in order to achieve carbon neutrality at the local contexts. Transition 
of the energy sector from the utilization of fossil fuels to renewable energy and 
clean fuels is an integral part of carbon neutrality, which should be the focus 
of a city’s climate and energy strategies and actions. This dissertation 
concludes with a number of appropriate climate and energy policies with the 
recommendation for proper emissions calculation methods and policy 
implications for cities that are working towards carbon neutrality.   
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